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FOREWORD 


During the last few years, maize production in most Asian 
countries has developed an spectacular increase. In decreasing 
order, and excluding China, the largest maize producing countries 
in Asia are India, Indonesia, Philippines, Thailand, Pakistan and 
Nepal. Even though India and Indonesia have a level of 
production higher than Thailand, their productivity is much 
lower. Among all Asian countries, Thailand continues to have the 
highest maize yields per unit area, with average yields of over 
2 tjha. 

CIMMYT's phylosophy is to assist national maize research 
programs in increasing their maize productivity. We feel that 
one of the ways to keep researchers aware of new developments in 
research is through workshops where we can learn of experiences 
of other colleagues. with this view in mind, CIMMYT Asian Re
gional Maize Program (ARMP) has cosponsored the 4th Asian Re
gional Maize Workshop in close cooperation and assistance from 
the Pakistan Council of Agricultural Research (PARC) of the 
Islamic Republic of Pakistan. 

After consultation with program coordinators and leaders 
from several countries in the region, it was decided that the 
theme for the 4th Workshop be on Maize Production Under stress 
Environaents. It is through the understanding of stress factors 
that the National Programs can focus their research in the 
development of technologies tending to decrease the risks in
volved in production of the crop in unfavorable (stressed) envi
ronments. 

Additional to key speakers dealing with the subject of maize 
grown under stress environments, there was also the need to alo
cate time to discuss issues on Seed Production and Distribution. 

As in the three previous workshops, we had the participation 
of several maize scientists from most national programs and 
private seed companies in the Asian region. It should be 
mentioned that this was the first time we had participants from 
Bhutan describing the maize research activities in that country. 

One important component of these Asian Regional Maize Work
shops has been to give the opportunity to all participants to 
observe in Demonstration Nurseries the varieties developed in 
their own national programs. We encouraged the participants to 
carefully observe and request to the respective program any 
variety which they considered useful in their program. CIMMYT 
also included some of its experimental varieties with the 
broadest adaptation and stability across locations in the Asian 
region. These are available upon request. Demonstration 
Nurseries were planted at three locations in Pakistan: the 
National Agricultural Research Center (NARC) at Islamabad, the 
Cereal Crops Research Institute (CCRI) at Pirsabak, and the Maize 
and Millets Research Institute (MMRI) at Yousafwalla. These 
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three centers are located in different ecological environments. 
With this Workshop, CIMMYT-ARMP continues its active participa
tion in the promotion of agricultural development in the region. 

We acknowledge the financial support of the USA Agency for 
International Development (USAID) for making available the USAID
CIMMYT funds to sponsor the round trip plane ticket for Dr. 
Stanley D. Jensen; the Australian International Development 
Assistance Bureau for financing the round trip plane ticket of 
Dr. Howard A. Eagles, and to the Thai seed companies Pioneer 
Overseas Corp., Ltd., Cargill Seeds Ltd., Charoen Seed Co. Ltd., 
Pacific Seed Co., and Ciba Geigy (Thailand) Ltd., for partially 
sponsoring the round trip plane ticket of Dr. S. K. Kim. 

In this Workshop, we will miss the presence of both Mr. Do 
Huu Quoc and Dr. Joginder Singh, colleagues from vietnam and 
India, respectively. They both died in separate car accidents 
while at work. To them we dedicate this 1990 Workshop. 

Correct citation: C. De Leon, G. Granados and M.D. Read, eds. 
1990. Proc. Fourth Asian Regional Maize Workshop. Pakistan, 
Sept. 21-28, 1990. Pakistan, Sept.22-28" 1990. 
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I 

INAUGURAL ADDRESS 

1/
Pir Aftab Hussain Shah Jilani 

Dr. C. M. Anwar Khan, Chairman, PARC 
Distinguished delegates, Ladies and Gentlemen: 

It is my pleasure to welcome renowned agricultural scien
tists and maize breeders on behalf of Government of Pakistan. 
am personally grateful that you have taken long and tough jour
neys to be with us this fine morning to participate in the 4th 
Asian Regional Maize Workshop jointly organized by Pakistan Agri
cultural Research Council and International Maize and Wheat Im
provement Center. We deeply and sincerely appreciate the gesture 
of your countries and your organizations and request you to kind
ly convey our gratitude to your respective governments for this 
gesture aimed at promotion of science. 

It is indeed a matter of great honor for me to be among you 
on the occasion of this Workshop, planned to review and discuss 
the problems confronting maize production. Pakistan Agricultural 
Research Council and International Maize and Wheat Improvement 
Center genuinely deserve our commendation for organizing this 
workshop. 

I do believe that such forums provide an occasion for appli
cation of collective wisdom for identification of problems and 
evolvement of strategy for their solution. Exchange of ideas 
among those involved in agricultural research and development in 
the developing nations has unfortunately not been as intensive as 
it should have been to overcome their problems. This situation 
needs to be changed. Developing nations have much to exchange 
with each other by way of knowledge relating to the strategy of 
agricultural research and development under conditions of small 
holdings, poor resources and illiteracy. I am happy that this 
Asian Workshop on Maize is being held in Islamabad, the capital 
of a developing country and is being attended by eminent scien
tists from around the world. We very much appreciate the role of 
CIMMYT in providing such a forum and the contribution that CIMMYT 
is making in raising the agricultural production in developing 
countries. 

Distinguished delegates: permit me, to say a few words about 
agricultural science. Agriculture is an eternal activity of man 
and it will continue to be the chief occupation. The farmer, the 
hero of history, is not alien to science as he has to understand 
and work under the laws of nature. Importance of agriculture is 
further increased in view of population explosion. The present 
world population of about five billion will be doubled by the 

l/ Federal Minister for Food, Agriculture & Cooperative. 
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year 2030. Unless this population explosion is matched and 
counter balanced by increased production in agriculture, the 
future of mankind seems grim and bleak. Agricultural sciences 
hold a key to the situation but both, the scientists and the 
farmers have to work very hard collectively. 

Maize as an important cereal crop has shown its magic in in
creasing the agricultural productivity in the West. In devel
oping countries it has great significance because of its yield 
potential and versatile use for different purposes. Maize in 
Pakistan is third important cereal after wheat and rice. It is 
grown from times immemorial and has occupied an important place 
in the cropping systems of this country. It continues to be the 
staple diet for the local population in certain areas of the 
country at least for a part of the year. Besides its use as food 
g~ain, maize is an important contributor to livestock forage, 
both as green, as well as dry stalks. More recently, maize grain 
has emerged as an important industrial raw material and is being 
processed for the manufacture of starch, its by - products, and 
also as main component of the livestock feed, particularly for 
the rapidly growing poultry industry. 

The total maize production in the country has risen from 
720 000 tons to 1 240 000 tons during 1976-88. But a 
considerable portion of the increase has come through the 
increase in area. There has been a marginal increase in the 
yield level per unit area. This is certainly not an encouraging 
situation and calls for a serious soul searching. Scientists in 
the country have devoted lot of their efforts towards research on 
maize. High yielding varieties have been developed and released 
to the farmers. The production potential of these varieties and 
technology has been amply demonstrated on the farmer's fields 
where 4-5 tons yield per hectare have been obtained with proper 
management. It is heartening to note that under some of the 
Operational Research Programs conducted by PARC, maize yield in
creases ranging from 25-50% have been achieved on large project 
areas which in some cases comprised several hundred hectares. As 
this speaks of the potential of available production technology, 
one wonders, why then the average productivity of this crop on 
the national level continues to be deplorably low. _ 

Our scientists have assured me that they have the necessary 
"know-how" to even double the production level and bridge the gap 
between actual and potential production. There is no reason to 
doubt this. But we must ask ourselves if we have the potential 
then why don't we get the production. Of course we are not alone 
faced with this problem in Asia. Only few countries have achieved 
a success in this regard. People's Republic of China with yield 
of 4 t/h has organized its production strategy so well that its 
yield exceeds the world average. We must unravel the constraints 
that prevent the rest of the countries of Asia from realizing 
their potential. 

Pakistan Government is determined to take all necessary 
policy measures for increasing the production of this commodity 
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and provide necessary incentives to the growers. The supply of 
quality seed, I understand, has been a major constraint on maize 
productivity development. We are trying to induct private sector 
into the seed industry. I am sure that with proper planning it 
would be possible to derive the same benefits from hybrid 
technology in increasing maize production as has been done by 
many of the developed maize growing countries. 

Friends: I hope the deliberations of this workshop will 
generate and promote a well thought and integrated research and 
development program for enhancing the production of maize. 

With these few words, Ladies and Gentlemen, I feel a great 
pleasure in inaugurating the "Fourth Asian Regional Maize Work
shop" and wish you all the success in your deliberations. I am 
sure you will find the climate in Islamabad and the environment 
at NARC enjoyable and stimulating for your discussions. 

Thank you. 

12 




WELCOME ADDRESS 

1j 
C. M. Anwar Khan 

Honorable Minister, Distinguished delegates, 
Fellow scientists, Ladies and Gentlemen: 

It is indeed very kind of our Federal Minister for Food, 
Agriculture and Cooperatives, Pir Aftab Hussain Shah Jilani, for 
sparing time to be with us this morning, in spite of his very 
busy schedule and multifarious engagements. 

On behalf of Pakistan Agricultural Research Council, I have 
the privilege to extend a warm welcome to you Sir, and to the 
distinguished delegates from the Asian and the Western countries. 
I would like to take this opportunity to express my appreciation 
for the International Maize and Wheat Improvement Center for the 
establishment of such a useful forum. The participating maize 
scientists from a number of countries also deserve our deep 
appreciation for taking the trouble of long journeys to be with 
us to share the benefits of their research in their fields of 
specialization. We, in Pakistan, are pleased to have this oppor
tunity to host such an eminent group of scientists who are en
deavoring to increase maize production. 

Sir, the main objective of holding this workshop is to re
view the current research and development activities, delineate 
problem areas and identify research trusts needed to increase the 
maize productivity under stress conditions. with the introduc
tion of new crops and more urbanization, the traditional crops 
like maize are being pushed towards marginal lands. The combined 
wisdom of leading maize scientists of the region where similar 
problems exist will help in finding out solutions for raising 
production of maize under such unfavorable conditions. 

Maize accounts for 4.3% of the total cropped area and 2.5% 
of the value of agricultural output in Pakistan. While the third 
most important cereal grain, it is in a distant position after 
wheat and rice with 9 kg per capita consumption per annum as 
against 121 and 25 kg per capita of wheat and rice, respectively. 
Presently maize occupies 860 000 ha with an annual production of 
1.2 m tons which accounts for 6.2% of total grain production in 
the country. The yield of 1.4 t/h is dismally low as compared to 
the world standard. 

Sir, we have the potential to obtain higher yields and the 
present national level can be raised 2-3 times with, the applica
tion of major inputs and proper crop management practices. In 
fact some of our progressive farmers are harvesting yields upto 

11 Chairman, Pakistan Agric. Res. Council, G.P.O. Box 1031. 
Islamabad, Pakistan. 
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4-5 t/h. with the introduction of spring maize in punjab pro
vince which covers about 50 000 ha, the average yield obtained is 
3-4 t/h. A number of high yielding maize varieties have been 
developed and released to the farmers in Punjab along-with a 
package of production technology suited to different eco-Iogies 
and socio-economic conditions of the farmers. In order to 
intensify research through collaborative efforts, the Pakistan 
Agric. Res. Council sponsors Coordinated Maize Res. Program in 
all the four provinces of Pakistan and Azad Jammu and Kashmir. 

In addition to financial support to the provincial maize re
search programs which come upto Rs. 26 m since the start of the 
program and is currently at the level of Rs. 1.34 m per year to 
the provincial maize research programs including funds for 
additional staff, equipment, vehicles and scientific literature. 
The program also provides several types of services to the 
participating member organizations. 

The objectives of such a coordinated program include conduc
ting of national uniform maize trials comprising the elite maize 
material from different public institutions and private companies 
at various sites ranging from 25-30 locations throughout the 
maize growing areas of the country. This activity provides an 
opportunity to the breeders to test their elite selections under 
diversified environmental conditions. 

Keeping in view the specific needs of breeders, maize germ
plasm available anywhere in the world was arranged to widen the 
genetic base and supplement the on-going breeding program. So 
far about 6-7 thousand such accessions have been acquired and 
distributed to different maize scientists in the country. 

Each year the Maize Program hosts the annual meet of maize 
scientists from allover the country to review the research 
activities and set priorities for the future. Several seminars 
and workshops have been organized by the program to apply 
collective wisdom of national and international intellectuals to 
solve the problems of national importance. 

Ladies and Gentlemen: 

The Pakistani maize scientists have an easy and prompt ex
change of material and scientific information with national and 
international organizations, such as CIMMYT, IITA, US Universi
ties, USDA, FAO, TCDC regional countries and New Zealand. 
Pakistan has also done its best in collaboration process by feed
ing back the scientific information and research results for 
necessary modification and reorientation of germplasm development 
for specific needs. 

Seven M.Sc./Ph.D and 36 short term training abroad have been 
provided by the coordinated program to maize scientists working 
in different provinces. In addition 165 scientists have been 
provided short term local training in pakistan. 
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Sir, Pakistan has a very close working relationship and col
laboration with CIMMYT in the development and improvement of 
wheat and maize. Thousands of maize germplasm accessions have 
been brought in the country from CIMMYT and the Pakistani 
scientists have developed a number of very good high yielding 
maize varieties. 

Pakistan has also benefited from CIMMYT in the field of man
power resource development. CIMMYT has provided various types of 
manpower training support to Pakistan's research programs. 
Thirty six scientists have been imparted short term training in 
Mexico. These scientists are actively engaged in the research 
and development of maize. Several in-country training courses 
have been organized by the National Maize Program in collabora
tion with CIMMYT for farmers, students and extension workers. We 
have also been actively engaged in the advancement of agricul
tural science through co-publishing of scientific reports. 

PARC would like to participate more in the newly emerged 
hybrid programs as the trend in Pakistan is moving towards hybrid 
development in conjunction with open pollinated maize material. 
Similarly, we would like to avail the training facilities offered 
by CIMMYT and other international organizations through various 
programs. I would like to thank all the agencies for their help 
and assistance and scientific collaboration with our maize pro
gram. 

In the end Sir, I once again welcome you, the distinguished 
delegates from abroad and colleagues from Pakistan who have 
gathered here to attend this workshop. 

Thank you. 
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BANGLADESH MAIZE RESEARCH AND DEVELOPMENT PROGRAM 

~/
Kazi Murtaza Kabir 

Introduction 

Maize (Zea mays L.) has been grown in Bangladesh for many 
years as a green-cob vegetable with fodder as an important 
byproduct. Unfortunately, the potential of maize as a human 
food, animal feed, fodder, and industrial use has not yet been 
realized in this country. 

Food deficit has existed in Bangladesh for a long time. 
with the lowest per capita arable land in Asia and a primitive 
agricultural production system, food production in Bangladesh is 
not adequate to meet the domestic requirements. 

In the next ten years, Bangladesh will require about 25 m 
tons of cereals to feed her growing population compared to the 
present need of nearly 18 m tons. Presently the country imports 
1.5-2.0 m tons of food grains annually. This extra 7 m tons 
challenge cannot be produced only with a two-cereal crop strategy 
i.e., rice and wheat. For many reasons, maize has the potential 
of being a third major cereal in the country. Maize, as com
pared to other cereals, gives the highest yield per unit area. 
If maize is established as a field crop it will go a long way to 
meet the growing need for more food cereals. 

Potential of maize in Bangladesh 

Agroecological considerations. 

Bangladesh lies between 20-26 N lat. with generally a plain 
topography. From the agro-edaphic point of view, maize can be 
grown allover the country. The average minimum and maximum tem
peratures of 12C and 29C respectively are ideal for successful 
maize production. Vast areas of Bangladesh have mainly loamy 
soil with pH ranging from 5.5 to 8.0, ideal for the successful 
growth of maize. In the summer months (kharif season), when 
rainfall is at its peak, good drainage is necessary since water 
stagnation may harm plants. Maize being a deep rooted crop, it 
would have an advantage in the winter (rabi season) over other 
cereals in terms of water utilization. During rabi, maize can be 
grown successfully with just one third of the total water re
quirement of rice and nearly half the water requirement of wheat. 
Adequate soil fertility is an important factor for the growth of 

senior scientific Officer. Maize Section, Plant Breeding 
Div. Bangladesh Agric. Res. Inst. (BARI), Joydebpur, Gazi
pur-1701, Bangladesh. 
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maize. Therefore, maintaining optimum soil fertility is a 
necessary condition for successful maize production. Results ob
tained from studies carried out at different on-station and on
farm trials indicate that maize is widely adapted and can yield 
well. 

Crop characteristics. 

Maize can play an important role in Bangladesh due to its 
high yield potential, high energy index, high carbohydrate, pro
tein, vitamin, and fat content, wide adaptability and suitability 
for intercropping. Moreover, maize has the potential for multi 
ple uses as human food, animal feed, and fodder. 

Econo.ic viability. 

various studies have shown that cultivating maize in Bangla
desh yields a profit of 100-300% depending on the location where 
the crop is grown. The profit is higher when maize is harvested 
and sold as green cobs. 

The possible returns from maize as compared to other crops 
are high. In Bangladesh, the average yields of rice and wheat 
are around 2 t/ha. studies indicate that the average yield of 
maize in Bangladesh can be more than 4 t/ha. Maize can thus 
effectively compete with the other major crops if an assured 
market can be established. A survey made in 1984 by the Canadian 
Agric. Sector Team (AST) revealed that maize is highly 
profitable, with net returns higher than those from most other 
major crops (Table 1). 

Table 1. Average net return/ha fro••aize and other crops on 
the basis of 1984 .arket price. 

Crop Average net return (Tk/ha)* 

Maize 16,658 
Potato 19,995 
Boro (winter rice) 8,208 
Aus tearly summer rice) 1,240 
Mustard 6,266 
Lentil 4,372 
Wheat 3,431 

1 US$ 35.5 Taka (September 1990) 
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Area and production. 

Maize has been grown for many decades and to a very limited 
extent, mostly in the eastern part of the country. The total area 
and production of maize have declined due to a lack of market 
since the late 1970's. An increase was observed during 1987-88 
when government started stimulating maize production (Table 2). 

since most of the maize produced in the country is consumed 
as green cobs, these statistics can be misleading, and the actual 
production could be higher than that shown in Table 2. In fact, 
there are no reliable estimates on maize acreages and production. 
The estimated area ranges from 3 000-8 000 ha, while production 
could be from 6 000-15 000 tons of grain. Currently, maize is 
grown in twelve districts of Bangladesh, including Bandarban, 
Chittagong, Rangamati, Dhaka, Mymensingh, Jessore, Kushtia, 
Bogra, Rangpur, Pabna, Dinajpur and Rajshahi. 

Tab1e 2. Area, production and yie1d of .aize in 8anq1adesh 
(1974-88). 

Year Area Production Yield 
(ha) (tons) (kg/ha) 

1974-75 2656 2358 888 
1975-76 2481 2239 902 
1977-78 2333 1961 841 
1979-80 2005 1456 726 
1981-82 1841 1343 729 
1983-84 1219 963 784 
1985-86 1201 1038 852 
1987-88 3032 2855 943 

Source Bangladesh Bureau of statistics (BBS) , 1989. 

Maize uti1ization. 

About 70% of the maize produced in the country is consumed 
as green cobs, roasted, boiled or consumed as snacks rather than 
as part of regular meals in urban areas. Chapaties and pancakes 
or "pitha" made of maize flour are also consumed. Maize grits 
cooked with rice, lentils and spices are used to make khichuri, 
which sUbstitutes for a regular meal, or are used to make 
"pirni", a sweet pUdding. 

Maize is consumed as popcorn by those that can afford its 
price among the rich people. Very recently, molasses is also 
being made from juice extracted from stalks. Maize is used as an 
animal feed in the livestock and poultry food industries. Dry 
stalks are used as fuel in the rural areas. 
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Marketing and present demand of .aize. 

No serious attention has yet been given to monitor the maize 
market, nor has any marketing system been developed for maize in 
Bangladesh. This is the major stress hampering the production 
and expansion of the crop. At present, between 200 000-300 000 
green cobs are sold per month during peak production in Dhaka 
City, and a small quantity is sold as fried or popped maize. 
Recently, the government has fixed the price of maize at Tk. 
2.50/kg, equivalent to that of wheat. 

with the increase of population and a change in the food 
habit, the demand for maize will increase. If 10-12% of wheat 
and rice is substituted with maize, the demand for maize would be 
approximately 0.4-1.4 m tons. Potential demand for maize as 
animal feed and fodder and industrial by-products also exists 
(Table 3). 

Tab1e 3. Present de.and for JIlaize in Bang1adesh. 

Mode of use 	 Demand (tons) 

Food 

Green cobs 
Popcorn 
Flour and grits 

Feed 

Livestock 
Poultry 

Industry 

starch 
Breakfast cereal 
Confectionary 

1 000 * 

200 

300 


1 500 

4 500 


15 000 
Negligible 
Negligible 

Total 	 22 000 

* 	 Presented in terms of grain equivalent, assuming 50 000 cobs 
as 3 tons of dry grain. 

Maize in the farJling system. 

Land avai1abi1ity. 

Land is a scarce resource in Bangladesh with an area of 
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144 000 sqr. km, and preference for rice continues. Nearly 78% 
of the total arable land (8.85 m/ha) is allocated to rice, and 
out of these, nearly 88% is under three major crops viz. rice, 
wheat and jute. All other crops are grown on the remaining 12% 
of cultivable land. The current availability of suitable land 
for maize cUltivation is shown in Table 4. Agro-climatic 
conditions favour the production of at least two maize crops per 
year, one in the winter (rabi) and another one in the summer 
(kharif). It is possible to grown maize for green cobs during 
October-January followed by another crop for fodder. 

Tab1e 4. Avai1abi1ity of suitab1e 1and for .aize cu1tivation in 
Bang1adesh. 

Land available 
Type of land (million ha) 

Minimum Maximum 

Flood-prone plains 
(October through November) 

Cultivable fallow land in 
the winter 

Upland early summer rice 
(northern Bangladesh) 

Government waste land 

Others (inter or mixed crop, 
catch or gap crop) 

0.5 2.0 

0.7 1.0 

0.5 1.0 

0.5 1.0 

0.1 0.5 

Total 2.3 5.5 

studies have revealed that 45% of the total maize farmers 
grow the crop in the rabi while 55% grow it during the kharif 
season. In some areas, maize competes with wheat, peanut, 
potato, and vegetables during the rabi season. In the northern 
districts of Dhaka, Mymensingh, Faridpur, Kishoreganj, and 
Barisal, approximately 18% of the maize farmers cUltivate maize 
under zero-tillage conditions. Maize could be grown on flood 
plains where flood water recedes during the early winter and 
remain fallow and used for grazing. Sandy river beds, basins 
holding rain water, and river banks under no-tillage and low 
input usage are also areas susceptible for growing maize. On the 
other hand, in the kharif season maize can compete with early 
summer rice. However in areas such as the North and the 
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northwest, where rainfall is insufficient for an early summer 
rice, maize may be a profitable sUbstitute. On an annual basis, 
nearly 6% of all cul-tivable land is currently fallow. The 
estimate of fallow land for the winter season is reported to be 
as high as 52% in some years. 

Research and develop_ent activities on aaize. 

The Bangladesh Agric. Res. Inst. (BARI) has been conducting 
research on maize for almost two decades under its Minor Crops 
Research Program. Maize, being considered as a minor crop, did 
not receive due attention by authorities and researchers. In the 
early 1980's, BARI initiated its "Maize Res. and Developmt. 
Project", financially supported by the Ford Foundation and 
through the coordination of Bangladesh Agric. Res. Council 
(BARC). The project has been involved in the development of 
varieties and cultural practices, seed distribution, and training 
of extension agents. 

Several training programs for extension personnel, farmers, 
livestock personnel, and employees of nongovernment organiza
tions (NGOs) have been arranged. Maize germplasm received from 
CIMMYT, IITA, and various other national and/or international 
sources is used for conducting studies over locations. Work on 
maize at BARI is multidisciplinary and undertaken by the Plant 
Breeding Division in collaboration with other relevant research 
divisions. The research thrust include: 1) development of short 
and early maturing yellow kernel varieties which will fit into 
the cropping patterns and also be tolerant to drought, water
logging, salinity, low fertility etc., 2) development of dual 
purpose varieties for grain and fodder; 3) improve cultural 
practices; 4) effective pest management; 5) improve marketing, 
processing and utilization, and 6) development of packages of 
technology acceptable and economical for the resource poor pea
sants. The up-to-date accomplishments of different disciplines 
are summarized below: 

1. Plant breeding: 

The present strategy is to develop and utilize synthetic/ 
composite varieties. Synthetic/composite varieties give good 
yields, and new seed is not required each year. Since 1975, Ex
perimental variety Trials (EVTs) and Elite Variety Trials (ELVTs) 
are being conducted in cooperation with CIMMYT. Under these 
trials, Alajuela 7725, La Maquina 7827, Pirsabak 8146, Guaira 
8045, Rattray Arnold (1)8149, Sadaf, and Amber pop have been 
selected. Sadaf, Alajuela 7725, and Amber pop had already been 
released as commercial varieties under the popular Bengali names 
of Barnali, Shuvra, and Khoibhutta, respectively. La Maquina 
7827 (BFC3) is in the process of being released as a dual purpose 
variety under the name of Mohar. Savar-l, a local composite, is 
also being improved as a dual purpose variety through half-sib 
method. Characters of the maize varieties developed are 

-- described in Table 5. 
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since 1987, BARI has been supplying breeder seed of the re
leased varieties to the Bangladesh Agric. Developmt. Corp. (BADC) 
for multiplication and distribution to maize farmers. 

Several inbreds from CIMMYT and IITA have been evaluated. 
Based on several desirable agronomic characters, six and five 
inbreds were selected from germplasm supplied by CIMMYT and IITA, 
respectively, for further evaluation and use in the development 
of synthetics/composites. 

A crossing program was initiated in rabi 1989-90 to transfer 
genes for yellow kernel colour into Rattray Arnold (1) 8149 
(BFC4) by backcrossing, with simultaneous incorporation of re
sistance to Turcicum leaf blight in BFC7. 

Table 5. I.aportant characteristics of so.e of the .aize varie
ties grown in Bangladesh. 

Character Savar Shuvra Barnali Khoibhutta Suwan-2 

Origin Pakistan 
Colour Yellow 
Texture Flint 
Maturity Inter

mediate 

Duration (days) 

Summer 100-110 
Winter 130-135 

PIt hgt 170-190 
(cm) 

yield potential 
(t/ha) 

- Expt. stat. 
Rabi 3.0-4.0 
Kharif 2.0-3.0 

Costa Rica 
White 
Semiflint 
Late 

100-110 
135-145 

170-195 

5.0-6.0 
3.5-4.5 

Pakistan 
Yellow 
Semiflint 
Inter
mediate 

95-105 
135-145 

180-200 

4.5-5.5 
3.5-2.5 

India 
Yellow 
Flint 
Inter
mediate 

90-100 
125-130 

150-170 

3.0-4.0 
2.0-3.0 

Thailand 
Yellow 
Flint 
Inter
mediate 

95-105 
130-140 

175-195 

4.0-5.0 
3.0-4.0 

R = Rabi season. K = Kharif season. 

Activities have been initiated to screen genotypes for 
drought tolerance. La Posta, Pool SPMAT and four advanced compo
sites (BFC3, BFC4, BFC5, and BFC9) were tested against the two 
local checks Barnali and Shuvra. screening of early maturing, 
high yielding genotypes having low ear-moisture content at phy
siological maturity has also been done. Twenty genotypes were 
screened under laboratory conditions for tolerance to salinity. 
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out of these, 10 were found to be tolerant and will be further 
evaluated under field conditions. 

2) Agrono.y: 

studies have revealed that sowing from October 15 through 
November during winter and March 15 through the first week of 
April in the summer, gives the highest yields. In intercropping 
systems, chickpea, peanut, potato, grasspea and chilli have been 
found successfully growing in association with maize during the 
rabi and with blackgram, mungbean, and peanut during the early 
kharif season. 

A spacing of 75 cm x 25 cm (53333 plants/ha) has been found 
to be optimum irrespective of varieties. For fodder purposes, 
the optimum seed rate for the variety BFC3 was found to be 60 
kg/ha. Highest total green stover yield (24.03 t/ha) was ob
tained when plants were thinned to 2 plants/hill at 60 DAE and 
defoliated at the silking stage (80 DAE) without reducing grain 
yield (4 t/ha). 

3) Patbo1ogy: 

Pest management studies revealed that there are no serious 
diseases of the crop. Limited damage is caused by Turcicum and 
Maydis leaf blights (Exserohilum turcicum and Bipolaris maydis), 
and Curvularia leaf spot (Curvularia lunata). 

Tab1e 6. Maize diseases in Bang1adesh. 

Name Pathogen 

Black kernel rot 
Curvularia leaf spot 
Diplodia stalk rot 
Ear rot 
Maydis leaf blight 
Rust 
Bipolaris leaf blight 

Botryodiplodia theobromae 
Curvularia lunata 
Diplodia maydis 
Gibberella zeae 
Bipolaris maydis 
Puccinia sorghi 
Bipolaris spp. 

Incidence of leaf blight has been found to be slightly 
higher in Savar-1, while Barnali, Shuvra, Khoibhutta and BFC3 has 
shown low incidence of the disease. 

4) Entomo1ogy: 

studies have revealed that insect damage is of minor impor
tance to maize production in the field and storage. Neem leaves 
(Azadirachta indica), oil, and cake have showed promise as a 
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seed protectant against corn weevil in storage. Insect pests 
reported are included in Table 7. 

Tab1e 7. Insect pests of :aaize in Banq1adesh. 

Common name Scientific name 

Corn earworm 

cutworms/armyworms 

Leafhoppers 

Maize aphids 

Maize borer 

Maize shoot fly 

Pink borer 

Termites 

Heliothis armigera 

Spodoptera exempta 
Prodenia litura 
Mythimna separata 
Pseudaletia sp. 

Cidadulina sp. 

Rhopalosiphum maidis 

Chilo partellus 

sesamia uniformis 

sesamia inferens 

Odontotermes sp. 

5) Soi1 ferti1ity studies: 

Experiments were conducted with Barnali, Khoibhutta, suwan, 
BFC3 and BFC5 to determine the optimum fertilizer rates on the 
basis of soil test values and crop response in different acro
ecological zones. The soils were Grey Terrace Soils of 
Joydebpur, Grey Food Plain soils of Jamalpur, Grey Piedmont Soils 
of Chittagong, Calcareous Dark Grey Floodplain soils of Rajshahi, 
non-calcareous Brown Floodplain Soils of Rangpur, and Grey Flood
plain Soils and nonsaline soils of Patuakhali. The highest 
grain yield (5.16-6.30 t/ha) was produced by the application of 
~ 5 0 - 2 0 0 k,g N: 90 kg P 2°5: 90 kg K 20 : 2 0 kg Sand 5 kg Z n / ha , 
lrrespectlve of zones. 

6) Agricu1tura1 econo.ics: 

Studies are being conducted through socio-economic surveys 
covering production, marketing, and relative profitability of 
maize compared to other crops. This will provide information and 
knowledge in developing suitable maize research and production 
programs. 
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7) Postharvest tecbno1ogy: 

The maize varieties sids (1) 8244 and sids 8244 were found 
promising for making chapatis. It was also found that spreading 
and baking quality of maize and maize + wheat dough were as 
acceptable as when using sole wheat dough. Fineness of flour, 
smell, colour, and taste of maize chapatis were acceptable. 

8) Intercroppinq of .aize: 

Rice and maize intercropped at 2 m row spacing has given the 
highest land equivalent ratio, rice equiva-lent yield, and total 
energy output. Potato farmers of potato-fallow-jute or potato
fallow-broadcast rice areas can grow 30% maize along with 100% 
potato without yield reduction of potato and get the extra 
advantage from maize green cobs or grain fodder and stover. 

Kajor constraints of .aize expansion. 

Despite the fact that maize can be grown in Bangladesh 
throughout the year and its yield is as good as anywhere, there 
are several constraints which restrict the expansion of the crop: 

The lack of continued support for maize production and 
encouragement for large scale production, 

The lack of marketing support to encourage farmers go 
into maize production without fears of loss, 

The lack of an organized approach to stimulate and en
courage consumers to develop a taste for maize and 
maize products as one of the staple cereal foods, and, 

The lack of drying, storing, and transportation systems. 

Conc1usion 

Maize can playa vital role in the national economy if its 
potential is properly utilized. Maize grows very well in 
Bangladesh and there is great scope for increasing maize 
production. But there are constraints that have inhibited maize 
production over the years. In the late 1985, the Ministry of 
Agriculture created the National Maize Task Force to discuss 
programs, progress, and adjustments needed to stimulate maize 
production and utilization. Some of the points sugested by the 
Task Force as being crucial to the development of maize in 
Bangladesh are: 

A firm policy for pricing, marketing, and popularizing 
maize in the country. 

Introduction of maize and its products in the country
wide government rationing systems and the food for 
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work 	programs. 

Educational programs on the values of maize can be 
effective in popularizing it as a food item. The 
various methods of utilization, preparation, and 
comsumption should be promoted. 

Current efforts in maize research are to develop suita
ble varieties and appropriate production technologies. 
These should to be expanded or intensified. 

Training of the extension personnel to enable effec
tive transfer of technology to the farmers should be 
intensified. 

Adequate and timely supply of seeds should be assured. 

Countrywide promotional activities through on-farm de
monstrations and farmers rallies in different areas 
of the country should be strengthened. 

There have been sporadic efforts in the adoption of some of 
the above recommendations, particularly when there have been 
serious failures of major cereals like rice and wheat. Such spo
radic action cannot help. Introduction of maize as one of the 
important cereals in Bangladesh needs continued effort on a long 
term basis, and adequate investments in appropriate programs are 
necessary. The economic significance of maize production in 
Bangladesh is already known but deserves more attention. 
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Question to Dr. K. M. Kabir 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

S. K. Kim 

Please try to use newer varieties selected from Pop.27, 
not a 12 yr old variety, like 7827. There should be an 
8627, 8827 or 9027 from CIMMYT. 

La Molina 7827 has been improved for the last two years. 
It has been renamed BFC3 and is due to be released as a 
dual purpose variety (both for grain and fodder) by BARI. 
La Maquina 7827 (BFC3) has been registered with the 
National Seed Board for release under the name of 
"Mohar". There has been much selection already in this 
variety and we see better performance more than recent 
cycles of selection from Population 27. One uses new 
cycles when initiating the work. When this work was 
started several years back, this variety was the appro
priate one to be used. 

N. N. Singh 

What is the possibility of growing rabi maize in 
Bangladesh? How do you propose to increase the area of 
maize planted in such conditions? 

Fifty five percent of maize growing farmers produce maize 
during the rabi (winter) season and 45% during kharif 
(summer) season. It would be difficult to further push 
maize in rabi. It would have to replace some of the 
high price winter crops such as wheat, potatoes, or 
winter vegetables, and maize has no market. Therefore, 
the strategy is to bring more areas under maize during 
the kharif season and also to encourage the farmers to 
sow summer maize. However, if some farmers keep their 
land fallow during the rabi season they should be in
structed to go into maize production. 

: G. Granados 

If the possibilities for maize acreage expansion in 
Bangladesh depends on growing maize during kharif season 
when waterlogging is an important stress, what is BARI 
doing to overcome this constraint. 

Work has recently been undertaken at BARI for maize 
under stress conditions, including waterlogging, 
flooding, drought, and salinity. Bangladesh has a flat 
topography with a low percentage of land where water 
logging would not represent a problem. Therefore stress 
resistant varieties need not to be developed. 

28 



From 	 G. Edmeades 

Q. 	 Does Bangladesh have a poultry feed industry? If so, 
what is the source of feed? 

Ans. 	 No, Bangladesh does not have any poultry feed industry. 
Bangladesh has a limited number of poultry farms willing 
to use maize as feed but they are not getting enough 
supply because there is not enough production. Some 
poultry farms grow their own maize and use it to feed 
their poultry. During the past few years BARI has been 
growing some maize for some poultry farms. 
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MAIZE PRODUCTION, CONSTRAINTS AND RESEARCH IN BHUTAN 

1/
Vijay Moktan-

Bhutan is a landlocked country in East Asia. The country is 
mostly mountainous, except for the plains at river valleys. The 
country lies between 26 45'N and 28 10'N and between longitude 
88 45'E and 92 10'E. The climate varies from tropical to tem
perate, according to elevation which ranges from low ( <500 
masl) to medium «2250 masl) and high «3500 masl). This range 
represents the major crop growing environments of Bhutan. The 
annual rainfall is over 2000 rom in the southern region and below 
2 000 mm in the central region. The rainfall progressively 
decreases with rise in elevation. Most of the rains occur bet
ween May and August. 

Maize was introduced in Bhutan from neighboring Nepal and 
India and has become an established crop since then. In Bhutan, 
maize is the most important cereal crop in terms of area under 
production. It occupies about 45% of the total cUltivated cereal 
area or approximately 41 890 ha of the total 93 060 ha. 

lIaize production. 

The limited information available on the total area and pro
duction of maize for the entire country is presented in Table 1. 
These data were collected by the Central statistical Office 
(CSO), in conjunction with the Dept. of Agric. during 1988 and 
1989. The major maize growing areas are in southern and eastern 
Bhutan. Mean yields are extremely low, at 740 kg/ha. The data in 
Table 2 provide statistics for 1981 and 1984 and the targeted 
area and production in the fifth Five-Year Plan for 1987. This 
plan emphasizes the intensification of the existing land use 
rather than opening new areas to maize CUltivation. About 85% of 
the total production comes from small scale farmers and the rest 
from governmental farms. As many as 90% of the farmers use local 
varieties of yellow and white flint and dent grain types. The 
majority of farmers in the South prefer white grain, while the 
opposite is true in the East. At present, maize is mostly pro
duced by SUbsistence farmers. Maize is widely grown both as a 
monocrop as well as mixed cropped with legumes and several other 
food crops. The pattern of distribution for two maize growing 
districts in eastern Bhutan is presented in Table 3. This pat
tern differs slightly in the southern part of the country. 

1/ 	 Assistant Research Officer, Ministry of Agriculture and 
Forestry, Department of Agriculture, P.O. Box 119, Thimphu, 
Bhutan. 
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Tab1e 1. Area, production and yie1d of .aize by 1987-88, and 
1988-89. 1/ 

Dzongkhag Maize farmers Area Production x yield 
(ha) (ton) (Kg/ha) 

Thimphu 

ZOBE I 

Chhukha 
Ha 
Paro 
Samchi 
TOTAL ZONE I 

ZOIlE II ~/ 

Chirang 
Daga 
Punakha 
Wangdiphodrang 
TOTAL ZONE II (a) 

ZOBE III 

Bumthang 
Geylegphug 
Shemgang 
Tongsa 
TOTAL ZONE III 

ZOIlE IV 

Lhuntshi 
Mongar 
Pemagatshel 
Samdrupjongkhar 
Tashigang 
TOTAL ZONE IV 

240 

2,570 
140 

7,320 
10,110 

5,550 
1,500 

340 
380 

7,770 

130 
5,150 
1,800 

970 
8,050 

2,290 
4,260 
2,390 
4,900 

11,460 
25,300 

30 

1,830 
70 

7,540 
9,450 

6,380 
2,360 

80 
60 

8,880 

10 
6,990 
1,060 

380 
8,450 

1,140 
2,570 

860 
4,700 
5,810 

15,080 

10 

680 
40 

2,490 

3,210 


2,910 

890 


60 

na 1/ 

3,910 

20 

2,650 

1,250 


270 

4,190 


2,480 

4,530 


920 

2,650 

9,230 


19,810 

500 

370 
540 

330 
340 

460 
380 
770 

na 
440 

1,160 
380 

1,180 
720 
500 

2,170 
1,760 
1,060 

560 
1,590 
1,310 

~/ Source: Stat. Bull. Agron. Survey, 1988 and 1989. 

YFor the estimation of Zone II production and yield, 
Wangdiphodrang is assumed to have the same yield as Punakha. 

?../ na not available 
- : estimate not sufficiently reliable due to high sampling 

error (an estimate from less than 100 holders) 
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1/
Tab1e 2. Trends in crop area and production of .ajor cerea1 crops-

Crop area 
( ' 000 ha) 

Crop production 
(/000 ton) 

1981 1984 
Target 

1987 1981 1984 
Target 

1987 

CEREALS 

Paddy 28.0 30.6 37.0 57.4 65.0 84.5 
Wheat/barley 
Maize 

12 . 0 
56.8 

14.4 
58.5 

16.6 
52.5 

13.3 
80.7 

16.0 
87.3 

22.5 
85.1 

Buck wheat/ 15.5 20.6 15 . 0 12.3 16.8 12.7 
millet 

Total 112.3 124.1 121.1 163.7 185.1 204.8 

~ Figures are based on estimates made by Dzongkhag (district), 
gewog and vi llage officials. Target 1987 refers to targets 
for the Fifth Five Year Plan. 

Source: Survey undertaken by the Dept. of Agric., 1981 and 1984. 

Ear1y e fforts in .ai ze ~roveaent . 

Little work was done to improve maize production in the 
past. On e except ion is that during the early and mid 1980's, 
many variet ies were introduced from India, including both hybrids 
and c omposites. Seeds o f these introductions were multiplied and 
supplied t o farmers for general cUltivation. Good yields were 
initially recorded in hybrids but they failed to make any impact 
in the Bhutanese maize farm i ng community. It is interesting to 
note that in Tashigang distr i c t (East Bhutan) alone, the demand 
for hybrid seed declined from 27 t in 1983 to only 1 t in 1988. 
This indicates the lack of demand for hybrid maize varieties in 
this sUbsistence farming system. 

Haize research . 

During 1988-89, with the visit of CIMMYT scientists re
requested by the Dept. of Agric. (DOA) , a workplan was prepared and a Nationa 
In this program the DOA decided to phase out hybrid maize seed 
production and distribution and emphasize screening of open 
pollinated maize varieties and an overall improvement of the crop 
management. Therefore, the year 1989 marks the beginning of re
search on maize in the country. The main research center for 
maize-based farming systems has been located at Khangma in East 
Bhutan. 
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Table 3& Maize d isposition in Tashigang and Hongar districts. 

Distr i ct 
Disposition 

Tashigang Mongar 
(%) (%) 

consumption 67 68 
On-farm s a le 0 0 
Off -far m sale 0 0 
Barter 0 0 

Seed 3 3 

Fe ed 1 1 
Alc ohol 13 14 
wast e 1 0 
Partne r ' s share 2 0 
Repay debts 1 1 

Gift 5 5 
Wages 1 1 
Store d 6 7 

Source Baseline survey. February, 1987. 

Constraints to :aaize production. 

Numerous constraints limit maize production in Bhutan. The 
ma in one s a re d e scr ibed ahead in upland sl o p i ng areas with 
relation t o research objectives of the maize program: 

1 . 	 Land scarcity. 

Mos t of the s u i t able irrigated land in Bhutan is planted to 
ric e . The on ly land available for maize is in u p land 
s loping areas with low soil fertility where moderate to 
severe n itr ogen and phosphorus deficiencies are c ommon. So il 
erosion is a threat on this sloping terrain with the conti 
nuous increase in production of annual crops . 

2. 	 Agronomic factors. 

The maize production practices followed by small-scale 
farmers are inadequate. Most notable among these are poor 
management practices and land preparation, tr a d i t i onal 
sowing method, late and inadequate weeding, and improper 
fertilizer application. The only fertilizer used is farm 
yard 	manure which varies in quality and quantity when applied. 

3. 	 Poor local varieties. As already stated, 90% of the farmers 
use the local varieties which are tall and susceptible to 
pests and diseases. Yield losses as high as 50-60% due to 
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lodging are not uncommon. These local varieties have a 
limited scope for intensive management. 

4. 	 Socioeconmic factors. Some of the socioeconomic factors 
limiting maize production are lack of labour and manpower, 
poor availability of inputs and their high prices, no ready 
market for surplus production, and postharvest losses due to 
lack of proper storage facilities. In east Bhutan, damage 
caused by wild animals is a common occurence. 

Research cha11enges. 

Since maize was introduced into Bhutan, a number of 
varieties have been grown by farmers under different agroclimatic 
conditions and mixing of varieties by farmers is common. 
cultivation practices are inefficient and traditional, posing a 
threat of soil erosion in sloppy terrains. Therefore, the need 
for cost-effective improved techniques as well as improved 
varieties to obtain a sustainable production system is obvious. 
This should be supported by government pOlicies that can improve 
the socioeconomic conditions of the poor sUbsistence farmers. 

References 

statistical Bull. Agron. Survey 1988 and 1989. 
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Baseline Survey for TMADP 1987 (IFAD II Project). 
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Question 	to Vijay Mokthan 

From 	 s. K. Kim 

Q. 	 Bhutan has note developed hybrids. You tried with 
introduced materials and as expected, you failed! Now 
you want to move counterclockwise and emphasize only on 
OPV's. I believe it is a big mistake only directing 
your production program on OPV's. It is OK at the be
gining, but you should remember that small scale, poor 
farmers must increase their income using all possible 
means. 

Ans. Considering the Bhutanese farming community, there are 
several factors involved in deciding between suitable 
OPV's and hybrids. 

1) 	 The existing crop management practices are suboptimal. 
This may not justify the use of expensive hybrid 
seeds unless the farmer's present capability is up
graded to improved standards of crop management. 

2) The development, production and distribution of hy
brid seed is not within the capability of the pre
sent organization. 

3) There are no proper organized markets to obserb the 
crop. 

From C. De Leon 

Q. 	 In our visits to Bhutan, we have seen varieties devel
oped by the Nepali maize program. I feel these 
workshops have encouraged the exchange of germplasm be
tween national programs. 

Ans. The improved Nepali maize varieties entered Bhutan in 
1987-88 for testing under the courtesy of CARD (Center 
for Agric. Res. and Developt.). However, these workshops 
have become instrumental for better understanding of the 
maize improvement in Nepal, and mostly by strengthening 
the relationship for future exchange of germplasm 
produced by National programs. 

From 	 H. Qazi 

Q. 	 Could you give some explanation why hybrid seed intro
duced into Bhutan failed to make an impact? 

Ans. 	 Because unavailability of national markets, high cost and 
difficulty in timely availability of inputs, labor 
constraints, etc. Maize production is a subsistance 
crop. In these situations the farmers can not afford 
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spending money in purchasing hybrid seed which is 
expensive and mostly imported. It is interesting to note 
that farmers even fail to show any interest in the 
available low-int erest rural credit schemes sponsored by 
the government because the surplus produced can not be 
easily sold, thus reducing their chances of loan repay
ment. 

The hybrid varieties grown in the past did not 
undergo systematic testings before being approved. 
Several characteristics important to farmers were over
looked, like open ear tips, short stature, disease sus
ceptibility, grain color and quality, etc. 

From 	 G. Granados 

Q. 	 Can you elaborate about your breeding strategy to develop 
the varieties required by Bhutanese farmers? 

Ans. Presently we have decided to introduce OPV's from other 
national and international programs and screen them to 
fit our conditions, the farmers preferences, and monitor 
their adaptability. Simultaneously, we have also started 
local germplasm collection for development of our own 
maize populations. These populations will be used in 
the future to develop improved OPV's. 

From 	 N. N. Singh 

Q. 	 What are the most important improved varieties in Bhutan? 
What is your maturity requirement? 

Ans. 1) 	 until now there is not any officially approved and 
released variety. Recently Suwan 1 was introduced 
and it is in an advanced testing phase in farmers' 
fields at elevations below 1500 masl. 

2) We are looking at both early and full season varie
ties. 
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BAIZE PRODUCTION III LAOS, A COUNTRY REPORT 

II l:.1 
Kh amphone Phanmanivong -and Bounxou Keutla 

1. Introduction 

Laos is a land-locked mountainous country situated i n South
East Asia betwe en 100-108 ° longitude and 13-23° latitude. I t has 
a n area of 236 800 Km~ with 680 000 ha of arable land. In ot her 
words, only a bout 3% o f th c ountry's surface area is considered 
arable. Altitude ranges from 100- 2 800 masl. The northern part 
is mostly higl ands, whereas signi ficant pla ins exist in the 
central region and in the South, especially i n Savannakhet pro
vince. The most fertile soils are f ound close to the b a nks of 
the Mekong river which r un s the length of the country, along its 
tributary the Nam Ngum river, and on the Boloven Plateau in the 
South (Fig.1.) . 

The country is influenced by a monsoon system which creates 
two seasons per year. From June-October t h e re is a rainy season 
November through May is the dry season. Maize is produced for 
both food and feed in the Lao PDR. The total area under maize 
production in 1989 was about 30 367 ha with an average yield of 
1.44 t/ha. By contrast, the main crop, rice, was grown on a total 
area of 622 500 ha with an average yield 2.4 t/ha. Other produc
tion figures are listed in Table 1. Increasing maize p roduction 
is a priority of t he country's 1991-1995 Five Year Plan. 

Table 1. Lao national agricul t ural production, 1 9 89 . 

Crop Ar e a Yield Production 
(ha ) (t/ha) (tons) 

Rice 569 160 2.36 1 404 103 
Maize 30 367 1.44 43 848 
Soybeans 6 028 0.82 4 950 
Mungbeans 4 921 0.60 3 114 
Peanuts 6 096 0.97 5 921 
Sugarcane 3 826 32.94 126 047 
Tobacco 8 088 4.14 33 492 
Cotton 7 189 0 .62 4 444 
Coffee 15 827 0.34 5 413 
Vegetables 6 492 10.12 65 707 

Research Technician, Haddokkeo Agric. stat., Minist. of 

Agric. & Irrigation, vientiane, Laos. 

Maize Specialist, Natl. Agric. Res. Center, Minist. of 

Agric. & Irrigation, Vientiane, Laos. 
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2. Production 

During recent years, Laos has experienced various floods and 
droughts, which have had an adverse effect on agricultural pro
duction. 

There are two systems of farming in the country. 

a) 	 Permanent cUltivation. Mainly in the lowlands where 
irrigated production of paddy rice is practiced. 

b) 	 Shifting cUltivation. Carried out in the uplands where 
every year an estimated 30 000 ha of forest are destroyed. 

Farm yields are low and inconsistent and most farmers use 
tradition cultural practices. Maize is grown in all provinces of 
Laos. Tables 2 and 3 indicate the area, production and average 
yield per hectare by province. 

In the highlands, maize is grown in rotation with rice in a 
slash and burn system. The northern provinces and Muang Kasi of 
Vientiane province are traditional maize producing areas where 
the crop is both a food and cash crop. The crop is produced en
tirely with family labor and thus has a comparative advantage 
over maize grown in Vi~ntiane prefecture. 

In lowland areas such as Vientiane prefecture, maize is also 
grown after rice in low-lying areas along the Mekong river. Here 
alluvial soil and irrigation are available and used for both 
grain and sweet corn production. Land preparation begins with 
plowing and harrowing by animal power and tractor. Plant spacing 
ranges from 40 x 60 cm to 25 x 80 cm. 

Maize varieties grown in the northern and central regions 
differ. Most varieties in the North are dent types which are 
well suited to that environment. These are local varieties and 
fertilizer is not used. Harvesting is normally done 110-130 days 
after planting, and average yields are 1.7 t/ha. 

The preferred variety in the lower central regions is the 
yellow flint improved open pollinated variety HDK 4. Here, 
farmers harvest their maize at 110-120 days after planting and 
get an average yield of 1.5-2.5 t/ha. 

Dent corn farmers typically have small fields of less than 1 
ha along rivers. They plant local varieties, intercropping them 
with other crops and mostly havesting fresh ears for human con
sumption. 

3. Uti1ization 

More than 50% of the corn is produced for human food 
consumption. The main barriers to marketing, are transportation, 
storage, processing, and food preparation. Most of the sweet corn 
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is marketed fresh as baby corn and ear corn and is sold at the 
village level. It is either boiled or roasted for home consump
tion. 

Lao farmers use both the stalk and the grain for feeding 
their animals. The Tha Ngone Feed Mill purchased a significant 
quantity of the grain output from Muang Kasi and Vientiane 
prefecture. Surplus production from the northern provinces is 
sold and consumed locally. The size and potential of the export 
market is presently limited by tariffs and high cost of 
transportation. 

4. Constraints 

a.) 	 Insects. The rice weevil (Sitophilus oryza L.), corn borers 
(Chilo zonellus, Sesamia inferens) and crickets are the 
most important insect pests of maize in Laos. The most 
serious is the rice weevil, attacking maize after harvest 
and during storage. Estimated storage losses range from 25 
to 30%. 

b) Diseases. The most important disease of maize in Laos is 
downy mildew. In the North, most local varieties appear to 
have some resistance to this disease. The improved variety 
HDK 4 is resistant to downy mildew. 

c) 	 Soil fertility. The more fertile soils of the country have 
been utilized for rice cUltivation. Maize is often planted 
on problem soils. Irrigation and drainage facilities in 
these areas are absent, particularly in the southern pro
vinces. 

d) Price fluctuations. The farmers usually do not grow maize 
in the dry season, creating a seasonal fluctuation in price 
of corn ranging from 15 kip/ear during the main harvest 
season to as high as 50 kip/ear in the last 1989 dry season. 

5. Resarch 

The National Agricultural Research Center is responsible for 
coordinating research activities on maize and other crops in the 
provinces. The strategies for increasing maize production in
clude the following areas: 

a) Selection for superior varieties adapted to the various 
agroecological regions. 

b) Extension of improved seed, especially to correct the gene
ralized inbreeding depression of local varieties due to the 
small population size of the various isolated types. 

c) To extend to farmers improved methods of production and 
storage. 
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-------------- -------------------

Table 2. Area. production and average yield of maize production in various Lao provinces. 

1 985 
----------------------------------------- 

1 9 8 6 1 987 

Province 
---------------- 
Area Production Yield 
(ha) (t) (t/ha) 

Area 
(ha) 

Production 
( t ) 

-----
Yield 

(t/ha) 

---------------- 
Area Production Yield 
(ha) ( t) ( t/ha) 

--------  --------- 
Vientiane 1 527 2 200 1.44 1 730 1 936 1.12 600 952 1.58 
Prefecture 
Phongsaly 4 148 4 148 1.00 1 100 1 280 1.16 1 240 1 735 1.40 
Luangnamtha 100 150 1.50 670 780 1.16 750 1 050 1.40 
Oudomxay 2 234 2 457 1.09 2 860 4 486 1.57 3 200 4 448 1.40 

Bokeo 121 133 1.09 450 720 1. 60 500 700 1.40 
Luangprabang: 5 9?<>_.. 7 107 1.20 11 511 8 450 0.73 5 332 8 198 1 . 54 
Houaphanh 3 250 3 575 1.10 2 900 3 685 1. 33 3 230 4 880 1.51 
Sayaboury 1 650 2 970 1.80 1 250 453 657 1.45 
Xiengkouang 2 462 3 465 1.40 3 560 3 240 0.91 3 436 4 762 1.38 

Vientiane 1 465 2 402 1.63 2 060 2 190 1.06 1 870 3 180 1. 70 
Bolikhamxay 1 220 1 620 1.33 1 250 1 680 1.34 200 240 1. 20 
Khammouane 215 430 2.00 750 1 515 2.02 400 720 1.80 
Savannakhet 900 990 1.10 1 230 983 0.80 1 250 1 350 1.08 
Saravanh 50 60 1.20 580 735 1.27 610 915 1.50 

Sekong 500 600 1.20 560 1 226 1 471 1. 20 
Champasack 347 406 1.17 700 467 467 1.00 
Attopeu 775 620 0.80 850 

TOTAL 22 886 33 333 34 000 41 680 24 764 35 725 

------ 

Table 3. Area, production and average yield of maize production in various Lao provinces. 

1 988 1 989 

Area Production Yield · Area Production Yield 
(ha) (t) (t/he) (ha) (t) (t/ha) 

Vientiane 1 010 1 616 1.60 1 570 2 828 1.80 
Prefecture 
Phongsaly 1 375 2 255 1.64 1 375 2 255 1.64 
Luangnamtha 835 1 465 1. 75 600 1 050 1. 75 
Oudomxay 3 430 4 762 1.38 3 894 5 410 1.39 

Bokeo , 932 1 254 1.20 414 1 325 3.20 
Luangprabang 11 081 13 297 1.20 8071 6 450 0.80 
Houaphanb 5 428 4 777 0.88 2 943 5 080 1.73 
Sayaboury 964 1 602 1.66 730 1 211 1.66 
Xiengkouang 4 042 5 579 1.38 3 918 5 587 1.42 

Vientiane 2 672 3 982 1.50 1 700 4 250 2.50 
Bolikhamxay 1 200 2 280 1.90 1 500 2 350 1.57 
Khammouane 800 1 680 2.10 867 1 925 2.22 
Savannakbet 1 288 2 524 1.96 804 1 220 1.52 
Saravanh 640 1 115 1. 74 670 1 330 2.00 

Sekong 1 175 1 175 1.00 833 1 006 1. 21 
Champasack 733 853 1.16 20 20 1.00 
Attopeu 750 599 0.80 458 551 1.20 

TOTAL 37 815 50 815 30 367 43 848 
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d) 	 Fertilizer and lime response trials, both on-station and on
farm. Since 1984, variety trials have been carried out at 
the Na Phok Crop Res. Stat., 25 km North of Vientiane City. 
yield data obtain in the rainy season (RS), and dry season 
(DS) plantings are reported in Table 4. 

1/
Tab1e 4. Maize yie1ds at Na Phok Res. stat., 1989-90.

R. S. D.S. R. S. D.S. Average 
varieties 1988 1988-89 1989 1989-90 yield 

(t/ha) 	 (t/ha) (t/ha) (t/ha) 1988-90 
(t/ha) 

HDK-4 5.47 5.55 1. 73 2.72 3.87 
Suwan 1 6.30 4.36 2.15 3.02 3.96 
FarakoBa (1)8328 5.35 4.89 2.02 3.99 4.06 
Pop. 28 C6 5.89 6.37 3.20 4.10 4.89 
(S 2 x S 2) F2 
TMR Pool C 5.58 5.33 2.56 4.14 4.40 

Average 5.71 5.30 2.33 3.59 4.23 

1 90-50-0 kg/ha NPK were applied. At 14% grain moisture. 
2 Rainy season. 
3 Dry season. 

7. Reco~ded. practices for far.ers 

variety HDK-4 
Fertilization 90-60-30 kg/ha NPK 
Planting date April-June/October-December 
Spacing 80 x 25 cm 
Crop establishment 2-3 seeds/hill in furrows. 

Thin 	to 1 plant/hill 2 wk 
after emergence. 

Water management Irrigate when needed. 
Hand weeding Twice 
Pest control Spray monocrotophos EC 0.4 kg 

ai/ha to control stem borers 
(wet season only) 

Harvesting 100-120 days after planting. 

8. Genetic diversity 

At present the improved variety HDK-4, released by Hadekeo 
Res. Stat., is the major variety promoted by Agricultural 
Services throughout the country. This paucity of recommended 
improved varieties will have an adverse effect on the native 
germplasm found in long established corn growing areas. Germplasm 
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collection is needed, for example, from the minority Hmong people 
and the Thai Dam people who grow maize for animal feed and for 
human consumption. 

Tab1e 5. Price inforJlation. 

1985 1986 1987 1988 1989 1990 


Corn 

Field corn 
(kips/ha-grain)* 

14 25 35 45 60 62.5 

Sweet corn 
(kips/ear) 

5 10 10 15 20 30 

Baby corn 
(kips/kg) 

80 80 100 100 100 100 

Ferti1izer prices 

15-15-15 
(kips/bag) 

2100 2500 3500 6200 6500 9500 

16-20-00 
(kips/bag) 

2100 2700 3600 6500 7000 9500 

Urea 46% 
(kips/bag) 

1800 2500 3000 6000 6500 8800 

* 1 US = 710 kips (September 1990). 
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MAIZE PRODUCTION AND RESEARCH IN SRI LAHKA 

~/
D. H. Muthukuda Arachchi 

Sri lanka is an island of 65 610 sq km in area located 
between 79 39' and 81 53' East latitude and 5 54' and 9 52' 
North latitude. 

Maize, locally known as "Bada Irungu" is after rice, the 
second most important cereal crop grown in sri Lanka. It is 
mainly used as livestock feed, specially in the poultry industry. 
A considerable amount is also used as human food either as green 
cobs or as "Roti or pettu" made of maize flour, especially among 
low imcome people. However, the utilization of maize as human 
food is still not fully exploited. So far, no industrial utili
zation of maize has been established in Sri Lanka. 

It is a popular crop in the highland communities, and 
trad i tiona lly grown as a mixed crop with kurakkan, or 
intercropped with cowpeas, green gram or vegetables. 

In rural sUbsistance farmer communities, maize is planted at 
low density and harvested for green cobs, leaving a few plants to 
set seeds for the next season. 

C1imate and season for maize 

The annual precipitation follows a distinctly bimodal pat
tern (Fig. 1). The country receives rain from the southwest 
monsoon (May to September) and northeast monsoon (November to 
January). Further fluctuations occur due to conventional cyclo
nic effects. The whoie island benefits from northeast monsoons. 
The lowlands of the North and East benefits a little from the 
southwest monsoon due ~o the mountaineous interception. 

The country is divided into three major climatic zones: Wet 
Intermediate and Dry zones (Fig. 2) . Subsequently, based on 
soils, temperature, and elevation, the major climatic zones are 
further divided into 24 agroecological zones. 

The Wet zone comprises 1.53 m ha receiving a uniform annual 
rainfall of 1 875-5 000 mm. Mean temperature is 27C. 

The Dry zone, comprising 4.17 m ha, receives an annual 
rainfall of 1 250-1 900 mm. The name "dry" was given due to the 
prolonged dry period from May to September and specially from 
June to August, with an average rainfall of 50 mm/month during 
these periods. Mean temperature is 30C. 

11 Research Officer and Associate Coordinator, Maize Research 
Program, Dept. of Agric., Mahailluppallama, Sri Lanka. 
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CUltivated area, production and productivity of .aize 

The extent, production and productivity of maize have not 
been able to fulfill the country requirement. In fact, during 
1987 and 1988 the government spent Rps 129 168 581 and Rps 97 332 
415 (1 US$ = Rps 39) respectively, to import 13 700 and 13 573 
tons of maize to fulfill the national requirement. 

Table 1 shows that the annual production of maize of 13 710 t 
in 1972 increased to a maximum of 70 440 t in 1988. The fluctua
tion of this figures could be attributed to many factors, out of 
which varieties (local and improved), rainfall, restriction on 
importation policies, and incentives on the grain price, account 
for this increase. For instance, the figures recordp1 for produ
ction and area planted to maize definitely would have been affec
ted by the appearance of imported maize at a lower price. The 
production figures could be misleading as some of the maize 
harvested for green cobs and the expected production should be 
higher than it is represented by the statistics. 

Table 1. Acreage, production, and yield of maize (1972-1988). 

Year Area planted Production yield 
(ha) (t) kgjha 

1972 16 258 13 710 843 
1974 38 519 23 840 619 
1976 30 409 31 190 1 026 
1978 28 634 33 800 1 180 
1980 24 789 31 500 1 271 
1982 34 137 38 670 1 133 
1984 43 084 39 080 907 
1986 36 232 40 510 1 120 
1988 50 244 70 440 1 400 

Source: Dept. of Agric., Sri Lanka. 

From September-January, maize is cultivated in 18 districts 
almost exclusively under rainfed conditions. Out of these 
districts, Anuradhapura, Badulla, Ampara and Moneragal are among 
the main maize producers during the Maha season. Other districts 
that contribute a 5% to the total production are Polonnaruwa and 
Baticalow completing what is known as the "Corn Belt" area. Some 
years Hambantota and Matale districts also contribute a similar 
percentage of production. 

Among the leading producers, Badulla district has been the 
most stable. The higher elevation districts of Kandy and 
Nuwaraeliya contribute to the total production only during Yala 
(less rainfall) season. 
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Agriculture Research Center, Maha Illuppallama. 


The Intermediate zone comprises 850 000 ha. It is a transi
tional area between the West and the Dry zones, with an annual 
rainfall 1 900-2 500 rom. 
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The increase of maize cultivated during 1971-1988 was of 
95%. However, the yield obtained by farmers was low compared to 
the potential yield of the improved varieties. 

Constraints of production 

There are several abiotic and biotic factors contributing to 
the low productivity of maize in sri Lanka. Five main components 
which limit maize production have been identified: 

1. Physical constraints 
2. Biological constraints 
3. Socioeconomic constraints 
4. Marketing 
5. Seed production. 

1. Physical constraints. The undesirable characteristics of 
soils in the main maize growing areas posses a problem if these 
are not prepared in time. The formation of a soil surface crust 
will affect germination. In addition, there is a tendency for 
frequent drought spells occurring from planting to harvesting. 

2. Biological constraints. Weeds will also reduce maize yields 
and mechanical weed control practices are not applicable during 
the rainy period. Nevertheless, farmers can not afford using 
chemical weed control. 

Maize is also susceptible to insect damage in the field as 
well in storage. Studies on the distribution of maize insects 
have shown that the population of Chilo partellus attacking maize 
crops during the dry season has two distinct peaks during both 
Yala and Maha seasons. No proper storage methods have been 
developed and maize seed has been much affected by stored grain 
insect pests, such as Sitophilus spp. 

Among the diseases, leaf and sheath blight caused by 
Rhizoctonia solani was first recorded in 1926 in Sri Lanka. The 
disease is found during the heavy rainy period. This disease has 
increased its incidence and probably will become a major diseases 
of maize in the future. 

There are also crop losses due to heavy bird damage ans wild 
animals. 

3. Socioeconomic constraints. Among the socioeconomic factors, 
poor yields are due to the lack of ownership of land preventing 
the intensive cUltivation of the crop. Additional, the lack of 
financial assistance prevent the utilization of proper inputs. 

4. Marketing. Until recently, no attention has been paid to 
the organization of market facilities; as a result the product 
goes to the private traders at a cheaper price. However, the 
government has recently fixed the guaranteed price and the oil 
and fat producing cooperatives are now buying maize at a rate of 
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Rps 5.25jkg. Yet, the bulk of maize is purchased by middle men 
at the site at a lower price, and farmers find it difficult to 
reach the government purchasing centers due to poor transporta
tion facilities. 

5. Seed production. Seed production has been the responsibili
ty of the Farm Division of the Dept. of Agric. In- adequate 
financial support and lack of qualified assistance have restric
ted large scale, efficient seed production. In addition, the 
lack of storage facilities has also contributed to prevent the 
efficient supply of adequate quantities of seed to the farmers. 
As a result, farmers are geared to use their own seed which has 
conceivably led to varietal deterioration, mostly due to improper 
handling of their seed. 

Agrono.ic and crop ~roveaent activities on .aize 

A. Research prograJa 

The major activities on maize agronomy and breeding research 
are carried out at the Agriculture Research Station, Maha 
Illuppallama. Four other regional research centers, namely 
Girandurukotte, Augunakolapelessa, Aralaganwila and Monaragala 
also assist to carry out research programs. 

Ear1ier studies 

Previous information indicate that composite varieties 
showed the most promise when at a population density of 50 000
60 000 plantsjha and a fertility level of 67: 45: 28: kgjha NPK 
during the Maha season (October-January). 

The first improved open pollinated variety T48 was released 
in the 1960's. Efforts have also been made to develop hybrid 
varieties through conventional methods, however the results do 
not justify their release. Lately, attempts have been made to 
develop varietal hybrids with encouraging results with 38% yield 
increase over T28 with the best varietal hybrid Veracruz 3181 x 
Antigua 2-1A x Local variety. None of the conventional hybrid 
varieties received from IITA, Nigeria, has shown significant 
differences in grain yield when compared with the present recom
mended variety Bhadra 1. 

Due to limitations in the production of hybrid seed the 
present breeding program has focused on the development of open 
pollinated varieties with the following objectives: 

* 	 Wide adaptation with yellow-orange flint kernels 

* 	 110-115 days to harvest 

* 	 Resistance to diseases such as stalk rot and 
tolerance to drought 
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* 	 Short plant height to stand lodging due to 
heavy rains. 

Tab1e 2. Yie1d and agrono.ic characters of hybrid varieties 
introduced fro. IITA, Nigeria. 1986-1987. 

Variety 

8329-15 
8425-7 
8425-8 
8425-10 
8434-11 
8505-12 
8505-13 
IK81.72SR-Y-1 
composite 6 

(check 1) 
Bhadra 1 

(check 2) 
CV (%) 

Days to 
50% silk 

55 
56 
57 
55 
55 
55 
56 
59 
59 

58 

Height (cm) 
yield 

Plant 

187 
189 
187 
171 
181 
190 
187 
208 
190 

191 

Ear (kgjha) 

81 5 621 
76 4 670 
81 4 942 
62 4 115 
66 4 807 
77 3 895 
81 4 995 
92 4 856 
83 4 365 

78 	 4 548 

14.13 

Indigenous .aize varieties 

still many farmers use indigenous maize varieties. They are 
all flint type, but differ in color and maturity. 

The performance (Table 3) of some of the existing indigenous 
varieties from various part of the country, revealed that almost 
all of them are tall, leafy and late maturing, with yields lower 
than any of the improved varieties. Recent studies indicate that 
most of them are susceptible to stem borer damage as compared to 
newly released varieties, but show greater level of resistance to 
diseases like sheath blight. 

Varieta1 ilIprove:aent 

The regular supply of maize germplasm through international 
organizations such as CIMMYT, has increased the crop improvement 
activities with the aim of developing new varieties. 

The Thai Composite was introduced in 1971. After several 
cycles of selection, in 1977 it was released under the name Bhadra-1 
with a mean yield increase of 23% over T48 (Table 4). 
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Compo 6 was selected from a population developed by 
combining selected progenies of the Thai Cupurico Flint Compo x 
Poza Rica 7425. This variety was released in 1990 under the name 
Ruwan. The performance of this variety is shown in Table 5. 

The indigenous varieties have existed for a longer period in 
our conditions, simultaneously they have developed resistance and 
tolerance to some of the natural hazards. Therefore, a 
population has been developed using local and improved germplasm. 
This population is being improved for several characters. 

Tab1e 3. Perfor.ance of eight indigenous .aize varieties grown 
during the rainy season, 1981-1982. 

variety Days to Height (cm) Lodging (%) Yield 
50% silk (kg/ha) 

Plant Ear Root Stalk 

Mahiyangana 
Walapane 

71 
68 

247 
320 

156 
155 

20 
7 

0 
1 

4 
4 

470 
800 

Nildannahinna 69 236 129 10 2 3 867 
Mapakada 68 358 164 13 1 3 841 
Tabbowa 62 203 121 21 1 3 339 
Moneragala 62 254 151 15 0 3 779 
Masspanna 62 257 159 8 2 4 369 
Anuradhapura 66 191 93 19 7 2 332 
Bhadra 1 (check) 64 195 104 0 10 4 972 

LSD (P = 0.05%) 352 
cv (%) 22.6 

Tab1e 4. Mu1ti1ocationa1 variety tria1s, 1974-1977. 

variety Season Yield 
(kg/ha) 

1974/75 1975/76 1976/77 

Bhadra-1 4 724 3 912 4 116 4 250 
Cupurico Flint 4 031 3 932 4 109 4 024 

Compuesto 
Check 1 (local 2 698 2 698 

variety) 
Check 2 (T48) 3 493 3 394 3 466 3 451 
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Table 5. Mean yield (kg/ha) of newly reco..ended .aize variety 
Rowan (Co~site-6) at six locations. 1980/81-1987/88. 

** *** *** **** * 
Maha Girandu- Arala Karadi Monara Agunuko

Variety Illupp- rukotte ganwila yanaru gala lapelessa 

Ruwan 3 599 4 939 4 842 3 972 4 787 3 457 

Bhadra-1 3 210 4 365 4 514 3 362 4 862 3 407 


* Mean of seven seasons. 
** Mean of six seasons. 

*** Mean of five season. 

Testing of introductions for other traits 

The white variety Across 7929 and Poza Rica 7931 with yellow 
kernels, have been identified as promising early maturing 
varieties. The variety Poza Rica 8140 has been selected as a 
variety with high quality protein (QPM) to be recommended when 
need arises. 

~lasa collection and conservation 

In the past, a systematic collection and maintainance of 
important cultivars could not be accommodated due to lack of 
facilities. with collaboration of the Japanese government, the 
Plant Genetic Resource Center has been developed at peradeniya, 
to preserve valuable germplasm. At present nearly 200 maize 
cultivars have been stored. 

Agronomic research 

Grain yield of maize under simulated forest conditions have 
been studied using Gliricidia maculata to provide shade effects. 
Results show that in the simulated forest, zero and low nitrogen 
treatments (30 kg/ha) gave higher yield than the crop grown 
without shade (Table 6). Several fertilizer treatments indicated 
that the application of 70:45:30 kg/ha NPK would be economical 
for most areas. 

Plant density studies show that with adequate fertilizer and 
moisture, maize grown at a density of 55 000 plants/ha give higher 
yield. If low levels of fertilizer is used, the population 
should be reduced. Tall leafy local varieties should be grown at 
lower densities of approximately 37 000 plants/ha. 

Studies on water requirement and irrigation have revealed 
that a 115 day maize crop needs to be supplied with 615 mm of 
water when it grows under irrigation during the drier period of 
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the year. 

Five mulch application studies indicate that maize grain 
yields could be increase using live mulch such as Phaseolus 
atropurpureus (Table 7). 

Table 6. Grain yield of .aize in si.ulated forest and bore 
fields (kg/ha) at five nitrogen levels.* 

Kg N/ha Simulated forest No shade 

0 3 100 1 323 
30 3 215 2 822 
60 3 380 3 361 

100 3 777 3 978 
150 3 788 4 116 

Mean yield 3 452 3 120 

After Handawela, 1985.* 

Table 7. Effect of live - .ulch cover on .aize yield (kg/ha)*. 

Mulch Yield (kg/ha) 

~ pubescens 898 
~ phaseoloides 1 226 
~ atropurpureus 1 459 
Weed cover 588 

P = 0.05% 334 

* After Weerakoon, 1982. 

Major areas identified to conduct future research on maize 
are: 

1. Development of hybrids 
2. Breeding for short plant height 
3. Selection for drought tolerance 
4. Breeding for pest and disease resistance 
5. Intercropping studies using different crop combination 
6. Studies using leguminous trees as sources of nutrients 
7. Studies on irrigation 
8. Studies on storage. 
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Question 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

to Dr. D. H. Muthukudaarachchi 

V. Perdido 

Your average grain yields have doubled in the last 10 
years, but it is still considered low (1.4 tjha) when 
c~mpared to yields obtained in research plots with 
higher yield potential. What efforts have been done by 
the Corn Program to narrow this yield gap. 

We have released new high yielding improved varieties 
and, as a result, yield has increased since 1977. Also 
we are trying to introduce early maturing-high yielding 
varieties which can stand better drought and other 
adverse conditions. Farmers are being trained on pro
fitable agronomic maize production practices which, if 
applied, can substantially increase their productivity. 
Efforts will be undertaken to educate farmers on 
profitable maize production practices. 

~ 

S K. Kim 

A USAID project demonstrated high yield potential of some 
of IITA's hybrids in Sri Lanka. What is the outcome of 
these observations? In the meantime, you can release 
Suwan 1, EV28 DMR, TZSR-Y-l, etc. from international and 
other national programs. This will save you funds and 
time. Don't use too much of your time playing around 
with locals. 

Those hybrids have given only 10% yield increase over the 
presently recommended variety Bhadra-l. We have been 
able to develop an OPV which yields 18% over Bhadra-l. 
Presently, we do not have a hybrid seed production pro
gram to assure farmer's requirement of quality. More
over, we are ready to release new varieties which yield 
equal or even higher than IITA hybrid's. I feel it is 
our prerogative what type of germplasm we use in our 
breeding program, and local germplasm has a lot to offer 
to any breeder in any country. 
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MAIZE GROWING UNDER. STRESS ENVIRONMENT IJf CIIIIIA 

~/
Li Jingxiong 

I. 	 C1il1atic vu1nerabi1ity . 

1. Climatic vulnerability of maize is apparent in china, 
where a large proportion of the crop is grown at high latitudes 
and high altitudes. In a study of yield fluctuation of maize in 
relation to agrometereological factors for 1949-58 and 1962-81 by 
means of orthogonal polynomial regression, Chen found that a 
total of 60 m tons of maize negatively fluctuated due to adverse 
weather conditions (1). In other words, maize production has 
fluctuated down and average 1.87 m tons per year since 1949. 
When a negative value of 2.5 m tons was set up to indicate a poor 
crop, we found maize suffered most significantly from all kinds 
of weather-related problems in 8 years: 1957, 1960, 1961, 1968, 
1969, 1972, 1977 and 1981. The actual sum, 35.7 m tons for these 
8 years would account for 60% of the total negative fluctuation. 
Coefficient of variability (CV) was calculated for production 
fluctuation among different provinces. The lowest value was 
found for Yunnan, then followed by Guangxi. As a group, the 
southwest region had the lowest variability. Perhaps, this meant 
that warmer weather gave some stability to maize production. All 
the northeast provinces had much higher variability of 
fluctuation indicating higher incidence of hazardous weather con
ditions, although the yielding level of maize in Jilin and 
Liaoning was always higher than other regions. The variability 
data also suggested an effect of temperature gradient on produc
tion. 

