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FOREWORD

The main activity of the Asian Regional Maize Program
of CIMMYT (ARMP) is the collaboration with the National
Maize Programs in the region in the development of improved
technology conductive to the increase of production and pro""':
ductivity of maize in the farmers field.
To achieve the objectives, the ARMP strategy has been
to strenghten the National Program's research capabilities
through:
a)
Distribution of improved maize germplasm genera ted by
CIMMYT and by National Programs in and outside the region.
b) Improvement of National Program's st~ff research capabi
lities by making available to them scholarships for in-ser
vice training at CIMMYT's headquarters and by partially
financing their in-country training.
c) In collaboration with the
National Programs, cosponsor
workshops, scientific gatherings, in country seminars, etc.,
where local and regional scientists can get together and
exchange information, methodologies and germplasm.
The ARMP cooperated with Kasetsart University, the
Department of Agriculture and the Department of Agricultural
Extension, Thailand, in the organization of the I Asian
Regional Maize Workshop (1981) and with the Indonesia's
Agency for Agricultural Research and Development (AARD) ,
Indonesia (1986) in the organization of the II ARMW.
This
year, the III Asian Regional Maize Workshop was organized in
cooperation with the Chinese Academy of Agricultural
Sciences (CAAS) ant hosted at Kunming by the Yunnan Academy
of Agricultural Sciences (YAAS), and at Nanning by the
Guangxi Academy of Agricultural Sciences (GAAS) ,
People's
Republic of China.
Previous to the meeting, the ARMP had requested from
all national programs and from several private seed compa
nies in the region a sample of representative entries of
their best germplasm, either at experimental or at commer
cial stages.
The materials were planted in observation
nurseries ~oth at Kunming and at Nanning.
Scientists from all national programs and from several
private companies in the region were invited to participate
in this Workshop.
Special guest speakers were invited to
give leading presentations on breeding for specific stress
environments, on maize agronomy, entomology and pathology.
At both Kunming and Nanning, participants could see
the performance of:
1) The germplasm they had submitted,
2) Selected germplasm from CIMMYT which was planted together

1

with the entries from the national programs and 3) Entries
supplied by the private seed companies. Exchanges of metho
dologies and approaches to solve specific problems in cer
tain environments were widely discussed in the field.
Much
time was spent by scientists of the YAAS and GAAS in showing
and describing to all participants their breeding and agro
nomy-production programs.
We sincerely hope that this event fulfilled the in
terests of all participants and we expect these Workshops to
become a tradition in the Asian Region. We feel this is
an
excelent way to understand the research problems in national
programs and pave
the
road for a closer cooperation and
assistance between scientists of the various national maize
programs in the Asian region.
In closing, these Proceedings represent the final step
in a very successfull III Asian Regional Maize Workshop. We
include all country reports which could not be presented in
the 1986 Workshop and the specific leading papers on topics
assigned to some scientists from the Asian Region.
It
should be mentioned that in editing these documents, we take
no responsibility of the content of the papers and of the
minor changes required to improve readability and style of
the manuscripts.

C. De Leon
G. Granados
R. N. Wedderburn
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WELCOME ADDRESS

Liang Keyong

1/

Ladies and gentlemen, dear friends:
First of all, please let me on behalf of the Chinese
Academy of Agricultural Sciences and myself express
congratulations at the opening session of the Third Asian
Regional Maize Workshop held in Kunming, the famous Spring
City in China. Let me also extend a warm welcome and cordial
regards to the participants from allover the world.
The successful opening of this Maize Workshop is the
result of concerted efforts of scientists from CIMMYT. So
please allow me to express my lofty respects to all the
representatives present here. In addition, I would like to
express my thanks to all the colleagues from the Guangxi
Academy of Agricultural Sciences as well as Yunnan Academy
of Agricultural Sciences. They have done a good job handling
the logistics for the workshop.
Maize is an important food and forage crop in Asia. In
recent years, great progress has been made in maize
production, however many problems are still confronting us.
Compared with developed countries, maize yield in the Asian
countries is still pretty low, but there is great potential
for development. In order to improve the current status, we
must not only improve the production conditions, make full
use of our natural resources and adopt economic, technical
and administrative measures, but we also should develop the
international cooperation. What I'd like to emphasize here
is that CIMMYT has already played an important role in
promoting exchange of maize breeding and production
technology among the different countries in the region.
In recent years, our country introduced some improved
CIMMYT populations such as 'Tuxpeno l' and the Thai variety
'Suwan' which have achieved gratifying success and
profitable contributions to maize production of our country.
In China, the acreage of maize is about eighteen
million ha, 70% of which is planted with hybrids with an
average yield of 4 tjha. In maize production,the problems we
have met are qUite similar to the other countries in Asia.

1/ Vice President,
Chinese Academy of Agricultural
Sciences, Beijing, People's Republic of China.
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I would like to take this opportunity to welcome again
the maize scientists of all countries to cooperate with the
Chinese scientists as to promote the world maize production.
Finally,

I

wish

the

workshop

you.
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a

great

success.

Thank

WELCOME ADDRESS

Bao Yongkang

1/

Hon. Mr. Cantrell, Director of Maize Program, CIMMYT .
Hon. Mr . Liang Keyong, Vice President of CAAS,
Ladies and Gentlemen,
Today the Third Asian Regional Maize Workshop is about
to be opened. On behalf of the People's Government of Yunnan
Province, I'd like to extent to the maize specialists from
CIMMYT, Bangladesh, India, Indonesia, Malaysia, Pakistan,
Philippines, Sri Lanka, Thailand, Vietnam and Brazil our
warmest welcome and congratulations for participating in
this workshop.
This is the first time for an Asian Regional Maize
Workshop to be held in Kunming, or in China. This shows that
China has made much progress in exchange
of agricultural
sciences and technology wi th CIMMYT and other As ian
countries.
As you know, our country is still in the process of
reforming and opening to the outside. This is China's firm
policy and I am sure the Third Asian Regional Maize Workshop
will enhance mutual understanding and friendship among the
agricultural sectors of the maize growing countries in Asia.
Yunnan is a mountainous province, and maize is the
second most widespread cuI tivated crop. The annual maize
acreage is about one million ha, covering one-third of the
cultivated area. Due to the mountainous conditions, maize
yield varies greatly in different regions of the province.
About 15% area yields over 400 j in per mu, and about 35%
area ,200-400 jin per mu. The average maize yield in Yunnan
ranges from 350 to 380 jin per mu. Such an output is rather
low, but we also have record yields of maize of 2048 jin per
mu. This proves Yunnan has great potential for maize
production.
In striving to increase maize production in Yunnan we
are popularizing elite maize hybrids and developing improved
populations suitable for local conditions in Yunnan. We are
also carrying out cultural and technical improvements in the
production of the crop.
It's my sincere hope that all of you, maize specialists
attending this workshop will give us your comments and

1/ Vice Governor, People's Government of Yunnan Province,
People's Republic of China.
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suggestions so that we might further
research work in the coming years.

improve

our

maize

Again, my heartiest congratulations on the complete
Thank
success of the Third Asian Regional Maize Workshop.
you.
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WELCOME ADDRESS
1/

Qian Weide 

Ladies and Gentlemen,
On behalf of the Yunnan Academy of Agricul tural
Sciences, I would like to extend a warm welcome to the
participants from CIMMYT, CAAS and the specialists from
other Asian countries attending this 'Third Asian Regional
Maize workshop' sponsored by CIMMYT and CAAS, which opens
today in Kunming.
Yunnan is a mountainous province with a feature of
vertical agriculture. Maize is distributed from 100 to 3000
meters above sea level. Such an ecological environment makes
Yunnan rich in local germplasm. Maize plays an important
role in crop production in the province with a sown acreage
covering one-third of the cultivated land. In order to
improve maize yields, we have recently introduced a number
of research and extension priorities. Our breeding program
has developed elite hybrids which have spread to 5 million
chinese mu. These include single, double and triple cross
hybrids. Progress has also been made in improving open
pollinated
varieties.
Improved
maize
populations
introduced from CIMMYT have shown good performance in
Yunnan. Among them 'Mobai 94' and 'Ying Quin 80' have been
popularized and cover more than one million chinese mu.
These varieties are distinguished for their
high yield,
disease resistance and good quality. Improved varieties from
CIMMYT have constantly shown yield increases 20% higher than
local varieties and are readily accepted by farmers.
In agronomy, we have obtained significant achievements
with
maize
based
multiple
cropping
system,
maize
transplanting, water conservation and heat retention
techniques by covering plantings with plastic film, etc. We
have recently started an exploratory project where
standardized maize management systems have been developed
and recommended to farmers. The technical strategy is to
incorporate appropriate techniques against environmental
stress, high yielding hybrids and improved varieties in a
multicropping system. We believe this will promote to some
extent maize production in Yunnan.
Here, I I d like to extend our thanks to Drs. De Leon,
Wedderburn and Granados from CIMMYT for their visits and
inputs to our maize program and for providing us with large

1/ Vice President, Yunnan Academy of Agricultural Sciences,
Kunming, Yunnan. People's Republic of China.
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quantities of superior germplasm from CIMMYT.
for their fruitful work in our province.