2. The effect of temperature on maize production is fairly 
striking in higher latitudes. Cold waves that occurred once 
every 3-4 years during the 1970's in Jilin and Heilongjiang Pro
vinces caused heavy damage to maize, rice soybean and sorghum. 
The critical stage of cold injury came in the month of August at 
the silking and early grain filling stage of maize. In a warmer 
county of Jilin, when the mean temperature during May-September 
dropped 1C below normal, equivalent to a loss of 153C available 
temperatures, yield declined by 289 kg/ha. In a colder county, 
it would result in 514 kg/ha yield loss. In the last 10-15 the 
years, the distinction between a bumper and a poor harvest was 
found to be a difference of 0.6-0.8C mean temperature during 
June-August and May-September (2). The most common symptoms of 
cold injury were delayed flowering and prolonged maturity. When 
growth was delayed, the maize plants could not mature before the 
early frosts. 

~/ 	 Maize breeder, Chinese Acad. of Agric. Scs., Inst. of Crop 
Breeding and Cultivation, 30 Bai Shi Qiao Road, West Suburbs. 
Beijing, People's Republic of China. 

56 

http:0.6-0.8C


An early frost does not necessarily mean a crop failure if 
it occurs independently, but it is a threat to maize if it occurs 
with drought in the spring and/or with cold weather in the 
summer . Other undesirable factors in combination with cold in
juries also harm crops. For instance, cold temperature with 
heavy rainfall in 1957 led to delayed ripening of maize; cold 
temperature with drought in 1972 and cold temperature with early 
frost in 1967 severely damaged rice and sorghum too. 

The aforementioned scene of climatic condition in north
eastern China have greatly changed during the last decade. Farm
ers in that part of the country now prefer to plant hybrid maize 
with longer days of maturity to get more yield, since the climate 
has been getting warmer. It seems true that Zhongdan No.2 for
merly planted to the northern most district along the 40 0 N has 
been distributed now to Jilin at 44° N latitude as a predominant 
hybrid, and even reaching south of Heilongjiang at 45° N. There 
is not much difference in altitudes between these two areas. 

3. Precipitation and yield. As a matter of fact, drought, 
flood and waterlogging are more threatening to maize production 
than cold injury. In this respect, six years of severe weather 
have been recorded since 1949. In early August 1963 in central 
Hebei, a daily precipitation of 865 mm was recorded and a total 
rainfall in 7 days reached 2050 mm, where the normal annual pre
cipitation was around 600 mm. This flood caused 500 000 tons 
loss in maize alone. In 1972, a serious drought covered a large 
part of 11 provinces in the North, northeast and northwest re
gions. Consequently, 3 leading maize production provinces lost 
300 000 tons each. Hebei experienced another flood in 1977. In 
1981 there was drought in the West and water logging in the 
eastern part of the country. Again, in 1989 another severe 
drought occurred in the three northeast provinces. 

The occurrence of adverse weather differs with latitudes. In 
Yunnan, with over 1 m ha of maize scattered in hills and 
mountains, no serious drought has ever been reported. In 
Heilongjiang, 26.6 m has of cereal crops suffered from drought 
and flooding during 1949-77, and had a loss of 20.1 m tons of 
grain, including maize. 

4. The impact of weather on maize production was illu
strated again in the fall of 1985 when a typhoon hit the two 
leading provinces in the northeast. The big crop loss that was 
compensated for by favorable weather of 1986. In normal years, 
the yield potential of maize is of course determined by inte
grated factors including soil fertility and others. We are not 
going to elaborate on this in detail, but we did have a record 
high harvest of 80.4 m tons on 20.45 m ha of maize in 1989 with 
an average yield of 3.945 t/ha. The total acreage of maize can 
be partitioned roughly into 3 categories of soil fertility, name
ly, one third belonging to the irrigated, high fertile field 
which is expected to give 7.5 t/ha in the near future. Another 
1/3 includes land with medium productivity to give 4.5 t/ha if 
properly managed. The rest 1/3 of maize -is low yielding, and 
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mostly distributed in the southwest mountainous region chiefly 
with red soils, with an average 3 t/ha expected by 1993. 

II. P1astic .u1ching .ethod. 

1. To alleviate cold and drought stress occasionally 
happening in high altitudes and northern region, a method of mul
ching with plastic film has been extensively adopted since 1982. 
In 1989, the area of plastic mulching for maize crop throughout 
the country was estimated in over 1 m ha, and in addition there 
were 0.8 m ha of transplanted mulched seedlings. Such a big area 
of maize mulching culture, being next to cotton in this country, 
is widely used in northern Shanxi, western Hebei, northeastern 
Inner Mongolia, eastern and western Jilin, western Liaoning, 
central Heilongjiang, northern Hebei and western Gansu. It has 
spread gradually from higher to lower latitudes, from cold moun
tains to valleys or plain areas and from poor regions to more 
advanced ones. 

2. During the period of extension of plastic mulching, 
some experiments were carried out to show its effects on soil 
temperature, soil moisture and growth rate of the plant. One 
trial planted in 1987 on sandy soil with medium fertility at a 
station of West Jilin seemed typical. For the whole growing 
period of maize, the mulched plot had an increase of 269.4C 
degree-days at 5 cm under the soil surface over the check plot. 
The difference of soil temperature was highly significant at the 
early period of emergence, particularly on sun shining days, and 
became less and less after August when maize plant reached the 
silking-filling stage. The pOlyvinyl chloride (PVC) film was 
able to keep soil moisture in the top soil from seeding time in 
late April to mid June. This is most important in regions where 
precipitation is scarce and strong wind prevails in the spring, 
frequently resulting in poor plant stands. Some data also indi
cated that physical properties of the soil could be improved, and 
ammonium and ni t rate salt in the soil increased in the mulched 
plot. There was also evidence that soil alkalinity may be re
duced by mulching due to its function of impeding evaporation. 

3. The beneficial effect of mulching culture is generally 
observed in the vigorous and efficient growth of the plant. As 
shown by experimental studies at Jilin, the mulched maize emerged 
18 days earlier and reached the harvesting stage 7-12 days ear
lier than the check plant grown under normal" field conditions. 
Furthermore, the duration of grain filling for the mulched plants 
was 3 days longer than the check, thus allowing accumulation of 
more dry matter at a higher rate. Thus, the mulched plot at the 
experimental site gave an average yield of 9.355 t/ha, which was 
1.85 t/ha more or 25% higher than the check. A few examples may 
be illustrated for mulched maize culture in a bigger area. In 
the irrigated district of the Prefecture of Bayenzol, Inner 
Mongolia, having annual precipitation of 126.9-216.6 mm, availa
ble heat 2600-2700C degrees, 130 frost free days and frequent 
cold damages in late August, there were 16 130 ha of mulched maize 
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achieving an average yield of 7.875 t/ha, which was 2.625 t/ha or 
50% over the exposed check. The Yenbei Prefecture of Shanxi is 
known for its dry cold climate having an annual precipitation of 
360-400 rom and evaporation up to 2000 rom, and only 90-130 frost
free days. It achieved 9.6 t/ha in 13 989 ha of mulched maize in 
1986, which was 64.1% or 3.75 t/ha higher than the check. The 
net profit for the mulching method on a comparable basis was 903 
Chinese yuan*/ha over the normal culture. In the western part of 
Hebei, maize is grown under stress conditions at high altitude, 
high humidity and low sunshine. In 1986, an average of 4.8 t/ha 
was obtained in 38 070 ha of mulched maize, that is 113.6% over 
the check (2.29 t/ha). In terms of net income per ha, the 
mulched plot gave 624 Chinese yuan over the normal field. 

4. There are several important measures for a successful 
practice of plastic mulching in maize. Adapted hybrids with 
medium-late maturity should be used, since under mulched condi
tion the seeding time may be shifted 7-10 days ahead of the nor
mal period and the crop will be harvested 7-8 days earlier. In 
other words, a maize hybrid normally planted at 1200 masl can be 
cultured under the plastic mulch at an altitude of 1400 masl. 
Seedbed preparation and application of fertilizers should follow 
the usual way. Our farmers prefer to make ridges for seed bed 
and plant maize at alternate rows of different width, i.e. 40-60 
cm, to ensure a population density of 45 000-60 000 plt/ha depend
in on the hybrids. We use PVC plastic film of 0.008-0.01 rom thick 
and 60 cm in width, which should be placed tightly over the soil 
surface. With regard to the quality of the film, farmers are 
looking for cheaper and decomposable plastics that may prevent 
pollutioning the soil due to the used PVC plastics. 

III. stress due to diseases. 

1. Maize is vulnerable to disease damage in epidemic years 
or localized areas. Investigations made for 8 provinces in north 
China at the end of 1970's indicated that nearly 6.6 m ha of 
maize were moderately infected with Turcicum leaf blight (TLB) 
and Maydis leaf blight (MLB) , resulting in a yearly loss of 1.7 
m tons of grain. Meanwhile, grain loss due to head smut (HS) of 
maize (caused by Sphacelotheca reiliana), in 9 provinces includ
ing Shanxi, Liaoning and Sichuan was reported to be 325 000 tons 
each year. Generally, TLB occurs in spring maize grown through
out the country. The development of TLB is favored by moderately 
warm temperature (18-27C) and heavy dews. The most serious 
epidemics of TLB occurred in 1966 and wiped out all types of 
maize including double cross hybrids just released to a certain 
extent. Since that time, maize breeders began to focus their 
attention on our own germplasm with high levels of resistance. 
Several single cross hybrids with promising performance and good 
resistance were developed and released to the farmers by the 

* 1 US$ = 4.5 yuan (as in September 1990). 
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1970's. This did not mean that the disease was under control, 
since it occurred occasionally in localized areas, but with much 
less damaging effect to the crop. Most of the experienced 
breeders would use more horizontal resistance rather than Ht 
genes. There are some evidences that we have race 2 in some 
localities of Liaoning and the southwest provinces. 

2. Head smut (HS) is a noxious disease present in cooler, 
dry regions or hilly mountains above 600 masl. The disease can 
be found only in spring maize field without rotation, since the 
teliospore of the p&thogen can survive for at least 2 years. Up 
to 20% or more of the plants are lost in a field heavily infected 
with HS. It can be controlled effectively only by breeding for 
disease resistance. However, the summer maize is scarcely 
attacked by the disease since little or no teliospores are conta
minated in the plant residues, and maize germinates faster in 
warmer soils. 

3. Maydis leaf blight (MLB) develops under warmer (20-32C) 
humid environment which prevail in the summer maize growing 
region. This region is roughly delineated by the 40 N latitude. 
This is a plain region consisting of 3 river valleys belonging to 
the Yellow, Wai and Hai rivers. A double cropping system is 
practiced here with 50% of the maize field irrigated. Most in
digenous flint and exotic dent maize varieties were susceptible 
to MLB. In order to have hybrids adapted to both the summer and 
spring maize region, we had to incorporate multiple resistance 
into a single hybrid. The hybrid Zhongdan No.2 known for its 
high level of resistance to TLB, MLB and HS has been planted 
accumulatively in 17.98 m ha during 1977-1989. The largest area 
planted to this hybrid for 1988 was 2.29 m ha. 

The existence of T race of MLB was observed as early as 1960 
among a dozen pair of male sterile hybrids and their 
counterparts. More extensive studies made in 1974-1980 revealed 
that out of 370 leaf collections from 26 localities, 37 were 
identified to be T race, two of them being associated with normal 
cytoplasm. Another collection of 593 specimens made in 1985-1987 
showed a similar pattern where 10 were infected by race T, 5 of 
which were collected from maize entries with normal cytoplasm, 
and one specimen was similar to C race since it occurred exclu
sively on C cytoplasmic male sterile. The last mentioned inci
dence was not identical to that found by Dr. Wei of Hebei in 
early 1987. These instances are clear illustrations that plant 
pathogen can mutate independently, and the establishment of a new 
pathogenic race is a function of selection. The breeding work 
for disease resistance becomes more difficult when a variety of 
wild host plant is found infected with MLB in addition to maize. 
These are Imperata cylindrica. Chloris virgata. Digitaria 
ciliaris. Roegneria ciliaris and Echinochloa crusgalli. 

4. Maize dwarf mosaic virus (MDMV) strain B caused serious 
damage to maize in scattered areas of Henan, Shandong, Hebei, 
Sichuan, Shanxi, and Gansu provinces. In 1968, a single county of 
Henan lost 25 000 tons of maize due to this disease, amounting to 
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23.5% of the total maize crop in that county. Through a series 
of screening experiment during 1986-1989 involving 695 entries, 
3-4 highly resistant inbreds were identified, including the well 
known line Yellow Early No.4. On the other hand, Mo17, Oh43 and 
several others were very susceptible to MOMV. Besides, we also 
have Maize Rough Mosaic, especially in western China. 

5. The stalk rot of maize commonly known as prematured 
dying in green (POG) has been one of the most serious diseases in 
China. It occurs suddenly usually after 2 or 3 days of conti
nuous rains followed by sunshine at the late milking stage, par
ticularly on poorly drained soils. The causal organism of POG 
was identified primarily to be Fusarium moniliforme and in minor 
cases Pythium aphanidermatum. Some plant pathologist insisted 
that pythium spp. was the predominant pathogen. The screening 
experiments carried out for several years indicated the high 
tolerance of Mo17 and the intermediate level of Yellow Early 
No.4. In some years, have also noticed in our breeding nursery a 
similar case of PDG, when rains last a longer time. This led to 
waterlogging of all plants. We believe this is a physiological 
phenomenon probably due to air suffocation in the soil which 
handicaps water transport within the plant vessels. 

6. The kernel rot of maize caused by Fusarium moniliforme 
is associated with humid weather and above normal rainfall oc
curring from silking to harvesting. It is also a common disease 
of maize. We have found genotypic differences among breeding 
materials. The inbred line Mo17 and its hybrid combinations are 
highly susceptible to the disease, while line 330 and Yellow 204 
have a resistant score of 0.6 (1-5 scale). Contrary to our ex
pectation, there is no apparent association between soft endo
sperm opaque-2 and susceptibility to Fusarium kernel rot. In 
this case, genotypic background may be responsible for the re
sistance. 

IV. Yield potential under changed conditions. 

1. Attempts have been made in recent years to achieve a 
yield as high as 15 t/ha/yr for current cropping system including 
wheat-maize, double and single crop under unfavorable conditions. 
The first instance appeared in wujiao county, Hebei, situated at 
37° 29'-47' N. latitude and 116 0 19'-42' E. latitude where crop 
production has been handicapped by drought, sandy and alkaline 
soils with low fertility. During 1983-85 the county's average 
yield of wheat was 3.75 t/ha and that of maize 1.69 t/ha. Wheat 
was considered of prime importance by the farmers, thus more 
input and care were put into the crop. As winter wheat, it had 
to be seeded traditionally around Sept. 23 and never later, 
otherwise not enough tillers would be produced before freeiing, 
thus resulting in yield decline in the following summer. Under 
wheat-oriented system of double cropping, an early maize with 90 
days to maturity could be used as a second crop with not much 
yield potential. 
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2. The team work leaders of the study program headed by 
Prof. S.A. Wang found the possibility of transforming the wheat
oriented cropping into a balanced one by seeding wheat 10-15 days 
later than usual (Oct. 10), so that a medium-late maize hybrid 
with 95-110 days could fit into the seasonal scale. Thus, within 
the period of 112 days (Jun. 20-0ct. 10), there are 1548.87C 
available for maize growing. And for the period sept. 20-0ct. 10 
there are 345C temperature, which can be utilized more efficient
ly for grain filling by the medium-late maize than for wheat 
tillering in the current scheme. In order to compensate for the 
proposed late seeding of wheat, a heavier seed rate was neces
sary. The target yield of wheat set up in the experiment was 
6 t/ha. The yield make-up for the component characters have been 
worked out in detail. It contained 6.75-7.50 m heads/ha with 20 
kernels each and 1000-kernel weight of 45 gm. The number of 
seedlings properly adjusted to that of harvested heads were 
within 5.25-6.75 m per ha, with an allowance of 20% tillering. 
The seeding rate was calculated and adopted accordingly. In 
growing maize after wheat harvest, a population density of 67 500 
-75 000 plants/ha was chosen. In addition to the organic farm 
yard manure applied before planting, 225 kg/ha of diammonium 
phosphate were applied at planting time and 375 kg urea/ha were 
side dressed. The field was irrigated after silking. 

3. In 1988, an experiment was carried out on 9.3 ha with 
the summer maize hybrids Yidan No.2 and No.4, which yielded an 
average 8.976 t/ha in the fall, and with the previous crop of 
wheat cultivar Shandong No.3 yielded 5.7 t/ha. Added together, 
both crops gave a total 14.951 t/ha, very much close to the 
planned target. In 1989, a similar experiment was enlarged on 
200 ha, from which an average yield of 8.577 t/ha was obtained 
for the summer maize, and for wheat the average was 6.959 t/ha. 
Thus, a total 15.546 t/ha was reached. 

4. Another example of high yielding programs was reported 
in 1989 for the western corridor region of Gansu Province, where 
one single crop of spring maize or spring wheat may be grown 
during a frost free period of 140 days in the upland region at 
1450-1620 masl. After several years of study, a target yield of 
15 360 kg/ha or 1 024 kg/mow has been obtained in 1989 on 6 703 
ha (equal 100 545 mows) of spring wheat and maize grown side by 
side in alternate stripes. There were 6-7 rows of wheat planted 
within ach 70 cm stripe width and 2 rows of maize within each 80 
cm stripe aside the spring wheat. Both, the population density 
and the level of fertilization were increased accordingly. For 
spring wheat a heavier population was set up at 5.25 million 
seedings/ha, and for maize it ranged from 52 500 to 67 500 
plt/ha, equal to 15 000 more plants than the normal. 
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Question 
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Q. 

Ans. 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

From 

Q. 

to Li Jingxiong 

S. K. Kim 

Can you describe the situation of cms (cytoplasm male 
sterility) susceptibility to Helminthosporium maydis 
race C? 

We are using s-type cms hybrid in a limited scale. In 
dealing with C-type, breeding work is continuing. I 
think we can use it for the time being, supplemented by 
monitoring infection of the disease. 

M. Saleem 

Concerning the plastic mulching method, what happens to 
the soil microflora under the plastic sheets during hot 
days (warm climate) . 

No study has been made on the effect of soil organisms. 
In the mid growing stage, the sheet can be removed with
out any delecterious effect on the growth of the mulched 
plants. 

A. Khan 

There is a dramatic increase in average maize yields/ha 
in China. What were the steps taken to promote adoption 
of new technologies by the farmers? 

The farmers now believe in the high yield potential of 
hybrid maize. I measure the success has been mostly due 
to hybrid seed, higher population density, and heavier 
application of chemical fertilizer, when available. 

K. Buhiran 

a) 	 For grain corn, what yield (t/ha) do you expect when 
plastic mulching is practiced? 
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b) Since grain maize is a low price crop, is it still 
profitable to mulch corn with plastic? 

Ans. I have talked only on field maize. If the yield increase 
is 30-50% higher than in the nonmulched field, the net 
profit obtained from mulched practice will be higher and 
pays off the expenses involved. 

From V. K. Saxena 

Q. What is the yield level of inbred lines involved as pa

rents of commercial single cross hybrids released in 
2hina. 

Ans. On average, not <2250 kg/ha. At present, not <3000 kg/ha 
is required. 

64 




MAIZE TOLERANCE TO ALOIIDIUM TOXIC SOILS IN IRDONESIA 

1/ 1/ 2/ Y 
Firdaus Kasim -, Z. Zaini-, G. Granados- and L.M. Arya 

Abstract 

Maize ranks second to rice amongst the cereal crops in 
Indonesia. However, the land areas available for expansion of 
maize production consist of soils of Oxisol and Ultisol .orders. 
The characteristics of these soils include poor fertility, high 
acidity and aluminum toxicity, low organic matter and low effec
tive cation exchange capacity. High rainfall and rapid internal 
drainage result in excessive leaching of nutrients. 

Maize is sensitive to acid soil conditions. The main 
effects of acidity and aluminum are expressed in reduced root 
growth and confinement of roots to the surface 10-20 cm of the 
soil. This limits plant's ability to absorb water and nutrients 
from a larger volume of soil. Where variations in soil condition 
cause variations in root growth to be observed, maize production 
is usually highly correlated with root zone depth and rooting 
density. The two most important approaches to crop and soil 
management in acid soils are selection of AI-tolerant varieties 
and application of lime and organic matter to neutralize AI. 
Deep placement of lime improves rooting depth and increases 
availability of water and nutrients. 

Selection and breeding of high yielding maize varieties 
adaptable to high Al soils are being undertaken. Some materials 
derived from CIMMYT maize germplasm together with local popula
tions have been evaluated. The state of progress in developing 
the populations is reported. 

Introduction 

About 79% of maize growing areas in Indonesia is upland, 11% 
is rainfed lowland, and 10% is irrigated lowland. Most of the 
areas (about 59%) consist of Red Yellow Podzolic (Ultisol) soils 
(Subandi et al., 1988a). These soils are marginal with respect 
to their agricultural potentialities. However, they are the most 
important group of soils for agricultural expansion in Indonesia 
(Driessen and Soepraptohardjo, 1974). 

Major constraints to maize production under upland condi
tions are high soil acidity, low nutrient content of the soils, 
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low organic matter, Al and Mn toxicities, and unavailability of 
high yielding varieties tolerant to environmental stresses in
cluding and pests and diseases. 

The conventional approach to solve the problem of acid soils 
to increase soil pH by liming. However, lime may be expensive or 
unavailable. An alternative is to breed crop cultivars having 
tolerance to aluminum toxicity and mineral deficiencies in acid 
soils. 

This paper presents important characteristics of acid soils 
and soil related constraints to maize production in Indonesia, 
response of maize to management practices, and the state of pro
gress in developing maize populations with aluminum tolerance. 

Soils and cliaate 

Of the 55 m ha of acid soils in Indonesia, about 44 m ha are 
Ultisol soils (Table 1). Most of the land is located in West 
Sumatra and Kalimantan (Table 2). About 27 m ha of Ultisols with 
slopes of less than 15% are thought to be suitable for food crop 
development, if adequate measures for soil and water conservation 
are provided. These soils are, however, characterized by high 
acidity, aluminum toxicity, and low fertility. Indonesia has a 
humid tropical climate and the agroclimatic classification is 
based on intensity and length of wet and dry seasons. Table 3 
shows the percentage occupancy of agroclimatic zones in the major 
islands of Indonesia. 

Table 1. Distribution of upland soils and Ultisols with slopes 
of less than 15% (_illion hal. 

Slope Sumatra Kalimantan Sulawesi Irian Total 
% 

Upland 1/ 

0-3 6.68 4.44 0.75 4.82 16.69 
3-8 4.06 5.94 0.55 3.03 13.58 
8-15 2.01 4.03 0.70 0.97 7.71 

Total 12.75 14.41 2.00 8.82 37.98 

Ultisols ~/ 

< 15 9.61 10.94 1. 36 5.12 27.02 

Source: 1/ Affandi, 1986. 
2/ Soil Research Institute, 1969. 
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Oldeman et al., (1979) defined a wet month as a month with a 
long term average rainfall of more than 200 rom. A dry month has 
a long term average rainfall of less than 100 mm. Sumatra, for 
instance, is considered more humid than Java with rainfall well 
distributed over the year. 

Tab1e 2. Distribution of 1and with acid reaction in the .ajor 
is1ands of Indonesia. 

Alluvial* Latosol Organosol Podzol Podzolic 
Islands (Inceptisol- (Oxisol) (Histosol) (Ultisol) Complex 

Entisol) 

-------------------- x 1 000 ha -------------------- 

Java Madura 2 550 2 775 25 325 1 919 
Sumatra 5 682 6 018 8 875 1 031 14 695 7 962 
Kalimantan 5 744 4 468 6 523 4 581 10 997 20 438 
Sulawesi 1 562 2 649 240 1 308 10 129 
Bali, Nusa 

Tenggara 312 563 2 388 
Maluku 488 331 525 2 406 2 670 
Irian Jaya 2 575 356 10 875 8 706 18 607 

* 	 Includes those with nonacid reaction. 
Source: Soil Res. Inst., Bogor (1981). 

Soi1-re1ated constraints to .aize production. 

Maize productivity in Indonesia is unstable. In farmers 
fields, the variation is thought to be due to the variations in 
environmental components such as soil, climate, irrigation methods, 
fertilization, and other cultural practices. 

The two most important environmental stresses to maize pro
duction are related to soil and water (Subandi et al., 1988a). 
Soil acidity is known to be a major constraint to crop production 
in upland humid conditions. Numerous reports have been written 
about acid soils in Indonesia. Si~iung, in West Sumatra where 
soils are generally considered infertile, is one of the primary 
sites for acid soil research in Indonesia. They are highly 
weathered and show negligible amounts of weatherable minerals. 
The minerals in the colloidal fraction are mainly kaolinitic, and 
there is an abundance of oxides and hydroxides of iron and alumi
num. 

Trangmar et al., (1984) reported low effective cation ex
change capacities (ECEC) in the topsoils (about 5.4 me/100 g or 
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less), reflecting a dominance of low activity clays such as 
kaolinites, and the presence of Al and Fe oxides and hydroxides. 
Subagjo (1988) observed ECEC values of 4.7 to 2.1 me/~OO g for 
soil depths from 0-200 cm. 

Tab1e 3. Percent occupancy of agroc1iaatic zones in S1ma.tra, Java, 
SU1awesi, and Ka1iIantan. 

Islands A1 B1 B2 C1 C2 C3 D1 D2 D3 E1 E2 E3 

Sumatra 24 46 1 6 9 10 2 2 0 
Sulawesi 1 21 4 10 11 4 10 8 4 12 11 4 
Java 4 16 7 25 14 5 20 9 
Kalimantan 40 30 8 7 3 5 
Irian Java 45 20 10 5 2 3 1 4 4 

Source: Oldeman et al., (1979-1980) 
= < 1% 

A1 = 9 consecutive wet months 
B1 = 7-9 consecutive wet months and 2 dry months 
B2 = 7-9 consecutive wet months and 12-3 dry month 
C1 = 5-6 wet months and 2 dry months 
C2 = 5-6 wet months and 2-3 dry months 
D1 = 3-4 wet months and 2 dry months 
D2 = 3-4 wet months and 2-3 dry months 
D3 = 3-4 wet months and 4-6 dry months 
E1 = 3 wet months and 2 dry months 
E2 = 3 wet months and 2-3 dry months 
E3 = 3 wet months and 2-6 dry months 

Wet months = more than 200 mm rainfall 
Dry months = less than 100 mm rainfall 

In most of the soils the exchange complex is dominated by 
AI. Extensive leaching has resulted in low to very low levels of 
exchangeable cations. Aluminum saturation and exchangeable Al in 
the topsoils average 72% and 3.7 me/100 g, respectively (Trangmar 
et al., 1984). Recent observations ifl farmers fields show an Al 
saturations of 85% in Sitiung and 79% in Batumarta (CRIFC, 1990). 

Soils in other transmigration areas in Sumatra (e.g. Kuamang 
Kuning and Rimbo Bujang) are also extremely acid with pH values 
between 3.5 to 5.2. Exchangeable bases are exceptionally low , 
ranging from < 0.1-0.2 me/100 g. Exchangeable Al values vary 
between 1.6-5.3 me/100 g. Aluminum saturation ranges from 70-87% 
throughout the profiles (Subagjo, 1988). 

Oxisol and ultisols are fine-textured soils. Clay contents 
vary from over 40%-80% (e . g. Trangmar et al., 1984; Subagjo, 
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1988). Water holding capacity is high. Upper drained limits 
range from 45% for the topsoil to 60% for the subsoil. Despite 
fine texture, these soils are highly structured and exhibit low 
bulk density and low mechanical impedance. Soil structure con
sists of highly stable aggregates in the surface and a network of 
macropores throughout the profile. This property allows for a 
rapid intake of rainwater. Estimates suggest that 90% of the 
rainfall penetrates the soil and is disposed off through internal 
drainage. Rapid internal drainage together with high rainfall 
(2 500 to 3 000 mm/year) create a potential for leaching of nu
trients that are added to the surface soil. A sUbstantial amount 
of nutrients applied in the form of fertilizers are probably lost 
in this manner. 

Soil nutrient status is reasonably good under virgin condi
tions. However, once the natural vegetation is cleared and the 
soils are brought under cultivation, organic matter content and 
nutrients decline rapidly in a typical Oxisol/Ultisol soil. Add
ing fertilizers may temporarily raise the nutrient levels, but 
these are also lost rapidly unless the processes that render the 
soils less retentive of nutrients are altered. 

Response of .aize to acidity/A1 toxicity and soi1 .anaqement. 

In Indonesia, soil acidity and aluminum toxicity are the ma
jor ogronomic constraint to crop production. Aluminum toxicity is 
the most common cause of crop failure in acid soils. 

Food crops grown by transmigrants and local farmers differ 
widely in their tolerance to Al saturation. Maize is usually 
poorly adapted to strongly acid soils. The critical Al satura
tion levels for upland rice, peanut, maize, soybean, and mungbean 
were found to be 70, 29, 28, 15 and 5%, respectively (Sudjadi et 
al., 1990). However, maize has been reported to produce reason
able yields at an Al saturation of 40% (e.g. Kamprath, 1970; 
Adams, 1984). Brenes and Pearson (1973) reported maize root 
growth inhibition at Al saturation above 50% in Ultisol and Oxisol 
soils of Puerto Rico. Roots are usually the first to be affected 
when plants are exposed to toxic concentrations of AI, with da
mage to the plant shoots occurring later. Aluminum-injured roots 
are characteristically under developed with an spatule
appearance. Root tips are inhibited and turn brown. The root 
system as a whole is coralloid in appearance, having many inhi
bited and thickened lateral roots lacking in fine branching (Foy, 
1974). Such roots are inefficient in absorbing nutrients and 
water (Foy, 1983). 

A maize hybrid variety C-1 was evaluated in the Sitiung area 
of West Sumatera for two seasons (Arya et al., 1988). Three 
patches of crop representing good, medium, and poor growth in the 
same field were chosen to measure plant growth and soil proper
ties. Root density and distribution with depth along with the 
production data for the first season are presented in Table 4. 
Root zone under the good maize extended to about 60 cm depth, 
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whereas it was limited to 36 and 24 cm depths, respectively, un
der the medium and poor maize. Biomass for the good maize was 
6.7 times higher than that for the poor maize. There was a sig
nificant difference in yield between the good maize and the poor 
maize. The differences in biomass production were highly corre
lated with the root zone depth and rooting density. Most of the 
roots were confined to the top 10-12 cm of the soil. Similar data 
were obtained for the second season. For both seasons, rooting 
density and depth under the good maize were quite superior to 
those under the poor maize. 

Tab1e 4. The effect of cu1tivation on soi1 ferti1ity in an 
Oxis01/U1tis01 soi1 of Sitiung, West Sumatra. 

Rubber, forest, Cultivation 
Characteristics or other natural 

vegetation 4 years 12 years 
(1) 	 (3 ) (2) 

Topsoil (variable depth, 0-5 to 0.23 cm) 

~Organic C, 	 6.84 2.40 1. 790 

Total 	N, ~ 0.39 0.16 0.120 

Avail.P (Bray II), ppm 8.82 	 10.45 9.50 
Exch. 	 Ca, me/100 g 2.00 0.97 2.83 

Mg, me/100 g 0.24 0.24 0.33 
K, me/100 g 0.22 0.19 0.10 
Na, me/100 g 0.08 0.048 0.013 

pH (H2O) 5.26 4.58 4.90 
Al saturation, ~ 46.10 51. 00 73.900 

ECEC, 	 me/100 g 4.32 5.71 6.99 

Subsoil (variable depth, 5-20 to 20-50 cm) 

~ 0Organic C, 	 3.09 1.11 0.74 
~ 
0Total 	N, 0.24 0.08 0.07 

Avail.P (Bray II), ppm 5.93 	 5.00 8.80 
Exch.Ca, me/100 g 1.46 0.53 0.77 

Mg, me/100 g 0.29 0.12 0.19 
K, me/100 g 0.25 0.22 0.06 
Na, me/100 g 0.09 0.042 0.013 

pH (H2O) 5.33 4.47 5.20 
Al saturation, % 43.40 64.00 79.00 
ECEC, me/100 g 3.87 5.53 5.19 

Source: 
1) Data from Fakultas Pertanian Universitas Andalas (1982) 
2) Data from Basri, I.H., SARIF (unpublished) 
3) Data from Arief and zubaidah, SARIF (1989) 
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Figure 1 shows the variation in selected soil properties as 
a function of depth. Data show a good correspondence between 
rooting profiles and the profiles of AI, Ca, Mg, and K. Aluminum 
under the good maize was essentially absent up to a depth of 15 
cm, and, in the lower profiles, it remained appreciably lower 
than for the medium and poor maize. For the good maize, both Ca 
and Mg were significantly higher up to a depth of about 30 cm. 
Concentrations of these two nutrients was low and similar in dis
tribution under the medium and poor maize. Potassium under the 
good maize, as compared with the medium and poor maize, was seve
ral fold higher in the surface soil and twice as much in the rest 
of the profile. Data presented help to establish a range of soil 
test values from inadequate to adequate for maize production. 

Liming is known to have a positive effect on reducing the 
levels of soluble Al and overall soil environment for root 
growth. Zaini et al., (1985) reported that application of 2 t/ha 
of calcite to upland rice, tested in 4 locations, increased yield 
up to 3.0 t/ha. Broadcast followed by incorporation method had 
the same effects as application in furrows. Syaiful et al., 
(1984) found that residual effects of liming on upland rice could 
be noticed for three years. Similar results were observed by 
Hakim (1984) on maize. 

Downward movement of lime is extremely slow. As a result, 
lime improves soil environment where it is physically applied. 

Tabl.e 5. Maize root distribution at different soil. depth, pl.ant 
height, biomass and grain yiel.d, first crop. 

Depth Good Medium Poor 
(cm) growth growth growth 

o - 12A 
o - 12F 
0 - 12T 

12 - 24 
24 - 36 
36 - 48 
48 - 60 
60 - 72 

11. 49 
12.43 
23.92 

2.99 
0.014 
0.003 
0.002 
0.000 

root mass, 

6.69 
11. 20 
17.89 
0.23 
0.003 
0.000 
0.000 
0.000 

giL soil 

1. 36 
6.09 
7.45 
0.003 
0.000 
0.000 
0.000 
0.000 

Plant height, cm 239 189 132 
Biomas, kg/ha 18,120 10,364 2,701 
Grain yield, kg/ha 3,560 2,124 25 

A : anchor roots~ F : Fine roots, T Total 
Source: (Arya et al., 1988). 
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Fig. 1. Distribution of Al, Ca, Mg, and 
and poor growth in maize (Arya 

K with depth under good, medium, 
et al., 1988). 
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Effects of deep placement of lime on root growth, water and nu
trient availability, and crop production were evaluated in a 
field study from October 1987 to February 1989 (Arya et al., 
1989a). Rooting density and rooting depth for maize showed a 
remarkable improvement with increasing depth of incorporation of 
lime. Extraction of water from the subsoil, as indicated by soil 
water pressures, increased as the depth of liming increased 
(Fig.2). Liming to 30-40 cm depth with 3 t/ha lime was found to 
be quite optimum. 
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In another trial Arya et al.,(1989b) applied lime at the 
rate of 2, 4, and 6 t/ha, and planted maize as the test crop. 
All the amount of a given rate of lime was distributed in 0-10, 
0-20, 0-30, 0-40, or 0-60 cm soil, thus diluting the concentra
tion of lime as the depth of application increased. Maize grain 
yield data for the trial are shown in Fig.3. It was clear that 
for a given amount of lime, grain yield increased in a substan
tial way as the depth of liming increased. For the rate of 2 t/ha 
lime, yield increased up to the liming depth of 30 cm, but 
dropped as that amount of lime was stretched to 40 cm depth. Re
sults suggest that the rate of 2 t/ha lime distributed to 40 cm 
depth was not adequate to maintain a critical concentration of 
lime per unit depth. 

Distributing a given amount of lime over a greater depth im
plies smaller reductions in Al saturation per unit depth. Yet, 
sUbstantial increases in yield are obtained over the treatment in 
which the same amount of lime is applied on the soil surface. 
These findings suggest that critical Al saturation of maize or 
any other sensitive crop can be high provided that roots are able 
to grow in the subsoil. Fig.4 shows the importance of root 
growth in the subsoil on maize production. Data show that maize 
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biomass was clearly related to root growth in the subsoil, al 
though root growth in the subsoil made up only a small fraction 
of the total root mass. It seemed there was not relationship be
tween biomass and root growth in the topsoil. Liming is not the 
only answer to improve the productivity of acid soils. Addition 
of major nutrients makes liming more useful. Application of 90 
kgjha P 0 increased maize yield for liming treatments of 2 and 4 
tjha (Taher et al., 1985). 

Acid soils under cUltivation for a long period of time and 
mechanically-opened new areas are also characterized by lack of 
organic matter. Organic matter from green or farmyard manures 
improves upland acid soils (Sudjadi et al., 1990). Organic 
matter increases the efficiency of fertilizers, reduces the lime 
needed for neutralizing Al toxicity, and increases crop produc
tion. Winardi (1988) applied biomass of Leucaena leucocephala to 
acid soils planted to upland rice and maize in central 
Kalimantan. He observed increased soil friability, availability 
of water, biological activity, and increase in yield. 

Research strategies for llIproveJlent. 

Both the agronomic management and the varietal development 
are important. 

Research priorities and strategies have been identified to 
support the Indonesian National Maize Program (Subandi et al., 
1988a). The National Maize Program of AARD (Agency for Agricul
tural Research and Development) has gone through a major review, 
identifying constraints, and establishing priorities. Reduction 
of instability in yield, reduction in storage losses, and in
crease in yield potential are the main priorities. These are to 
be achieved through programs for germplasm and varietal improve
ment, crop and resources management, and post harvest technology 
(Subandi, 1988). 

A summary of maize production systems and evaluation of con
traints is given in Table 6, including the priorities at the in
stitute level in relation to the national program, such as: 

1. 	 Selection and breeding of high yielding varieties adaptable 
to high acidity in high Al soils. 

2. 	 Breeding and selection for resistance to downy mildew. 

3. 	 Agronomic management such as liming, organic matter, macro 
and micro nutrients, tillage methods, etc. 

Varietal. and popul.ation improveJIlent. 

The importance of breeding plants for tolerance to stress 
conditions has been recognized by researchers in recent years, 
particularly in developing countries. One of the objectives of 
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the breeding program in Indonesia is to generate high yielding 
open pollinated varieties that are tolerant to low pH, high AI, 
and resistant to downy mildew. The varieties should have a yield 
potential of 4.0 t/ha (early) to 5.0 t/ha (late). 

In 1979, some genetic materials available at CRIFC (Central 
Research Institute for Food Crops), were grouped into 5 gene 
pools based on grain color and maturity. To some extent, SARIF 
(Sukarami Research Institute for Food Crops) was involved in fur
ther development and testing of the first two pools. The objec
tive was to evaluate the materials on acid soils of sitiung, West 
Sumatera. The final selection was made in Bogor in 1981/1982, 
after 5 generations of performance of the gene pools when half
sib families were finally selected (Subandi, 1984). Results from 
replicated yield tests at Cikeumeuh showed that Pool 1 and Pool 2 
yielded 70% and 85%, respectively, relative to Arjuna, a locally 
popular variety. A number of trials have been conducted on acid 
soils of sitiung. Most of the materials tested were not specifi
cally bred for acid soils or aluminum tolerance. No tolerant va
riety is available for acid soils among the 24 varieties that 
have been released in Indonesia. Subandi (1989) gathered infor
mation about adaptability and potential of varieties under dif
ferent agroecosystems. He recommended that varieties Arjuna and 
Kalingga be temporarily used on acid soils. 

Arjuna is an early, high yielding, widely adapted, and downy 
mildew resistant variety. Its yield has been variable at dif
ferent locations in acid soils, ranging from 1.5 to 3.5 t/ha 
(BALITTAN Sukarami, 1983; BALITTAN Sukarami, 1986; Subandi, 
1989). These differences are probably due to different levels of 
input and stress conditions. Kalingga was derived from Pool 4 
and released in 1985. The mean yield of this variety across 30 
environments was 5.5 t/ha compared to 5.7 t/ha for the hybrid C-1 
(Subandi et al., 1988b). 

A breeding program for development of Al tolerant varieties 
has been initiated in collaboration with CIMMYT. In late 1987, 
256 full-sib families from SA3, out of CIMMYT's Al Tolerant Maize 
Populations, were grown in an acid soil with 53-60% Al saturation 
in the wet season of 1987 at the Sitiung Exp. stat., West 
Sumatra. It has been evaluated and selected for several seasons 
and progress has been made through selection. The population has 
been named "st AI", and is being improved by modified ear to row 
(MER) half sib method without progeny testing. Selection for 
downy mildew resistance is primarily done during the wet season 
by discarding the infected plants from both male and female rows. 
Evaluation of plants for Al tolerance is based on their growth 
performance 4, 6, and 9 weeks after planting, and at harvest time. 

Another set of materials, consisting of two genotypes from 
the st Al population and a number of others taken from the 
national coordinated maize program, has been evaluated across 
different acid environments. Tables 7 and 8 show the performance 
of these genotypes. 
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Table 6. Maize production systeas in Indonesia: areas, .ean yield 
and .aturity, associated crop, .ajor constraints and research 
priorities. 

Upland Lowland 

Multiple crop Single crop Rainfed Irrigated 

% of total 55 24 10 11 
maize 

Yield, t/ha 1.0-3.8 0.5-1.5 1.0 3.0 

Maturity early-medium early-medium early early-medium 

Crop stand Monocrop Intercrop Intercrop Monocrop 
(Assoc. crop) (cassava, rice) (soybean, 

mungbean) 

Major constraints and research priorities * 
Drought 1.4 1-5 3 2 
Excessive water 2 2 2 
Low pH/high Al 2 , 3, 5 
Micro nutrients 1 1 2 2 
Downy mildew 4 4 4 4 
Leaf blight 2 2 2 2 
Rusts 2 2 2 2 
Seedling fly 2 2 2 2 
Borer 1 2 1 1 
Storage insects 4 4 4 4 
Weeds 1 1 3 3 

Source: Mink
* 1 

(1984) In Subandi et al. (1988) . 
indicates no significant constraint and given low 
priority. 

5 indicates serious constraint and high priority for 
research. 

Sitiung conditions are more acid (AI sat. 85%) than those at 
Puriala (AI sat. 30%). Data in Table 7 show sensitivity of the 
populations to levels of soil acidity. Most of the genotypes 
yielded higher at Puriala. However, there were a few (Pop. 28 
DMR, st All 88, and st Al2 88) which yielded better in sitiung. 
Pop.28 DMR is known to have a wide adaptability. This population 
has been evaluated for Al tolerance at 40% Al saturation. Obser
vations indicate that there are several promising progenies among 
genotypes in population st AI, including st All 88 and st Al2 all 
three extracted from SA3. 
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Tab1e 7. Yie1d of :.aize genotypes in two different a1u..imm.
stressed 1ocations in Indonesia (t/ha). 

Genotypes Sitiung, puriala, 
Sumatra Sulawesi 

Pool 4-G8-Sel)17S1-L 
Pool 4-G13(s)C1 DMR (49f) 
Pool 4-17-28-S1 
Pool 27 

Pool 3-86 (bulk) 

Muneng Synthetic 3 

Muneng Composite 9 (US) 

Malang Composite 11 

Muneng 8528 (CIMMYT) 

Pop. 28 DMR 

MS (Sl) C4 

Hibrida CPI 1 

Arjuna 

Kalingga 

st All 88 

st Al2 88 


2.1 
2.3 
2.3 
2.2 
1.6 
2.2 
1.8 
1.9 
1.5 
4.1 
3.3 
1.7 
3.5 
3.7 
3.7 
3.8 

3.9 
3.0 
3.8 
3.4 
3.3 
4.2 
3.8 
3.8 
3.2 
3.2 
4.6 
2.7 
3.9 
4.0 
2.6 

Source: CRIFC (1990) 

Tab1e 8. Perfor.ance of :.aize genotypes in 2 
stressed 1ocations in Indonesia. 

Sitiung 

different alwrinu..

Jasinga * 
Genotypes Maturity Yield Yield 

(days) (tjha) (tjha) 

Pop SA3 CO 119 1. 21 5.1 
C86 SA3 116 1. 55 5.5 
C86 SA3 A 116 2.10 5.6 
C86 SA3 B 117 1.45 6.2 
C87 EV SA3 119 1. 53 5.9 

C88 SA3 (CMS-36) 121 1. 22 6.1 
C88 EV 28 TSA 118 0.52 4.7 
C88 EV 43 TSA 119 0.45 4.1 
C88 SA3 T (across) 119 0.79 6.4 
Sitiung 88 SA3 118 1. 69 5.4 

Arjuna 114 0.94 3.9 
Kalingga 117 1. 25 4.7 

* Source Subandi (1989) . 
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Table 8 shows the performance of genotypes that had been 
evaluated for 
than in Jasin
(20%) . 

acid soils. 
ga. The sit

The yields at sitiung 
e in Jasinga has lower 

were 
Al 

much 
satur

lower 
ation 
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Question to Dr. Firdaus Kasim 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

W. L. Jam 

What is the best screening method for Al tolerance? 

Field screening under Al toxic conditions is the best. 
Most studies have shown that seedling test response under 
laboratory conditions (nutrient soluting with added AI) 
does not correlate well with field response. 

G. Granados 

What would be the best level of Al saturation in the 
soil for an efficient screening of germplasm for Al 
tolerance and why? 

To distinguish tolerance in maize, it is adequate to use 
45-50% Al saturation. If you go higher the plants may 
collapse and you loose your breeding materials. If you 
go lower, this might not be the target for most areas 
where Al saturation is usually around 50%. In extreme 
cases, like in sitiung, the Al saturation is about 75%. 
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BREEDING GRAIN MAIZE FOR ALUMINUM TOLERANCE IN WEST MALAYSIA 

~/
Wong Lock Jam 

Introduction 

The two most important factors that adversely affect maize 
production .in west Malaysia are moisture stress and high soil 
acidity. It appears ironical that in the humid tropics of Malay
sia, with a minimum rainfall distribution of 1 600 mm and over 2 
500 mm in many areas, water stress is still a major problem to 
growing maize. The main characteristic of our rainfall is its 
high variability in time and location. This is explained by the 
influence of four main processes, and their combinations, in the 
rainfall distribution in this country. They are convection, 
convergence, disturbances and orographic lifting. Convection 
rain causes frequent rainstorms, which are heavy rainfall lasting 
15 to 80 min., resulting in flood for maize grown on heavy clay 
soils or soils with poor drainage. Rain caused by convergence 
and disturbances is highly variable from year to year and from 
place to place, thus, making it difficult to predict rainfall. 
In this way, maize crops can be explored to water stress at 
critical growth stages caused by either flooding or drought. 

High soil acidity is the other major stress factor responsi
ble for low yields of maize in West Malaysia. In a study on 
maize grown in different locations throughout the country, the 
soils in those areas, and in particular alluvial soils, have pH 
ranging from 4.0-5.4 (Fig.1). To raise the pH by 0.5 units on 
sandy soils would require about 2.5 t/ha ground magnesium 
limestone (GML) and a heavy soil would require up to 6 t/ha GML. 
The presence of aluminum (A1) in the soil is related to soil pH. 
In a maize nutrition study, half the alluvial soils had ex
tractable A1 below 0.5 me/100 g. The other alluvial soils, 
having pH below 4.6, had extractable A1 up to 3 me/100 g. A 
sedentary soil with pH 4.2 had a 2 me/100 g extractable A1. 
Organic alluvial soils with pH 4 and below had even higher ex
tractable A1, i.e. up to 11 me/100 g. A1 content in soils can be 
detoxified i.e. rendered insoluble in the soil, by raising soil 
pH through lime application. It has been found that A1 satura
tion, expressed as a percentage of total extractable cations, at 
25% level or 0.5 me/100 g extractable A1 and less, is not likely 
to have any adverse effect on grain yield. Hence, to reduce the 
A1 saturation of a soil from 60% to 40% a liming rate at about 2 
t/ha is required, and to reduce it to 20% would require about 4 
t/ha of lime (Fig.2). The cost of lime itself is cheap but 
transportation cost is high unless the lime source is nearby, 
which is rarely the case. 

Maize Breeder, MARDI Research station, Seberang Perai Bag 
Berkunci 203, 13200 Kepala Batas, Penang, Malaysia. 
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Two different approaches are being undertaken for overcoming 
or minimizing maize cUltivation under water stress situation and 
when grown in acidic soils. 

Approach to overccm.i..ng or nnillizing .aize under vater stress. 

Breeding maize for water stress situation is not being un
dertaken at the moment as it is not a straightforward and simple 
task. It is one that requires a lot of input where the return is 
likely to be small. Water requirement in maize is most critical 
at three stages: germination/post-germination stage, 
tasseling/silking stage and grain filling stage. It is difficult 
to breed for tolerance to all three stages. Furthermore, there 
is the possibility of the maize crop facing water stress due to 
excess moisture brought about by convection rain. Is it still 
worthwhile to go into tolerance breeding? Is there another 
approach to this situation? 

The pragmatic approach surely must be agronomic, where the 
decision when and where to grow can be made based on climatic 
data since rainfall is the most important source of water supply, 
and supplementing with an economically feasible irrigation 
system. To ensure good decision making, not only must climatic 
parameters be well defined, but also there must be easy access to 
this information. Since 1980, climatic data has been given 
another look as well as new parameters defined and relevant data 
collected. 

with the information on climate at hand, a study on large 
scale grain maize production at Ladang Lambor was implemented 
early last year. To minimize risk due to a deficit moisture 
situation, especially during critical growth stages, supplementa
ry irrigation system that is economically feasible to implement 
is also being looked into. The study at this moment is still too 
early to provide any hint on overcoming a water stress situation. 

Approach to growing .aize in acidic soi1s. 

For a long time the only approach to growing maize on acidic 
soils has to do with liming. Many studies had been conducted in 
the past on liming with different types of lime, rate, frequency, 
and time of lime application. The last maize nutrition study, 
completed in 1981, also studied different rates of lime and its 
residual effect in subsequent years and on subsequent crops. As 
pointed out earlier, lime may be cheap, but its transportation is 
costly as lime sources are seldom in the vicinity maize growing 
areas. As previously indicated, Al toxicity is inherent in most 
acidic soils in this country. The approach adopted recently is 
to breed for Al tolerance. This program is divided into two 
parts - introduction and evaluation of Al tolerant varieties and 
breeding for Al tolerance. A pragmatic approach to this program 
is to grow all the experiments on unlimed acidic soil, which 
means that a suitabe site mut be selected first. 
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In the introduction and evaluation of A1 tolerant varieties 
study, a set of 10 A1 tolerant varieties was made available by 
CIMMYT-Asian Regional Maize Program in 1989 and this trial was 
planted this year on an unlimed acidic soil at Bertam station. 
The soil pH was 4.5-5.3. Unfortunately the results of the preli 
minary soil analysis, which were made available much later, 
hardly showed any A1 being present. Nevertheless, growth of 
maize varieties at the seedling stage did exhibit some symptoms 
of A1 toxicity as well as soil acidity, i.e. purple leaf margin, 
purpling of younger leaves, older leaves turning yellow and dying 
prematurely, seedlings showing a mild stunting throughout the 
trial. The results are presented in Table 1. Although giving 
quite good yields of 3.4-5.8 t/ha, was much lower than the GCA 
Trial on Pop.28 planted at the same time but on limed soil where 
grain yields obtained were as high as 9 t/ha. In any case, at 
least two populations, C 86 SA3B and C88 SA3T (Across), warrant 
further investigation. 

Table 1. Su_arized results of varietal trial on A1 tolerance at 
BertCDl. 

Grain yield 50% Height 
Entry (t/ha, 15% mc) flowering -------------

(days) Plant Ear 

Pop. SA3 Co 3.4 54 191 94 
C 86 SA3 4.4 51 196 105 
C 86 SA3A 4.0 51 201 107 
C 86 SA3B 5.7 48 211 108 
C 87 EV SA3 4.7 52 215 110 
C 88SA3/CMS36 4.4 50 208 110 
C 88 EV 28TSA 4.2 55 198 101 
C 88 EV 43TSA 4.0 54 207 100 
C 88 SA3T (Across) 5.3 52 210 113 
Sitiung C 88 SA3 3.9 50 195 95 
Check (Ber 8601) 5.8 51 210 105 
Check (Ber 8805) 5.3 52 200 97 

Mean 4.6 51. 7 204 104 
LSD (.05%) 0.8 3.0 ns ns 

As to breeding for Al tolerance, the two populations identified
are Bertam 8601, which is Suwan 1 improved by modified half sib 
method, and Bertam 8805, a composite with at least 10 CIMMYT 
maize varieties. To date, a population of Bertam 8805 has been 
se-lected on acidic soil and half sib families have been 
generated for further evaluation. 
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IlAIZE ONDER. WATER STRESS ENVIRONMENTS IN INDIA 

~/ 2/ 3/
N.N. singh ,B.D. Agrawal - and V.K. Saxena-

On global basis, India ranks 5th in terms of area under 
maize cUltivation and 8th in terms of total production. The 
average yield obtained during 1989 was 1481 kg/ha. The low 
average productivity of maize in the country is due to the fact 
that 80% of the maize crop in India is grown mainly as a kharif 
(= summer) cereal i n rainfed areas. such areas show fluctuations 
in yield depending upon the amount of precipitation received 
during the monsoon season. Also, the intensity and distribution 
of rainfall gover n s the yield of maize during kharif season. 
Maize is also cult ivated as rabi (= winter) cereal upto 32 N 
latitude in the plains of Bihar, Andhra Pradesh, Karnataka, Tamil 
Nadu, Maharashtra and Punjab. The productivity of winter maize in 
those areas is very high because it is grown under assured irri
gated condition and at a season where the biotic and abiotic 
stresses are less severe. 

The area under maize production remained almost stagnent 
during the past few years; however, there has been a significant 
increase in 1988-89 in total grain production from 6 m ton to 8.3 
m ton. This increase in production was due to a sUbstantial 
increase in productivity from 1.1 to 1.4 t/ha in that year. This 
is main ly attribu t ed t o the development of improved cultivars 
tolerant to biotic and abiotic stresses in different cropping 
systems and the production technologies developed by the scien
tists of All India Coordinated Maize Improvement Project (AICMIP) 
and accepted by the Indian farmers. The total production of the 
country could be further increased if more emphasis is placed in 
the systematic development of short duration and highly produc
tive maize varieties suitable for planting under rinfed condi
tion during kharif in specific areas and that are able to stand 
stresses like drought, excess water, erratic rainfall situations, 
etc. 

A perusal of Fig.1-8 (Table 1) shows that the major maize 
growing states as uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh 
and Gujarat constitute about 78% of the area giving 79% of the 
total production. The 1988-89 average yield for these states has 
been as high as 1 549 kg/ha. Apart from above states, maize is 
also cultivated in Himachal Pradesh mainly as rainfed crop cover

~/ 

2/ 

2/ 

Project Coordinator (Maize), All India Coord. Maize Improvt. 
Proj., IARI, New Delhi 10012, India. 
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Table 1. Area production and yield of maize in major growing 
states of India. 

Ancl.hra P. 1985-86 1986-87 1987-88 1988-89 MEAN STD 

AREA 
PROD 
YIELD 

288.7 
413.7 

1433.0 

307.3 
459.2 

1494.0 

296.2 
484.6 

1636.0 

292.1 
519.7 

1777.0 

296.1 
469.3 

1585.0 

7.0 
38.6 

133.1 

BIHAR 
AREA 
PROD 
YIELD 

669.6 
877 .0 

1310.0 

646.8 
923.8 

1428.0 

649.8 
708.8 

1091.0 

692.5 
1073.9 
1551. 0 

664.7 
895.0 

1345.0 

18.3 
130.2 
169.6 

GUJRAT 
AREA 
PROD 
YIELD 

316.5 
114.3 
361.0 

313.8 
435.0 

1386.0 

274.9 
92.6 

337.0 

337.2 
455.9 

1352.0 

310.6 
274.5 
859.0 

22.5 
171.3 
510.0 

KARNATAKA 
AREA 
PROD 
YIELD 

167.0 
365.3 

2187.0 

226.4 
585.3 

2585.0 

211.9 
516.8 

2439.0 

256.0 
677.7 

2647.0 

215.3 
536.3 

2464.5 

32.1 
114.0 
177 .1 

Madhya P. 
AREA 
PROD 
YIELD 

839.3 
708.6 
844.0 

850.1 
760.6 
895.0 

834.8 
863.1 

1034.0 

880.6 
1256.5 
1427.0 

851.2 
897.2 

1050.0 

17.9 
214.8 
228.5 

MAHARASHTRA 
AREA 
PROD 
YIELD 

79.6 
102.7 

1336.0 

83.8 
77.8 

928.0 

96.5 
120.0 

1244.0 

114.1 
140.3 

1238.0 

93.5 
110.2 

1186.5 

13.4 
23.0 

154.2 

RAJASTHAN 
AREA 
PROD 
YIELD 

974.5 
644.0 
661.0 

973.3 
647.6 
665.0 

801.0 
298.7 
373.0 

890.2 
1218.2 
1368.0 

909.8 
702.1 
766.8 

71.5 
329.9 
366.8 

Uttar P. 
AREA 
PROD 
YIELD 

1199.9 
1462.0 
1218.0 

1206.1 
1480.7 
1228.0 

1141.6 
999.2 
875.0 

1187.8 
1225.7 
1032.0 

1183.9 
1291.9 
1088.3 

25.3 
196.6 
145.8 

ALL INDIA 
AREA 
PROD 
YIELD 

5797.2 
6643.7 
1146.0 

5923.1 
7592.8 
1282.0 

5541.9 
5629.0 
1016.0 

5946.1 
8331.6 
1481.0 

5802.1 
7049.3 
1231. 3 

160.5 
1015.1 

172.2 

Area x 000 ha 

Production x 000 tonnes 

Yield kg/ha 
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Table 2. Rainfall pattern in aajor .aile growing states of India (in .illileteres). 

1985 1986 1987 1988 1989 
JUL AUG SEP Jut. AUG SEP JUL AUG SEP JUl AUG SEP JUL AUG SEP 

Andhra P. ACTUAL 165 13l 128 115 191 102 110 198 84 280 256 240 380 145 176 

HORHAl 148 145 143 148 145 144 145 146 143 144 143 157 145 143 148 

BIHAR ACTUAl 298 214 259 252 143 160 37l 437 347 313 318 154 466 176 150 

HOMAl 293 282 205 294 276 198 294 272 199 294 286 215 291 282 199 

GUJRAT ACTUAl 145 387 31 155 131 118 170 3 492 182 178 387 243 61 

HORHAl 291 166 83 297 164 76 299 168 88 288 171 127 297 164 79 

co 
co lARHATAlA ACTUAl 271 340 142 268 263 169 22l 376 142 521 398 304 506 352 1118 

HOMAl 49l 279 131 490 275 177 493 280 182 494 292 186 493 276 177 

Hadhya P. ACTUAL 293 296 185 380 195 81 224 341 199 304 258 131 253 295 140 

HORHAL 448 282 19l 435 267 200 449 270 193 463 291 192 445 292 193 

HAHARASHTRA ACTUAL 131 76 56 101 102 68 90 162 40 177 135 236 267 105 129 

HORHAL 152 109 104 158 109 103 148 109 103 147 110 107 147 110 107 

RAJASTHAN ACTUAl 134 118 24 178 164 9 35 117 6 145 114 50 91 130 42 

HORHAl 118 157 81 98 156 76 142 151 80 143 151 86 99 159 80 

Uttar P. ACTUAL rl9 258 221 319 181 129 170 23 155 325 313 96 309 216 206 

HORHAl 293 282 162 296 269 141 295 299 143 291 308 189 294 302 145 



ing an area of 298 300 ha giving 549 000 t production with 
average yield of 1 900 kg/ha. 

Maize in India is subjected to various environmental and 
biotic stresses during its growth period. Amongst the abiotic 
stresses, drought and excess water are the two most important 
factors which limit maize productivity. It has been observed that 
water stress is one of the most important factors affecting 
maize productivity, not only in India but the world over. 
Therefore, there is growing concern to breed the varieties which 
can perform well under drought conditions. 

Rainfa11 pattern and growth 

To understand the impact of drought on maize, we must know 
the rainfall pattern in various maize growing states and its 
relation with plant growth. About 90% of the total annual preci
pitation in India is received from monsoon rain. Southern 
states normally receive the first monsoon shower during the 
second week of June and it reaches northern India by the last 
week of June or first week of July. Most of the rainfall is 
received during July and August in all the major maize growing 
states of India, Figs. 1-8 (Table 2). States like Gujarat, Madhya 
Pradesh, Maharashtra, uttar Pradesh and Rajasthan do not receive 
sufficient rainfall after August. However, Karnataka, Bihar and 
Andhra Pradesh do receive considerable and well distributed rains 
until September. 

The amount of soil moisture largely depends upon the soil 
texture and quantity of rainfall received during June and July 
(in most of the areas the maize is planted during these months) 
which is another major factor contributing to productivity. 
Therefore, the choice of varieties should be made on the basis 
of rainfall data for cUltivation and impetus should be given to 
breed varieties suitable for a particular set of agro- climatic 
conditions. Depending upon the different maturity groups of 
cultivars which take about 78-115 days to mature in different 
situations, the sowing dates of maize in kharif season are so 
adjusted that the initial period of growth does not suffer water 
stress provided that the monsoon rainfall is normal. If monsoon 
fails or is different then it poses problems to maize cultivation. 

The initial growth of maize is very slow and it increases 
steadily reaching the silking stage in about 45-58 days i.e. in 
late July to August. During this stage, the erratic rainfall 
develops periodical water stress in maize specially in the nor
thern states. If the water stress coincides with the vegetative 
and flowering stages of the maize crop, a drastical reduction 
(40-50%) of dry matter production can occur (Denmead and Shaw, 
1960) . 

This situation does not arise in the states of Karnataka and 
Andhra Pradesh because both of these major maize growing states 
receive well distributed rainfall until September and generally 
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does not lead to water stress which in turn gives rise to high 
production of maize. Whereas Rajasthan, Madhya Pradesh and Guja
rat are highly drought prone areas where maize is essentially 
grown as kharif crop. In these states drought appears quite 
often, at least once in three years. The rainfall pattern shows 
that the yield of maize in these states strictly depends on the 
amount of rainfall received during July and August. Monsoon 
starts receeding by the end of August and by September it becomes 
extremely weak. The rest of the growth and grain filling depends 
on the residual soil moisture which limits productivity. This is 
evident fr om the maize production data that shows that during 
1985-86 and 1987-88 the yield and the production of maize was 
badly affected due to the below normal precipitation in the 
states of Gujarat, Rajasthan and Madhya Pradesh inspite of in
crease in area. 

As such, the research findings on drought stress are very 
scanty in our country, therefore, broad parameters emphasised in 
this report are yet to be confirmed in Indian situations. 

Breeding" approaches for drought tolerance 

Unfortunately, any stress, including drought tends to reduce 
yield. Development and improvement of maize populations have paid 
some dividends in specific areas. Composite 'Megha' developed 
from the local varieties collected from foothills of Himachal 
Pradesh and ra i n fed a r ea of Punjab is doing exceedingly well in 
those areas. Composite 'Harsha' resynthesised after several 
cycles of population improvement using drought tolerance parame
ters like leaf chlorosis, number of stomata, rate of transpira
tion, etc. has also been released for cUltivation in certain 
rainfed areas of t he country. 

In contrast to the major breeding strategies, Hemalatha et 
al. (1990) suggested simultaneous selection at potential and 
subpotential levels. The main benefit of this approach is to 
take advan tage of relatively high heritability for yield and 
yield components under potential conditions and by selective in
corporation of drought resistant factors from the progenies sele
cted under subpotential level. The data they generated clearly 
indicated that yield improvement under stress is independent of 
yield improvement at potential level. The main objective of our 
breeding programme is to breed cultivars which can perform well 
under optimum conditions and also do well when occassional 
drought occurs. Anthesis-silking interval (ASI) under stress, 
recovery from wilting, low canopy temperature, increased relative 
leaf and stem elongation (REL) rate under stress and delayed leaf 
senescence have been reported to be most effective and simple 
criteria for selection (Singh, and Sarkar, 1985; Edmeades, and 
Tollenaar, 1988). 

Breeding appr oaches for excess water tolerance 

The maize growing areas at U.P. and Bihar (Plains) are the 
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two regions most susceptible to floods and waterlogging during 
the kharif season. They receive maximum precipitation during 
July and , early August which saturates the soil and do not permit 
proper infiltration of rain water, leading to water-logging. 
Excess rainfall and melting of ice on the mountains increases 
the water level of Himalayan rivers causing floods in late August. 

Water logging initiates secondary stress such as oxygen 
tension processes in the root zone which adversely affects the 
key physiological processes performed by the roots. Temperature 
also plays a very important role. The soil and atmospheric tempe
rature remains low but water temperature high; therefore, the 
crop suffers due to high water temperature at the base of the 
plant (unpublished data, Pantnagar, 1989,90). The vegetative 
stage of maize are highly susceptible to water logging. The 
culivars that show resistance to water logging at an early 
vegetative stage can be selected for further breeding programme. 
Selection should be done for faster growing varieties having 
larger internodal distance and thin leaves having more stomatas 
per unit area. This will enhance loss of excess water due to 
higher transpiration rates. Also root characters such as root 
system with abundant adventitious roots must be incorporated in 
the cultivar. 

Genetic and physiological studies in maize on tolerance to 
stress caused by water logged conditions are reported by Khehra 
et al., 1990. The objectives of their investigations were to 
identify germplasm with better tolerance to waterlogging, to 
study inheritance of tolerance to excess water stress association 
of various traits, standarisation of screening techniques and 
agronomic investigation to minimise adverse effect of flooding. 
Results showed that flooding had an adverse effect on grain yield 
and other plant characters. It resulted in increased leaf 
chlorosis, delayed silking and maturity and reduced plant height. 
Inheritance studies showed that the tolerance to excess water 
streess were under genetic control and both additive and nonaddi
tive gene actions were important. Grain filling appeared to be 
one of the most affected traits associated with waterlogging 
tolerance. The results indicated that increase in greenness of 
leaves, ear length and development of adventitious roots were 
highly correlated with grain yield under flooding conditions. 
Thus, these characters can be taken as selection indices to 
screen genotypes for waterlogging stress tolerance. Investiga
tions on screening techniques for waterlogging stress revealed 
that 96 hr of flooding is a critical duration for genotypic dif
ferentiation. 

Among the various agronomic manipulations tried to reduce 
the damage due to waterlogging stress, ridge planting or flat 
sowing followed by earthing up of crop were generally better than 
flat sowing without earthing up. The damage can also be reduced 
by applying add i tional nitrogen as soil application or foliar 
spray. The highest reduction in yield (33 %) was observed when 
15 days old plants were flooded. 
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Conclusions 

Most of the parameters which are influenced by water stress 
are genetically governed. It would, therefore, be pertinent to 
generate information in this regard. Also, it is a combination 
of the traits and not the individual trait which leads to better 
understanding of the water stress tolerance. Moreover, the 
major area in kharif season is rainfed and there is an urgent 
need to develop maize cultivars which could resist water stress. 
Some suggestions are outlined which may prove helpful in develo
ping water stress resistant varieties of maize. 

(i) Infrastructural facilities for the screening of genotypes 
must be developed. 

(ii) Collabortive and interdesciplinary approach may be for deve
loping screening techniques which may be useful in (1) assessing 
the critical developmental stage for resistance, (2) faster and 
reliable technique which may hold true for large and small sample 
size equally. 

(iii) The role of environmental factors like amount and distri 
bution of precipitation in relation to water stress; the probabi
lity levels with regard to rainfall and temperature fluctuations; 
availability and utilization of nutrients in relation to moisture 
level, etc. need to be understood properly. 

(iv) Parameters of direct relevance from a number of morpholo
gical, physiological and bichemical attributes may be identified 
and exploited in the screening process. 

(v) Screening of the germplasm available may be carried out for 
identifying desirable attributes and to exploit them in the 
desired direction. Also, genetics of such attributes may be 
worked out. 

(vi) The yield reduction in maize apparently may not be avoid
able from water stress. However, to minimise the effect it is 
suggested that selection for yield potential in nonstress and 
stress condition may be combined to achieve stability in perfor
mance of the cultivar and increase its usefullness for the far
mers. 
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Question to N. N. Singh 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

W. L. Jam 

Please indicate the progress and achievements in breed
ing for drought tolerance in India? 

So far, we have developed only two cultivars suitable 
for rainfed situations. These cultivars are developed 
using selection criteria such as ASI, less number of 
stomata in the leaves, etc. The base germplasm has a 
high percentage of local germplasm. 

G. Granados 

In addition to drought, water logging and low tempera
tures, there are other stress factors for maize cul
tivation in India. Please indicate what they are and 
give some information about their relative importance? 

We face the problems of biotic stresses like stem borer, 
stalk rots, leaf blights and, in localized areas, of 
downy mildew. In my paper, I have tried to cover major 
abiotic stresses in certain areas in India. Alkalinity 
and salinity are also problems. 

G. Edmeades 

What steps are you taking to deal with nitrogen and zinc 
deficiency in India? 

We have given blanket recommendation of using zinc 
sulphate at approx. 20 kgjha. For nitrogen deficiency 
we recommend the use of urea. 
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From Y. Chantachume 

Q. What are the differences in yield of the two varieties 
Megha and Harsha when grown under drought stress and 
normal conditions? 

Ans. These two varieties have yield potential similar to 
other cultivars grown in normal situations, but they can 
sustain the occasional stress with a yield reduction of 
5 to 10%. 

From D. H. Muthukudaarachchi 

Q. Do you have plans to select cultivars 
characters such as ABA (abscisic acid) 

on physiological 
content? 

Ans. selection for any physiological character may not be 
effective for drought tolerance. Abscisic acid enhances 
the physiological maturity and reduces yield. We should 
always bear in mind that the cultivar should have tole
rance for drought, but select simultaneously for high 
yield. 

From D. H. Eagles 

Q. Does selection for short anthesis-silking interval in 
partially inbred lines correlate with performance under 
drought stress in hybrids? 

Ans. Our preliminary observations in newly developed experi
mental hybrids indicate that selection of lines for ASI 
correlates very well with performance of the hybrids. 

From A. Khan 

Q. What are the major steps of hybrid maize seed production 
in the public sector in India. 

Ans. There are two major steps, seed certification, and seed 
production. Seed certification is done by government 
agencies. There is a statutory body which is respon
sible for keeping the genetic purity of the seed, 
whereas the production of seed lies with National Seeds 
Corporation and state seed corporations. Production of 
seed processing, bagging, etc. is done by seed produc
tion agencies. Nucleus seed is produced by breeders at 
their own stations, but breeder's seed and foundation 
seed are produced by seed production agencies under 
strict genetic control by breeders. Certified seed is 
produced by farmers. 
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From 

Q. 

Ans. 

E. R. Bautista 

You said that yield under stress is independent of yield 
improvement and yield potential. Is this true for all 
stresses or specific to some types of stress? 

This seems to be true of all kinds of stresses. The 
heritability for yield under high potential conditions 
is very high, but under suboptimal or stress situations 
goes down drastically. We have also observed that the 
progenies which performed well in good conditions did 
not necessary perform well in sub-optimal conditions. 
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ADAPTATION OF MAIZE TO COLD STRESS IN NORTH IROIA 


1/ ~/ 3/ 1/
V. K. Saxena ,N. N. Singh B. D. Agrawal -and W. R. Kapoor-

In India, maize is traditionally grown during the monsoon 
(kharif) season, but it is also cultivated in the winter (rabi) 
season in the states of Bihar, Andhra Pradesh, Karnataka and 
Tamilnadu. In comparison to these areas, where the winter is 
mild and frost free, the winter in north India is more severe and 
frosts are of common occurence. Temperature sometimes falls as 
low as 0 C or even below 0 C during December to February. In 
certain years the frosts may start in late November and continue 
until March. Thus the maize genotypes to be grown during the rabi 
season in this region should have good level of cold/frost 
tolerance. 

Considering high yields of maize in temperate areas, the 
availability of large genetic variability and possibility of com
bining desirable genes in temperate germplasm through extensive 
recombination breeding, the research on maize in winter season 
was initiated at t he Punjab Agricultural University (PAU) (Khehra 
et al., 1979). Encouraged by this preliminary experiment, exten
sive ccreening of maize germplasm for cold tolerance and other 
attributes has continued. 

The yield potential of maize during winter is substantially 
hi g her than that during the traditional monsoon season. The 
plant type during winter season is responsive to high fertility 
and tolerates higher plant density. This season provides longer 
grain-filling period with a photo and thermo period more favor
able to g r ain deve l opment. Further, due to absence of erratic 
and excessive ra infa l l, good soil, water, fertilizers and weed 
management is possib le . 

cold t o lerance. 

Maize belongs to the frost sensitive group of plants but it 
is moderately sensitive to chilling (Burke et al., 1976; Miedema, 
1982) . 

In India, the cold stress on maize during winter season con
cides mainly with vegetative growth, as follows: 

JV 
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~/ 
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1) Low t e.perature injury: This injury occurs during December 
to February. The minimum average temperature ranges from 0 to 
4C. It results in various physiological damages like chlorosis, 
chlorotic bands, graying and drying. 

a. 	 Chlorosis: It occurs from December to February result 
ing in pale green and yellow leaves. According to 
Miedema (1982), the leaves become pale green due to 
partial loss of chlorophyll, and yellow due to accu
mUlation of carotenoids. Chlorosis reduces the photo
syn t hetic capacity of the plants (Alberda, 1969; Bird 
e t al., 1977) and slows down their growth. 

b) Chlorotic bands: Transverse light-yellowish bands 
appear approximately one week after severe chilling and 
mild frost. The bands appeared on the leaves in the 
whorl when the frost occurrs. 

c) 	 Greying: Greying or silvering of leaves has also been 
observed . This type of injury appears on leaves when 
cool dewey nights are followed by clear mornings 
(Miedema, 1982). 

d) 	 Drying: Extreme yellowing or greying is sometimes fol
lowed by partial drying of leaf. Mild frost also 
results in necrotic leaf lesions. 

Chlorotic bands, greying and necrosis have been classified 
under c h illing injury (Miedema, 1982). Leaves are more sensitive 
to tchilling than other plants parts because of sensitivity of 
the chloroplast. Combination of chlorosis and chlorotic bands 
have been recorded as yellowing in studies at the PAU (Khehra and 
Dhillon, 1984). 

2) Freezinq i n jury: Frost incidence is quite frequent in 
Punjab and other states. Generally it results in chlorotic bands 
and drying of the leaf margin and tips. After the frost, leaves 
turn oily in the morning followed by drying in 2-3 days. In ex
treme cases, the field gives a burnt look. The leaves show vary
ing degrees of injury, but the growing point is well protected in 
the whorl. Thus, the plant show a very good recovery. In ex
treme cases when leaf sheaths are also damaged, recovery is slow. 
The recovery is generally better in case of young plants. 

3) Purplinq: Many genotypes show purpling of leaves during 
winter. Generally, purpling is mild and it does not affect 
growth and grain yield (Khehra et al., 1981). However, in some 
cases, severe purpling is followed by leaf drying, thereby, 
adversely affecting grain yield (Khehra et al., 1981). Purple 
bands on leaves of some genotypes have also been observed. 

A cold tolerant collection from the Peruvian highlands de
veloped purple pigmentation when exposed to low temperatures 
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(Pollmer, 1969, Hardacre and Eagles, 1980). This may be due to a 
mechanism for reducing light induced damage to the photosyn
thetic system under low temperature stress (Hardacre and Eagles, 
1980). Gre e nb l a tt (19 68) reported that anthocyanin pigmentation 
increased p lant t emperature. 

Cold/frost tolerance has to be a major objective of a breed
ing program for winter season in Punjab and adjoining areas. 
Adaptation to low temperatures requires resistance to freezing 
and nonfreezing low temperatures. 

Khehra et al., (1981) evaluated diverse germplasm for 
yellowing (chil l y i nduced bands and chlorosis), purpling and 
vigour in relation to grain yield. It was observed that high 
yielding germplasm has less yellowing and better early vigour 
than germplasm in the low yielding group. However, the dif
ferences fo r purpling were not marked. Yellowing of leaves was 
observed to be a better criterium of cold tolerance than pur
pling. The observations on yellowing have to be recorded at 
regular intervals after a cold/frost spell. Genotypic dif 
ferences have also been observed for a postcold spell recovery. 
Thus, it is important to observe the genotypes for their ability 
to recover after frost damage . 

Introductions from colder regions like the Federal Republic 
(FR) of Germany showed cold tolerance. However, they silked 
earlier because of their photoperiod adaptation leading to poor 
grain yield (Khehra et al., 1979). Recent studies have shown a 
similar performance of germplasm from the German Democratic Re
public (GDR) and northern us. The grain filling in these 
materials was poor. Such materials may serve as donors for cold 
tolerance . 

Some of the inbred lines from U.S., like B57, B73, H97, H98, 
Mo17 and BS13 possessed a good level of tolerance, A619 and A670 
showed a high degree of chlorosis. There seems to be good oppor
tunity to use these entries in our breeding program. In the 
studies of Mock and McNei l (1979), B73 behaved as the most re
sistant, whereas Hardacre and Eagles (1980) observed A619 to be 
susceptible. 

During the winter 1988-89 new cold tolerant materials were 
introduced to our breeding program . Three synthetic varieties 
from New Zealand , i.e. NZ Syn1, NZ Syn2, NZ Syn3 and NZ Syn3 (C1 
cold toleranc e ) were most promising. Out of these, NZ Syn3 (C1) 
showed distinc t advantage for cold tolerance. US Corn Belt Com
posite (cold tolerant) was also promising. These populations did 
not show any symptoms of yellowing and they continued to grow 
during the winter months. They flowered from the end of February 
to early March and matured in the first week of April. The dis
tinct advantage of this germplasm was noticed as complete grain 
filling was observed against no setting or poor grain filling in 
earlier introduct i on from FR Germany, GDR and US Corn Belt, where 
although the plants continued to grow during the winter months, 
grain filling was p o o r in the early flowering plants. This 
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material has given some hopes that in the near future it may be 
possible to develop maize cultivars which mature along with wheat. 

An appreciable variability for cold tolerance was also ob
served within populations. significant differences for chlorosis 
and greying was observed in composite Partap (Khehra and Dhillon, 
1984; Kaur et al., 1985; and Sharma et al., 1987). 

Research carried out on screening of maize germplasm in 
laboratory for tolerance to cold/frost injury (Khehra et al., 
1986) have lead to identification of materials which showed frost 
tolerance. Seedlings having 6-7 leaves and 25-30 cm height are 
exposed to 1C, OC, -lC, -2C, -3C, -3.5C and -4.0C for 4 hrs for 
seven successive nights in January. The injured leaves give oily 
appearance in the morning and dried in 2-3 days. The injury was 
recorded as the percentage of affected leaves and plants. In
breds B57-3-1, 1-1-1, (Mo17 x CM104)-9-1-1, (Mo17 x FR13a) x 
J54-4-2-2-1-1, Penn State Syn2-IV-6-3-1-1 and Penn State Syn2-IV
12-1-2-2-1 were found to be highly tolerant to frost injury. 
Several cold tolerant lines have been developed, and are listed 
in Table 1. 

Table 1. Pro.ising cold tolerant inbred lines developed at 
Punjab Agric. Univ., Ludhiana- Lines derived fro. sources in 
different pools. 

Ludhiana stiff stalk Pool (LSSP) 

B73 x B79, (B73 x B79) Suwan-1, (B73 x B79) B79 2, RDBBDE, MSP-1, 
LSSPC-1, B73 x H100, Suwan 1, BSS(R)C8, BSS(R)C8 x Suwan 1, BS10 
(FR)C6, B5CB(R)C8, CM-111, Australian Golden Min, KUI-1418, 
BSUL2, B75 x H100, (H3191-3 x B73 B79 Suwan-1) H3191-3 x B73 
B79, H3191 x B57-3, RDBBDE x 
B57-3-1 x MSPl-21, H 104-1J 
x H3191, Ludhiana Tuxpeno Poo

(B73 
x B57, 

l C2. 

x B79 x 
H10

Suwan-1), 
4-21 x MS

PTR 
Pl-21, 

x B57-3-1, 
Suwan-1 

Ludhiana Lancaster Pool (J.LP) 

MS1 DRY, Mo17-6-2, (Mo17-6 x Mo17-10)H, (Mo17. FR13A)Mo17, Mo17 x 
H101, Mo11 FR13A x H101, CM111 x Mo17, H99 x Mo17, B57 x Mo17, 
H98 x H9sr x H95, CM 116, MS1DRY x B57, CM 104 x CM105, LLPC1, 
J603, MS Pool C2IC2, MSC2IC2, J 632 x CM202, Vijay-444 x CM 202, 
Partap (J54), CM 112, CM 113, Bhodipur Yallow-87-3, Dhunkara 
Local. 

The effect of chlorosis, purpling and frost kill on grain 
yield was studied in the composite Partap (Sharma et al., 1985; 
Kaur et al., 1985; and Sharma et al., 1987). Yellowing of leaves 
had an adverse effect on grain yield and many other agronomic 
traits. Frost injury delayed plant growth, but plants recovered 
and grain yield was not significantly reduced. 
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Grain yield. 

Khehra et al., (1979) in an exploratory unreplicated experi
ment evaluated 10 varieties for grain yield under cold winter 
con-ditions. The yield ranged from 1085 to 6509 kg/ha. Encour
aged by these results, a subsequent evaluation of several 
improved Indian populations and exotic germplasm lead to the 
identification of composite Partap which yielded well and showed 
a reasonable level of cold tolerance. Its performance averaged 
over 4 years is summerised in Table 2. 

Partap gave 9.8% higher yield than Hi-Starch, a very popular 
winter season hybrid in Bihar (Table 2). It was nearly as good 
as Deccan 103. Using Partap, some of the farmers have harvested 
as much as 7.5 t/ha grain yield in Punjab. 

Intrapopulation improvement 

Composite Partap was found to be a promising material with 
good agronomic performance and cold tolerance. Significant va
riability was observed within this population for cold tolerance, 
grain yield and other traits (Khehra and Dhillon, 1984; Kaur et 
al., 1986). Therefore an intrapopulation improvement program was 
initiated in Partap. 

Table 2. Perforaance of Partap and other varieties averaged over 
v arious experments. 1979-80 to 1982-83. 

Variety Grain Days to Days to Plant Ear Common Stalk 
(kg/ha) silk brown hgt hgt rust rot 

husk (cm) (cm) 1-5* (%) 

Partap 6658 146 190 136 62 2.8 15.2 

Deccan 103 6726 150 192 144 60 2.8 8.4 

Histarch 6062 148 190 139 69 3.6 23.2 

Vijay 6208 144 194 3.5 17.4 

1 From: Khehra, et al., 1986. 
2 * 1 = Resistant; 5 = Susceptible. 

After 3 cycles of selection, the improved popUlation Partap 
C3 gave significantly higher yield than the original version. 
Improvement has also been achieved for cold tolerance (less 
yellowing and greying). Partap C3 has been recommended in 1983 
for commercial winter cUltivation in punjab under the name 
Partap-1, along with Partap. Partap-1 has also been released in 
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the adjoining states of Haryana and Rajasthan. 

Partap C5 significant ly outy ie l de d Parta p . The margin of 
s uperior ity was 1 9 .7%. It also had batter c old tolerance and 
e a r ly v i gour than Partap (Khehra et al., 1986 ). Dhillon et al., 
(1 9 88 ), record e d 8.2-8.3% gai n o f P a rt ap-MYC4 (Popu lati o n 
improved in monsoon season) over Partap co . This indicates that 
t he genes f or yie ld ac c umulat ed through selection in t he monsoon 
season e xpressed equal ly well i n both season. Parta p -WCYC3 
(Populat i on i mproved in winter sea son ) regi s tered near l y double 
gain in wint er (12. 6 %) than in t he monsoon (6.6%) season. The 
higher genet ic g ain in Par t ap-WCYC3 in wi nter s eas on may be due 
to di fferential expression of genes for yield . The improvement 
i n general comb i ning a b i l i t y was highe r in the season in which 
s e l ection was performed. 

Interpopulation ±.provement 

Khehra et al., (1986) have reviewed in detail the materials 
which have g one in the establishment of two heterotic pools, 
Lu dh i ana Lancaster Pool (LLP) a nd Ludhiana stiff Stalk Poo l 
(LSSP) . Two cyc les o f reciprocal recurrent s e lect ion have 
a lready been completed in these two pools. Most of the inbred 
line s included i n t hese pools are form us Corn Belt, Suwan-1 
(Population from Thailand) I and Partap (Population from India). 

Hybri d breeding proqra. 

Based on the heterotic pattern of the above mentioned pools, 
a hybrid breeding program was init i ated. Some of the h ybrids 
have given good performance (Tables 3, 4). Hybrid EM 251289 has 
been developed from lines developed from Dhunkara local (a cold 
tolerant , rust resistant population from higher altitudes of 
Himachal Pradesh) and RDBBDE (a cold tolerant population from US 
Corn Belt). 

The hybrid EH 40184 (DHM 105) has recently been released at 
the national level. Table 4 summaries its performance in Zone II 
(northwest plain) i n the final s t a ges of testing. This hybrid 
has been synthesized using inbred lines from us. 

The research on winter maize has shown that the maize plant 
can be successfully adapted to these new areas and that winter 
maize offers an alternative to the wheat-based cropp ing systems. 

101 




Tab1e 3. Perfor.ance of so.e new experi.enta1 hybrids at 
Ludhi ana and Ja1andhar. Rabi 1989-90*. 

Pedi Ludh- Jalan- Mean % over check 
gree iana dhar 

Ganga-11 Partap-1 Deccan 10 
Grain kg/ha 

EH 251289 10100 7273 
EH 251219 8721 7099 

Check 

Ganga-11 9114 5914 
Partap-1 7825 4919 
Deccan-103 6570 5211 

C.D. at 5% 1543 1578 
C.V. % 13.5 16.2 

8687 
7910 

15.5 
5.3 

36.3 
24.1 

47.4 
34.2 

7514 
6372 
5891 

* 	 From: 15th Annual progress report on rabi maize, AICMIP. 
1989-90. 

Tab1e 4. Grain yie1d (kg/ha) of hybrid DHM-105 at four 1ocations 
in the northwest p1ain. 

Locations 
Cultivar 

Banaswara Kanpur Ludhiana Pantnagar Mean 

EH 40184 
(DHM 105) 

10070 6881 8168 7334 8113 

Ganga-11 8601 6665 7196 6205 7167 

Deccan-103 9470 6475 7927 6876 7687 

CD (5%) 1008 1556 953 1008 
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RESEARCH OR EARLY IlATORIHG MAIZE VARIETIES AND HYBRIDS IN INDIA 

~ 2/ 	 ~ 
B. D. Agrawal , N. N. Singh - and V. K. Saxena 

Maize is an important rainy season crop in the entire 
northern and north west regions of India. Most of the farmers in 
these regions grow early maize varieties maturing in 80-90 days 
with both yellow and white grain colours. This important maize 
growing belt can be classified into three subregions: Northern 
Hills (Jammu and Kashmir, Himachal Pradesh and uttar Pradesh 
(hills), North Western Plains (Punjab, Haryana and Western uttar 
Pradesh) and Tribal Belt of Rajasthan, Madhya Pradesh, and 
Gujarat. The pattern of rainfall during the crop season in these 
three subregions is given in Table 1. It may be noted that the 
Northern Hills as well as the Tribal regions receive 900-1000 rom 
rainfall during the crop season which, inspite of poor irrigation 
facilities, is sufficient to grow a successful maize crop. These 
regions are further characterized by fertile and well drained 
soil. On the other hand, in the North-Western Plains which have 
a well developed irrigation system, maize suffers due to poor 
drainage following heavy rains during the monsoon season. In the 
above mentioned agroclimatic conditions early maturing maize 
varieties have a definite advantage to minimize risk factor from 
drought or water logging. Thus, the basic needs of the farmers 
of these areas can be met by developing early maize varieties of 
80-90 days maturity. 

Tab1e 1: Maize are a, productivity and rainfa11 pattern in dif
f erent agroc1i..at ic r egions of India. 

Region Maize area Productivity Average rainfall (rom) 
(000, hal (kg/ha) in crop season 

(June - September) 

Northern Hills 617 1645 1014 

North Western Plains 581 1430 591 

Tribal Belt 1276 1053 940 

~ 	Senior Maize Breeder, College of Agric., GB Pant Univ. of 
Agric. & Technol., Pantnagar 263145, Nainital, India. 

JL/ 	 Project Coordinator (Maize), All India Coord. Maize Improvt. 
Proj., Cereal Res. Lab., Indian Agric. Res. Inst., New Delhi 
110012, India. 

~/ 	 Senior Maize Breeder, Dept. of Plant Breeding, punjab Agric. 
Univ., Lud h iana 141004, punjab, India. 
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Develo~t of early .aturinq open-pollinated varieties 

The All I ndia Coordinated Maize Improvement Project (AICMIP) 
has been engage d in developing early maize composite varieties 
since the early 1970s and several early maize composites have 
been released for cUltivation (Ta b le 2). These varieties were 
the out-corne of the population improvement program utilized fol
lowing various recurrent selection schemes. The main objective 
of the population improvement program was to develop uniform high 
yielding varieties with tolerance to various diseases without 
changing their maturity. In a study conducted at four locations, 
2.4-14.8% gain in y ield was observed after four cycles of modi
fied ear-to-row sel e ction averaged over two plant densities in D 
741, D 742 and D 771 (Table 3). After four cycles of selection, 
the thre e populations were earlier in maturity (days to 50% silk) 
shorter in plant and ear height, with better stability for grain 
yield (Vermaand Agrawal, 1986). 

Table 2 : Early .aturinq .a.ize varieties released during 1979-88. 

Name of Pedigree Grain type Maturity 
variety (days) 

Tarun P200 x Kisan Yellow 85-90 
Navjot J 684 Orange yellow 85-90 
Huniu s Hun i u s Orange 80-85 
Diara-3 Diara-3 Orange yellow 75-80 
D 765 D 765 Orange 75-80 

MCU-508 MCU- 508 Yellow 75-80 
VL-Makka- 88 
Naveen 

E. V. IIICDY 
D 741 

(AIm) Yellow 
Yellow 

80-85 
85-90 

Kan chan D 771 Or a nge 75-80 
Shweta D 742 White 85-90 

Surya D 765 x D 787 Yellow 75-80 
Kiran J 66 0 Orange 80-85 

Early maturing varieties have been accepted by farmers and 
t he a rea und er t hese variet ies is steadily increasing. Area is 
fur ther expected t o i ncreas e wi th t he availability of quality 
seed a n d i mp r ove d p r oduct i on techno logy. Some of these early 
compos i t es h ave y i e lded 2.8-3.2 t/ha in farmers field in the re
search program in U. P . (Table 4). 

Deve lop_ent of early hybrids and synthetic varieties 

Systemat ic efforts t o d eve lop early hybrids have been 
i n itiated by the maize Improvemen t Project once well adapted 
e ar l y mai ze populations became available . 
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Table 3: Progress fro. four cycles of .edified ear-to-rov selec
tion in y i eld and .aturity in three .aize populations. 

Populations Cycle of Grain yield ~ of CO Days 50%0 

selection (kg/ha) silk 

o 742 CO 3091 100 54.7 
C4 3551 115 53.4 

(.05%) 249 0.50 

o 741 CO 3159 100 53.4 
C4 3431 109 51.8 

( . 05%) 173 0.55 

o 771 CO 2740 100 48.8 
C4 2807 102 48.3 

(.05%) 178 0.43 

Table 4: PerforllaIlce of early .aturinq varieties in fanaer's 
fields. U.P. 1979-84. 

Varieties Number of x yield Maximum 
test sites (kg/ha) yield (kg/ha) 

Navin (0 741) 98 3205 6922 

Shweta (0 742) 45 3039 5663 

Ka n c han (0 771) 56 2775 4446 

continuous improvement of broad based populations is the key 
of a successful maize breeding program. The improved populations 
maintaining sufficient genetic variability should serve as a 
source of superior germplasm for extraction of inbred lines for a 
hybrid development program. Early composite varieties developed 
in the program should provide an excellent base for initiating an 
early hybrid program. with continuous recurrent selection in 
these broad based populations for 8-10 CYCles, it is expected 
that various linkage groups will be thoroughly broken, at which 
time it will be appropriate to extract inbred lines from these 
popUlations to develop early hybrids for exploitating the non
additive genetic variability. The efforts on the development of 
early hybrids have been greatly strengthened with the availabili
ty of additional funds since 1989 from the project on Intensifi
cation and development of early maize hybrids initiated by the 
Indian Council of Agric. Res. (rCAR). 
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Short and .ediua t era objectives 

A) Development of inbred lines. 

Selfing has been initiated in several elite early popu
lations (D 741, Tarun, D 831, Pop. 31, VL-16, Pop. 30 and D 
742) at three research stations associated with the program 
at Pantnagar, Almora and Udaipur. During selfing, special 
attention is given to select vigorous lines in order to de
velop the most productive lines. 

At the present stage, one hundred and sixty three 
inbred lines at various levels of inbreeding (S 3 - S 6) are 
available. These have been developed from the base popula
tions D 831, Tarun, D 741, Suwan 1 and D 742 (Table 5). 

Tabl e 5: Early :aaturing i nbred. l ine s extracted. fro. different 
broad base populations. 

Source popUlation 
No. inbred lines and homozygosity 

S 3 S 4 S 5 

level 

S 
6 

Tarun 
D 831 
D 741 
Suwan-1 
Shweta 120 

3 
6 

2 
6 
1 19 

6 

Total 120 9 9 25 

Table 6: Experi.ental hybr i ds and synthetics evaluated.. 
Kharif 1990. 

Type of hybrid Number No. of locations 

Single cross hybrids 33 3 
Top cross hybrids 25 1 
Double top cross hybrids 10 3 
Synthetic varieties 3 7 

B) Development of hybrids. 

Based on general combining ability, selected lines are 
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Tuble 7: Performnnce of two enrly maturing experimentnl hybrids. Khnrif 1909. 

Pedigree 
Yield (kg/ha) 

Pnntnagar Dholi Bahrnich 
x % of 

Tnrun 

Days 

Pontnngnr 

to 50% silk 

Dholi IInhraich 
x 

Ell 3018 2890 2333 4144 3122 99 52 50 48 50 

...... 
o 
~ 

Ell 3028 

Tnrun (enrly check) 

3386 

2705 

3406 

2552 

4122 

4229 

3638 

3162 

115 

100 

54 

53 

53 

51 

52 

50 

5:l 

5 ) 

C.D . (0.05) 750 1018 736 



crossed to develop single crosses, topcrosses and double top 
cross hybrids (Table 6). Experimental single cross hybrid 
EH 3028 yielded 115% higher than the early check Tarun in 
a trial conducted at three locations during the 1989 rainy 
season (Table 7). 

Long ter. objectives 

Developaent of early heterotic pools. 

Two heterotic pools in both yellow and white grain colors 
are being developed using available indigenous and exotic germ
plasm. These germplasms are being crossed with two yellow (Pop. 
31 and Tarun) and two white (Pop. 49 and D 742) testers for 
classifying them into two heterotic groups in order to develop 
broad based populations (Tables 8, 9). 

Table 8. Indigenous and exotic ger.plasa used in the develop.ent 
of the yellow heterotic pool. 

(D 741 x D771) L 21 
D 819 (D 785 x D743) F5 EV 15 CDY 
D 811 (D 833 x D 811) F5 EV 19 CDY 
D 815 J 660 EV 23 CDY 
D 821 J 2029 CDEV 
D 833 J 2078 BCEV 

D 835 J 3041 Kiran 
D 841 VL 16 Surya 
D 853 VL 17 Navjot 
D 861 VL 42 Pool 17 
D 863 VL 84 Pool 33 

Across 8126 
D 881 VL 87 Sete Lagoas 7931 

VL 88 Ikenne 7931 
Capinopolis 8245 

Table 9. Indigenous and exotic geraplas. used for developing 
white heterotic pool. 

Across 8130 D 816 D 842 
D 818 D 812 D 882 
D 844 D 832 
Thirty entries from Udaipur Station. 

110 



References 

Verma, S.S., and B.D. Agrawal. 1986. Responses to four cycles of 
modified ear-to-row selection for yield and other characters 
in three populations of maize (Zea mays L.). Pages 331-340. 
In B. Napomopeth, and S. Subhadrabandu, eds. International 
SABRAO Congress. Faculty Agric., Kasetsart univ. Publ. 
Bangkok, Thailand. 931 p. 

111 




BREEDING FOR STRESS ENVIRONMENT IN IlAIZE (Zea :mays L.) 
IN HIMACHAL PRADESH 

J:./
S. K. Bhalla, J. K. Sharma and satish Paul 

In Himachal Pradesh (H.P.) a hilly state in northern India, 
there is a great diversity of climatic conditions which vary from 
submontaneous low hill subtropical to high hill dry temperate. 
Due to the irregular topography, most of the areas under cultiva
tion (80% of total) is nonirrigated and is dependent on erratic 
rains. Out of 582.6 thousand ha sown, 303.4 thousand ha are 
planted with maize during the Kharif (rainy) season which repre
sents nearly 52% of the total CUltivated area. This shows the 
importance of the maize crop, which forms the staple diet of most 
of the people in the state, particularly during the winter 
season. 

However, maize is generally grown in areas where irrigation 
facilities 00 not exist and the success of the crop depends on 
the amount of rainfall and its distribution during the crop 
season. 

The various types of stresses to which the maize crop is 
subjected are as below: 

1. 	 Inadequate moisture. 

Maize is planted towards the end of May to early June with 
the premonsoon showers. Many times the extent of the rains is 
not enough to ensure good germination resulting in drought stress. 

2. Many times the early monsoon shower is good but the subse
quent rains fail, particularly at knee high or at silking stage, 
and as a result the crop suffers from stress. 

3. Sometimes there are heavy rains and water stagnates in the 
fields due to poor drainage facilities, resulting in stress due 
to water logging. These conditions propitiate the incidence of 
various types of stalk rots and leaf and sheath blight disease. 

4. 	 High plant density stress. 

The local varieties grown by farmers are responsive to a 
high plant density up to 150,000 plants/ha as compared to 66,000 
recommended for the improved varieties. The local varieties can 
withstand stress due to low rainfall, weed competition, no earth
ing up at knee high stage and low fertilizer level as compared to 
the 'improved recommended varieties. There is no doubt that if a 

~/ 	 Himachal Pradesh Krishi Vishva vidyalaya, Reg. Res. Stat., 
Dhaulakuan-173001, Distt. Sizmouz (H.P.), India. 
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pakage of technology is to be followed, the improved varieties 
will do well, but since the farmers are generally not following 
improved technology on account of their own limiations, the 
spread of high yielding varieties is limited and most of the 
farmers continue growing their local varieties. 

Instead of testing local varieties as checks under 75 cm row 
spacings and 20 cm plant to plant distance, it is necessary to 
test our varieties at a shorter row spacing of 40 cm, with plant 
spaced 20 cm apart, to see how the new improved varieties perform 
under farmers' practices. 

Therefore, for new improved maize varieties to be adapted by 
farmers, it is necessary that such varieties withstand various 
stress conditions. The studies conducted at HP in this regard 
are described. 

A. Seven composite varieties Pool 5, Pool 7, D 771, L 4, L 13, 
D 765 and J 603, in the early to medium maturity and their 21 
F1's were tested in a randomized block design with 3 replica
tions, under stress and nonstress environments. The stress en
vironment was nonirrigated and with half of the recommended fer
tilizer doses as compared to nonstress environment in which plots 
were irrigation and supplied with a full dosage of fertilizer 
(120-60-60 N-P-K kgjha). Treatments were planted in 4 rows 5 m 
long and data was recorded from the central 2 rows. The results 
showed that the percentage of barren plants followed by days to 
75 percent silking were higher under nonstress as compared to 
stress cond itions. The grain yield showed higher value of 
genetic advance under stress environment while length of the 
cobs, and plant and ear heights had similar values of genetic 
advance in both environments. The relative performance of the 
materials evaluated differed under stress and nonstress environ
ments. The populations Pool 7, D 765 and (Pool 5 x D 765) gave 
high grain yield under stress environment, while J 605, L 13, 
Pool 5 and (D 771 x L 13) gave higher yields under nonstress en
vironment. The composite 0 765, which gave the lowest yield 
under nonstress environment , was the highest yielder under stress 
environment. This showed t h at the genotypic response under the 
two environments of study varied considerably. Therefore the 
evaluation of materials for their suitability to the stress as 
well as nonstress environments should be done under separate sets 
of conditions. It was also noticed that high performing parents 
did not result in high performance of their cross combinations as 
was noticed in the performance of crosses involving 0 771 and L 4 
under stress environment, and (0 771 x L 13) under normal envi
ronment. The case of 0 765, which was the highest yielder under 
stress environment, could be explained by its early maturity and 
least number of barren plants. 

B. I n a nother study, the genetics of some morphological, bio
chemical and physiological characters associated with drought 
tolerance in maize (Zea mays L.) were studied. The material 
under study consisted of six drought tolerant (V20B, V50B, V55B, 
V57B, H98 and A654) and one drought susceptible (eM 205) inbred 
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lines and their 21 F1's developed in a diallel fashion, including 
reciprocal crosses. The inbreds were selected on the basis of 
drought tolerance from among the large number of collections. 
The experiment was conducted under nonirrigation conditions and 
half the recommended fertilizer doses. The characters studied 
were: 

a) Morphological: plant height, ear height, leaf area/pIt 
cob length, cob girth, 500 grain weight, days to 75 percent silk. 

b) Physiolog ical: harvest index, chlorophyll content, ger
mination at 15 atm pressure in manitol solution, pollen shed 
period, anthesis silking interval (ASI), stomata number per unit 
leaf area, root length, root weight, and root volume. 

c) Biochemical: Proline content. 

2 


It was found that stomata number/mm leaf area, germination 
at 15 atm pressure, root number, root length, root weight, leaf 
area, proline content, pollen shed period, PSI, and grain yield 
were under the control of nonadditive gene effects. The improve
ment for such characters can be done by adopting heterosis breed
ing or reciprocal recurrent selection. The chlorophyll content 
was found to be controlled by additive gene action, which can be 
improved by following a simple mass selection procedure. The in
breds H 98, CM 205, V55B and V57B, and the crosses (V50B x CM 
205), (V20B x CM 205), (V20B x V50B), (V57B x A 654) and (V20B x 
V57B) were identified as the most drought tolerant. 

A number of researchers have conducted studies on drought 
resistance. Robins and Rhodes (1968) observed that use of water 
by maize seldom exceeds 0.1 in/day until the crop is 8-12 in 
high. During the period from siling to soft dough stage, water 
require-ment increases to as much as 0.40 in/day. 

Classen and Shaw (1970) subjected maize plants to successive 
drying cycles at three stages of growth i.e. at vegetative, silk
ing and grain filling period. They observed that plant height 
and leaf area/pIt were reduced when plants were under stress 
during the vegetative stage. Plant and ear length were shorter 
in treatments which faced stress at vegetative as well as at 
silking stages. Grain yield was the most influenced character. 
The level of grain yield reduction was maximum when the stress 
was imposed at the silking stage. The reduction in grain yield 
at the vegetative, silking and grain filling stages was 25, 50 
and 21 percent, respectively. It was pointed out that the re
duction in yield due to stress during the vegetative phase was 
due to the reduction in leaf area per plant. However, at silking 
stage reduction in grain yield was due to reduction in kernel 
weight and kernel number. 

Barnes and Wooley (1969) suggested that the drought decreased 
the PSI, delayed days to 75% silk, considerably reducing the cob 
length, cob girth and grains per cob. Moisture deficits for 
periods of one or two days during pollination resulted in as much 
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as 22 percent reduction in grain yield; periods of 6-8 days re
duced grain yield by 50 percent. Andrew (1969) reported that 
total leaf ~ea/plt in the materials they studied was within 3224 
and 5404 cm . Plant height ranged from 107.7 to 175.6 cm. He 
concluded that drought susceptible lines had larger leaf area and 
plant height than drought resistant lines. 

Tollenaar and Daynerd (1978) reported that some aspects of 
plant development such as delay in silking, increased PSI, total 
pollen shed period and reduced number of grains/cob were con
siderably affected by stress. 

Wilson and Allison (1978) reported that plants exposed to 
drought before silking had little reduction on grain yield but 
drought at silking stage significantly reduced kernel number. 
Fakereda et al. (1977) found that average leaf area/pIt in one 
year was significantly less than in the other year due to effect 
of drought. They observed that mean leaf area/pIt ranged between 
5284.98 cm - 3638.93 cm 

Russell (1959) suggested that efficiency in water utiliza
tion can be improved by breeding cultivars having extensive root 
system effective to meet the water requirements. Since water use 
efficiency is reflected in grain yield, selection for higher 
grain yield under drought stress should be effective. Andrew and 
Solanki (1966) showed that a high percentage of seminal roots was 
inversely and significantly related to the volume of the entire 
root system. As development proceeds, genotypes with a high pro
portion of seminal roots tended to have smaller root system. Tan 
and Fulton (1985) reported that the superior rooting inbreds pro
duced F1's with better root system. They also reported that in 
general a large root weight gave a superior root type. Strains 
with more root branches, high root weight and deep root system 
allow the plants to absorb available moisture and withstand water 
stress; however, root volume has little effect because of seminal 
roots. 

Hall et al. (1981) in a diallel study suggested that the 
ideotype of plants for drought resistance should have low leaf 
area/pIt, increased grain number per cob, high 500 kernel 
weight, shorter PSI and longer period of pollen shed. Reduction 
in total kernels per cob, 500 kernel weight, and cob lenght were 
major features in reducing grain yield. 

Bennett and Hammond (1983) reported that drought reduced the 
leaf area/pIt by 19%, plant height by 17% and grain yield by 10
15%. They also reported that the major cause of reduction in 
grain yield were stress conditions at silking stage. 

The information reported above shall help in developing 
genotypes resistant to drought. 
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STATUS OF MAIZE CROP IN NEPAL 

~/
K. K. Lal 

Maize (Zea mays L.) is the second most important cereal crop 
in Nepal and occupies 721 870 ha of the total cultivated land. It 
is the staple diet of more than 55% of the Nepalese population 
who lives in the hilly regions of the country. The area covered 
by improved maize varieties is approximately 35% of the total 
maize area. It is cultivated throughout the year, during the 
rainy, spring and winter seasons. The area planted t o maize 
during the rainy season is h igher than s pring and winter seasons. 
It is mostly cultivated mixed with cowpea, finger millet, soybean 
sometimes relayed wi th radish. In the midhills it is inter
cropped with potatoes. 

Over 90% of t h e maize produced in the hills and mountains is 
consumed as roti (flat bread), dhidho (thick porridge made out of 
maize flour), chyakhla (grits cooked like rice), roasted or 
popped maize kernels and as roasted green ears. 

I. Production constraints 

From 1977 to 1988, the extent of area planted to maize in
creased by 62% and producti on by 34%, while the average yield 
dropped by 17% to 1484 kg/ha, which is low compared to the yield 
potential of currently available high yielding varieties (Table 
1). Limited use of fertilizer and seed availability of the im
proved high yielding varieties are the main reasons for low 
yields, though production is limited by numerous other con
straints, which can be grouped into the following categories: 

1. Physical 
2. Biological 
3. Socioeconomic 
4. Marketing 
5. Seed production 

1. Physica1 constraints: 

Maize is mostly grown on marginal land on poor ly constructed 
terraces as a rainfed crop. Sowing depends on t he onset of un
predictable monsoon rains and, sometimes, it is sown in the dry 
land with a hope that rain will occur within a near future. 
Drought is commonly experienced at some stage of the crop. 

~/ 	 Maize Coordinator, National Maize Developt. Program, Rampur, 
Chitwan, Nepal. 
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Tab1e 1. llaize area, production and average yie1d in lIepa1. 

Year Area Production Average yield 
(000 ha.) (000 mt.) (kg/ha. ) 

1977 445 797 1790 
1978 445 740 1664 
1979 454 743 1635 
1980 432 554 1281 
1981 457 743 1629 

1982 475 752 1581 
1983 511 718 1410 
1984 479 698 1510 
1985 556 766 1420 
1986 573 851 1480 

1987 673 901 1338 
1988 721 1071 1484 

Source: Agr ic. Stat. Div., Dept. of Food and Agric. Marketing, 
Kathmandu, Nepal. 

2. Bio1ogica1 constraints: 

Stem borer is a serious threat to maize cultivated during 
the rainy season. Altogether, sixty six insect species have been 
recorded feeding on the maize crop, out of which 14 have been 
classified as major pests, both in the field and in storage con
ditions. Maize is highly susceptible to storage insects, whose 
damage results in rapid deterioration of seed, feed and food qua
lity. At present, chemical cont rol though costly, offers the only 
means of pest control. 

The most common diseases affecting maize in Nepal are stalk 
rots, ear rots, downy mildew and foliage diseases like, Turcicum 
and Maydis leaf blights and Leptosphaeria leaf spot. The damage 
due to diseases has been estimated to be high, and percentage of 
infection has shown to be 40-80% or higher in some maize varie
ties. 

Damage of maize by jackels, dogs and birds (parachetes) is 
also experienced particularly during the winter and spring seasons. 

3. Socioeconomc c onstraints: 

As maize is mostly grown on marginal land, farmers usually 
feel reluctant to use fertilizer in this crop. Also, the low pur
chasing capacity of the farmer bars them from using the improved 
package of practices. Though the government has organized credit 
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schemes t h rough c ooperative societ ies, small farmers are reluc
tant t o take advanta ge of these services, due to the risk in
volved in rainfed farming operations. 

4 _ Jlarketing constraints: 

s ince the government has not develope d a purchasing agency, 
most of the harvest is purchased by private traders at low price. 
The reason is that as ma ize is grown far from the main market and 
most of the farmers lack t r ansport facilities, they are bound to 
sell their produce to the relatively well equiped private middle 
man who takes advantage of this situation. 

5. seed producti on constraints: 

Inadequate supply of high quality seed of the improved va
rieties is also an important factor in limiting production. The 
Agricultural Input Corporation (AIC) is the main supplier of 
seeds, which are mostly produced in contract farmers fields. 
Almost every year, the demand of seed is not fulfilled. The time
ly distribution of seed to different regions of the country is 
one of the main problems. However, the main problem, is the in
sufficient production of certified seed in the contract growers' 
fields. 

6 _ llai ze dis tribution: 

Maize growing areas in Nepal extend from the terai (low
lands) to the h i lls of the country (over 2000 masl). The mid
hills is the leading maize growing area followed by the terai, 
inner terai, and high hills (Table 2). 

In a normal year,the highest percentage of rainfall is 
during July and August and it is sufficient for a good harvest. 

Tab1e 2 _ Distribution of .aize groving areas (ha). 

High hills (2 000 m and above) 52 190 ( 8%) 
Midhill (1 500 m and above) 522 030 (72%) 
Terai and inner terai 147 650 ( 20%) 

Total = 721 870 

According to the time of planting and the cropping system, 
three types of maize cUltivation can be distinguished throughout 
the country. These are: 
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a. Spring :.aize: 

Pla nted in e a rly March - April on a fallow land left after 
r ice or wheat have been h a r ves ted . This maize crop is grown 
under both irr igated and residual moisture conditions. This is a 
high r isk pla nt ing when rain is not received during the cropping 
season . 

b. su.aer :.aize: 

Th is represents t h e main crop, and it is mostly grown in the 
mons oon season . In the high hills, it is planted earlier than in 
the midhil ls, terai and i nner terai. In this case, maize is 
mos tly grown mi xed with c owpea, finger millet or soybean. 

c. Winter .aize: 

This crop is found only in restricted areas where irrigation 
is available. The planting season starts from early September 
(inner terai) and continues up to October-November in the terai. 
This winter maize has been found produces high yields, sometimes 
doubling the yield obtained during the summer crop. High grain 
yields obtained i n the winter season have been attributed to the 
longer growing s eason , favorable temperature regimes, and oppor
tunities for better management of water resources and weed con
trol. The same varieties which are grown in the summer season 
can also be p rofitably grown in the winter. 

II. Maize research 

Maize researc h in Nepal started during the 1960s, with ini
tial emphasis on d e termining superior varieties that could re
place the low yielding local cultivars. Nepalese farmers prefer 
both white and yellow flint varieties with tight husk cover. Be
s ides, they also require early maturing varieties that can fit 
the multiple cropping system. A few varieties had been released 
bef ore t he National Maize Development Program (NMDP) was launched 
in 1972, with the overall responsibility of the maize research 
and production activit ies. The major activities carried out by 
NMDP in breeding, a gronomy, plant protection and outreach program 
are briefly described. 

A. Maize breedinq 

Difficulties in seed production and distribution have pre
vented us from getting involved in a time consuming and expensive 
hybrid maize breeding program. Thus, the improvement scheme has 
been designed to improved populations and develop open pollinated 
varieties (OPVs). 
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The major objectives of the maize breeding program in Nepal 
are: 

a. Develop high and stable yielding varieties under 
of growing conditions. 

a wide range 

b. Resistance to diseases, 
rots, and corn borer. 

including downy mildew, stalk and ear 

c. Develop early and intermediate maturing varieties (90-110 
days), with short to medium plant stature and tight husk cover. 

d. De ve lop improved OPVs: in accordance with the above objec
tives, the following maize populations have been developed 
for extraction of the appropriate OPVs adapted to the various 
a gr oclimatic zones: 

Ganesh 2: (for high hills). Half sib (HS) families of yellow 
flint highland materials. 

Manakamana 1: HS families of white flint materials for mid 
altitude areas. 

Manaka.ana 2: HS families of yellow flint, disease resistant 
subtropical population for midaltitude areas. 

Rampur 1: HS families of white and yellow flint lowland tropical 
and subtropical germplasm adapted to terai and inner terai areas 

Rampur 2: HS families of yellow flint, downy mildew resistant 
material adapted to terai and inner terai areas. 

Arun 1: HS families of white flint early maturing type, suitable 
for mixed or sequential cropping system. 

Arun 4: HS families of yellow flint, early maturing type suit 
able for mixed or sequential cropping systems. 

The above populations were composited from local as well as 
e xot ic germplasm received from various national and international 
agencies. Several composite varieties have been released for 
commercial production (Table 3). 

In Nepal, mostly being a mountainous country, there are many 
microenviro nments which force the breeder to develop widely 
adaptable, stable varieties. At present , and following multi 
Ioca t i onal t r ials, several representative sites have been de
tecte d for testing maize as well as other crops (Table 4). 

2 _ Maize hybrids 

In the pas t, not much effort was placed on the development 
of hybrid maize, mostly due to the absence of one organization 
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that could handle the seed production and distribution in a sys
tematic manner. It was recognized that if farmers do not adopt 
improved management practices, the use of hybrids might not have 
any impact on production. However, NMDP has already initiated the 
development of inbred lines to develop hybrid maize varieties. 
The NMDP has considered the development of hybrids as one alter
native to help increase the total maize production and meet the 
targeted 1 750 000 t of maize required to fulfill the projected 
national demand by the year 2 000. 

Tab1e 3. Features of varieties rec~ended to Hepa1ese far..ers. 

variety Year Grain Maturity PIt hgt Yield Target area 
released color (days) (cm) (t/ha) 

Kakani yellow 1965 Orange 
yellow 

190-200 220-225 4-6 Elevations 
over 200 m 

Rampur yellow 1965 Bright 
yellow 

100-110 230-235 4-5 Terai and 
inner terai 

Hetauda 
site 

compo 1971 Yellow 110-120 220-225 3-4 Inner terai 

Sarlahi Seto 1975 White 110-120 260-265 506 Terai and 
inner terai 

Rampur 
composite (a) 

1975 Orange- 110-110 
yellow

230-235 4-6 Terai and 
inner terai 

Janaki Makai(b) 1979 White 150-160 195-200 5-6 Terai and 
inner terai 

Arun 2 (c) 1983 Yellow 80-90 190-200 2-3 Terai and 
valley 

Makalu 2 1985 Yellow 130-160 160-210 4-5 High and 
midaltitude 

Manakamana 1 1987 White 
yellow 

110-170 188-215 3-5 Mid hills 
over 200 m 

Rampur 2 ( a) 1989 Orange 
yellow 

105-110 150-200 3-5 Low alti 
tude terai+ 
inner 

Ganesh 2 1989 Orange 
yellow 

150-180 205-210 3-4 High hills 

a. 	 Relatively resistant to downy mildew 
b. 	 Initially released for winter cultivation in terai,also found 

adaptable to midhills. 
c. 	 Early maturing, suitable for multiple cropping. 
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Tab1e 4. Mu1ti1ocationa1 tria1 sites in Nepa1. 

Research station Elevation Annual rainfall 
(masl) (rom) 

Doti 
Jumla 
Nepalgunj 
Lumle 
Rampur 
Khairenitar 
Kabhre 
Khumaltar 
Kakani 
Pakhribas 
Tarahara 

620 
2387 

190 
1520 

228 
525 

1700 
1360 
1858 
1227 

200 

900 
600 

1300 
5600 
2000 

1200 
2600 

800 
1700 

The NMDP is hopeful that some private organization 
might come up and undertake production and distribution of 
hybrid maize seed once a hybrid variety is tested and re
leased by this organization. 

If the conventional methods are followed, it is a fact 
that it takes approximately fourteen years to develop, test 
and release a hybrid variety. To avoid this, we have de
veloped some varietal hybrids which are now being yield 
tested. Some single crosses have also been developed using 
inbred lines developed at NMDP. These have been yield 
tested last winter (1989-1990), and observations taken in 
all agronomic characters. Having a good hybrid available to 
farmers would help in reducing the amount of hybrid seed now 
being imported from a neighboring country. 

B. Agrono:aic research 

1. Crop :.anaqe.ent 

Maize productivity in Nepal is dropping due to deterio
ration in soil productivity, erosion of top soil, and by the 
low rate of adoption of new technology by the farmer. Based 
on previous research, the following conclusions have been 
reached and were included as part of the improved package of 
practices for the farmers: 

a. A plant density of 53 000 plants/ha was found as optimum. 

b. Planting maize 
summer, though 
country. 

by 
it varies 

mid May was 
towards 

found 
the 

suita
western 

ble 
part 

in 
of 

the 
the 
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c. Planting maize by the third week of March - first week 
of April was found to be suitable for spring maize. 

d. September for inner terai and October for 
the optimum time for planting winter maize. 

terai was found 

e. Plant spacing of 75x25 cm was found to be optimum. 

f. Pre-emergence spray of 1.5-3 
found superior to hand weeding. 

kg ai/ha of atrazine was 

g. Intercropping of maize with legumes produced higher grain 
yield than sole crop of maize. 

h. Th inni n g a t 20 and 30 days after emergence (DAE) is 
reliable and not detrimental to grain yield. The fresh 
green fodder production is maximum at 30 DAE. 

i. Random detasselling of 75% maize plants/ha before pollen 
sheding proved to be beneficial because (a) it leads to 
higher grain yield and (b) it helps to provide high qua
lity (protein rich) fresh fodder for cattle. 

j. In contrast to detasselling, detopping at 30 
50% silking reduced grain yield by 36%, but 
fodder productivity was highest. 

days after 
its fresh 

2. Ferti1izer s tudies 

Fertilizer trials at the research station and on 
farmers fields show optimum maize yields at fertilizer 
levels of 90:45:45 and 45-60:30:30 kg NPK/ha for the winter 
and summer crops respectively. However, on-farm research has 
failed to show a definite response to application of either 
phosphorus and/or potassium. 

Fertilizer trials have also indicated an increasing 
problem due to z in c deficiency, especially in terai and 
i nner terai areas. Recent studies have indicated that sul
f u r in summer a n d boron in winter plantings might pe 
limiting factors to higher maize yields. 

Various research trials have shown that highest yields 
are o b tained when nitrogen is applied in two split doses, 
i.e. at planting and at knee-high stage. On-farm trials 
have shown that single side dressing of 30-45 kg N could 
suffice if compost is used as basal dressing. 

It has been reported that 45% increase in yield can be 
obtained by replacing the farmer's variety with an improved 
variety, while maintaining the same local management prac
tices. 
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c. Research on :.aize diseases. 

At least 42 causal organisms have been reported in 
Nepal. However, the important diseases which cause economic 
damage are: 

1. Ear rot (Fusarium moniliforme) 
2. Stalk rot (Erwinia §R, and Pythium ~) 
3. Downy mildew (Peronosclerospora ~) 
4. Foliar diseases: 

a. Common rust 
b. Turcicum leaf blight 
c. Maydis leaf blight 
d. Leptosphaeria leaf blight 
e. Curvularia leaf spot 
f. Banded leaf and sheath blight 
g. Late wilt 

Ear rot is mostly common in the higher hills. Damage as 
high as 40-80% has been reported in some varieties. Kakan~ 
local has been found to have a high degree of resistance to 
the pathogen. A chemical control by Dithane M-45 has proved 
to be very effective, but it has not been recommended as it 
was found uneconomical. 

Stalk rot diseases were first reported in 1967-68 and seve
ral epiphytotics have been observed. Erwinia carotovora was 
found most destructive in the terai and inner terai while pythium 
aphanidermatum was more prevalent in the hills. No chemical 
control has been found to control these diseases and no resistant 
varieties have been identified. However, the NMDP has geared its 
breeding program to find out some ear and stalk rot resistant 
lines. Downy mildew was first reported in 1968 and since then 
three downy mildew resistant (DMR) varieties have been re
leased. 

Of the various foliar diseases identified in Nepal, not 
all are economically important, although some might reduce 
yield when severe damage occurs. 

D. Ento.o1ogica1 studies 

The entomological studies on maize have indicated that 
a number of insects are injurious to the maize crop. Some 
of them can reduce plant stands by damaging in the early 
stages of plant development (field crickets, seed beetles 
and wireworms) while others reduce plant vigour and cause 
significant yield losses (armyworms, stem borers) . 

In addition to that, a few insects are also responsible 
for important postharvest losses. Armyworm is the most im
portant maize pest in almost all of the hilly areas of the 
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country, whereas stem borer causes heavy losses from the 
terai to the midhill regions. 

In Khumaltar, yield losses of up to 1965 kg/ha have 
been reported in some varieties when infested with different 
insect pests. Thiodan (125 ppm), and Sevin (250 ppm) were 
found to be good grain protectants against Sitophyllus 
oryzae and sitotroga cerealella during the entire season. 
The cost:benefit ratio of protecting the seed was found to 
be 1:4. 

E. On-farJI research 

Research results and technologies developed on experi
ment stations need to be tested under farmer's fields 
conditions. A farmer will adopt a new technology if it 
proves to be better than his current farming practices and 
which results in higher income. On-farm research (OFR) is 
undertaken frequently in four adjoining districts, or com
mand areas of the NMDP. On-farm experiments include varie
ty and management trials. 

In the management trials, emphasis is given on the 
method of planting and fertilizer application. Behind-the
plow planting is a common sowing method used by most 
farmers. Observations have been done in this area and data 
is being recorded with the aim of having some recommendation 
practical for farmers. Tables 5 and 6 indicate data ob
tained from farmer's field trials in the OFR activities. 

Tab1e 5. Techno1ogy adaptation tria1s p1anted in far.ers' 
fie1ds. 

Treatments Grain yield (kg/ha) 

Udayaoyr Kabhre Lamjung Mean 

Farmers' variety + 
farmer practices 

Farmers' variety + 
improved practices 
(used 60 kg N/ha) 

Improved variety 
(Rampur comp) + 
farmers' practices 

Improved variety + 
improved practices 

2073 2328 2864 2422 

2656 2930 3382 2989 

2287 2785 4712 3261 

3132 4224 5354 5237 
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Tab1e 6. Effect of various .anaqe.ent practices in far.ers 
fie1d. 

Treatment Grain yield (kgjha) 

1979 1981 Mean 

1. Complete (Rampur composite with 
60:30:30 NPK kgjha + insect 
control + weed control + line) 
sowing 5504 4251 4878 

2. Complete (local variety + rest 
as Treatment No.1) 3377 3130 3254 

3 . Local practices (local variety + 
FYM 10 tjha + no insect control+ 
weed control + broadcast seeding ) 2500 2220 2360 

4. Local practices (Rampur composite 
+ rest as Treatment No.3) 3642 3738 3690 

After Rajbhandary, G.R. 1982. Agric. Tech. and Adaptation. 

F. Seed production progra. 

The impact of a new variety in a country's crop produc
t i on can only be noticed when there is an adequate seed pro
duction and distribution system. Good quality seed of a new 
variety should be made available to the farmer as soon as it 
is released by the official institutions. 

f or 
In Nepal, 

maize OPV's 
t he seed production and 
involves three sectors: 

distribution scheme 

a. 
b. 
c. 

The breeding i nstitutions and certifying agency, 
The Agr icultural Input Corporation, 
Private seed growers. 

Breeder's and foundation seed is produced and main
tained by the b reeding inst itut ions . The AIC is given foun
dation seed which is distr ibuted to its contract g rowers for 
mult ip l icat ion o f certified seed, which is ultimately sold 
t o the f armer t hrough AIC and other private agencies. These 
growers, howeve r, are few and most have of them in inade
quate seed processing and storage facilities. until recent
l y on e private s ee d comp a ny ha s expressed interest in 
market ing varieties deve loped by the public institutions. To 
make seed available l ocally, the Private Producers-Sellers 
progr am (PPS ) has been init i ated in several districts where 
seed is produced by one f armer in one locat i on and usually 
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sold to farmers in that locality. Supervision is done by the 
Agricultural Extension Office staff and no certification is 
needed. This program is gaining popularity and several dis
tricts have shown interest in following the proposed pro
gram. It is expected that this will help in alleviating the 
quality seed production and distribution, rather than doing 
it through one central agency as it has been done in the 
past. 
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BAIZE BREEDDfG FOR STRESS TOLERANCE 

1/ 1/ 2/ 3/ 3/
M. Saleem K. Khan- , M. Aslam- , M. Afzar- , B. Alwl 

Maize is the third most important crop of Pakistan. It is 
the primary crop in a majority of the farming systems and the 
staple food of the rural populations in much of the NWFP, the 
major maize producing province of the country. The demand for 
maize has increased rapidly over the past decade due to 
expansion in the national poultry and livestock industries. 

Environmental and biological stresses limit maize production 
in Pakistan. All maize in this country is grown under stress 
conditions. Therefore, breeding for tolerance to such stresses 
becomes an important job of the breeder. While incorporating 
stress tolerance, it is important to maintain high yield and 
other desirable agronomic characteristics as well. The breeder 
must develop methods and techniques to insure that stress occurs 
and that selection effectively differentiates and selects 
genotypes. 

The most important stresses that occur in the major maize 
growing areas of the country are drought, high temperature (in 
plains), low temperatures (in mountain areas), maize stem borer, 
shoot fly and cut worm, traditional use of dual purpose maize 
varieties (grain, green and dry fodder), use of very high plant 
density, requirement for very short duration varieties, (in the 
NWFP) , stalk rots and foliar diseases, weeds, nutrient (N) 
deficiencies, saline and alkali soils, water logging, compact 
soils (low oraganic matter content), etc. 

Drought stress 

About 40% of maize in Pakistan is grown under rainfed 
conditions. Rainfall during the growing season is inadequate in 
quantity and distribution. Periods of moisture stress during 
different growth stages are almost inevitable. Maize crop 
generally face moisture stress towards the end of the growing 
season. Very short duration varieties are preferred in these 
areas to escape periods of drought at maturity. 

Research work on drought resistance is in progress at the 
Natl. Agric. Res. Centre (NARC), Islamabad. Population 20 is 
being selected at NARC under rainfed conditions. Selection 
criteria are for short anthesis-silking interval (ASI) and high 
grain yield. Entries selected in this population were 7-10 days 

1/ Cereal Crops Res. Inst. (CCRI), Pirsabak, Nowshera, Pakistan. 
2/ National Agric. Res. Centre (NARC), Islamabad, Pakistan. 
3/ Maize & Millets Res. Inst. (MMRI) , Yousafwala, Pakistan. 

129 



earlier in 50% silking and yielded 500-1000 kg/ha more grain 
compared with the original population. 

High teaperature 

Two growing seasons per year are available in most of the 
plains areas where maize is produced in Pakistan. The spring 
season begins towards the end of February or early March as soil 
temperatures rise to 10 C or more and lasts until harvest, in 
late June to mid July. Early in the season temperature remains 
relatively cool. However, temperature usually reach as high as 35 
to 40C at pollination time and higher during the grain filling 
period. Tassel blasting and/or leaf firing due to severe heat 
and moisture stress is common. A lot of maize particularly in 
the Punjab is also grown in this season. 

The main or kharif season is from early June through end of 
November. Temperatures in the plains remain very high until mid 
September (25-45C). Research on heat tolerance is not being 
carried out but there is evidence that freeze tolerance is linked 
with heat tolerance (Gardner, 1986). 

Breeding for ear1iness 

Early maturing varieties/hybrids are needed in all parts of 
the NWFP and in most of the Punjab for a number of reasons. In 
our multitrait selection study, days to 50% silking for the 
original population were significantly more than any of the 
selected populations using two methods of selection (Table 1). 
Selection for earliness was accompanied by reduction in yield in 
the first cycle where more weight was given to earliness as 
compared to other traits such as yield, disease resistance, plant 
and ear heights, etc. Troyer (1975) also reported that decrease 
in silking was accompanied by decrease in kernel moisture, plant 
and ear height and grain yield. Both methods in this study 
appear to have successfully reduced maturity. The rate per cycle, 
however, is smaller as compard to selection for maturity alone as 
reported by Troyer (1972) and Brown (1976). 

Co1d to1erance 

It is estimated that approximately 200 000 ha are planted to 
maize in the highlands of Pakistan. The maize growing season in 
the uplands is cool and short. Research work on screening of 
cold tolerant germplasm is underway at CCRI (Cereal Crops Res. 
Inst.), NARC (Natl. Agric. Res. Centre) and MMRI (Maize and 
Millets Res. Inst.). Different sources of germplasm have been 
screened for cold tolerance in the winter and evaluated in the 
uplands for yield, maturity and adaptation. Two CIMMYT highland 
genotypes (Batan 8687E and Pool lOA) were identified by CCRI to 
be early maturing, cold tolerant and high yielding in the uplands 
in addition to their resistance to temperate diseases. Data on 
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germplasm screening for cold tolerance at NARC are presented in 
Table 2. Progenies have been selected from CIMMYT Population 45 
(Amarillo Bajio), Shanheen, local highland germplasm & New 
Zealand synthetics on the basis of their ability to germinate at 
low temperatures, percent survival and vigour. The selected 
progenies will be tested and evaluated for yield and other 
desirable agronomic characters. 

Tab1e 1. Mean grain yie1d and days to 50% si1king of origina1, 
popu1ation, experi.enta1 varieties and synthetic cyc1es of 
se1ection in a .u1titrait se1ection scheae. 

population Grain yield Days to 
(kgjha) 1:.1 silking 

co 6970 a 55.0 a 
Full-sib Sel. 
EVI 5250 fe 52.5 bcd 
EV2 6055 bcde 52.8 bc 
EV3 6865 ab 52.5 bcd 
Syn C1 5705 cde 51.8 bcd 
Syn C2 6620 abc 51. 0 d 
Syn C3 6520 abc 53.0 b 

Machete mass selection 
EVI 6030 bcde 51. 3 cd 
EV2 6200 abcde 52.5 bcd 
Syn C1 5480 de 52.0 bcd 
Syn C2 6150 abcd 52.0 bcd 

~j Means within same column followed by same letter are not sig
statistically different at 5% level of probability. 

Maize stea borer (Chi10 parte11us) &: Shoot f1y (Atherigona sp.) 

Selection for borer tolerance and shoot fly has been 
carried out at MMRI, Yousafwala, in the punjab. One hundred and 
twenty five healthy and vigorous plants were selected in each of 
the 3 experimental varieties EV 1085, EV 5085 and EV 6085. Ten 
to fifteen larvae of maize borer were placed in the whorl of each 
selected plant and observed for damage. Plants showing tolerance 
to borer and shoot fly were self pollinated. At maturity 67, 31 
& 46 damage-free plants were selected from EV 1085, 5085 & 6085, 
respectively. The Sl progenies of each EV were planted ear-to
row and again artificially infested with stern borer larvae. Data 
on shoot fly and borer damage were recorded and are presented in 
Table 3. Number of progenies showing no borer or shoot fly was 
considerably high. Only selected progenies were selfed to S2. 
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Table 2. Screening of :.aize geraplas. for cold tolerance. 

Entry Germination 8urvival Vigour 1-5 
No. (%) (%) scale* 

Pop 45 (Amarillo Bajio) 

1 100 100 2 

21 100 100 3 

71 100 100 3 

18 100 92 2 , 


4 100 92 3 


Shaheen 

84 100 85 2 
85 100 85 2 

117 100 92 2 
126 100 85 3 

92 92 100 3 

Local variety (northern areas) 

141 100 100 3 
169 100 100 3 
200 100 100 3 
206 100 100 3 
211 100 100 3 

Nev Zealand synthetics 

605 100 100 2 
606 100 100 2 
608 100 100 2 
609 100 100 3 
619 100 100 2 

* - 1: Healthy, vigorous; 5: poor growth. 

Evaluation and selection continued up to 84's. Finally, 
84's will be evaluated for borer and shoot fly tolerance using 80 
81, 82 and 83's of each EV as checks. The most tolerant lines 
will be recombined to generate insect tolerant EV's. 

Dual purpose .aize varieties 

In NWFP, maize is often grown as a dual purpose crop 
producing grain as well as fodder. This crop is broadcast 
planted at three times the recommended seeding rate, which is 
considered to be an important stress. Resulting plant densities 
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are reduced to almost half by interplant cultivation 3 weeks 
after emergence. The plant density is further reduced to 
approximately one third of the original stand by removal of 
plants for green fodder up to the time of harvest. This 
cultural practice at high plant densities provides considerable 
fodder, but it is thought to reduce grain yield. Recommended 
practices associated with reduced plant density (5-7 plants/m~) 
may facilitate increased grain yield, however it eliminates the 
possibility of providing green fodder. 

Tab1e 3. S1 se1ected proqenies shoving to1erance to ste. borer 
and shoot f1y. 

Damage EVI085 EV5085 EV6085 
(%) 

No damage 56(45)* 25(20) 42(30) 

1 - 5 6(8) 2 (5) 0(1) 

6 - 10 2(12) 3(5) 3 (5) 


11 - 20 3(2) 1(1) 1 (1) 


TOTAL 67 	 31 46 


* 	 Figures in parenthesis indicate progenies showing shoot fly 
tolerance. 

There is a strong indication that varieties developed for 
farmers will be of little use if they are not selected, developed 
and tested under relevant conditions of the farming community. 
For this reason, experiments have been conducted at two locations 
using traditional and recommended cultural practices (RCP) to 
evaluate 5 cultivars, including one local check. 

There was variation for grain yield among genotypes between 
the two cultural practices at location number 1 due to their 
response to density tolerance at various growth stages in the 
traditional cultural practice (TCP) (Table 4). Low yields of 
three full season improved varieties in the RCP at location one 
may be attributed to a lower LAI achieved by these genotypes in 
the wide row spacing compared with the more uniform spatial 
arrangement in the TCP. Local variety which is the product of 
outcrossing of local variety with the improved cultivars yielded 
less than all the improved varieties in both cultural practices 
except Shaheen, a very short duration variety. In general, 
improved cultivars performed very well under TCP primarily 
because of more uniform spatial plant arrangement and the 
improved incoming radiation at relatively cooler environment. 
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Tab1e 4. Grain yie1d (kg/ha) in tvo cu1tura1 practices at tvo 
1ocations. 

Location I 	 Location II 

TCP RCP TCP RCP 

Main plot 5690 5130 6510 6096 

Sarhad White 6710a 5300a* 6340a 6610a 
Ehsan 6700a 5880a 7150a 6430a 
Azam 6360ab 4850a 6630a 6160a 
Shaheen 3830c 4620a 6170a 5090b 
Local variety 4840bc 5020a 6240a 6140a 

* 	 Means within a column followed by the same letter are not 
statistically different at 5% level of probability. 

Significantly higher stover yield of three improved 
varieties in the TCP at location 1 (Table 5) may be due to the 
attainment and development of leaf area early in the season to 
exploit relatively high net assimilation rate (NAR). At location 
2, the stover yield pattern for all genotypes followed the LAI 
pattern in the RCP and TCP with small changes due to genotype x 
environment interaction. A relatively high NAR early in the 
season is required to maximize the total yield per unit land area 
through the early and rapid development of leaf area. Similar 
observations were reported by Eddowes (1969). The timing and 
intensity of competition as a function of plant density and other 
factors significantly affects total dry matter production and dry 
weight distribution among different plant fraction during various 
stages of growth. Greater interplant competition in hybrids than 
in inbreds and at high densities than in low densities has been 
reported by Francis (1978). 

Dry weight of forage was estimated at different stages of 
growth and development at 20, 35 & 50 days after emergence in 
both locations. Leaf area per plant showed a medium positive 
correlation with forage dry weight at early and late stages, and 
a weak positive correlation at the intermediate stage (Table 6). 
LAI was found to have a medium positive correlation at late 
stages and little or no correlation at early stages. 

Most plant characters showing significant differences among 
genotypes also showed significant positive correlation with grain 
and stover yields (Table 7). LAI, ear length, plant height, 
tassel branch number, and kernels/m£ demonstrated positive 
correlations at both locations. 
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Tab1e 5. stover yie1d (kg/ha) in two cu1tura1 practices at two 
1ocations. 

Location I Location II 

TCP RCP TCP RCP 

Main plot 
Sarhad White 
Ehsan 
Azam 
Shaheen 
Local variety 

5460 
5830ab* 
6930a 
6680a 
3900b 
3960b 

5790 
6190a 
6440a 
5600a 
5210a 
5330a 

7060 
9130a 
7030ab 
7280ab 
5320b 
6560b 

6960 
7780a 
7330ab 
7480ab 
5340b 
6860ab 

* 	 Means within same column followed by the same letter are not 
significantly different at 5% level of probability. 

Tab1e 6. Corre1ation between dry weight and phenotypic 
characters in traditiona1 cu1tura1 practices at two 1ocations. 

Location I 	 Location II 

Days after emergence 

20 35 50 20 35 50 


---------Correlation coefficient------- 

Leaf area 0.50* 0.47* 0.54** 0.35 0.06 0.27 
Leaf area index 0.42 0.50** 0.48* 0.38 0.19 0.05 
Plant height 0.31 0.34 0.46* 0.06 0.41 0.33 

*, 	 **: Significant at 10% and 5%, respectively 

Partia1 budget ana1ysis 

Changes observed in the net benefit of the genotypes in the 
two management practices may occur as one important item of 
benefit (green fodder) is being lost by changing from one 
production alternative to another. Table 8 shows the effect of 
changing from traditional to recommended production methods. 
Wheat that means for benefits is that you must identify all 
items which (1) have a positive value to the farmer, and (2) 
which change from one treatment to another. When evaluating 
total production of maize, the amount used as animal feed must be 
included in the partial budget. 
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Table 7. Correlation between grain/stover yield and phenotypic 
characters in the traditional cultural practice. 

Location I Location II 

Grain stover Grain stover 

Correlation coefficient 

Leaf area index 0.72** 0.60* 0.61** 0.56** 
Days to 50% silk 0.43** 0.36* 0.46** 0.64** 
Leaf area 0.61** 0.64** 0.47** 0.69** 
Plant height 0.61** 0.49** 0.35* 0.56** 
Tassel branch number 0.55** 0.41* 0.43** 0.62** 
Barrenness - 0.05 - 0.11 
Pollen - silking interval 0.30 0.39* 
Kernelsjm 0.76** 0.61** 

*,** Significant at 5% and 1% probability levels, respectively. 

Table 8. Partial budget of averaged data fro. the two experi
JleIlts. 

Yield (kgjha) Gross benefit Total Index 
(rupeejha) gross related 

Treatment benefit to 
GraIn-Gree:n-S~T~ Grain--Gr-een--S:T~(Rpsjha) farmer's 

Fodder Fodder practice 

Faraer's practice 

Local var. 4986 1341 
Sarhad White 5873 1606 
Ehsan 6233 1685 
Azam 5846 1502 
Shaheen 4500 1260 

Reco_ended practice 

Local var. 5022 
Sarhad White 5360 
Ehsan 5540 
Azam 4955 
Shaheen 4370 

5260 
7480 
6980 
6980 
4610 

6195 
6985 
6885 
6540 
5275 

8975 
10571 
11219 
10522 

8100 

9040 
9647 
9971 
8918 
7865 

1341 
1606 
1685 
1502 
1260 

2630 
3740 
3490 
3490 
2305 

3098 
3493 
3443 
3270 
2638 

12946 100 
15917 119 
16394 121 
15514 117 
11665 92 

12138 93 
13140 101 
13414 103 
12188 94 
10503 77 
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Question to Mohammad Saleem 

From 

Q. 

Ans. 

From 

Q. 

Ans. 

G. Edmeades 

What maize yield losses are associated with soil 
salinity in Pakistan? 

There is no published data on yield losses due to 
salinity in Pakistan. 

H. Eagles 

Your improved varieties are superior under both 
traditional and recommended cUltivation methods. Do 
you think you can make further gains under traditional 
conditions by selecting under high densities? 

Yes, increasing LAI in the improved varieties may 
further improve yields slightly when using traditional 
cultural practices under Swat conditions where cooler 
temperatures and good radiation are available. 
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From 

Q. 

Ans. 

S. K. Kim 

What percentage of farmers are planting at high 
densities? Do you expect this may change sometime when 
farmers face labor shortage? 

With few exceptions, all farmers plant thick and then 
keep on thinning throughout the entire growing season. 
These are sUbsistance maize growers and use family 
labor to do the job. I do not think this practice will 
change unless his fodder requirements are meet. 
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STRESS ENVIRORKKNTS AND AGROlfOMIC PROGRAMS FOR 

CORM' PRODUCTIOIf I1f THE PHILIPPI1fES 


Henry P. Samonte and Apolonio M. Ocampo 

Abstract 

Corn has recently become the most widely cUltivated crop in 
the Philippines. Total area planted to maize has increased from 
3.38 m ha in 1982, to 3.69 m ha in 1989. Although production 
increased for the same period, it was not sufficient to meet the 
demands for food, feeds, seeds, manufacturing and other uses. 

The occurrence of stress environmeents, e.g., typhoons 
and/or floods, drought, pests, diseases, rats and other rodents, 
acidity and low soil fertility has greatly contributed to lower 
productivity. These major stress conditions affected 125 370 ha 
in 1986 causing a production loss of 75 600 t. In 1989, the 
affected area covered 8 965 ha resulting in a loss of 10 243 t. 

The short term government action program has initially been 
anchored on the use of certified seeds of high yielding open 
pollinated varieties (OPVs) and hybrids and use of fertilizer. 
The research and development component focuses on the following 
inter alia: a) development of OPVs and hybrids with higher yields 
and greater resistance to pests, diseases, adverse soil and other 
environmental conditions; b) integrated pest management; c) effi
cient use of soil and water resources; d) improvement of corn 
based cropping system. 

There is still a great need to develop more effective tech
nOlogies to overcome or effectively control/minimize the environ
mental constraints to corn production and at the same time sus
tain the efficient utilization and conservation of resources 
needed for the production of this important crop. 

I _ Introduction 

Corn is the second most important cereal crop in the Philip
pines. Approximately 25% of the population depend on corn as 
food supplemented with rice. In specific corn growing regions 
this proportion may rise to 70%. As much as 67% of the corn 
output is primarily used as feed or ingredients of feed rations 
for poultry and swine. 

Professor and Chairman, Dept. of Soil Sci., College of Agric. 
and Univ. Researcher, Inst. of Plant Breed., U.P. Los Banos, 
College, Laguna, Philippines. 
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The area cultivated to corn increased from 3.38 m ha in 1982 
to 3.69 m ha in 1989, exceeding the hectarage for rice (Table 1). 
For the same eight year period, the rice area incrased from 3.35 
to 3.50 m ha. Hence, in 1989 corn became the most widely culti
vated crop in the Philippines surpassing also coconut grown in 
3.11 m ha. 

Tab1e 1. Area cropped to corn and rice froa 1982-1989 (000 hal. 

Year Corn Rice 

1982 3 383 3 351 
1983 3 132 3 054 
1984 3 227 3 162 
1985 3 512 3 306 
1986 3 595 3 464 
1987 3 683 3 256 
1988 3 745 3 393 
1989 3 745 3 497 

Bureau of Agric. stat., PCARRD. 

The supply and demand of corn according to uses indicate 
that for t he eight year period the demand always exceeded the 
production, hence importation was needed. For example the total 
production in 1989 was 4.52 m t. while the demand for food, 
feeds, seeds and other uses was 4.64 m t. giving a deficit of 
122 000 kg. (Tables 2, 3). 

Tab1e 2. Area, production, average yie1d, va1ue of production on 
corn. 198 2-1989. 

Year Area Production Yield Production value 
(000 ha) (000 t) t/ha (million pesos *) 

1982 3 383 3 404 1. 00 4 343 
1983 3 132 3 134 1. 00 4 339 
1984 3 227 3 250 1. 00 7 717 
1985 3 511 3 863 1.10 10 795 
1986 3 595 4 091 1.14 10 259 
1987 3 682 4 278 1.16 12 177 
1988 3 745 4 428 1.18 13 062 
1989 3 745 4 522 1. 21 17 379 

Bureau of Agric. Stat. , 1988-89. 
* Exchange 1 US$ = Peso 22.0 
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The supply of corn was increasing at an annual rate of 3.3% 
from 1981 to 1982. In contrast, its demand was increasing at 
3.28% per annum. The highest percentage growth being registered 
for the demand for feed had an increase of 5.2%. This increment 
was related to the increase in livestock production at 10.3%. 

Tab1e 3 _ SUpp1y and. de:.and of corn accordinq to source and uses, 
1982-1989. 

Supply (000 t) Demand (000 t) 
Year 

Produc- Imports Total Food Feed & Seeds Total 
tion others 

1982 3 404 341 3 745 994 2 655 68 3 717 
1983 3 134 528 3 662 952 2 593 63 3 608 
1984 3 250 182 3 432 950 2 556 64 3 570 
1985 3 863 281 4 144 1 000 2 324 70 3 894 
1986 4 091 158 4 249 968 3 241 72 4 281 
1987 4 278 55 4 333 1 018 3 253 74 4 345 
1988 4 428 25 4 453 1 027 3 288 75 4 390 
1989 4 522 179 4 701 1 052 3 515 76 4 643 

Bureau of Agric. Stat. , 1980. 

Philippine Agribusiness Factbook and Directory, 1988-89. 


The projected low and high demand from 1990 up to 1995 is 
shown in Table 4. A comparison with the projected production for 
the same period shows that under low demand, shortages will range 
from 384 000 to 500 000 t. Under high demand for grain, the 
shortage increases from 563 000 to 2 065 m t. The low demands 
were based on the trend for the last 10 years (1980-89) which 
showed an annual growth rate of 0.8% for food, 5.2% feeds, 6.5% 
manufacturing and 1.9% seeds. The high demand took into account 
the annual growth rate of the livestock and poultry industry 
which was 10.3%. 

The projected corn shortage from 1990 to 1995 may be over
come by either increasing the yield of corn per unit area or by 
increasing the area cultivated. Considering these two options 
the former is more feasible since the latter has to compete with 
the demand for lands by real estate, industries, housing and 
infrastructure development. The control or minimization of the 
effects of stress environments enhances the possibility of sol
ving the shortfall in production. To satisfy the low demand for 
1990, an average yield of 1.36 tjha should be attained at the 
present hectarage of corn production. The average yield required 
to meet this type of demand by 1995 would be 1.68 tjha. On the 
other hand for the high demand situation, the average yield 
should be in the order of 1.40 tjha in 1990. To meet the demand 
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in 1995, the average yield should be raised to 2.10 t/ha. Both 
of these projections are well below the high yield levels of 
present corn varieties under good management conditions. Yield 
levels as high as 6.0 t/ha are attainable. 

Tab1e 4. Maize supp1y and demand projection, 1990-1995. 

Demand Production Shortage 
Year (000 t) (000 t) (000 t) 

~y High II Low High 

1990 5 099 5 278 4 716 384 563 
1991 5 320 5 706 4 919 402 788 
1992 5 551 6 175 5 131 421 1 045 
1993 5 795 6 693 5 351 445 1 343 
1994 6 051 7 261 5 351 471 1 680 
1995 6 321 7 887 5 582 500 2 065 

Based on demand trends (1980-88) 

Based on annual growth rate of the livestock and poultry 

industry, 1986-89. 

After PCARRD, 1990. 


II. Area of corn crop affected by stress environ.ents and 
production 1osses, 1986. 

The major environmental stress conditions that contributed 
to a lowering of corn production in the Philippines were typhoons 
and floods, drought, pest and diseases, rats and other rodents 
(Baecon 1986, 1989). Table 5 shows the estimated area affected 
by the stress environments in 1986 and 1989. Any of these 
conditions can cause total crop failure if the occurrence is 
severe. Yield reductions attributed to these adverse conditions 
have contributed to the perennial shortages of corn supply that 
led to the yearly importation already mentioned. It is important 
that such importation be checked or reversed within a few years 
as it is contributing to the draining of the foreign exchange 
reserves of the country. 

An average of 16 typhoons hit the country every year brin
ging great losses to corn production. In 1986, the series of 
typhoons and floods and some accompanying floods after heavy 
rains damaged 34 590 ha of corn (Table 5). Greater losses were 
inflicted by insect pests and diseases, and drought which affec
ted 43 260 and 46 920 ha, respectively. The total yield loss in 
1989, which is lower, represents only a six month period of 
available data. 
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Table 5. Estiaated affected area and production losses due to 
various causes during 1986 and 1989. 

1986 1989 
Cause 

Area Loss Area Loss 
(ha) (tons) (ha) (tons) 

Typhoon and flood 34 590 25 165 4 495 8 473 
Pests and diseases 43 260 13 890 600 1 292 
Drought 46 920 36 435 230 462 
other cau ses* 600 110 10 16 
Total 125 370 75 600 5 335 10 243 

* 	 Include rats and other rodents, earthquakes, deteriorating 
peace and order conditions, and inaccurate application of 
chemicals. 

Source: Bureau of Agric. Econ., Manila. 

The overall effects of the different stress environments in 
1986 in each region are presented in Table 6. Overall causes, 
the Cagayan Valley region had the most extensive damage with 36 
640 ha affected. This resulted in a production loss of 31 825 
t. valued at Peso 88.04 m (lUS = Peso 22.0). The next region 
that was heavily affected was northern Mindanao with 34 590 ha 
and a production loss of 18 225 t. valued at P 52.92 m. 

Table 6. Esti.ated area affected and production losses due to 
various causes by region (1986). 

Region Area affected Production loss Value 
(ha) (t) (P x 000) 

Philippines 125 370 75 600 201 807.8 
Ilocos 2 280 875 2 673.5 
Cagayan Valley 36 640 31 825 88 037.0 
Central Luzon 60 30 70.9 
Southern Tagalog 550 440 1 053.8 

Bicol 22 260 4 225 12 672.0 
western Visayas 120 45 129.9 
Central Visayas 1 300 280 808.3 
Eastern Visayas 5 150 1 390 3 938.4 
Western Mindanao 100 25 89.3 

Northern Mindanao 34 590 18 225 52 925.4 
Southern Mindanao 6 880 1 150 3 094.1 
Central Mindanao 15 440 17 090 36 315.2 

Source: Bureau of Agric. Econ., Manila. 
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Table 7. Estimated area affected and productlon losses due to drought (1986) 

Area affected (ha) Production loss 

Region Total Partially Totally Ton 50 kg Pesos 
damaged damaged bags (000 P) 

Philippines 46 920 45 700 1 220 35 435 728 700 102 012.8 
Hoeos 2 230 2 000 230 850 17 000 2 548.5 
Cagayan Valley 35 530 35 320 210 31 335 626 700 86 504.4 
Central Luzon 0 0 0 0 0 0 
Southern Tagalog 480 190 290 400 8 000 898.2 

Bicol 4 740 4 640 100 2 910 58 200 9 312.4 
Western Visayas 100 100 0 25 500 66.9 
Central Visayas 460 300 160 120 2 400 326.6 
Eastern Visayas 3 200 3 080 200 770 15 400 2 266.5 
Western Mindanao 100 70 30 25 500 89.3 

Northern Mindanao 0 0 0 0 0 0 
Southern Mindanao 0 0 0 0 0 0 
Central Mindanao 0 0 0 0 0 0 

Source: Bureau of Agric. ECOD.) Manila. 

Table 8. Estimated area affected and production losses due to pest and diseases 
(1986) 

Area affected (ba) Production loss 

Region Total Partially Totally Ton 50 kg Pesos 
damaged damaged bags (000 P) 

Philippines 43 260 41 630 1 630 13 890 277 800 39 615.6 
!locos 0 0 0 0 a 0 
CagayaD Valley 750 750 0 375 7 500 1 125.0 
Central Luzon 0 0 0 0 0 0 
Southern Tagalog 30 20 10 15 300 58.6 

Bicol 9 150 9 060 90 290 5 800 859.1 
Western Visayas 0 0 0 0 0 0 
Central Visayas 140 70 70 55 1 100 136.8 
Eastern Visayas 760 540 220 195 3 900 526.3 
Western Mindanao 0 0 0 0 0 0 

Northern Mindanao 23 770 22 950 820 11 040 220 800 32 090.8 
Southern Mindanao 6 040 5 830 210 765 15 300 2 081. 2 
Central Mindanao 2,620 2 410 210 1 155 23 100 2 737.8 

Source: Bureau of Agric. ECOD., Manila. 
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Table 9 . Estimated area affected and production losses due to typhoon and flood 
( 1986) . 