Thanks again

I'm sure that through this workshop the exchange of
ideas on science and technology among Yunnan, CIMMYT
and
Asian countries will definitely be strengthened. We
sincerely welcome all maize specialists from different parts
of the world to Yunnan. I believe that by exchanging ideas
with each other, maize production in Asian will jOintly be
enhanced.
Again, congratulations on the complete success of the
Third Asian Regional Maize Workshop.
Thank you.
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WELCOME SPEECH

Ll. Q'lng 1/
Ladies and Gentlemen, Dr. Cantrell, Drs. Granados, De Leon
and Wedderburn, Specialists, Comrades and Friends,
First,
I
would
like
to
offer
my
heartiest
congratulations on the Third Asian Regional Maize Workshop
opening in Yunnan and Guangxi, China, and express my thanks
and on behalf of all technical personnel of the Guangxi
Academy of Agricultural Sciences. We warmly welcome you to
Guangxi province.
All of you here are specialists engaged in maize
research and production coming from CIMMYT and 10 countries
in the region: Bangladesh, India, Indonesia, Malaysia,
Pakistan, Philippines, Sri Lanka, Thailand, Vietnam and
China. I am happy that we have the opportunity for
scientists from different countries in the region, to get
together in China for this Third Asian Regional Maize
Workshop sponsored by CAAS and CIMMYT.
I hope that we can
discuss issues and exchange experiences on maize scientific
research and production in tropical and subtropical zones
with special emphasis on maize population development and
improvement.
I am sure that the cooperation among us which
results from this workshop, will continue to gain strength
in the future.
In 1977, CIMMYT established cooperative relations with
the Chinese Academy of Agricultural Sciences (CAAS) .
Soon
afterwards, this cooperation through its Asian Regional
Maize Program (ARMP) was extended to cover the 4 provinces
of Guangxi, Yunnan, Guizhou and Sichuan.
In 1983, Dr.
Borlaug, the former Director of CIMMYT Wheat Program, Drs.
Renfro, Maner, Vasal and Villegas as well as Dr. Winkelman,
the present Director General of CIMMYT, visited China and
Guangxi Region to investigate the maize scientific research
and production.
From then onwards, specialists from CIMMYT
and its Asian Branch, such as Drs. Wedderburn, De Leon,
Granados and others have visited Yunnan and Guangxi
provinces, each year to investigate the status of maize
research and production. They have offered concrete
assistance and training to the programs of maize population
development and improvement to these provinces and other
regions in Southwest China. At the same time, CIMMYT has
provided us with maize germplasm resources, admitted young
maize technical personnel from China as trainees in Mexico
free of charge, invited Chinese specialists to visit the

1/ President,
Guangxi Academy of Agricultural Sciences,
Nanning, Guangxi. People's Republic of China.
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maize program in Mexico and Thailand and to attend their
international conferences for academic exchanges on maize.
And now this Third Asian Regional Maize Workshop is being
held in Kunming and Nanning.
All these events have shown
that CIMMYT and its Asian Regional Maize Program have paid
great attention, and given strong support to the work of
maize production and improvement in China.
I wish to take
this opportunity to express our great appreciation for this
cooperation.
Now let me give some brief
maize production in Guangxi.

information

relating

to

Guangxi Zhuang Autonomous Region is situated in the
south of China. It has a total land area of over 236
thousand square kilometers.
Guangxi is a region inhabited
by Han nationality and 11 minority groups consisting of
Zhuang, Yao, Miao, Tong, Melao, Maonan, Hues, etc., with a
total population of 40 millions.
Its geographical position is situated between 20 S4 to
26 20 North latitude, and 104 29 to 112 04 East longitude.
Annual mean temperature ranges from 17C - 22C. The lowest
mean temperature is about SC in January, and the highest is
37C - 38C in June to July.
It has a subtropical climate and abundant rains with an
annual mean rainfall of between 12S0 - 17S0 mm. The rainy
season is from April to September. Spring drought and autumn
drought occur almost every year.
Much of Guangxi is mountainous. Out of its total area,
3S . S% is of mountainous land with an altitude of 800 - 2000
masl, 18.6% at SOO - 800 masl, and 22.1% at 2S0 -SOO masl.
In summary, 80% of the total area in Guangxi is mountainous,
10% is water and the remaining 10% is flat land. As for soil
texture, 80% is of latosolic and loessial soils.
The major crops in Guangxi are rice, maize, sugarcane,
peanut, cassava, sweet potato, jute and kenaf. There is also
extensive cultivation of tropical and subtropical fruits and
vegetables.
Maize is the second most important food crop
after rice,
and is planted twice each year from 466 - 666
thousand hectares, giving yields of 3000 to 3700 kg/ha, with
maximum yields of around 7S00 kg/ha.
It is thus clear that
maize yields differ greatly, and it is poss ible to reach
higher yield potential if improved cultural practices are
widely adopted.
In 1977, the Guangxi Maize Research Institute of the
GAAS selected and identified two cultivars, Mexican
white
(Tuxpeno 1) and Mexican White 94 (Tuxpeno PB C1S) from 76
accessions of improved materials introduced from CIMMYT.
After
successful
yield
trials
and other agronomic
experiments in maize growing areas, these maize cultivars
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rapidly disseminated. In 1979, there were 466 ha of yield
trials which gave good results.
The yields ranged from 375
1200 kg/ha higher than those of the local traditional
varieties. These new varieties were widely adopted by
farmers. In 1980, the maize area planted to these two
varieties was extended to 2800 ha, and up to date covers
over 67 thousand ha (=1 million mu).
In recent years, in order to maximize the hybrid seed
production and to reduce the costs of its production, we
have set particular emphasis on top cross and three-way
cross hybrids. The
recommended top cross hybrids are Gui
Ding and Nan Ding cultivars. One of the parents of Gui Ding
cuI ti vars is the inbred Mex. Yellow 9 (Amarillo Dentado 
2). The female parent of the Nan Ding cultivar is Nan Xiao 8
which is an inbred line Nan 60-1 selected from H508 obtained
from Mexico in the
1970' s. This is crossed to the
population Mex. White 94 (Tuxpeno PE CiS), or Mex. White 1.
These above mentioned facts clearly show that CIMMYT
and its Asian branch have rendered
great assistance to
Guangxi and other provinces to develop new varieties and
increase the yields of maize.
Ladies and Gentlemen, the Third Asian Regional Maize
Workshop is now proceeding smoothly.
It is my honest
believe that through our efforts, this conference will be of
great benefit and will achieve complete success.
Finally, I hope all of you, our Honorable guests, have
a good time in Guangxi.
Thank you.
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RECENT DEVELOPMENTS IN THE CIMMYT MAIZE PROGRAM

R. P. cantrell

1/

The purpose of this paper is to give an overview of
the CIMMYT Maize Program and against that background to ex
plain some new developments, primarily in our germplasm im
provement work.
The overall objective of the Maize Program
is to provide national agricultural research programs with
various goods and services that assist them in improving the
efficiency of maize research and production in their
countries.
Products and Services of the Maize Program

Our primary products are germplasm, which are by and
large intermediate materials adapted to broad maize-growing
environments (mega-envi ronments). As such, our germplasm is
generally intended to be adopted into the breeding nurseries
of national maize programs, which may subject it to further
selection and use it in various ways to develop final pro
ducts for farmers.
To assist both in that work and other
research (particularly on crop management), we provide
several types of training, regularly consult with national
program scientists on many aspects of their research, and in
connection with all of our activities distribute informa
tion.
Nearly half of Maize Program staff are stationed at
our headquarters in Mexico and the other half at eight loca
tions in developing countries, with the great majority of
the latter group working in regional programs and the rest
in bilateral projects (we refer to these two types of posts
collectively as "outreach"). At headquarters our main acti
vi ties are germplasm development and training, while staff
at the other locations are engaged in a whole range of acti
vities. All of our outreach staff provide national programs
with research consultation and training, and some are res
ponsible for special components of our maize breeding pro
gram as well.
At Bangkok, for example, our regional maize
specialists conduct breeding and research on downy mildew,
in addition to other work aimed at providing direct support
to national programs (see figure).
New Products and Approaches

The approach outlined above has served CIMMYT and its
clients well over the years.
Nevertheless, the circum