Area affected (ha) Production loss 

Region Total Partially Totally Ton 50 kg Pesos 
damaged damaged bags (000 P) 

Philippines 34 590 23 040 11 550 25 165 503 300 59 837.1 

Ilocos 50 0 50 25 500 125.0 

Cagayan Valley 360 350 10 115 2 300 407.6 

Central Luzon 60 0 60 30 600 70.9 

Southern Tagalog 40 10 30 25 500 97.0 

Bicol 8 270 7 910 360 990 19 800 2 405.7 

Western Visayas 20 0 20 20 400 63.0 

Central Visayas 200 170 30 30 600 97.4 

Eastern Visayas 1 100 820 290 425 8 500 1 145.6 

Western Mindanao 0 0 0 0 0 0 

Northern Mindanao 10 820 7 490 3 330 7 185 143 700 20 834.6 

Southern Mindanao 840 680 160 385 ,.., 700 1 012.9I 

Central Mindanao 12 820 5 610 7 210 15 935 318 700 33 577.4 

Source: Bureau of Agric. Econ., Manila. 

~n 198~, the effects of each environmental stress by region 
are glven ln Tables 7, 8, 9 and 10. Regions with extensive 
drought damage wer~ Cagayan Valley (35 530 ha), Bicol (4 740 
hal and eastern Vlsayas (3 280 ha). The production losses in 
t~ese areas amounted to P 86.5 m, P 9.31 m and P 2.27 m respec
tlvely. ' 

145 




The pest a nd disease damages were very extensive in northern 
Mindanao (23 77 0 hal , Bicol (9 150 ha ) and south e rn Mindanao (6 
040 h a ). The production losses were P 32.09 m, P 0. 86 m and P 
2.08 m, respectively (Table 8) . 

Extensive damage d ue to typhoons and/or f l o ods in 1986 
occurred at c en t ra l Mi n d anao ( 1 2 820 ha), norther n Mindanao 
( 1 0 , 8 20 h a ) a nd Bicol (8,270 ha). Production losse s in these 
a r eas were valued a t P 33.58 m, P 20.83 m and P 2.40 m, respec
tively (Table 9). 

Damages due t o r ats, r odents and other causes were r eported 
f or c entral Visayas ( 5 0 0 ha) a n d Bico l (1 00 h a ) . The yiel d 
reduct ions were wor th P 247 500 and P 4 800, respectively (Table 
10) . 

Tab1e 10. Est1aated area affected and producti on 10sses due t o 
other causes, 1986. 

Area affected (ha) Production loss 
Reg ion 

Total Partially Totally ton 50 kg Pesos 
damaged damaged bags (000 P) 

Philippines 
Ilocos 
Cagayan Valley 
Ce ntral Luzon 
Southern Taga log 

600 
o 
o 
o 
o 

560 
o 
o 
o 
o 

40 
o 
o 
o 
o 

110 
o 
o 
o 
o 

2 200 
o 
o 
o 
o 

342.0 
o 
o 
o 
o 

Bicol 
Western Visayas 
Central Visayas 
Eastern Visayas 
Western Mindanao 

100 
o 
o 
o 
o 

60 
o 
o 
o 
o 

40 
o 
o 
o 
o 

35 
o 
o 
o 
o 

700 
o 
o 
o 
o 

94.8 
o 
o 
o 
o 

Northern Mindanao 
Southern Mindanao 
Central Mindana o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

Source Bureau of Agric. Econ., Manila o 

III. Crop area a ffected. by stress envirOQJIents, 1989 and 1 9 90. 

A total of 4 495 ha were t otally damaged by typhoons and/ o r 
f loods in the regions o f southern Tagalog to central Mi ndanao 
(Ta b l e 11). Damage due to dr ought occurred mostly in Region 12. 
Pests and d iseases damaged 600 ha in Regions 5 and 12. It is 
a pparent that f or th is cropping season the extensive damage was 
primarily i n central Mindanao o 
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The t otal amount of yield loss on account o f the variuos 
s tress e nvironments i n central Mindanao was 9 492.7 t. The con
tribution by each k i nd o f s t ress was 7 908 t ., 462 t, 1 107 t. 
and 16 t. , respec t ively, f or floods and/or typhoon, drough, p e sts 
and diseases, and rats and other (Table 12). 

The mos t rece nt effects of stress environments on c o r n are 
given in Table 13. From J une 15-21, the damage was mostly caused 
by typhoons in f our pr ov i nc es. The production loss of 751 t. had 
a va l ue of P 3.35 mil l ion. Between J une 22- 28, 3 ha were infes
ted by s temborer in Region 3 causing a yield loss of 13 t. 

From June 29-August 2, the f ol lowing environmental problems 
occurred in fou r r e g ions : t yphoons damaged 155 ha in Cagayan. As 
of Augus t 2, 1 500 ha of c orn in Agusan del Sur were abandoned by 
f armer s d u e to deteriorating p eace and order situation. In 
Bukidnon, the white and yellow corn area damaged by various pests 
were : 7 0 h a by si l kworm and armyworm, 92 ha by corn borer and 6 
ha by rats. The infested areas without value are still at the 
reproductive sta ge . 

From August 3-9, other municipalities growing corn in Bukid
non were i nfest ed by one or more kind of pests, e.g., cutworms 
a nd armyworms affecte d 80 ha at Valencia, armyworms and earworms 
d amaged 2 ha at Malaybalay, while corn borer, silkworm and ear
worms damaged 300 ha at Pangantukan. 

IV. other stress enviroJllllents affecting corn producti on 

strong acidity t o extreme acidity and low soil fertility 
have bee n long recog n i zed as constraints to high yields of corn 
i n Phil i ppine soils. Severe to strong acidity occurs in 9.6 m ha 
of upland areas, but only about 1.15 m ha are used for corn 
production. studies have shown that reduction in yield can range 
f rom 13 to 66% de p e nding on the pH. 

So ils with low f ertil i t y are associated with the orthic 
Acrisols , Dystric Nitosols an d Orthic Andosols covering approxi
mately 18.4 4 m h a . The specific areas grown to corn with these 
soi l types i n each province have yet to be surveyed. 

v. Research and develop.ent pro grams for .anage.ent of stress 
enviroDllent . 

A. Low soil fertility 

In r e cogn i t ion o f this problem, the Department of Agricul
ture t hrough i t s Corn Action Progr am included the promotion of 
h igher u s e o f f ertil izers by farmer s by subsidizing two bags of 
ure a/ha . A summa ry of the Corn Action Program is g i ven in Table 
14 . 
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-----------------------------------------------------------------------------------------------------------------

----------------- ----------------- ----------------- ----------------- -----------------

fable 11. Corn areas (hal affected by environ.ental stresses in each reqlaa, January-June, 1989. 

All causes fyphoon and Drought Pest and Others * 
flood diseases 

Region 
Affected Da.aged Affected Daaaged Affected Dalaged Affected Dmged Affected Dalaged 

--------------------------------------------------------------------------------------------------------------~--

Philippines 3 965 S 335 6 395 449S 340 230 1700 600 30 lO 
Ilocos 130 0 180 0 0 0 0 0 0 0 
Cen tral Luzon 20 0 20 0 0 0 0 0 a 0 
Southern fagalog ~O 30 40 30 0 0 0 0 0 0 
Bicol 650 156 70 31 0 0 S80 125 0 0 

Western Visayas 52 40 52 40 0 0 0 0 0 0 
Eastern Visayas 30 30 30 30 0 0 0 0 0 0 
Western Mindanao 210 &2 210 62 0 0 0 0 0 0 
Northern Mindanao 20 7 20 7 0 0 0 0 0 0 
Southern Hindanao 133 5 [33 5 0 0 0 0 0 0 

Central Mindanao 7 630 50ns 5 640 4 290 840 230 1 120 475 30 10 

* Include rats and other rodents. 
Source : Bureau of Agri. Econ., ~ani la . 

fable 12. Corn production losses (tl due to vafious causes in each region, January-June, 1989. 

Region All causes Typhoon, Drought Pests and Others* 
flood diSl!ases 

Philippines 9 944 .0 3 173.4 461.9 1 292.5 16 .2 
110cos 17.5 17.5 0 0 0 
Central Luzon 0.2 0.2 0 0 0 
Southern Tagalog 0.2 0.2 0 0 0 
Bicol 209.6 24.1 0 185.5 0 

Western Visavas IOU 101.4 0 0 0 
Eastern Visayas 36.1 36.1 0 0 0 
Western Mindanao 0.8 6.8 0 0 0 
Northern Mindanao 1LU 11.0 0 0 0 
Southern Mindanao 68.5 68.5 0 0 0 

Central Mindanao 9 m.7 7 907.6 461.9 1 107 16.2 

------------- ------------------------------------

* Include rats and other rodents. 
Source: Bureau of Agric. Econ., Manila. 
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Table 13. Corn damages by various causes, June 15 to August 9, 1990. 

Period Region, Cause Area Production Value 
Province affected loss (P x 000 

(ha) (t) 

June 15-21 Western 
Samar typhoon 540 277 .9 1 117.20 

Isabela typhoon 60 45 214.00 
La Union typhoon 50 12 48.00 
Pangasinan typhoon 240 416 1 967.70 

June 22-28 Pampanga stemborer 3 13 63.00 
Bukidnon inaccurate 

application 
of chemicals 1 

June 29 Cagayan typhoon 155 440 
July 5 Tarlac typhoon 

July 27 Agusan Sur deteriorating 
August 2 peace and 

order condi
tion 1 500 

Bukidnon (10) 
Sumilao & silkworm & 
Impasug Ong army worm 170 
Kadingilan earworm & 

cornborer 92 
Talakag rats 6 12.50 

armyworms 2 5.60 

August 3-9 Bukidnon (10) 
Valencia cutworms 20 

armyworms 60 
Malaybalay armyworms & 

earworms 2 
Pangantukan cornborer, 

silkworms & 
earworms 300 

Source: Bureau of Agric. Econ., Manila. 
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Tab1e 14. Features, target areas, materia1 requireJllent and cost 
under Phases I and II Short Tena Corn Progra. . 

Activity Target/Material Costs 
requirement Pesos 

(millions) 

A. Phase I (Apr.-Sep. 1990) 

Fertilizer subsidy 181 
362 

600 
200 

ha 
bags urea 

79.90 

Purchase of cert. seeds 2 420 t 36.30 

pilot project 6 000 ha 
130 t seeds 1. 95 

----------
Pl18.15 

B. Phas e II 
Mar . 

(oct . 
1991) 

1990

Fertilizer subsidy 121 
242 

000 
000 

ha 
bags urea 54.2 

Seed subsidy 2 420 MT 
----------

P 54.2 

(Dar and Aglibut, 1990). 

The Phase I of the program covering the period April to 
September, 1990 has three main components. These are a) fertili 
zer subsidy b) seed production and preparation, and c) pilot 
project (Dar and Aglibut, 1990). 

Under the fertilizer subsidy component of this DA Program, 
about 362 200 bags of urea will be distributed free to farmers 
whose total production area is 181 000 ha. This means a subsidy 
of P 440 per two bags of fertilizer for a total subsidy of P 79.9 
m. This component has been envisioned to raise yield by 0.6 t/ha 
over the national average of 1.2 t/ha. 

To insure the availability of high yielding certified corn 
seeds, private seed growers will be acredited to produce 2 240 t. 
of seeds for planting in Phase II of the program. The required 
subsidy for seeds is P 36.30 m. The DA guarantees the purchase 
of the seeds produced through advanced purchase order. 

The pilot project involves 6 000 ha in Cagayan Valley. This 
would require 130 t. of certified seed of OPVs that the DA will 
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purc h a s e f r om the seed growers. This s e ed sub sidy requires 
P 1. 95 m. 

The Phase II of t he Short Term Corn Program (Octobe r 19 9 0 
March 1991 ) i nc ludes the same fertilizer subsidy as i n Ph ase I 
with a n addition of a f ree bag of c ertif ied seeds. 

The amount of ur ea f ert il izer to be dis t ribu t e d will be 243 
00 0 bags. This will be used in 121 00 0 h a G A major requirement 
to quali fy f o r f ertilize r s ubsidy i s tha t t h e farme r s should be 
pla nting cert i fied seeds . The effic i e ncy o f the f ertilization 
program c ou l d be greatly i mprov e d if t h e other crit i cal nut
rient {s) or adverse soil cond i tions t o p rod u c e h i g h e conom i c 
yie l ds i n an area a r e corrected also, and t hat the ferti lizat i on 
rate i s i n accorda nce with the product ive capabil i ty of t he 
soils in an areao 

According t o the program, the continued use of fertil i zers 
and high yielding OPVs and hybrids will increase the yield by it 
over the national average. 

The Me d i um Term Corn Action Program whic h wi l l f o llow t he 
Short Term Program has the following objectives: 

a) To prov id and susta in favora b l e earn i ng prospe cts for farmers 
through lower input c osts and higher prices of out put . 

b ) To ensure adequate c o r n supp l ies f or t h e hog and poultry 
industries t hrough increased corn productivity reduced pos thar 
vest los ses, a nd more efficient r less costly transport system. 

A. 	 s t rategies and action agenda: 

a) Int ensi fy res ear ch and extension efforts centered on the 
follow i ng: 

i) 	 Develop h i gher yield i ng-disease a nd pest resista nt 
OPVs. 

ii) 	 Broaden t he adoption of improved varieti es par t i 
culary in Mindanao and Cag ayan Valley, 

iii) 	 Pr omote the use of improved postharvest techno~ 
logi es . 

b) 	 Re duce the c ost of quality i nputs 

i) Provide incentives for the production of certif ied 
seeds by seed growers, 

ii ) Encourage private hybrid seed growers to engage in 
t he production and dist ribution of improve d OPVs, 

i i i) Ensur e c ont i nued exempt i on o f fer ti l izers from 
import dut i es, 
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iv) 	 Work for the removal of the restriction on the 
importation of farm machinery and spare parts, 

v) Establish more small water impounding projects in 
the uplands and foothills. 

The Corn Research and Development Program for 1990 to 2 000 
as prepared by the National Corn Commodity Team of PCARRD in
cludes the following long term strategies for the goal of in
creasing the average national yield from 1.2 to 2.2 t/ha: 

a) develop high yielding OPVs and hybrids 
b) increase use of high yielding OPVs and hybrids 
c) improve cropping systems 
d) increase use of fertilizers 
e) reduction of l os s e s due to pest and diseases 

To provide the technologies for continued improvement of 
corn production through better management of the environmental 
constraints, the following research areas need greater attention 
and support (PCARRD, 1990): 

1) breeding for resistance to corn borer, downy mildew, 
stalk rot and adverse environmental condition, 

2 ) integrated pest management of corn 
downy mildew, stalk rot and weeds, 

borer, corn earworm, 

3) effective seed production processing mark
distribution, 

eting and 

4) determination of fertilizer recommendations for 
specific problem soils and soil types for each 
growing province, 

corn 

5) pest control in corn based cropping system, 

6) water management, 

7) screening for resistance against other insect 
and diseases, 

pests 

8) tillage practices for corn 

B) 	 Acid soils 

As mentioned earlier, there are extensive acid upland soils 
in the Philippines. This covers 9.6 m ha (IRRI, 1987) with 4.9 m 
ha having pH 5-5.5 and 4.7 m ha with pH below 5.0. The strate
gies for improving the productivity of acidic soils are use of 
acid tolerant cultivars f ertilization and liming. 
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SCreening for acid soil t olerance 

Over seven hundred entries of corn have been screened for 
acid soil tolerance and high yield. Seven potentially acid tole
rant maize genotypes previously observed to possess acid toleran
ce (Samonte et al., 1984 and 1986) were further compared with a 
new batch of entries on limed and unlimed Antipolo clay. 
The grain yields of the top eighteen selections after the second 
screening experiment are given in Table 15. 

Table 15. Grain yield of selected corn entries on l iaed and 
unli:aed Antipol0 clay during the second experillent. 

Treatment 
Relative 

Lime 	 (t/ha) yield 
o 	 3 (%) 

SMC 2 
Guadaloupe 3 
SMC 203 
SMC 305 
SMC 301 

IPB Var 1 
Pioneer 6181 
VCG 47 
Suwan 1 
CMU Red 

Panama 158 
UPCA Var 1 
Phil DMR Comp 3 
Libas Tiniguib 7 
Tinimbaga Batas 

Haiti Gp 6 
Phil DMR 3 
Dikit 

4.59 
4.23 
4. 19 
4.11 
4.07 

3 . 69 
3.56 
3.45 
3.00 
2.83 

2.41 
2.21 
1. 80 
1.80 
1. 79 

1. 65 
1.43 
0 . 43 

6.90 
4.91 
4.32 
4.31 
6.35 

4.23 
3.68 
4.39 
3.40 
3.99 

2.55 
3.17 
2.98 
1. 94 
3.37 

4.67 
2.83 
0.96 

60.3 
86.2 
97.0 
95.4 
64.1 

87.2 
96.7 
78.6 
88.2 
70.9 

94.5 
69.7 
60.4 
92.8 
53.1 

35.3 
50.5 
44.7 

Blanket application of 240-480-240 kg N-P 0 K O/ha. 

Three acid soil tolerant selections from the previous pro
ject are in the top 50% of the entries, SMC 203, IPB Var. 1, and 
Suwan 1. 

Based on t he relative yields, the high yielding-potentially 
acid tolerant entries may be grouped as follows: 

a) 	 High absolute yield and high relative yield. These 
may be considered to be the least affected by acidity 
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in the group of high yielders. Yield reductions are 
less than 20% e.g., Guadaloupe 3, SMC 203, SMC305, IPB 
Var. 1, Pioneer 6181, and Suwan 1. 

b) 	 High absolute yield and medium relative yield. These 
have yield reductions of 20-30% and are considered to 
be moderately affected by acidity. The example is 
XCG 47. 

c) 	 High absolute yield and low relative yield. Under 
unlimed conditions, these have yield reductions ex
ceeding 30% and therefore are the most sensitive in 
the group. The examples are SMC E2 and SMC 301. 

Genotypes in the first group are considered to be the most 
tolerant and capable of producing reasonable yields in very 
strongly acid soils. 

The data also indicate that corn varieties with high yield 
potential in limed soil do not necessarily produce as much yield 
under extremely acidic soil condition, e.g., SC 301, Tinimbaga 
Batas and Haiti Gp.6. 

To1erance to A1u.i.mm and pH of SOIle Jlaize qenotypes 

Seven potentially acid tolerant genotypes from acid scree
ning experiments in the Philippines (Samonte et al., 1984, 1986) 
were evaluated by Jariel (1989) for tolerance to Al and low pH 
using culture solution. The composition of the nutrient solution 
is given in Table 16. The changes in pH were minimized by expo
sing the seedlings to Al for two days, instead of 12 days, and 
using a solution pH of 4.0 instead of 4.6. 

The response to different aluminum concentrations is given 
in Table 17. Root length of each genotype decreased with increa
sing levels of AI. At 5, 10, 25 and 40 mg AI/It treatments, 
significant differences in relative root length were observed. 
Phil DMR3 was significantly and consistently more Al tolerant 
than Dikit, Kalimpos, IPB Var 1, Trinidad Gps. 1 and 2, and UPCA 
Var 1 (Jariel, 1989). 

The differential response to low pH was evaluated for 12 
days in recirculating flowing nutrient solution at pH ranging 
from 3.3- 6.7 (Jariel et al., 1990). Only the response to pH 3.3 
is presented in Table 18. Based on the relative top weights, 
Trinidad Gps. 1 and 2 and Phil DMR Comp 1 were significantly more 
tolerant to low pH than UPCA Var 1, Phil DMR3, Kalimpos and Dikit. 
The tolerance of the former to excess H+ was associated with 
higher concentrations of Mn and Fe in the tops. 

In general, among the selections, genotypes that were susce
ptible to high AI, e.g. UPCA Var1, Kalimpos were also susceptible 
to low pH (3.3). However, it was also concluded that tolerance 
to Al was not directly related to low pH based on relative top 
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weight. For example, Al tolerant Phil DMR3 was outperformed by 
the Al susceptible Trinidad Gps. 1 and 2 under extremely acid 
condition. This was true only when relative top weight was 
considered. 

Tab1e 16. composition of nutrient so1utions in 2-d.ay A1 exposure 
experiJaents y. 

Orginal/recovery Aluminum 
solution solution 

roM 

KNO 
NH SO 
CaC1 
MgSO 
HK PO 

MnSO 
CuSO 
ZnSO 
NaC1 
Na MoO 

H BO 
FeC1 
Fe (Sequestrene) 

Al [A1 (SO)] 

7.06 
0.18 
1.0 
0.5 
0.1 

uM 

2.0 
0.3 
0.8 

30.0 
0.3 

10.0 

10.0 

mg/lt 

0 

7.06 
0.18 
1.0 
0.5 

2.0 
0.3 
0.8 

30.0 
0.3 

10.0 
10.0 

0 to 40 

~ After Jariel, 1990. 

Ferti1izer needs for high yie1ds in acid soi1s 

In the 
provinces to 

early 1980's, trials 
valuate or verify the 

were conducted 
suitability and 

in eighteen 
profitability 

of fertilizer recommendations to support high yields. For the 
major nutrients, the general recommended rate was 120-60-60 kg N
P205-K20/ha. In addition to soil analysis and experiments to 
determine suitable amounts of nutrients to meet crop requirement, 
a useful guide is the uptake at high yield level. The nutrient 
uptake at various yield levels are given in Table 19. It is seen 
that the uptake for NPK closely matches the fertilizer recommen
dation to support high yields in soils with low fertility level. 
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Liaing acid soils 

To improve the pH of the soils to suit the tolerance level 
of current corn varieties, lime recommendations have been deve
loped. Some examples are given in Table 20. It will be noted 
that for the current varieties lime is recommended only if pH is 
below 5.3. 

Table 17. Relative root length of .aize genotypes after two ~ays 
of exposure to Al at pH 4.01/. 

mg AI/ It ~/ 

5 10 25 40 


(length in Al sol/length in 0 AI) 

Phil DMR 3 
Dikit 
Kalimpos 
Phil DMR Comp 1 
IPB Var 1 
Trinidad Gps.1 and 
UPCA Var 1 

2 

0.71 a 
0.56 ab 
0.52 b 
0.51 b 
0.42 b 
0.42 b 
0.41 b 

0.58 
0.51 
0.43 
0.40 
0.39 
0.39 
0.35 

a 
ab 
bc 
bc 
c 
c 
c 

0.36 
0.26 
0.27 
0.20 
0.22 
0.22 
0.23 

a 
b 
b 
b 
b 
b 
b 

0.26 a 
0.19 b 
0.19 b 
0.29 a 
0.16 b 
0.16 b 
0.15 b 

1/ 	 After Jariel, 1989. 
~/ 	 within each column, any two means having a common letter(s) 

are not significantly different at the 5% level of signi
ficance by DMRT. 
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Table 18 . Relative root lengths, weights of roots, tops and 1/ 
whole plants, and top/root ratios in :aaize genotypes at pH 3.3:

Relative values l/ 
Genotypes 

Root Root Top Whole Top/root 
length weight weight plant weight 

weight ratio 

length or weight/maximum 

Phil DMR Comp 1 
IPB Var 1 
UPCA Var 1 
Trinidad Gps.1 & 
Phil DMR 3 
Dikit 
Kalimpos 

2 

0.30 a 
0.36 ab 
0.41 ab 
0.46 ab 
0.55 a 
0.26 b 
0.36 ab 

0.82 
0.86 
0.72 
0.90 
0.70 
0.54 
0.76 

0.78 a 
0.71 ab 
0.58 b 
0.80 b 
0.58 b 
0.55 b 
0.59 b 

0.78 
0.75 
0.60 
0.81 
0.61 
0.56 
0.62 

0.76 
0.73 
0.72 
0.84 
0.78 
0.88 
0.76 

1/ After Jariel et al., 1990. 
-y 	 Relative values: computed by dividing the length or weight 

at a given pH level by the maximum length or weight obtained 
within the pH range. Any two means within a column having a 
cornmon letter(s) are not significantly different at the 5% 
level of significance by DMRT. Means without letters indi
cate no significant differences among genotypes. 

Table 19. Nutrient uptake of corn at different yield levels. 

Nutrients (kg/ha) 
Yield level Plant 

(t/ha) portion 

2.75 
(2.5-3.0) 

3.7 
(3.4-4.0) 

4.6 
(4.2-5.0) 

6.0 

(5.8-6.2) 


Whole plant 
Grain 
~ in grain0 

Whole plant 
Grain 
~ in grain0 

While plant 
Grain 
% in grain 

Whole plant 
Grain 
% in grain 

N 

51. 6 
32.5 
63.0 

76.8 
51.1 
66.5 

102.9 
70.0 
68.0 

129.9 
85.6 
65.9 

P 

20.4 
13.0 
63.7 

24.3 
19.0 
78.2 

35.4 
29.8 
84.2 

38.7 
33.9 
87.6 

K Ca Mg 

30.9 13.2 14.0 
19.8 4.6 4.3 
64.1 34.8 30.7 

46.6 18.3 20.1 
21.7 5.1 9.8 
46.6 27.9 31. 8 

69.2 22.2 20.9 
35.3 7.6 9.8 
51. 0 34.2 41.9 

87.5 24.9 23.4 
42.8 8.4 10.4 
48.9 33.7 49.3 
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Tab1e 20. Liw! requireJlellt (tons 100\ caco hal at different 
pH 1eve1s for se1ected soi1s grown to corn under 1ocation 
specific conditions. 

Soil 	pH 
Soil 	type and location 

5.3 5.2 5.0 4.8 4.6 4.4 4.2 

Adtuyon clay 
Malaybalay, Bukidnon 0.0 0.5 1.5 2.3 3.0 3.7 

Adtuyon sandy clay 
Monolo Fortich, Bukidnon 0.0 1.2 3.5 5.2 

Tugbok sandy clay loam 
Toril, Davao city 0.0 0.6 1.4 2.2 2.8 3.4 

Cagayan sandy loam 
Cagayan, Isabela 0.0 0.8 2.2 3.0 3.8 

Lipa clay loam 
College, Laguna 0.0 1.5 4.8 7.8 9.0 

San Manuel loam 
Abra de Ilog, Occidental 0.0 
Mindoro 

0.6 2.0 3.6 5.0 6.6 

Jesaan clay 
Claveria, Misamis 
Oriental 

0.0 0.6 1.8 3.0 4.4 5.8 7.4 
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BREEDIlIG FOR EARLY MATURITY: All APPROACH TO HIGHER 
PRODUCTIVITY OF CORN III CAGAYAlI VALLEY REGION. 

}/
V.C. Perdido and S.C. Tumamang 

ABSTRACT 

A project on breeding for early maturing corn varieties un
dertaken at the DA-Ilagan Experient Station, Ilagan, Isabela, to 
develop corn varieties adapted to the drought and flood prone 
area of the Cagayan Valley and similar producing corn areas in 
the Philippines. 

After several seasons of improvement, evaluation and selec
tion of corn populations composing of local and foreign 
materials, two (2) corn varieties, IES Early white and IES Early 
yellow had been formed. Based on preliminary trials it can be 
stated that these varieties yielded significantly higher than the 
Native White Flint used as check and matured approximately at 
the same time than the check. They also yielded comparatively 
equal to the improved OPV check (IES Cn 1, a Seed-board variety). 

Introduction 

The proble.: 

Water stress is one of the many serious threats to maize 
production in the country especially in northern Luzon making 
crop productivity very low. Approximately half of the 250 000 ha 
cropped to corn in the region are prone to such environmental 
stress. To date the majority of the farmers in the region still 
grow the low yielding but early maturing native varieties which 
farmers feel could assure them of better yield when there is 
early drought during the dry season and are less exposed to 
calamities during the wet season. Available improved varieties 
offer good yield potentials when the growing conditions are 
favorable but are prone to damages caused by weather 
abnormalities and pests infestations because of their late 
maturing characteristics. 

Conditions in the area 

Close to 70% of the corn planted in Region 2 is cultivated 
along the riverflood plains and the remaining percent

1/ Breeders, Ilagan Exp. Stat., Dept. of Agric., Ilagan, Isabela, 
Philippines. 
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age in upland plains and sloping areas. In northern Luzon there 
are two well defined cropping seasons, the wet season from May to 
October, and the dry season from late November to April. 

The rainfall data recorded in the area (Fig. 1) shows that 
there is a very distinct dry season, stretching from January to 
April (monthly rainfall usually ranged from 5 to 80 mm). The 
maize crop seeded during the dry season (November plantings) are 
prone to drought stress because normally after the very heavy 
rains of November (500-700 mm) there is minimal supplemental 
rainfall during the winter and moisture stored in the soil is 
only sufficient to provide the water required by the maize plants 
up to flowering stage. 

The very heavy precipitation of November, often causes 
flooding of the newly planted maize crop. Therefore the dry 
season maize crop can suffer water logging at the seedling stage 
and drough at flowering stage. Crop planted in the wet season 
(late April, early May) in some years suffers from water logging 
because of the typhoons expected as early as June-July, although 
the majority of them occur near November. 

Early planting of the dry season (winter) does not seem to 
offer advantage because the cropping pattern has long been 
established and it is not customary for the farmers to start 
working their land until the November floods have receaded and 
the soil is dry enough to cUltivate. 

Possib1e so1utions 

Several approaches have been proposed such as effective uti 
lization of water by crops via good water management, and early 
planting using zero tillage or reduced tillage plus effective 
weed control. Another approach can be the development of early 
maturing corn varieties which can reach maturity before the 
occurrence of moisture stress. Such varieties would be less 
prone to calamities (typhoons and floods) during the wet season. 
Development of drought and water logging resistant varieties 
would be a better alternative, but as a first approach and while 
looking for sources of stress resistance, breeding for early 
maturing varieties will be considered. 

Objectives 

1. 	 To develop early maturing high yielding white flint and 
yellow corn populations with downy mildew resistance. 

2 . 	 To develop early maturing maize varieties that could be 
grown productively in the Philippines, specifically 
Cagayan Valley region and which are acceptable to the 
farmers. 
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Fig. 1. 	 Average rainfall in the Cagayan Valley area. For the period 
1961-1989. 

Source: 	 Department of Agriculture, Ilagan Experiment Station, Ilagan, 
Isabela, Philippines. 

S Start of planting season for maize. 
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Review of literature 

Hurd (1975) had mentioned that several agronomic and physio
logical characters are associated with tolerance to drought 
stress as well as field performance. Of all the agronomic cha
racters conditioning drought in wheat, earliness is the most im
portant especially when there is rapid early development from 
emergence to heading. The work of Kasaam et ale (1975) also ex
plained the same in corn. 

In the Cagayan Valley it has been observed that native corn 
varieties are more profitable and less risky to grow during the 
dry season when there is early drought because of it is over two 
weeks earlier than the full season seed-board varieties. 

Likewise, during the wet season these native varieties are less 
affected by pests because they can escape the infestation if they 
are planted at the same time than the improved late maturing 
varieties. 

All these reasons justify the need for improved early matur
ing corn varieties for the drought and flood prone areas of the 
region. 

llaterial and aethods 

Description of experaental site: 

The Ilagan Expt. stat. of the Dept. of Agric. at Ilagan, 
Isabela, is the site of the study. This station is the only Corn 
Res. stat. in Cagayan Valley and is also tagged by the Philippine 
Council for Agriculture and Resources Research and Development 
(PCARRD) as a regional center for upland crops. The mandate of 
the station is to undertake technology generation research 
related to the various commodities specially corn. The station is 
situated along the flood plains of the Cagayan River, and is 
located at a site representative of the majority of the corn 
growing areas of the region. 

Climatic conditions in the area is characterized by lack of 
pronounced wet months except October and November and by having a 
distinct three month dry season. Agrometeorological data in the 
area for the last 25 years indicates that heaviest precipitation 
occurs in November where most often the nearby river over-flows. 
It is also in this month that most of the typhoons pass through 
the region. Elevation of the experimental area is 49 masl and 
soil is purely alluvium under San Manuel silt loam series. 

Source and decription of aaterials 

1. Local varieties. These are varieties that have been used 
for along time by farmers and that are characterized by being 
early maturing (85-90 days) and white flinty kernels. It has 
been observed that traditional varieties are less damaged by corn 
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borer (Ostrinia furnacalis), the most serious insect pest of corn 
in the Philippines. Also they are less affected by drought 
stress maybe because they reach maturity before the drought sets 
in (escape). However not much information has been reported 
regarding their true tolerance to borer attack. In time of severe 
borer infestations, these varieties yield more than the 
Philippine Seedboard varieties, perhaps due to escape because of 
their early maturity. 

2. Materials fro. the on qoing breeding progra.. These are full 
season materials (mature in more than 100 days to maturity) and 
had been for more than three (3) years for yield, agronomic 
characters and disease 'resistance. These were already found to 
yield better than the local varieties under normal growing 
conditions. 

3. CIMMYT .aterials. Most of the early tropical materials 
originate from CIMMYT (collections from allover the world) and 
these are the potential sources of early genes for incorporation 
to the local germplasm. 

Methodology 

Develop.ent of early white and yellow DMR populations. 

I. Generation of initial crosses: 

a. White materials. 

Philippine DMR composite 2 was used as the male parent 
crossed to 22 females which included CIMMYT's pools, popula
tions and selected experimental varieties generated with 
data from Philippine, Colombia, Thailand, Pakistan and 
Central America. Each female was planted in 10 rows 5 
meters long plots. At flowering time all plants in the 
female rows were detasseled. 

b. Yellow materials. 

Phil. DMR Compo 1 was the male parent and was crossed 
to 23 females, including CIMMYT pools, populations and 
selected experimental varieties generated from Thailand, 
Indonesia, Colombia and Philippines. 

Population develop.et 

The steps followed in the development of Early Yellow and 
Early White DMR populations were as follows: 

a) After the initial cross to a DMR source, the first random 
mating (recombination) was done by planting 5-15 selected ears in 
a modified ear-to-row half sib crossing block in location. The 
pollinator was a balanced composite of all ears represented as 
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females. All females were detasseled before pollen shedding. 
Undesirable plants were also detasseled in the male rows. 

During the recombination process, poor looking families were 
discarded. At harvest, 300-~00 agronomically desirable families 
were selected. 

b) Second and third random mating was done as described above. 

c) During the third recombination selection pressure was imposed 
on days to flowering by detasseling all male plants when 70% of 
the females had silked. 

d) The selected families were grown in 5 m row plots and the 
best plants in each family were self pollinated .. 

The Sl's were evaluated for agronomic characters in 
replicated yield trials and screened for downy mildew resistance 
in a disease nursery. 

f) 1. yield trial. 

The Sl families were grown in yield trials, one season 
before establishing the downy mildew screening nursery. 

2. Downy mildew screening nursery (DMSN). 

All the Sl families were evaluated for their resistance 
of downy mildew disease. 

On the basis of the yield trial and resistance to downy 
mildew, the best 50-60% of the families were recombined and 
the best plants were selected (tagged) to constitute the 
pollinator. This formed the next cycle population. 

Selection criteria 

Emphasis was given in both yellow and white population 
during selection as follows: 

1. Earliness. After the second cycle of recombination, 
selection pressure was exherted on maturity or day to 50% 
silking. Only families that flowered in 46-50 days after seeding 
were considered. Very early and late fractions were discarded. 

2. Resistance to downy mildew disease. The families were 
planted ear to row in a downy mildew screening nursery. Best 
families with resistance to the disease were recombined to gene
rate next cycle of selection. 

3. Flintiness. Flint types were selected in the white 
populations, while Semi flinta were considered for the yellow 
population. 
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4. Synchronization of pollen production and silk emergence. 
Most often, delayed silking is common in drought susceptible 
plants. During the improvement process, male rows were planted 
at double density and undesirable plants were detasseled before 
pollen shedding. This allowed selection for higher population 
densities free from barrenness. 

5. Barrenness. Families with high percentage of barren 
plants were eliminated. Prolific types were selected for they 
seem to tolerate higher population densities and drought stress. 

6. Canopy structure. Strong short plants with thin and 
semierect leaves were given preferential attention in addition 
to other characters. Small tasseled plants were also given prio
rity in the selection. 

7. Vigour at flowering. Only good looking and vigorous 
plants were chosen as parental materials for the next generation. 

8. Other associated characters: 

a. Low ear position in relation to plant height 
b. Good husk cover 
c. Good standability 

It should, noted that above all characters already 
described, grain yield was the main character considered for 
selection .. 

Manageaent of trials 

The progeny trials were planted in 1 row 5 m long with 2 
replications, arranged in a simple lattice designs. 

Rows were 75 cm apart with hill spaced every 25 cm after 
thining there was 1 plant per hill. All cultural practices were 
at the optimum to insure full expression of genetic potential 
among the materials. 

In taking observations like ratings two pests and diseases, 
agronomic characters, yield and yield components, stress ratings, 
and other necessary data, the guidelines under the Philippines 
Upland Crops National Cooperative Trials (UCNCT) handbook was 
followed. Maturity varies according to the season, therefore the 
local check was used as indicator for earliness. 

Population ~rove.ent 

A recurrent selection scheme was followed, in which the ears 
selected from the crosses made between the best 50-60% Sl's were 
planted as females in a half sib crossing block. The male rows 
were planted with bulked seed of rows that had been identified 
during the previous pollinations. 
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Materials to be introgresed into the populations entered 
initially only as females. After observing them for 1 or 2 
cycles they were incorporated into the population or discarded. 

The breeding system was changed to Sl family selections 
after three (3) seasons of half sib crossing. 

Develop.ent of experillental varieties 

As a result of the progeny test, the best 12 Sl families 
were selected to generate experimental varieties. Selection was 
based on the overall performance of the families plus their uni
formity of agronomic characters. 

To generate the variety, dial leI crosses were developed be
tween the 12 selected families. At harvest, equal amounts of 
seed of each cross were bulked together to make the F1 bulk of 
the variety. This F1 was advanced to F2 by allowing random mating 
in isolation. 

Expe.rillental variety and on-far-. trials. 

The newly formed varieties were evaluated for 2 seasons on 
station. Depending on the performance of the first season, they 
were promoted for further testing at the on-farm trials along 
with package of recommended technology. The best cultivars were 
entered into multilocation testing by the Philippine Seedboard. 

Breeder seed production 

Breeders seed of the newly developed variety was seed in
creased under controlled hand-pollination. 

Results 

Several seasons of recombination, improvement, evaluation 
and selection of progenies between local and exotic maize 
germplasm has resulted in the development of two experimental 
varieties. These have been found to yield significantly higher 
than the Native White Flint (an early maturing variety used as 
local check) and matured approximately as the check. 

These varieties (IES-EY and IES-EW) also yielded compara
tively equal to IES Cn 1 (an OPV check which is a Philippine 
Seedboard Variety). In terms of yield, they were inferior to SMC 
305 (hybrid check) but the IES Early varieties flowered 10 and 
seven earlier than the hybrid check in the dry and west season 
trials, respectively. 

Results recorded during the last two seasons are described 
Table 1. 

167 



Table 1. Mean yield and other agrono.ic characters of early 
.aturing corn cultivars in COIIpClrison to standard varieties (DA
lES, Ilaqan, lsahela, Philippines) . 

Grain yield* Days to Height (cm) Kernel 

Variety/Season t/ (ha) silk Plant Ear type 

1989-90 Dry Season 

IES EY 4.26 54 181 85 Y 

IES EW 4.41 54 179 82 WF 

NATIVE WF 1J 3.20 54 199 95 WF 

SMC 305 i:./ 5.67 64 197 100 Y 

IES Cn 1 1/ 4.72 58 190 81 Y 

1990 Wet Season 

IES EY 4.47 46 191 87 Y 

IES EW 4.48 47 192 85 WF 

Native WF 1/ 3.59 47 199 92 WF 

SMC 305 Y 5.87 53 193 96 Y 

IES Cn 1 1/ 4.51 47 186 84 Y 

1/ = Local check 

2/ = Hybrid check

V = OPV check 


* Fertilizer rate 90-40-0 kg/ha NPK. 

Plans for 1991 crop season 

1. 	 To continue improvement of the IES Early populations for 
yield and agronomic traits such as height and husk cover. 

2. 	 To test the newly developed varieties in multilocation 
trials throughout the country. 

3. 	 To evaluate the experimental variety under farmer's manage
ment in on-farm trials. 
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CORR RESEARCH FOR STRESS ENVIRONMENTS AT 
KASETSART UNIVERSITY, THAILAND. 

1/
Supot Faungfupong and Chokechai Aekatasanawan 

Corn is one of the major economic crops of Thailand. with 
the total planting area of 1.6 to 1.92 m ha, 4 to 5 m tons of 
grain is produced annually. The main corn growing areas are in 
the northern, northeastern and Central regions of the country. 
Due to a bimodal characteristic of rainfall distribution in the 
corn main growing area, two seasons of corn could be grown 
annually. The first growing season starts during April or May 
while it is July or August for the second growing season. Almost 
90% of the corn is planted in the first growing season. Growing 
corn in this season may occasionally have problem on grain 
aflatoxin contamination since both humidity and temperature are 
still high during the harvesting period. The second season 
permits good grain quality and there is less risk of drought 
damage. However, farmers still favor growing corn in the first 
season and it is rather difficult to campaign for changing the 
corn growing season. This is partly due to the fact that corn 
grown in the first season produces higher grain yield and is 
more convenient for farmers. Kasetsart University gives a high 
priority to corn research in order to increase grain yield, grain 
quality and farmers'income. The corn research program is 
multidisciplinary and includes breeding, agronomy, soil science, 
pathology, entomology, utilization, economics, seed production, 
on-farm research projects, and a special project on aflatoxin 
contamination. 

Water stress 

In Thailand field corn is grown under rainfed conditions and 
is usually damaged to some extent by drought. yield reduction by 
drought varies from year to year but is more evident when corn is 
grown in the first growing season. In 1990, more than 160 000 ha 
of corn were subjected to drought. Therefore, drought resistant 
varieties as well as management to minimize drought damage are 
needed for Thai farmers. 

Faungfupong et al. (1984), conducting water stress trials in 
corn during the dry season, showed a remarkable yield reduction 
by drought. Drought also caused a reduction in height, ear 
length, seed number and numbers of ears per plant, but there was 
an increase in time to flowering and tasseling-silking interval. 
The pronounced effect of drought was observed when the irrigation 
interval was greater than 14-days. They suggested that 
irrigation water should be provided at 7-day intervals for high 
grain yield (Table 1). They also showed a genotype x water 

J:..../ 	 Agronomists, Dept. of Agron., Kasetsart Univ., Bangkhen, 
Bangkok 10900, Thailand. 
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regime interaction. High yielding varieties that seemed to have 
better drought tolerance were YCF 34, KSX 2301, CS 1, EXp. 8121 
and SMC 201. In their study on effect of water stress at various 
corn growth stages, Faungfupong et ale (1984) reported that the 
most critical stage for corn production was near silking. 
However, water stress during grain filling period also caused a 
remarkable reduction in grain yield. A less adverse effect on 
grain yield was observed when water stress was imposed during 
early growth stages. 

Tab1e 1. Effect of irriqation interva1s on qrain yie1d and 
severa1 aqrona..ic characters. 1984. 

Irrigation intervals (days) 
Characters 

7 14 21 

Tasseling (T) (days) 57.8 59 63.2 65.7 
silking (S) (days) 59.1 62.6 70.8 73.7 
T-S interval (days) 1.3 3.6 7.6 8 
Ear height (cm) 95 87 68 63 
Plant height (cm) 227 191 149 133 
Ear length (cm) 15.3 14.1 13.2 10.2 
Ears/plant 0.98 0.96 0.85 0.4 
Grain yield (kg/ha) 5 401 3 610 1 716 491 

After Faungfupong, et al., 1984. 

Under climatic conditions when drought prevailed during 
early growth and grain filling stages, Faungfupong et ale (1983) 
reported that grain yield from zero-tillage planting was superior 
to that of conventional tillage planting (Table 2). Zero tillage 
system is, therefore, one planting technique which would minimize 
drought damage. 

Tab1e 2. TiIe of f10verillCJ and qrain yie1d of corn as affected by 
ti11aqe syste:as and p1antillCJ .ethods. 1983. 

Planting Days to silking Grain yield kg/ha 
methods 

o-till. Conv. till. o-till Conv. till. 

Hoe 
Jab 
stick (covered) 
stick (uncovered) 
Planting machine 

Mean 

After Faungfupong 

55.7 
55.0 
55.3 
55.3 
55.0 

55.3 

et ale , 1983. 


55.3 
55.0 
55.0 
55.7 
55.0 

55.2 
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2,996 2,573 
3,087 2,729 
3,071 2,327 
2,819 2,314 
3,000 2,717 

2,994 2,532 
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The corn breeding project of Kasetsart University has eva
luated elite germplasm for drought resistance in the dry season 
since 1987. Drought index, tasseling-silking interval, leaf 
elongation rate and drought score were used as criteria for iden
tification of drought resistance. Drought index, which is the 
ratio of a genotype's yield under stress to nonstress compared to 
the ratio of the mean yield of all genotypes under stress to non
stress, was suggested by Fischer et ale (1981) for drought study. 
A drought index greater than 1 indicates a genotype is relatively 
drought resistant while an index less than one means relative 
drought susceptibility. Inbred lines tested at KU were more sen
sitive to drought stress than their hybrids because of poor 
vigor. Relative performance of inbred lines under stress (rela
tive to nonstress) was lower than that of hybrids and open-polli 
nated varieties, as indicated in Table 3 (Chutkaew et al., 1987). 
The results from Chutkaew et ale (1987) and Chutkaew et ale 
(1989) suggested drought resistant germplasm as follows: 

Open-pollinated varieties : 	 Tuxpeno Selection Sequia C6 
and KS 6(S) C1 

Inbred lines 	 Ki 11 and Ki 21 

Hybrids 	 KSX 2301 and KTX 2801 

Tab1e 3. Mean yie1d reduction (t.) and drought index of corn 
ger.p1as.. 1987. 

Germplasm 
types 

No. of 
materials 

1/ 
Yield reduction (%) 

Range Mean 
Drought index 

Inbreds 
Hybrids 
O.P. 

30 
10 
10 

40.0-93.7 
49.1-91.1 
50.3-75.0 

78.7 
68.8 
64.7 

0.315-2.545 
0.278-1.626 
0.723-1. 432 

After Chutkaew et al., 1987. 

~/ Drought stress from vegetative stage through grain filling. 

Diseases 

There are more than 30 diseases that can be detrimental to 
corn grown in Thailand. However, only a few diseases can poten
tially cause severe damage, namely: corn downy mildew, stalk rot, 
ear and kernel rot, corn rust and Aspergillus (which produces 
aflatoxins) . 

1. Corn downy .i1dew 

172 



Corn downy mildew, primarily Peronosclerospora sorghi, is 
still one of the most important diseases of corn in Thailand, es
pecially in sweet corn, waxy corn and exotic germplasm. In Thai
land, the field corn varieties released either by government 
agencies or private companies, are classified as resistant to 
this disease, eventhough the level of resistance is different 
among the varieties. This disease was first found in Nakorn 
Sawan province and extended its incidence to 28 and 44 provinces 
in 1974 and 1977, causing 81.7% and 50-100% yield reduction, res
pectively. The range of infection varied from 0-100% depending 
upon climatic conditions and resistant levels of varieties. 
Pupipat et al. (1980) showed that downy mildew infection and its 
effect on yield reduction varied with varieties. Furthermore, 
this disease could be effectively controlled by seed treatment 
with Ridomil, a metalaxyl systemic fungicide (Table 4). At pre
sent, Kasetsart University has released a number of downy mildew 
resistant varieties for Thai growers as follows: 

Open-pollinated varieties Suwan 1, Suwan 2 and Suwan 3 

Hybrids KSX 2301 and KTX 2602 

Inbred lines Ki 1 to Ki 30 

Tab1e 4. Effect of downy Iildev disease on corn grain yield. 
1980. 

Varieties 
% DM 

infection 
Grain yield 

(t/ha) 
% yield 

reduction 

Check STr Check STr 

Resistant group 11 0.2 4.2 4.5 6.7 
Moderate group 31 0.1 3.0 3.9 23.1 
susceptible group 85 0.0 0.5 2.7 81.5 

After pupipat et al., 1980. 

STr = seed treated with Ridomil 2.5 g ai/kg seed. 

2. stalk rot diseases 

Eventhough there are many kinds of stalk rot diseases, the 
Pathology project of Kasetsart University has identified charcoal 
rot (Macrophomina phaseolina) and anthracnose stalk rot (Colleto
trichum graminicola) as the major stalk rot diseases affecting 
corn production in the country. Charcoal rot usually infects 
maize plants suffering drought stress. Jutawantana (1987) 
assessed corn yield loss by these two diseases and found that 
yield losses were 1-14% and 2-17% for charcoal stalk rot and 
anthracnose stalk rot, respectively. He also reported that KTX 
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2602, KS 6(S)C1-F1 and KC 1 (S)C1-F2 were resistant to charcoal 
stalk rot while Suwan 3 (S)C1-F1 and KTX 2602 were resistant to 
anthracnose stalk rot. 

3. Southern corn rust (Puccinia polysora) 

Southern corn rust is the most serious leaf disease in many 
locations especially at the National Corn and Sorghum Research 
Center (Farm Suwan). Most of susceptible varieties die before 
harvest. Polysora resistant varieties were: 

Open-pollinated varieties Suwan 1(S)C11 
Suwan 3(S)C4 
KS 5(S)C2 
KS (6) C3 

Hybrids 
Inbreds 

KTX 3101 
Ki3, Ki 20, Ki 21, Ki 27 

4. Aflatoxin 

Aflatoxins are a secondary metabolite produced mainly by the 
fungus Aspergillus flavus. Aflatoxin contamination of corn can 
be a serious problem both on domestic and international trading. 
Kasetsart University researchers have put great emphasis in 
solving or minimizing this problem. 

Faungfupong et al. (1984) evaluated the effect of har
vesting dates (physiological maturity, field maturity and delayed 
harvesting), storage durations (0, 30 and 60 days after harvest
ing), and grain conditions (shelled and unshelled ears) on grain 
aflatoxin contamination (Table 5). They found that at harvest 
time, grain was free from aflatoxin contamination. Significance 
of these factors on aflatoxin contamination was in decreasing 
order of field maturity> physiological maturity> delayed har
vesting. Grain aflatoxin contamination in general increased with 
increasing time of storage and grain moisture content. Lower 
level of aflatoxin was detected when corn grain was stored as un
shelled ear in comparison with that of shelled grain (Table 6). 
Therefore, delayed harvesting and storing corn grain as unshelled 
ears (if necessary) is an advisable technique for minimizing 
aflatoxin contamination. 

The chemicals Mycocurb and Luprosil NC have been reported to 
be effective in reducing aflatoxin contamination of corn grain by 
inhibiting the growth of ~ flavus. Now, Pathology researchers 
at Kasetsart University are trying to develop appropriate 
techniques for a rapid assay of aflatoxin levels using the enzyme 
linked immunosorbent assay (ELISA) technique. 
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Table 5. Effect of t~ of harvesting and shelling on corn seed 
:.oisture. 

Harvesting times 
Periods Grain 

(days) conditions 	 Physiol. Field Delayed Mean 
maturity maturity harvest 

::./
0 shelled 26 21 15 21 

30 shelled 17 18 16 17 
30 unshelled 19 18 15 18 
60 shelled 15 15 15 15 
60 unshelled 15 16 13 15 

~/ % kernel moisture. 

Table 6. Aflatoxin contaaination (ppb) in corn grain. 

storage Harvesting dates 
durations Grain 

(days) conditions Physiol. Field Delayed Mean 
mat. maturity harvest 

0 shelled 0 0 0 0 
30 shelled 146 519 29 231 
30 unshelled 131 0 0 44 
60 shelled 224 762 26 337 
60 unshelled 83 78 0 54 

Mean 117 272 11 

After Faungfupong et al., 1984. 

5. Plant density 

Planting corn at incorrect plant densities results in yield 
reduction. It is uncommon that optimum density varies with 
variety, but rather depends on the purpose of the planting. 
optimum densities were 53,333 (75 x 25 cm 1 pIts/hill or 750 x 50 
cm 2 pIts/hill), 53 333-80 000 and 145 285-168 740 plts/ha for 
grain, silage and green fodder production, respectively (Faungfu
pong et al., 1980; 1988). Thus, optimum densities of growing 
corn for silage and green fodder production are 1-1.5 and 2.7-3.2 
times higher than that used for grain production. Faungfupong et 
al. (1984) and (1985) have shown that grain yield was the same 
from the 40 cm double row planting as that of conventional 
planting, provided they are at the same plant density. By this 
double row planting, the distance between the double rows was 110 
cm. Thus, it provides enough space to be intercropped with le
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gumes between the double rows, by planting either one row of pea
nut or two rows of mungbean. The double row planting of corn is 
also advantageous for areas where the crops are severely damaged 
by pests since chemical spraying can be done more efficiently. 

Table 7. Effect of plant density on corn grain yield. 

Plantsjha Grain yield 
(kgjrai) 1./ 

27,484 
40,387 
52,635 
63,697 
75,152 
86,303 

4,081 
4,957 
5,430 
5,245 
5,209 
5,218 

After Faungfupong et al., 1980. 

~j 	 Kgjrai x 6.25 = Kgjha. 

6. 	 Planting corn for grain and fodder 

There are certain circumstances where there is demand of 
fresh plant material to be used for fodder. If farmers want to 
grow corn both for grain and plant fresh weight, there should be 
special management techniques to be adopted. To solve this pro
blem, Faungfupong et ale (1986) and (1987) proposed two al 
ternatives: 

a) 	 Top cutting and thinning of plants in a high density plant
ing. For top cutting, corn was planted at an optimum den
sity. Tops of plants were cut just above the ear node at 36 
days after silking (Table 8). Top cutting at this stage 
produced the same grain yield as conventional planting and 
could also produced 5,869 kgjha of plant fresh weight which 
could be used as fodder for ruminants. 

b) 	 For the second alternative, corn was planted at double plant 
density than optimum. For this case, distance between rows 
was 37.5 cm, and 25 cm between hills, at 1 pltjhill. At 5 
weeks after emergence, corn plants were cut at ground level 
in every alternate rows. After cutting or thinning the re
maining plant spacing would be 75 x 25 cm, 1 pltjhill which 
is the recommended planting methodology for grain produc
tion. Plantings undergoing this technology produced the 
same grain yield as that of conventional planting (Table 9). 
In addition 11,458 kgjha of plant fresh weight of thinned 
plants was obtained. This plant material is a good quality 
fodder for ruminants with values of in vitro for dry matter 
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digestibility (IVDMD), protein and phosphorus content equal 
to 59.68, 15.22 and 0.11% of dry matter, respectively 
(Faungfupong et al., 1987). 

Tabl.e 8. Grain yiel.d and weight of top-cut pl.ants as affected 
by top cutting. 

Weight of fraction 
Time of top cutting Grain yield removed, kgjha 
(days after silking) kgjha 

Fresh Dry 

20 
24 
28 
32 
36 
40 
44 

Control 

LSD .05 

3,494 
3,675 
4,206 
4,050 
4,444 
4,819 
4,681 

4,656 

456 

8,069 1,931 
7,775 1,869 
7,906 2,025 
6,612 1,881 
5,869 2,137 
4,487 1. 769 
3,112 2,069 

After Faungfupong et al., 1986. 

Tabl.e 9. Grain yiel.d and fresh weight of thinned pl.ant in 
response to thinning dates. 

Thinning (weeks after Grain yield Fresh wt. of 
emergence) 1./ kgjha thinned plants 

kgjha 

3 4,262 a 3,844 e 
4 4,206 a 7,986 d 
5 4,106 a 11,458 c 
6 3,381 b 18,054 ab 
7 2,925 bc 16,250 b 
8 2,987 bc 19,521 a 
9 2,506 c 20,791 a 

Recommended density 3,931 a 

After Faungfupong et al., 1987. 

~ From overplanted to recommended density. 
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BREEDING MAIZE FOR STRESS COHDITIOHS IN TBAILAIID. 

Charas Kitbamroong ~/ 

The Department of Agriculture (DOA) is one of several 
Departments under the Ministry of Agriculture and Cooperatives 
in Thailand. The DOA has the responsibility for research in 
various crops grown in the country, including maize. The maize 
research activities have been focused on the development of downy 
mildew resistant (DMR) open pollinated varieties. However, there 
are other problems affecting maize production in Thailand. This 
report is a summary of major constraints limiting maize 
production in Thailand, and the activities being carried out to 
solve these problems. 

I. Stress conditions due to biotic factors 

A. Downy .i1dew disease. 

of 
Downy mildew is one 

maize in Thailand. 
of the most destructive 
The disease is caused 

plant diseases 
by the fungus 

Peronosclerospora sorghi (Weston and Uppal) Shaw. The maize 
strain of the fungus found in Thailand is more agressive than the 
Texas strain. The Thailand strain is highly pathogenic to maize, 
but not to sorghum (1). In 1984 and 1985, it was reported that 
the Thai strain of the fungus was greatly different from that of 
Texas, South India and Brazil (2, 3). This was confirmed by 
means of nuclear studies (4). Thus, it was proposed that the 
Thailand isolate of the fungus may be recognized as a separate 
species (3). 

Downy mildew caused by P. sorghi in Thailand was first 
reported in 1968. The disease became a serious problem to the 
maize crop around the country. Infestation was found in 44 
provinces and historical crop loss were recorded as high as 100% 
(5). To overcome this problem, some downy mildew resistant (DMR) 
maize varieties, namely Indonesia and Suwan 1 were released for 
cUltivation. The DOA has developed maize populations of broad 
genetic base with emphasis on resistance to downy mildew, i.e. 
Early Yellow, Full Season Yellow, Full Season White, Yellow 
Population SSR 8501, and NS 104 (Nakhon Sawan 1) for maize 
growers. Additionally, in 1990 a genetically broad based DMR 
maize population, Tak Fa Composite DMR, was developed by Nakhon 
Sawan Field Crops Research Center. Using the spreader rows 
technique, selection of resistant progenies under downy mildew 
screening nurseries has resulted in the development of DMR, 
agronomically desirable maize populations. As a result of this 
systematic screening and selection, in 1989 a DMR maize variety 

1/ 	 Maize Breeder, Nakhon Sawan Field Crops Research center, Tak 
Fa, Nakhon Sawan 60190, Thailand. 
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Nakorn Sawan 1, was approved by the DOA and released to the 
farmers. 

B. stalk rot diseases 

The disease has been reported as a major problem in maize 
growing in hot humid tropical lowlands. In Thailand, the disease 
was identified around 1960-1962, as caused by a complex of 
microorganisms. The disease became a problem in certain maize 
growing areas of the country. Stalk rot diseases causes stalk 
lodging, premature drying, rotten kernels, and low yield. Stalk 
damage was observed to be more serious in maize of Caribbean 
origin than in less susceptible germplasm from India. The Maize 
Program of the DOA considers stalk rots as problems that deserve 
a high priority in its activities. The problem should be tackled 
through an effective breeding program to develop disease 
resistant varieties. 

II. stress conditions due to abiotic factors 

A. Drought 

In Thailand, drought spells are of common occurrence in 
almost all maize growing areas. The condition creates yield 
losses to maize growers depending on the stage of plant 
development being subjected to it. It is estimated that about 
20-25% of the total maize growing area in the country is prone to 
drought annually. Out of the approximately 2 m ha, losses due to 
drought are in an amount equivalent to 200 000-300 000 m Baht 
loss annually (exchange rate 1 US$ = 25.5 Baht). The DOA 
recognizes this is one of the major problems of maize growers. 
Research to solve this problem has been initiated in a 
collaborative research project between the DOA and CIMMYT. The 
objective of this project is to develop open pollinated maize 
varieties with an acceptable level of drought tolerance which can 
produce good yields under normal conditions and adequate yields 
under drought stress. The open pollinated variety Nakhon Sawan 1 
(NS1) approved and released in 1989, proved to be drought 
tolerant and is being grown by farmers in most areas. 

B. Acid soi1 with a1uminua toxicity 

In Thailand, soils with low pH are known to be widespread 
throughout the country. Aluminum content in such acid soils 
becomes toxic to maize plants. Maize grown on acid soil with 
high aluminum content are subjected to slow and/or no vegetative 
growth. In 1990, the DOA developed a collaborative research with 
CIMMYT to generate broad based acid soil-aluminum tolerant maize 
populations for further selection and use. 
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GENOTYPIC DIFFERENCES IN THE UPTAKE, 
PARTITIOHING AND UTILIZATION OF NITROGEN 

BY LOWLAND TROPICAL MAIZE CULTIVARS 

~/
Rachain Thiraporn 

Introduction 

Maize is an important cash crop for export and production of 
animal and pig feed in Thailand. Farmers can not afford to use 
adequate amounts of fertilizer because of the low price of the 
crop. An important step to solve this problem is the selection 
and introduction of low input cultivars. A prerequisite to 
achieve this goal is to analyse the high and low input practices 
to study important physiological and biochemical traits. such 
knowledge is necessary to avoid the elimination 6f favourable 
characters which might exist, and are to be considered in a 
successful breeding programme. 

Background 

Investigations in temperate environments have shown that 
significant differences exist between lines and varieties 
regarding uptake, distribution and redistribution of nitrogen in 
the plants (Beauchamp et al., 1976; Chevalier and Schrader, 1977; 
Pollmer et al., 1979; Reed et al., 1980; and Anderson et al., 
1985). Muruli and Paulsen (1981) showed that an improvement in 
nitrogen efficiency is possible by means of selection. The 
genetic analyses conducted by Di Fonzo et al., (1982), made clear 
that the availability of nitrogen must also be considered. 
Krutzfeldt (1979), and Reed and Hageman (1980), suggested that 
there is a relationship between accumulation of nitrogen and root 
development of maize. Thiraporn et al., (1987) reported that it 
has been possible to describe high and low input types of 
tropical maize cultivars regarding N fertilization. 

Methods 

Six tropical maize cultivars were grown in Thailand on a 
reddish-brown latosol under three nitrogen regimes of 0, 40 and 
80 kg N/ha. To collect data on biomass and economic yield, 
several "cultivar N fertilization response types" were considered 
(Fig.l) 

}:./ 	 Agronomist, Dept. of Agronomy, Kasetsart univ., Bangkhen, 
Bangkok 10900, Thailand. 
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Nl = 0 kg/ha 
N2 = 40 II 

N3 =80 II 

Vertical bars indicate LSD values at 5% level of significance. 

Fig. 1. Grain yield of six maize cultivars at three levels of N ferti
lization (After Thiraporn et~. 1987). 

a) The low fertilization group was represented by an early and a 
late maturing cultivars, which yielded comparatively well without 
additional N, having a small response to N fertilization. (Suwan 
1 and Suwan 2) 

b) An opaque 2 cultivar and a commercial hybrid were grouped in 
a high fertilization type, since they had very low yield under no 
N and needed high level of N fertilization to have a high yield 
(Thai Opague 3, P 6181). 

c) The other genotypes showed an intermediate response to N, 
with comparatively high yields without N, a considerable increase 
in yield at 40 kg N/ha and some increase from 40 to 80 kg N/ha 
(KUH 2602, CP hybrid). Genotypic variability for harvest index 
was high but values were at the usual low level of several tropi
cal cultivars. High fertilization types reacted to an additional 
N supply with a marked increase in kernel number/plant and little 
increase in kernel weight. The early maturing low fertilization 
type reacted in an opposite way. All other genotypes increased 
kernel number when from 0 to 40 kg N/ha, and kernel weight from 
40 to 80 kg N/ha. 

Feil et ale (1990), investigated several characters in 
seedling roots in several maize genotypes. They found that there 
was no significant interaction between genotypes and N supply. 
At low and medium N supply, the total seedling biomass was the 
same, but at low N roots showed proportionally higher dry weight. 
Total biomass was reduced at high N. Low and intermediate imput 
cultivars had higher shoot and root dry weights than did high 
input cultivars, however there were no significant differences in 
root surface area. Root surface are~ was greatest at low N. 
Number and total length of seminal roots were significantly lower 
for high input varieties which, in combination with a relatively 
high root surface area, points to a large root type. 
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Length of hierarchically grouped seminal roots (a), and seedling 
shoot and root dry weight (b) of two low input (I), two high 
input (II), and two intermediate (III) tropical maize cultivars 
at varying levels of nitrogen. Average values given for each 
group of cultivars (After Feil et il. 1990). 

The objective of the experiment conducted, is to understand 
the physiological basis of genotypic differences in N metabolism, 
and to develop improved maize cultivars for low input agricul
ture. 

The 	project was devided in three phases: 

PHASE I : Field evaluation 

A trial was conducted at Suwan Farm, Thailand. The experi
ment included six genotypes which had been previously examined 
(Thirapon et al., 1987), plus ten CIMMYT genotypes. All were to 
be evaluated under four N levels. The objectives of the first 
phase were: 

1. To establish genotypic differences in N uptake and their use, 
2. 	 To investigate the pattern of N accumulation and distribution 

in plant tissues. 

Treatments were arranged in a split plot design with four 
replications. Rate of growth (plant height and leaf number) was 
recorded at 7 day intervals. N, P and K content of the plant 
tissues was analysed separately for leaves, stems, kernels, cobs, 
and husks at both anthesis and physiological maturity. Grain 
yield, days to 50% flowering and other yield components were also 
considered. 
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- Varieties VI = Suwan 2(Sl) C7 
V2 = Thai Opaque Composite #3 
V3 = Suwan 2301 
V4 Suwan 2602 
Vi;) CP1 
V6 = Pioneer 6181 
V7 = Ferke 8243 
V8 = Tuxpeno Sequia C8 
V9 = Rattray Arnold (1) 8349 
V10 = Across 8328 CO 
VII = Across 8328 C3 
V12 = Population 64 QPM 
VI3 = Population 45 C5 
V14 = Pool SPE Prolific Sel. C4 F2 
V15 = Pool SPE non-Prolific Sel. C4 F2 
V1G = Across 8330 

Fig. 3. Grain yield (kg/ha) at 15% moisture of sixteen tropical maize 
cultivars at 4 levels of N. 
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RESULTS OF PHASE I 

There were significant differences with regards to N respon
ses, both within and between genotypes (Fig 3). 

Some entries showed a response to N when at the range 0-40 
kg N, with little response at higher levels of N (V3 and V4). 
Others did respond well from 40 to 80 kg (V5 and V11). Entry 7 
had above average response in both ranges. Entries 5 and 6 
responded well over the range of 80-160 kg. Regression analysis 
of N levels of 0-80 kg N in various genotypes showed that there 
were four contrasting genotypes, as follows: 

1- Entry 4 	 High intercept/high slope (responsive, good yield 
at low N) 

2. 	 Entry 2 Low intercept/low slope (not responsive, poor 
yield at low N) 

3. 	 Entry 8 High intercept/low slope (not responsive, good 
yield at low N) 

4 . 	 Entry 7 Low intercept/high slope (responsive, poor yield 
at low N) 

The yield increases per unit of N applied to each genotype 
were calculated to examine the response of the varieties as 
illustrated in Fig 4. 
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Fig. 4. Yield increments per unit of N applied for each genotype. 
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PHASE II : Field evaluation using isotope techniques 

The trial is now being conducted in a N-depleted block at 
Suwan Farm, Thailand. The study is based in studying the 
varieties included with contrasting response to fertilizer. The 
patterns and timing of N uptake and partitioning will be examined 
using N 15 fertilizer. 

Objective: 1. To determine the efficiency of N fertilizer uptake 
in contrasting genotypes, and, 

2. To study N-immobilization after tasseling 

Treatments 
replications. 
fertilizer, each 
follow: 

were arranged in a split plot design with 
The main plot consisted of two levels of 

level applied in two equal applications 

3 
N
as 

At planting At tasseling Total 

Low N 10 50 20 

High N 50 50 100 

Subplotg consisted of six varieties as mentioned above. 

Data for isotope uptake will be recorded at four growth 
stages: anthesis, early milk stage, early dough and physiological 
maturing. other agronomic characters like grain yield and other 
yield components will be measured as in Phase I already described. 

PHASE III: Root studies at the seedling stage with isotope 
techniques 

The third phase of the project involves the study of 
seedling root development in the maize genotypes previously field 
examined in Phase II. The differences obtained between the 
various genotypes will indicate the characters of a low-N ideo
type which will be useful in a low-N input agriculture. 

Objective: 1. To descriminate between genotypes with special 
interest in utilizing low levels of N. 

2. 	 To investigate changes in N uptake during early 
stages of plant development. 
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PROGRESS IN MAIZE DEVELOPMENT PROGRAM AND MAIZE 

BREEDING FOR STRESS ENVIROHHEHTS IN VIETHAM 


1/ ~/
Trang Hong Uy -and Truong Cong Tin 

I. Maize develop.ent in Vietna.. 

Food and feed production for meeting people's needs and for 
export is the most important endeavor of the agricultural sector 
in Vietnam. Food production in Vietnam increased in the last 
five years from 18.2 m t (1985/1986) to 21.4 m t (1989/1990). 
Three to four years ago, Vietnam had to import 0.5 to 1 m t of 
food to meet the countrie's needs. At the present time the food 
supply is sufficient to meet the requirments of the country and 
is actually begining to be exported. Besides rice, some up-land 
crops such as maize, sweet potato, potato, casava etc. are used 
also used as food. Maize is considered as the second food crop 
after rice because of the amount of land devoted to the crop" 
its yield, total production and utilization. 

In the last five years (1985-1990) much progress has been 
made by the Maize Program in the development and release of im
proved high yielding, widely adapted maize varieties, resistant 
to insects, diseases and tolerant to unfavourable conditions. 
Appropriate techniques have been developed for transplanting 
winter maize in the Red river delta and the North Central part of 
Vietnam. 

using early drought tolerant varieties a multiple cropping 
model is been implemented in 100 000 ha of previously fallow land 
in the northern mountainous provinces. A maize crop after float
ing rice is now possible in the Mekong river delta. suitable 
packages of cultural practices have been developed in many ecolo
gical areas of the country and a system of technology transfer to 
farmers is being implemented. suitable procedures for growing new 
varieties in each ecological zone and in different seasons have 
been introduced. The policies established by the Government have 
encrouraged maize growers to increase production and productivi
ty of the cereal (Table 1). 

II. Maize growing zones and climatic conditions in vietnaa. 

Vietnam is a wet tropical country, stretching
. 

from 8
0 
20' N 

to 23 0 30'N lat. with a length of 2 000 km, limited in the East 

II 
~ 

Director, Maize Res. Inst., 6 Nguyen Cong Tru, Hanoi, Vietnam. 
Director, Maize Project, Inst. of Agric. Technol., 121 Nguyen 
Binh Khiem, Ho Chi Minh City, Vietnam. 
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by the China Sea. There are many different ecological zones in 
the country. Maize is grown in vietnam in 7 distinctly different 
ecological zones. Zones 1, 3, 5, 7 are the most important for 
maize production (Fig.1) Zone 1 is the northern mountainous 
region with 160 000 ha, of maize. (Possible to increase acreage 
to 260 000 ha). Maize is the staple food in this zone. 

Tab1e 1. Maize production in vietnaJI. 1980-1990. 

Year Area 
(000 ha) 

1979/80 
1980/81 
1981/82 
1982/83 
1983/84 
1984/85 
1985/86 
1986/87 
1987/88 
1988/89 

389.6 
374.7 
381.4 
378.3 
386.4 
397.3 
400.0 
404.2 
510.6 
504.1 

yield 
(t/ha) 

1.10 
1.12 
1.14 
1.23 
1. 37 
1.47 
1. 42 
1. 39 
1. 59 
1. 64 

Production 
(000 t) 

428.8 
429.7 
438.0 
467.4 
532.2 
587.1 
569.8 
562.7 
814.8 
840.0 

Zone 3 includes the Red river delta covering 150 000 ha (150 
000 to 200 000 ha under maize can be added by multiple cropping 
with early maturing varieties). 

Zone 5 is the Central high plateau with an area of 50 000 
ha. The soil is fertile and the climate is favourable for maize 
production. 

Zone 7 includes the South eastern region and the Mekong 
river delta. About 65 000 ha of maize are planted in this zone. 
(100 000 ha can be increased by multiple cropping with early 
maturing varieties.) 

The climatic conditions differ in the various maize growing 
zones. From 8° 20'N to 17° 30'N latitude, the climate is clearly 
divided into dry and rainy seasons. From 17° 30'N to 23° 30'N it 
is divided into spring, summer, autumn and winter seasons. The 
lowest growing degree days (GDD) is 7421C in the northern moun
tainous region, and the highest is 9574C in the Mekong river 
delta (Table 2). 

The lowest total rainfall (1 341 rom) occurs in the North and 
the highest (2 178 rom) in the Mekong river delta (Table 3). 

Throughout the country, the highest temperatures and 
rainfall occur fro June, through August. 
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Table 2. Average temperature in maize growing regions . 1963-1983. 

ZONE 

I 
I 

HONTH: 
Jan. 

13 .5 

Feb . 

14 .9 

Har. 

18.9 

Apr . Hay Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

l----- ---:--------: -- ----:--------:--------:--------:--------:--------1--------: 
22.7 26.1 26 .8 27.1: 26.4 25.2: 22 .3 18.2: 15.0 

GDD 

7639 C 

II 14 .3 15.9 19 .9 22 .9 24 .6 24 .7 24.8 24.2 23.4 21.1 17.7 15.1 7421 C 

...... 
U) 

w III 16.1 17 .0 20.0 23 .7 27.4 23 .5 29.0 28.3 27.2 24.7 21.0 18.1 8456 C 

IV 17 .2 17.7 20.4 23 .9 27 .7 29.1 29.5 28.4 26.7 24.4 21.2 18.8 8516 C 

v 20.5 21.8 24.1 25.7 25. E. 24.0 24.0 23.8 23.6 23.1 21.9 20.8 9525 C 

VI 23.B 24.4 25.5 27.3 28.4 28.5 28.4 28.2 27.6 26.6 25 .6 24 .6 8263 C 

VII 

MEAN 

25.6 

18,7 

26.5 

19,7 

28.2 28.3 28 .2 27 .1 26.7 26.6 26.6 26 .0 25.9 24 .9 
--------j--------J--------:--------:--------l-------- -------_._-------,-------_._------, , , 

22,4 25,0 26,8 27,0 27,0 26,5 25,7 24,0 21,6 19,6 

9574 C 

8492 C 



----------------------------------------------------------------------------------------------------------------------------------------------

Table 3. Average rainfall in maize growing regions (~m). 1963-1983. 

HONTH: Annual 
Jan. Feb. Mar. Apr. Hay Jun. Jul. Aug. Sep. Oct. Nov. Dec. rainfall 

ZONE (mill) 
-- --- ----------1--------1--------:--------:---------:---------:---------:---------:---------:---------:---------:---------l--------

I I I I I I I I I I20,6 
, 

23,1 , 31,9 85,1 173,8 
, 

231,5 247,4 241,3 133,7 84,5 40,7 28,3 1341,9I I I I I I I I I I I 

II 19,4 26,6 39,S 121,2 166,4 267,1 246,7 293,6 137,7 86,0 25,0 18,0 1427,6 
I-' 
~ 
+=:> III 20, I 25,4 32,S 110,5 166,6 244,1 259,6 308,4 274,4 154,0 56,5 20,0 1672 ,2 

IV 49,8 39,S 43,7 68,0 132,9 120,6 97,8 233,4 591,6 408,7 163,4 79,6 2027,1 

V 50,0 13,0 23,6 62,0 198,9 212,2 270,1 312,2 286,8 170,2 101,2 25,1 l6t.8,6 

'II 35,2 16,5 22, I 45,1 86,1 47,7 37,6 40,8 148,0 286,2 352,2 154,0 1271,2 

V I I 13 .4 10, I 50,0 83,5 230,7 301,1 344,7 325,9 314,7 267,9 243,2 48,3 2178,5 
--------------:--------,--------:--------1---------:---------:---------:---------:---------l---------:---------:---------;---------: 

I I I I I I I I IMEAN 29,7 22, I 34,7 32,2 165,0 203,4 214,8 250,8 
, 

269,5 205,3 140,3 53,3 1655,2J I I I I I I I I I 

-- -------- ------- - ~ ------- --------- --------- --------- --------- --------- --------- --------- --------



A special feature of the climate of vietnam is that it is 
located in the Typhoon Belt of the Pacific Ocean where 6 to 13 
storms develop each year. 

III. Orientations of .aize breeding for stress enviromaents. 

1. For climatic conditions: 

a. 	 Maize is grown in Vietnam mainly under rainfed condi
tions. Therefore, the development of early varieties 
tolerant to drought stress is an important area of re
search. 

b. 	 Due to frequent typhoons and strong winds, it is neces
sary to develop varieties with short-plant type tole
rant to lodging. 

c. 	 In order to extend the maize area in the Mekong river 
delta and in the coastal region, it is also necessary 
to have varieties tolerant to salinity and to AI. 
toxicity. 

d. 	 For the winter maize crop it is also important to deve
lop early varieties tolerant to waterlogging. 
Availability of such varieties would permit the plant
ing of the crop early in September and avoid unfavour
able weather at flowering time. 

2. 	 For resistance to insects and diseases: 

The wet tropical climate of vietnam is favourable for insect 
and disease development. Also, due to the 2-3 crops grown per 
year in the same field, the pathogens can be trans- fered from 
one crop to the other. This results in heavy infec- tions and 
substancial yield reduction (for example Rhizoctonia solani from 
summer rice carried over to winter maize). Insects and diseases 
can cause maize yield reductions >20 to 30%. 

Main 	diseases insects and of maize in vietnam are: 

- Downy mildew, - Peronosclerospora sp. 
- Banded leaf and sheath blight - Rhizoctonia solani 

Turcicum leaf blight - Heminthosporium turcicum 
- Maydis leaf blight - ~ maydis 
- Stem borer - Chilo partellus, Sesamia inferens 

IV. Initia1 progress .ade in .aize breeding for stress environ
:aents. 

In order to reach this objectives, selected germplasm has 
been utilized in the breeding work, including: 1) local varieties 
with good agronomic characters, some tolerance to insects and 
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diseases and to abiotic stress; 2) CIMMYT superior germplasm 
which has been evaluated in EVT's and ELVT's and grown for seve
ral years at the seven ecological zones of Vietnam, 3) Tropical 
and temperate germplasm fairly adapted to vietnam condition. 
After 5 to 6 cycles of breeding, stable and promising varieties 
are selected and evaluated in National Varietal Trial at the 
various ecologial zones. After 3 seasons of evaluation the best 
varieties are selected and sent to the Center for Seed Testing 
and Seed certification for evaluation. At the same time, demon
stration plots of these varieties are conducted in farmers' 
fields. Based on their performance, they are approved by the 
National Council for Varie-ty Recognition to be tested under 
larger areas, (about 5 000 ha). If they have good performance and 
they are accepted by farmers, the varieties are relased for 
farmers' production. 

As a result of this program, a set of open-pollinated va
rieties having good agronomic characteristics, high yield, resis
tance to insects and diseases, stress tolerance, and wide adapta
tion to different ecological zones have been released for exten
sive utilization. 

1. varieties tolerant to drought and high temperatures. 

Experiences gained in the National Varietal Trial, in the 
farmers fields and in the laboratory, have contributed to the 
identification of 2 varieties that are highly resistant to 
drought: 

a. VM1 : Developed from the Mexican variety VS 524, using half 
sib and modified mass selection. It was approved and released for 
production in 1980. 

Under good growing conditions this variety can produce from 
to 8 t/ha. 

b. MSB49: Developed in 1980 from the variety Poza Rica 8049, 
using half sib method. This variety has intermediate maturity, 
and good agronomic characteristics such as short plant type, good 
yield potential: (4-6 t/ha) and is tolerant to drought. 

In drought conditions, where other varieties collapse, VM1 
and MSB49 can give 1.5 - 2 t/ha. 

In addition, some other varieties such as TSB1, TSB2, Syn
thetic 3 have some tolerance to drought and heat stress. 

TSB1 : Developed in 1982 after crossing Suwan 1 with 6 local 
materials (Q 17, Q 18, Q 30, Q 31, Q 34, Q 37), and improved for 
several cycles using half sib and Sl selection methods. It was 
released in 1990. Its yield potential varies from 3 to 6 t/ha. 

TSB2 : Early maturing, derived from Suwan 2 and 5 early materials 
(HX, TH-10, Thai HX, Kuhi, HX-QS81). Breeding work started in 
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1982, modified ear-to-row selection was used to im- prove it. Has 
a yield potential of 3-5 t/ha. It was approved and ~eleased for 
production in 1987. 

Breeding for tolerance to drought is one of the important 
research activities conducted both in laboratory and in the field. 

2. Breeding for tolerant to lodging. 

In the development of varieties tolerant to lodging, special 
attention is being paid to materials having short plant type, 
good root development, and strong stalk. Some varieties that have 
shown to have some tolerance to lodging under vietnam conditions 
are MSB49, MSB2649 (yellow grain) and LD 1. They have short 
plant type (1.5 - 1.6 m), good root development, and strong 
stalk. 

In the 1970's, brachitic 2 (br 2 br 2) sources were used in 
breeding for lodging resistance. This project was abandoned 
because of the low yield of the materials carrying the br2 br2 
gene. In recent years some progress has been accomplished in 
reducing plant height using a half sib breeding method. 

Our field observations indicate that TSB1, TSB2, HLS and the 
varieties VM1 and MSB49 have some tolerance to saline and acid 
soils conditions. Not all released varieties perform well under 
waterlogging conditions, therefore developing early and inter
mediate maturing varieties, with good performance under waterlo
gging conditions that occur after 2 rice crops in the Red river 
delta is necessary. These varieties should: 

Develop a good root system under water logging conditions. 

Absorb enough phosphorus to supply the needs of the plant 
at the early and later stages of growth. 

Develop a good root system that anchors the plant under 
water logging condition. 

Several years of commercial production have shown that 
MSB49, TSB2, TSB1, MSB31 have good performances under waterlogg
ing conditions. 

Maize varieties grown in the winter season most have toler
ance to low temperatures. 

3. Selecting and breeding for insect and disease resistance. 

Breeding insect and disease resistant maize varieties is a 
very complex work. Results obtained from studies carried out for 
several years in vietnam indicate that much research still is 
needed in this area. 
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Three approaches could be considered for reducing damage 
done by insects and diseases: 

Breeding for resistant varieties. 

Selecting appropriate planting dates to avoid planting at 
a time that insects and diseases are more prevalent. 

Appropriate cultural practices combined with chemical 
control. 

In this report, we would like to discuss the first measure, 
namely the selection of varieties resistant to diseases. 

a. Downy mildew. 

From 1980 to 1985, downy mildew was a very severe disease in 
the northern provinces of Vietnam. It reduced the maize yields up 
to 50% or more. 

Starting in 1982, in cooperation with CIMMYT two methods for 
selecting downy mildew resistant (DMR) varieties were implemented: 

Introducing DMR-sources into varieties and populations. 

Selecting resistant genotypes, using half sib and full 
sib breeding schemes. 

In addition, maize is sown at the appropriate time, when the 
environmental conditiones are not adequate for the development of 
the fungus. As a result of these actions, downy mildew is no 
longer a disease of importance in Vietnam. The incidence of the 
disease in farmers field is <1%. 

b. Turcicum and Maydis leaf blights. 

These can be very damaging diseases, especially in 
introduced temperate germplasm. 

To have Heminthosporium resistant varieties, local materials 
as well as selected CIMMYT germplasm have been utilized. In Vietnam, 
the varieties planted in large acreage have only a slight Maydis infec
tion. The released varieties VM1, TH2A, MSB49, TSB2, TSB1, HLS,. 
MSB31, MSB2649, HL36 can be classified as moderately resistant to 
both Turcicum and Maydis with ratings from 1-3 in a 1-5 rating 
scale. yield reduction because of these diseases is negligible. 

c. Banded leaf and sheath disease, BLSD (Rhizoctonia solani). 

Before 1982-1983, BLSD was not a severe disease of maize in 
~ietnam, because of the high proportion of local varieties which 
are highly resistant to the disease. 

The disease has increased along with the introduction of 
exotic maize and rice varieties. 
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The disease has a wide host range: rice, maize, and potato, 
some other upland crops. 

At present, BLSD is the most important disease in the maize 
growing provinces of North vietnam. Almost all varieties are 
susceptible to the disease. VM1 is very susceptible with a 4.1 
score in a 1-5 scale (Table 4). Studies on ~ solani have been 
initiated. Apart from selection, two measures are being impleme
nted for controlling the disease: 

Removing the badly infected lower leaves to prevent the 
spread of the damage to the healthy upper leaves. 

Spraying the fungicide Validacin (3%) has given good con
trol. 

d. Stern borer. 

selecting and breeding of stern borer resistance is very 
difficult. All recomended varieties in vietnam are suscep- table 
to stern borer. However damage does not seem to be very serious 
since it does not cause much stalk breakage. 

For stern borer control, three control measures could be in
vestigated and implemented. 

Prediction of stern borer outbreak and population dinamics 
of the pest would help in timing the chemical control. 

Determination of appropriate planting time to avoid stern 
borer outbreaks in the summer. The summer maize crop is 
often attacked by stern borer. 

Breeding stern borer resistant varieties. 

The National Maize Program in vietnam is still very young. 
Research studies and breeding of maize varieties for stress 
conditions have been conducted for the last 7 to 8 years, there
fore the above mentioned results are preliminary. Nevertheless 
we would like to share them with our colleagues in the region and 
we also hope to learn from the experiences of National programs 
from other countries. 

We would like to express our gratitute to CIMMYT for en
abling us to attend this Workshop. 

199 




----------------------------- - -------------- ----------------------------------------------------------------- -------------------

---- --------------- ----- ----- -------- ------- ---------- -------- -------------------------- - -------- ----- --------- ----------- ---

------------------- ------------- --------------------- - ------------ ----------------------- ------------------------------------

Table 4. Reaction of 20 laize cultivars artificially inoculated in the laboratory with Rhizoctonia solany using three different 
techniques. National Maize Research Institute . 

Maize husk with pathogen I Sclerotia Barley grainI 

1-----------------------------------1-----------------------------------1-----------------------------------
Nale of varieties 1Disease Disease Mean i Disease Disease Mean i Disease Disease Mean 

irating (I) index (%) rating* lrating (X) index (I) rating* lrating (I) index (I) rating* 
(weighted lean) (1-S) I (weighted lean) (1-S) I (weighted lean) (1-5)I I 

ISS - 1 100 34.72 3.0 97 .61 34.S2 3.1 100 42.50 3.3 
TSS - 2 100 35.02 3.1 94.87 31. 91 2.B 100 3B.OS 1.4 

Early, yellow pool 100 3B.02 3.4 97.22 35.1B 3.2 70.0 28.90 2.7 
lD - 2 92.30 30.34 3.0 100 41.92 3.B 90 .00 2S.60 2.6 

MSB - 31 94 .59 34 .53 3.0 94.74 38.89 3.S 45.00 17.50 3.0 

2649 100 39.BB 3.6 96 .96 3S.92 3.2 65 .00 18.30 3.7 
N MS8 - 49 100 4S.23 4.0 100 42.25 3.8 65.00 35 .00 2.9 
0 
0 2649 x NV 100 35 .9S 3.3 93 .94 30.64 2.7 100 19.20 2.4 

A - 4 100 36.57 3.3 100 35 .71 3.3 100 41 .00 3.6 
k - 2 100 38.32 3.5 97.14 41.26 3.7 95.00 42.00 3.1 

P - 10 100 38.88 3.5 91. 43 35.39 3.3 8S .00 38 .60 2.9 
TSS - 1 100 34.56 3.1 100 38.67 3.5 100 37.80 3.1 

late, yellow pool 100 35.43 3.2 100 38.72 3.S 100 39 .20 3.0 
Flint yellow pop 100 36.7B 3.3 93.75 34.37 3.1 100 42.20 3.1 

o- 63 97.50 34.72 3.1 100 36 .18 3.5 95.00 3S.60 3.3 

lD - 1 74.28 26.50 2.4 100 42.15 3.8 50.00 39.20 3.3 
lD - 3 100 41. 02 3.B 100 44.63 4.0 7S .00 23 .60 3.4 
YH - 1 100 39.03 3.5 100 4S.91 4.1 100 28.10 4.1 
0-1 97 .30 39 .04 3.7 100 46 .75 4.2 100 30 .30 3.8 
0-2 100 33.67 3.0 100 40.69 3.7 100 42 .20 3.5 

* 1 : no disease ; 5 severe infection 



THE DEVELOPMENT OF IlAIZE CULTIVATION 

IN FLOATING RICE AREA OF AHGIAHG, VIE'THAM. 


11Le Minh Tung 

Angiang province is located in the southwestern part of 
vietnam in the Mekong delta, where over 50 000 ha of floating 
rice (FR) is planted per cycle. For a long time only floating 
rice has been cultivated in this area. 

Up to now, it is not easy to apply newer technologies to 
increase FR yield (the average yield over years is below 1.5 
t/ha). Therefore, to exploit the potential of this area, it is 
necessary to apply different cropping patterns in order to 
increase total production of the whole area, instead of only 
increasing the FR yield. One of the most efficient systems is 
increasing the number of crops by rotation or intercropping 
floating rice with upland crops such as sesame, vegetables, 
beans, maize, etc. Environmental factors favor the development 
of the various crops throughout the year, as seen in Fig. 1. 

Second to rice, maize is considered to be the most important 
food and feed crop in Angiang. It can be grown in large areas, 
especially in the FR area and in the higher lands along the river 
banks with good water control. However the cUltivated area of 
maize has occupied only a small fraction of land in this cropping 
system. In 1989, maize was grown on 5 789 ha producing 18 754 t, 
with an average yield of 3.24 t/ha. 

Previously, the farmers planted local maize varieties with 
low yield potential and poor quality (average yield of 0.8-1 
t/ha). They are now begining to accept high yielding improved 
varieties and following new techniques in the cropping systems in 
the FR area. 

There are many constraints for maize cultivation in this FR 
area, soil texture and chemistry, irregular topography, flooding, 
irrigation systems and labor. These factors affect the develop
ment of maize and other upland crops. If these factors can be 
overcome, there is a great potential for the maize crop in this 
area. 

1. Constraints of :aaize developJaent in floatinq rice area. 

1.1 Topography and flood. 

~I Director of Agriculture, Angiang Province, Vietnam. 
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Fig. 1. Climatic conditions at An Giang province, r~ekong delta. 
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Fig. 2. Monthly average water depth, Tan Chau Station (1960-1970). 
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The natural topography consists of flat ·plains with eleva
tion ranging from 1-2 masl. This area belongs to the Long Xuyen 
Quadrilateral in the posterior Mekong West bank zone. 

The area is about 7-15 km from thee Mekong river bank, irre
gular lowland type. Because it is relatively far from the river, 
the deposits of alluvial soil in the area are very limited. 

The flooding season occurs from June - December with its 
peak in August - October. Annually, this area is flooded for 
4-5 months with water depths ranging from 1.2-2.5 m. (Fig.2). 

1.2 Soil. 

The area consists of two main types of soils : 

- Typic Humaquepts (t-HAP) and Typic Humaquepts fluvic (t
HAP-f) 

- Light to medium sulfate-acid soil : Sulfuric Humaquepts 
(su-HAP) and Deep Sulfuric Humaquepts (dsu-HAP). This 
group occupies the largest amount of soils in the area. 

1.3 Irrigation systeas and water quality 

The irrigation and drainage systems available have not been 
enough. Water shortage usually occurs in dry season (Feb-Mar) and 
waterlogging in the early rainy season (May) or at harvest time 
(Jul-Aug). There are no electricity generating stations in this 
area as to facilitate the use of electrical pumps. 

In the dry season, the sulfuric acid oresent in the soil is 
oxidized and moved to the arable layer through capillarity. In 
the early rainy season, sulfuric acid enters the canals making 
water sources undesirably acid. These two phenomena, will defi
nitely injure the crops. 

1.4 Labor 

The human population of this area is low. Laborer density is 
low too, with 30 to 50 people per km . 

2. Cropping patterns of .aize on floating rice area of Angianq 

In this province, the traditional cropping pattern is a 
single crop of floating rice (May-December). At the present 
time, many cropping patterns of two or three crops/yr have been 
developed and improved maize varieties have also been introduced 
into these cropping patterns. Maize is cultivated under the 
following cropping patterns (Fig. 3). 
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2.1 Maize-floating rice 

Maize is planted after flood water from the Mekong river has 
receded. Growing period is from January-April. The following 
planting season with FR takes from May-DeFrom May-December. 

No land preparation is needed for planting maize during the 
dry season. When the flood recedes and the soil is still wet, 
maize is planted directly between the rows of rice straw at 90 x 
50cm spacing with 2 plants/hill. The FR straw (20-25 cm thick) 
becomes a good mulch which can keep moisture sufficiently during 
the early growth of the maize plant. This period takes approx. 25 
days, but varies depending on the thickness of the rice straw. 

Because the irrigation systems are insufficient during the 
dry season, there is a water shortage at the later stages of the 
maize crop, especially from February - March, coinciding with 
flowering. 

The growth duration of well adapted maize varieties like 
TSB1, HLS, and Across 8336 is 85-90 days. In this ar~a, these 
varieties have average grain yields of 3-4 t/ha. However, in 
some areas with good irrigation, the yield of the varieties can 
be as high as 4-5 t/ha. 

2.2 Upland crops - aaize I floating rice 

Upland crops such as sesame, mungbean, soybean and 
vegetables are planted during December and January and harvested 
in March. Afterwards, during the rainy season there are two 
methods of planting maize and floating rice for the next crop: 

1. Firstly, the farmers burn crop residues in the field, prepare 
the land and plant maize at 1.2-1.5m between rows, and 2 
pIt/hill, 50 cm apart. Planting is in April and harvesting in 
June-mid July. Early maize varieties such as Pool 17B (70-75 
days) are favorable in this pattern. At 40-45 days after planting 
maize, farmers broadcast FR seeds between maize rows and cover 
by harrowing. with rains, the FR seeds germinate and develop 
using some of the fertilizer applied to maize. The widely-used 
FR local varieties are Nang tay dum, Chet cut, Ba bong. 

The yields of maize in FR areas Thanh My Tay, and Dao Huu 
Canh (Chau Phu district) are 2.5-3 t/ha and 1.5-2 t/ha, respec
tively. These figures show the additional benefit of this cropp
ing pattern, with an economic value 3-4 times higher than a 
single crop of FR. 

2. Secondly, in areas away from the river, to avoid drought at a 
late stage of the crop, the farmers plant maize under FR straw in 
untilled soil. At 40-45 days after planting, they pass an ox
drawn plough between the maize row, and broadcast FR seeds to be 
covered by harrowing. 
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2.3 Intercropping patterns 

2.3.1 Maize + Beans - FR 

Dry season: Maize is intercroped with soybean, mungbean or 
other legumes. 

Crop period: from January-April, beans are planted 7-10 days 
before planting maize. 

Density of maize: 300x50cm , 2 pIt/hill 

Density of bean : 30-40cm x 15-20cm 

Rainy season: FR (May-December) 


2.3.2 Maize + Sesaae - FR 

Dry season: Maize intercroped with sesame 

Crop period: January-April, sesame is planted 10-15 days 
before planting maize 

Seed rate of sesame: 7 kg/ha 

Density of maize: 300x50cm, 2 plants/hill 

Rainy season: FR (May-December) 


3. Advanced technology has been transferred to faraers. 

One on-farm research program and one extension program have 
been implemented in a FR area in order to instruct and encourage 
farmers to grow maize and apply new technologies. 

3.1 Many experimental trials have been conducted to test 
varieties, cultural practices, rotations and intercropping pat
terns with maize. Extension services, including workshops, video 
movies, leaflets and mass communication media have been widely 
used to promote the new technologies. 

3.2 Several promising open-pollinated maize varieties have 
been introduced through the VIE 80/004 FAO Project, such as TSB1, 
VM1, HLS, Dalat 11, Across 8336, Pool 17B. Additionally, three 
maize hybrids have been tested from: Pioneer, and Pacific and 
Honey sweet corn from Taiwan. To get higher results, there is 
the need for extra early (75-80 days) and early (80-85 days) 
maize varieties. Sulfuric acid and drought tolerant varieties 
widely adapted to different cropping patterns are also required. 

3.3 We have improved irrigation systems and water quality in 
some areas by: 

constructing main cannals at 1 000 m distances. 
Constructing lateral cannals at 100 m distances and per
pendicular to main ditches. 
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Constructing sulfuric acid drainage ditches perpendicular 
to the lateral cannals. 

3.4 Recommendations for fertilizer rates and plant density 
have been made. 

The best fertilizer rates proved for maize are: 

100-120kg N/ha 

60-80kg P205/ha 

30kg K20/ha 


The optimum plant densities for maize vary from 50 000 
plants, under normal conditons, to 75 000 plants when at optimum 
conditions. 

3.5 Improved cropping patterns and planting of upland crops 
- maize / FR cropping pattern has increased from 20 ha (1988) to 
850 ha (1989) and now 1900 ha (1990). 
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BREEDIlfG OF TEMPERATE MAIZE GERIIPLASII FOR TROPICAL ADAPTATION 

l../
s. K. Kim 

Abstract 

Maize breeding has a longer history in the temperate zone 
than in the lowland tropics. Temperate maize inbreds are charac
terized by their restricted adaptation and susceptibility to 
tropical diseases and insects. Thus, the direct use of temperate 
germplasm in the tropics is limited, especially under year-round 
severe tropical epibiotic conditions. Recent experience has 
shown, however, that temperate elite inbreds with a high com
bining ability can be used in the tropics to exploit their hete
rosis to a maximum. Conversion of temperate inbreds for resist 
ance against tropical diseases and insects must be achieved as a 
prerequisite for the expression of their high combining ability. 
Among the two temperate heterotic groups, the stiff stalk B73 
group shows a higher combining ability than the Mo17 group in 
crosses with most tropical germplasm. Since the genetics of 
heterotic groups in the tropics are not as clearly understood as 
those in the temperate zone, use of available information on tro
pical x temperate heterotic groups will save time and research 
funds. If the high stability and combining ability of temperate 
inbreds can be achieved in the tropics, the potential contribu
tion of temperate inbreds in the tropics is enormous. This paper 
discusses the use of selected temperate inbreds in crosses with 
tropical germplasm. Because of the high homozygosity of most 
temperate inbreds, conversion for tropical adaptation through 
oligogenic types of resistance can be achieved in a relatively 
short period of time. 

Introduction 

The short history of inbred line development of maize in the 
lowland tropics has shown that it is of limited value in devel
oping superior tropical hybrids. Currently maize is grown on 123 
m ha worldwide, with an average yield of 2.8 ha. The USA pro
duces the largest quantity of maize, 107 m tons from 21 m ha, 
with an average yield of 5.1 t/ ha. Among the developing 
countries, China produced 64 m tons f~om 20 m ha, with 3.2 t/ha 
(CIMMYT, 1984). 

Consumption of maize is probably the most diverse among food 
crops, with more than 2000 known food items. The major uses of 
maize are as animal feed in the temperate zone, and as human food 

JV 	 Senior scientist and Maize breeder. International Inst. of 
Trop. Agric., (IITA), P.M.B. 5320, Ibadan, Nigeria. 
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in the tropics, in addition to industrial uses. Corn flakes, 
corn starch, high fructose sweetener, and oil are major processed 
commodities. Ethanol replacing fuel oil, could be a product of 
maize in the forseeable future. 

Temperate maize comprises almost 100% of existing hybrids 
with a high yield potential but limited to only one crop per 
year, while tropical maize comprises over 80% of improved open
pollinated or unimproved local varieties. Environmental condi
tions in the lowland tropics favor pest development, with year
round high humidity and high temperatures. 

Temperate inbreds in the lowland tropics are characterized 
by early flowering, early senescence, and susceptibility to major 
tropical diseases. Hence they have been rarely used. Race
specific type of resistance to diseases and insect pests has 
proved transient in tropical year-round evolutionary conditions 
(Brewbaker, 1974; Brewbaker et al., 1989; Kim et al., 1988). 
Seection for general resistance (race-non specific) is essential 
in international research efforts for resistance breeding of 
maize in the tropics. 

The high productivity of maize in temperate zones depends on 
the high photosynthetic nature of maize as a C4 plant, one of the 
most efficient users of nitrogen increasing productivity, and on 
expression of high yield heterosis at the F1 stage. The cross
pollinated nature of maize and its high heterosis have 
contributed to the dependence of temperate maize breeding on the 
line-hybrid approach. The genetic basis of heterosis is general
ly classified as being due to primarily overdominant effects of 
individual loci or to loci showing partial to complete dominance 
(Hallauer et al., 1988). Broadbased populations often show that 
additive effects are of greater importance than either dominance 
(Gardner and Lonnquist, 1959) or epistatic effects (Silva and 
Hallauer, 1975). 

The objective of this paper is to analyze the potential use 
of well-defined and improved temperate maize inbreds for tropical 
maize improvement. A step-by-step problem-solving approach is 
suggested, and the high potential of the B73 group is highlighted. 
The stability parameter for disease and insect resistance is em
phasized in line development. 

Heterotic groups 

A major part of het~rotic groups in the temperate maize 
germplasm consists of Lancaster Sure Crop (A) and Reid Yellow 
Dent (B). In the USA, most hybrids have been developed using the 
heterosis of crosses A x B, the most outstanding single cross 
worldwide, B73 x Mo17 is representative of such cross. The mother 
of B73 was Iowa stiff Stalk Synthetic, an improved synthetic 
population representative of Reid Yellow Dent (B), and that of 
Mo17 was 187-2 x C103. 187-2 was derived from Krug, an improved 
strain of Reid Yellow Dent (B), and C103 was derived from 
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Lancaster Sure Crop (A). The example of B73 x Mo17 illustrates 
that the distinction between heterotic groups is not absolute. 
Mo17 has one parent of the same origin as B73 (187-2 from the B 
group). However, most hybrids in the USA are presently based on 
the A x B pattern. In Europe, a common heterotic group is based 
on the US dent x European cold-tolerant flint lines. However, 
the widely grown French single cross F2 x F6, was derived from 
the same population. In Brazil and Mexico, Tuxpeno x ETO, Cuban/ 
Coastal Flint or Suwan 1 group are the most important ones. In 
China, Mo17 x Chinese Flint forms the basis of the major heterotic 
crosses. Goodman (1985) listed 10 heterotic groups that have 
been identified. They were Cuban Flint x Tuxpeno, Cuban Flint x 
Tuson, Tuson x Tuxpeno, Coastal Tropical Flint, Tuxpeno x Coastal 
Tropical Flint, Tuson x Chandelle, Tuxpeno x ETO, Chandelle x 
Haitian Yellow, and Cuban Flint x Perla. In West and Central 
Africa, the major heterotic groups are tropical x temperate in
bred converted, and Tuxpeno x TZB. Selection of heterotic groups 
is somewhat arbitrary (Gerrish, 1983; Hallauer et al., 1988) and 
it often depends upon the intuition of the maize breeders gene~ 
rating outstanding hybrids and complementary populations. 

It is important that well adapted native materials should 
not be underestimated. To save breeding efforts and research 
funds, it is still advisable to focus on line development by the 
use of two selected complementary A and B populations, using a 
reciprocal recurrent selection scheme (Eberhart et al., 1988). 

Adaptation 

Temperate maize does not adapt to short day tropical condi
tions and flowers early, while most tropical materials are very 
late in long day temperate conditions (Kim and Hallauer, 1989). 
Adaptation of temperate inbreds under lowland tropical conditions 
depends on the testing environments. In West Africa, temperate 
inbreds such as Mo17 and B73 show some adaptation only in the 
savanna (lOoN) conditions where disease pressures are limited to 
common rust (Puccinia sorghi) and Turcicum leaf blight 
(Exserohilum turcicum). Similar adaptation was recorded in 
Hawaii (21 oN). Under a typical tropical forest environment with 
high rainfall (1500 mm) and reduced sunshine, temperate inbreds 
suffer from their susceptibility to Polysora rust (Puccinia 
polysora) and stalk rots, normally associated with early sene
scence. Susceptibility to Maydis leaf blight (Bipolaris maydis) 
limits certain temperate inbreds, such as B73 and F44. On the 
other hand Mo17 and H95 show outstanding general resistance to ~. 
maydis in tropical conditions. Generally poor adaptation might 

~be caused by the super-susceptibility of temperate inbreds to 
major tropical diseases and insect pests. 

Disease and insect resistance 

Yield reduction of maize by disease, globally is averaged at 
about 9.4% and it is unquestionably higher in the tropical than 
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in the temperate environment. Major tropical diseases include 
viruses, rusts, downy mildews, stalk/ear rots, and leaf blights. 
Major insects include the stem and stalk borers, cutworms and 
grain weevils (Brewbaker, 1979). Except for some tolerance of 
common rust, Maydis leaf blight and Turcicum leaf blight, most 
temperate inbreds are highly susceptible to tropical diseases. 
They have not been exposed to tropical conditions and selection 
has not been carried out. In fact, the diseases and insects pre
valent in the two global megaenvironments are quite different. 

The spread of diseases and insects is quick in the lowland 
tropics due to favorable year-round warm environments. Studies 
with over 100 tropical and temperate inbreds in tropical and tem
perate environments have shown, however, that race nonspecific 
general esistance genes can be found among the germplasm avail 
able worldwide (Kim et al., 1988; Brewbaker et al., 1989). Use of 
single gene controlled race-specific resistance cannot offer 
stability in the tropics and its use is thus discouraged. Most 
high general resistance is known to be controlled by a few major 
genes which can be transferred to susceptible inbreds by a modi
fied backcross, backcross-selfing-backcross, or conventional re
current selection method. This conversion does not require 
application of recent advances in biotechnology. Details of re
sistance gene conversion will be discussed in the section on 
breeding methodology. 

In converting temperate inbreds to lowland tropical adapta
tion, the following diseases and insects might be important. 

Diseases 

Puccinia po1ysora (Po1ysora rust): In the humid-forest 
environment, this disease could be a major obstacle in the use of 
temperate inbreds. Almost all temperate inbred lines are highly 
susceptible to £. polysora (Kim et al., 1988; Brewbaker et al., 
1989), while most tropical improved germplasm, especially of the 
Tuxpeno group, are highly tolerant to this disease. In Nigeria, 
this disease can be seen at about flowering time. Although in
fection might occur in the early stages, disease development 
comes after flowering. This disease, and stalk rots, are highly 
associated witn the early senescence of temperate inbreds in the 
lowland tropics. Conversion experience with B73 (Iowa stiff 
Stalk group) showed that tropical senescence can be greatly re
duced by the introduction of Polysora resistant genes. In the 
early 1950's, an introduction to Africa from Latin America or 
from the US Corn Belt produced severe epiphytotic of £.polysora 
in West Africa, which then moved to East Africa and later to 
Asian countries. Studies on genetics of inheritance of general 
resistance is limited. Several studies (Kim et al., 1988; 
Brewbaker et al., have accumulated significant information on 
resistance to P. polysora. Ullstrup (1977) reported 11 dif 
ferent race-specific resistance genes (Rpp1 to Rpp11) and the 
value of those genes has not been fully exploited. However, the 
use of race-specific genes in tropics has too great a risk and is 
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not recommended because of the tropical favorable environment for 
new mutant races as well as the availability of race non-specific 
general resistance genes. 

Puccinia sorghi (Co..on rust): This disease occurs in relative
ly cooler environments (17-25C) in the tropical highlands and the 
savanna. Some temperate inbreds, such as Oh545, Oh515, C103, 
etc., carry general resistance genes (Table 1). There are 
several published reports on the genetics of resistance to £. 
sorghi (Kim, 1974; Kim, and Brewbaker, 1977; Hooker, 1979; smith 
and White, 1988). £. sorghi is an obstacle for use of temperate 
germplasm only for certain susceptible germplasm and at certain 
locations in the highlands and in the savanna environments (more 
than 600 masl). When tropical maize production is intensified in 
the high potential savanna environment, this disease may reach an 
epiphytotic proportion. In contrast to £. polysora, £. sorghi 
infection occurs at the early seedling stage, followed by 
sporulation. Selection for both specific and general resistance 
to £. sorghi can be done well before flowering. The chances of 
this disease becoming a problem in the forest and derived savanna 
are low and it may not be necessary to take any steps in breeding 
for resistance for such ecologies. 

Bipo1aris .aydis: Syn. Hel1llinthosporiu. :.aydis Nisik, and Miyake) 
(Maydis 1eaf b1ight): The author's experience in West Africa 
suggests that the ~. maydis problem limits the use of inbreds 
developed in northern US and Canada to a certain group. Most 
inbreds related to Mo17 showed a good level of tolerance. By 
avoiding the use of highly susceptible temperate materials, the 
~. maydis problem can be minimized. One possibility is that this 
relationship is location-specific. Maize inbred resistance (MIR) 
trials and other trials have shown that ~. maydis represents a 
problem in some parts of India and Philippines (Brewbaker et al., 
1989). Most lines developed in Florida (subtropics) confer a 
high level of resistance. They are Fla 2BT106, Fla 2ATl15, Fla 
2ATl16 (Table 1). The first observation of race T of~. maydis 
in the Philippines in 1960 and its outbreak in the US Corn Belt 
in 1970 in a specific relationship with T cytoplasmic male steri 
lity (race T) reminded us that the use of any single gene in 
large area would create genetic vulnerability (Sprague, 19~1; 
Hooker, 1979). 

The experience with the single recessive gene rhm (Hooker, 
1979) shows that its use can be limited by its weak expression, 
and its recessive gene action. The best way to tackle ~. maydis 
problems in the lowland tropics is to work with quantitatively 
inherited characters of resistance. During conversion of 
temperate germplasm to the lowland tropics, selection must be 
carried out through breeding cycles for race nonspecific, general 
resistance, controlled by polygenes. Many tropical inbreds 
confer general resistance genes. 

Exserohi1u. turcicu.: Syn He1.inthosporiu. turcicu. Pass 
(Turcicua 1eaf b1ight). ~.turcicum is prevalent in the tropical 
highlands characterized by high humidity and cool temperature. 
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Tab1e 1. eer.p1asa of teaperate origin resistant to tropica1 
funga1 diseases. 

Disease Germplasm origin 

Puccinia polysora 

Puccinia sorghi 

Bipolaris maydis 

Exserohilum turcicum 

Peronosclerospora spp. 

Curvularia lunata 

Head smut (Sphacelotheca 
reiliana) 

Common smut (Ustilago 
maydis 

Fusarium spp. 

Other ear rots 

None 

Oh545 
Oh515 
Pa762 
CI03 

Fla 2BTI06 
Fla 2ATl15 
Fla 2ATl16 
Mol7 
H95 

Fla 2ATl6 
Fla 2BT54 
INV534 
T232 
TZMilOI 
TZMil02 
Oh514 
INVl38 
Hi25 

Fla 2ATl14 
SC55 

Oh514 
Mo5 
N6G 
Fla 2BTI06 
B77 
T250 

A632 
B84 
B73 
Cl64 

Tx601 (Hi) 
INV302 
INV534 

INV534 
P991 
T258 
B77 
F44 
Fla 2ATl14 

Ohio 
Ohio 
pennsylvania 
Connecticut 

Florida 
Florida 
Florida 
Missouri 
Indiana 

Florida 
Florida 
Texas 
Tennessee 
IITA 
IITA 
Ohio 
Texas 
Hawaii/Iowa 

Florida 
S. Carolina 

Ohio 
Missouri 
Nebraska 
Florida 
Iowa 
Tennessee 

Minnesota 
Iowa 
Iowa 
Connecticut 

Texas/Hawaii 
Texas 
Texas 

Texas 
Pennsylvania 
Texas 
Iowa 
Florida 
Florida 

Lines developed in Florida, Hawaii and Texas are included. 
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The race-specific genes for resistance are well known: Ht1, Ht2, 
and Ht3, and HtN (Hooker, 1977). At the moment, only HtN main
tains resistance universally. 

Both oligogenic (several major genes) and polygenic sources 
of resistance are available. The use of these genes is recom
mended in the tropics because of the favorable year round warm 
environment. The results of MIR trials over 5 locations in the 
tropics showed that race nonspecific general resistance is avail 
able. Among the inbreds, Fla2ATl16, Fla2BT54, INV534 , T232, and 
TZMi101 inbreds confer resistance (Kim et al., 1988; Brewbaker et 
al., 1989). This disease can be more problematic when breeders 
use inbreds developed in the southern US Corn Belt, as well as in 
the lowland tropics. Materials developed in states of the 
northern US Corn Belt, Canada, and northern Europe may confer 
general resistance genes. 

Downy .ildews: The author was glad to learn that downy mildews 
(Peronosclerospora spp.) are under control in Asia. The Thailand 
and Philippines programs have tackled this most important disease 
problem in Asia. Most seed companies also use chemicals such as 
metalaxil to treat seed of susceptible varieties. There are 
enough germplasm sources resistant to downy mildews in Asia. 
Suwan 1 and derived inbreds are outstanding sources. Among the 
temperate germplasm, an Iowa line, B73, showed a little tolerance 
in Texas as well as in Nigeria. Some inbreds developed in Texas 
also possess resistance or tolerance. When temperate inbreds are 
introduced in Asia, downy mildew must be carefully looked at. It 
would be better to assume most temperate inbreds are susceptible 
and any lines selected for high combining ability for yield and 
other traits, must be converted for resistance. Among tropical 
germplasm, many lines from IITA, Thailand, and the Philippines 
are resistant. IITA has collaborated with the CIMMYT Asian Pro
gram in Thailand and public institutions in Thailand and 
Philippines. 

Curvularia lunata: Curvularia leaf spot is a problem in Thailand 
and in some parts of Asia. It becomes a major foliar disease in 
the humid forest zone in West Africa. The best resistant sources 
in West Africa are Thailand inbreds such as KU1414 and KU1409. 
Many lowland tropical germplasm especially of the Tuxpeno group, 
are highly susceptible. Grain yield reduction by Curvularia in 
Cameroon and Nigeria can reach up to 30% (Kim et al., 1988). 
This disease can be more serious than ~. maydis in the lowland 
tropics. Zero-tillage may increase infection by Q. lunata in the 
lowland tropics. 

staIk and ear rots: Tropical humid environments tend to favor 
development of stalk and ear rot diseases. Major rot diseases 
occurring in the lowland tropics are Fusarium, Botryodiplodia and 
Macrophomina. In most cases, the above three and other rot di
seases occur at the same time. The MIR lines were tested against
E. moniliforme, ~. theobromae, M. phaseoli and their combinations 
in Nigeria as well as in Hawaii (under natural inoculum only). 
B77 (Iowa), Hi35 (Hawaii), F44, Fla2ATl14 (Florida), H632G 
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(Kenya), ICAL36 (Colombia), INV302 and Tx601 (Texas), Mo20W 
(Missouri), TZi3, TZi4, and Txi18 (IITA) showed resistance (Table 
1, Fajemisin et al., 1987). 

As mentioned earlier, stalk/ear rots can be a severe problem 
when temperate materials are introduced in the tropics. Most 
stalk/ear rots are known to be seed, soil, and airborne. Year
round warm tropical and warm soil conditions are ideal for the 
development of these fungal inocula. Cold winters in the tempe
rate zone apparently contribute to the relative absence of rot 
diseases. 

The genetics of resistance to stalk and ear rot diseases 
have been studied at IITA (Fajemisin et al., 1987). When re
sistance was studied through both dial leI crosses and generation 
mean analysis, the results showed that additive genes play a ma
jor role in the inheritance of resistance. Among the three 
pathogens studied, Fusarium was the most virulent. IITA inbreds 
TZi3, TZi7, and TZi17, showed resistance to all the three patho
gens. All screening was done using artificial inoculation by the 
toothpick method. However, experiences in Zimbabwe and South 
Africa have revealed that applying ground powder of rotted ears 
of maize in the leaf whorl at the knee-high stage produces a high 
level of infection. This method of screening can be easily 
adapted by most national programs. Because of the association of 
rot diseases with early senescence of high potential temperate 
germplasm in the lowland tropics, these diseases must be given 
priority attention. 

virus diseases: Many different virus diseases attack maize in 
the tropics (Rossel and Thottappilly, 1985). Among them, five 
showed ~ignificant importance in the lowland tropics. Sources 
for resistance have been found for most viruses from the world
wide collections. Most successful breakthrough for virus control 
through the development of resistant varieties have been consi
dered to be maize dwarf mosaic virus (MDMV) in US, maize mosaic 
virus (MMV) in Hawaii and carribean, and maize streak virus (MSV) 
in Africa (Kim et al., 1988; Brewbaker et al., 1989). Among the 
temperate germplasm tested, resistant lines for MDMV and MMV were 
observed (Table 2). However, none of them showed resistance to 
MSV and maize chlorotic mottle virus (MCMV). 

I~ects 

Asian corn borer: ostrinia furnacalis: The Asian corn borer or 
Asian stalk borer is considered to be the most serious insect 
pest of maize in Southeast Asia and the Pacific region (Brewbaker 
et al., 1989). Among the 120 MIR inbreds screened in Guam (D. 
Nafus and H. Schreiner), the Philippines (B. Aday) , and Taiwan 
(T.C. Tseng), four lines, NC248 (North Carolina), Hi32 
(Ohio/Hawaii), Hix4231 (Hawaii), and Mo5 (Missouri), showed re
sistance or tolerance to the insect (Table 3). These and other 
related lines will offer the base of tolerance to Asian stalk 
borer. In general, materials derived from the Antigua maize col
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lections (e.g. Hi34) offer general tolerance (Table 3). 

A more systematic screening of a wide germplasm base is sug
gested. The lines named above can be used as source materials to 
cross with high combining temperate inbreds. The author's own 
breeding method against tropical insects is the delayed harvest
ing of testing materials. In four-row yield trials, two central 
rows are harvested at physiological maturity for grain, and the 
remaining two side rows harvested 2 to 3 weeks later to check 
stern borer infestation and stalk strength. This way, the same 
trial plot can offer significant information on yield, as well as 
ear and stalk insect damage. Some breeders harvest maize too 
early to see the real problems of insect and disease damage as 
they occur on farmers' fields. Most resistant genes to insects 
appear to be controlled by quantitatively inherited minor genes. 
Selection must be done at several stages in the breeding cycle. 
Fields severely infested by insects and diseases often provide 
more meaningful information than clean and healthy nurseries. 

Table 2. eer.plasa of temperate origin resistant to virus 
diseases occurring in tropics. 

Virus Germplasm origin 

Maize dwarf mosaic virus 
(MDMV) 

Maize mosaic virus (MMV), 

Sugarcane mosaic virus (SCMV) 

Maize streak virus (MSV) 

Maize chlorotic mottle virus 
(MCMV) 

Corn stunt (CS) 

A632(Hi) 
B14 
B68 
Oh514 

A632 

Ga209 
Hi25 
NC246 
T232 

None 

None 

W64B(Hi) 

Minnesota/Hawaii 
Iowa 
Iowa 
ohio 

Minnesota 

Georgia 
Hawaii 
North Carolina 
Tennessee 

wisconsin/Hawaii 

African ste. borers: Three stern borers damage maize signifi 
cantly in sub-Saharan Africa: Sesamia calamistis, Eldana saccha
rina, and Busseola fusca. The first two thrive in West African 
lowlands with preflowering stage attacks by Sesamia and post
flowering stage attacks by Eldana. They behave in a way similar 
to the first and second generation European corn borer (Ostrinia 
nubilalis) in the temperate zones. The third borer, Busseola 
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fusca, thrives in the cooler midaltitude environments, and it is 
also known to be present in Asia (Dabrowski, personal communication) 

Tab1e 3. Ger.p1asa of te.perate oriqin resistant to indicated 
tropica1 insects. 

Insects Germplasm Origin 

Asian corn borer 
(Ostrinia furnacalis) 

Sesamia calamistis 

African sugarcane stern borer 
(Eldana saccharina) 

weevil (sitophilus spp.) 

Hi32 
C248 
Hi x 4231 
Mo5 

INV525 

MP704 
PM Mo2(Sl)C6752-1 

MP496 

Hi39 

Hawaii 
N. Carolina 
Hawaii 
Hawaii 

Texas 

Mississippi 
Poza Rica/ 
Missouri 
Mississippi 

Hawaii 

Screening for Busseola resistance has been a long-standing 
effort of ICIPE (International Center for Insect Physiology and 
Ecology) in Nairobi, Kenya. Recently the CIMMYT team in Harare, 
Zimbabwe, and the IITA team in Lumumbashi, Zaire, have screened 
for resistance with limited materials. Genetic differences were 
observed among the advanced materials (M.S. Alam, Zaire, unpub
lished) . 

A majority of temperate germplasm lines would be susceptible 
to tropical insects, partly due to their susceptibility to major 
tropical diseases, which renders the maize stalk and permits easy 
penetration by tropical insects. Among the temperate germplasm 
studied, MP496, MP704 (Mississippi), PRM02 (Sl) C6752-1, PRMo2 x 
PR MpoSQB5874, and PRMo2 (Sl), C688-8 (Poza Rica/Missouri) have 
shown some tolerance (Table 3) Bosque-Perez et al., 1988). 

storaqe veevi1s (Sitophi1us spp): Tropical Tuxpeno and most 
temperate inbreds with dent grain texture are generally known to 
be susceptible to Sitophilus spp. which thrive throughout the 
world. Again, tropical environments are more favorable for these 
insects. Temperate inbreds have on average 4 husks leaves less 
than tropical germplasm. The high husk numbers, tightness of 
husks and flint grain texture of tropical germplasm are highly 
associated with reduced storage damage by pests compared to 
temperate germplasm (Kim, 1974; Brewbaker and Kim, 1979). Tight 
husk cover is a well known factor to minimizing weevil infesta
tion in the field. Tuxpeno race and its associated germplasm 
appear to be the most susceptible group. In general, lines with 
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high quality protein content with soft endosperm are more suscep
tible than those which are normal dent or flint. However, one 
preliminary study showed that some quality protein maize (QPM) 
posses resistance to Sitophilus (Mihm, unpublished). 

Crosses between dent x dent and dent x flint yielded signi
ficantly more than flint x flint crosses in west Africa (Kim et 
al., unpublished). Here, the art and science of breeding needs 
to be adapted to introduce temperate maize germplasm, mostly with 
a dent background, into the lowland tropics. o Temperate flint 
germplasm from Europe and China could be one choice, but breeders 
must expect less heterosis between mixed tropical flint x tempe
rate flint. Exceptional heterosis might be present between tro
pical Tuxpeno dent x temperate flint. Keep in mind that high 
yield and high combining ability are greatly influenced by sus
ceptibility to major tropical diseases and insects. 

Parasitic weeds: The author's experience in West Africa has 
shown that some temperate germplasm (Table 4) carry significant 
tolerance to striqa hermonthica. This is considered to be a 
major pest of maize, sorghum, millet, and rice in sub-Saharan 
Africa (Kim, 1988). Some inbreds also showed tolerange to Q. 
asi.atica, which occurs on sorghum in India and USA (Ransom, un
published) . . 

Drought resistance 

In West Africa, except Kansas lines (Table 4), most 
temperate inbreds are susceptible to drought. Lack of adaptation 
could offer less tolerance to drought. The temperate inbred B73, 
showed susceptibility to drought. The best drought tolerance 
among inbreds in West Africa is the Thai KU1414 which is also 
downy mildew resistant (Table 4). One IITA inbred Tzi9 (5012) 
showed high degree of tolerance. Both KU1414 and TZi9 showed 
high susceptibility to ear rot. Infection of ear rot is usually 
less under drought conditions. One important point for stability 
in the tropics is that drought resistance genes should be com
bined with other stress-tolerant genes. 

Tab1e 4. Maize gerap1as. of tropica1 origin resistant to 
Striga spp. and drought in the tropics. 

Constraints 	 Germplasm Origin 

Striga hermonthica 	 Tzi12 IITA/Nebraska 
Tzi25 IITA/Iowa 

Drought 	 K55 Kansas 
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Breed.inq :aethods 

Since the use of temperate materials in the tropics is 
limited by their susceptibility to local biotic stresses and 
early senescence, selected high-combining inbreds, open-pollinated 
varieties (OPV's), and populations should be converted for local
ly dapted genes for stability (Kim et al., 1988). Conversion of 
temperate germplasm in West Africa as well as in Hawaii proved 
that a few major genes for resistance to important stresses can 
change the adaptation of temperate germplasm in the lowland tro
pics. The following steps are suggested: 

Season 1: Seed increase and observation 

1. Inbred observation and test cross seed production: Any 
introduced temperate germplasm can be tested either directly or 
as test crosses with adapted local materials. Temperate materials 
must be planted later because of their earlier flowering in the 
tropics. 

For seed multiplication of temperate germplasm, plant single 
5 m rows (about 20 plants) for inbreds and 10 rows for OPV's. 
Uniform inbreds and heterozygous OPV's can be sib-pollinated. 

2. Plant testers which may be inbreds (A, B), single crosses, 
and/or experimental OPV's. One row of inbred and single cross 
and five rows of OPV's must be planted as tester. The tropical 
testers must be planted 1 to 2 weeks earlier than the temperate 
germplasm lines, which flower earlier under tropical environ
ments. It is important to use locally adapted test materials as 
seed parent in order to get good quality seed. If inbreds are 
segregating, self pollinate them. Numbers of plant for pollina
tion should consist of about 10 plants for inbreds and 200 plants 
for OPV's. For testcross production, use temperate germplasm as 
the male parent. Often they don't produce good silks, but can be 
used as source of pollen. 

3. Take all possible data on the introduced inbreds, i.e. 
diseases, insects, and drought reaction, using a simple rating 
scale: 1 to 5 or 1 to 9. Mark only outstanding crosses apd lines. 

4. Harvest the temperate inbreds and varieties at, about 35 
days after pollination since they can often be attacked by many 
biotic stresses even at a late stage. Test crossed F1 ears (lo
cal tester x temperate germplasm) can be harvested later, 55-60 
days after flowering in lowlands and 75-90 days after flowering at 
midaltitudes. Dry the seeds well. 

Season 2: Conversions by backcross 

5. Seeds of all F1 test crosses can be planted in RCB (random
mized complete block) design with 3 replications and single rows. 
If at all possible, one may plant 2 rows of each. Test crosses 
of OPV's and populations must be 2 to 4 rows/plot. Trials can be 
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grouped according to the individual test criterion to minimize 
plant height variations. 

6. If there is enough seed, introduced inbred lines can be 
tested in single rows with 2 replications at 2 to 3 sites. It is 
important to test temperate inbred lines per se under local 
tropical conditions, because some inbreds may have fewer problems 
than others against tropical pests at an early stage, but 
problems may occur later. It is important to monitor the 
introduced materials carefully for new pathogens and insects. 
Inbreds de-veloped in southern temperate zones and subtropical 
areas may have a better adaptation. 

7. Data should be recorded for disease and insect pests, 
general adaptation, desirable agronomic traits, and high yield 
potential must be checked at multiple stages (seedling, 
flowering, milk state, dough stage and maturity). since the 
trial is the first systematic observation of temperate materials 
in the tropics, quick observations and marking very outstanding 
test crosses are recommended. In general, less than 5% of the 
introduced temperate germplasm are likely to offer any potential. 
Once breeders capture the information on heterotic patterns and 
high combining ability, additional related inbreds and OPV's can 
be introduced and tested. Several sister lines may be available 
throughout the temperate region, the US Corn Belt, and Europe. 

Season 3: First backcross 

8. Backcrosses can be made with only selected temperate germ
plasm. The tropical donor parent could be either the high com
bining, outstanding donor that was selected as a F1 test cross or 
a low-combining tester. Depending on the objective, either or 
both donors can be used. Poorly combining tester will provide a 
better chance to maintain high combining ability with the 
selected temperate germplasm, but may meet with difficulties due 
to some undesirable linked genes. To speed up backcross proce
duce and to select the right tropical donors, it is important to 
use two distinctive groups of testers, which cross with the un
known introduced temperate germplasm. Number of plants to pro
duce backcross can be 5 to 10 plants for inbreds and 50-100 
plants for OPV's. Use of high-combining testers may lead to the 
development of better inbreds than the original temperate lines 
through backcross conversion. 

9. Continuous observations should be made to check the poten
tial problems of the temperate germplasm. Although the main ob
jective of the backcross is to transfer genes for tropical adap
tation and pest resistance into temperate germplasm, selection 
should be made at every stage. Depending on the ability and ex
perience of a breeder, the final product could be quite dif
ferent. In general a F1 test cross is used as seed parent and 
unadapted temperate material as recurrent pollen parents. Be
cause of difficulties in maintaining temperate germplasm in the 
tropics, seed increases can be done simultaneously. 
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10. Ears can be kept on an individual basis after BC1. Although 
in theory not much difference is to be observed among the indi
vidual backcrossed ears, some differences might be conspicuous. 
Ten good selected ears for inbred backcross and 100 ears for OP 
backcrossing can be maintained. 

11. From the BC1 generation, artificial inoculation of any of 
the major diseases is highly recommended. Temperate unadapted 
materials can be protected if necessary and planted again 5-10 
days later. Select only segregatin-g plants that are phonotypi
cally similar to the original temperate germplasm. Since indi
vidual family rows of BC1 will segregate, selection based on in
dividual family and individual plants within the selected 
families must be done. Second backcross (BC2) with plants of 3 
to 5 rows for inbreds and 20 to 30 rows for OP's selected will be 
sufficient. Again use BC1 families as female (seed parent). Se
lect only well adapted and disease/insect resistant plants. 

Season 4: Second backcross 

12. For BC2 generation, repeat BC1 procedure, if the resistance 
is controlled by a single dominant gene. If not, adopt the -fol
lowing procedure. 

13. Any conversion where resistance is controlled by quantita
tively inherited minor genes cannot be done by the straight back
cross procedure. A modified backcross system, backcross-selfing
backcross or backcross-selfing-selfing-backcross system can be 
adopted. Selection must be done for resistance to biotic stresses 
and with a similar phenotype to the original temperate germplasm. 
Approximately three backcrosses with two selfings has shown good 
conversion of unadapted temperate inbreds to the lowland tropics. 

Seasons 5 and 6: continuous backcross or testcross testing of 
converted 1ines 

14. Testcross testing can be done after the third backcross with 
the original testers that showed outstanding combining ability. A 
high combining ability will be maintained if an unrelated line 
was used as the donor for resistance . To produce F1 testcross 
seed, use adapted local testers (at least one inbred and one OPV) 
as the seed parent because converted lines give poor yields in 
general. Numbers of testcross plants are the same as previously, 
at least 10 plants for inbred and 100 plants for OPV's which are 
crossed with bulk pollen of the converted lines or OPV's. Row 
numbers for testing F1 crosses are also the same as for the ori 
ginal testcross testing; single rows for inbreds and 2 to 4 rows 
for OPV's with 3 replications in at least 3 environments. 

15. In order to select high-combining backcrossed families, 
plant at least three BC3 families on an ear-to-row (ETR) basis 
for each line and produce a new tester cross on ETR basis with 
the original high-combining tester. It is important to select 
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the best backcross family for disease/insect resistance and high 
yield. Test extensively with 2-row plots, 5 m long, and 3 repli 
cations at several locations. 

16. Selected high combining lines after BC3. These can be 
further inbred by selfing-sibbing-selfing. Once lines reach the 
BC3-S2 stage, these converted lines can be used in dial leI crosses 
with commercially used inbreds. 

17. Inbreeding can be done at different stages of backcrossing 
and selected lines can be testcrossed at the S3 stage. During 
the BC1-S1 and S2 stages, select for disease/insect resistance, 
general adaptation, and good agronomic characteristers including 
good nicking (less than 2 days for the tasseling-silk interval), 
good pollen production, as well as silk emergence. Chances are 
high for selecting high combining lines of a certain backcross 
with the original tester(s) from which crosses with outstanding 
combining ability were selected. Select lines for good yield or 
pollen production, local adaptation and with disease/insect re
sistance. 

18. Such selected high combining tropical lines which are also 
disease/insect resistant and locally adapted, can be used at the 
BC3-S2 or S5 stage for various purposes: 

a) One immediate purpose could be directly to use them for 
hybrid production; conventional hybrid (single cross), and non
conventional topcross (variety x line). Outstanding hybrids have 
already been selected according to heterotic group testers: A, B, 
or C (if any) used. The final hybrids must be tested in a wide 
variety of environments, with additional locations and years. 

b) Lines can be used to produce new hybrids with other in
breds or OPV's which were not used as testers at the initial 
stage. It is suggested to produce diallel crosses with about 19 
selected lines (old plus new lines) as a group and develop 
diallel crosses. For diallel combination of A1 x B1 crosses in 
the case of 10 lines, 45 F1 crosses will be produced. Due to 
difference in flowering dates, planting should be done twice, 
with a one-week interval, for diallel cross .seed production. 
Pollen or silks can be interchanged between two dial leI cross 
seed production nurseries, if necessary. Take accurate data for 
tasseling and silking days, disease/insect resistance, lodging, 
good pollen production, silk emergence, and inbred yield potential. 

Season 7 and 8: Diallel test cross testing 

19. This is the first year of intensive testing for converted 
temperate lines (BC3-S2 from backcross conversion and BC1-S5 from 
pedigree selection). It is suggested to plant 2-row/plot with 3
4 replications at 3-5 locations. Any outstanding hybrids is now 
at precommercial stage. Record all possible data on agronomic 
characters. The stay-green trait is important because modern 
good hybrids offer a good stay-green trait. If any trial is 
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attacked by specific diseases, insects, or drought, you can re
cord from there good genetic information on resistance. Record 
the data based on a careful rating scale 1 to 5 or 1 to 9. 

20. Parental inbred lines can also be planted in a 2-row plots, 
with 3 replications, at the same sites where testing the diallel 
crosses or at any seed production potential sites. Data on all 
agronomic characters should be recorded. 

21. Data analysis of diallel cross is simple if a PC and program 
is available. If not, the most commonly used method is the 
Griffing (1956) diallel cross concept. Converted OPV's can also 
be used to produce diallel crosses with local OPV's. The proce
dure is the same, except that a 4-row plot is used. 

Inbred lines can be used to form open-pollinated synthetics 
after a combining ability test. In general, 8 to 10 inbreds are 
suggested to form a synthetic. High GCA lines with diverse germ
plasm can always express high heterosis in a random-mated synthe
tic stage. Inbred lines can serve as resistance source materials 
against biotic (diseases, insects and parasitic weeds) and abio
tic (drought, aluminum toxicity, and nitrogen deficiency stress). 
New inbred lines can also be used as testers. 

In general, most quantitatively inherited traits, including 
grain yield and disease and insect resistance, are inherited 
along with the major general combining ability (GCA) effects. 
However, any specific top yielding F1 cross is controlled mostly 
by specific combining ability (SCA). Seeds of selected top yield
ing crosses must be produced in a quantity of 5 to 10 kg and 
tested extensively in the following two years at _least, before 
they are released to farmers. Multilocation on-farm testing is 
highly recommended before releasing any new hybrids and varie
ties. It is not uncommon to observe low yielding sister crosses 
with the same temperate parental origin, either from the BC ox 
pedigree selection procedure. If these crosses exhibit about 70 
to 80% of yield potential, can be used as sister seed parents to 
produce modified single crosses. Detailed observation of diallel 
cross data can generate information not only for combining abili 
ty effects for grain yield, but also for disease, insect, and 
drought resistance (if lines hold different levels of resistance 
or susceptibility), or have different flowering dates, husk 
cover, lodging, etc. 

22. Repeat the diallel cross trial in a second year. One year's 
data are not enough to confirm high yield potential and stability. 

Experiences in West Africa reveal that presently all com
mercial hybrids produced are crosses between tropical x temperate 
inbreds converted for tropical adaptation. These carne from over 
5000 F1 crosses tested (Kim et al., 1985, 1988, Efron, 1985). The 
yield advantage of tropical x temperate crosses is much greater 
in the savanna belt than in forest areas. 
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A combining ability test of 5 tropical (A) x 5 temperate (B) 
crosses in 12 environments using all crosses in a dial leI planted 
at 4 locations for 3 years, revealed that A x B crosses yield 
more than A x A and B x B crosses in the savanna. However, A x A 
crosses yielded the highest in the forest zones. High pressure 
from diseases such as Curvularia, ~. polysora, B. maydis and 
stalk/ear rots could be major causes (Kim et al., 1988). One 
interesting observation was that SCA played a major role in high 
grain yield in the savanna and GCA played a major role in the 
forest zone. 

Experience with diallel cross studies among tropical inbred 
lines collected worldwide reveals that significantly high yield
ing crosses can be detected among the already available tropical 
inbreds (Kim et al., 1988; Brewbaker, 1989). 
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Question to Dr. S. K. Kim 

From 	 N. N. Singh 

Q. 	 1. You are of the view that tropical germplasm should be in
trogressed into temperate backgrounds, but I think it 
should be done the other way, i.e. temperate materials 
should be introgressed into tropical materials, and the 
level of introgression must be ascertained for different 
zones after introgression. Our objective is to improve 
the performance of tropical germplasm using temperate 
germplasm. What do you think about this? 

2. 	 What should be the breeding strategy to breed for high 
nitrogen efficiency? 

Ans. 1. 	My advice is to introduce tropically adapted and disease 
resistant genes into temperate material in one parent, 
and then use the temperate materials as the recurrent 
parent up to BC3. 

2. 	 At the CGIAR centers, we try to develop arid screen maize 
germplasm for moderate N level (60 kg/ha). Some hybrids 
have shown quite good N efficiency. 

From 	 H. Eagles 

Q. 	 I found the highest combining ability of highland 
tropical maize was with stiff Stalk Synthetic and not 
with Lancaster. You found the same with lowland tropical 
maize. Should this affect your breeding approach? 

Ans. stiff Stalk Synthetic combines well with most tropical 
germplasm probably because of the mixed nature of tropi
cal germplasm. At present all commercial hybrids grown 
in West Africa are tropical x stiff Stalk Synthetic for 
tropical adaptation. I have also tried to exploit Mo17 
(Lancaster) group but without much success. Mo17 com
bines better with the Tuxpeno group. My paper presented 
in this workshop highlights the potential use of the 
"B73" group in the tropics. 
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From G. Edmeades 

Q What role will "leafy" materials play in lowland tropics? 
CIMMYT's experience suggests that the leafy gene does not 
impart stress tolerance at flowering despite the negative 
ASI observed in these materials. This arises from a re
duced interval between the dates of tassel and ear initia
tion compared with normal maize. 

Ans. In the lowland forest and humid 
already has too many leaves. 

zone of Nigeria, our maize 
I believe the leafy gene 

will work. We are exploring the possibility that the 
leafy character has potential in high potential savanna 
areas where radiation is very high. 

From : S. W. Jensen 

Q. In tropicalization of temperate germplasm, 
concerned about narrowing the genetic base and 
sulting genetic vulnerability? 

are 
the 

you 
re

Ans. Yes, if we tropicalized only B73 and/or Mo17. We maintain 
the tropicalization of different temperate sources as low 
as 25% level. One objective of line development is to in
crease genetic diversity and provide different source 
materials to NARS. 

From : A. Khan 

Q. What is your strategy for genetic diversity in the 
of resistance to major diseases. 

case 

Ans. a) We give more emphasis to race-nonspecific general re
sistance. b) For the same disease, we maintain several 
genes of general resistance, and c) I also maintain as 
many specific resistance genes as possible as sources of 
resistance. Some may be used to form multi-resistant 
lines or populations. 

From S. K. Bhalla 

Q. You have indicated maize should be grown under good 
management, but the majority of our farmers are not 
following good management practices. Under those con
ditions the lucal varieties are doing better than 
hybrids. Where is the advantage of hybrids in such con
ditions? 
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Ans. To revolutionize maize production in the tropics, we 
should adopt a high or moderate input system. Farmers 
who do not have fertilizer should be taught to make com
post, use manure, or grow nitrogen fixing trees such as 
Leucaena. If the farmers can not do any of these, advise 
them to grow legumes, sorghum or millet. Our data show 
that hybrids selected can be better than OPV's under 
moderate inputs due to their high stability across 
stresses, including moderate N level. 
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SELECTION FOR ABIOTIC STRESS TOLERANCE IN MAIZE 

~/
G.O. Edmeades, H.R. Lafitte, and J. Bolanos 

1. Introduction 

Knowledge of the effects of abiotic environmental stress on 
grain yield of crops is as old as mankind's use of cereals as a 
staple. Accompanying this has been some form of mass selection 
for tolerance to these stresses that replaced survival of the 
fittest as the selection process preceding agriculture as we know 
it. Progress in stress tolerance by these means has proven too 
slow for the rapid increase in global population and the 
resultant increase in the use of marginal crop environments that 
is evident today. 

This paper describes some of the factors contributing to im
proved efficiency in selection for stress tolerance in maize (Zea 
mays L.). It briefly describes the types of abiotic stresses 
faced by the tropical maize crop, then considers stress
susceptible periods in the life of the maize plant, and discusses 
target environments. We then consider "traditional" approaches 
to development of stress tolerant germplasm, where traditional 
refers to selection based solely on the primary character, grain 
yield, typically from multilocation tests of cultivars conducted 
at stress levels randomly encountered within the target environ
ment. This type of breeding approach relies heavily on analysis 
of genotype x environment (G x E) interactions, and these are 
briefly described. The choice of germplasm is an important 
factor in the strategy for developing stress tolerance. 

The literature abounds with secondary traits related to 
stress tolerance, and the role of secondary traits in selection 
and the conditions under which they are used are discussed. 
Abiotic stresses are notoriously unpredictable, and many breeders 
wish to hurry the process of accumulating genes for stress 
tolerance by making the incidence and intensity of specific 
stresses more controlled. In this context selection environments 
and special plot techniques are considered. The paper concludes 
with brief examples from research conducted at CIMMYT into 
general stress tolerance and tolerance to low soil nitrogen; 
CIMMYT's experiences in selecting for drought tolerance are 
described in another presentation (Edmeades et al., 1990). 

In this paper we assume that within the national research 
program, breeders have access to source maize germplasm from 
CIMMYT or IITA. In selecting for abiotic stress tolerances, we 
recommend that the breeder seek the services of a physiologist, 

Maize Physiologist, CIMMYT, Apdo. Postal 6-641, 06600 Mexico~/ 
D.F., Mexico. 
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soil scientist, pathologist and statistician as part of a 
multidisciplinary research team dedicated to improving the 
stability of maize grain yield. 

This presentation considers only genetic solutions to 
abiotic stresses. We acknowledge that in most circumstances it 
is more effective to alleviate the effects of drought, low ferti 
lity, flooding, etc., by changed crop management practices. We 
recognize that for many of the poorest farmers the supply of 
capital, irrigation, fertilizer and drainage is a constraint; for 
them a genetic solution, even if it is only partial, is highly 
cost effective and perhaps their only alternative. 

sections of this paper are drawn directly from Edmeades et 
ale (1989) and from Ceccarelli and Edmeades (1991). 

2 • Co_on abiotic stresses encountered by :.aize in the tropics 

In the absence of abiotic and biotic stresses, grain 
production in the tropics is constrained by the quantity of 
intercepted radiation by the plant canopy. Individual plant per
formance is directly affected by the ratio of photosynthate 
available per growing point. The severity of this constraint in 
turn is directly affected by plant density, cloudiness, etc. 
Alleviation of its effects are best done through selection for 
tolerance to high plant density and to shading, and for canopy 
architectures that convert intercepted radiation to assimilate 
more efficiently. 

CIMMYT has attempted to assess the importance of the major 
constraints to maize production in the tropics through a series 
of detailed questions posed to CIMMYT and national scientists. 
The questions resulted in qualitative estimates of areas affected 
by diseases and insects, and the answers have helped CIMMYT set 
its research priorities. Among the abiotic stresses only mois
ture deficits were considered in the survey. According to our 
experience and the estimates of others, the major abiotic 
stresses, in approximate descending order of importance, are: 

Drought: Results from the survey indicated that for lowland 
tropical areas annual yield losses from 20% of the planted area 
were 0-5%, for 52% of the area were 5-20%, and for 28% of the 
area were 20-50% (Edmeades et al., 1989). Prospects for im
provement via breeding are relatively high (Edmeades et al., 1990). _ 

Nitrogen deficiency: This reduces grain production by at least 
as much as does drought, and its influence is especially felt by 
resource-poor farmers in isolated, marginal, eroded areas far 
from sources of fertilizer supply. Efficiency of uptake of 
applied nitrogen rarely exceeds 50% (Baligar and Bennett, 1986). 
Prospects for improvement in performance under low nitrogen via 
breeding can be considered moderate because of strong natural se
lection pressures operating in the crop's evolutionary past, but 
because of its importance CIMMYT has an active program selecting 
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for tolerance to low N (see below). 

Aluainiua toxicity: This has significantly reduced or even 
prevented maize production over large areas of otherwise suitable 
but acidic soils in South America, central Africa and South Asia 
(Magnavaca, 1982). Maize is quite susceptible to soil aluminium 
(Rhue, 1979). Recurrent selection for tolerance to soil 
aluminium, conducted by CIMMYT staff based at CIAT, Colombia, is 
giving promising results (Diallo et al., 1989). 

other nutrient deficiencies: Deficiencies of phosphorus, 
followed by zinc, rank after nitrogen as nut~itional constraints 
to maize grain production in the tropics, but can be very im
portant in specific areas (Clark, 1982). Both seem to have good 
prospects for partial alleviation through breeding . CIMMYT has no 
active breeding programs in these areas, though selection for 
tolerance to high soil aluminium frequently occurs during selec
tion for tolerance to low soil P and for enhanced P uptake in 
acid soils (Magnavaca, 1982). 

Te.perature stress: Constraints to production caused by high 
temperature, especially during establishment or near flowering, 
are more important than those caused by low temperatures in the 
tropics. High temperatures further stress the plant by hastening 
development and reducing the amount of photosynthate available 
per development stage, so that the ratio of intercepted radiation 
per heat unit is inherently low in the tropics. High temperature 
stresses are likely to increase further in importance relative to 
other stresses if global warming occurs as predicted (for 
example, see Liverman and O'Brien, 1990). Selection for 
tolerance to high temperatures often occurs concurrently with 
selection for drought tolerance in CIMMYT's program, when 
germplasm is screened in Obregon (Edmeades et al., 1990), and 
prospects for improvement through plant breeding seem good. 

F1ooding: This affects significant areas of the Indian sub
continent, especially during the peak of monsoon rains. Little 
is known of genetic variation in maize for tolerance to this 
stress, though species differences are well known (Krizek, 1982). 
CIMMYT has no active breeding programs for tolerance to flooding. 

Sa1inity: This is normally a stress associated with inadequate 
irrigation practices or arid soils. Since less than 5% of the 
total area planted to tropical maize is grown under irrigation, 
salinity is not considered a major constraint to maize 
production. The incidence of this stress, is expected to increase 
as irrigation water quality and quantity deteriorate, and as 
marginal land is increasingly exploited. Genetic variation for 
salt tolerance in lowland tropical maize exists (Hajibagheri et 
al., 1987; Ashraf and McNeilly, 1989), though CIMMYT has no 
active selection programs for tolerance to this stress. 

3. Stress-susceptib1e periods in the 1ife of the .aize p1ant 
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It is essential that maize breeders conducting stress 
tolerance screening trials appreciate how the outcome of 
selection can be affected by varying sensitivities to stress 
during the plant's life cycle and by variations in phenology 
among plants, families and lines. 

In order to have yield we must first have plants. Germina
tion and seedling establishment are risky for crops sown at the 
onset of a rainy season, especially when soil temperatures are 
high (Lal, 1974; O'Neill and Diaby, 1983). Flooded seedbeds, 
aluminium toxicity, zinc deficiency, salinity and weed competi
tion, when severe, can also affect early establishment. Uneven 
stand for a crop such as maize which has a limited potential to 
tiller, can be a major source of yield loss. Important 
reductions in productivity can also occur because leaf area ex
pansion is reduced by moisture stress (Boyer and McPherson, 
1976), nitrogen deficiency (Lafitte and Edmeades, 1989) and other 
nutrient deficiencies or toxicities. 

Grain yield in the maize plant seems especially sensitive to 
stresses which reduce photosynthesis per plant in the period two 
weeks either side of flowering (Tollenaar, 1977). Such reductions 
can come aboutby drought, increased plant density, reduced leaf 
area induced by N stress, or by long periods of shady weather. In 
common with other cereals, maize has coped with stress and the 
need to ensure its survival to the next generation by adjusting 
numbers of grains per plant more readily than by adjusting weight 
per grain. Numerous studies have established that grain yield is 
more highly correlated with grain number per plant than with 
weight per grain (see Egharevba et al., 1976; Tollenaar, 1977; 
Edmeades and Daynard, 1979: Bolanos and Edmeades, 1990). Maize 
is quite unusual as a cereal, being cross-pollinated and having 
the male and female floral parts separated by vertical distance 
and by temporal events on the same plant. One consequence of 
this is that changes in the vertical distribution of sites where 
photosynthesis is occurring can influence the flux of assimilates 
to the tqssel and to the ear, since the pattern of assimilate 
distribution from specific leaves to sinks seems relatively dif
ficult to change (Edmeades et al., 1979). Thus an increase in 
plant density can reduce ear growth but have little effect on 
tassel growth simply because the distribution of assimilate flow 
changes in favour of the upper crop canopy (nearer the tassel) at 
the expense of the lower crop canopy (nearer the ear) (Edmeades 
and Daynard, 1979). 

The susceptibility of maize to drought and shading in the 
period spanning two weeks before to about two weeks after flower
ing is shown in Fig. 1. The maize plant is especially sensitive 
to drought stresses at flowering. If drought at flowering is 
severe, it can impair the development of reproductive tissues 
(e.g., Moss and Downey, 1971; Schoper et al., 1987). When less 
severe, drought reduces kernels per inflorescence (Boyer and 
McPherson, 1976). The reduction in kernel number is roughly pro
portional to the reduction in individual plant photosynthesis 
during that period (Edmeades and Daynard, 1979). 
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Figure 1. Relationship between days from mld-sllklng and relative 
maize grain yield as affected by (A) one day of moisture stress 
(Shaw, 1976) and (8) 11 days with 54% reduction In radiation 
caused by shading the crop at various growth stages (Fischer and 
Palmer, 1984). 

Maize is thought to be more sensitive than other cereals to 
water deficits at flowering, because silk extension is strongly 
affected by plant water status (Westgate and Boyer, 1986) and 
silks must grow up to 30 cm in length in order to emerge from the 
husk prior to pollination. Additionally, pollen viability may be 
reduced by its journey of at least one meter (often much more) 
through a hot, desiccating environment from tassel to silk 
(Schoper et al., 1986). A commonly observed phenomenon under 
drought is the widening of the anthesis-to-silking (ASI) interval 
(DuPlessis and Dijkhuis, 1967; Bolanos and Edmeades, 1990), 
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though this is also observed under high plant density (Dow et 
al., 1984) and low soil N (Lafitte and Edmeades, 1988). Because 
of its apparent ubiquity, ASI may serve as a means of diagnosing 
geno-types with improved partitioning of assimilates to the 
developing ear and with high harvest index (Edmeades et al., 
1990). Naturally occurring cross-pollination in a population of 
maize plants varying in maturity implies only light natural 
selection pressure for male and female flowers on the same plant 
to reach readiness for pollination at the same time. The interval 
between male and female flowering in maize is therefore a 
relatively unselected trait in nature. 

During grain filling, yield reductions occur largely because 
of reduced photosynthetic rates and accelerated foliar senescence 
caused by drought (Fischer et al., 1989) or low N (Lafitte and 
Edmeades, 1988). Under these circumstances, genetic differences 
in the capacity to retranslocate labile preflowering assimilate 
to the grain may have important effects on grain yield (Blum et 
al., 1983), though these effects are thought to be less impor
tant in maize than in other cereals. 

4 • The tarqet envirolDlent 

How do we know what environment we are breeding for? It is 
important that we identify the frequency and intensity of 
stresses in the area in which our improved germplasm will be 
grown. This in turn will determine our testing sites, and/or the 
severity of stress which may be artificially imposed on genotypes 
in a stress nursery. 

Analysis of the occurrence and severity of moisture stress 
is used as an example. Two general patterns of moisture supply 
for summer and winter grown tropical maize are shown in Fig. 2. 
(Edmeades et al., 1989). 

1. 	 Indian subcontinent (Fig. 2A): Maize is increasingly being 
sown in the dry winter season of India, Pakistan, Bangladesh 
and Vietnam, and grows on stored moisture, occasional rains 
and supplemental irrigation. As temperatures rise in the 
spring, moisture stress and atmospheric drought become in
creasingly severe. 

2. 	 Lonq (>600 _) and short «600 _) su.aer rainy season (Fig. 
2B): Drought is commonly experienced during early 
establishment and near maturity, especially in short rainy 
seasons. Between the start and end of the rainy season 
there can be unpredictable dry periods which vary greatly in 
intensity and length within and between years and locations. 
Most of the world's maize is grown under variations of this 
type of moisture regime. 

A third pattern, not illustrated, is where plant moisture 
deficits are rare because rainfall is adequate throughout the 
growing season, or because irrigation is regularly supplied and 
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vapour pressure deficits do not exceed 20mb. 