1/

Director, CIMMYT Maize Program.
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stances of our clients are changing, and new opportunities
are arising in science for conducting research more effi
ciently.
In order for its products and services to continue
being relevc3.nt to national programs, CIMMYT therefore has to
moni tor such developments closely and adjust its programs
accordingly.
For the last year and a half or so, center staff have
been engaged in a process called strategic planning, whose
purpose is to anticipate change in our working environment
(that is, in science, among our clients, and in other perti
nent areas), to decide upon appropriate adjustments to these
changes, and to develop strategies for carrying the adjust
ments to completion.
The process is not yet complete, and,
rather than explain it in detail, I will just give a few ex
amples of its results.
Two key conclusions we have reached
are that 1) the research capacity of national programs will
steadily increase over the next 15 years and
2) develop
ments in biotechnology research will offer new options for
increasing the efficiency of germplasm development. Although
it is probably not necessary that CIMMYT become a leader in
biotechnology research, we should try to influence and take
advantage of this work in various ways:
1) by using techni
ques developed through biotechnology research in our own
breeding program,
2) by making the techniques and training
in their use widely available to national programs, and
3)
by stimulating biotechnology research in areas that are es
pecially relevant to developing countries.
CIMMYT is already taking steps to become involved in
biotechnology research, but the impact of this activity on
national programs will not be felt for some years.
Other
more modest adjustments have already been made in the Maize
Program, however, whose effects will become evident much
sooner.
As with our plans for biotechnology, these adjust
ments assume positive views about the past and future devel
opment of national programs and are based on our assessment
of developing country needs.
The changes I am referring to are of two types: some
involve the development of new germplasm products, while
others are aimed at improving the precision and efficiency
with which we generate and deliver the germplasm.
But even
with those changes, our breeding program will not be radi
cally different from in the past.
It will still be based
largely on population improvement through recurrent selec
tion and on the formation of experimental varieties.
Hybrid maize-Within the fundamental continuity of the
Maize Program, however, important changes are apparent, none
being more conspicuous than the presence of row upon uniform
row of inbred lines at our experiment stations in Mexico.
Three years after the establishment of our hybrid program,
it still strikes us as odd to see plots of inbreds and
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hybrids among our pools, populations, and experimental va
rieties.
We are hopeful that this research will generate
much useful information and germplasm that can help national
programs reach their own objectives in hybrid development
more efficiently.
Wi th that goal in mind, staff of the hybrid program
are currently engaged in four main lines of work.
First,
they are conducting studies of the heterotic patterns and
combining ability of germplasm already available at CIMMYT
to give clients a better idea as to how they can employ this
material in their hybrid programs. A second objective is to
develop material that has tolerance to inbreeding, a trait
in which tropical and subtropical materials are generally
deficient.
The improvement program now underway should sub
stantially increase the probabili ty that breeders in
national programs will be able to extract superior inbred
lines from our pools and populations. The third category of
work is the development of tester lines, of which there is
an abundant supply in the temperate germplasm, but not among
tropical and subtropical materials .
Finally, we are developing both conventional and non
conventional hybrids, and for various reasons are giving
particular emphasis to the latter. Perhaps the most compel
ling argument in favor of them is that they facilitate seed
production, primarily because of the greater seed yield of
the noninbred female parent.
Another consideration is that
in some environments you will observe little or no dif
ference in yield between the conventional and nonconven
tional hybrids.
For example, where the average yield of
open-pollinated varieties (OPVs) is about 3 tjha (which is
fairly typical for developing countries with hybrid maize
programs), a variety cross, for example, will yield just
about as well as a single cross .
That being the case, it
makes sense to opt for the nonconventional hybrid.
You can
achieve the same yield increase over the open-pollinated va
rieties as you would with conventional hybrids, and you gain
the additional advantage of easier seed production.
Seed
industries that are doing an adequate job of producing seed
of OPVs may not be prepared to handle single crosses, but
they might be able to achieve the less dramatic shift into
production of nonconventional hybrids.
Thus, we view these
types of hybrids as a means of encouraging stepwise progress
both in maize producti vi ty and in the development of seed
production capacity.
Special-purpose germplasm-Another group of new pro
ducts being developed by the Maize Program consists of
special-purpose pools, some of which may subsequently be
handled as special-purpose populations .
These are agrono
mically acceptable germplasm complexes in which we are pyra
miding genes for resistance to biotic stresses or tolerance
to biotic stresses. Examples are the multiple-borer-resist
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ant (MBR) population developed by our entomology unit and
the several drought - tolerant pools currently being handled
by the physiology unit.
The purpose of these materials is
to provide maize breeders in developing countries and in our
own improvement program with new sources of important traits
that can be incorporated into elite materials .
While com
mitting a growing share of our resources to special-purpose
germplasm, we will continue to develop and improve a wide
range of general-purpose pools, which are essentially the
same type as those handled by the CIMMYT Maize Program in
the past.
The increased emphasis on special-purpose materials
further confirms the Maize Program in its role as a supplier
of intermediate germplasm products.
National programs may
employ these directly as final products or make further re
finements in them for subsequent development of final pro
ducts. No doubt, both uses of our materials will remain im
portant.
But as the breeding capacities of national pro
grams continue to improve, we expect them to view germplasm
from CIMMYT increasingly as intermediate products, one or
more steps removed from varieties or hybrids ready for re
lease to farmers.
That is our chief justification for con
centrating more on special-purpose populations, whose
handling places heavier demands on plant breeders .
Delineation of maize mega-environments-As the Maize
Program broadens its array of products through efforts like
those described above, it will be essential that staff have
fairly detailed information about germplasm requirements in
particular developing countries and in the Third World as a
whole. For that purpose we have initiated a study, in which
many of you have participated, that is aimed at delineating
and characterizing the principal maize mega-environments .

Though only in recent years have we come to employ the
term mega-environment, use of the concept dates back to the
early 1970s.
By then Maize Program staff had formed a
general idea of the main germplasm types required in devel
oping countries and defined each by a different combination
of key germplasm traits, namely cl i matic adaptation, maturi 
ty, and grain color and texture.
The various combinations
(tropical, late, white dent, for example) constituted
general characterizations of the various mega-environments.
Our current mega-environments study has gone beyond
those general definitions to include estimates of the extent
of the mega-environments and approximations of the severity
of the biotic and abiotic stresses prevalent in each of
them.
The information gathered by our regional maize
specialists has been compiled by our international maize
testing program in the form of country maps and tables.
We
now have responses from nearly all of the 64 countries in
the study and are starting to delineate global patterns in
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the mega-environments data.
So far, it appears that we are
dealing with something between 15 and 25 mega-environments
worldwide.
The primary use of the study results will be to esta
blish a basis for assigning priorities in our breeding pro
gram, with the needs and problems of the more ext ens i ve
mega-environments receiving greater emphasis.
For example,
judging from the information we have so far, it appears that
about 10% of our resources need to be committed to highland
maize and that almost all of this expenditure should be
directed toward Latin America . But while helping us to re
solve some questions of resource allocation, the mega-envi
ronments data have made it apparent how difficult it will be
to settle others. The information we have about the subtro
pical environments, for example, does suggest that 20-30% of
our resources should be allocated to them (compared with 60
70% for the lowland tropics), but the data also underscore
the diversity and complexity of the various subtropical en
vironments, which include a wide range of diseases and in
sects and vary markedly in the conditions that affect varie
tal adaptation. Clearly, we will need to do much additional
work to refine and update our current descriptions of the
mega-environments.
Modifications in germplasm development, improvement, and
delivery-In considering new types of products needed by
national programs and in trying to establish a firm basis
for allocating resources among product categories, the
CIMMYT Maize Program has also given much thought to ways in
which it can improve its systems for developing and improv
ing germplasm and for delivering it to national programs.
Modifications in the germplasm development and improvement
system became particularly pressing as we recognized the
need to develop new germplasm complexes, including the
special-purpose materials mentioned above.
We obviously
could not permit indefinite expansion in the collection of
populations being handled by the Maize Program, which gener
ally number a little more than 20.
So, we adopted an
approach in which new germplasm complexes are continuously
generated and replace comparable materials already in the
improvement system if and when the former are shown to be
superior.

Take the case of Population 28, which is popular in
the Asian region.
We could continue improving it for
another three or four cycles (10-12 years), or we could em
ploy the same resources to develop a new population that
might be as good or better.
In finding a replacement for
Population 28, we would not necessarily start from scratch
with germplasm bank accessions but would make new combina
tions that would include some new germplasm as well as older
materials with which national program breeders are already
familiar.
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The new complexes would fall into one of two catego
ries: special-purpose and general-purpose pools.
The
latter, as mentioned above, are essentially the same type of
pool that has always been available from the Maize Program.
Previously, the most common function of these pools was to
provide a source of families for introgression into advanced
populations, although some entire pools did come to be
handled as populations.
In the future, however, the
exception will become the rule. All general-purpose as well
as special-purpose pools that show superior performance will
become populations in their own right, replacing previous
materials.
Those populations will be fed into our germplasm dis
tribution system, where they will remain available to
national programs for a few cycles, until demand for them
subsides and they can be replaced by other germplasm com
plexes that are as good or better.
We will no longer have
populations that remain in the improvement and distribution
system for 20 years or more continually undergoing selec
tion.
Rather, there will be a more rapid flow of popula
tions in and out of the system, with none remaining for more
than three or four cycles.
In addition to increasing the f low of new germplasm
complexes, we will make a sharper distinction between their
improvement and their distribution to national programs. As
it currently operates, the international testing system has
two components:
1) international progeny testing, inte
grated with our program of recurrent selection in the popu
lations, and
2) variety testing.
Nearly all of you have
participated in this testing network and have benefited from
it.
But we are convinced that to make sure you
continued
deriving benefits, we must seek more efficient
procedures
for recurrent selection that are independent of our
germplasm delivery system.
In the future, therefore, most of the improvement that
a population undergoes through recurrent selection will take
place, not in connection with the International Progeny
Testing Trials (IPTTs), but during cycl~s preceding the en
try of a population into the maize distribution and testing
system.
This improvement will involve progeny testing con
ducted a few selected sites, mostly in Mexico, and not at
the numerous and widely dispersed locations for which
national programs request IPTTs.
We will continue to offer
IPTTs but will view them primarily as a mechanism for dis
tributing germplasm.
Once a population has undergone im
provement and is ready for distribution to national pro
grams, it will be considered closed, which is to say that we
will not be infusing any more germplasm into the population
during each cycle of testing.
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Conclusion

The development of new products and accompanying ad
justments in our gerrnplasm development, improvement, and
distribution system will place many new demands on the Maize
Program. The more rapid flow of germplasm in and out of the
improvement system, for example, will require particularly
careful decision making both about the performance of the
germplasm and the demand for it in national programs. More
over, we must always bear in mind that our clients vary in
their needs and capacities, and we must therefore proceed
somewhat cautiously in the development of new products, such
as special-purpose pools, nonconventional hybrids, and so
forth.
The Maize Program must not put itself in the posi
tion of catering only to the most advanced national programs
(the primary beneficiaries of some of the new products) and
will avoid doing so by several means. One will be to conti
nue developing general-purpose pools and ample quantities of
experimental varieties, which in some cases can be released
to farmers after a minimum of adjustment and evaluation .
Another will be to maintain our already strong commitment to
the development of national programs, so that as many as
possible can take advantage of new opportunities for provid
ing superior products to developing country farmers.
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MAIZE PRODUCTION IN BANGLADESH

Syed Ali Hussain
INTRODUCTION

Although maize has been grown in Bangladesh for many
years, it is still a minor crop in the country. The people
of Bangladesh are traditionally rice eaters, and only
recently wheat is also being incorporated to Bangladeshian
diet and is being consumed in limited quantities. However,
production of these two crops is not large enough to satisfy
the cereal needs of more than 105 million people. At present
the country imports about 1.5 million tons of food grain
annually. Increased maize production can play an important
role in solving the food requirements of Bangladesh.
Feasibility of Growing maize

(a) Adaptability : Bangladesh lies between 20 and 26 N
latitude with a mostly flat topography except for some areas
in the east where few hills and hillocks exist. Soils are
mainly loamy with a PH ranging from 5.5 to 7.0. The average
minimum and maximum temperatures are 12 C and 29 C
respectively. Rainfall is high in the summer and negligible
in the winter. In the summer when rainfall is at its peak
adequate drainage is needed to avoid wate r damage to the
crop. During winter maize plants survive on residual
moisture from the deep soil profile. Therefore, from an
agro-edaphic point of view it appears that maize can be
grown successfully throughout the country both in summer and
in the winter season. Research results obtained from
different on-station and on-farm trials conducted throughout
the country indicate that maize is widely adapted in
Bangladesh and that can produce very good yields.
6

(b) Crop attributes : Maize can play an important role
in Bangladesh for the following reasons :
1.