Another important way of classifying crop environments is 
based on the probability of occurrence of the stress at specific 
times of the season. The probability of drought at the end of 
the minor rainy season of pattern 2 is high, and somewhat lower 
in the major rainy season. The probabilities of dry spells of 
given lengths for rainfall pattern 2, Fig. 2B, is shown in Fig. 
3. this analysis suggests that should flowering occur between 
June 20 and September 1 the probability of a dry spell of 15 days 
or greater could be as high as 0.3, and this could have severe 
effects on grain yield. Thus crops bred for rainfed summer 
seasons in the tropics must be able to perform well in both dry 
and well-watered conditions. The probability of a given pattern 
of moisture stress is therefore often as important as mean rain
fall received during the growing season in defining a target 
breeding environment (Edmeades et al., 1989). 
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Figure 2. Rainfall and reference evapotranspiration for two common 
climatic patterns under which maize Is grown (modified from 
Edmeades et aI., 1969). 

variation in annual rainfall can be also be used to predict 
variation in grain yield using crop simulation models. These 
yields can then be ordered from greatest to least to provide 
cumulative probability distributions of yield from a site over 
many years (for example, Stapper and Harris, 1989). This high
lights an important role of crop modelling in helping identify 
test sites typical of target environments, and in assessing risk 
based on historical weather data. 

For stresses such as flooding, and high and low 
temperatures, the probability of occurrence in time should be 
analysed in similar ways. For stresses such as aluminium 
toxicity, nutrient deficiencies and salinity, the appropriate 
analysis is one of probabilities of occurrence over space rather 
than over time, i.e., the percentage of the target area that is 
affected by the stress. 
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5. 	 Breeding principles used in traditional approaches to 
selecting for stress tolerance 

The traditional approach used by breeders when improving 
stress tolerance has been to use grain yield from multilocation 
trials as their only selection criterion. This approach conti 
nues to have a very important role to play in selecting for im
proved stress tolerance in maize (e.g., Duvick, 1984; Castleberry 
et al., 1984). A short review of principles relating to 
selecting for stress tolerance by this means follows. For more 
extensive treatment see Edmeades et al. (1989) and standard plant 
breeding texts (e.g., Falconer, 1960; Hallauer and Miranda, 1981). 

Heritability: Heritability (h~) of a specific trait, such as 
grain yield, is defined as the heritable fraction of phenotypic 
variability. In terms of variance components derived from an 
analysis of variance of lines or plants grown in replicated 
trials at 2 or more locations, it is estimated by the ratio: 

st G 
(1) 

"J. J. s G + s GEje + s Ejre 
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where s G is the genetic variance, s GE is the genotype by 
environment (G x E) variance, and s E is the error variance for r 
replications, and for e environments that could comprise locat
ions or years (Hallauer and Miranda, 1981). 

Heritability (h ) estimated by (1) for full-sib families is 
referred to as "broad sense heritability" because s G contains 
both a component due to additive gene effects, and a component 
due to non-additive gene effects, mostly associated with 
dominance and epistasis. Since the latter cannot be fixed by 
selection (with the exception of hybrids and clones), it is the 
ratio of additive genetic variance over the phenotypic variance 
(defined as "narrow sense heritability"). When h is estimated 
from progeny tests of Sl families it is intermediate between a 
broad sense and a narrow sense estimate. The estimate of narrow 
sense 
cycle 

heritability 
of selection. 

is 
R 

used 
is es

to 
tim

determine 
by:ated 

the response (R) per 

R = 
~ 

h S (2) 

where ht is the heritability of a given trait and S the selection 
differential (the difference between the mean of the selected 
lines or plants and the mean of the population of lines or plants 
from which selections are made for the trait in question). In 
general, the higher the estimate of heritability and the larger 
the selection differential, the more rapid the expected gain. 

It is possible however, and often desirable, to estimate 
heritability from the results of selection experiments. From 
equation (2): 

h ~ = R/S 

This estimate of heritability is called "realized herita
bility", and it is an estimate of narrow sense heritability based 
on actual gains. The size and precision of the estimate of 
heritability of a trait depend a lot on how those estimates have 
been made. The relative sizes of the estimates for several 
traits from a single experiment may be more useful than the 
absolute values in deciding which trait merits greater attention 
during selection. 

From equation (1) it can be seen that, for a given trait, 
the estimate of heritability varies according to the genetic 
material and the testing environment(s). In a highly variable 
environment, with large plot-to-plot variation and large s~E, 
estimated heritability will be reduced. However, at any given 
value of S~E for a specific trait, the estimate of heritability 
depends on the degree of genetic variability for that trait in 
the germplasm being tested. It also depends on the degree to 
which this genetic variability can be expressed in the testing 
environment under which selection is being carried out. If the 
stress imposed is insufficient, the differences among genotypes 
will not be displayed. Similarly, if the stress used is exces
sive, then all genotypes will be severely affected, and genetic 
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variation for the trait will again be small. Choice and manage
ment of the optimum stress level so that genetic variation is 
displayed to the best advantage has an important effect on ex
pected gains. Finally, if s£GE is large, as is often the case in 
multilocation testing, estimated heritability will be reduced, 
though the precision of that estimate will increase with the 
number of sites under test. 

Genetic structure of breeding .ateria1: Genetic dif
ferences among families are more easily detected in the order of: 
half-sib < full-sib < Sl < Sn , F1 hybrid. The converse also 
holds true for genetic variation within a family. As inbreeding 
proceeds, in the absence of selection, within a set of Sl 
families derived from a population or cross, there is a progres
sive decline in heterozygosity within lines but variation among 
lines is maintained. Thus the numbers of individuals within a 
family or genotype which need to be measured in order to charac
terise it for a given trait is also in the order of: half-sib> 
full-sib > Sl > Sn , F1 hybrid. 

Mu1ti1ocation testing: Because of genetic variation in 
phenology, yield potential and stress sensitivity among geno
types, and because of variability in time for rainfall patterns 
and temperatures, or in space for nutrient deficiencies, multilo
cation testing has become an essential part of traditional breed
ing systems. Multilocation testing is still considered dif
ficult to replace because of the complexities of interactions 
between genotype, time and pattern of stress. It is however im
portant to ensure that the sites selected typify the target en
vironment as closely as possible. 

There is an unfortunate tendency in some breeding programs 
to bias their selections by discarding data from stressed sites, 
because the coefficients of variation (CV) from such sites are 
often high. Since CV is a ratio of the standard error to the 
mean, when mean yield falls the cv normally rises. Attention 
should rather be paid to the standard error of differences among 
means. When this begins to rise under stress, this may signal 
that the value of the selection site is being lost as spatial 
variation is exposed by increasing levels of stress. 

Seed nuaber, bordering, 1and area and ti.e: Seed number per 
cross, whether full-sib, reciprocal full-sib, half-sib or self, 
is limited, and places restrictions on numbers of test sites and 
on plot size. A single Sl family may contain 350 grains, 
sufficient only for 4-6 locations of testing in replicated single 
row plots, while allowing sufficient remnant seed for advance and 
recombination. An additional season can be used to sib-pollinate 
each family to generate more seed (itself an expensive 
operation), which could be used to increase potential testing 
locations and to increase effective borders. But increased 
bordering also increases the cost of multilocation tests, because 
it demands more land, labour, fertilizer, herbicide and 
irrigation water. However, a sib-increase of Sl lines is often 
beneficial, because it allows the breeder to discard very poor 
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lines from the population before entering the more expensive 
testing phase. 

Use of source qeraplas.: International centres, such as CIMMYT 
and IITA, are increasingly supplying national programs with 
special purpose germplasm. This consists of populations, 
synthetics or lines developed with tolerances or resistance to 
specific abiotic or biotic stresses. A list of abiotic stress 
tolerant germplasm under development at CIMMYT is given in Table 
1. 

Sources normally possess a high level of expression of a 
particular trait, and may have limited resistance to the common 
diseases of a specific region. We anticipate that they will be 
used in conjunction with high yielding locally adapted germplasm 
in a back-crossing program, as one component of an intervarietal 
cross, or as a line in a single cross, three-way or double cross 
hybrid. Only in rare circumstances will these genotypes be 
suitable for direct release to farmers. Following their intro
gression into locally adapted germplasm, recurrent selection or 
line extraction may take place using the principles outlined in 
this section. 

5 . 1 Genotype envrronaent interactions 

Interactions between genotypes and environment occur when 
absolute differences among cultivars are not the same at all test 
locations within and across years. G x E interactions, depending 
on their nature, have an important bearing on the strategy used 
for breeding better varieties (Allard and Bradshaw, 1964). The 
resulting reduction in heritability (see Equation 1) impedes crop 
improvement for performance across environments (Baker, 1988). 

Since most breeders rank genotypes during selection, even 
though the differences among them may not be statistically sig
nificant, Baker (1988) has suggested that the only interactions 
of significance are those involving crossovers and rank changes. 
G x E interactions of the crossover type are not very common, but 
can be very important, since they may reveal cultivars with 
unique adaptive traits in either low or high yielding environ
ments. This may signal the need to breed for specific adaptation 
to high and low yielding environments in separate programs, and 
this has particular relevance when discussing one of the more 
controversial issues in breeding for stress tolerance, i.e., the 
choice of selection environment. Alternatively, it may indicate 
a need to combine superior performance in both environments in 
broadly adapted germplasm, depending on breeding resources 
available., and depending on whether adaptation to high and to 
low stress environments are compatible. For example, does trans
gressive segregation arise from crossing lines which are good . 
performers in each environment? Analysis of G x E interactions 
by statistical and physiological means and its interpretation in 
relation to the target environment are therefore important deter
minants of a · breeding strategy. 
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Table 1. Characteristics of ger.plas. tolerant to general 
stresses, drought, low soil nitrogen and high soil aluainiua 
under developaent by CDIIIYT, Mexico. 

al Special 
Population Maturity- Grain Grain disease c I 

(days) color texture resistance-

A: General stress tol. 
Semi-prolific early 

(SPE) 
Semi-prolific late 

(SPL) 
Semi-prolific mid 

altitude tropical 
(SPMAT) 

B: Drought tol. 
TS6 
Pool 26 Sequia 

La Posta Sequia 

Pool 18 Sequia 
Pool 16 Sequia 

Tropical intermed. 
Drought tol. Pop. (DTP) 

C: Low fertility tol. 
Across 8328 N 

D: Aluainua tol. 
SA-1 
SA-2 
SA-3 
SA-4 
SA-5 
SA-6 
SA-7 

95 
115 

110 

115 
115 

120 

90 
95 

105 
110 

115 

115 
115 
115 
120 
120 
120 
120 

white 
white 

mixed 

white 
yellow 

white 

yellow 
white 

white 
mixed 

yellow 

white 
yellow 
yellow 
yellow 
yellow 
white 
white 

F/D 

F/D 


F/D 

D 
D 

D 

F/D 
D 

D 
F/D 

D 

F/D 
F/D 
F/D 
D 
F 
D 
F 

Ear rots 
Tar spot 

lh turcicum 
sorghi~ 

Tar spot 
Ear rots 
Streak 
virus 
Ear rots 
Streak 
Ear rots 

Ear rots 

Rusts, Turcicum 
Rusts, Turcicum 
Rusts, Turcicum 
Rusts, Turcicum 
Rusts, Turcicum 
Rusts, Turcicum 
Rusts, Turcicum 

Days to harvest in an environment averaging 30C and 21C, 

respectively, for daily maximum and minimum temperatures. 

F = flint; D = dent. 

Most CIMMYT materials have good levels of resistance to most 

foliar diseases including leaf blights and rusts. Noted here 
are resistances which are above average for CIMMYT germplasm, 
or which are under active improvement at present. 
SA-1 and SA-2 are Population Suwan-La Posta, Blanco and Amarill 
SA-3 is Population CIMMYT Seleccion Tolerancia Aluminio; SA-4 
and SA-5 are Tropical Yellow Populations, 1 and 2, and form a 
heterotic pair; SA-6 ,and SA-7 are Tropical White populations, 
3 and 4, and form a heterotic pair. 

241 



5.2 statistical analysis of G x E interactions 

This subject has recently been reviewed by Westcott (1986), 
Blum (1988), Baker (1988) and Edmeades et ale (1989). We include 
here a summary of the more useful numerical methods, but 
emphasize the value of simple graphical presentations of yield in 
different environments as the first step. 

Ranking: When accompanied by graphical plots of cultivar x en
vironment means, this is one of the simplest, safest and most 
neglected methods for preliminary examination of data from dif
ferent environments. The number of times a genotype is ranked in 
the top, middle and bottom one third of entries at all sites 
(sometimes called stratified ranking) provides useful empirical 
information on genotype stability and performance. 

Analysis of variance: The traditional approach has been to 
examine G x E through variance components derived from an across
location analysis of variance. The breeder is frequently dealing 
with hundreds of genotypes in trials, and it is difficult to 
determine which of these give rise to a significant G x E term. 
The analysis of variance is unable to detect stable genotypes, or 
interactions of the crossover type, nor does it elucidate the 
causes of a significant genotype by environment interaction 
(Blum, 1988). 

Joint linear regression: Here the performance of an individual 
cultivar at each location is regressed on an environmental index 
made up of the mean performance of all cultivars at each 
location. Although high mean yield has always been considered 
desirable, the definition of stability has remained contentious. 
Eberhart and Russell (1966) partitioned the G x E interaction va
riance into that due to regression and deviations from 
regression, and considered a stable variety to have a slope of 1 
with deviations from regression approaching zero. If a cultivar 
is being selected for a well-defined, repeatable stress 
environment and for farmers who have little chance of marketing 
excess grain production, a slope of less than 1, a large positive 
intercept and small deviations from regression seem desirable. 
If farmers in the target area can market grain produced in excess 
of their needs, then a slope of greater than 1 is appropriate. 

Because of the lack of independence between cultivar 
performance and the mean of the site (independence decreases as 
the number of cultivars decreases), and between the slope and the 
intercept, joint linear regression should be used with care. 
Estimates of slope and intercept are not fixed attributes of a 
genotype and depend on which set of genotypes is included in the 
analysis. outliers may have undue influence on estimates of 
slope, and should be noted and perhaps excluded. Deviations from 
regression can occur because of curvilinear responses, or because 
of outstanding performance by that genotype at low yielding 
sites. Because of this, the use of deviations from regression to 
eliminate genotypes must be used with great care. Where sites 
differ in yield because of many factors, such as fertility, 
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disease and drought, rather than a single dominant factor such as 
rainfall, the analysis is of little use. However, in spite of 
these limitations, the ease of this analysis and its simple 
graphical presentation make it a useful conceptual tool for many 
breeders working with limited computational resources and a 
single dominant environmental constraint. 

Analysis of patterns: If genotypes and locations can be grouped 
by similarity of response, then patterns of adaptation among 
cultivars and key testing locations can be identified, and a 
first step to understanding the underlying causes of G x E in
teractions will have been taken. In general, methods of pattern 
analysis require considerable computational power, and care in 
interpretation is needed. Numerical analysis methods that rely 
on grain yield from mUltilocation trials as a sole measure of the 
environment suffer from non-repeatability over years. This is 
mainly because of year-to-year changes in weather, testing sites 
and genotypes. Furthermore, cluster analysis may result in 
establishing patterns where no real structure exists (Westcott, 
1986). More useful results perhaps could be obtained if cluster 
analyses were carried out on long-term means of environmental 
variables for the period of the growing season (e.g., Pollak and 
Pham, 1989), or on the actual weather experienced during the 
trials. Another useful approach, suggested by Fox and Rosielle 
(1982), would be to include a number of reference cultivars with 
known performance characteristics in each set of trials each 
year, and relate performance of each genotype to these. 

The development of sophisticated process orientated models 
that can predict mean genotypic response to several environmental 
factors (see, for example, Jones and O'Toole, 1987; Stapper and 
Harris, 1989) is providing new and exciting tools to breeders in 
their quest to understand and exploit G x E interactions. This 
may well point the way to future developments in this field. 

5.3 Physioloqical analysis of G x E interactions 

It is essential that breeders conducting trials in which 
stress may be applied at different intensities over time 
appreciate how the outcome of selection based on yield alone can 
be affected by varying sensitivities to that stress during the 
plant's life cycle and by variations in phenology among plants, 
families and lines. 

Much so-called drought or heat tolerance is actually escape 
from drought and high temperatures by cultivars which mature 
before the season ends or which flower either earlier or later 
than the mean for the trial (e.g., Bidinger et al., 1987a). 
Early cultivars are not thought to be more drought tolerant than 
late cultivars of a similar genetic background. Since escape 
should not be confused with tolerance, the breeder must take con
siderable care in selecting for drought or heat tolerance among 
cultivars which vary in flowering date and in maturity, using, 
perhaps, a selection index to maintain maturity constant if that 
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is desired. Where drought increased in intensity with time, and 
was managed to coincide with flowering, selection of superior Sl 
maize families, based simply on grain yield, has resulted in a 
shift of the population in days to flowering of approximately -3% 
per cycle (G. Edmeades, unpublished data). Bidinger et al. 
(1987a; 1987b) found that over 50% of the variation in grain 
yield of breeding lines of pearl millet when exposed to mid- and 
late-season stress could be explained by variation in yield 
potential and time to flower. 

stress tolerance and yield potential: yield under drought in 
wheat was positively correlated with yield potential in the 
absence of genotype x stress level interactions of the crossover 
type (Fischer and Maurer, 1978). In this case, higher yield in 
dry environments can be considered a "residual" or spill-over 
effect of high yield potential, and yield potential can be a 
useful selection criterion, though this is partly contradicted by 
results in barley of Ceccarelli (1987). Hybrids demonstrating 
excellent heterotic response also tend to show superior compara
tive performance under stress (Duvick, 1984). Despite this, Blum 
(1988) concluded that the long range solution to yield improve
ment under stress cannot be sustained by improving yield 
potential alone. 

In an attempt to separate the effects of yield potential 
from drought susceptibility, Fischer and Maurer (1978) proposed a 
susceptibility index, S, which was defined as 

S = (1 - Y/Yp)/D (3) 

where Y is grain yield under drought stress and Yp is grain yield 
under unstressed conditions. The stress intensity, D = 1-X/Xp, 
where X and Xp represent mean yield of all varieties under 
stressed and unstressed conditions, respectively. From equation 
(3), Y = Yp(l-S*D), a mathematical construct which assumes that Y 
is made up of two components, Yp and S. When using this index 
care must be taken not to select genotypes which yield poorly in 
both stressed and unstressed environments. 

Bidinger et al. (1987a; 1987b) fitted a multiple regression 
of stressed grain yield on unstressed grain yield and days to 
flower for all cultivars, and a drought response index (DRI) for 
individual cultivars was computed as 

DRI = (YA - YES)/SES (4) 

where YES and YA are yield estimated by regression and actual 
yield under stress for the cultivar, respectively, and SES is the 
standard error of the multiple regression. positive values of 
DRI denoted drought tolerance independent of the effects of yield 
potential and flowering date. This measure is related to 
equation (1) in that where flowering dates do not vary, DRI is 
proportional to l-S. Indices of stress susceptibility or res
ponse, and indices of selection which allow the breeder to con
trol effects of yield potential and phenology, are important 
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tools in selecting stress tolerant genotypes. 

5 • 4 • Choice of ger.plaSll 

The choice of germplasm depends on the genetic variability 
deemed necessary for progress, the characteristics of the target 
environments, farmer and consumer requirements, and on the ex
pected level of inputs under which the cultivar will be grown. 
The difficulty of eliminating undesirable attributes resulting 
from crosses between poorly adapted donor stocks and elite germ
plasm has deterred many breeders from using landraces as sources, 
although it is an often overlooked fact that most elite tropical 
maize germplasm was selected from landraces only 15-30 years ago! 
The detection of stress tolerance can be almost impossible in 
landraces which respond strongly to photoperiod, are crippled by 
disease or which lodge heavily when being screened. If landraces 
are to be used as sources of stress tolerance, a program of pre
breeding or "pool" formation may be necessary to transfer traits 
related to tolerance or resistance from landrace sources to an 
adapted genetic background before they can be properly evaluated. 
It is also noteworthy that landrace and wild relative collections 
are acquiring additional value through the emerging capability of 
molecular techniques, which have the potential to enable the 
transfer of single, desirable genes from sources into elite 
genetic backgrounds. 

Blum (1988) has noted that selection for high and stable 
yield (usually through multilocation tests) has resulted in a 
concomitant increase in tolerance to abiotic stresses. This 
assertion is supported by evidence of improved stress tolerance 
and increased yield potential in us maize hybrids over many years 
of selection (Castleberry et al., 1984; Duvick 1984). This sug
gests that genotypes improved for grain yield through multiloca
tion testing are themselves useful sources of stress-adaptive 
traits, providing they have been exposed to the appropriate 
stress during testing in such a way that it results in a concen
tration of the genes for tolerance to the stress in question. 
We conclude with Blum (1988) that unless existing adapted 
germplasm had been shown to be devoid of high levels of stress 
tolerance, the use of unadapted landrace materials probably is 
not warranted. 

6 • Choice of selection envirolDlellt 

The traditional multi location approach to breeding for 
stress tolerance depends on test locations randomly located 
throughout the target area and the random occurrence of stress. 
The deliberate choice of selection environments in an attempt to 
control the incidence and intensity of stress represents a signi
ficant departure from this approach. What are the potential 
benefits and costs of this approach? 
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If a selection environment is chosen which concentrates on 
responses to a specific stress, it also usually represents an 
opportunity to record a number of secondary characteristics re
lated to the performance of each genotype. It also allows the 
development of special purpose germplasm sources at such loca
tions, where the incidence of the stress in question is reliable 
and its intensity can be carefully managed. 

When the target environment is characterised by abiotic 
stress, the choice of selection environments is between those 
which are stressed and non-stressed, and the determining factor 
is the genetic gain that can be made in the target environment 
(Ceccarelli and Edmeades, 1991). Drought, for example, varies in 
its incidence, severity and timing. This suggests the need to 
select for performance in both well-watered and moisture-stressed 
environments. Theoretical aspects of this issue were discussed 
by Allen et ale (1978), who concluded that the optimum test 
environment is one of an intermediate stress level, but in which 
the correlation between the yield of genotypes in that 
environment and the yield of cultivars across all test environ
ments is high and positive, i.e., a site which adequately repre
sents the environments under which the cultivar is expected to 
perform. In another theoretical study Rosielle and Hamblin 
(1981) suggested that if stressed sites occur randomly in the 
target area, then 1 in 3 test sites should be a stressed site. 

Selection for yield under abiotic stress has often been con
sidered less efficient than selection for yield under non
stressed conditions because of observed declines in heritability 
for grain yield under stress (Rosielle and Hamblin, 1981). Heri
tabilities for yield often fall under stress, because genetic 
variance falls more rapidly with increasing stress than environ
mental variance (Blum, 1988). However, the decline in heritabi
lity for grain yield is often not large until yield levels are 
reduced to less than 20% of yield potential (Fig. 4); Data from 
CIMMYT studies under drought show that even then its decline may 
not be catastrophic, though genetic variability is obviously 
declining as yields of most genotypes approach zero. This may be 
a function of the soil uniformity at the CIMMYT selection site. 

The choice of an optimum environment for selection can be 
treated as a case of correlated response to selection (Ceccarelli 
et al., 1987). The correlated response in target environment X 
when selection is done in environment Y, CRx, is given by 
Falconer (1960) as: 

CRX = (rA . HY/HX) RY (5) 

where RY is the direct response in environment Y, HY and HX are 
the square roots of the heritabilities of yield in environment X 
and Y, and rA is the genetic correlation coefficient between 
grain yield in the two environments. If the genetic correlation 
is negative (i.e., when a crossover G x E interaction occurs), it 
is obviously impossible to select in environment Y for improved 
performance in environment X. 
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Determination of whether a crossover interaction occurs 
among genotypes in the target environment, and the yield level at 
which it occurs is therefore important, and directly relevant to 
the choice of selection sites. If variation in the target en
vironment does not go beyond the crossover point, the performance 
of breeding lines beyond that point becomes irrelevant. Fischer 
et al. (1983) showed that maize selections made under stressed 
conditions versus unstressed conditions had a crossover in 
ranking of their performance at about 25-35% of well-watered 
yield potential. These data suggest that for continued gains in 
performance under drought it will be essential to select for per
formance under carefully controlled conditions of drought (Blum, 
1988) . 

In general we consider that crossover G x E interactions are 
unlikely to be observed at yield levels greater than 50% of un
stressed potential, and we seek to manage our nurseries accord
ingly. Note however, that our interest is less in detection of 
crossover interactions, and more in identifying genetic variabi
lity for tolerance to the stress. Recent results have shown that 
the genetic correlation between grain yield under drought and the 
anthesis-silking interval (ASI) approaches -1.0 where ASI is 
large in stressed plots, but falls off rapidly as stress levels 
approach those of the well-watered control where ASI is small and 
subject to considerable measurement error (Edmeades et al., 1990) 
(Fig. 5). This argues strongly for the use of selection sites 
where yield potentials are reduced at least 50% by drought 
(corresponds to an ASI of about 5 days or more) . 

In concluding, the choice of the optimum environment for se
lection depends on: 

(a) 	 the characteristics of the target environment (mean level of 

stress; probabilities of stresses of a given intensity); 


(b) 	 on the breeding objectives (do we want to exploit G x E in
teraction at lower yield levels, or are we depending on 
spill-over of yield potential?); and 

(c) 	 the stress levels needed to expose genetic variability traits 
such as ASI, which are most accurately observed at stress 
levels which reduce grain yields to levels below 50% of 
potential. 

7 • Use of secondary traits 

The literature abounds with suggested secondary traits which 
may contribute to improved performance under stress (e.g., 
Edmeades et al., 1987; Ludlow and Muchow, 1990). Many of these 
traits however, have no proven contribution to improved grain 
yield under stress. The use of secondary traits, such as leaf 
senescence or the anthesis-silking interval (ASI) in maize, to 
improve yield is motivated by the genetic complexity of grain 
yield and its relatively low heritability (Blum, 1988). The 
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conditions under which the use of secondary traits would be 
advantageous are (Lafitte and Edmeades, 1988): 

1. 	 When the trait can be measured prior to flowering, so that 
crossing of superior genotypes can be done in the same 
season as evaluation. 

2. 	 When the trait is more easily and cheaply measured than the 
primary trait. For example, in maize populations consisting 
of 200-500 full-sib or Sl families, we estimate that a se
condary trait must be determined on an individual plant in 
10-20 seconds, recognizing that a family will be charac
terised by the mean of 5-10 individual plant values. Labo
ratory screening methods for stress tolerance may be 
cheaper, faster and more effective than a field screen. 

3. 	 When the trait is strongly correlated with the primary trait 
and more highly heritable than the primary trait. This con
dition is deduced from equation (5) by setting X = yield and 
Y = the secondary trait. If the same intensity of selection 
is used, the correlated response in X by selecting for the 
secondary trait Y will be greater than the direct response 
when rA.HY is greater than Hx. 

The third condition is only occasionally met. For example, 
in one elite maize population grown under severe moisture stress 
(grain yield approximately 10% of potential), the product of the 
correlation of ASI and grain yield (-1.00) and hASI (0.70) 
exceeded IhGYI (0.62), showing that gains in grain yield from se
lecting for a reduced ASI are predicted to be greater than from 
selecting for yield itself at this level of stress (Edmeades et 
al., 1989). This information could be utilized to increase the 
efficiency of selection by having a crossing block planted 
several weeks later than the stressed nursery. Genotypes identi 
fied as superior for ASI in the early planting could then be 
crossed in the same season. 

Evaluation of the adaptive value of a secondary trait begins 
by showing that it is related to yield under drought in a field 
environment. - Linear correlations between yield and the secondary 
trait must be used with caution if cultivars include poorly 
adapted or low yielding materials, if curvilinear relationships 
exist, or if the relationships are determined in poorly bordered 
or single row plots. Some secondary traits, such as osmotic 
adjustment or leaf rolling, may vary in their importance and ex
pression with phenology (Bolanos and Edmeades, 1991), and it is 
important that they be observed at several times in the ontogeny 
of the crop, so that the maximum degree of association with pro
ductivity can be observed. 

A second method of evaluating the worth of traits is through 
the development of sub-populations comprising the "best" and 
"worst" fractions of the progeny derived from a population for 
the trait in question. This is a better (though more costly) way 
to determine the adaptive worth of a trait (e.g., Bolanos and 
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Edmeades, 1991). The progeny trial, used as a prelude to sub
popu la t ion format ion, prov ides · informa t ion on ease of 
measurement, on genetic variability and on heritability of the 
secondary trait. Sub-populations with similar plant heights and 
maturities from the "best" and "worst" 3-5% of the families for a 
specific trait are formed from remnant seed. Such sub-popula
tions, each with similar genetic backgrounds, when compared to 
the population bulk under drought in a subsequent trial, can be 
used to test the adaptive value of the trait and provid~ esti
mates of realized heritability. Using this procedure Bolanos and 
Edmeades (1991) determined that the realized heritability of 
osmotic potential in three lowland tropical maize populations was 
0.45, but that this trait was of limited adaptive value under 
drought. 

A combination of direct and indirect selection, using an 
index of desirable secondary traits and grain yield under 
stressed and unstressed conditions (Fischer et al., 1989), is the 
method of selection we recommend. This resembles ideotype 
breeding (Rasmusson, 1987), where selection is for a plant type 
consistent with the best available knowledge of crop physiology. 
Rasmusson suggests however, that where enhanced yield potential 
is a major breeding goal the breeder might consider making 75% of 
the breeding effort traditional and only 25% trait-orientated. 

Where a number of traits are being selected for simultane
ously, selection indices have proved useful. A simple selection 
index, made up of standardized values of traits of interest, with 
appropriate weights for each trait, has been used successfully in 
ma i z e ( F i s c her eta I ., 1 9 8 9) . I f t his met hod i sus e d 
interactively on a computer, the breeder can quickly compare the 
mean of the selected fraction of the population with the 
population mean, and adjust weights as necessary to increase 
yields, reduce leaf rolling, maintain days to flower, reduce 
plant height, etc., in the selected fraction. An index designed 
to reduce ASI, delay foliar senescence, increase predawn plant 
water potential, reduce lodging under drought and to increase 
grain yield under stressed and unstressed conditions, while 
maintaining maturity constant, is being used by CIMMYT maize 
physiologists selecting for drought tolerance. CIMMYT's 
selection programs for tolerance to low soil nitrogen and for 
density tolerance (see below) also use selection indices. 
Readers are referred to Baker (1986) for a more detailed review 
of selection indices and their use. 

8 • Special plot techniques and experaental designs 

Reduction of environaental effects: When genotypes are compared 
under moisture or nutrient stress, small variations in soil depth 
and texture have increasingly large effects on plot-to-plot vari
ability. It becomes essential to adopt those techniques and ex
perimental designs that can minimize these effects. We cannot 
overemphasize the need for careful selection of test sites 
possessing minimum variability for soil depth and texture. 

250 



The use of covariance analysis, in which a variable that is 
unaffected by the treatments imposed is used to remove environ
mental effects from the variable of interest (usually grain 
yield), is recommended. Examples of covariates are: yields of a 
previous crop on the same plots; plant heights of border plants 
around the plot periphery, where the borders are large and un
affected by treatments; plant stand. 

Check entries spaced at regular intervals throughout un
replicated progeny trials can be used to correct for the effects 
of soil variability in droughted or low fertility plots. Plot 
data are expressed relative to the performance of the check, and 
adjusted for the physical distance between the nearest check 
plots and plot of interest. The check genotype should be at the 
same level of vigor, maturity and height as the progeny under 
test. 

In replicated progeny yield trials, where genotypes under 
test may number 200-500, improved statistical designs can lead to 
important increases in trial efficiency. CIMMYT staff have found 
that generalized lattice designs (Patterson and Williams, 1976) 
combine good error control with flexibility in the numbers of 
treatments required. Where yields have been reduced by drought 
or low nitrogen, the efficiency of the alpha (0,1) lattice design 
relative to a RCBD was greater than 200%. A promising extension 
of this design that removes both row and column effects has re
cently been described (Patterson and Robinson, 1989). Nearest 
neighbour designs (e.g., Wilkinson et al., 1983) have been used 
extensively in Australia to remove the effects of gradients of 
moisture stress within replicated and unreplicated trials. 

As water and nutrient stresses increase, competition among 
genotypes for these inputs also increases and bordering becomes 
critical. For example, the yield of the outside bordered row as 
a percentage of the yield of well-bordered rows in a maize 
nursery increased from 124% to 185% as yield levels were reduced 
by drought from 5 to 1 tjha (unpublished data). Similar border 
effects are observed when plants are stressed by low soil 
nitrogen or by high plant density. Many breeding programs do not 
remove plants bordering alleys prior to harvest, and this can 
introduce significant error in yields. 

Plots of small size should be avoided as much as possible. 
Competition among progenies grown in single row plots may lead to 
the identification of genotypes which owe their yield superiority 
only to the lack of aggressive rooting or smaller plant height of 
their neighbours, advantages which are nullified when the se
lected "superior" cultivar is ~rown in pure stand. Constraints 
on seed per progeny and cost of labour and land often make addi
tional bordering difficult. Missing plants also have a marked 
effect on performance of neighboring plants, and the researcher 
is well advised to check lines for germination prior to es
tablishing a drought stress trial if it is suspected that some 
entries will not germinate evenly. 
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Reliability and repeatability of stress: The intensity of 
naturally occurring stress, especially drought, temperature, and 
radiation, is difficult, if not impossible, to predict. Where 
seed supply, land and capital are constraints, most breeders have 
resorted to techniques which impose a repeatable level of stress 
at an appropriate plant growth stage using irrigation, rainfall 
prevention techniques, shades, artificially flooded or salinized 
plots, hydroponics and controlled environment facilities (e.g., 
low temperature stress applied to emerging maize seedlings - see 
Eagles and Hardacre, 1979) to apply the stress in a more reliable 
fashion. Many laboratory and greenhouse stress screening tech
niques fall in this category. 

Dry seasQn nurseries, where moisture stress level is con
trolled by withdrawal of irrigation, have been used in several 
breeding programs. Here the soil profile is usually fully 
charged at sowing and stress develops as water is used, encourag
ing deep rooting of genotypes. Another method gaining wide 
acceptance is the use of a line source sprinkler system to impose 
a gradient of stress down the progeny row (e.g., Bolanos and 
Edmeades, 1991). This provides a response surface of yield to 
available water for each cultivar. Since small amounts of water 
are applied at regular intervals, the wetting front does not 
extend deep into the soil, thus encouraging intense but shallow 
rooting. 

Genotype x season and genotype x stress management method 
interactions, when atypical environments are used for selection, 
are of considerable concern for those who have used these methods 
(e.g., Bidinger et al., 1982). Will the selections made in dry 
season nurseries perform similarly in dry spells durihg the rainy 
season? Is the target environment rainfall pattern one of large 
infrequent falls or of many small falls? Many of these questions 
remain unanswered, but dry season nurseries with supplementary 
irrigation continue to be widely used. Results presented by 
Edmeades et al. (1990) suggest that selection for drought tole
rance and yield under well watered conditions in off-season nur
series resulted in gains which held up well during the normal 
crop season. 

Two additional techniques have been used to reduce the pos
sibility of genotype x test season interactions when selecting 
for drought tolerance. Rainout shelters can be used (Austin, 
1987), though this technique is usually too expensive to be used 
on a large scale in a breeding program. Diallo and Rodriguez 
(1987) used tied and untied ridges during the rainy season to 
impose water stress on maize cultivars in Burkina Faso. Tied 
ridges decrease rainfall runoff and increase infiltration. The 
authors recorded mean yields of 3.3 and 4.7 t/ha under untied and 
tied ridges, respectively. 

Each of these special techniques, when carefully employed, 
can serve as a valuable adjunct to multilocation testing, but 
will not replace the need to test new genotypes in the environ
ments and socioeconomic settings in which the new stress-tolerant 
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cultivar is expected to perform. 

9 • Mo1ecu1ar techniques used in screening for stress to1erance 

Germplasm carrying specific traits can now be identified by 
molecular techniques, especially though the use of restriction 
fragment length polymorphisms (RLFPs) (Duvick, 1985; Kochert, 
1989). Maize seems well-adapted to the use of this technique 
(Helentjaris, 1987). Once the desired stress tolerance can be 
identified, the specific chromosome segments controlling 
variation for the trait can be located on the genetic map using 
RFLPs. The RFLP probes linked to the genes controlling the trait 
can then be used for marker facilitated selection of the trait. 
This technique could lead to a significant increase in the 
efficiency of selection, since the use of expensive and sometimes 
inconclusive field trials could then be conducted for a pre
selected subset of the germplasm, shown by RFLP analysis to be 
enriched for the characteristic of interest. 

Although our understanding of which genes control which pro
cesses in plants is extremely limited, RFLPs can be used to 
assist our understanding. For example, by examining the changes 
in RFLP patterns in contrasting cycles of selection of Tuxpeno 
Sequia, changes in frequency of alleles on specific chromosome 
segments can be determined. This project is currently underway 
at a laboratory in Mexico (see O'Toole, 1989). One outcome 
should be the identification of genetic markers for the ASI 
trait, since a reduction in ASI has been closely associated with 
increased grain yield under drought (Edmeades et al., 1990). The 
markers can then be used to screen for the presence of DNA 
segments responsible for reduced ASI, and only those progeny, 
with a high probability of containing the desirable alleles for 
ASI, would be taken forward to a field screening trial. If this 
is successful, it will show that molecular markers can be used to 
transfer selected stress-tolerant traits without detailed 
knowledge of the genes themselves (O'Toole, 1989). This 
technology should ultimately provide a more precise test of the 
value of an individual trait than do isogenic line or divergent 
selection methods, since the presence or absence of a trait in a 
range of genetic backgrounds can be determined with a high level 
of confidence. When such traits have been identified, the 
transfer of them to a suitable genetic background will continue 
to rely upon the skills and techniques of orthodox plant 
breeders, and validation of the trait will continue to depend on 
the field techniques previously described. 

10. 	 CIMMYT's experience with se1ection for abiotic stress 
to1erance in tropica1 Jlaize 

Details of CIMMYT's improvement for drought tolerance are 
presented elsewhere (Edmeades et al., 1990); we shall confine our 
comments here to selection for tolerance to general stresses and 
to low soil fertility. 
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Pro1ificacy and genera1 stress to1erance: Several studies have 
shown that a short anthesis-silking interval (ASI) (Dow et al., 
1984) and increased prolificacy (see review by Motto and Moll, 
1983) in maize are positively associated with an increase in 
tolerance to a range of stresses which cause reduced photosyn
thesis per plant at or near flowering. Increased prolificacy has 
several advantages in tropical maize; prolific cultivars may show 
an improved tolerance to plant density, and stability of yield 
across a wide range of densities is often increased (Russell, 
1968; Prior and Russell, 1975; Bertin et al., 1976). consistent 
increases in yield potential have also accompanied selection for 
prolificacy (e.g., Coors and Mardones, 1989). Plant density in 
the Asian region is normally higher than the world average, and 
it is possible that semi-prolificacy may increase density 
tolerance in these circumstances. The capacity to develop second 
ears may also help offset the effects of poor germination in 
either the maize crop or an intercrop. 

In 1985 three semi-prolific populations were established at 
CIMMYT from elite families with prolific tendencies. Two of these 
populations, SPE and SPL, are white-grained, adapted to the 
lowland tropics, and early and late maturing, rspectively (Table 
1). The third, SPMAT, is subtropical, intermediate in maturity, 
and of mixed grain colour. All populations have undergone four 
cycles of recurrent selection in a half-sib recombination block, 
in which each family was grown at a high (106-133,000 plantsjha) 
and a low (35-53,000 plantsjha) plant density. Selection of the 
superior 50% of families was based on an index designed to pro
duce high grain yield, improved standability, increased number of 
ears per plant at high density, high ear numbers per plant, 
average upper ear height and a short interval between first and 
second ear silking. In SPMAT, a major introgression came from a 
maize x Tripsacum cross, itself handled as a separate population 
for four cycles and backcrossed several times to lowland 
tropical maize. Trials to evaluate progress were conducted in 
1988 (Table 2), and showed that this rather mild selection proce
dure had been successful in increasing prolificacy while main
taining maturity. A concomitant increase in stalk lodging was 
observed, but no significant increase in yield potential or in 
the optimum density for grain yield resulted from selection. In 
these early selection cycles we cannot conclude that selection 
for prolificacy improved density tolerance or yield at high den
sities, but at low density it did increase significantly total 
grain yield, grain yield of second ears, and ears per plant. 

Recently the breeding scheme has changed to a recurrent Sl 
selection scheme, thus allowing reduced tassel size and reduced 
ASI to be included in the index. The realized heritability and 
value of individual traits related to prolificacy or to tolerance 
of high plant density are being examined by divergent selection, 
in which synthetics are formed from the best and worst fractions 
of the population for the trait in question. These synthetics 
and cycle bulks are available for distribution to national 
programs. Results of a preliminary evaluation in small plots of 
selection traits related to yield and ears per plant in two 
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populations, SPE and SPL, are shown in Table 3. 

Table 2. Changes In graIn yIeld and other traits between Cycle 0 and Cycle 3 of three populations 
undergoing half-sIb recurrent selection for proflfls:ar.v when evaluated at three plant d,nSltfes, low 
(2.7 plantsAn !:.) (01), IntermedIate (5.3-6.7 plant!¥hl' ,z J (02), and hIgh (10.6-13.3 planto/fTl fj (03), In 
three env{ronments In Mexico, 1988 (modltled from OIallo et aI., 1989) 

Grain yield Oaysd 

Entry 
01 

Opt.e 
dens. 

--Vha

Opt.e 
dens. 
pVm2 

to S2
50 PSA S1c 

--day

~oc;l9i[l9q 
Root Stem 

--%-

EPpa 
01 

GYSEb 
01 

Vha 

Seml-grollfic early (SPE) 
Co 3.16 4.75 7.58 n.8 48,9 3.4 6.1 1.26 0.30 
C3 3.60 5.18 7.70 79.5 29.3 5.3 9.3 1.55 0.87 

Semi-Qrolific late (SPl} 
Co 4.02 5.47 7.52 86.0 57.0 5.9 3.5 1.22 0.28 
C3 3.99 5.60 7.13 87.9 41.4 4.0 7.9 1.37 0.55 

Seml-groliflc mid-altitude trogicaJ (SPMAn / 
CO , 3.92 5.25 7.22 81.0 47.2 6.2 9.1 1.31 0.37 
C3 3.96 5.20 6.82 82.6 29.0 8.7 10.6 1.64 0.80 

Checks 
Fum 8321+ 4.01 5.40 6.98 88.8 66.7 2.9 1.7 1.17 0.19 
Suw 8331+ 
Acr7845+ 
FS 854+ 

3.14 
3.44 
3.74 

4.72 
4.47 
5.40 

8.21 
6.73 
9.75 

78.2 
80.6 
82.5 

69.1 
58.2 
24.4 

1.7 
6.4 
1.9 

5.9 
5.6 

11.6 

1.14 
1.10 
1.39 

0.10 
0.05 
0.29 

LSD 0.72 0.61 1.93 
(p<O.05) between means within columns 

1.00 22.8 4.0 4.0 0.21 0.32 

a Ears per plant 
b Grain yieki 01 second ears 
C Interval between 50% silking of the first and second ears at two sites only 
d Days to 50% anthesis, recorded at two sites only, average across all densities 
e Optimum density for grain yieki and grain yield at optimum density calculated by method 01 Duncan (1958) 

+ Check entries are, respectively, Fumesua (1) 8321; Suwan 8331; Across 7845; and FS 854, a Com Belt hybrid. 
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Table 3. GraIn yIeld (GY)(t/ha) and ears per plant (EPP) for the cycle bulk and for divergent selections for 
various traits In two lowland tropical semi-prolific maize populatlons evaluated at two densities (LD = 4.1 
and HD = 8.1 plants/m2) at Poza Rica, MexIco, 1990. 

P-ol2ulation SPE POQuJation SPL 
LD HD LD HD 

Selection GY EPP GY EPP GY EPP GY EPP 

Population bulk, C4 5.20 1.63 6.47 1.02 7.10 1.50 8.32 1.08 

Best, all characters 
Worst, all characters 

5.05 
4.97 

1.77 
1.50 

6.24 
5.72 

1.19 
0.98 

6.33 
6.69 

1.60 
1.34 

7.31 
5.95 

1.25 
0.88 

Highest EPpa, LD 
Lowest EPpa, LD 

4.79 
5.00 

1.71 
1.49 

6.13 
5.91 

1.32 
1.08 

5.72 
7.28 

1.57 
1.33 

7.21 
6.82 

1.07 
0.97 

Short SO ELC, 10-20 
Long SDELC, 10-20 

5.04 
5.25 

1.55 
1.41 

5.74 
6.32 

1.05 
1.05 

7.17 
7.70 

1.74 
1.33 

6.45 
7.69 

1.16 
1.00 

Best yield, AD 
Worst yield, AD 

5.22 
4.85 

1.68 
1.63 

5.40 
6.53 

1.10 
1.05 

6.97 
6.64 

1.74 
1.44 

7.12 
7.08 

1.05 
0.92 

Short ASlb, HD 
Long ASlb, HD 

5.45 
5.63 

1.76 
1.48 

5..76 
6.23 

1.14 
1.02 

~.80 
7.42 

1.48 
1.78 

7.08 
7.20 

0.94 
1.10 

Best yield. LD 
Worst yield, LD 

5.46 
5.60 

1.61 
1.55 

6.81 
6.82 

1.07 
1.18 

7.81 
6.52 

1.64 
1.56 

7.39 
5.54 

1.02 
1.07 

Most tassel branches 5.40 1.54 6.35 1.06 7.04 1.59 8.00 1.18 
Least tassel branches 6.20 1.78 7.68 1.20 6.21 1.43 8.47 1.14 

Sdd 0.43 0.11 0.43 0.11 0.77 0.10 0.77 0.10 

a Ears per plant. 
b Antnesis-silking delay. 
C Interval between 50% silking upper ear and 50"'0 silking second ear. 
d Standard error of the difference among between means. 

These data indicate that for SPE gains from selection for 
small tassel versus large tassel size gave significant increases 
in grain yield, but other traits were unimportant, including se
lection for grain yield per see Selection for yield per se, 
especially at low density, was effective in this population. 
Effects of selection on ear number per plant were greatest in 
both populations when ears per plant or short ASI, alone or as 
part of multitrait index, were used as selection criteria. No 
final conclusions can be drawn however, until a more detailed 
evaluation of progress is conducted. 
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Low nitrogen: Limited information exists on genetic variabi-lity 
within maize for N uptake, the carbon/N ratio in maize tissue, or 
the harvest index for N. Some selection studies have shown pro
mising responses to selection for performance under low N (e.g., 
Balko and Russell, 1980; Muruli and Paulsen, 1981), and consi
derable variation in the manner in which cultivars deal with 
nitrogen deficiency has been observed in landraces (Lafitte and 
Edmeades, 1989). For these reasons a trial of lowland tropical 
elite and landrace cultivars was conducted in 1986 to determine 
if variability in these traits existed, to select a population 
for further selection, and to establish a protocol for selection 
for improved performance under low soil N. Two soil N levels 
were used; the normal station practice, consisting of 200 kg N/ha 
applied each crop cycle, and a low N environment, produced by 
growing a green maize crop three times in succession and cutting 
and removing it at flowering. Significant (P<=0.08) cultivar x N 
level interactions for grain yield were observed. 

An experimental variety, Across 8328 (Table 1), was selected 
from the cultivar trial as an entry with good yields at both high 
and low N levels, and 250 full-sib families were created within 
it. These were grown in three replications under the two soil N 
levels in single row plots. The superior 50 families were se
lected from an index designed to give high grain yield under high 
and low N, high ear leaf chlorophyll when measured two weeks 
after flowering under low N, reduced ASI, large ear leaf area and 
a large number of green leaves below the ear four weeks after 
flowering under low N. Correlations between these traits and 
grain yield under low N for progenies and a subset of cultivars 
(Table 4) showed strong associations between yield and traits 
associated with the level and maintenance of actively photosyn
thesizing leaf area under low N. 

This was especially true of the easily measured trait, 
chlorophyll per unit ear leaf area (Lafitte and Edmeades, 1988), 
measured with a portable chlorophyll photometer (Hardacre et al., 
1984) . 

This selection index has been used to select superior pro
geny during three selection cycles, and to identify superior 
source germplasm from among landrace and elite cultivars. A pre
liminary evaluation of progress for improved grain yield under 
reduced N indicated that selection for yield alone under low N 
gave less progress than selection for the index of traits listed 
above. A final evaluation progress has been conducted in two con
trasting seasons at Poza Rica, Mexico, and additional data are 
available from Farm Suwan, Thailand (R. Thiraporn, pers. comm., 
1990). Results suggest that yield gains can be achieved under low 
N without sacrificing yields under high N (Table 5). There 
appears to be a strong environmental effect on the relative per
formance of the cycles of selection under low N, perhaps because 
of differing patterns of N mineralization in winter and summer 
cycles. Gains per cycle across both seasons at Poza Rica 
averaged 4.4% at low Nand 3.4% at high N. Differences in grain 
yields under low N were associated primarily with changes in the 
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number of grains per ear. 

Table 4. Correlation coefficients observed between grain yield observed at low nitrogen 
(N) and other variables In an evaluation of 11 full-season varieties and In an evaluation of 
fuJI-sib progeny of Across 8328 (Lafitte and Edmeades, 1988) 

Correlation coefficient 
Varieties Progeny 

Trait (1986A) (1986B) 

Grain yield, high N 
Chlorophyll at flowering. low N 
Chlorophyll 3 weeks after 

flowering, low N 
Ear leaf' area, low N 
Anthesis-silking interval, low N 
Total plant N. low Na 
Nitrogen harvest index, low Na 
Total biomass. low Na 
Green leaves below ear, 69 DAPb 
Green leaves below ear, 82 DAPb 

0.25 
0.88·· 
0.88·· 

0.75·· 
-0.67· 
0.79·· 
0.76·· 
0.97·· 

0.46·· 
0.80·· 
0.80·· 

0.61·· 
-0.58·· 
0.74·· 
0.74·· 
0.78·· 
0.75·· 
0.74·· 

• Significant at 0.05 probability level . 

•• Significant at 0.01 probability level. 


a Measured for a subset (73) 01 the full-sib families evaluated 

b Not measured In the variety evaluation; count done under low N 


Table 5. Grain yields (t/ha, oven dry weight basis) of cycles of selection In Across 8328, 
selected for performance at high and low levels of N, when evaluated In Poza Rica, 
Mexico, In 1988-89 and at Farm Suwan, Thailand In 1989-90. 

Cycle ot selection 
Location N level+ Co C1 C2 C3 LSD(0.05) SE 

Poza Rica 
Summer 

Low 
High 

2.01 
5.17 

1.69 
5.59 

2.01 
5.78 

2.32 
5.61 

0.74 
0.76 

0.26 
0.27 

Poza Rica 
Winter 

Low 
High 

1.78 
5.34 

2.31 
5.74 

2.38 
5.66 

1.90 
6.08 

0.63 
0.85 

0.22 
0.30 

Thailand 
Winter 

Low 
High 

4.32 
6.60 

4.70 
7.14 

0.45 
0.45 

+ Nitrogen levels were: 

Poza Rica: low, zero applied; high, 200 kg Nlha. 

Thailand: low, zero applied; high, 160 kg Nlha. 


11. Conc1usions 

The following points need careful consideration when 
deciding the most efficient breeding and screening strategy for 
maize crops in stress-prone areas: 
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1. 	 Definition of target environment: This includes the type of 
environmental variability (predictable or unpredictable), 
and the probability of occurrence of given climatic stresses. 

2. 	 Definition of breeding objectives: This refers mostly to 
the need for yield stability versus the need for yield 
potential. 

3. 	 Choice of selection environment: Where probabilities of 
poor and good yields over time or space are roughly the 
same, selection can be better achieved by selecting both in 
the presence and in the absence of stress. 

4. 	 Choice of germplasm: Satisfy yourself that the needed 
genetic variation for stress tolerant traits does not exist 
in sufficient quantities in elite germplasm before examin
ing land-races and wild relatives. 

5. 	 Analytical breeding: Before embarking on a major program 
based on ideotype breeding, note the following: a) it re
quires a multidisciplinary effort; b) it probably needs to 
be redirected towards complexes of characters, dominated by 
grain yield; and c) Particular attention must be paid to 
avoiding the selection of genotypes which escape stress 
through early maturity if true stress tolerance is being 
sought. 

6. 	 Special plot techniques and experimental designs: Lattice or 
neighbour designs are an essential component of progeny 
tests. Special attention must be paid to the possibility of 
genotype x selection season interactions when dry season/ 
supplementary nurseries or greenhouse and laboratory screens 
are used. 

7. 	 Molecular techniques, especially the use of RFLPs, offer the 
future promise of being able to identify the presence of 
stress-tolerant traits in any maize background. They may 
thus reduce the need for expensive field screening trials, 
and at the same time provide clearer evidence on the adap
tive value of individual traits. 
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Question to G. Edmeades (Paper 1) 

From S. K. Bhalla 

Q. Materials selected under good conditions in general have 
not performed well when in stress environments. How to 
identify high yielding materials for stress environments? 
Should selection be made under stress or nonstress 
environment. 

Ans. This issue is addressed directly in section 6 which 
deals with selection environment. In general we recom
mend that the selection environment be such that genetic 
gain in the target environment is maximum. 

From F. Kasim 

Q. For practical purposes and utilization in my breeding 
program, do you think there is a good relationship be
tween amount of chlorophyll and the root growth? 

Ans. There is a general positive relationship between chloro
phyll concentration and plant growth, but I am not aware 
of a specific relationship between chlorophyll content 
and toot growth. A convenient and rapid method for 
measuring chlorophyll concentration is with a 
chlorophyll photometer. 

From H. Eagles 

Q. If densities are raised, selection for reduced ASI can 
be practised when selfing to produce Sl and S2 lines. 
However, this reduces seed supply. How has CIMMYT re
solved this dilema? 

Ans. We select for improved family performance in a stress 
nursery and advance selected families in an unstressed 
nursery, thus ensuring good seed set. 

From Li Jingxiong 

Q. In some cases, the rains corne later than usual and after 
some damage has been caused by drought. There is a 
paper in one STAA proceedings (from a scientist from 
Dekalb?) who devised a method to test the recovering 
ability of different hybrids after drought damage. For 
practical purposes, don't you think this characteristic 
would be more useful to evaluate in the selection of 
drought tolerant germplasm? 

Ans. Recovery from drought is indeed an 
characteristic, but hard to measure. 

important 
Recovery 

varietal 
is usual
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ly confunded with initial susceptibility or resistance 
to drought damage. Unless measures of recovery are con
fined to simple scores of recovery of turgor, it is un
likely that more detailed measurements of, say, phyto
synthetic rate, can be accomplished quickly enough to 
serve as a selection tool. Grain yield is probably the 
easiest criterion to use as an integratio of suscepti 
bility and recovery. 

v. K. Saxena 

You have suggested that instead of using land races, 
only improved varieties should be used in breeding for 
drought tolerance. In the past, many improved 
varieties were recommended for rainfed areas but their 
adoption was negligible. Now, a composite variety has 
been developed using local germplasm from rainfed areas 
of Punjab, India. The variety has shown very good re
sults under rainfed conditions. Tremendous variability 
for different traits is available in local germplasm. 
The only difficulty is to make the proper choice. If 
local germplasm is completely ignored, the development 
of improved germplasm and the development of more 
stable varieties will be affected. 

I suggested that we should look at variation for drought 
tolerance within limited materials first, and when sa
tisfied that insufficient genetic variation for drought 
tolerance exists within these materials, the search 
should be extended to landraces. We should try to 
capitalise on the good agronomic type and superior 
disease resistance of improved materials before beginn
ing selection in unimproved types. 

N. N. Singh 

1) Testing under carefully managed stress and multiloca
tion testing may help to identify the population to 
be improved or that may be used as a finished product. 
What is your comment on this? 

2) We agree that prolificacy helps in general stress 
tolerance, but over the years we have selected for 
single ears and very high yield and still we get more 
yields in better management with single corn cult i 
vars. How can we use prolificacy in our programs? 

1) This is 
sophy. 

essentially CIMMYT's stress breeding philo

2) Prolificacy is useful in stabilizing yields across 
plant densities, and a prolific variety may yield 
more at both low and high density. However, at a 
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carefully controlled single density, highest yields 
may well be from single-eared types. The answer as 
to whether prolificacy is desirable depends on the va
riation in plant density observed in farmers' fields 
and the additional harvesting costs and harvest losses 
associated with multiple eared plants. 

From A. Khan 

Q. 	 What are the prospects of crossing maize with its wild 
relatives for drought tolerance and disease resistance? 

Ans. Maize is being crossed with Tripsacum in CIMMYT and it 
crosses with Teosinte spp. under natural field condi
tions in the Mexican highlands. Our research with maize 
x Tripscum crosses has thus far focused on insect 
resistance, but initial observations in one such popula
tion grown under drought showed no more variation for 
tolerance to drought than one would expect to find in a 
normal maize population. 
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SKLECTIOlf FOR DROUGHT TOLKRAIfCE IX MAIZE 

ADAPTED TO THE LOWI.AHD TROPICS 


~/
G.O. Edmeades, J. Bolanos, and H.R. Lafitte 

Introduction 

In the tropics about 95% of the maize area is normally grown 
under rainfed conditions. Seasonal rainfall varies considerably 
from year to year, and in many environments the crop is grown in 
areas which are rendered marginal because of erratic rainfall 
distribution during the season (Edmeades et al., 1990). Although 
the mean rainfall may appear adequate, 1-5 week-long dry spells 
are possible at almost any time during the growing season. This 
situation is exacerbated by crusted, sandy or shallow soils, by 
poor weed control or by the presence of intercrops. In some 
cases rooting volume may be reduced by ploughpans or physical 
obstructions so that a fully developed maize canopy using 6-8 mm 
of water daily can only experience 5-8 days normal water use 
before stress ensues. Should such stresses coincide with plant 
establishment, or especially with flowering, grain yield losses 
can be considerable (Edmeades et al., 1989). 

Drought stress is widely experienced by maize grown in the 
lowland tropics. In 1986 CIMMYT attempted to inventory the 
severity of drought stress experienced by maize of different 
maturity classes. Data for the lowland tropics are presented in 
Table 1, where the annual yield losses from the three moisture 
classes listed are estimated to be: rarely stressed: 0-10%; 
occasionally stressed: 10-25%; commonly stressed: 25-50%. Data 
indicate that drought on average reduces annual grain yields by 
10-50% on 80% of the area sown to maize, with losses apparently 
being greatest in early maturing maize germplasm. Here, however, 
the need for drought tolerance becomes confused with the need for 
extremely early maturing germplasm that can escape the effects of 
the early end to the rains, as farmers attempt to fit the maize 
crop into a 90 day (or less) rainy season. 

Genera1 approach 

The approach we have taken in developing drought tolerant 
germplasm can be summarised as: 

The physio1ogist's ro1e: In CIMMYT's maize breeding program, our 
role has been to develop methodology which improves the 
efficiency of selection for drought adaptive traits, and to 
develop genetic sources of drought tolerance. Every attempt has 

y Maize Physiologists, CIMMYT, Apdo. Postal 6-641, 06600 Mexico 
D. F., Mexico. 
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been made to work under conditions encountered by breeders with 
respect to breeding units and populations. 

Grain yield vers us survival: In our view the crop must be able 
to produce grain under stress to have drought tolerance. 
Survival, even to produce nongrain biomass with an enhanced 
water use efficiency, is insufficient. For this reason traits 
which enhance grain production under drought rather than those 
which merely enhance survival are preferred. 

Tabl e 1. Area o f lowland tropical . aize, by .aturity a nd 
.aisture reg~, as o f 1986 (Edaea.des et al., 1989) . 

Maturity Total 
(' 000 

area 
ha) Rare 

Moisture stress 

Occasional Common 

Early 
% of area 

8 351 
100 

1 062 
13 

2 493 
30 

4 796 
57 

Intermediate 
% of area 

12 642 
100 

3 293 
26 

7 789 
62 

1 560 
12 

Late 
% of area 

11 870 
100 

2 346 
20 

6 907 
58 

2 617 
22 

Total area 
% of area 

32 863 
100 

6 701 
20 

17 189 
52 

8 973 
28 

stability: Breeding for drought tolerance in maize should be 
seen as an attempt to stabilize production of grain in the face 
of between and within season variability for water supply. 

Maintenance of y ield potential : Maize which is grown in droughty 
environments experie n ces severe stress perhaps two years in five, 
mild stress in another 2 years out of 5, and sees little or no 
stress in the remaining years. Clearly a drought tolerant 
genotype must also retain the capacity to exploit good 
environments when these occur, or it will quickly be discarded by 
farmers. 

Early .aturity: CIMMYT has concentrated on improving drought 
tolerance in populations of maize which differ significantly in 
maturity. Early maturity remains a major breeding objective when 
seeking stable g r ain product ion in areas characterised by a very 
short rainy season . We have not pursued earliness per s e, a l 
t hough this may c ontr ibute to an means of e s cape f rom drought. 
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Given the variation in length of the rainy season in all environ
ments, a more desirable strategy may be to incorporate drought 
tolerance into intermediate maturity germplasm. By doing so, 
yield reductions in dry years will be reduced, and yields in 
years of good rainfall will be higher because later maturing 
germplasm will normally have a higher yield potential than its 
earlier counterpart. 

Flowering as the drought susceptible stage: It is generally 
recognized that maize is particularly susceptible to drought 
stress at flowering, and there are consistent reports of reduc
tions in yield and in numbers of grains per plant of more than 
50% following stress imposed during this stage (Denmead and Shaw, 
1960; Claasen and Shaw, 1970; Herrero and Johnson, 1981; Hall et 
al., 1981; Hall et al., 1982; Bolanos and Edmeades, 1990a). 
Several reports have indicated that as stress intensified the 
interval between anthesis and silking also increased (DuPlessis 
and Dijkhuis, 1967; Herrero and Johnson, 1981; Hall et al., 1982; 
Bolanos and Edmeades, 1990a). In the tropics, where sowing nor
mally follows the often uncertain onset of the rains, establish
ment is also a drought-susceptible process with considerable 
potential for yield loss through reduced plant stands. CIMMYT 
has thus far concentrated only on the effects of drought at 
flowering. Farmers have few management options following severe 
stress at flowering, whereas if stand is drastically reduced 
during germination, resowing of the crop is usually possible. 

Escape versus tolerance-.aintenance of .aturity: Strong selec
tion pressure has been placed on the maintenance of maturity. 
Since drought stress is imposed by allowing the profile to dry 
out after irrigation is withdrawn in a dry environment, moisture 
stress intensifies with time, and where this coincides with 
flowering, late flowering genotypes suffer greater proportional 
yield reductions than early flowering genotypes. If special care 
is not taken, populations selected only for improved grain yield 
under flowering drought stress will move 2-3 days earlier per 
cycle. While earliness per se may be desirable, it should not be 
confused with drought tolerance, but is rather a means by which 
genotypes can escape drought. 

Use of shelled grain weights: CIMMYT, and many national pro
grams, have used whole ear weights as measures of yield. Because 
shelling percentage can be drastically affected by drought that 
coincides with pollination, it is important to base selections on 
shelled grain weights. 

Elite versus uni.proved ger.plas.: In recent years drought 
tolerance research has concentrated mainly on elite populations 
in the belief sufficient variation in drought adaptive traits 
exists within these broadly based genetic entities (Blum, 1988; 
Bolanos and Edmeades, 1990b). This short-term approach will 
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yield rapid results in agronomically acceptable genetic 
backgrounds. Unique sources of genetic variation for drought 
tolerance have not, however, been neglected. Since 1986 
landraces and sources of drought tolerance from temperate and 
tropical droughted environments have been consistently examined, 
and a new population, the Drought Tolerant population (DTP) has 
been formed from the best performing of these under Mexican con
ditions. The improvement of this population through interna
tional testing will be a longer-term approach to obtaining high 
levels of drought tolerance. 

Expected use of drought tolerant ger.plas.: Some sources of 
drought tolerance, especiallY those derived from elite germplasm, 
may be suitable for direct release as varieties, though this is 
unlikely since most sources will be unadapted, especially for 
disease reaction; more likely, these genotypes will be used in 
intervarietal crosses with locally adapted germplasm, or lines 
from them will be used with local lines in hybrids and synthetics. 

IIIproveaent in Tuxpeiio sequia 

Research specifically designed to improve drought tolerance 
in maize began at CIMMYT in 1975 with a methodological study in 
the population Tuxpeno. One set of families of Tuxpeno Crema I 

(Johnson et al., 1986) was taken to form the populationC11
Tuxpeno Sequia, while a similar set of families were used to form 
Population 21 (Pop. 21), which was then improved through the In
ternational Progeny Testing Trial (IPTT) system. A comparison of 
cycles of selection of Tuxpeno Sequia and Pop. 21 allowed a 
reasonable comparison of gains made under the two improvement 
systems. 

The system of improvement in Tuxpeno Sequia has been 
previously described (Edmeades et al., 1987; Fischer et al., 
1989). In each of eight cycles of recurrent full-sib selection, 
the best 80 of 250 families were recombined to form the sub
sequent group of full-sib families for testing. The families 
were selected at Tlaltizapan (19 0 N, 940 masl) during the rain
free winter cycle on the basis of performance under three levels 
of moisture stress: normal irrigation (RN); grain filling stress 
(irrigation suspended 7-10 days prior to flowering) (IS); and 
flowering and grain filling stress, following total withdrawal of 
irrigation about 3-4 weeks before flowering (SS). Selection of 
superior families was based on an index which sought to increase 
yield under IS and SS maintain yield under RN, maintain 
maturity, reduce the interval between the dates of 50% anthesis 
and 50% silking under IS and SS, increase the retention of green 
leaves under IS and SS, increase the capacity to expand leaf and 
stem tissue under SS, and, from onwards, to reduce canopyC3 
temperatures under IS and SS. Some of these secondary traits, 
such as tissue expansion rate, rate of silk extrusion and foliar 
temperature, are thought to depend partly on plant water 
potential (Boyer and McPherson, 1976; Blum 1988; Ludlow and 
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Muchow, 1990; Rhoads and Bennett, 1990). It was expected that 
their use would improve plant water status of the population 
through greater soil exploration and increased osmotic 
adjustment. Selection for delayed leaf senescence was also 
expected to increase the capacity of the population to adjust 
osmotically. These changes in turn should lead to greater 
biomass production and hence greater grain yield. 

Eva1uation of progress: Bulks of cycles 0, 2, 4, 6 and 8 of 
Tuxpeno Sequia and Pop. 21 were sown during the 1987 and 1988C6dry seasons at Tlaltizapan ln large plots in four replications 
under the same three irrigation regimes used during selection. 
Additional yield data were obtained from border areas in each 
plot; these were subject to different moisture stress and radia
tion regimes to the bordered plot areas because of a different 
level of competition, and provided additional data on the 
performance of each genotype. 

Selection resulted in a significant improvement in grain 
yield (Fig. 1), the gains from Co to being a surprisinglyCa
consistent 800-900 kg/ha across stress levels that resulted in 
grain yields ranging from 1.5 to 8 t/ha. Differences in perform
ance between and were nonsignificant. Joint linearC6 C8
regressions fitted to the yields of each genotype in each 
moisture regime were used to estimate gain. Based on perC6
formance, gains per cycle at the 1, 2, 4, 6 and 8 t/ha yield 
levels were 18.3%, 8.0%, 4.4%, 3.4% and 2.9%, respectively 
(Edmeades et al., 1989). This is similar to the 9.5% gain per 
cycle reported in evaluations of earlier selection cycles at a 
yield level of 1.2 t/ha (Fischer et al., 1983). Selection 
significantly increased ears per plant under stress, but 
increases in kernel number per ear and weight per kernel were 
nonsignificant. 

Given the selection pressures used, the absence of cycle x 
stress level interactions for grain yield was surprising, as were 
the gains under optimal conditions, and the disappointing 
response of Pop. 21 C6 . We hypothesised that gains in Tuxpeno 
Sequia were simply an adaptation of the population to the 
somewhat unusual Tlaltizapan soil environment (calcareous 
vertisol that induces iron chlorosis). To test this hypothesis, 
a trial was designed which included the above entries of Tuxpeno 
Sequia as well as C , C2 , and C of Pop. 21. This trial wasC4 6distributed to a num~er of internatl0nal locations. Results from 
11 sites (Fig. 2) show a slight reduction in the gains observed 
at Tlaltizapan, the yield advantage of of Tuxpeno Sequia overC8Co ranging from 650 to 800 kg/ha. The gain per cycle was 2.0%, 
compared with 1.2% for Pop. 21 selected under the IPTT system 
(Byrne et al., 1990). The observed gains do not, therefore, 
appear to be site-specific, and we feel confident that eight 
cycles of selection have resulted in at least a 30% increase in 
grain yield for the farmer who is growing maize at a yield level 
of one third potential, where this reduction has been induced by 
drought at flowering. 
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Changes in bio.ass and plant water relations: All cycles of 
selection yielded approximately the same amounts of biomass, 
despite the fact that Co flowered several days later than all 
other cycles. Light use efficiencies (g biomass per MJ of inter
cepted radiation) were also similar, although there was a non
significant trend in later cycles towards higher efficiencies 
during grain filling, an indication that the canopy was remaining 
active under stress for slightly longer (Bolanos and Edmeades, 
1989). Selection significantly increased harvest index, or the 
proportion of biomass allocated to grain; the haivest index of C8 
across all stress levels was 0.238 versus 0.183 for Co and 0.212 
for Pop. 21 C6 . Under unstressed conditions, harvest index for 
the three genotypes was 0.400, 0.342 and 0.368, respectively 
(Bolanos and Edmeades, 1989). Accompanying this was a small 
reduction in surface root biomass and a maintenance of deep root 
biomass, probably as a consequence of the type of drought stress 
used (drying front retreating down the soil profile). Thus the 
gains in grain yield resulting from selection were largely from 
changed partitioning to the ear rather than a change in biomass 
production per se. 

No changes resulting from selection were detected in predawn 
leaf water potential, nor in the diurnal course of this 
parameter. Cycles of selection did not differ in the following: 
capacity to adjust osmotically, rate of expansion of leaves and 
stems, leaf chlorophyll content, canopy temperature, or soil 
water extraction patterns (Bolanos and Edmeades, 1989). These 
results were surprising, given that selection was directly for 
high expansion rates and low canopy temperatures. This suggests 
either little genetic variabiLity, low heritability, or a 
negative association with grain yield for the traits in question. 

Plot size used during selection (a single row 2.5m in 
length) may well have accounted for lack of progress in some of 
these traits. For example, canopy temperatures were measured by 
infrared thermometer, and background noise from exposed soil and 
neighbouring plots probably made this measurement rather inaccu
rate. Similarly, families which grew slowly and conserved soil 
water early in the growth cycle would be penalised by rapidly 
growing neighbouring families which competed more aggressively 
for light and available water. Small single-row plots should be 
expected to favour deep and intense rooting, rapid leaf area ex
pansion, lax leaves and the capacity to adjust osmotically, but 
these changes were not observed in succeeding selection cycles. 

Tlaltizapan is an environment with a relatively high level 
of atmospheric aridity, and leaf water potential has been 
observed to fall to -1.9 MPa in well watered plots. It is 
possible that the atmospheric aridity of this site prevented the 
detection of differences between cycles in plant water status. 
It may also have resulted in well-watered plants being partly or 
fully adjusted osmotically, and this may explain the lack of 
response to selection by this trait. 
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Changes in flowering behaviour: Selection markedly reduced the 
interval between 50% anthesis and 50% silking (the anthesis
silking interval, or ASI) under moisture stress (Fig. 3). Under 
well-watered conditions ASI varied between 0 and 3 days; under 
the SS treatment it increased to 25 days in CO' but only to 7 
days in Cg. Pop. 21 resembled Tuxpeno sequia Cz most closelyC6
in its flowering behaVlour. The dramatic changes ln ASI suggest 
that this trait is highly heritable. The linear correlation 
between ASI and grain yield and its components was significant 
and negative (Fig. 4). The linear correlation between grain 
yield and AS!, for data pooled across years, was -0.67** (142 
df). When relative yield (RY) (yield expressed on a 0 to 1.00 
scale) and ASI were transformed according the following equation 

RY = e(0.76-0.913 SQRT(ASI+1.1)) 

the coefficient of determination (r ) increased from 0.45 to 
0.79, demonstrating that almost 90% of the variation in grain 
yield could be explained by variation in ASI. 
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untransformed data indicated that grain yield per plant de
creased by about 10% per day increase in ASI for the first 8-9 
days, before this approximately linear dependency of yield on ASI 
broke down. Grain yield was reduced by stress principally 
because ears per plant were reduced, and much less because of re
duced kernel number per ear or weight per kernel. Thus barren
ness and harvest index seem tightly linked to the AST. Similar 
dependence of grain yield upon ASI has been observed in a wide 
array of maize germplasm of varying levels of vigour and 
improvement (Bolanos and Edmeades, 1990b). 

Some workers have suggested that the reduction in grain yield 
which accompanies increased ASI is due to pollen insufficiency 
(Hall et al., 1982) or to pollen damage under hot conditions 
(Schoper et al., 1986). Other reports indicate however that the 
viability and extension rate of silks is very sensitive to water 
deficits (Herrero and Johnson, 1981; westgate and Boyer, 1986). 
In our study we were unable to detect differences in leaf water 
potential that would account for differences in growth rate of 
silks (Bolanos and Edmeades, 1989). 

causes of reduction in the ASI: The observed reduction in ASI 
could be the result of (i) a reduced in-terval between the initi
ation of tassel and ear, (ii) a more rapid rate of development of 
the ear in relation to the tassel, or (iii) a more rapid rate of 
growth of the ear in relation to the tassel. In order to deter
mine which of these might be the cause of reduced ASI, CO' C2 ' 
C4 ' and C8 of Tuxpeno Sequia and Pop. 21 were grown at highC6 C6
plant density (106 000 plants/ha) under well watered conditions, 
and at normal density (53 000 plts/ha) both under well watered 
and droughted conditions in Tlaltizapan in 1988-89. High density 
is known to increase the ASI (Dow et al., 1984), suggesting that 
increased plant competition and drought may increase ASI through 
a common mechanism related to reduced photosynthesis per plant at 
or near flowering. 

No significant differences among cycles in times to 
initiation of tassels and ears, nor the interval between these 
two events, were observed in either trial (Edmeades, et al., 
1989). There was no effect of selection on the interval between 
tassel initiation and 50% anthesis. Similarly, no significant 
differences in numbers of spikelets per ear, a measure of 
development rate, were observed among cycles. There was a 
tendency for later cycles of selection to have non-significantly 
higher ear relative growth rates. In Tuxpeno sequia this 
resulted in C8 having significantly heavier ears at 50% anthesis 
than did Co or Pop. 21 C6 • The ear dry weight per developing 
spikelet at 50% anthesis was estimated to be 0.51 mg for Co 
versus 1.07 mg for C8 ~t a den~ity of 106 000 plt/ha (Edm~ades, 
et al., 1989). Tuxpeno Sequla had a much more rapld earC8
growth rate than Co in the last 10 days prior to anthesis (Fig. 
5) • 

Additional measurements of ear biomass at 50% anthesis in 
relation to other plant components under three water stress 
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(Edmeades, Bolanos, Hernanadez and Bello, 1989). 

279 



levels have also shown a marked change in the partitioning of 
assimilates to the ear in later selection cycles (Fig. 6). The 
rate of gain in ear biomass per cycle was 0.08 g/plant (or 17% 
per cycle) under drought, and 0.17 g/plant (9% per cycle) under 
well-watered conditions. 
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Fig. 6. Ear biomass at 50-I. anthesls aa a"ected by ..Iectlon cycle. 
In Tuxpeno Sequla and Population 21 Cs, when grown under three 
levels 0' moisture stress, Tlaltlzapan, Mexico, 1987 (Bolano. and 
Edmeades, 1989) 

There was a small but nonsignificant reduction in tassel size 
with selection. It is possible that this is related to the 
increase in ear growth, since the two organs may compete in the 
latter stages of their development for the same source of photo
synthate. 

We hypothesise that in order for an ear spikelet to produce 
a viable silk it must achieve some threshold biomass within a 
given time interval relative to anthesis. ThUS, where partition
ing of assimilate to the ear is high, this results in rapid ear 
growth near anthesis and rapid silk extrusion. When partitioning 
is low, development of spikelets continues, but the spikelet is 
small, silk growth is slow, and when such silks are pollinated, 
even with fresh pollen some time after the recipient plant has 
anthesed, the fertilized ovule may abort. This suggests that 
ASI, when precisely determined, is a reasonably accurate 
indicator of partitioning of biomass to the developing ear. When 
ear biomass is plotted against ASI (Fig. 7a) the relationship 
looks surprisingly similar _to that between ASI and grain yield 
(see Fig. 4), supporting the concept that partitioning to the ear 
at flowering has a strong effect in determining final grain 
yield. Data for Tuxpeno Sequia presented in Fig. 7b suggest that 
when the average dry weight per ear at 50% anthesis falls below 
about 0.75 g/plant at 53 000 plt/ha (or about 1 mg/spikelet if 
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Fig 7. Relation between ear biomass In Tuxpeno Sequfa at 50% 
anthesls and (A) Anthesls-sllklng Interval, and (B) ears per plant as 
Influenced by moisture regime, Tlaltlzapan, Mexico, 1987-8 
(BolanOs and Edmeades, 1990b) 
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the ear has 750 spikelets) some ears in the plot, presumably with 
very low dry weights, will become barren. The threshold weight 
per spikelet required for spikelet fertility will be an important 
diagnostic feature in maize stress tolerance, and further 
research on the plant-to-plant variability in ear weights at 
anthesis seems justified. 

Iap1ications for crop i.prove.ent in .aize: It seems highly 
likely that temperate maize, with its long history of improvement 
through self-pollination under conditions of variable moisture 
stress in mid-western nurseries, has already achieved a reason
ably high level of synchronisation between male and female 
flowering. This is not so for most maize grown in the lowland 
tropics where improvement systems are much more recent and have 
largely been based on cross-pollination rather than self-pollina
tion. 

Data obtained from these studies in Tuxpeno Sequia suggest that 
selection for good floral synchronisation may be a "short-cut" 
route to increased harvest index and higher grain yield in 
tropical maize. However, the measurement of ASI needs to be as 
precise as possible. The dates of 50% anthesis and 50% silking 
can be measured with an accuracy of no more than +/- 1 day, 
giving an accuracy for ASI of +/- 2 days. Under relatively un
stressed conditions, the true ASI may only be 1-4 days, and the 
error of measurement becomes 50-200% of the mean. When genotypes 
are planted at high densities, or are exposed to drought, ASI may 
extend from 5-10 days. The error of measurement then falls to 
20-40% of the mean, and genetic variability for this trait can be 
identified more precisely. Greater progress for this trait 
therefore can be expected when genotypes are exposed to stress. 
High plant density carries with it the risk of catastrophic 
lodging during the rainy season; drought, managed using irriga
tion during the dry season, runs the risk of genotype by season 
interaction, i.e., identifying genotypes which perform well only 
in the off-season. The data from Tuxpeno sequia indicate that, 
fortunately, there is little genotype x environment interaction 
for the changes in partitioning which ASI appears to identify. 
Evidence suggests that tropical maize, with its relatively low 
harvest index of around 0.4, is sink-limited (Fischer and Palmer, 
1984), and has considerable potential for at least a 25% yield 
increase if harvest index can be increased to 0.5, a level com
monly observed in temperate germplasm (Fakorede and Mock, 1978; 
Russell, 1985). 

~roveaent in e1ite germp1asa 

Choice of ger.p1as.: Similar improvement schemes to that des
cribed for Tuxpeno Sequia were started in 1986 in 4 elite popula
tions, Pool 18 Sequia, Pool 16 Sequia, Pool 26 Sequia and La 
Posta Sequia. Later two additional populations were added. The 
characteristics of each population are described in Table 2. La 
Posta sequia carries a high level of streak resistance, and Pool 
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16 Sequia is moderately resistant to streak. Pool 16 Sequia was 
developed by CIMMYT, reselected in west Africa, supplied to us as 
full-sib families, tested jointly in Burkina Faso and Mexico, 
tested another cycle as Sl families, then handed over to CIMMYT's 
Lowland Tropical Germplasm Development unit. TS6 was formed from 
the population Tuxpeno Sequia C6 , and represents a population in 
which ASI has already been significantly improved. Pop. 92 x Pop. 
43 is a population cross developed at CIMMYT's station in Harare, 
and replicated testing of S~ families will be conducted jointly 
in Zimbabwe and Mexico. Unlike the other populations, which are 
adapted to the lowland tropics, Pop. 92 x Pop.43 is suited to the 
midaltitude (> 1000 masl) tropics. 

Tab1e 2. Characteri stics of e1ite g erwp1as. undergoing recurrent 
se1ecti on for drought to1erance in CDUIY'l" s Physio1oqy sub-proqrcm.. 

Selection yield 
Popula- Maturity Grain Grain cycles b/potential Family 
tion (days) ~ colour texture complete~ (t/ha)~/ structure 

Pool 26 
Sequia 

112 Yellow Dent 3 8 S 

La Posta 
Sequia 

120 White Dent 3 9 S 

Pool 18 
Sequia 

85 Yellow Flint/ 
Dent 

2 5 S 

Pool 16 
Sequia ~/ 

90 White Dent 1 6 Full-sib! 
S 

TS6 110 White Dent 1 8 S 

Pop.92 
Pop.43 

x 120 White Dent 0 9 S 

a 	 Days to harvest or yield potential in an environment averaging 
30C and 21C, respectively, for daily maximum and minimum 
temperatures. 

b 	 As of September, 1990. 
Improvement in the Physiology sub-program discontinued; pop
ulation merged with Pool 16 from the Early Lowland Tropical 
Germplasm Development unit. 

Se1ec t ion aethods and environaents : The selection scheme prac
ticed is quite similar for all populations. In Poza Rica, a low
land site with high disease pressure, 500-1000 Sl families are 
c reated during the winter cycle and screened in an observation 
nursery in single row plots 3m in length in the summer near 
Obregon under two levels of moisture stress. Obregon, in the 
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Sonoran desert, is normally an arid hot site. It frequently 
exposes lines which have sterile tassels and senesced upper 
leaves at high temperature. The nursery is unreplicated but a 
check Sl line is sown every 20 plots. Each family receives at 
least one visual score for lower canopy senescence, leaf rolling, 
top-firing, vigour and uniformity, and at harvest ear weights are 
recorded and ears per plant computed. Male and female flowering 
dates are recorded. The best 150-250 families are selected on 
the basis of an index in which ASI and ears per plant get 
greatest weighting. Remnant seed of these families is sown in a 
two-replicate trial, in single row plots 2.5m in length under 
three water regimes at Tlaltizapan the following winter season. 

Water regimes used are those described for Tuxpeno Sequia, 
and they each serve different functions. The normal irrigation 
treatment (RN) allows us to monitor plant morphology and yield 
potential, the grain-filling stress (IS) shows variation in rates 
of canopy senescence, ears per plant and grain yield, and the 
flowering stress reveals genetic variation for ASI and ears per 
plant, with less importance being placed on yield per se, since 
it is often reduced to 10% of that of the RN treatment. The uti
lity of each selection environment in exposing variation for 
grain yield, ears per plant and ASI, is shown in frequency 
diagrams (Fig. 8) for Pool 26 Sequia. The RN treatment produces 
a large variation in yield, but the SS treatment exposes the 
genetic variation in the population for ASI and ears per plant. 

Selection of the superior 40-50 Sl families for recombina
tion is based on an index which identifies lines with: high 
shelled grain yield under IS, SS and RN, maintained individual 
kernel weight under IS, short ASI under IS and SS, erect but un
rolled leaves under IS and SS, small tassels, lodging resistance, 
and delayed foliar senescence under IS and SS. The group of se
lected lines has the same flowering date as the bulk of the pop
ulation. These 40-50 lines are crossed in all possible combina
tions in the following cycle, the crosses planted ear to row, and 
a new group of Sl families created. A full selection cycle, with 
a 5-7% selection intensity, takes two full years to complete, 
compared with one year for full-sibs. Evaluation of gains in all 
populations is planned after three cycles of selection have been 
completed. 

Researchers have questioned the utility of using grain 
yields for selection when yield are severely reduced by drought 
because of reduced heritabilities (Quisenberry, 1982; Blum, 
1988). When broad-sense heritabilities were computed from com
ponents of variance in replicated yield trials conducted with the 
populations under improvement, they indicated that heritability 
for grain yield was maintained at a relatively constant level 
until yields fell below 20% of yield potential (Edmeades et al., 
1990). It was at this lower level of grain yield that phenotypic 
variance for ASI increased (Fig. 8), and ASI began to play the 
role in selection that yield played at higher yield levels. 
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Genetic correlations between yield and ASI also increased as 
drought intensified (Table 3), reaching values of -0.68 to -1.00 
under severe moisture stress. The tightness of these relation
ships indicates that yield was almost completely determined by 
ASI in this environment. 

Table 3. Genetic correlations between grain yield and anthesis
silking interval for four elite .aize populations grown under 
three water reqi.es in Tlaltizapan, 1987-88. statistics calcu
lated by .ethods described by Hallauer and Miranda (1981) 
(Edaeades et al., 1989). Data are fro. 2 reps of 196-222 S pro
geny per population. 

Pool 16 Pool 18 Pool 26 La Posta 

Sequia* Sequia Sequia sequia 


Well-watered (RN) -0.09 -0.30 -0.54 -0.40 

Grain filling -0.17 -0.45 -0.77 -0.51 
stress (IS) 

Flowering and grain -0.83 -0.68 -1.00 -0.85 
filling stress (SS) 

* 	 Family structure in Pool 16 Sequia, full-sibs; in other 
populations S1 . 

Value of individual traits: When selection commenced in 1986, 
gains that had occurred in Tuxpeno Sequia had not been evaluated, 
and it was assumed that a number of morphological and physiolo
gical characteristics indicative of improved plant water status 
would prove useful during selection. Analysis of selection 
cycles of Tuxpeno Sequia suggested that selecting for improved 
leaf and stem expansion rates under drought, and for reduced 
canopy temperatures in single row plots was probably not worth
while. 

In evaluating the worth of individual traits in these 
populations we have assumed that a trait must have some relation
ship to productivity under drought to be worth including in the 
selection process. In addition to the traits used directly in 
selection (see above), predawn water potential, leaf osmotic con
centration, canopy temperature, and ear leaf chlorophyll con
centration have also been measured on limited numbers of progeny. 
Two approaches to determining the worth of individual traits have 
been followed. These are linear correlation analysis and diver
gent selection; the latter we regard as the more definitive 
measure of the two. 
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(i) Linear correlation analysis: In general, correlations 
between various morphological and physiological traits and grain 
yield under stress, or with ASI under stress, in four populations 
were extremely weak, most of them failing to attain statistical 
significance (Table 4). The strongest associations between yield 
under stress and other traits have been with ears per plant, ASI, 
and in some cases weight per grain and leaf chlorophyll content. 
Correlation between ASI and traits other those directly 
associated with grain yield were all non-significant (Table 4b). 
The relationships between ASI and grain yield in these four 
populations (Fig. 9) strongly resemble those observed in Tuxpeno 
Sequia (see Fig. 4). The lack of association between traits 
indicative of plant water status and ASI confirms findings from 
Tuxpeno Sequia that plant water status seems to have a less im
portant role in determining ASI under drought than does the par
titioning of assimilates to the developing ear. Given the marked 
improvement in coefficient of determination that takes place when 
the relationship between grain yield and ASI is linearised by 
appropriate transformations (see above; DuPlessis and Dijkhuis, 
1967), these data also suggest that ASI is masking the possible 
associations between these other traits and grain yield. Little 
gain can be made for these traits until ASI under stress is sub
stantially reduced and grain yield stabilized. 

Table 4. L!nHf correlation coefflctents between ver10us morhpholoQlcal and phyalOloQlca' cnaracters 
and (A) oraln yield under drouOlTt, and (9) antllesls-sllk1no Interval under drouOlTt, In four .ate tropical 
maize popumIlonS, 1981-89, TIeltlzapen, Mexico. Correlations shown ant slonlficant at P > 0.001; M = 
not alQnlHcant (Bolanos and Eamelldes, 1990b). 

Pool Pool La Pool Pool Pool 

Charactaristk: 1816 18 PoslB 26 16 

Numb« 01 far6Is 
Ye8t 

194 
1987 

250 
1987 

2:l2 
1988 

23S 
1988 

222 
1989 

222 
1989 

(AI Grain yield .mer crougt1t 

Days to SO% ....n.Is 
Ears per pIld 
AnttIesis-sIIdnc Interv8I 
Weighl per QI1Iin 
Laal & stem eJq)8f\Slon rate 
Canopy tampenliln 
Leal ro4IInQ scar .... 
Laa1 d&8II'I 5IlQf8+ 
Leal angle san+ 
Tassel size 
Ear leal chIoraphyt oont.. 
Plant IIeighC 
PhoCo-oxidalion scgnr+ 
PrlH1awn leal waifii' pol 
Osmolic conc:8f*<IlIon 

n.S. 
0.701 
~.475 

n.S. 
n.S. 
n.s. 
n.s. 
n.S. 
n.S. 
n.s . 

0.297 
n.s. 

~.411 

0.695 
~. 515 

0.232 
0.297 

-0.353 
n.s. 
n.S. 
n.s. 
n.s. 

0.314 
n.s. 

~.338 
0.783 
~.590 

n.s. 
n.s.. 
n.s. 
n.s.. 
n.s. 
n.s. 
n.s. 
n.s.. 
n.s. 
n.s.. 
n.s. 

-0.398 
0.805 
~.649 

n.S. 
n.s. 
n.S. 
n.s. 
n.S. 
n.s. 
n.s. 
n.S. 
n.s. 
n.s. 
n.S. 

~.478 

0.798 
~. 548 
0.586 

n.s. 
n.s. 
n.s. 
n.s. 

n.s. 

n.S. 

~.3Zl 
0.705 
~.378 
0.286 

n.s. 
n..s. 
n.s. 
n.s. 

n.s. 

n.s. 

(6) ~1.t!!!s~ interval (AS I) 

Laal & stam e~ rate 
Canopy 19fI1!*8IIA 
LaBl rolling scar .... 
Laal deattl SIlCI'8'" 

Leal angle 5IlQf8+ 

Ear leal d1Ionlphyt com. 
PrlH1awn leal waler POL 

n.S. 
n.S. 
n.S. 
n.s. 
n.S. 
n.s. 
n.s . 

n.S. 
n.S. 
n.s. 
n.S. 
n.S. 
n.s. 
n.s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

n.S. 
n.S. 
n.S. 
n.s. 
n.s. 
n.s. 
n.S. 

n.s. 
n.S. 
n.S. 

n.s. 
n.S. 
n.S. 

• Scorn __ 1 <_~. ..-eeI) to S (RIled. d-.Iu or~edI 
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Divergent selection for individual traits: To estimate the 
adaptive value and the realized heritability of individual mor
phological and physiological traits, experimental synthetics 
(ES's) have been formed from the "best" and "worst" 4-6% of the 
families comprising each population for the trait(s) in question. 
During selection of each fraction an attempt is made to select 8
10 families with flowering dates and plant heights not more or 
less than 1 standard deviation from the population mean. In this 
way synthetics from the same population have a comparable genetic 
background and do not differ in any obvious way except for the 
trait(s) being examined. The families comprising each synthetic 
are recombined in all possible combinations and the F1 advanced 
to F2 prior to retesting under drought. At the same tlme a pop
ulatlon bulk is formed by intercrossingplants from all families 
comprising the population, and this is also advanced to F2 . All 
synthetics are retested both under drought and well-watered 
conditions, and yield and the actual expression of the trait(s) 
of interest are measured. Measurement of yield in the F2 gives 
an estimate of the adaptive worth of the trait(s); measurement of 
the trait itself estimates realized heritability for that trait. 

Yield data from ES's formed for various traits and combina
tions of traits in Pool 26 Sequia Co are presented in Table 5. 
The synthetic "best all" was formed from 10 families exhibiting 
desirable traits, and selection was accomplished using the same 
index as that used to select the superior fraction of the popu
lation for recombination. It significantly outyielded the "worst 
for all" synthetic in both test environments, being more than 
three times higher yielding under stress. The result of testing 
"best all" and "worst all" synthetics from several populations 
under varying levels of water stress is shown in Fig. 10, and de
monstrates that there is a consistent yield improvement result 
ing from selection in all populations, and that this difference 
is consistent across all moisture regimes. 

e:v, trom La Pasta. Pool 26. Pool 18. Pool 16 

o Want all 
..--. 	 8 • Best aUo 
.c 
.......... 

c 6o 

-0 
4Qj 

>
C 
o 2 
\., 

<..:) 

• Cycle bulk 

O~~---+------+------+------~~ 
o 	 2 4 5 8 

Environmental mean (ton/ha) 

Fig.10. 	 Grain yield of synthetics formed fromthe best and wors~ 10.fa~ili~s 
out of a total of 196-222 families for an index of tralts lndlcatlve 
of drought adaptation in four lowland tropical maize populations. 
This is plotted against yield of all synthetics (30) when grown un
der different moisture stress regimes. Tlaltizapan, Mexico, 1989. 
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Tab1e 5. Grain yie1d (kg/ha) of experi.enta1 synthetics (ES) 
for.ed fro. Poo1 26 sequia co and eva1uated under we11 watered 
and droughted conditions in T1a1tizapan, Mexico, 1988 (Bo1aDOS 
and ~des, 1990a). 

Moisture stress regime 
Experimental synthetic Well-watered Drought 

Pool 26 Sequia CO 

Best for all characters 
Worst for all characters 

Best yield under drought 
Best yield under well-watered 

Best AS! 
Worst AS! 

Best leaf & stem expansion, drought 
Worst leaf & stem expansion, drought 

Best "stay green", drought 
Worst "stay green", drought 

Lowest canopy temperature 
Highest canopy temperature 

Erect leaves 
Lax leaves 

F treatments (19, 38 df.) 
LSD (P = 0.05)
C.v. (%) 

4934 

5188 
3722 

4589 
5137 

4670 
3503 

4225 
4891 

4148 
3844 

4202 
3946 

4420 
3696 

** 
1067 
14.9 

1582 

2370 
598 

1997 
1073 

1588 
862 

1477 
1737 

762 
1045 

1461 
1092 

1577 
1127 

NS 
1122 
50.1 

** Significant at P = 0.05; NS = not significant. 

Synthetics formed on the basis of yield alone in either en
vironment showed interaction when tested, each performing best in 
the environment for which it was selected (Table 5), with a 
cross-over at about 3.6 t/ha. Best AS! was clearly better than 
worst AS!, especially under drought) and erect leaved and cool 
canopy temperature selections showed nonsignificant advantages 
in both environments. Selection for "staygreen" and leaf and 
stem expansion gave no benefits in this study. These results, 
and others similar to these, provide evidence that selection for 
a group of adaptive traits, especially yield, AS!, erect leaves, 
small tassels and "staygreen", is more effective in improving 
drought tolerance than selection for yield alone. 
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The observed values of a trait in the F2 of a synthetic 
(Table 6), when compared with the mean value of that trait in the 
families that made up the synthetic, can be used to estimate 
realized heritability for the trait (Edmeades et al., 1990). In 
one such estimate, for example, the realized heritability for 
osmotic concentration was shown to be 0.45, although the trait 
had little adaptive worth (Bolanos and Edmeades, 1991). Data 
presented in Table 6 suggest that ear leaf chlorophyll content 
and scores for leaf death and photo-oxidation had reasonably high 
heritabilities, while that for leaf erectness was somewhat lower. 
Heritabilities for canopy temperature and leaf and stern expansion 
apparently approached zero, but this may also reflect the 
measurement difficulties associated with these traits under our 
experimental conditions. In addition to traits listed in Table 
6, we have observed the heritabilities of ASI and tassel size to 
be high, osmotic concentration intermediate, and that of leaf 
rolling score to be low. Based on these types of data the use of 
leaf and stern expansion rate and canopy temperature measured with 
a hand-held infrared thermometer, have been discontinued for se
lection purposes. 

Table 6. Perfor.ance of experi.ental synthetics of Pool 26 
Sequia C for.ed fro. the best and worst 10 out of 222 SJfa.i
lies for various .orphological and physiological traits, when 
evaluated under well-watered and droughted conditions in Tlalti
zapan, Mexico, 1988 (Bolaiios and EdJaeades, 1990a). 

LSD 
Characteristic Cycle Best Worst F(tmt) (P=0.05) 

Leaf death score 4.67 4.04 5.54 *** 0.586 

Photo-oxidation score 3.83 3.33 4.41 *** 0.625 

Ear leaf chlorophyll 56.96 59.96 54.36 *** 4.130 
(ugjcm ) 

Leaf erectness score 3.00 2.56 3.33 NS 0.586 

Canopy temperature (0 C) 0.86 0.52 0.22 NS 1. 776 

Leaf & stern expansion (%) 57.90 53.89 60.91 NS 5.823 

*** Difference between best and worst synthetics for trait sig
nificant at P < 0.001. 

NS Not significant at P < 0.001. 

Score of leaf death scale 1-9, 1 being most green. 

Score of photo-oxidation scale 1-9, 1 being least affected. 

Score of leaf erectness scale 1-5, 1 being most erect. 

Canopy temperature is T leaf - T air. 

Canopy and leaf expansion is a percentage of well-watered control. 
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The greater value of divergent selection over correlation 
analysis in assessing the worth of a trait is illustrated by the 
example of erect leaves. The score for erect leaves was non
significantly correlated with grain yield under drought in Pool 
26 Sequia (Table 4), yet the erect-leaved synthetic outyielded 
the lax-leaved synthetic by a nonsignificant 40% under drought 
when tested in larger plots. This supports the concept of 
ideotype breeding (Rasmusson, 1987), i.e., combining groups of 
drought adaptive traits in selection despite the outcome of 
correlation analysis, especially when it is based on single row 
progeny performance. 

Deve1op.ent of a Drought To1erant popu1ation: use of sources 

The lack of significan~ differences between Tuxpe~o Sequia 
C6 and C8 suggested that genetic variability for drought adaptive 
traits may be becoming exhausted in this population. In order to 
provide source material with a broader array of genetic varia
bility, and to capitalize on known sources of tolerance to 
drought, a wide variety of reputedly drought tolerant cultivars 
has been screened under drought at Tlaltizapan. In each 
screening trial about half of the entries were elite sources 
supplied from CIMMYT's breeding program, cooperating national 
programs, public sector organisations and commercial companies in 
the USA and southern Africa. The remainder were landraces 
selected from the CIMMYT Germplasm Bank from collection sites 
situated below 1 200 masl and with rainfalls less than 500 mm 
annually. Measurements described above were recorded. These 
trials were also used to determine genetic variability for 
characters such as osmotic adjustment and osmotic concentration. 

Thirteen sources, including Corn Belt, Tuxpeno sequia, 
Michoacan 21 (latente) and Suwan 1 germplasm, were intercrosssed 
in all combinations in 1987, and then mixed genetically for 4 
cycles in a half-sib block with mild selection for plant type. A 
bulk of this mixed colour intermediate maturity population, now 
called Drought Tolerant Population-1 (DTP-1), was planted under a 
line source irrigation system in 1989, and self-pollinations 
made. From the drier areas of the plot 650 selfed ears were se
lected, sown ear-to-row in an unreplicated nursery at three 
locations, and the best 225 Sl's were then sib-mated to increase 
seed. A total of 14 replicated sets of these 225 families have 
been supplied to interested cooperators in 1989-90. 

The objectives were to improve the performance of the 
population through international testing, to provide national 
programs with Sl families (from remnant seed), or with synthetics 
made up of selected Sl families, and to identify superior 
germplasm in national programs which could be subsequently 
included in DTP-1. Initial observations suggest that this 
population contains tremendous variation for almost all drought 
adaptive characters and for some disease resistances. At each 
test site a few families show pleasing performance and an 
indication of future usefulness. 
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A total of 25 promising sources have been identified since 
1987, and these are currently being crossed with DTP-1 to make a 
new population, DTP-2. When this reaches sufficient genetic 
equilibrium, it will be tested against DTP-1 and if found 
superior will probably replace it. 

We view the development of the Drought Tolerant populations 
as a joint venture between CIMMYT and interested national 
programs. It will be the vehicle through which a Drought Testing 
Network will be established, with CIMMYT serving as the coordina
ting body, and the national programs contributing ideas and germ
plasm for the benefit of all. 

Conc1usions 

1. 	 Elite lowland tropical maize germplasm contains considerable 
genetic variability for yield, ASI, and morphological and 
physiological traits indicative of improved plant water 
status under drought. By careful management of stress 
levels it is possible for the breeder to observe and exploit 
this variability. 

2. 	 Drought imposed at flowering affects yield by reducing the 
number of ears per plant, and hence numbers of grains per 
plant. The increased ASI under drought indicates a 
progressive loss of viability of silks, perhaps because 
spikelets are receiving insufficient substrate for sus
tained growth. 

3. 	 Genetic variability in ASI can be traced to variation in 
partitioning of carbohydrates to the developing ear rather 
than to a change in the development pattern of ears and 
tassels. Genotypes with delayed silking (large ASI) have a 
relatively small capacity to partition assimilates to the 
ear, a relatively low sink strength, and a low harvest index 
under conditions with and without moisture stress. 

4. 	 Gains in grain yield under drought result largely from 
changes in partitioning, rather than from changes in plant 
water status or in total biomass production. This is not 
strictly an increase in drought tolerance in that overall 
water use efficiency was not affected, yet an increase in 
grain yield and its stability under drought must be consi
dered highly desirable results. Improvements in partition
ing under stress have been reflected in increased harvest 
index under well-watered conditions. This suggests that 
harvest index and grain yield per se, may be selected for 
more efficiently using drought as a selection environment 
than by other means. 

5. 	 Many characteristics thought to be indicative of plant water 
status under drought have weak associations with grain yield 
under drought when evaluated in single row plots. Selection 
now concentrates on improving shelled grain yield, ASI, 
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"staygreen", leaf uprightness and reduced tassel size, 
rather than canopy temperature, tissue expansion rate and 
leaf 	rolling. Traits in use are heritable and have some 
adaptive worth, as shown by divergent selection studies. 
The importance of traits indicative of improved plant water 
status may be masked by variation arising from poor floral 
synchronisation. 

6. 	 The development and evaluation of the Drought Tolerant Pop
ulations, and the reciprocal exchange of superior germplasm 
between CIMMYT and national programs through a drought test 
ing network, are means to provide a wide array of genetic 
variability for drought tolerance to collaborating national 
programs for the benefit of all. 
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PAPER 2. 

From H. Rahman 

Q. Do you foresee any possibility of 
justment as indicator of drought 
maize for drought resistance? 

exploiting 
tolerance 

osmotic ad
in breeding 

Ans. Selections made within 3 maize populations 
high osmotic potential have indicated that variation 
maize for this trait is quite large and is 
However, neither osmotic potential per se 
adjustment have shown any positive relations
yield under drought. 

for low and 
in 

heritable. 
or osmotic 

hip to grain 

From v. K. Saxena 

Q. 	 It has been experienced that brace roots appearing on 
lower nodes elongate very rapidly when stress (drought 
or temporary flooding) is experience. Can this be used 
as a .selection criterion? 

Ans. We have not observed this response except in cultivars 
experiencing problems with adaptation. If genetic dif
ferences are observed for this trait under Indian con
ditions it would be useful to practice divergent selec
tion for brace root growth and to test the drought adap
tive value of this trait. 

From G. Granados 

Q. 	 Many countries may be willing to be part of a drought 
network, however they may not have the resources to do 
so. Could you give us an example of the minimum re
quirements (facilities) a collaborator should have to do 
an efficient job of evaluation? 

Ans. 	 There are two levels of involvement in the drought 
network. The first involves semiextensive testing of 
selected fractions from elite populations under rainfed 
drought-prone conditions. Careful attention must be 
paid to recording ASI and shelled grain yield on a 
uniform experimental site. 

The second level of involvement, confined to a few 
sites (perhaps 6-8 worldwide) requires more facilities, 
including: 

a) 	 Uniform field testing site, especially with regard to 
soil depth and texture. 

b) 	 Ability to control drought stress with irrigation. 
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c) A dry season when rainfall will not interrupt mea
surements. 

d) 	 Sufficient labor to take detailed measurements of ASI 
and shelled grain yields. 

e) 	 Interest in developing drought-tolerant stable germ
plasm for the country and region. 

298 




SELECTION FOR DROUGHT S'rRESS IN TEMPERATE GERIIPLASM 

~I
Stanley D. Jensen 

First of all I would like to congratulate the planners of 
this conference. Bringing together this elite group of people 
for this kind of a workshop sends a message as to the status of 
the problem of drought and other stresses as an area of interest 
and concern in maize breeding and related research. 

Most maize breeders in the u.s. would agree that drought re
sistance is an important trait in the crop. They talk about it a 
great deal but they would not agree on whether one should direct 
significant research dollars to that area. After all it is 
easier to pick the winners under high yield conditions. Herit
abilities are higher. And if the same hybrids win under stress 
as under good growing conditions obviously the good growing route 
is the way to go. 

Important questions that need to be considered are: 

1. Do the same hybrids have better performance under 
stress as under good growing conditions? 

2. If there is a significant genotype by stress level 
interaction, is it worth the extra effort to go after 
stress tolerance in a deliberate way? 

My own interest in this subject probably was instilled at a 
very early age. I was born and raised in South Dakota - a semi
arid state located on the western edge of the Corn Belt of the 
USA. My childhood years coincided with the dust bowl years of 
the 1930's. My memory of dust blackened skies and blistering 
heat left me with a healthy respect for the ravages of drought. 

As a student at South Dakota State Univ., I learned about 
the emphasis in that state on drought research - growing crops in 
a manner to conserve moisture, growing the mor~ drought tolerant 
crops, and breeding more drought resistance into those crops. It 
was there that the inspiration for breeding for drought re
sistance was developed. 

It was at least partly because of that experience and in
terest that I was hired by Pioneer. There was an interest in 
maize breeding for the drier areas of the western Corn Belt. 

I moved to Nebraska in 1958 and began to develop a program 
with a strong emphasis on drought tolerance. It was about that 

Maize breeder, Pioneer Hi-Bred International, Inc., Plant~I 
Breeding Div., Dept. of Corn Breeding, Rt. 2, Box lA, 
Airport Road & u.S. Hwy 81, York, NE 68467-9501, USA. 
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time, however, that irrigation was developing rapidly. Water had 
been discovered under the western plains, and in the next 20 
years thousands of irrigation wells were placed in operation. 
center pivot systems put irrigation on farms that could not 
otherwise have used supplemental water. Irrigation changed the 
way farmers grew maize, and it changed the type of maize plant 
that was needed. Supplemental water created an environment that 
would effectively utilize higher plant densities and higher fer
tilizer rates. Thus there was a need for hybrids that would 
tolerate plant density stress and respond to higher fertilizer 
levels. Stalk quality became more important. Large eared geno
types became less important. 

The irrigation age also changed our approach to breeding. 
with 75 to 80% of the maize acres (over 3 m hal on the western 
plains irrigated we needed to pay more attention to the needs of 
those growers. Hybrids that performed well only under stress 
conditions had limited potential and a shift in priorities was in 
order. 

The requirements were rather lengthy. For the dry land 
farmer who was becoming more sophisticated in his farming prac
tices we needed hybrids that would respond to good management in 
years when rainfall was favorable and tolerate drought stress 
when it was not. For the irrigated areas we needed hybrids that 
would respond to good irrigation management but also tolerate a 
reasonable amount of stress on those acres with poor soils or 
were improperly irrigated. 

In addition we needed heat tolerant types for years when ex
cessive heat prevented normal pollination and grain filling in 
sensitive genotypes. These same hybrids needed cold tolerance 
for unfavorable temperatures in the spring and fall. 

They needed a working level of resistance to those diseases 
that were present, and the relatively frequent severe summer 
storms suggested a need for root and stalk strength. 

In addition the hybrids had to be producible. This meant 
high yielding female parents that would germinate and grow in 
cold soils, and male parents that would shed pollen even under 
the stress of heat and drought. Also the two parents needed to 
flower close to the same time so seed producers would not be re
quired to deal with the nuisance of split plantings. 

The program that was needed to cover these needs has evolved 
over time. It is a program that has developed from a perspective 
that is quite different from that of many of you. Some of the 
things that have worked for us may not apply to all of you, but 
certain basic principles apply to maize breeding wherever the 
crop is grown. We will try to zero in on those principles in 
this presentation. 

Plant breeding is a science, but at least at this point in 
its development, it is only partly a science. It is also an art. 
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It is an art that requires compromises. It is an art that re
quires judgment in those compromises. 

Our program in Nebraska has been and continues to be a com
promise in that its has attempted to cover two significantly dif
ferent types of farming practices. We have sacrificed in our se
lection for the ultimate in drought tolerance in order to achieve 
higher yield potential. The result has been higher yielding 
genotypes with back up genes for drought tolerance. At this time 
we think that the program is working well. It is not an easy 
route to go. High yield and stress tolerance are not highly 
correlated. But the question is not whether it is easy but can 
it be done? 

The Nebraska program is only a small part of pioneer's total 
maize breeding effort. The company maintains 28 maize breeding 
programs in the USA strategically located in all important maize 
growing areas. In addition there are 26 programs outside the 
country. These programs serve not only to develop improved 
cultivars for their respective areas of responsibility, but 
function as important recombination centers as breeders exchange 
genetically improved selections and incorporate them into their 
own programs. 

The dynamics of these interchanges is similar to what you 
are trying to do in CIMMYT. The specifics are somewhat dif
ferent. 

Drought stress as a factor in USA :.aize production 

The USA is blessed with large areas of highly productive 
agricultural land capable of producing high yields of maize. The 
most common limiting factor in those maize yields is water. sig
nificant reductions in maize yields have occurred in the USA one 
year out of four or five in the last 50 years (Newman, 1978). 
The Palmer Drought Index has registered a negative value in July 
or August 43 times in central Iowa, 49 times in central Illinois 
and 36 times in central Indiana in the last 49 years. In the 
last 10 years maize yields have averaged for three times under 
6.2 t/ha, significantly below expectations due to a shortage of 
rainfall. The best maize growing areas respond, at least to some 
degree, to supplemental irrigation most years, and lower rainfall 
areas respond sharply nearly every year. In addition the poorer 
soil types suffer more commonly from drought stress - the sandy 
soils, those with low organic matter, the eroded hill sides, the 
clay pans, and those with low water holding capacity or that give 
up stored moisture grudgingly. 

Soil moisture stress is not the unusual, it is the usual. 
The absence of drought stress is in reality the abnormal, and 
breeding and testing programs should recognize that fact and be 
designed to deal with that reality. 
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us .aize yields over ti.Jle 

The increase in USA maize yields over the last 60 years is a 
remarkable success story. Prior to the introduction of hybrids 
average yields had been essentially flat. Fig.1 (Troyer, 1990). 
with the advent of double cross hybrids average USA yields 
increased at a rate of 60/kg/ha/year over the next 30 years. 
American seed producers introduced single cross hybrids about 
1960 and during the next three decades yield increases averaged 
118 kg/ha/year, a rate of increase nearly twice that of the 
double cross era. The power of heterosis and the hybrid system 
is clearly demonstrated and the added efficiency of single cross
types relative to the easier to produce double crosses appears 
also to be established by this date . 
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other important technological developments that preceded and 
let to hybrid maize include the following: 

Discovery of genetic principles. Mendel, 1866. 

First observation of hybrid vigor. Darwin, 1871. 

concepts of heterosis. East and Shull, 1904. 

Double cross hybrid. Jones, 1917. 

First commercial hybrids. Wallace, 1926. 


Sixty years elapsed from Mendel's discovery until hybrids 
became a reality. Another thirty years passed before single 
cross hybrids became practical. 

About ten years ago serious investments in advanced tech
nologies began. This investment has not had an impact on USA 
maize yields as yet, and it is difficult to predict when or how 
it will happen. It is also difficult to predict how long the 
present rate of yield gain will continue. There is no indication 
that it is leveling off. To the contrary it may still be 
accelerating. The single cross hybrids of the 60's were a 
product of breeding systems for double cross hybrids. Breeders 
did not immediately see that single cross hybrids might require 
single cross breeding systems. The effect of relatively recent 
changes to such breeding schemes will lead, if not to an 
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accelerated rate of gain, certainly to an extended period of the 
present one. 

Genetic gain for drought tolerance and other traits 

A question that is frequently asked is how much of the USA 
increase in yields over the last 60 years is genetic and how much 
is due to better farming practices. A second question has to do 
with the kind of genetic gain that has been achieved. Obviously 
modern hybrids have been developed for and respond to higher fer
tilizer rates, higher plant densities, herbicides, insecticides, 
irrigation and other yield enhancing practices. Are these modern 
hybrids vulnerable to stresses such as drought? Although both 
Russell (1974) and Duvick (1977) have shown that modern hybrids 
are superior to hybrids of previous decades under stress, no 
direct comparisons have been made. 

YORK ERA STUDY - Grain YIeld 87·88 Data 
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Fig. 2. 

To obtain information on these questions 46 hybrids and one 
open pollinated variety representing six decades of maize breed
ing were grown in side by side irrigated and dryland stress con
ditions at two locations in Nebraska in 1987 and 1988. The 
tests were grown at three densities. Results for grain yield 
comparing the irrigated with dryland conditions are shown in 
Fig.2. Average yield gains under irrigation for 1930 to 1960 
were 43 kg/ha/year and from 1960 later were 84 kg/ha/year. 
Genetic gains were almost double for the single cross era. On 
dryland, however, gains went from 49 to only 53 kg/ha/year. It 
should be noted that plant densities on the dryland tests were 
appropriate for dryland stress and, therefore, lower than in the 
irrigated tests. The effect of densities is shown in Fig.3. 
Older hybrids had an advantage at low densities, but the modern 
single crosses were better at the intermediate and higher densi
ties. The fact that modern hybrids perform best at higher densi
ties is somewhat of a negative to dryland farmers who prefer to 
hedge against severe drought by planting fewer kernels per ha. 
However, although the advantage was less for modern hybrids at 
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low densities, the advantage was still there. Genetic gain for 
other traits are shown in Figs. 4, 5, 6 and 7. b values for % 
not stalk lodged, % not root lodged, % ears not dropped, and stay 
green ratings were .37, .42, .04, and .06 respectively showing 
significant improvement for all important agronomic traits. 
Plant height measurements showed a slight (b = -.13) trend toward 
shorter plants in the modern hybrids. There was no trend for 
flowering date or grain moisture at harvest. 

Eva1uation for drought to1erance 

Our experiences with attempting to evaluate maize hybrids 
for drought tolerance suggest that such evaluations are difficult 
but not impossible. Multilocation tests in drought prone areas 
can be either total losses due to severe stress or, with above 
normal rainfall, too high yielding for stress evaluations. With
in locafion error terms and genotype x environment interactions 
tend to be high under such conditions. Interpreting the data 
often is difficult. 

In the last 10 years we have utilized several techniques to 
improve our testing and data analysis for drought stress evalua
tions. 

Use of regression ana1ysis 

One approach to a better understanding of genotypic response 
to varying levels of stress is the use of regression analysis. 
This technique, popularized by Eberhart and Russell (1966), is 
based on the regression of hybrid performance on an environmental 
index. The most commonly used environmental index is the mean of 
all hybrids in a given environment. Jensen and Cavalieri (1983) 
compared the performance of 339 hybrids over a three year period 
using regression analysis. The results suggest that there is 
considerable variability among highly selected corn hybrids for 
response to stress. 

Relative differences in response to variation in yield 
levels (slope of regression line (b) calculated by regressing hy
brid mean yield on mean yield of all hybrids for that environ
ment) were similar to the differences in yield. 

The most critical comparison between two hybrids is obtained 
when both crosses are always grown together at the same locations 
and at the same time. In Fig.8, Pioneer hybrids 3377 and 3378 
were compared for their b values using this technique. The mean 
difference in 1661 replications of testing favors 3377 by 300 
However, with a b value of 1.10 for 3377 and 0.96 for 3378, this 
difference would be expected to increase at higher yield levels 
and reduced or reversed at lower yield levels. 

The same two hybrids are compared at low, moderate, and high 
yield levels in Fig.9. Results are similar with the two hybrids 
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yielding about the same at the lowest yield levels, but 3377 sig
nificantly higher yielding at the highest yield levels. 

Paired Complrllonl of Two Hybrldl Grown Under Dryllnd 
and Irrigated Condltlonl Over Locltlonl and Yelrl 
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holds 
these 

non-s
In dryland versus irrigated testing, 3378 

advantage on dryland, but under 
a significant 400 kgjha advantage (Fig.l0). 
tests tend to agree with farmer experience. 

ignificant 
holds a slight 
irrigation 3377 

The results of 
3377 has shown 

better ability to yield under high yielding conditions whereas 
they both have been popular under lower yielding, stressful con
ditions. Though the hybrid x stress level interaction may not 
appear to be large, it is large enough to have affected the 
choices of large groups of farmers. 

122 

74 

3379 3377 

Fig.ii. Paired comparison of devldtion mean squares 

Deviation .eans square as a :aeasure of stabil.ity 

Recently we have been investigating another statistical va
lue as a measure of stability - the deviation mean square (DMS). 
Whereas b is a measure of response to various yield levels gene
rally created by differences in rainfall amounts and timing the 
DMS is a measure of the stability of the expected performance. 
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Deviations from expected could be caused by a number of 
yield eroding factors such as diseases, insects, abnormal tempe
ratures, storm damage or from unknown causes. 

On the basis of 713 replicates 3379 showed a OMS of 74 ver
sus 122 for 3377 - a 65% difference (Fig.11). Although 3377 is 
considered a drought tolerant hybrid with considerable yield 
potential it also has a reputation for being erratic in perfor
mance. In contrast 3379, a relatively recent introduction, has 
rapidly developed a reputation for stability within the maize 
farming community. 
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In Fig.12 all three statistical values, mean yield, b, and 
OMS, are shown in a comparison between two more recently intro
duced Pioneer hybrids, 3343 and 3379. Both hybrids yielded sig
nificantly above the mean in 523 comparisons across the central 
and western Corn Belt in three years of testing. On the basis of 
these data 3343 would be expected to be the best choice at high 
yield levels while 3379 should be preferred under more average 
conditions. In the two succeeding years 3343 and 3379 have per
formed in farmers fields just about as predicted. 3379 has had 
the advantage in yield under average and below average condi
tions. Wide spread drought in 1988 and 1989 resulted in a much 
stronger demand for 3379 than 3343. Although both hybrids have 
good yield records 1990 sales for 3379 rose to over 900,000 units 
whereas sales for 3343 were less than half of that figure. 

Genetic considerations in choosing- a breeding scheme for baproved 
stress tolerance 

Choosing a breeding scheme is certainly an important factor 
in the potential success of a breeding program. At this point, 
would like to suggest some genetic considerations in choosing a 
system especially designed for improved yield under stress condi
tions. These genetic considerations assume a hybrid system which 
is necessary to take advantage of the nonadditive gene action 
present in grain yields. 
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1. Source populations. 

No decision a maize breeder makes will be more important 
than that of the genetic material with which he works. The 
breeder that chooses poorly will spend a lifetime trying to catch 
up and never succeed. Recently released hybrids from commercial 
companies would be excellent sources. Major Goodman of North 
Carolina has reported good experience at utilizing such germplasm 
as source material. 

We have had good results from recombining elite inbred 
lines, two or three at a time, to form narrow based breeding pop
ulations. The choices for recombination are based largely on in
bred performance in wide spread testing over locations and years 
in hybrid combinations. In a stress breeding program it is im
portant to have some understanding not only of a line's general 
combining ability, but also of its performance under stress. 

Tables 1 and 2 summarize such information. In this study 10 
lines of stiff Stalk origin were crossed to four nonstiff Stalk 
testers and were tested at two locations under dryland and 
irrigated conditions for two years. In a second experiment ten 
elite nonstiff Stalk lines crossed to four stiff Stalk testers 
were tested in the same manner. The average yield, b, and R2 va
lues were calculated for the two groups of lines. yield values 
in percent of mean for the Stiff Stalk lines range from 90 to 
104. Eight of the ten lines are significantly different from the 
mean. For b, much larger differences are required for signifi 
cance and only two of the ten are significantly different from 
1.0. R2 values are high, ranging from 80-90. 

Tabl.e 1. Co~ining abil.ity and b val.ues of el.ite inbred l.ines. 
Group I - Stiff Stalk l.ines. 

Yld (% X) b r 

SSl 99 .85 .80 
SS2 101 1.03 .87 
SS3 90 .93 .86 
SS4 102 .99 .86 
SS5 102 .97 .86 

SS6 104 1. 04 .88 
SS7 98 1. 09 .87 
SS8 98 1.03 .90 
B73 103 1.12 .90 
B84 103 .95 .86 

X = 121 BujA 
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Table 2. co-nining ability and b values of elite inbred lines. 
Group II - non stiff staIk lines. 

Yld (% X) b r 

NSS1 99 .88 .82 
NSS2 98 1.21 .86 
NSS3 100 .86 .79 
NSS4 101 .96 .85 
Mo17 94 1.34 .90 

NSS5 99 .86 .80 
NSS6 100 1.10 .88 
NSS7 102 .90 .80 
NSS8 104 .91 .85 
NSS9 104 .99 .85 

X = 123 BulA 

Although the range in yield differences is about the same 
for the nonstiff Stalk lines, only five of the ten are signifi
cantly different from the mean for yield. similarly, five of the 
ten are statistically different from the mean for b. In the two 
experiments, 13 out of 20 were significantly different from the 
mean for yield, and seven out of 20 were significantly different 
from the mean for b. These data suggest that inbred lines can be 
categorized for b as well as for combining ability. Both values 
are important in utilizing genetic material for breeding as well 
as in predicting new hybrid combinations. 

2. Two or more peterotic pools need to be developed to take ad
vantage of the nonadditive gene action involved in heterosis. 

Most important hybrids in the central Corn Belt of the USA 
in the last 20 year's have been crosses between stiff Stalk and 
Lancaster or some other nonstiff Stalk material. utilizing two 
basic pools has been a simple yet effective method of maintaining 
genetic gain. I would choose two opposing pools, and work them 
hard and reciprocally. 

3. Early testing for specific combining ability (elite inbred 
tester) is probably the most effective technique in selecting 
high yielding single cross hybrids. 

One of the most dramatic changes in our breeding schemes at 
Pioneer in the last ten years is the shift from late (S4) testing 
to earlier generation (S2) testing using an elite inbred tester. 
out goal is to develop single cross hybrids. Using an elite in
bred tester that may be the parent of a newly developed hybrid is 
a logical and proven method for selecting improved single 
crosses. 
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4. Assume most traits are controlled by additive gene action. 
Those traits that are controlled by additive gene action can be 
effectively selected with per se testing. 

5. For grain yield the magnitude of nonadditive gene action 
justifies developing systems that utilize these effects. 

To improve highly elite material nonadditive gene action 
becomes more important. Most of the gene action in elite F2's 
may be nonadditive (Jensen, et al., 1983). This requires the use 
of a testcross. 

6. Drought tolerance and stability are an important part of the 
genetic component for yield. 

Our experience is that farmers do not like unpleasant sur
prises. Farming in the USA is a highly complex, high cost busi
ness. Farmers want hybrids that will not let them down in good 
years or bad. Drought tolerance and other stability values con
tribute to that sense of confidence. The amount of testing re
quired for predicting stability of performance is large, and a 
heavy commitment to testing is essential before one can assume 
with reasonable assurance that selected hybrids will perform as 
predicted. 

Irrigation is a valuable tool for evaluating yield potential 
in a drought breeding program. We feel that breeding for stress 
tolerance only will lead to lower yield potential under more 
favorable conditions. 

7. In the US Corn Belt, under both stress and nonstress con
ditions, single crosses are the highest yielding genotype. 

As a group, single crosses are less stable than more complex 
crosses. However, properly developed and selected single crosses 
are the best under the stressiest of conditions. Some single 
cross introductions in the US have outstanding stress tole
rance. They are very strong silkers, superior at pollinating 
under drought and heat, and resist kernel abortion. 

Breeding scheme for high yielding drought tolerant single cross 
hybrids 

The program described below utilizes most, if not all, of 
the genetic considerations previously described (Fig. 13). 

In the first summer, approximately 1000 crosses are predict
ed and made in a special block in the nursery. Predictions are 
based on inbred performance in hybrid combinations. This is the 
point where exotic germplasm may be introduced into the temperate 
material. Lines that are recommended by breeders from other 
parts of the country may be included and introgressed into the 
program. 
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Fig_ 13 _ Typica1 pioneer breeding sche.e - (Pedigree se1ection). 

Summer 1 Make 1 000 breeding crosses pedicted on basis of 
combining ability values. 

winter 1 Select best 50%. Advance to F2. 
Summer 2 Select 100 F2 families 10 rows per family. 

Advance to F3 (1 000). Dryland conditions. 
winter 2 Testcross to elite inbred tester. 
Summer 3 Yield test -3 locs, 1 rep/loc irrigated. 

3 locs, 1 rep/loc dryland. 
Advance to F4 - 1 000. 

winter 3 Select best 15% - 150. 
Advance to F5. 
TX to 2 elite inbred testers. 

Summer 4 yield test - 150 F4s/2 testers, 
3 locs, 2 reps irrigated. 
3 locs, 2 reps dryland. 
Total 12 reps. 

Winter 4 Select best 10% (15) for coding. 
Make additional crosses. 

Summer 5 Recombine. 
Wide area testing - 20 locs, 2 reps. 
1 000 crosses company wide. 

Summer 6 Select best 5% (50) for pre-commercial status + 80 reps 

Summer 7 Select best half for strip testing - 100 reps. 
Produce up to 50 M bags. 

Summer 8 Release commercial hybrids for sale (10-20). 

Approximately 50% of these crosses will be advanced to F2 in 
the winter. Selections are made on the basis of preharvest ob
servations. During the winter the number of F2's are reduced to 
100 and the following summer those F2's are planted with ten 
nursery rows per F2 family or about 250 total plants. A total 
of 1000 F3 ears are selected in the fall, and crossed to an 
appropriate tester in the winter. 

In the third summer, 1000 F3 testcrosses are grown at three 
locations in side by side irrigated/dryland test. Each F3 is 
selfed and advanced to F4. 

After harvest, 150 F3's (now F4's) are selected and advanced 
to F5 in the winter. Also two or three F4 sisters are crossed to 
two testers. In the fourth summer the selected F4 testcrosses 
are tested at three locations, two reps per location in irri 
gated/dryland side by side tests. The following winter 10% (15 
F4's) are selected for coding. 

The newly coded lines are incorporated into the breeding 
cross program in the fifth summer for recombination. Further 
testing of the selected crosses takes place. There will be about 
1000 new wide area crosses listed that year from all sources each 
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tested at about 40 reps. 

In summer six, the best 5% (50 lines) are selected for 
limited pro-duct ion of 250-500 bags. About half (20-25) will be 
strip tested widely (250 reps) in summer seven. From 10 to 20 
will become commercial hybrids offered for sale in the eighth 
summer. 

From breeding crosses to a commercial product requires eight 
years. It is difficult to reduce that time without taking risky 
shortcuts in the testing program. 

The breeding cycle with two years of testing before recom
bining, is four years. 

This is a program that relies heavily on yield test data. 
It requires a large investment in yield test effort. It depends 
on multilocation and multiyear data before recombining or ad
vancing selected genotypes to the market place. Genotype x en
vironment interactions have always been and remain our most 
serious problem in maize breeding. Large efforts in testing re
duce the risk of making serious mistakes. 

In conclusion we can be sure that drought stress is going to 
be with us in the future. It seems logical that breeding for 
tolerance to such stress should be an important part of our over
all breeding strategy. The fact that it is difficult should not 
be a deterrent. We have both an opportunity and a responsibility 
to make that effort. 
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UTILIZATION OF HIGIILAND X TEMPERATE MAIZE POPULATIONS 

1/
H. A. Eagles-

Abstract 

A combination of climatic information and knowledge of the 
dispersion of maize over the 7000 year period since domestication 
was used to identify races with better adaptation to cool envi
ronments than the Corn Belt Dent cultivars currently used in tem
perate regions. These races came from the highland regions of 
Mexico and Peru. Experiments in controlled environments 
confirmed that races from the highlands of Mexico have superior 
endosperm based seedling growth than Corn Belt Dent cultivars 
while races from both highland tropical regions have superior 
phytosynthetically-based seedling growth. Less extensive experi
ments suggest that highland Mexican germplasm has superior 
tolerance to frost and superior ability to continue grain filling 
under declining autumn temperatures than Corn Belt Dent. 

Populations produced from crosses between highland Mexican 
and Corn Belt Dent germplasms produced lower yield in New Zealand 
than elite Corn Belt Dent synthetics but crosses of these popula
tions to unrelated testers produced grain yields which were equi
valent to crosses between elite Corn Belt Dent synthetics and the 
same testers. Testcrosses of the best partially-inbred lines 
from highland Mexican x Corn Belt Dent populations produced high 
yields at acceptable grain moistures, indicating that these types 
of germplasm can produce lines with a superior combining ability 
for cool environments. However, no testcrsses of lines selected 
from highland Peruvian x Corn Belt Dent populations produced high 
yields at low grain moistures. 

Introduction 

The origin or maize (Zea mays L.) is still controversial, 
however, most botanical land archaeological evidence suggests 
that it was first domesticated in southern Mexico about 7 000 
years ago (Mangelsdorf, 1974; Galinat, 1985; MacNeish, 1985). A 
cultivated form of maize was grown in Peru about 4 000 years ago 
(Grobman and Bonavia, 1978) and recent pollen and phytolith evi
dence suggests that plant could have be en cultivated in South 
America as long as 6 000 years ago (Bush et al., 1989). 

The introduction of maize to temperate regions of North 
America probably occurred more than 2 000 years ago but the crop 
became an important staple in higher latitudes, in the eastern 

Principal Geneticist, Victorian Crops Research Institute, 
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USA, only about 1 000 years ago (Ford, 1981). The race which de
veloped in these northern latitudes was the Northern Flint. The 
Northern Flint is most closely related to the races of the south
west of the USA and northern Mexico, but it became strongly dif
ferentiated from races of more tropical latitudes and also became 
distinctly dless variable (Doebley et al., 1986; Doebley et al., 
1988). Later still, a second racial complex, the Southern Dent, 
spread across the southern United States. This race is much more 
variable than Northern Flint and is similar to some races of low 
to intermediate altitudes of southern Mexico (Brown and Goodman, 
1977; Wellhausen et al., 1952; Doebley et al., 1988). 

The Corn Belt Dent race was produced in the mid-nineteenth 
century from crosses between the Northern Flint and Southern Dent 
races (Anderson and Brown, 1952). Recent evidence suggests that 
the Corn Belt Dent is composed of approximately 25% Northern 
Flint germplasm and 75% Southern Dent germplasm (Doebley et al., 
1988) . Subsequently, large breeding programs have developed 
highly productive hybrid and synthetic cultivars from the Corn 
Belt Dent race and it is now grown extensively throughout tempe
rate regions of the world. 

At temperate latitudes, maize is regarded as a warm season 
crop and is grown during the frost-free period between spring and 
autumn. In regions with a continental climate, crops are usually 
affected by low temperatures ' only at the beginning and end of the 
arowing season. In such areas, the Corn Belt Dent race is highly 
productive and other races have had little impact on cultivar de
velopment (Goodman, 1985). In some high altitude and maritime 
areas at temperate latitudes, low temperatures occur throughout 
the growing season, but cultivars are still based on the Corn 
Belt Dent race. In these areas, the use of races with better 
adaptation to continuous low temperatures should be beneficial in 
maize breeding programs (Eagles, 1979; 986). 

Populations with adaptation to low t~atures 

In 1975, a program was initiated to breed improved cultivars 
for the cool, maritime environments of New Zealand. During the 
first few years of that program, temperature data from both North 
and South America was used to identify areas where maize was 
grown in cool environments. The hypothesis was that maize which 
had grown in these environments over long periods of time should 
be better adapted than Corn Belt Dent to low temperatures. 

Two areas with potential were identified, the Andean high
lands, especially in Peru and Bolivia, and the highlands of 
Mexico (Eagles, 1979). Maize was grown in both areas at the time 
of the Spanish invasion and had probably been grown there for 
millennia, allowing a long period of time for adaptation to low 
temperatures to have evolved. 

Landraces were obtained from these areas and screened in the 
field and in controlled-environment rooms for growth at low 
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temperatures. The results of these experiments showed that seed
lings of landrace populations from Mexico emerged significantly 
faster at low temperatures than synthetics of the Corn Belt Dent 
race (Eagles and Brooking, 1981; Brooking, 1990). Furthermore, 
seedlings of populations containing germplasm from the Conico 
race emerged substantially faster than a population from the USSR 
identified as fast emerging in the previous experiments of Mock 
and Skrdla (1978). However, the Peruvian landraces emerged slow
ly in comparison with Conico. 

The Conico race is endemic to the Central Mexican highlands, 
one of the coldest areas in Mexico where maize is grown. This 
led us to speculate that the ability to emerge rapidly at low 
temperatures may be a consequence of metabolic processes which 
had evolved for general adaptation to low temperatures in this 
region (Eagles and Brooking, 1981). As teosinte, the closely re
lated wild relative of maize, also grows in this area, it was 
later proposed that the genetic base for this type of low tempe
rature adaptation was present in teosinte before domestication 
and was simply preserved when maize was domesticated (Eagles, 
1986). However, if rapid emergence is a desirable component of 
adaptation to cool environments, its absence from highland 
Peruvian populations was puzzling. 

At that time, information became available that Mexican 
farmers in highland areas often sow maize seed up to 25 cm deep 
to reach the soil's reserves of residual moisture before the 
rainy season arrives (J.E. Lothrop, personal communication; 
CIMMYT, 1990), suggesting that the rapid seedling growth at low 
temperature of highland Mexican populations could have evolved in 
response to deep sowing. However, races grown by the Hopi of the 
south-western USA also have the ability to emerge from great 
depth (Collins, 1914), but in controlled-environment experiments 
these races were no better than Corn Belt Dents for emergence at 
low temperatures (Eagles, unpublished). Whatever the reason for 
the rapid emergence of highland Mexican maize at low tempera
tures, it was considered the rapid emergence trait to be highly 
desirable in cool environments, especially where maize is sown 
deeply, or at uneven depths, such as in the mountainous regions 
of Pakistan. 

In tandem to the screening for heterotrophic seedling growth 
based on the conversion of endosperm reserves into new root and 
shoot tissue, highland Mexican and Peruvian populations were eva
luated for autotrophic (phytosynthetically-based) growth at low 
temperatures. Our studies consistently showed that races from 
the highlands of Mexico and Peru, and breeding populations, lines 
and hybrids derived from them, had faster autotrophic growth at 
low temperatures than lowland tropical or temperate races such as 
Corn Belt Dent (Hardacre and Eagles, 1980; Eagles et al., 1983; 
Hardacre and Eagles, 1986; Hardacre and Eagles, 1989). These re
sults were in agreement with those of other workers (Duncan and 
Hesketh, 1968; Pollmer 1969; Stamp, 1984: Lothrop, 1989) and also 
personal unpublished observations in the field at Palmerston 
North, New Zeland. 
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Another aspect of adaptation to cool environments is the 
ability to survive frosts. The search for germplasm to improve 
this trait has been less extensive than the search for germplasm 
to improve growth at low temperatures but Hardacre et al. (1990) 
showed that NZ1A x 5-113 survived frosts better at the seedling 
stage than the frost toler~nt version of Nebraska stiff Stalk 
Synthetic (NS (FS) FT-CT). The inbred lines NZ1A and 5-113 were 
developed from CIMMYT Pool 5, a population which contains germ
plasm of mainly highland Mexican origin (Eagles and Hardacre, 
1985; Eagles and Hardacre, 1989), while NS{FS)FT-CT is a Corn 
Belt Dent population improved in Nebraska for tolerance to freez
ing (Gardner and Stevens, 1988). Because NZ1A x 5-113 is a 
hybrid and NS{FS)FT is a variable population, conclusions from 
this experiment should be tentative. However, on 10 September 
1988, during grain filling, there was a frost in the highlands of 
Mexico. Field observations made after this frost indicated that 
highland Mexican landraces do have superior frost tolerance to 
lowland tropical races and Corn Belt Dent (Lothrop, 1989; Eagles, 
unpublished) . 

Probably of greatest importance in cool temperate environ
ments is the ability to continue grain filling in the autumn 
under declining temperature or after mild frosts. In a field 
study with a 7-parent diallel cross at Palmerston North, hybrids 
which included NZ1A had distinctly longer grain filling periods 
than Corn Belt Dent hybrids (Newton and Eagles, 1990). Late 
grain filling occurred when the mean maximum temperature was 
approximately 18.5C and the mean minimum temperature was approxi
mately 8.8C. Minimum temperatures <5C occurred during the 
late grain-filling period in the two seasons of this study, but 
there were no frosts. Probably, genotypes containing highland 
Mexican germplasm can continue grain filling at lower tempera
tures than genotypes containing Corn Belt Dent or lowland tropi
cal germplasm but the evidence is still sparse and further work 
is required before definite conclusions are made. 

For temperate environments where temperatures differ marked
ly through the growing season and summer temperatures regularly 
exceed 30e, the effect of low temperature adaptation on high tem
perature performance is important. In maritime environments, such 
as Palmerston North, and in highland tropical regions like the 
Valley of Mexico and the Toluca Valley, where temperatures rarely 
exceed 30C, this is not a serious consideration. Observations 
made in the field in Mexico (Lothrop, 1989), and in the con
trolled environment experiments of Hardacre and Eagles (1989), 
suggest that highland races are poorly adapted to high tempera
tures. However, the important question of whether highland tro
pical x Corn Belt Dent hybrids have superior growth across a wide 
range of temperature conditions has ever been comprehensively 
addressed. 

Aqrono.ic and disease resistance characteristics of high1and 
tropica1 .aize. 

Highland tropical maize from Mexico is characterized by 
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thick leathery leaves, a low tassel branch number, conical ears 
and strongly purple-pigmented, pubescent stems. Unfortunately, 
it also has very weak roots, which makes it exceedingly prone to 
lodging in temperate environments. 

The husk leaves of highland maize are thicker than those of 
modern Corn Belt Dent hybrids, suggesting that slow grain drying 
could be a problem. However, in the diallel cross experiment of 
Newton and Eagles (1990), the combining ability of NZ1A for ear 
drying rate after physiological maturity was within the range of 
Corn Belt Dent inbred lines. This inbred line has the visual 
appearance of Conico, a highland Mexican race (Eagles and 
Hardacre, 1985) including the thick husk leaves, but still, this 
result was obtained with one inbred line and therefore should be 
regarded with caution. 

Highland tropical maize from Peru is characterized by nume
rous tassel branches, hand-grenade shaped ears and usually floury 
kernels. Most races are highly photoperiod sensitive and late 
silking at temperate latitudes. An exception is Confite Puneno, 
which has the same plant morphology as other races from the 
Peruvian highlands but silks earlier than adapted Corn Belt Dent 
at Palmerston North (40S lat.). However, the plants of that race 
are very small and unproductive (Eagles, unpublished). A major 
problem with these Andean races is their extreme susceptibility 
to Fusarium ear rots, both in New Zealand (Eagles et al., 1989) 
and Mexico (Lothrop, 1989). In New Zealand, the ears of these 
races were harvested when the husk leaves were still green and 
then artificially dried the ears, otherwise, they were completely 
rotten at the norma harvest time. 

Both highland Mexican and highland Peruvian races have a 
high level of resistance to rust caused by Puccinia sorghi and 
some useful resistance to leaf blight caused by Setosphaeria tur
cica and head smut caused by Sphacelotheca reiliana Wellhausen et 
al., 1952; Fuentes, 1963: Sevilla, 1976: Lothrop, personal commu
nication; Eagles, unpublished). 

selection of parental populations. 

After evaluating many landraces from both Mexico and Peru it 
was decided to concentrate on three germplasm sources for im
proving the adaptation of maize to the New Zealand environment 
(Eagles, 1979). These were: 

1. Criollo de Toluca, a landrace collection of the Conico race 
from near Atizapan in the Toluca Valley of Mexico. The altitude 
at Atizapan is approximately 2640 masl and the mean growing 
season temperature is 13.3C (Lothrop, 1989). This collection was 
expected to be a good source of genes for improving all types of 
growth at low temperatures. 

2. San Geronimo, from an altitude of approximately 3200 masl in 
the Mantaro Valley of Peru. Although very late to silk in New 
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Zealand, this race is earlier than most other Andean races and, 
from the report of Sevilla (1976), and personal observations, it 
was expected to be a useful donor of genes for resistance to leaf 
diseases of cool environments, in addition to its ability for 
superior autotrophic growth at low temperatures. 

3. Pool 5. A population produced by CIMMYT for highland regions 
of the tropics predominantly containing germplasm of highland 
Mexican origin added with some highland Andean and temperate 
germplasm (CIMMYT, 1974). In New Zealand, this population silked 
at the same time as adapted commercial cultivars and it has 
yellow dent kernels. 

For.ation of synthetics. 

Three synthetic populations, NZS1, NZS2 and NZS3 were de
veloped using the three highland tropical germplasm sources and 
Corn Belt Dent synthetics and inbred lines adapted to New 
Zealand. Because cultivars in New Zealand are overwhelmingly 
hybrids, the combining abilities of the Corn Belt Dent parents 
were carefully considered, especially with lines developed from 
Iowa Stiff Stalk Synthetic (BSSS). Inbred lines developed from 
BSSS are parents of many commercial hybrids in New Zealand, as 
they are in the USA (Smith, 1988). 

NZS1 was developed by crossing Criollo de Toluca with AS3 
and then by backcrossing to AS3 (Eagles and Hardacre, 1989). Be
cause of the late silking of Criollo de Toluca at palmerston 
North (40 S latitude), synchronous flowering of the two parental 
populations was obtained by delayed sowing of AS3. The version 
of AS3 used was AS-3 (HT)C3 (Peterson et al., 1976). AS3 was 
chosen because it was an elite synthetic of the correct maturity 
for most of New Zealand and inbred lines derived from it were 
known to have high combining ability for grain yield with lines 
derived from BSSS. After backcrossing, NZS1 was random mated for 
two generations before evaluation and selection work commenced. 
The cytoplasm of this synthetic was from Criollo de Toluca. 

NZS2 was developed by crossing San Geronimo with BS22 and 
then by backcrossing to BS22 (Eagles and Hardacre, 1989). Be
cause of the very late silking of San Geronimo at Palmerston 
North, synchronous flowering of the parental populations for the 
initial cross was obtained by growing seedlings of San Geronimo 
in a glasshouse before the normal sowing time for maize and 
transplanting them into the field when seed of BS22 was sown. 
BS22 was developed by Dr. W.A. Russell of Iowa State University 
from 16 inbred lines of diverse Corn Belt Dent origin. It con
tains lines from BSSS and other major germplasm sources used to 
produce hybrids in the Corn Belt of the USA. As for NZS1, NZS2, 
was randommated for two generations before evaluation and selec
tion work commenced. The cytoplasm of this synthetic was from 
San Geronimo. 
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NZS3 was developed from four Corn Belt Dent inbred lines, 
A239, A658, A671, and H99 and four partial inbred lines from 
CIMMYT Pool 5, 5-154, 5, 250, 5-536 and 5-514 (Eagles and 
Hardacre, 1989). The lines from Pool 5 were selected bedause of 
their high combining ability for grain yield with Corn Belt Dent 
testers (Eagles et al., 1983; Eagles and Hardacre, 1985) and the 
Corn Belt Dent lines because of their ability to produce high 
yielding lines in New Zealand. All components of this synthetic 
were known to have high combining ability with lines from BSSS. 

Perforwance of synthetics. 

A dial leI cross, including reciprocals, was produced among 
the synthetics NZS1, NZS2, NZS3, AS3 and BS22 at Palmerston North 
during the 1984-1985 season (Eagles and Hardacre, 1989). The 
dial leI cross, plus the hybrids B87 x A659 and A632Ht x H99, were 
grown at Kairanga and Pukekohe during the 1985-1986, 1986-1987 
and 1988-1989 seasons. Details of the experimental design and 
results for the first two seasons were reported by Eagles and 
Hardacre (1989). Combined results for all three season are pre
sented in Table 1. 

NZS1 silked at a similar time to its parental synthetic, 
AS3, and NZS2 silked at an almost identical time to its parental 
synthetic, BS22. This result was unexpected considering the late 
silking of Criollo de Toluca and San Geronimo. Strong selection 
for early silking must have occurred during the recombination 
generations and silking date must have been highly heritable. 
Differences in silking date between the highland tropical and 
Corn Belt Dent populations could be controlled by major genes at 
a few loci, but no data was recorded to support this assertion. 
However, from this result, and similar ones with planned crosses 
between highland tropical races and Corn Belt Dent lines (Eagles 
et al., 1989), it is evident that photoperiod sensitivity and 
late silking should not deter maize breeders working in temperate 
latitudes from utilizing highland tropical germplasm, nor in
fluence the selection of the germplasm resources to use. Selec
tion of germplasm resources should depend on desired attributes, 
such as cold tolerance and disease resistance. 

NZS1 had a lower grain yield than AS3 but this difference 
was not statistically significant (Table 1). Further experiments 
were conducted with the Sl and S2 generations of these synthetics 
(Eagles and Hardacre, 1990) where the differences were statisti
cally significant. Therefore; it is considered that under New 
Zealand conditions NZS1 does have a lower mean yield than AS3. 
However, NZS1 x B822 produced a similar yield to AS3 x BS22 
(Table 1) and in the other experiments the mean yields of crosses 
between S2 lines from these populations and A665 x CM105, an 
early maturing tester for combining ability with the B14 family 
of lines from BSSS, were almost identical (Eagles and Hardacre, 
1990). These results indicate that the lower yield of NZS1 
should not limit the use of this synthetic where the objective is 
to develop hybrid cultivars. A much greater problem with NZS1 is 
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root lodging, which is present in the synthetic per se and in 
crosses (Table 1). 

'l'ab1e 1. Mean grain yie1d, grain :aoisture and root 10dging fro. 
6 environ.ents and days to si1king fro. 3 environ.ents for a 
variety-cross dia11e1 and 2 check hybrids. 

Entry Grain yield Grain moisture silk Root lodging 
t/ha ~ days %0 

Synthetics 

NZS1 9.90 27.6 92.4 24.1 
NZS2 10.31 29.8 89.0 4.6 
NZS3 10.05 25.3 90.7 7.9 
AS3 10.17 28.4 93.2 6.6 
BS22 10.71 26.4 89.1 5.4 

Crosses of synthetics 

NZS1 x NZS2 10.67 28.7 90.1 12.8 
NZS1 x NZS3 11. 01 27.2 91. 0 20.8 
NZS1 x AS3 10.21 27.0 91.9 12.7 
NZS1 x BS22 11. 53 27.0 90.1 11. 6 
NZS2 x NZS3 11.19 27.5 88.9 8.5 
NZS2 x AS3 11. 34 28.7 90.3 7.3 
NZS2 x BS22 10.99 27.4 88.6 5.5 
NZS3 x AS3 11.57 26.3 90.6 12.5 
NZS3 x BS22 11.69 25.2 88.0 5.6 
AS3 x BS22 11. 71 26.5 90.4 4.1 

Hybrids 

B87 x A659 11. 68 24.8 92.5 7.1 
A632Ht x H99 13.61 23.4 90.7 0.8 

Mean 

LSD (0.05) a 0.59 0.8 0.7 7.9 
LSD (0.05) b 0.41 0.6 0.7 5.6 
LSD (0.05) c 0.50 0.7 0.9 6.8 

a. For 	comparisons among synthetics and hybrids.
b. 	 For comparisons among crosses of synthetics (reciprocals 


pooled) • 

c. 	 For comparisons between synthetics or hybrids and crosses 

of synthetics. 
All 	LSD values were calculated using the entries x environ

ments mean square. 
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NZS2 has lower grain yield than BS22, but the difference was 
not statistically significant (Table 1). NZS2 x AS3 produced a 
lower yield than AS3 x BS22 and this difference was approaching 
significance. In the Sl and S2 generations, NZS2 had a signifi
cantly lower mean yield than BS22 (Eagles, unpublished) and the 
mean yield of testcrosses between S2 lines from NZS2 and A659 x 
A658, a tester for combining ability with AS3, was significantly 
lower than the mean yield of testcrosses between S2 lines from 
BS22 and the same tester (Eagles, unpublished). Despite a rela
tively early silking date, NZS2 had a significantly higher grain 
moisture than the other synthetics and this high grain moisture 
level also occurred in crosses (Table 1). 

NZS3 silked near the mean for the synthetics, had an average 
grain yield, but a significantly lower grain moisture to the 
other synthetics (Table 1). This synthetic contains approximate
ly 45% highland Mexican germplasm and its average silking date 
and low grain moisture at harvest augments observations made with 
NZ1A that slow grain drying after physiological maturity should 
not inhibit the use of highland Mexican germplasm. The most 
striking feature of this synthetic was the performance of its 
cross with BS22. The cross NZS3 x BS22 produced almost identical 
grain yield to AS3 x BS22, singifjcantly lower grain moisture 
and low level of root lodging (Table 1). 

Lines derived fro. synthetics. 

Recurrent selection procedures were used to improve NZS1, 
NZS2, NZS3, AS3 and BS22. For all synthetics expect NZS3, a 
combined Sl line, S2 line and testcross procedure was used. This 
has been described in detail for NZS1 and AS3 by Eagles and 
Hardacre (1990). Briefly, seveal hundred SO plants were selfed 
in each population and the required number for the Sl line eva
luation experiments were selected at maturity. The Sl lines were 
then grown in simple lattice experiments and data were obtained 
on grain yields, grain moisture at harvest, root and stalk 
lodging. Selection among the lines was then made using a selec
tion index where each trait was divided by its phenotypic stan
dard deviation and multiplied by a weight. In the first cycle of 
selection grain yield, root and stalk lodging were each given a 
weight of 1.0 and grain moisture a weight of 0.25. This empha
sised selection for lodging resistance. 

From the Sl lines, 48 lines were selected from each synthe
tic for further evaluation. Plants were selfed in these lines to 
produce S2 lines and simultaneously crossed to elite testers. 
The S2 lines and testcrosses were then grown in lattice experi
ments and data were again obtained on grain yield, grain mois
ture, root and stalk lodging. 

Testcrosses of the best S2 lines from NZS1 produced grain 
yields and grain moistures which were similar to testcrosses of 
the best S2 lines from AS3 and one line, NZSl-141, produced an 
outstanding testcross (Eagles and Hardacre, 1990). The high com
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bining ability for grain yield of NZSl-141 was confirmed with 
testcrosses of S3 lines (Eagles, unpublished). 

Testcross results with NZSl-141, and with lines selected from 
crosses involving Criollo de Toluca and the early maturing Corn 
Belt Dent line W153R (Eagles et al., 1989), provide strong 
evidence that populations containing highland Mexican germplasm 
can produce inbred lines with high combining ability for grain 
yield and acceptable combining ability for grain moisture in cool, 
temperate areas, such as New Zealand. 

Very few S2 lines from NZS2 produced testcrosses with high 
grain yields and low grain moistures and none were equivalent to 
the best lines from BS22 or to the check hybrids (Eagles, un
published). This agrees with results from crosses involving San 
Geronimo and W153R (Eagles et al., 1989) and suggests that the 
selection of elite lines from populations containing highland 
Peruvian germplasm could be more difficult than from populations 
containing highland Mexican germplasm. 

NZS3 was selected to produce lines with high combining abili
ty with stiff Stalk Synthetic but Sl line recurrent selection was 
used for the initial cycle of improvement. Therefore, testcross 
data from lines derived from this synthetic are not yet available. 

Cytoplasaic effects. 

The cytoplasm of NZS1 is from Conico and the cytoplasm of 
NZS2 if from San Geronimo. Mitochondrial DNA data show that 
tropical races of maize have variable cytoplasms (Kemble et al., 
1983; Weissinger et al., 1983) and these could influence agrono
mic performance (Eagles and Hardacre, 1989). 

In the diallel cross experiment, reciprocal differences for 
silking and grain moisture of crosses of NZS1 were consistent in 
the SO and S2 generations, suggesting that Conico cytoplasm de
layed silking and increased grain moisture at harvest (Eagles and 
Hardacre, 1989). For crosses involving NZS2, consistent recipro
cal differences also oc~urred for grain moisture, however, these 
were in the opposite direction suggesting that San Geronimo 
cytoplasm lowered grain moisture at harvest. 

To further investigation of the effect of Conico cytoplasm on 
agronomically important traits, an S3 line from each of the five 
S2 lines of NZS1 and from each of the five S2 lines of AS3 se
lected for agronomic performance by Eagles and Hardacre (1990) 
were crossed reciprocally with two Corn Belt Dent lines, A665 and 
A679. Where either of the two ears produced by reciprocal polli
nation failed, both were discarded before the seed was bulked to 
produce a reciprocal hybrid. Equal numbers of seed from at least 
five individual ears were bulked to produce each reciprocal 
hybrid, so genetic sampling effects on reciprocal differences 
should have been minimal. 
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The reciprocal hybrids were grown at Kairanga and Palmerston 
North in the 1988-1989 season. Data on grain yield and grain 
moisture were obtained from both sites but data for silking were 
obtained only at Kairanga. No reciprocal differences were ob
tained for grain yield or grain moisture but a significant reci
procal difference was obtained for silking date (Table 2). This 
difference was in the same direction as observed in the variety 
cross diallel, therefore supporting the hypothesis that Conico 
cytoplasm delays silking. However, the difference was small and 
of little practical importance. 

Table 2. Mean yield and. grain lIOisture fro. tvo enviroImeDts and. 
~ days to si1king fro. one environaent for reciprocal crosses 
between 2 Corn Belt Dent testers (A665 and A679) and 5 HZS1 
lines, 5 AS3 lines and. 2 check inbred lines (A665 and A679). 