High yield potential

2.

High energy index

3.

Excellent cereal food for its high carbohydrate,
protein, vitamin and fat content

4.

Multiple use as human food, animal feed and

fodder,

Program Leader (Maize) Bangladesh Agricultural Research
Institute. Joydebpur, Bangladesh.

27

fuel, edible oil,
products

starch and other industrial by

5.

Photo-insensitivity

6.

Wide adaptability

7.

Suitable as a host crop in intercropping and mixed
cropping.

(c) Economic viability
Various studies have shown
that cultivation of maize is profitable. The profit ranges
from 100-300 percent depending on the location in which the
crop is grown. The profit is high when maize is harvested
and sold as green cobs. At the present level of production
and demand for green
cobs
maize is proving to be an
extremely profitable crop. If maize cultivation is expanded
to a level where demand for green cobs
is satisfied, it
will be necessary to find an alternate market for maize
grain or profits will be seriously affected.
The possible returns from maize as compared to other
crops have also been found to be competitive. In Bangladesh,
the average yields of rice and wheat are around 2 tons per
hectare. Studies made by organizations such as Bangladesh
Agricultural Research Institute, Canadian Agricultural
Sector Team, and Agricultural Development Council indicates
that average yield of maize in Bangladesh can be more than 4
tonsjha. This means that maize can effectively compete with
the other major crops if an assured market can be found and
the present pricing system can be maintained. A survey made
by the Canadian Agriculture Sector Team in 1984 revealed
that maize was highly prof i table with net returns higher
than that of the other major winter crops and aus (early
summer) rice. (Table 1)
AREA AND PRODUCTION :

It has been reported that the total area and production
of maize has being declining, since the late 1970's.
(Table
2). However, as most of the crop is presently consumed as
green cobs these statistics could be misleading, there are
baSically no reliable estimates on maize acreages and
production. The
estimated area may range from 2,000 to
8,000 hectares, while production could be from 4,000 tons to
15,000 tons of grains. At present, maize is grown in eleven
districts but the major growing area (about 95%) are in the
districts of Rangama ti, Bandorbon, Jessore, Dina jpur,
Rajshahi and Rangpur.
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Table 1. Average net returns/ha for maize and other crops.

Average net return/ha
(Taka)

Crop

Maize (market price)

16658
10/20
9542

Potato

19995

Boro (winter rice)

8208

Aus (early summer rice)

1240

Mustard

6266

Lentil

4372

Wheat

3431
At 20% of the current procurement price for wheat.
At 30% of the current procurement price for wheat.

Source: Canadian Agriculture Sector Team Surveys, 1984. Per
hectare net return from maize was higher than from boro
(winter rice), mustard, lentil, wheat and aus (early summer
rice) .
UTILIZATION

About 70-80% of the maize produced in the country is
consumed as green cobs. The green cobs are generally roasted
or boiled and consumed as a snack rather than as a part of
regular meal. Maize grain is consumed in different forms,
usually popped or fried. In some areas in the North, maize
flour is blended with wheat flour (3:1 ratio) and is taken
as flat bread (chapati). Maize grits are also
eaten
sometimes by low-income groups. The grits are mixed with
coarse rice before cooking. a small quantity of grain is
used as animal feed in the livestock and poultry industries.
Green leaves, sterns and stalks are used as fodder.
Dried
stems, stalks and shelled cobs are used as fuel.
MARKETING OF MAIZE :

To date no marketing system for maize has being
developed in the country. Around the cities, maize is
available mostly as green cobs but fried or popped maize is
also sold in small quantities. Currently although maize has
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potential demand for industrial use and as animal feed,
farmers are very reluctant to expand the area of maize due
to absence of an assured market.
Table 2. Area, production and yield of maize in Bangladesh.
1978-87 (frclm Bangladesh Bureau of statistics).

Production(tons)

Yield(kgjha)

Year

Area(ha)

1978-79

2215

1770

799

1979-80

2005

1456

726

1980-81

1926

1377

715

1981-82

1841

1343

729

1982-83

1588

1192

751

1983-84

1229

963

784

1984-85

1215

1000

817

1985-86

1201

1038

852

1986-87

930

721

775

1987-88 target 2834

11,880

4,191

Department of Agricultural Extension (DAE) .

DEMAND OF MAIZE :

The present demand for maize in the country as
estimated by different sources ranges from 43,000 to 127,000
tons. With the increase of population and changing food
habit, the demand for maize is likely to increase. If 10-20
% of the wheat" and rice consumed, is substituted for maize
the demand for maize would be about 400,000 to 1.5 million
tons. Potential demand for maize as animal feed and fodder,
and industrial by-products also exists in the country. The
total potential demand for maize during the period 1987-2000
as estimated by T.G. Hart (1986), and Islam and Kaul (1986)
is shown in Table 3.
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Table 3. Potential demand for maize in tons.

1987
Hart's estirrtate
Islam &Kaul's
estimate.

1995

2000

127,800

159,750

591,800

43,700

59,000

1,432,000

PLACE IN FARMING SYSTEM :
(a) Land availability
Land is a scarce resource in
Bangladesh. Nearly 88% of the total cultivable land is under
three major crops rice, wheat and jute. But different
studies indicate that vast area of land could be utilized
for maize cultivation.
Type

Area available

a) Flood-prone plain land during
winter receding water
(October through November)

0.5 million hectare.

b) Upland aus (early summer rice)
area

0.5 million hectare.

c) Cultivatable fallow land in winter

0.7 million hectare.

d) Govt. khas (waste) land

0.5 million hectare.
2.2 million hectare.

Total :

(b) Cropping pattern
Several combinations of maize
with other crops are possible in the cropping patterns used
in Bangladesh. Some of these cropping patterns are as
follows :
Target area
Flood-prone area

Crop combination
Maize (grain) - Deep water
Aman (rice).

Maize (Green-cobs) - HYV Boro
rice.
Winter fallow

Maize - T.Aman(rice) - potato.
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Oil seeds - Maize - T.Aman
Maize

Aus

rice/T.aman

rice/Jute.
Aus replaced area
seeds.
Govt. Khas (waste) land

Maize - T.Aman - Pulses/Oil
Maize - T.Aman.
Winter
rice.

Hilly areas

vegetables-Maize-Aman

Maize - summer rice/Sesame.
Winter vegetables - Maize.

In addition, maize can be grown successfully, inter
cropped with summer and winter pulses, peanut, mustard and
chilies.
RESEARCH AND DEVELOPMENT :

In the past strong support and concerted attention has
not been given to maize research and development. However,
in recent years the Bangladesh Agricultural Research
Insti tute (BARI) has undertaken an active research program
for the development of maize in the country. The present
strategy is to develop and utilize composite varieties.
BARI,
in
co-operation
wi th
CIMMYT,
has
conducted
experimental variety trials since 1975. Thirty seven
experimental variety trials (EVTS) and elite variety trials
(ELVTS) have been evaluated over the years. As a result of
this a wide range of CIMMYT germplasm have been tested under
different agro-climatic conditions, and outstanding entries
such as Alajuela 7725, La Maquina 7827, Pirsabak 8146,
Guaira 8045, Rattray Arnold(l) 8149, have been selected. In
addition composites namely Sadaf and Amber pop, previously
received from other regional and international programs have
been selected. These selected composites have been further
improved through a half-sib recurrent selection program.
The improved composites and selected varieties have
been tested in multilocation yield trials for a two
consecutive years, and based on their performance, the
varieties Sadaf and Alajuela 7725 were released in 1986 by
the National Seed Board (NSB) for commercial cultivation.
These varieties have been given the popular names of
'Barnali' and 'Shuvra' respectively. The variety La Maquina
7827 has also been recommended to the NSB this year for
release as a commercial dual purpose (both grain and fodder)
variety.
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In field trials under good management conditions, the
yield of these varieties ranges from 4 to 5 ton/ha in the
summer season and 6 to 9 ton/ha in winter. The maturity
period of these varieties ranges from 95-105 days in summer
and 130-145 days in winter.
The composite Amber pop was also released by the NSB in
1986 as a commercial pop corn variety with the name
'Khoibhutta'. The variety under good management has a yield
potential of 3 ton/ha in summer and 4 ton/ha in winter. It
matures in 90-100 days in summer and 125-130 days in winter,
and has a 90-95% popping capacity.
Research
on
crop
management,
crop
nutri tion,
intercropping, water management, insect pest, disease and
socio-economic aspects have also been carried out.
Fertilizer rates of 120-80-40 kg of N, P, K/ha has been
found suitable for good yield in most areas. Sowing in
October-November during winter and March to mid-April in
summer gives highest yie lds. In intercropping tr ials ,
mungbean, lentil, chickpea, mustard, peanut and chili have
been found to grow successfully in association with maize.
Pest management studies revealed that there are no serious
diseases of the crop. Limited damage occur due to
Helminthosporium leaf bligh and Curvularia leaf spot.
Aphids, corn earworm and stem borers are occasional minor
problems.
Some research work in maize improvement is also being
carried out by Bangladesh Agricultural University.
SEED PRODUCTION

Bangladesh Agricultural Development Corporation (BADC)
is involved in seed production and distribution. In the past
two years, BARI produced and supplied to BADC more than half
a ton of breeder's seeds of the three released varieties.
BADC produces foundation and certified seed and has
distributed almost 30 tons to farmers through the Department
of Agricultural Extension (DAE).
CONSTRAINTS TO MAIZE PRODUCTION :

The major constraints to maize production in Bangladesh
are (i) lack of a firm and effective policy to promote
production and encourage consumption,
(ii)
lack of
procurement price program for maize that would encourage
farmers to expand production, (iii) lack of an adequate
technology in production and utilization,
(iv) seed
shortages, (v) lack of processing and storing facilities.
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CONCLUSION :

Bangladesh is a food deficit country. At the same time
the livestock industry is also short of feed and fodder. The
importation of starch products requires expenditure of large
amounts of foreign exchange. In this context, maize can play
a vital role in the country's economy if its potential can
be explored and utilized. Maize has a wide agro-climatic
adaptability, high yield potential and can be used as food,
feed, fodder, fuel and industrial use. Maize grows well in
Bangladesh, and there is great scope for increasing maize
production. But there are many constraints that have
inhibited maize production over years. It is often mentioned
that maize would be the third major cereal crop of the
country and in late 1985 the Ministry of Agriculture took a
posi ti ve step by forming the National Maize Task Force to
discuss programs, progress and needed adjustments to
stimulate maize production. Some of the points suggested as
being crucial to the development of maize in Bangladesh are
mentioned below :
1. A
firm policy for pricing,
rizing maize in the country.

marketing and popula

2.
Introduction of small quantities of maize flour and
maize grits into the country-wide govt. rationing system and
the 'food for work' program.
3. Start educational program on the value of the maize
as food and its preparation and consumption.
4. Expand and intensify the current efforts in
maize
research to develop suitable varieties and appropriate pro
duction technologies.
5. Train the necessary extent ion
smooth technology transfer to farmers.
6.

agents

to

enable

a

Maintain an adequate seed supply.

7. Strengthen promotional acti vi ties through country
wide maize demonstration trials in farmer's fields and hold
farmers rallies in different areas of the country.
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Questions to

Syed Ali Hussain

From

Subandi

Q.
You mentioned that the potential exists for both land
and yield, but no market is available. Markets depends on
demand and demand depends on utilization. Only a small
percentage of maize is used as grain for food and feed. Is
there a government plan to increase production by promoting
utilization ?
A.
There is no specific program but a 'National workshop
on maize production and utilization' was held in 1985.
Recommendations were made to promote utilization of maize.
Sometimes farmer rallies and demonstrations are held at
different sites in the country to promote utilization of
maize.
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HYBRID MAIZE BREEDING IN CHINA
Li Jingxiong

Before going into the topic of hybrid maize, I will
touch briefly on the status of maize distribution and pro
duction in China.
Distribution and production

Maize is produced in China in a
territory stretching
from the northeastern plain area and passing through north
China down to the hilly-mountainous region of the southwest.
It is inadequate to use the term 'corn belt' for our
condition, since maize is grown here in a wide variety of
non-homogenous environments covering nearly 30 North
Latitude. Five maize regions are delineated and designated
in geographical terms. The Northeastern region includes 4
maize producing provinces covering 28.8% of the nation's
maize acreage (5.525 million ha of the overall 19.12 million
ha according to the statistics of 1986). The north china
region includes 7 provinces and municipalities which cover
41.3% of the total maize area or 7.9 million ha. The
southwest region has 21.8% or 4.17 million ha of the
nation's total maize area. The other two regions, i.e.
northwest and southeast region, have only 3.47 % and 4.08 %
respectively.
We have two groups of maize characterized by their time
of planting, spring maize and summer maize. In some locali
ties they may be distinctly separated, while in others they
are somewhat overlapping. Spring maize is usually grown in
regions with a single cropping pattern. Its planting date
may vary with latitudes and altitudes as shown by the 10 day
interval lines on the map. In normal years it may be planted
as late as May 11 in the far north. Moving southwards, the
isodate line of April 21 at the vicinity of Beijing may
serve as the overlapping region that separates spring maize
from the summer maize.
The critical date for planting summer maize near Bei
jing is around June 21, and this date gets earlier as you
move southwards. There is some sort of timing effect asso
ciated with both wheat and maize cultures in such extensive
ly double cropping region.
Synonym Ching-Hsiung Li, researcher, Institute of Crop
Breeding and Cultivation, Chinese Academy of Agricultural
Sciences, Beijing, China.
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In addition to the sequential planting of maize, there
is another method of interplanting summer maize in between
rows in fields of mature wheat. Under such systems, maize is
usually planted 10-15 days before wheat harvest which is
actually earlier than the date recommended for sequential
planting.
There are no basic differences between hybrids used
for spring and summer maize planting except in their maturi
ty. In fact, maize hybrids can be interchangeably used
between regions, or even zones. However, those originally
grown in the extremely north may be too early and too low
yielding when moved to the south, while those in the south
are not well adapted in the north.
Those who attended the Jarkata Workshop in 1986 might
recall a yield of 73.3 million tons of maize was achieved in
1984. Since then, the production of maize and other cereal
grains have declined due to weather conditions, economic
policies and less inputs by farmers. An increase of 6.45
million tons of total maize in 1987 is probably due to the
expansion of 1.94 million ha as the average yield for 1987
is still lower than in 1984 (Table 1).
The production figures for 1962 are included in the
table for comparison, as we had released the first double
cross hybrids that year. We can see an annual increase of 4
% over the 25 years period with an average yield increase of
105 kg/ha/year. Although, it would be misleading to say that
all this increase in production is attributable to hybrid
maize. We have roughly estimated that at least 35 % of the
increase was due to genetic input .
Hybrid maize breeding

As a witness to the history of hybrid maize development
in China, I will try to describe the goals of the maize
breeding program which were not really planned at the begin
ning.
The goals were to obtain uniformity, disease resist
ance adaptability, determine population density and improve
seed quality. These can be elaborated as follows .
Plant uniformity in combination with shorter stature
as exhibited by the double crosses developed in the later
50' s were very much appreciated by the farmers who had
previously grow varietal cross hybrids or open-pollinated
varieties. By the end of 60's, people became aware that more
uniform single cross hybrids were out yielding the double
crosses.
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Table 1
Year

Maize hectarage
(million ha.)

Yield
(t/ha)

1962

12.82

1. 26

16.26

1983

18.82

3.62

68.21

1984

18.53

3.96

73.35

1985

17.69

3.61

63.82

1986

19.12

3.70

70.85

1987

20.47

3.90

79.80

Total output
(million tons)

The epidemics of northern leaf blight (NLB) in 1966
wiped out the local double cross hybrids as well as the
imported hybrids. Since then, susceptible inbreeds such as
WF9, 38-11, W20 and many others derived from local varieties
were given up. In the meantime, single cross hybrids were
developed which had the component lines with good resistance
to NLB. However in the dry cold regions, these were often
heavily infected by head smut in maize field where rotations
are not practiced. To date, we have no source resistance to
this disease. We are also facing the threat of the stalk
rots usually manifested by premature drying of the plant.
The hybrid Danyu 13 developed in Liaoning would become more
popular if its yield potential was not overshadowed by it
susceptability to Fusarium moniliforme and pythium. A few
other diseases like maize dwarf mosaic virus (MDMV) , rough
mosaic and kernel rot are also causing damage to maize in
some areas.
Adaptability also means endurance to stress, and insen
sitivity to poor soil fertility. The hybrid Zhongdan 2 may
be cited as an example of widely adapted cultivar since it
has spread over 17 provinces.Within the period 1982-1986 it
has been planted to 1.6-2.0 million ha annually (Table 2).
Zhongdan 2 can be grown either as a spring or summer crop,
on fertile soils, and is highly resistant to northern leaf
blight (NLB), southern leaf blight (SLB) and head smut.
There are two approaches in achieving high yield for
hybrid maize, by manipulating population density. Either
smaller ears on more plants or the reverse, other conditions
remaining the same. Our farmers prefer to have bigger ears
by restricting population. Actually with the new hybrids,
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plant density has been increased around 50% over the last 20
years. In most cases, soil fertil~ty may be the most influe
ntial factor in determining proper plant population. After
one year of cooperative testing, we have found that the best
entries of Pioneer hybrids have smaller ears than the local
checks Zhongdan 2 and 14. The latter are inferior in yield
performance at higher population densities.
Table 2. Acreage planted with most popular hybrids in China
from 1982-1986 (ooo's)

Commercial Developed
1982
hybrids
by
Acreage rank
Zhongdan2
Danyu 6
Zhengdan2

CAAS
Liaoning

1602
1082

1
2

1984
Acreage rank

1986
Acreage rank

1758

1

2078

1

490

5

42

48

834

3

421

6

154

19

Luyuandan4 Shandong

696

4

306

10

164

23

Jidan 101

Jilin

490

5

752

3

660

6

Sidan 8

Jilin

180

11

785

2

1039

2

Yendan 14

Shandong

44

50

580

4

986

3

Danyu 13

Liaoning

31

62

707

4

Luyu 2

Shandong

164

19

676

5

Henan

Sources of inbred lines :

Surveys made in 1978 and 1980 revealed that a limited
number of inbreeds derived from local varieties are still in
use, but are gradually disappearing. This may be due to the
narrower base of our germplasm resources, and some undesira
ble traits which perSist in the older varieties. In the mid
50's, we had isolated hundreds of inbred lines from Golden
Queen, the u. S. dent variety brought into Shanxi in 1936.
Some of the selections lodged and were susceptible to NLB.
Thus, maize breeders had to recycle new lines from the
available hybrids. Once promising lines were found, they
were exchanged freely and used by other breeders, in order
to speed up the development and expansion of new hybrid
combination. This has lead to the overuse of a few elite
inbreeds which are repeatedly used, thus further narrowing
the genetic base of our germplasm. We had used foreign
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inbreeds to a limited extent since 1960. Some of these lines
are still in use. A notable exception is the popular line
B73 which was found to be susceptible to SLB from the very
beginning.
Table 3. Percentage and acreage of hybrids with local and
foreign inbreds in China in 1978 and 1980. (Hybrids planted
in <66,600 ha were disregarded)

Year

L x L
No. Area

%

L x F
No. Area

%

No.

x F
Area

%

F

1978

15

5.137

57.8

16

3.556

40.0

1

0.20

2.2

1980

14

5.372

60.6

14

3.339

37.7

1

0.14

1.7

L = Local inbred
F = foreign inbred

Sources of Inbreds

1. O. P. varieties Rii 28, Huobie, Dahuan 46.... 13
breds in 1980 survey used as parents of hybrids planted to
3.87 million ha. amounting to 43.7 % of all hybrids. (disre
garding <66,600ha).
2. Introduced 17 foreign inbreds constituting hybrids
with 1.91 (10 ) ha, or 21.6 % of all hybrids (same as 1) in
1978. Example Mo17, Oh43, Bup44. Egypt 205.
3. Second cycle sel. 8 lines involved in hybrids in
1986. Example
In330 (oh43 creole 67); Huantsao 4 (O.P.
progeny of inbred Sibingtaou); E28 (A619Ht x 930); Ji63
(127-32 x Ti84/W24 x W20); 5003 (Pioneer 3147).
4. Synthetics or population.
SynII-140, Liaolon 814).