Cross type Grain yield Grain moisture Silking 
tjha ~ days0 

NZS1 lines x testers 14.2 24.4 83.9 
Testers x NZS1 lines 14.1 24.5 83.1** 

AS3 lines x testers 13.4 24.6 83.3 
Testers x AS3 lines 13.8 24.7 83.5 

Checks x testers 13.7 24.1 84.0 
Testers x checks 14.1 24.3 83.4 

** Significant at P = 0.01 

HZ1A. 

NZ1A is an inbred line which was derived by self-pollination 
of the progeny of 5-154, a Sl line selected from CIMMYT Pool 5 
for its rapid and reliable seedling growth under cool conditions 
(Eagles and Hardacre, 1979). As discussed previouly, subsequent 
experiments showed that hybrids of this line were superior to 
Corn Belt Dent hybrids for many other aspects of adaptation to 
low temperature environments. Morphologically, the line has 
thick leathery leaves, a low tassel branch number, conical ears 
and strongly pigmented, pubescent stems, which are all charac
teristics of the Conico race. 

NZ1A was tested in hybrid combination with inbred lines 
representing most of the common combining ability patterns used 
with temperate maize (Newton and Eagles, 1990, Eagles, unpub
lished). Its highest specific combing ability for grain yield 
was with inbred lines derived from BSSS. A feature of these 
hybrids was their high yields in cool environments as diverse as 
Palmerston North, New Zealand, 40 S Lat., near sea level (Eagles 
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and Hardacre, 1985; Newton and Eagles, 1990), EI Batan, Mexico, 
19 N Lat., 2240 masl, and Miandem, Pakistan, 35 N Lat., 1800 
masl (Khan, 1988). However, despite the diversity of altitude 
and latitude of these sites, EI Batan and Palmerston North both 
have mean growing season temperatures near 16C, and Miandem might 
be similar. 

In an attempt to develop commercially acceptable inbred 
lines adapted to New Zealand, conventional pedigree selection was 
used with many planned crosses between lines selected from CIMMYT 
Pool 5 and Corn Belt Dent lines (Eagles and Hardacre, 1985). Se
lection was practised in the segregating generations for resist
ance to Rhizoctonia root rot and for combining ability for grain 
yield, grain moisture at harvest and resistance to root and stalk 
lodging. Very few lines survived this stringent selection regime 
and almost all had NZ1A in their pedigrees. The surviving lines 
had combining ability with BSSS inbred lines for high grain 
yields, acceptable grain moistures, resistance to stalk and root 
lodging and resitance to Turcicum leaf blight (Eagles and 
Hardacre, unpublished). Testing of these lines is continuing 
(Hardacre, personal communication). This line is a unique germ
plasm resource for breeding commercially acceptable inbred lines 
for cool environments. 

Discussion and conclusions 

Using the combination of climatic information and knowledge 
of the dispersion of maize over the 7 000 year period since 
domestication, germplasm resources were quickly located with 
better adaptation to cool environments than the Corn Belt Dent 
breeding populations and cultivars which are now extensively used 
in temperate environments. These resources came from highland 
regions of Mexico and Peru, where maize has been grown for 
millennia. Both archaeological and botanical evidence suggest 
that Corn Belt Dent is derived from- lowland races of warm envi
ronments. Therefore, it is unlikely that the alleles required 
for optimum adaptation to cool environments are present in Corn 
Belt Dent, or they are at very low frequencies. 

However, useful variability exists in Corn Belt Dent and 
other races for most aspects of adaptation to cool environments 
(Stevens et al., 1987; Stevens et al., 1988) and these races have 
many desirable agronomic traits, such as lodging resistance. Four 
years ago it was clearly stated that it was impossible to decide 
whether an applied maize breeder with a limited period of time to 
produce acceptable cultivars for cool areas should work entirely 
within highland tropical races, entirely within temperate races, 
or. within populations synthesised from both types of germplasm 
(Eagles, 1986). Now, evidence from the New Zealand synthetics 
(Eagles and Hardacre, 1990), from CIMMYT populations (Lothrop, 
personal communication) and from hybrids containing NZ1A suggests 
that populations synthesised from both types of germplasm offer 
the best prospects, with the proportions depending on temperature 
conditions in the target environment. For very cool areas, such 
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as the Toluca Valley, the proportion should favour highland germ
plasm while in more moderate areas, such as New Zealand, the pro
portion should favour elite Corn Belt Dent germplasm. In the 
mountains of Asia, the proportions should depend on altitude, 
with a preponderance of Corn Belt Dent and lowland tropical germ
plasm at lower altitudes and more highland tropical germplasm at 
higher altitudes. For the highest altitudes, where growing sea
sons are short, early maturing, elite Canadian and northern 
European germplasm could be used in conjunction with highland 
tropical germplasm to produce early maturing cultivars with re
sistance to rust and leaf blight. 

The synthetic populations NZS1, NZS2 and NZS3 were developed 
as sources of inbred lines. Therefore, combining ability was 
carefully considered in their construction. Compared to the 
populations developed to the CIMMYT highland maize program, the 
NZ synthetics have a limited germplasm base. This is not a dis
advantage for a breeding program with the objective of developing 
hybrids. In that situation the high specific combining ability 
of NZS1 an NZS3 with BSSS germplasm, especially the early matur
ing versions of B73 now being widely used, can be used to advan
tage. However, where the objective is to produce open pollinated 
cultivars, their limited germplasm base is a disadvantage and 
CIMMYT populations, such as the Temperate Highland Population and 
Pop. 86 (Highland Early Yellow Semident), could be better source 
populations for recurrent selection programs. 

The original plan was to improve NZS1 and NZS2 using a com
bination of Sl line, S2 line and S2 testcross selection (Eagles 
and Hardacre, 1990) and to improve NZS3 using Sl line selection. 
For all synthetics, grain yield, grain moisture, root lodging and 
stalk lodging were combined in a selection index (Eagles and 
Hardacre, 1990). Once cycle of recurrent selection was completed 
and C1 versions of the three populations were produced. At that 
stage, the further development of NZS2 was suspended and used a 
Sl line selection for NZS1, NZS3 and AS3, which was also produc
ing useful inbred lines. Sl line selection has the advantage of 
simplicity and the correlations between partial inbred line and 
testcross performance were high enough to indicate that Sl line 
selection would simultaneously improve the synthetics per se and 
combining ability with BSSS testers, especially for root lodging 
(Eagles and Hardacre, 1990, Eagles, unpublished). 
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BIOTIC FACTORS RESPONSIBLE FOR MAIZE STRESS IN THE 

TROPICS WITH EMPHASIS ON INSECT PESTS. 


J:./
Gonzalo Granados R. 

Introduction: 

Insects, pathogens and weeds are the three main biotic 
stress factors responsible for maize yield loss in the tropics. 
The relative importance and magnitude of the damage caused by any 
of these stresses in a given ecological area will depend on many 
factors, including the interaction between the abiotic factors 
responsible for the climate (temperature, rainfall, relative hu
midity, luminosity, soil fertility, etc.) and the optimum levels 
of this abiotic factors required by insects, pathogens and weeds 
for growth and reproduction. 

Cramer (1967) has estimated the relative importance of these 
three factors (Table 1). According to him, on a global basis, 
34% of the maize crop is lost every year due to their combined 
action. The situation in Africa is even more severe. There, a 
stagering amount (69%) of the crop is lost due to the detrimental 
effect of these three stress factors. The most important biotic 
stress factor in Africa are weeds which are responsible for a 
yearly loss of 35% of the crop. 

Tab1e 1. Esti.ated annua1 vor1d 10sses in .aize expressed as 
percentage of .onetary va1ue of the crop. 

Losses % 
Region 

Insects Diseases Weeds Total 

North and Central America 12 9 8 29 
South America 20 10 10 40 
Europe 5 3 6 14 
Africa 20 14 35 69 
Asia 10 12 15 37 
Oceania 5 5 7 17 
USSR and China 12 9 13 34 
World total 12 9 13 34 

After Cramer, 1967. 

1/ Maize Specialist, CIMMYT-Asian Regional Maize Program, P.O. 
Box 9-188, Bangkok 10900, Thailand. 
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In Asia, as much as 37% of the crop is lost every year due 
to the combined actions of insects, pathogens and weeds. 

Cramer's data indicates that, overall, weeds are more harm
ful to the maize crop than insects and that, as a group, insects 
cause more damage than pathogens. In this paper, only the lite
rature related to insects as pests of maize will be reviewed. 

Insects as stress factors in .aize. At any given time and place, 
it is common to observe a large number of insects species using 
the corn plant for food, shelter or both. However, out of the 
large number of insect species that can be listed on the maize 
plant only a few of them can be considered of economic 
importance. The information presented in Table 2, after Ortega 
et ale (1980) indicates that: 

1) Insects can cause a substancial damage to the maize crop, 
more so in the tropical and subtropical regions of the developing 
world, and 2) Worldwide, the most damaging insects to maize are 
the stemborers (six different species), and two species of stored 
grain insects. 

Reviewing the entomological literature in the Asian region, 
it indicates that in such area the most damaging insects to the 
maize crop are corn borers. In Philippines, Gabriel (1982) indi
cates there are a total of 54 species of insects attacking maize. 
out of these, Morallo-Rejesus (1989) points out that only four 
species, including one cornborer (Ostrinia furnacalis Guenee), 
are economically important. These are described in Table 3. 
Pholboon (1965) listed 28 species of insects as injurious to 
maize in Thailand, but only seven, including ~ furnacalis, are 
considered of potential economic importance (Table 4). In India, 
16 species of insects are considered the most damaging to corn 
throughout the country (Table 5). The list includes two species 
of cornborers, Chilo partellus (Swinhoe) and Sesamia inferens 
Walker, included by several Indian authors (Bror, 1974; Kushwaha 

et ale 1972; Chaudhary and Sharma, 1975; Noor and Kushwaha 1976, 
Srivastava and Rathore, 1961; Verma and Ramzan, 1965; Samp et 
al., 1979) as the most important pests of maize in the subcon
tinent 

The most important species of corn borers in Asia are: 

1. Chilo partellus (Swinhoe). The geographical distribution of 
this insect includes East Africa, from Ethiopia to South Africa; 
South and southeast Asia, from Pakistan to Thailand, including 
Malaysia and Indonesia. The species is also found in Australia 
(Ampofo and Saxena, 1987). Additional to maize, it attacks 
sorghum, finger millet, sugarcane, and rice. 

2) Ostrinia furnacalis (Guenee). Has been reported in Thailand, 
Philippines, Indonesia, Vietnam, South China (Li, 1985) and 
Taiwan (Chow, 1984). It has never been reported attacking other 
plant species besides Zea mays. 
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Table 2. Relative prevalence and importance of most maize damaging insect pests in the world.* 

Sub- Tropical 
Insect Temperate I tropical Highland I W1nter ISummer 

Root pests. 

Rootworms - Diabrotica spp. 


Leaf Feeders 

Armyworms - Spodoptera spp. 


Stalk borers. 

European corn borer - Ostrinia nubilalis 


Asian maize borers - Chilo parte11us 
ost"rinia spp. 

~ Pink maize borer - Sesamia spp. 
w 

African maize borer - Busseola fusca 

Sugar cane borer - Diatraea saccharalis 


Neotropical corn borer - Diatraea lineolat 


Earworms. 

Corn earworm - Heliothis zea 


Stored grain insects. 

Angoumois grain moth - Sitotroga cerealel1 

Maize weevil - Sitophilus spp. 


+++ 3 

+ 1 

+++ 3 

0 

0 

0 

0 

0 

++ 2 

++ 1 
++ 1 

++ 2 

+++ 3 

+ 1 

++ 2 

++ 2 

++ 2 

++ 2 

0 

+++ 2 

+++ 2 
+++ 2 

+ 1 ++ 2 I +++ 2 

+ 1 I +++ 2 I +++ 3 

0 0 0 

0 ++ 2 +++ 3 

0 ++ 2 +++ 3 

0 ++2 +++ 3 

0 ++ 2 +++ 3 

0 ++ 1 +++ 3 

+++ 3 ++ 1 +++ 2 

++ 2 +++ 3 +++ 3 
++ 2 +++ 3 +++ 3 

Prevalence +++ = Abundantly present ++ = Commonly present + =Occasionally present. 

Importance 3 = Major importance 2 = Moderate importance 1 = Minor importance 

* After Ortega ~ al. (1980) . 



3) Sesamia inferens Walker. Most prevalent in the southern part 
of India. 

Table 3. Corn insects of econo.ic i..portance in Philippines. 

Scientific name Common name 

Atherigona oryzae Mall 
Leucopholis irrorata Chev. 
Helicoverpa armigera Hubn. 
ostrinia furnacalis 

Corn seedling maggot 
Root grub 
Corn earworm 
Asian corn borer 

After Belem M. Rejesus, 1989. 

Table 4. Insects of econo.ic i.portance in .aize (Zea .ays L.) 
in Thailand. 

Scientific name Cornmon name 

Cirphis (= Pseudaletia) 
unipuncta Haw. 

Hieroglyphus banian F. 
Luperus sp. 
Monolepta sp.limbata 
Ostrinia furnacalis (Gueene) 
pyrausta sp. 
Patanga succinta L. 

Leaf eating caterpillar 

Leaf eating grasshopper 
Leaf eating beetle 
Leaf eating beetle 
Asian corn borer 
Stemboring caterpillar 
Bombay locust. 

Corn ste.borer biology, ecology and dimage to corn plants. 

Corn borers in the tropics and subtropics of Asia hibernate 
as diapausing larvae in sterns of maize or sorghum as is the case 
of Chilo partellus (Swinhoe), or continue breeding throughout the 
year as is the case of Ostrinia furnacalis Guenee. 

Most species of corn borers complete two generations per 
crop cycle. Peak oviposition occurs either at the end of the 
late whorl stage or at tasseling stage. Most first generation 
egg masses are found on the under surface of the lower fully 
expanded leaves. Second generation eggs are laid on the ear 
sheaths as well as on the leaves (Hussein et al., 1983). 

Corn borers can attack the maize plants from seedling to 
maturing stages. At the seedling and midwhorl stage, the early 
instar larvae feed on the leaves scraping the epidermis and 
parenchyma, on one side of the leaf often leaving the other side 
intact. When the leaves unfold, the less ions can be seen as 
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small holes on the leaves. Also, larvae can bore through the 
leaves in the inner whorl of the plant. When the leaves unfold, 
the less ions are conspicuous as an array of holes of similar 
size and shape. The number and size of the less ions inflicted by 
the borer larvae are a good measure of the resistance or 
susceptibility of the maize cultivar to first generation borer 
attack. Severe foliar damage can result in the death of the 
plant. When the larvae attack the meristematic tissue of the 
corn plant, a condition known as "dead heart" occurs. This type 
of damage normally results in a total plant loss. Later, third 
to sixth instar larvae do stem tunneling boring into the stem and 
chewing along the stem pit and conductive tissues. In most 
cases, this results in poor plant development due to a reduced 
uptake and transport of nutrients through the damaged stem pit. 

Tab1e 5. Corn insects of econo.ic importance in India. 

Scientific name Common name 

Chilo partellus (Swinhoe)' 1/ Maize borer 
Sesamia inferens Walker l/ Pink stemborer 
Atherigona fulcata (Thomson) ]j Shootfly 
Atherigona indica Malloch " 
Atherigona naguii Steyskal " 
Atherigona punctata Karl " 
Atherigona soccata Rondani " 
Anaphothrips sudanensis Trybom 1/ _0/ Trips 
Rhyacia herculea Corti and Drauat Climbing cutworm 
Mythimna separata (Walker) [d Armyworm 
Mythimna unipuncta (Haworth) " 
Mythimna venalba (Moore) " 
Agrotis spp.]j cutworms 
Zygnidia manaliensis (Singh) 1/ Cereal Jassid 

1/ Brar 1974. 

2/ Kushwaha et al., 1972. 

3/ Chaudhary and Sharma, 1975. 

4/ Noor and Kushwaha, 1976. 

5/ Srivastana and Rathore, 1961. 

6/ Verma and Ramzan, 1965. 

7/ Sasup et al., 1979. 


Larvae of the second generation will feed on the leaf sheat 
and enter the stem, will bore through the ear shank and the ear 
cobs. They can also feed in the developing tassel and in the 
developing kernels. 

The extent of the yield loss, which can be very high, 
depends on many factors, including severity of the infestation, 
susceptibility of the cultivar and cultural practices. Singh et 
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al. (1984) reported a 45% yield decrease in maize attacked by 
Chilo partellus in the Indian Punjab. Arnpofo (1986b), found that 
when three maize cultivars showing different response to Chilo 
partellus attack were subjected to three treatment regimes, 
namely insecticice protection, artificial infestation, and 
natural infestation, yield reduction between protected and 
infested treatments was as high as 71.4% in the susceptible 
Inbred A as compared to 3.1% in the tolerate cultivar ICZ2-CM. 
Neupane et al. (1985) reported a 60% yield reduction in a 
susceptible maize cultivar attacked by Chilo partellus in the 
Chitwan valley, Nepal. According to Morallo (1988), Ostrinia 
furnacalis can cause from 20 to 80% yield reduction in the 
Philippines. Li (1988) recorded an increase of 300 kg of maize 
grain per ha when the population of ~ furnacalis was reduced by 
65% using biological control with Trichogramma dendrolimi. 

Corn borers have been controled with various degrees of 
success utilizing one or more of the available control methods 
which can be chemical, biological, cultural and host plant 
resistance. The integration of all these methods of control, 
known as Integrated Pest Management, whould be the ideal method 
of control for any insect pest attacking maize. 

Control of corn borers in Asia 

a) Chemical control. All three species of borers can be con
trolled with insecticides. Control of first generation of Chilo 
partellus (Swinhoe) using systemic insecticides like carbofuran, 
carbosulfan and furathiocarb, both as seed treatment or in furrow 
application of granular formulations, have been reported by Rao 
and Sharma (1986), Marwaha et al. (1984), and Manwaha et al. 
(1986) . Synthetic pyrethroids have been evaluated with some 
success for controlling ~ inferens, but carbofuran is more 
effective. (Chaudhary and Sharma, 1987). 

Several insecticides have been reported effective in the 
control of O. furnacalis at flowering time. These include 
methomyl, brodan and carbaryl (Morallo and Javier, 1985). The 
same authors reported Bacillus thuringiensis subsp. Kurstaki as 
effective in borer control at tasseling time. 

b) Cultural control. The control of corn borer through cultural 
practices has been attempted in Asia with variable success. 
Maliyan and Sanchez (1986) investigated the influence of plant 
density on the incidence of ~ furnacalis in the Philippines. 
They concluded that maize should be planted at a density of 
106 000 plants/ha during the dry season, and at 53 000 or 66 000 
plants/ha in the rainy season with a view of reducing incidence 
of o. furnacalis and obtaining the highest possible yield. 
According to Morallo and Javier (1985), detasseling 3 out of 
every 4 maize rows after tassel emergence, combined with insecti 
cide treatment of the rows with tassels, significantly reduced 
both pyralid population and plant damage increasing grain yield. 
Observations by Felke (1988), in relation to effect of 
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detasseling corn plants and insecticide application to control ~ 
furnacalis, indicate that detasseling 75% of all plants in a 
field when tasseling began, significantly reduced total larval 
infestation and tunneling damage resulting in almost 100% yield 
gain. Detasseling after pollen shed showed no effect on the 
insect population. Carbofuran application to tasseled plants was 
uneconomic under Philippine conditions. 

The incidence of Chilo partellus in relation to fertilizer 
level was investigated in India by Chaudhary and Sharma (1988). 
Using 5 nitrogen levels (0, 40, 80, 120, 160 kg/ha) and 2 levels 
of phosphate (0 and 60 kg/ha), they found no significant effect 
on the incidence of C. partellus at various stages of crop 
growth. However, they suggested that the infestation increased 
with applications of up to 80 kg N/ha, and then decreased. 

The relationship between intercropping maize with a 
leguminous crop and the incidence of Chilo partellus and Sesania 
inferens was investigated in Nepal by Gyawali (1986) during the 
rainy season. He reported that intercropping maize with soybeans 
gave almost a 13% reduction in borer incidence and 9.2% increase 
in grain yield. 

c) Biological control. Under field conditions, eggs, larvae, 
pupae and adults of ~ furnacalis, Sesamia inferens and chilo 
partellus are controled to a certain extent by a number of 
parasites and predators including other insects, bacteria, fungi, 
viruses, nematodes, protozoa, spiders, birds and rodents. 

The effectiveness of such parasites and predators in con
troling corn borers to subeconomic levels ranges from negligible 
to highly successful. 

Some of the most effective agents of biological control of 
corn borers are the parasites of the genus Trichogramma. They 
are egg parasites and have been reported to affect 50 to 76% of 
~ furnacalis eggs (Li, 1988; Tran and Hassain, 1986). Under 
field conditions, Trichogramma spp. parasitize a variable percent 
of corn borer eggs but in most cases, their action does not keep 
this pest below the economic threshold. This makes necessary to 
rear and release the parasites in large numbers to increase the 
field population so that they are high when the pest appears. 
Shen et al. (1988) reported that a inundative release of 150 000 
~ dendrolimi parasitoids/ha increased the percent of parasitized 
~ furnacalis eggs from 3.5 to 22.4%. In Philippines, Tran et 
al. (1988) made 4 releases of 200 000 ~ evanescens parasites per 
cropping season and detected up to 76% of corn borer eggs 
parasitized. Qian et al. (1984), reported that the release of 
120 000 to 225 000 parasites per ha in the southeastern province 
of Jiangzi in China, increased parasitism from 25-35% on the 
control plots to 64-87% in the areas where the parasitoid was re
leased. 

d) Resistant varieties. As the previous methods reviewed, this 
method of insect control has advantages and disadvantages. 
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Some of the advantages are: 1) It is cheap. The farmer 
normally does not have to pay extra for a resistant variety as 
compared to a susceptible one. 2) Non-polluting, as compared to 
insecticide control. 3) Stable and durable both through time and 
environments. 

Some of the disadvantages are: 1) Resistance can break if 
the insect population includes several biotypes. 2) It is 
difficult to breed insect resistant varieties. Normally it takes 
5-10 years to develop a good insect resistance source. 3) 
Sources of resistance are found in many instances in inferior, 
low yielding germplasm. This makes more difficult and time con
suming the development of insect resistant, high yielding, agro
nomically desirable varieties. 

The development of resistant cultivars to insect attack, 
particularly maize populations resistant to corn borers, requires: 

1) Suitable methodology for mass rearing the insect so 
artificial infestation can be utilized and escapes minimized, 2) 
Development of efficient and reliable infestation techniques, 3) 
Genetic variability for resistance to corn borers in Zea mays L. 
4) Systematic screening of a wide sample of maize germplasm, and 
5) The utilization of the appropriate breeding methodology for 
the development and improvement of resistant populations through 
the recombination of resistant genotypes in a recurrent selection 
scheme. 

Mass rearing of ste.borer. If this is done properly and at 
the scale required for an agressive breeding program, mass 
rearing of corn borers can be expensive, but the expense is 
justified. If the reaction of maize cultivars evaluated under 
natural and artificial corn borer infestation is compared, it 
becomes clear that it is not possible to do any useful selection 
under natural infestation, other than identifying the extremely 
susceptible cuItivars. In many cases, germplas1'!!. J:::_ated as re
sistant under natural infestation beh-ave-s -as- susceptible when 
under artificial infestation (AICMIP Annual Reports 1988, 1989). 

The number of escapes due to uneven distribution of the 
insects in the field (Elias, 1970; Jing, 1987) makes extremely 
risky to do selections under natural infestation. To avoid this, 
a large number of replications are required. 

Mass rearing of corn borers is being done, on a limited 
scale, in several Asian countries (India, Pakistan, Philippines, 
China). The artificial semidefined diets being utilized are re
latively unexpensive and have been reported to be adequate for 
rearing the three species of borers prevalent in Asia (Ceballo 
and Morallo, 1985; Sarup et al., 1983; Tseng, 1986; siddiqui and 
Chatterji, 1972). Even so, research is being conducted to 
develop new, improved, and cheaper diets for mass rearing corn 
borers (Ramshirt and Sarup, 1985, 1987). 
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However, there is a lack of information concerning: \) Com
petitiveness of insects reared an artificial diet as compared to 
insects reared in natural (corn) diet and to insects from wild 
(field) populations. This studies would prevent the development 
of laboratory strains which, if utilized to screen germplasm, 
would not give a true reading of the resistance or susceptibility 
of the cultivars under evaluation due of the lack of aggressive
ness. 2) Possibilities of environmental manipulation to 
synchronize the stage of development of the insects reared in the 
laboratory with the correct stage of plant development to make 
the infestation. Facilities for rising or lowering temperatures 
and relative humidity in the rearing chamber to accelerate or 
slow down the development of the insects should help to match 
insect development with plant growth. 

Infestation techniques: Two types of artificial infestation 
techniques have been utilized for corn borer host plant 
resistance research in maize: 1) Infestation with egg masses 
attached to wax paper pinned to corn seedlings (Davis, 1976; 
Guthrie et al., 1960; Guthrie, 1987). Dropping egg masses in the 
whorl of maize plants has been done in India, Chatter et al. 
(1970). 2) Infestation with corn borer larvae placing them in 
the whorl of the maize plant using a camel brush (Sekhan and 
Saffan, 1987; Chatterji et al. 1966). ~ 

Both techniques have serious drawbacks. In the tropics and 
subtropics, the egg masses pinned to corn plants are exposed to 
parasites and predators, resulting in the destruction of many egg 
masses and the consequent uneven infestation. The camel brush 
technique for infestation with newly emerged larvae is too slow 
and it might damage the larvae making them less competitive. 

Some years ago, a new technique of infestation was 
developed (CIMMYT, 1977; Davis and Williams, 1980) consisting in 
dispensing a known number of newly hatched larvae, together with 
a small amount of corn cob grits into the whorl of 15 to 17 day 
old corn seedlings. The larvae-grits mixture is dispensed using 
a bazooka which is a simple and inexpensive device. Using this 
technique, a large number of corn plants can be infested in a 
short period of time. The corn grits isolate the corn stemborer 
larvae from predators making the artificial infestation more 
effective. In India the corn grits have been successfully 
replaced by poppy seed, (Papaver somniferum L.) S.S. Sekhon, S. 
Bhushan personal communication. 

Research has been conducted in USA comparing several 
infestation techniques, including the bazooka, Davis and Williams 
(1980), but this information is lacking in Asia. 

The relationship between infestation level and plant age 
needs to be thorougly infestigated for the Asian species of 
borers that attack maize. 
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Corn borer da.age evaluation. Several different rating scales 
for quantifying stemborer damage to corn plants have been 
utilized in the past. However, it seems there is a consensus in 
using a rating scale of one to nine to assess the damage and 
categorize the performance of plants after artificial or nature 
infestation in the field or in the greenhouse. Plants rated from 
1 to 3 are considered resistant, from 4 to 6 intermediate, and 
from 7 to 9 susceptible. 

In Asia, this scale is being used for rating leaf feeding 
damage by first generation corn borers and there is no need to do 
more research in this area. Second generation borers are 
primarily sheath collar feeders. A 1-9 scale that measures 
sheath collar feeding and cavity counts (can of damage in the 
stalk) has been used with good results by Guthrie et al. (1978) 
for ~ nubilalis host plant resistance research in Iowa. This 
information is also lacking in Asia. Also, it should be 
recognized that resistance is measured by comparison to 
susceptible entries; therefore, it is equally important to 
identify sources of resistance as it is to identify good 
susceptible checks, since the susceptible checks will give the 
true measure of the efficiency of the artificial infestation 
providing a yard-stick to assess the reaction of the cultivars to 
borer attack. 

Genetic variability for corn borer resistance, ger.plas. 
evaluation, breeding .ethodology, identification of sources of. 
resistance and development of agrono.ically superior borer 
resistant populations. 

The literature dealing with corn borer research in Asia has 
numerous references in which several maize cultivars are labelled 
as resistant to one or more species of corn borers. A summary of 
the information available is given in Tables 6, 7 and 8. 

Throughout Asia the corn borer research has been successful 
in identifying sources of resistance to the three economically 
important species of corn borers in the region. However, in most 
cases no attempt has been made to validate the information, to 
merge together the best materials in one or more maize 
populations and to improve these populations through a recurrent 
selection scheme for both higher levels of resistance to borers 
and for desirable agronomic characters including yield, disease 
resistance, etc. 

Taking the previous statements into consideration, we 
propose (Apendix I): 1) A multilocation breeding program for 
the identification and-or validation of sources of resistance and 
2) The development and improvement of maize populations 
resistant to the corn stemborers present in Asia. Assuming that 
resistance to corn borers is controlled by quantitative 
characters, a breeding system that is being proposed is a Sl 
recurrent selection scheme with multilocation evaluation. 
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Table 6. CUltivars reported as resistant to Chilo partellus 
(SVinhoe) in Asia. 

AR-713, Ar-712, AR-711, AR-709, AR-704, AR-27, AR-72, AR-71, 
AR-24 and EVA 64-mst-80 (Sarup et al., (1983). 

KI 176, KI 163, KI 267, KT 272 (Tiwari et al., 1986). 

Antigua Gr.1, Ageti 76 (Sekhon and Saffan, 1985). 

EMR Composite, Compo A80, Compo A84, A 606 FS 57, EVA 604
78, Compo A83, Compo A85, Compo A76, EVA 606-80, YMgP1FS323, 
Compo A81C, A606FS53, and EVA 13-78 (Siddiqui et al.,1984). 

Antigua Gr.1, Mex-17 (Durbey and Sarup, 1985). 

Early Compo 217, 223, 218, 219, 222; Int. Compo 210, 216, 
202, 214, and 217. (Siddiqui et al., 1986). 

Antigua Gr. 1, EH2505, J660, R-5, EH401075, A68, Compo A62
83, and Compo A13-83 (Panwar, 1986). 

BS-14, BS8, BS7, Hunius and Cooks Early Yellow Dent (Panwar 
and Sarup, 1985). 

ICZ2-CM (Ampofo, 1986). 

Antigua. Gr.1, Compo AR-702, Compo AR-78, Compo AR-29 (Sarup 
et al., 1984). 

J 684, HSC3, J660 (MER)C2 (Dey et al., 1988). 

(Late) EMR Composite x 410 Pioneer, Manjri (QFS4)F3, EVA 61
77; (Medium) D741 C5 x (Syn.P.200 x Kisan), J684, D741; 
(Early) H210 (MS2), J660, EH4010175; (Very early) D771, 
Diara EV(ZFS3)S4, Diara EV (IFS3)F5, D781 (Yellow) (Sarup 
et al., 1983). 

Mass Reservoir, Amarillo Cristalino-1, V520C, A6, A21, NICPD 
(MS)6, Mezcla Amarilla, Yellow Hard Endosperm 02, Thai DMR 
Compo 17 (Sarup et al., 1979). 

A68, A82, AD608, D741, D765, D771, H405, G45, Jl15, J603, 
J661, J662, J684, J2006, J2017, J2027, J2171, J3015, J3017, 
L16, L19, M6, MCU508, EH2014, EH2042, EH3018, EH5131, 
EH400175, R2, Pool15, Poo127, Syn B-21 (HFS2), B41, Super I, 
Syn. P200 x Kisan, VL42, VL71, Diara (ZFS3), WFC (Mathur, 
1987) • 

Azam, HRC, Sarhad, Swabi White (Khattak et al., 1986). 
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Table 7. CUltivars reported as resistant to Sesa.ia inferens 
Walker in Asia. 

Antigua 4D, B19, B41, Compo D1 x J236, EH5131, EH424472, 
EH439573, G26, H2, JML12 , JML22 , J603 (ZF3), M13, MCU204, 
MCU507, MCU607, Puerto Rico Gr.1 x DMR (F4), Puerto Rico 
Gr.1 x Syn. E13, Pool 7, Syn. A22, Syn A226, Syn E13, Thai 
DMR Compo (Mathur, 1987). 

Table 8. CUltivars reported as resistant to ostrinia furnacalis 
Guenee in Asia 

Antigua Gr.1, Antigua Gr.2, Antigua2D, Antigua 7, Barbados 
Gp. 1, British Virgin Islands 144, Costa Rica Gr.6A, 
Guodalupe Gp. 1B, IA Corn Borer #8, Martinique 11, MpSWCB
4, Panama 158, Rep. Domincana Gp. II, Iowa 4397, Dc 1 (Lit 
et a 1., 1987). 

Antigua Gr. 2, Antigua Gr.2 Sel. Blanca, Cuba Gr. 40, Haiti 
Gr.1, Haiti Gr.3, Haiti Gr.6, Martinique 1D, Puerto Rico Gr. 
6A, Tuxpantigua (Rangdang et al., 1970). 

Apendix I 

Development of white and yellow corn stemborer resistant 
populations. 

Cycle 1 - Season 1. Location 1. 

1. 	 Select 25 materials to initiate evaluation. 

2. 	 Plant materials (5-10 rows, each 5 m long) in a stem
borer nursery. 

3. 	 Plants should be grown under ideal agronomic condi
tions, as far as soil preparation, fertilizer applica
tions, plant density and weed control. 

4. 	 All plants are to be infested with 40-50 neonate larva 
at 20 and 30 days after plant emergence. 

a) 	 A bazooka will be utilized for infesting the 
plants. 
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b) 	 One row of a susceptible check is to be planted 
every 10 rows. 

5. 	 Rate all plants 30 and 40 day after emergence using a 
1-9 leaf injury rating scale. Tag all plants rating 
1-5. 

6. 	 Self-pollinate all agronomically desirable plants with 
ratings 1-5 or those 50% less damage than the suscep
tible check. 

7. 	 Selfed plants will be rated at harvest time for resist 
ance to stalk and ear damage. 

8. 	 All selfed plants with ear and stalk damage rating 
below the mean of the population will be selected for 
further evaluation. 

9. 	 Separate white and yellow ears, and develop into white 
and yellow populations. 

Season 2. 

1. 	 Plant ear-to-row all selected Sl's. Keep pedigree 
records. 

2. 	 Repeat steps 3-5 as in Season 1

3. 	 Bulk pollen of half of the selected plants and polli 
nate the other half of the selected plants within 
populations. 

4. 	 Shell half sib ears individually. 

Cycle 2 - Season 3. 

For each population: 

1. 	 Plant half sib ears, ear-to-row (1-5 rows per ear, 
5 m long rows). 

2. 	 Repeat steps 3-8 as in Season 1. 

Season 4. 

1. 	 Repeat all steps as Season 2. 

2. 	 Identify best 10 Sl's. Using remanent seed, 

generate an experimental variety. 
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Season 5 - and beyond - continue with same methodology. 

Same procedure will be followed at all locations 
participating in the Stemborer Network. 

At the end of the second cycle of selection: 1) The 
selected S1's should be exchanged between locations, evaluated 
and incorporated to the respective pools. 2) New germplasm 
should be evaluated at each location and incorporated to the 
population or rejected according to their performance. 3) The 
stemborer resistant EV's developed by programs collaborating in 
the network, will be put together in an EVT and evaluated in as 
many locations as possible both under natural and artificial 
infestation. 
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Question to G. Granados 

From S. K. Bhalla 

Q. (1) Birds do much damage 
control them? 

to maize. Is there any way to 

Ans. Several methods for controling, or rather for keeping 
the birds away from the corn fields have been deviced. 
They are: 

a) Carburo gun. Produces intermitent explosions which 
drive birds away. Unfortunately birds get used to the 
blasts and effectiveness of the machine after some time 
is zero. 

b) Devices that produce ultrasonic noices (humans can not 
hear them). They are used around airports and they 
seem to work. 

c) Aluminum strips, strung across the corn field. The 
wind moves them and reflect sun light scaring the birds. 

d) A number of chemical 
cessfully tested. 

bird repellents have been unsuc

e) Breeding for droopping 
prevent damage. 

ears (long shank ears) helps to 

Q. 	 (2) Cutworms (Agrotis spp) cause considerable damage as 
they eat the germinating maize grains. The control by 
B.H.C. 10% dust at the rate of 10 kg/ha is not 
effective. Suggest some other control measure. 

Ans. Can control cutworms in maize coating the seed with 
Furadan flowable formulation, 5 gr ai/lOa gr seed. 

Q. 	 ( 3 ) Stemborer (Chilo partellus) is very severe in lower 
mid-hills. Is there any new insecticide available to 
control the pest. 

Ans. For corn borer control the best insecticide is granular 
Furadan applied to the whorl of the maize plant at a 
rate of 1 kg ai/ha. 

FROM 	 E. R. Bautista 

Q. At USMARC we don't have the capacity to mass rear corn 
borer larvae to be used in the screening for CB resist 
ant maize genotypes. How can we improve our maize 
populations for CB resistance? 

351 



Ans. 

FROM 

Q. 

Ans. 

You can identify the very susceptible cultivars using 
natural infestation. However you never know whether 
the plants that look resistant, are really so or they 
show less damage because few insects attacked them due 
to uneven distribution of the insects in the field. To 
get the true reaction of these plants you need artifi 
cial infestation. Even without sophyticated facilities 
is possible to produce enough egg masses and larvae, by 
collecting corn borer pupae in the field, placing them 
in an adequate environment (25-30C, 60% RH). Let the 
adults emerge, mate, produce eggs and use them for 
artificial infestation. 

v. C. Perdido 

In the Philippines, Trichogramma gets established in 
the corn fields even without any regular planned 
release. Don't you think this affects screening 
techniques against corn borer especially the second 
brood since they parasitize on the borer eggs? It 
should be mentioned that late planting could be 
dangerous due to corn borer attack and yield reduction 
may reach 80%. 

1) If corn borer larvae are artificially infestated 
using the bazooka, instead of pinning the egg masses to 
the leaves, there is no possibility for Trichogramma to 
affect the artificial infestation. 

2) Second generation corn borers oviposit on the 
earsheaths and on the larvae. First instar larvae feed 
on the leafsheath and then enter the stalk. To screen 
for resistance to second generation borers, the 
artificial infestation should be done by placing the 
larvae on the leafsheath at the base of the leaves. 
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SEED BUSIlfESS AND MANAGEMENT. CARGRILL'S EXPERIENCE III ASIA 

D. Westphal 

Coming from a small family farm in Illinois in America and 
travelling allover Canada, I find working in Asia very 
challenging. The geography that I am responsible for is from 
Korea to the North to New Zealand to the South and Pakistan to 
the West. This Geography includes many different farming 
conditions, ideas, and philosophies. All appear interesting and 
difficult. I hope to learn a great deal about Asian agriculture 
over the next few years. 

However, my 25 years with cargill and the seed business 
allows me to share with you some thought about seed business and 
management. My first mission will be -KEEP IT SIMPLEe. I will 
try my best to do so. 

The principal direction of my presentation today will be in 
the area of investment. Dr. De Leon asked if I would comment on 
how companies go about making investment decisions in the seed 
business in Asian and other various countries. I cannot make 
comments on how other companies go about investment strategies 
but I can speak for Cargill. 

Before we talk about investments, I believe it is very im
portant to understand the company better before capital spending 
is discussed. First, let me say there are many good companies 
operating today both foreign and domestic. All these companies 
have different management styles and process of management. How
ever, I believe all companies have one area in common. That is 
the "Driving Force" that makes the company what it is today. The 
Driving Force statement describes the spirit in which business 
and business process is conducted. Let me share with you some 
examples of a Driving Force statement for seed companies. 

EXAMPLE: COIIPAlfY X 

"Our mission is to research, develop, produce and market 
hybrid seed products on a worldwide basis that meet customer re
quirements and earn a return consistent with company guidelines". 

EXAMPLE: COIIPAlfY Y 

"Our mission is to research, develop, produce and market 
through distributors seed products for the Asian market that meet 

Asian Manager and Vice President, Cargill Seeds Co., Ltd., 
435 Orchard Road #22-00, Wisma Atria, Singapore 0923, 
Singapore. 

353 

1 



customer requirements and earn a return on investment consistent 
with company guidelines". 

Both of these Driving Force statements will work for a given 
company. However, both vary in different business philosophy in 
how they manage and how they would potentially make investments 
in future businesses. 

Company ~ for example states: 

They will be in the Hybrid seed business and they will be 
worldwide. 

Company y states: 

They will be in seed products not limiting themselves to 
hybrids only and will use a distributor and only sell in 
Asia. 

As we can see, the Driving Force statement helps us shape 
our strategy for present and future business practices. 

The key to an investment strategy is understanding the 
competitive advantage you would have over other competitors who 
would choose to operate in the same business sector. It is un
wise to over-estimate this advantage as well as under-estimate 
which would limit your vision on opportunities. 

We at Cargill believe some of our competitive advantages are: 

1. 	 The seed business is a core business to Cargill. 
2. 	 We have a worldwide source of germplasm. 
3. 	 We have worldwide production and marketing expertise. 
4. 	 We have the capital to take a long term view on 

business. 
5. 	 Our reinvestment policy of most of our cashflow allows 

us to build our business and opportunities for our people 
rapidly. 

We believe these are some of our strengths that make Cargill 
a successful company today. 

Let's review what we have discussed so far: 

1. 	 The importance of a Driving Force statement. 
2. 	 The understanding of a company's competitive advantage. 

Taking these two areas in mind, I would like to share with 
you a process you can use to determine an investment opportunity. 
Let's review how the process works. 
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This is called the -Industry Attractiveness/Business position 
Matrix" . 

Industry Attractiveness 
OJ 
> 
', 
+-l High Medium Low 
', 
+-l . 
OJ C 

0-0 

E', 
O+-l High 1 1 2 
U',

III 

III 0 
- 0
III 
III Medium 1 2 3 
OJ 

C 

', 
III 

:::l 


co Low 2 3 3 

1) Invest/Growth. 
2) Selective investment/maintain position 
3) Harvest/divest 

This chart provides the opportunity to rate industry attrac
tiveness while rating your business competitive position. 

If you determine the rating for industry and competitive 
position is a (1), you should invest and grow. If you rate the 
industry and competitive position is a (2), you should have 
selective investments and maintain positions. If you rate the 
industry and competitive position is a (3), you should not enter 
the business, or showed harvest/divest of the business. 

Variab1es that .J.ght be used to eva1uate: 

Industry Attractiveness 

Size 
Growth 
Competitive intensity 
Price levels 
Profitability 
Technological sophistication 
Government require~ents 

Business's Competitive position 

Size 

Growth 

Relative share 

Customer loyalty 

Margins 

Distribution 
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Technology 

Marketing skills 

Patents 


Let's review an example togethe~ how the chart would work. 

Example: Canadian Seed Market 

Product Line Maize 


Industry Attractiveness 

Area: 	 Comments: 

Size: 	 22,700 ton market 

Growth: 	 Stable 

competitive intensity: 	 3 major companies, 10 small. 
1 major has 45% market share. 

Price levels: 	 Premium to u.S. market 
Exchange rate difference plus 2% 

Profitability: 	 Equal to other major seed markets. 

Technological sophis	 Must have early corn breeding pro
tication: 	 gram 85 days and less targeted for 

high planting rates and rapid dry
down. 

Government regulations: 	 All hybrids must be entered into 
official trial for 2 years and 
hybrid must equal or exceed the 
average of checks to gain a license. 

We have now completed 	the analysis of this market. 

The basic decision needs to be made, do we invest in this 
market? The first question we must satisfy is, how does this 
potential market fit our business mission statement? If we think 
back, Company X Mission Statement has the potential to fit this 
market better than Company Y. Company Y calls for distribution 
in Asia only. This is an example of how you tie your mission 
statement to the markets you choose to serve. 

Company x Mission statement was: 

To research, develop, produce and market hybrid seed 
products on a worldwide basis that meet customer requirements and 
earn a return on investment consistent with company guidelines. 

Let's review the possible business competitive position: 

356 



Business's Co~titive Position 

Area: Comments: 

Size: The size of the market is sufficient 
to reach volumes for company guide
lines. 

Growth: The growth is stable. 

Relative share: One competitor with major market share 
with fragmentation in the rest of 
market. A change for significant 
market share opportunities. 

Customer loyalty: Product performance driven market. 
Low switching costs. If product 
performs, customer will buy. 

Margins: Best guess, margins will hold or 
prove with product performance. 

im

Distribution: options are to use farmer dealers or 
go direct to larger farmers with sig
nificant buy power. 

Technology: Must have corn breeding program fo
cussed on early maturing corn hybrids 
that with stand high planting popu
lations and drydown rapidly. (Area 
of question). 

Marketing skills: Transferable from other markets. 

Patents: Presently no patents to act 
to entry at present time. 

as barrier 

After looking at the business competitive position, it is 
reasonable to consider investing in the market except for the 
technology areas. An early corn breeding program and a possible 
long term commitment may be a knockout or enough to consider not 
to enter this market especially if you are not marketing products 
in the world where the efforts from breeding program may fit. 

Now I would like to change the discussion from investment to 
production of seed maize. We will not have enough time to dis
cuss all phases of production, so I have chosen to talk in 
general terms or points to consider when producing seed maize in 
Asia. 

Hopefully these 11 points will stimulate some thought and 
maybe challenge some current production practices that will lead 
to more successful seed production and better quality. Let's re
view some general tips at this time. 
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Genera1 tips on producing qua1ity seed .aize in Asia. 

1. 

2. 

3. 

4. 

5. 

6. 

strategic location in relation to seed market: 

Area located near the main seed market, if possible. 

Must have shipping transport routes for convenient 
delivery of seed to market. 

Accessibility: 

Area is accessible by all weather roads, if possible. 

Bridges along the way to area must be able to take 
heavy loads. 

Access roads should be a public road, if possible, to 
avoid closure due to conflicts. 

Soil conditions: 

A pH adequate to grow maize. 

possible high organic matter. 

Good drainage. 

High moisture holding capacity. 

Uniform soil type. 


Climate and growing conditions: 

You need to define wet and dry seasons. 

Typhoon and flood-free areas. 

Rainfall during the wet season is well distributed and 

sufficient for the crop's water needs. 

Low to medium insect damage. 

Low to medium incidence of diseases. 

Average yields of crops grown in the area is higher than 

national or provincial average. 

Average relative humidity throughout the year is between 

50 to 70 percent to facilitate drying of seed during pro

cessing, and enhance storability of processed seed. 


Isolation: 

A hidden valley or a plateau. 

An area farmed by a well-managed group of farmers where 

planting can be arranged to allow for distance or time 

isolation. 


Farm size: 

A group of farmers with 4 minimum land holdings of 5 ha, 
each comprising a contiguous area of at least 50 ha per 
location. 
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7. Labor: 

Reliable labor supply especially at periods of critical 
needs for seed production. 

Literate laborers to allow for easy training and instruc
tion in the different farm operations involved in seed 
production. 

8. Water supply: 

Water available during the peak of the day. Weather 
good enough to support crop growth. 

9. Security: 

Ideally a large farm with secured boundaries with one 
gate for entrance/exit. 

10. 	 Presence of farmers with farm machineries and equipment in
cluding transportation equipment: 

Ideally large farm with complete facilities. 

11. 	 Knowing the different cycles for production and sales by 
product line. Take India for example: 

Jan Feb March April May June July Aug Sept Oct Nov Dec 

Maize production 

Planting 
~--------------------~ 

Harvesting 
~-----------------~ 

Maize sales season 

Sales 	 Sales 
~---------------~ ~--------------~ 

12. 	 Selecting the best time of the year to produce your seed 
is very important to have quality seed to support your 
sales efforts. Areas to consider are: 

Rainfall patterns 
Insect and disease pressures. 
Relative temperature for good silking and 
pollination. 
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Major challenges for seed companies in the 1990's in Asia. 

a) Profits will be slow in coming, therefore must take a long 
term view on the seed opportunities. 

b) Breeding objectives must match customer requirements by 
country and markets. 

c) Seed quality will be a continual challenge and as hybrids, 
i.e. three way and single crosses become more popular, the 
production challenge and production costs must be managed 
aggressively to allow the product to be priced into the 
market in an affordable manner to the maize grower for con
tinued success. 

d) People resources and training in all phases of research, 
production and marketing of quality seed will be a major 
challenge especially as new technology is introduced rapidly. 

In closing, I hope you found the information interesting and 
maybe can apply some of these ideas in your future challenge in 
business. 

Thank you for your interest and attention. 
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TIlE ECONOMICS OF IlAIZE SEED PRODUCTION 

AIfI) UTILIZATION IN PAKISTAN 


1/ ~/
Jim Longmire - and S. Sajidin Hussain 

Abstract 

The key economic issues concerning development of an 
effective maize seed industry for Pakistan are addressed in this 
paper. Pakistan's maize sector has been severely curtailed 
through lack of an effective seed industry. The main reasons for 
this are reviewed. The paper provides estimates of the losses of 
productivity that arise from having only very low volumes of com
mercial seed of improved maize in Pakistan. In the irrigated 
plains, these losses are 18%, while in the less-developed moun
tains and rainfed plateaus, they are 11%. Future prospects for 
seed of improved varieties and hybrids are good in Pakistan. 

However, hybrids are unlikely to be profitable in less-fa
voured areas, even though improved open-pollinated varieties will 
be. The changes necessary to stimulate the maize seed industry 
are presented. Special emphasis is given to developing a com
mercially-oriented and viable sector, in which local small scale 
seed enterprises play a vital role. 

Introduction 

By any standard you care to use, the current seed system for 
maize in Pakistan needs change. There are low rates of use of 
commercial maize seed, low levels of use of recently-released 
maize varieties, farmers are poorly informed about improved maize 
varieties and farmers in many areas are unable to buy commercial 
maize seed. The lack of a viable seed system has been the number 
one cause of slow development of the maize sector in Pakistan. 
The lack of an effective seed industry means lost opportunities 
for farmers, users of maize and the nation and means that the 
payoff to maize research is being severely stifled. 

Numerous studies attest to this. Virtually all reports un
dertaken on maize in farming systems of Pakistan in the 1980s 
rate the lack of an effective seed system as a serious constraint 
to improved productivity (Hussain et al., 1986, Byerlee and 
Hussain 1986, Byerlee et al. 1987, CIMMYT 1989). 

JlI 
~/ 

CIMMYT Economics Program, Islamabad, Pakistan. 
Agric. Econ. Res. Unit, Tarnab Agric. Res. Inst., 
Pakistan. 

NWFP, 
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Special seminars and studies have been conducted to attempt 
to improve the situation (Industry Council for Development, 1987, 
NWFP Agric. Univ. 1989), but little apparent progress is to be 
observed where it matters most, in farmers' fields (Asghar and 
Longmire, 1990). 

This paper addresses some key economic issues associated 
with the slow development of the maize seed sector of Pakistan, 
as well as proposing some changes needed to develop it. Seven 
main questions are addressed, as follows: 

What is the extent of use of improved maize seed in Pakistan? 

Why is the use of improved maize seed so low in Pakistan? 

Why has a viable seed industry not developed in Pakistan? 

What are the costs to Pakistan of not using improved maize seed 
more widely? 

What are the prospects for developing the seed industry for im
proved open-pollinated maize varieties? 

What are the prospects for hybrid maize seed? 

What changes are needed for development of a viable commercial 
seed industry for maize? 

Basically, within Pakistan, there exist two major maize 
economies: (1) maize grown on the irrigated plains, primarily in 
Central Punjab, but also in the irrigated plains of NWFP and a 
small area of Sindh, and (2) maize of the higher areas, including 
the rainfed plateaus, the mountain valleys and mountain terraces. 
Approximately 40% of the maize area of Pakistan is in the irri
gated plains. Considerably more development has occurred in the 
irrigated plains than in other areas. 

Some key indicators comparing the two maize economies of 
Pakistan are presented in Table 1. The differences between the 
two maize economies of Pakistan are important when it comes to 
understanding the economics underlying maize seed. While many 
variations can be found within specific ecologies and farming 
systems, the indicators in Table 1 broadly give the picture. 

Use of ~roved .aize and .aize seed in Pakistan 

Pakistan has one of the lowest levels of use of improved 
maize varieties in the developing world. For Pakistan and Azad 
Kashmir the share of total maize area which was planted to im
proved maize, including open pollinated varieties and hybrids, in 
1989 was 26%. In the rainfed plateaus and mountains this per
centage was only 12%. This compares with an average for all de
veloping countries of 51% (in 1985-86). 
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Table 1. Characteristics of the tvo .ain .aize econo.ies of 
Pakistan. 

Irrigated Plateaus & 
plains mountains 

Total area ('OOOha) 

Median farm size (ha) 

Irrigated area (%) 

Improved maize area (%) 

Median seed rate (kgjha) 

Seeling (%)* 

Area thinned (% 

specialist fodder (%) 

Average yield (tjha) 


350 
3.2 
100 

48 
38 
24 
45 
41 

1.9 

515 
1.1 

20 
13 
69 
72 
80 

2 
1.2 

Source: Asghar and Longmire (1990). 

* 	 Seeling is ploughing maize with a bullock or tractor 3-4 weeks 
after planting to provide the first thinning of the crop and 
to control weeds. 

Use of commercial maize seed as a share of the total maize 
seed planted is also very low in comparison with other countries. 
Only about 10% of the maize area of Pakistan was planted with 
commercial maize seed in recent years (the remainder was seed re
tained by farmers or obtained from other farmers who are not spe
cialist seed growers). This compares with an overall average of 
developing countries of 43%. The share of area planted to maize 
hybrids in Pakistan was about 3% in 1989, compared to 38% for de
veloping countries overall (in 1985-86), a tenfold difference. 

Why is use of i.proved .aize seed lov? 

There are three main reasons why the uses of improved maize 
and of commercial maize seed are low in Pakistan: varieties can 
be unsuited to local conditions, the dual purpose use of maize 
for fodder and grain, and the unavailability of seed. 

ln certain environments, particularly high altitudes, drier 
rainfed environments and areas with poorer growing conditions, 
many of the improved varieties may not exhibit sufficient yield 
advantages for farmers to prefer them to their own local maize. 
In some of these stressed maize environments, local varieties may 
match and, in some cases, out perform improved maize on certain 
criteria. A very important criterion to farmers is early 
maturity, since over 90% of the maize grown in Pakistan is pre
ceded or followed by a winter crop. Generally, however, studies 
indicate that for the main maize areas of Pakistan, improved va
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rieties out perform local ones and, when seed is available, far
mers have a very strong preference for the improved varieties. 

Another important factor for low adoption of improved maize 
in Pakistan is the crop's dual purpose role, as a source of 
fodder and grain. This is especially the case in the maize eco
nomy of the higher areas. In the irrigated plains there is a 
much higher proportion of specialist maize, with grain and fodder 
being grown in separate fields. with dual purpose maize, 
planting densities are exceptionally high, often exceeding 100 
kg/ha. Farmers then thin the crop, typically right through to 
harvest, with often almost one half the value of the maize crop 
coming from its fodder. with dual purpose maize, some improved 
varieties are out performed by local varieties at the high plant
ing densities that optimize the total value of output of grain 
and fodder. These high planting densities also have a big bear
ing on the economics of buying commercial seed, especially 
hybrids~ 

The third main reason for the low use of improved maize in 
Pakistan is the unavailability of seed. Various studies con
ducted in selected maize areas of Pakistan (certainly not the 
most isolated areas) indicated that very few farmers had know
ledge about improved varieties. For example, Hussain et al. 
(1986) found in 1984 that 91% of maize growers in Mardan 
District, probably the most developed in NWFP, were unaware of 
the main recommended variety, Sarhad white. Extension agents and 
the seed sector have made little effort to promote improved va
rieties (Byerlee et al. 1987). For the most part, this is be
cause Pakistan does not have a well organized maize seed industry 
and relatively little certified maize seed is provided to farmers. 

Why does pak.istan lack. a viable :.aize seed industry? 

The provision of commercial seed for maize, as for other 
major crops, has been dominated by the public sector. More re
cently, private seed firms have been encouraged to produce and 
distribute seed, notably hybrids. However, to date no major 
breakthrough has been made in marketing seed on a large scale. 

There are three outstanding reasons why Pakistan lacks a 
viable maize seed system. First and foremost is the emphasis on 
seed production in the public sector at the cost of private seed 
production. In the past, there were policies restricting entry 
into the seed sector. As well, over regulation made private 
firms shy to invest. Direct government involvement and the crea
tion of public seed agencies has stifled entrepeneurial develop
ment of the seed sector overall, both in the private and public 
sectors. The performance of the public sector in maize seed pro
duction and marketing has been very disappointing in Pakistan. 
The performance is probably below the rather mediocre contribu
tion of public seed agencies in most developing countries (CIMMYT 
1987) . 
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Low seed pricing combined with control over access to basic 
seed also hindered growth in maize seed production. Pakistan has 
maintained the lowest prices for maize seed of all developing 
countries (CIMMYT, 1987). At about 1.3 times the grain price, 
official maize seed prices are insufficiently high to cover the 
costs of producing and marketing quality seed of improved varie
ties. Thus, there is little incentive for public , and private 
seed production, and even less for distribution. 

Some indication of the importance of seed pricing in stimu
lating greater use of improved maize is shown in Fig. 1. This 
shows the relationship between the seed to grain price ratio and 
the share of commercial maize seed ih total maize area planted 
for a number of developing countries. A strong positive rela
tionship between seed prices and commercial maize seed use is ob,
served for the 33 countries included. Note the position of 
Pakistan on the chart. This is strong evidence that farmers are 
prepared to pay high seed prices when quality seed is available. 
By keeping prices low, the policies have stifled commercial seed 
production and ensured its unavailability for many Pakistani 
farmers. Rather than helping farmers, low seed prices have 
seriously hindered them. 

Percent Commercial Seed 
100r-----------------------~~~~ 

60 

20 

• 

60 

•• 

Pakistan 

O~-=~----~----~L---__L_____L___~ 

5 9 13 17 21 25 
Seed/grain price ratio 

Note: For 33 developing countries. Source: CIMMYT, 1987. 

Fig. 1. 	 Commercial maize seed to total maize seed (%) by seed:grain price
rati o. 
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Fig. 2. 	 Yield advantage needed to repay cost of commercial seed, irrigated 
plains. 
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Fig. 3. Yield advantage needed to repay cost of commercial seed, mountains. 
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Another important reason for the lack of a viable seed 
sector has been the low availability and the lack of access to 
basic seed. This has meant that enterprising farmers have not 
been able to develop local maize seed production. In many vil 
lages of Pakistan, there are farmers who could readily perform 
the functions of producing and marketing seed of improved varie
ties, provided they had access to basic seed. Sadly such access 
has not been available, being monopolized by the public seed 
agencies. For hybrid seed production, Pakistani-based seed com
panies now have access to most inbred lines from overseas that 
are of potential for Pakistani conditions. 

Costs of not using ~roved .aize seed .are widely 

There are several consequences for Pakistan of low use of 
improved maize. First is lost productivity, especiallY in grain 
production, but also in fodder. There is also a greater disease 
loss associated with using local varieties. However, the selec
tion process for much local maize seed provides a sizeable buffer 
against widespread disease outbreaks (the bulk of farmers select 
local maize seed on the cob in the threshing floor, thus selec
ting only those genes which produce attractive healthy cobs). 

There is little evidence suggesting major quality differ
ences between local and improved maize in Pakistan. Farmers 
generally prefer white maize for eating, but most improved white 
maize measures up to local varieties in quality. For feed grain 
and fodder, improved maize also generally matches the quality of 
local varieties. One offsetting positive factor from low use of 
improved maize is the slightly improved timeliness that stems 
from local maize. This is translated into improved profitability 
and productivity of the maize-winter crop system, especially for 
the winter crop. However, evidence in Asghar and Longmire (1990) 
suggests that, overall, maturity differences are not great be
tween local and improved varieties for given altitudes and ecolo
gies. 

The main differences in yields between local and improved 
maize have been used to calculate the productivity gains that 
could come from wider use of improved maize varieties. In the 
mountain regions, on-farm trials suggest that the grain yield 
advantage of improved maize varieties can average about 500 kg/ha 
(Byerlee et al., 1987). In the irrigated plains, the advantage 
may more typically average 900 kg/ha (Asghar and Longmire, 1990). 
For hybrids, the advantages will be even greater with sufficient 
time for local adaptation. These and typical differences in 
fodder yields for the mountains and irrigated plains are pre
sented in Table 2. 

Using farmer prices of grain, fodder and seed, and addi
tional harvesting costs, the additional returns from using im
proved maize varieties are then calculated (Table 3). The pro
ductivity difference per hectare between improved maize and local 
can be computed by dividing the net returns (per ha) of improved 
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seed over the value of output of local maize (Table 4). Im
proved maize in the irrigated plains is estimated to yield an 
avrrage productivity gain per hectare of 33%, while the equiva
lent figure is 16% for the mountains. For hybrids, the advantage 
is estimated to be 43% in the irrigated plains, and 22% in the 
more favoured parts of the mountain. 

Table 2. Assessinq the extra net returns in far.ers' fields frOll 
blproved open pollinated varieties and hybrids,COIIpClred to local 
aaize. 

Irrigated Plateaus & 
plains mountains 

Grain yield (t/ha): 
Local 
Improved OPVs 
Hybrids 1/ 

Fodder yield (tDM/ha)~/ 
Local 
Improved OPVs 
Hybrids 

3/
Total value of output (Rps/ha)

Local 
Improved OPVs 
Hybrids 

Extra Costs (Rs/ha) '1/ 
Improved OPVs 
Hybrids 

Extra Net Returns (Rs/ha) 
Improved OPVs 
Hybrids 

• 1.6 
2.4 
2.8 

3.2 
3.6 
3.6 

5280 
7440 
8440 

415 
894 

1745 
2266 

1.2 
1.7 
2.0 

3.6 
3.6 
3.6 

6240 
7640 
8480 

374 
893 

1026 
1347 

The grain yield advantage of hybrids in relation to improved 
open pollinated varieties is based upon CIMMYT (1987). 

The ratios of fodder to grain yields in Fischer and Javed 
(1986) were used to estimate these fodder yields. The grain: 
fodder yield ratios varied according to planting density, 
type of maize and location. 

]/ 	 At the following prices: Irrigated plains, grain 2.5 Rps/kg, 
fodder 0.4 Rps/kgi mountains, grain 2.8 Rps/kg, fodder 0.8 
Rps/kg. Approximate exchange rate: 1 US = 21 Rps. 
seed costs (see Table 4 for assumptions), fertilizer costs 

~/ Additional to those with local varieties, including extra 
seed costs (see Table 4 for assumptions), fertilizer costs 
(extra 10kg N/ha for OPVs and 20kg N/ha for hybrids, all at 
7Rps N/kg) and harvesting costs (at 15% of value of grain). 
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Weighting these by the potential areas of improved maize in 
both environments, the potential productivity gains in aggregate 
are calculated. The potential areas for improved varieties 
represent the likely upper limits of adoption, as judged from ex
perience in other countries with similar growing environments. 

Tabl.e 3. EstiAating the productivity gains fro. iAproved .aize 
varieties and hybrids in Pakistan. 

Irrigated Plateaus & 
plains mountains 

Estimated productivity 
Gain 	per hectare (%) 11 

Improved OPVs 33 
Hybrids 43 

Current share of area (%) 
Local 52 
Improved OPVs 41 
Hybrids 7 

Potential share of area (%) 
Local o 
Improved OPVs 50 
Hybrids 50 

Aggregate productivity gain (%) II 18 

16 
22 

88 
12 

o 

20 
70 
10 

11 

~I Calculated as the additional net returns per ha divided the 
value of output per ha of the local variety. 

~I Productivity gains were calculated by computing weighted- / 
averages of productivity, using the current share of area 
and the potential share of area as weights. The gain is 
simply the percentage increase in the potential productivity 
over the current level. 

Overall, the productivity gains associated with use of im

proved maize up to its potential are 18% in the irrigated plains 

and 11% in the mountains. Although these figures seem compara

tively low, such gains would translate into sizeable income and 

profit gains for maize farmers, as well as the nation. What then 

are the prospects for realizing such productivity gains with 

wider use of improved maize? 


Prospects for open-pol.l.inated .aize seed 

The prospects for open-pollinated maize seed in Pakistan are 
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conditioned by demand for this type of seed, as well as its 
availability. ultimately, with a well-functioning seed sector, 
factors affecting demand will have the major bearing on how much 
commercial seed is produced. 

The demand for seed is primarily determined by the following 
factors (CIMMYT, 1987): 

·Seed rates per ha, and area planted to maize 

Grain yields likely to be achieved by different seed types 

Prices of different .seed types, prices of grain and costs of 
harvesting, threshing and storing or selling 

costs of other inputs for growing different types of maize 

Risks of low germination or having to replant 

Number of years before seed must be replaced 

costs of financing the maize seed purchase. 

Using simple marginal economic analysis, the yield 
advantages needed to repay the cost of seed for different envi
ronmental conditions (as represented by yield of local maize) 
have been computed. This has been done for improved open-polli
nated seed and hybrid seed under typical assumptions for the 
irrigated plains and for the mountains of Pakistan. The main 
assumptions employed in this analysis are presented in Table 4. 

The main findings are presented in Figs. 2 and 3, showing 
the extra yields needed to repay the cost of commercial seed of 
improved open pollinated maize varieties and of hybrids for a 
range of local yield levels. The average yields of local maize 
in 1989 are presented, as well. 

These results indicate that considerable demand potential 
exists for commercial seed of open pollinated maize varieties in 
Pakistan. Only under very low yield conditions is it likely that 
the extra yield from using commercial seed varieties will not re
pay the cost of the seed. This is so for both the irrigated 
plains and the mountains. The ability to use seed of improved 
open pollinated varieties for three years or so before it is 
badly contaminated and mixed is one reason for the strong poten
tial demand. 

Given that there is strong potential demand, the issue for 
greater use of seed of improved varieties in Pakistan is avail
ability of seed and availability of varieties which are superior 
to local maize. The issue of seed availability is taken up later 
in this paper. 
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Tab1e 4. Main assuaptions e.p1oyed in ca1cu1atinq needed yie1d 
advantaqe of iaproved .aize seed over 1oca1 seed to repay costs 
of invest.ent in co.aercia1 seed. 

Irrigated Plateaus & 
plains mountains 

Average seed rate (kgjha):ll 
Local 45 70 
Commercial OPVs 35 55 
Hybrids 30 40 

Seed to grain price ratio: 
Local 1.3 1.3 
Commercial OPVs 3.0 3.0 
Hybrids 6.0 6.0 

Harvesting costs (% of output) 15 15 

Number of years using improved seed: 
OPVs 4 4 
Hybrids 1 1 

Rate of contamination (%) ~ 33 33 

Needed returns to cover 
Capital cost & risk (%) 100 100 

JV Based on Asghar and Longmire (1990). Hybrid seed rates are 
likely to be lower because of higher seed prices and agrono
mic recommendations. 

1V The rate at which new seed of OPVs is contaminated through 
cross-pollination and mixing with local varieties. 

Potentia1 for hybrid .aize seed 

The hybrid maize seed market is still in its infancy in 
Pakistan. Hybrids are well established in spring maize produc
tion in the irrigated plains only, thanks to some innovative 
developments by Rafhan Maize Products, a major maize processing 
company. other companies are aiming to build markets for their 
hybrids in the main summer season. Hybrids are virtual-ly nonexi
stent in the rainfed areas of Punjab, NWFP and Azad Kashmir. The 
few that are planted in the main maize season are in the irri 
gated plains. 

The main reasons for slow development of hybrid maize have 
been technical as well as institutional. High seed rates and the 
lack of suitable hybrids for local conditions have been the main 
technical reasons. The main institutional reasons have been ba
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sically the same as those stifling growth of the seed sector 
overall. 

Figs. 2 and 3 imply there is a sizeable potential market for 
hybrid maize seed in Pakistan. The potential for hybrids in the 
irrigated areas is very strong. Judging from Fig. 2 and from the 
acceptance of hybrids with RafhanMaize Products, at least 50% of 
this area has the potential to be planted to hybrids when they 
are properly adapted and marketed in the future. Results from a 
number of countries suggest that small farmers will adopt hybrids 
when they perform well, in terms of yield, disease resistance, 
quality, duration and so on. 

There is also some potential for maize hybrids in the moun
tain valleys, the rainfed areas and the better maize areas in the 
mountains. However, hybrids are unlikely to extend widely in 
these marginal environments of Pakistan. In conditions where the 
yield of local maize is near or below about 1.5t/ha, hybrids are 
unlikely to sufficiently out perform local varieties to warrant 
the annual investment in seed by farmers. The potential for hy
brids in the mountains is probably only 10-20% of the total area. 

For the mountains and plateaus, there is much more potential 
for seed of open pollinated varieties than hybrids. Thus hybrids 
are likely to be economical to farmers in most of the irrigated 
plains and some of the more-favoured higher areas. This implies 
the need for development of an effective seed system in which 
hybrids and open pollinated improved varieties will play impor
tant roles. 

Chanqes needed 

A number of changes are needed to develop a viable maize 
seed sector for Pakistan. Many of the details of such changes 
have been documented (NWFP Agric. Univ., 1989). This concluding 
section provides an overview of the most critical changes. 

Foremost among the changes needed is the development of a 
commercially oriented maize seed sector. This means developing a 
strong viable private sector in seed production and marketing. 
Some broad policy and institutional changes will encourage this. 
The main ones are: 

Prices of commercial maize seed should be determined by 
the market and should be deregulated. The setting of seed 
prices should be solely the commercial judgement of those 
involved in producing and marketing the seed. 

Public seed agencies should not be subsidized and should 
be subject to the normal commercial business standards. 
They should be free to determine staffing, investment and 
pricing and should be expected to meet the usual require
ments of private companies servicing agriculture. 
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International trade in seed should be free, subject to the 
usual phytosanitary and product trade standards applied. 

Entry into the seed sector should be free, subject to the 
usual business standards applying in Pakistan. Of parti 
cular importance, seed producers should . be held respon
sible for the quality of their products through honesty 
in labelling. 

with these changes, the framework would exist for the emer
gence of a viable seed sector. There would be no need to subsi
dize private seed production, since prices should provide the in
centive to invest. Some time would be needed for the seed indus
try to develop and to adjust to these new conditions. The best 
strategy the government could provide would be to set a clear 
policy framework and to hold to this while the sector gets on 
with its own financing and development. 

There are three specific items that could be provided that 
would be of considerable assistance. Firstly, it is unlikely 
that large companies will build a sufficiently large market for 
seed of improved maize varieties. There are very few cases where 
this has happened worldwide. The main reason for this is the 
lack of proprietary rights with seed of improved open pollinated 
varieties. There needs to be development of small local seed en
terprises if seed of improved varieties is going to be widely 
available to farmers in the poorer and less developed areas. 

Local seed enterprises could readily develop providing they 
have good access to basic seed. They would likely be entrepre
neurial farmers who have invested in simple seed conditioning 
equipment and who take care to grow good quality commercial maize 
seed. These local entrepeneurs would be well placed to develop 
local markets and outlets for their seed. These local seed pro
ducers should also act as key communicators with research, exten
sion and those responsible for basic seed production. 

Secondly, there is a strong need for the development of a 
seed association in Pakistan. This would be a body of all 
parties involved in seed production and marketing. An important 
function would be to provide a register of seed growers, who 
could then label their seed with the association's imprimatur. 
An important function of the association would be to work with 
Governments to ensure that the legislative conditions are there 
to encourage a viable seed sector. 

The association should also act as a body for exchange of 
ideas and information on seed. It should also encourage training 
and research in seed production and marketing. There is an im
portant need for education and training in seed production and 
marketing in Pakistan. The association could provide the impetus 
for such training, which could come from special courses at uni
versities, and through research and extension officers. Examples 
of excellent courses exist in other countries, and these could 
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readily be modified to Pakistani circumstances. 

Finally, important changes need to be made in the production 
of basic and prebasic seed. Basic seed should be produced by 
specialist seed growers in the private sector. It should not be 
produced on public research stations. Nor should its production 
be the sole responsibility of public seed agencies. Growers of 
basic seed should be required to register with the seed growers 
association but free to sell basic seed to any commercial seed 
producer, at prices they determine. Basic seed producers should 
be obliged to report their seed sales to the association and 
there should be a sizeable number of such producers. 

Prebasic seed production should be the responsibility of the 
relevant provincial research institutes. Prebasic seed should be 
made available to basic seed producers at prices re- flecting the 
marginal cost of producing prebasic seed on the re-search sta
tions. 

In conclusion, we believe that Pakistan urgently needs to 
make important changes to the maize seed sector to encourage its 
development. without change, little progress is like with the 
maize sector. The challenge is to turn the needed changes into 
reality. It is time for action. 
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Discussion session I 

Round tab1e discussion -Maize under stress conditions-

Chairman N. N. Singh 
Reporteur M. Saleem 
Members Henry Samonte 

Li Jiangxiong 
B. D. Agrawal 

1. 	 The Chairman highlighted the major constraints discussed in 
the various papers presented on Sept. 22 and 23. Under 
Asian conditions, the most important problems are the need 
for very early maturity, lack of regular market, seed pro
duction, grain: seed price ratio, poor crop management, 
marginal lands, corn borer, leaf blights and rots, downy 
mildew, cold and heat stress, Al toxicity and nutrient 
deficiencies. 

2. 	 Several national program representatives emphasized the need 
for providing super ear1y .aize germplasm. The recommenda
tion is that this should be done by CIMMYT. They stressed 
also that seed production in most developing countries is a 
major problem. Seed: grain price ratio should be increased. 

3. 	 The development of drought resistant germplasm was also 
emphasized. They also pointed out that CIMMYT should 
arrange relevant research projects on stress conditions 
within several leading NARS, and should provide some facili 
ties to do such research. It was stated that regional col
laboration should be strengthened. 

4. 	 It was strongly suggested that priorities should be outlined 
in each region to solve the major problems in maize produc
tion, and a policy on strategies be developed, with 
suitable technologies demonstrated on a large scale. 

5. 	 Statements were made that only a major increase in yield 
could convince the growers to adopt new technologies. 
Government policies should be directed towards hybrid seed 
production. 

6. 	 Dr. Li, stated that high maize yields obtained in China are 
the result of: 1) heterosis may have increased yield by as 
much as 30-40%, 2) gains obtained from adequate 
management were at level of 33% when done in favorable en
vironments. He emphasized that in the future, the green
house effect should be taken into consideration and expect a 
change in the type of germplasm required for maize produc
tion. 
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7. 	 There were comments indicating that participants should not 
forget that one important factor reducing maize yields in 
several countries is lodging susceptibility, especially 
when associated with stalk rots. Therefore, to stabilize 
maize yields this factor should not be overlooked. A 
recommemdation put forward to establish some activities at 
regional level in this area of research. 
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Discussion session II 

Round table discussion on wSeed productionw 

Chairman v. K. Saxena 
Reporteur M. Kabir 
Members T. C. Tin 

J. Longmire 
V. Asnani 

1. 	 The panel was to consider the factors influencing the 
investment of private sector in Asia, and restrictions found 
by official institutions limiting their efficiency. Dr. 
Asnani, Pioneer Hybrid Co., representative indicated that 
factors considered for seed production by his company are 
similar as for other seed companies, with emphasis on: 

a) 	 Seed production and distribution, from regional headquarters 
for Asia located in Manila, Philippines. 

b) Producing superior inbreds, thus increasing the Asian maize 
production. 

In the early stages of development Pioneer Hybrid Co. makes 
two kinds of independent research and business investments. 
Business starts after something has been produced by the research 
group. Higher investment in research is done provided there is 
industrial attractiveness. The company also emphasizes on the 
concept of environments through the establishment of research 
stations and then moving on to particular environments taking 
advantage of the maize germplasm available worldwide. 

Nowhere there is any indication regarding government's 
pOlicies on repatriation of foreign exchange. To the private 
sector it is important to know whether this is allowed or not. 

2. It was indicated that several factors influence adoption of 
improved seeds by farmers. In most cases, Many farmers hesitate 
to adopt high yielding varieties because of the fear of declining 
prices of their produce. If there are no price policies 
established by governments, the private sector will feel insecure 
investing in seed production. 

On this, Dr. Longmire explained that in his paper, prices of 
maize seed were not adjusted with the present higher prices. 
Maize price is determined by prices of other seeds such as 
cotton, wheat, and rice. The question arose as to what extra 
production is the farmer going to get by adopting high yielding 
varieties. In Pakistan Maize price is above that of wheat. 
Questioned on how the percentage of improved varieties in a 
particular country were calculated in his papers, he indicated it 
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was done by calculating total maize '/~rea planted with improved 
varieties in the last ten year and collecting other necessary 
information through surveys done nation wide. 

3. It was stated that the middle man is an important factor in 
seed distribution and marketing. It was agreed that emphasis 
should be given to the development and expansion of the seed 
industry. Seed and grain quality standards should be outlined to 
seed producing government and private agencies. 

4. Representatives from national programs stated that research 
is for the farmers and improved varieties must reach the farmers. 
Unfortunately, in several countries, the people engaged in the 
seed industry pay more attention to self pollinted crops and 
OPV's of maize than to hybrids. Development of hybrids should be 
also considered in an integrated program. 

5. On seed pricing, it was mentioned that as a policy, price of 
hybrid seed should be distinctly higher, according to the type of 
cross to be marketed. 

379 





	1
	2
	3
	4
	5
	6
	7
	8