Examples

517,

Wu102,

The component of hybrid combination.

Table 3 shows the extent to which foreign inbreeds were
used as component of hybrid in the surveys. We have followed
the rule of combining flint with dent types of maize in
order to obtain the maximum heterosis. The practical way to
seek maximum heterosis is to make all possible combinations
of the available inbreeds and test them under various envi
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ronments. We will have to keep on working this way as we
wait for simpler methods to be developed by the biotechnolo
gists.
statistics on hybrids.

Table 4 indicates the area and percentages of the
registered hybrid and popular hybrid released in 1982
through 1986. As reported elsewhere, 65-70 % of the total
maize growing area in China is planted to hybrid maize.
Table 4. Area and percentages of popular and registered
hybrids in China 1982-1986. (Popular Hybrids >66,600 ha).

Year
No.

Area
Million ha

1982

135

1983

Total maize
Acreage
Million ha

Popular Hybrids

Registered Hybrids

Area
Million ha

%

No.

10.89

58.84

37

8.73

47.16

18.51

138

11. 29

59.95

35

9.06

48.11

18.83

1984

141

12.37

66.78

38

10.08

54.45

18.53

1985

154

12.83

72.56

43

10.53

59.54

17.69

1986

91

12.47

65.25

35

10.79

56.48

19.12

%

Most popular maize hybrids.

A number of well known hybrids are listed in the Table
2 together with their rank in area planted in recent years.
Among these, Zhongdan 2 has been planted to a total area of
14.12 million hectares during the 11 year period 1977-1987.
A promising hybrid for the future is Danyu 13 but it still
has some adaptability problems.
Quality breeding.

Having worked on the opaque-2 material for 7-8 years
since 1974, we have been informed that the U.S. and some
Eastern European countries had discontinued their research
projects on QPM as they believe there is no possibility to
use it for feeding purpose. Facing our problems in feeds
shortages, we have decided to keep on working with opaque-2
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material. Although we have the largest swine production in
the world we have a very low per capita meat consumption
record. We are also chronically short of feed supplements
such as soybean meal which is the most probable and feasible
source of quality protein allover the country. In develo
ping soft endosperm 02 maize hybrid, we have to solve many
problems. First, it must have similar yield performance to
the best normal maize hybrid. Secondly, the opaque hybrid
should be resistant to kernel rots caused by Fusarium the
lysine content of the opaque kernel must be be significantly
higher than the normal. Feeding trials with high lysine
maize must be conducted in order to show its nutritive value
to the animal growers. A major difficulty would be the
market price that the buyer is willing to pay. Fortunately,
most of the technical problems have been solved through the
efforts of our colleagues and cooperators.
Regional test of opaque-2 hybrids have been carried out
in 1984 and 1985 in isolated fields. The normal check hyb
rids were detasseled and adjusted to their real yield. The
best hybrid Zhongdan 206 was released in 1985. To compensate
for the 3.06 % yield reduction, this opaque-Z hybrid is well
adapted at a high population density. It is smaller in
stature and earlier maturing than the normal check hybrid
Zhongdan 2. It is estimated this hybrid was planted in about
26,666 ha in 1988 (Table 5).
We have outlined the feeding results of high lysine
maize in 4 trials conducted in the country. These results
agree with those obtained in previous experiments. General
remarks are outlined as follows.
(1) Swines fed by high lysine maize have obtained 29.8
157.9% more body weight gain than those fed by normal maize
at varying protein levels of the diet.
(2) For each Kg. of body weight gained in the high lysine
maize group, the animal needs 0.71-2.29 Kg. less feeds than
the group fed on normal maize.
(3) In a diet of 70% normal maize plus 10% soybean meal, the
feeding efficiency is very close to that of 80% opaque maize
indicating an equivalent nutrition value of 10% soybean meal
to the same amount of opaque maize in the diet. Thus, it is
profitable to feed with high lysine maize when soybean meal
is not available for the animal (Table 6).
Further research work on breeding of quality protein
maize have been started with the objectives of developing
semi-hard or hard endosperm high lysine hybrids and to
incorporate high oil gene complex into the opaques.
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Table 5.
Yield
Opaque 2 hybrids

Entries
(opaques)

and

protein

quality

(Lysine

Yield reduc
tion ( %) of
Nornal

content)

of

Lysine con
tent Whole
Kernel ( %)

NO.Sites
tested

Average
(kg/ha)

Zhongdan 201

8

7501.2

12.10

0 . 51

Zhongdan 205

8

7623.4

10.66

0.47

Zhongdan 206

8

8273.1

3.06

0.48

Nongda

102

8

7832.2

8.22

0.43

Nongda

103

8

7028.2

17.63

0.47

8

8532.7

0.0

0.22

Zhongdan 2 (ck)

Table 6. Swine feeding trials using opaque maize and soybean
mean as source of protein

Experiment
Sites

Treatment
(protein%)

Beijing

OP (9%)

26.4

0.500

2.16

4.27

(1981)

NM (9%)

26.5

0.223

1. 38

6.40

NM-SBM(12%)

26.5

0.538

2.08

3.83

OP-SBM(12%)

26.5

0 . 629

2.42

3.84

Liaoning

OP (8.59%)

16.5

0.356

1. 61

4.55

(1983)

NM (8 . 59%)

17.1

0.138

0.90

6.84

Sichuan

OP (10.8%)

24 . 6

0 . 560

1. 98

3.52

(1984)

NM (11.8%)

24.6

0.398

1. 69

4.27

Xinjiang
(1984)

OP-SBM(14%)
NM-SBM(14%)

26.2
26.5

0.628
0.484

2.46
2.24

3.92
4.63

Initial
wt. (kg)

Normal maize (NM)
Soybean meal (SBM)
Opaque-2 maize (OP)
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Av.daily
gain(kg)

Av.daily
feed(kg)

Feed/gain
ratio

Questions to

LI JINGXIONG

From

A.S. KHEHRA

Q.(l) What breeding procedure are you following
inbreds with high per se yield?
Ans.

to get

We are focusing on second cycle selections from good
performing hybrids with desirable characters particu
larly high levels of disease resistance.

Q.(2) Are you following early generatlon testing for combi
ning ability?
Ans.

From

No, we are not doing early generation testings.
takes lots of time.

It

: N.N. SINGH

Q.

There is dramatic increase in yield from 1962 to
1987, but the yield is static after 1983. Whatever
increase you have got is due to increase in area
specially in 1987. Why are
you not getting better
increase in yield /ha ?

Ans.

I have mentioned in my report that since the bumper
year of 1984 we have had a decline in all the areas
where maize is produced. This is probably due to bad
weather in these areas, the dis encouraging policies
relating to cereal crop production and less inputs
in maiz~ field by farmers.

From

SUBANDI

Q.

There has been tremendous progress in breeding and
production research I also saw a very intensive maize
cultivation in farmers field. My question is how do
you motivate farmers to put into practice the recom
mended production technology ?

Ans.

We have
extension services at different levels to
take care of this matter. Any kind of production
technology if it is really productive and profitable
is adopted. There are also agencies, including news
papers, to make propaganda so that the techniques can
be accepted in short time. The polyvinyl covering
technique has been extended to 500,000 ha for maize
in the last 4 years.

From
Q ( 1).

: A.N. PORDESIMO
In breeding

materials for disease resistance,
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what

factors have you considered?
Ans.

With respect to the plants, I would consider the
characters related to vigor, earliness, plant stature,
etc. For the disease we should know the inheritance,
the prevalence and other factors.

Q(2}.

Do you have figures for losses due to each disease?

Ans.

We had the figures of grain losses due to Turcicum
leaf blight and head smut, but I couldn't find these
disease here.
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MAIZE IMPROVEMENT IN INDIA - PROBLEMS AND PROSPECTS
.
h  1/
N.N. Slng

During the last 30 years, the All India
Coordinated
Maize Improvement Project (AICMIP) has been concentrating on
various research programs aimed at achieving high producti
vity and increased profits derived from maize production.
Some of the major contributions made by the AICMIP in the
field of research organization and methodology have provided
guidelines to the entire agricultural research throughout
the country. The concept of multi-disciplinary and multilo
cation evaluation tests, the inter and intra cooperation
among various research centers administered by the State
Departments of Agriculture and the Agricultural Uni versi
ties, the exchange of genetic resources of both indigenous
and exotic origins, the mobilization of breeding materials
among scientists, the review of experimental data and free
exchange of views at common forums, the joint planning of
research programs at specially arranged annual meetings, the
enhancing breeding acti vi ties by raising off-season nurse
ries, the production of good quality seed, the search of
resistant genotypes to important diseases and pests, the
development of newer technology for immediate control of
obnoxious diseases and pests at localized areas and the
testing of elite materials for various agronomic traits are
only a few to enumerate.
RESEARCH ACCOMPLISHMENTS

The problem oriented research has been directed towards
the development of more productive, disease-pest resistant
and nutritionally superior hybrid and composite varieties.
Greater emphasis is being laid to develop early (80-85 days
to maturity) and very early (70-80 days) maturing varieties
to suit the requirements of (i) rainfed or water stress
cultivation, (ii) flood prone regions and (iii) to fit in
the cropping system. The progress made in this direction is
briefly mentioned here.
Early maturing composites and hybrids in maize.

A systematic breeding program for the development of
early maturing materials was initiated in 1972 . Varietal
dial leIs consisting of local and exotic materials were deve
loped. After testing, the promising lines were pooled toget

1/

Project Coordinator (Maize), All India Coordinated Maize
Improvement Project. Cummings Laboratory, Indian Agricultu
ral Research Institute (IARI), New Delhi 110012, India.
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her and composites were developed. A full sib selection
program was initiated in 1974 and experimental varieties
were developed. This program has continued for subsequent
years.
At the onset of the project, selected populations of
medium, early and very early maturity groups were developed.
Full sib progenies were developed in each of these popula
tions during winter (rabi) season and evaluated during the
summer (kharif) season for their yield performance, maturity
and desirable agronomic traits in replicated trials at 5-6
locations. These progenies were also tested for their reac
tion to important disease and pests in different agroclima
tic regions of the country. Based on their performance, 20
30 % of the progenies were replanted to generate full sib
families. Further, 4-5 % of the best families were chosen to
develop experimental varieties. On the basis of data availa
ble on specific locations, it was found that Bihar early x
Antigua Gp. II, Vijay and Diara composites yielded 29.7%,
15.8% and 13.1%, higher than the original populations in
early, medium and very early maturing groups, respectively.
Improved varieties developed from the first and second
cycles of selection in the various composites were also
evaluated during the winter 1976-77. It was noticeable that
some of these improved varieties performed similarly as when
planted during the monsoon season.
Considering that the development of suita
ble heterotic pools should yield more productive hybrids, in
a relatively shorter period of time, four broad based pools
(two pairs) representing two grain types, were developed to
serve the needs of a hybrid development program for rabi as
well as kharif seasons.
Heterotic pools.

Five broad based gene pools were synthesized. A
half sib selection program was initiated in these broad
based pools representing four maturing groups and two grain
types. Half sib progenies of the five pools, AB (yellow), AB
(white), BC (yellow), CD (white) and CD (yellow) were orga
nized into a series of trials. The trials in each population
were grown in half sib nursery blocks at 3-5 locations and
the progenies were evaluated. At harvest, 60-80 half sibs
selected at each location and at a recombination nursery
were selected according to reactions to stalk rot, moisture
stress, soil salinity and stem borers. Superior progenies
identified for the various characters were merged with the
main pool in specific cycles of selection.
Gene pools.

DEVELOPMENT OF SUITABLE PRODUCTION TECHNOLOGY
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1. Intercropping system of early maturing pulse and
oilseed crops in maize.
Studies were initiated to identify
specific genotypes of maize with good performance under
different intercropping systems mainly maize-groundnut,
maize-pulses, etc. These studies were undertaken under rain
fed conditions. On the basis of results obtained on multilo
cation trials, marked variations were observed in the perfo
rmance of maize varieties pe r se and under the canopy of a
legume crop. Optimum level of N for maize and various inter
crops have been determined. Data from these trials has
helped to program future activities.
2. Several approaches for optimizing the efficiency of
ni trogen use have been evaluated. The application of neem
cake, sulfur coated urea, and addi ti.onal level of organic
matter failed to provide any significant improvement. Appli
cation of nitrogen in three unequal splits (25: 50: 25) at
three stages of development of the maize plants gave better
performance. Application of 80 kg N/ha in three unequal
spli ts in the Indo-gangetic plains gave yields which were
comparable to 120 kg N/ha when applied in three equal
splits.
3. Response from spraying some of the non-harmonic
products like Atonic and Mixtalol was rather low to be
recommended for commercial use. However, soaking seeds in a
warm water solution of macro and micronutrients gave encou
raging results.
4. Significant interaction between P and Zn was obser
ved in a few experiments suggesting the need for the appli
cation of zinc in deficient soils.
5. Use of Atrazine and Simazine for the control of
broad leaf weeds was very effective when applied as
pre
emergent herbicides.
WINTER MAIZE CULTIVATION

One of the maj or breakthroughs in the Indian Maize
Program is the introduction of maize in the winter season,
especially in northwest region up to 32 N. During the rainy
season, the crop suffers of various stresses like water
logging due to excess rain and low moisture due to inade
quate rain. The low level of productivity of high yielding
varieties has been attributed mainly to high temperatures
and lack of adequate period of sunshine during flowering and
the grain filling periods during the rainy season. These
problems have encouraged the research for cultivation of
maize during the winter season. Data shows that maize can be
successfully grown during the winter season and that yield
levels of maize hybrids or o. P. varieties can be 25-35 %
higher in winter than in the rainy season. With this specta
cular data obtained during a short period of time, the area
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under winter maize is consistently increasing.
Realizing the future potential of winter maize, a co
operative testing program has been outlined. Additional to
the development of maize hybrids and composite varieties,
the production and protection technology is being developed
to suit the specific requirement to winter maize cultiva
tion. Available data show that the nitrogen utilization with
proper water management is vital in obtaining ' higher yields
from winter maize.
Transplanting of winter maize. A new practice of tran
splanting maize in winter season in the fields vacated by
potato, toria and early harvested sugarcane or as a compa
nion crop in autumn sugarcane, has been recommended.
IDENTIFICATION OF SOURCE OF RESISTANCE TO MAJOR DISEASE AND
PESTS

Pathologists and entomologists have developed the tec
hniques for mass production of pathogens and pests of major
economic importance. The methodology for field inoculation
of important diseases and artificial infestation of major
borer pests have been standardized. With these developments,
the technology of evaluation of disease and pest reactions
have been improved. Inbreds like CM 104 and CM 105 have
shown marked resistance to downy mildew and leaf blights,
Mass Reservoir, Amarillo Cristalino-l, V 520 C, A 6, A 21,
Mezcla Amarilla, Yellow Hard Endosperm 0% ' and H 207 have
shown high degree of resistance to corn borers.
All maize introductions received from India and abroad,
elite composites and hybrids of different maturing groups,
are conSistently tested in the All India Coordinated Trials
at various research centers. Full sib progenies of popula
tions and half sibs from heterotic pools are being routinely
screened for diseases and pests. Data obtained provides a
valuable information for the selection of mateiials tested
in the farmers' fields.
The insect pests of economic importance in the rainy
season are different from the pests in the winter. The stalk
borer (Chi Lo parteL LUs) is the most prevalent pest during
the rainy season, whereas, a number of pests like pink borer
(Sesamia
inferens),
climbing cut worm (RhyaLia hercuLea),
thrips
(Anaphothrips sudanensis)
and shootfly (Atherigona
spp) cause economic losses in maize planted during winter
and spring seasons. Varieties like Jawahar x Thai composite,
(VC 80 x (Eto x Tuxp.br~ ), Ganga 4 and Composite Hunius have
shown tolerance to the corn borer under artificial infesta
tion. Efforts are being made to standardize the methods of
evaluation for other pests.

49

NEW PRIORITY AREA OF RESEARCH
1. Early and very early maturing varieties.
There is a
need to search for high yielding genotypes capable of matu
ring in less than 80-85 days to meet the requirement of high
rainfall or rainfed regions of the country. CIMMYT regional
staff may help us in supplying this type of germplasm from
the Asian region and other tropical and sub tropical parts
of the world.
2. Varieties for adverse climatic conditions. Maize is
subjected to various environmental adversities like waterlo
gging, moisture stress and high or low soil pH. The rainfall
patterns during the monsoon season has shown great varia
tions. Frequently the eastern region is flood prone during
the crop season, while the western region suffers drought.
There is a great need of collaborative research in finding
out newer genotypes and technology to meet such adverse
situations. Drought tolerant genotypes available with CIMMYT
may form the base materials.
3. Multiplication and seed certification.
The techno
logy of seed multiplication of the parents of nonconventio
nal hybrids and composite varieties need to be perfected to
avoid certification problems.
4. Search for disease and pest tolerant genotypes.
There is a scope to do collaborative research in identifying
disease and pest tolerant genotypes.
A number of disease
and pest tolerant genotypes are available throughout the
world. The performance of such genotypes need to be eva
luated against diseases like premature drying, Erwinia stalk
rot, Peronosclerospora downy mildew, Turcicum leaf blight
and insects like borers, armyworms, cutworms, thrips and
shootfly.
5. Materials for specific uses.
The industrial requi
rement of maize is steadily increasing. The available maize
germplasm of high starch, sweet corn, popcorn and high oil
content needs to be evaluated to fulfill the demand of the
industries.
6. Maize for forage.
The African tall maize is a
variety used as fodder crop in India. Development of mate
rials with low lignin and silica content and high protein
content with more foliage specially suited for fodder is a
necessity for the dairy industry.
7. Efficiency of nitrogen utilization.
The present
technology on the efficient utilization of nitrogen needs
further improvement. The efficiency of nitrogen applied to
maize crop during the rainy season is below 35 %. The nitri
fication inhibitors, slow release fertilizers, etc. need to
be evaluated. There exists a wide scope of collaborative
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research in the evaluation of temperate genes responsive to
nitrogen utilization.
8. Need to strengthen research facilities.
The avai
lability of micronitrogen analyzers, personal computers,
electrostat, power generators, electronic typewriters would
increase th,= overall eff iciency of the project. Further,
laboratory equipments like dehumidifiers,
refrigeration,
incubators, air conditioners, insect diet processing blen
ders, etc. required for pathological/entomological research
were purchased in the early seventies. There is a need to
replace and update these equipments.
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MAIZE IMPROVEMENT PROGRAM OF THE DEPARTMENT OF AGRICULTURE
THAILAND

1/
2/
Charas Kitbamroong - and Vichitr Benjasil

The Department of Agriculture is one of several
Departments under the Ministry of Agriculture and Coopera
tives in Thailand.
The Department has been organized to be
responsible for the research in various crops grown in the
country, including maize.
The maize research acti vi ties
have been focused on the development of downy mildew
resistant (DMR) open pollinated varieties.
The report
herein is a summary of progress in maize research recently
conducted at the Nakorn Sawan Research Center (NSRC), of the
Field Crops Research Institute, Department of Agriculture,
Thailand.
1.

Development of a Full Season Yellow population.

In 1985, the development of a new yellow maize popula
tion was initiated placing emphasis on high yield, DMR
(Peronosc.Lerospora
sorghi)
and full season maturity (110
days) .
It is anticipated this population will be grown by
farmers in the area where growing season is relatively long.
The new population was formed with 21 maize varieties from
CIMMYT and other national programs (Table 1).
All these
cultivars were crossed to IPB Var.1 (from Philippines)as the
source of downy mildew resistance.
In the second cycle of
selection, a modified ear to row was planted in isolation,
where individual selected ears from the previous cycle were
used as females and Population 28 DMR (Amarillo Dentado 
DMR) was used as a male parent in order to increase the
level of downy mildew resistance.
In the third cycle of
recombination, a modified ear to row recombination block was
conducted in a downy mildew disease nursery.
The fourth
planting season was done in a DM nursery and agronomically
desirable DMR plants were self pollinated. At harvest time,
a total of 155 Sl ears were selected.
The selected Sl
families were evaluated in yield trials, and were also
planted in a DM screening nursery 4-5 weeks after the yield
trial. The best 26 Sl families were selected. Remanent seed
of these selected families were recombined in a diallel
fashion and 3 experimental varieties were developed.
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Breeding scheme and agronomic characters for the Yellow Full
Season Population are listed in Table 2 and Table 3.
Table 1.
Components of a Full Season Yellow Maize
Population. NSRC, Tak Fa, Thailand. 1985.

1. Pool 21 (TIYF)
2.
"
25 ( TLYF )
3. Population 24 (Antigua x Var.181) C6
4."
" 26 (Mezcla Amarilla) C5
5."
" 27 (Amarillo Cristalino-1) C6
6. Population 28 (Amarillo Dentado) C4
7."
II
3 6 (Cogollero) C5
8. Across 8078
9.
"
8126
10. Dharwar 8126
11.
12.
13.
14.
15.

Suwan 1 (S) C9F2
Pakchong 1602
DA 9-1 M3F1
DA 9-2 M4F1
Compo 91-96 F(S)C1F1

16.
17.
18.
19.
20.

PB 1-22 (S) C1F1
TF E-112 (S) C1F1
Rangsit #1
(PB 1, 2, DA 9-1, 2) x Tropical Yellow Fl~nt/Dent (TYFD)
TFE-101 M2F1

21. Population 28 (Amarillo Dentado DMR - C6 (Male)

Table 2.
Breeding Scheme for Full
Population. NSCR, Tak Fa, Thailand.

Cycle

I

II

II

II

III

"

IV

"

V

Season

Yellow

Maize

Modified half-sib
Modified ear-to-row
Modified ear-to-row in downy mildew disease nursery
Sl formation in downy mildew disease nursery
Yield trial, field test of downy mildew disease
reaction of Sl's, and varietal formation
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Table 3.
Agronomic characteristics of experimental varie
ties generated from the Full Season Yellow population.
NSRC, Tak Fa, Thailand, 1988.

Leaf * Yield*
disease kgjha

No. Sl
families

NST 88201

11

53

145

80

1.1

5533

NST 88202

13

53

142

69

1.2

4811

NST 88203

5

52

159

75

1.2

4911

54

198

65

1.4

3297

Population Mean

Days to *
50% silk

*
Average of Sl families
experimental variety.

2.

Plt *
hgt

*

Pedigree

recombined

Ear
hgt

to

develop

the

Development of a Full Season White Population

Another new maize population was formed in 1985.
The
main emphasis was on high
yield potential, downy
mildew
resistance and about 110 days to maturity.
The population
is anticipated for human consumption rather than animal
feed.
The new population was initiated by crossing 20
white cultivars including varieties from CIMMYT, and other
exotic sources, to the locally improved white corn variety
IPB Var. 2 (Suwan 1 x Phililippine DMR Compo 2) as a source
of downy mildew resistance (Table 4).
All entries were
planted in an isolated crossing block where all 20 entries
were planted as females and IPB Var. 2 as male.
In the
second cycle, selected ears were planted in a modified ear
to row half-sib recombination block and crossed again to
Philippine DMR Comp. 2 which was planted in the male rows.
In the third cycle, selected half-sib families were grown in
downy mildew disease nursery.
In the fourth planting season,
agronomically desirable DMR plants were self pollinated
under downy mildew disease
conditions.
A total of 363 Sl
lines were selected and evaluated for yield and downy mildew
reaction in separate plantings.
Using remanent seed of the
best 21 progenies, 3 experimental varieties were formed by
recombining all families in a diallel fashion.
Breeding scheme of Full Season White Population is
similar to that of Full Season Yellow population.
The
agronomic characteristics of the experimental varieties
developed are listed in Table 5.
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Table 4.
Components of a Full Season White Maize Popula
tion. NSRC, Tak Fa, Thailand.

1.
2.
3.
5.

JWDC
SR 52
R 215
ZS 225

6.
7.
8.
9.
10.

Santa Rosa 8073
Pool 16 (TEWD)
EI Paraiso 7929
Pop.21 (Tuxpeno-l) C5
Pop.23 (Blanco Cristalino-l)C5

11.
12.
13.
14.
15.

Pool 24 (TLWD)
Pirsabak (1) 7930
Pop.22 (Mezcla Trop. Blanca) C6
Pool 20 (TIWD)
Pool 19 (TIWF)

16.
17.
18.
19.
20.

Pop.43 (La Posta) C5
Pop.32 (ETO) C5
Pool 15 (TEWF)
Rampur 8075
TFW 118

21. IPB Var.2: Suwan 1 x Phil. DMR Comp. 2 (Male)

Table 5.
Agronomic characteristics of the experimental
varieties generated from the Full Season White Population.
Tak Fa, Thailand, 1988.

Plt*
hgt

Ear*
hgt

Yield *
kg/ha

Pedigree

No. Sl
families

Day to *
50% silk

NST 88301
NST 88302
NST 88303

10
10
8

49
50
49

144
163
125

72
83
60

5730
6392
4925

50
2

138

69
5

3661
699

Population Mean
Standard Deviation
Average
of Sl
*
experimental variety.

families
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3
recombined

to

develop

the

3.

Development of a Early Yellow Population

In 19135, an Early Yellow Maize Population was deve
loped with the emphasis in earliness (less than 90 days to
maturity), downy mildew resistance and high, yield potential.
This population was developed for use in cropping systems
and in areas with relatively short growing season. The
population was made up of 13 varieties from CIMMYT and other
sources, and 3 locally improved varieties (Table 6).
Suwan
2 and Philippine DMR Composite 1 were used as male parents
in the modified half-sib blocks in the first and second
cycles respectively. In the third cycle, a modified ear-to
row half-sib recombination block was planted in a downy
mildew screening nursery in isolation. In the fourth season,
selected plants from selected families were self pollinated
and a total of 254 81 lines were selected. After evaluation
of the 254 Sl' s in a yield trial and a DM nursery, 16
promising lines were selected.
Using remanent seed, the
selected Sl lines were recombined in a diallel fashion to
develop 3 experimental varieties (Table 7).

Table 6. Components of
NSRC, Tak Fa, Thailand

1.
2.
3.
4.
5.

a

Early

Yellow

Maize

Population.

La Molina 8131
Sete Lagoas 7931
Islamabad (1) 8131
Suwan (1) 8131
Ferke (1) 8235

6.
7.
8.
9.
10.

Across 8245
Islamabad 8245
Pool 17 (TEYF)
Pool 18 (TEYD)
TFE 112

11.
12.
13.
14.
15.

TFE 139
Pool 39
Pool 40
Pool 41
Pool 42

16.
17.

Suwan 2 - male
Philippine DMR Compo 1 (Male)

(STR)
(ITR)
(NTR-1)
(NTR-2)

Breeding scheme of this population is similar to that
of Full Season Yellow Population.
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Table 7.
Agronomic characteristics of the experimental
varieties generated from the - Early Yellow Population.
Tak
Fa, Thailand, 1988.

Pedigree

NST 88101
NST 88102
NST 88103

No. Sl
families
9
5
9

Population Mean
Standard Deviation

Pt*
hgt

Ear*
hgt

Leaf*
disease

Yield*
kg/ha

52
49
52

130
195
142

62
61
68

1.6
1.4
1.4

4334
4179
4179

53
4

126
18

60
10

2.0

2418
1208

Days to *
50% silk

*
Average of Sl families
experimental variety.
4.

recombined

to

develop

the

Development of the Yellow population SSR 8501

In 1985, a population called SSR 8501 was developed
from a cross between CIMMYT's Pool 21 (Tropical Intermediate
Yellow Flint) and Suwan 1 (local improved variety).
In the
third cycle of selection, Philippine DMR 5 was then intro
gressed seed in order to improve level of DMR in the new
population. The population was improved following an Sl
recurrent selection scheme similar to that of the Full
Season Yellow Population.
It has high yield potential and
adequate levels of DMR.
5.

Development of the Yellow Population NS 104.

The population was formed by crossing the locally
improved Suwan 1 with Population 28-DMR from CIMMYT.
In the
first cycle of modified half-sib, 329 ears were selected and
planted in a modified ear-to-row recombination block in
isolation.
In the second cycle, seeds from 866 selected
families were bulked for further yield trial and evaluation
of downy mildew reaction.
The population has high yield
potential and high level of DMR.
The population is now
being improved following an Sl recurrent selection scheme.
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WINTER MAIZE - BREEDING AND PRODUCTION IN INDIAN PUNJAB

A.S. Khehra, B.S. Dhillon, V.V. Malhotra, H.S. Brar,
V.K. Saxena, W.R. Kapoor, R.K. Sharma
1/
S.S. Pal and N.S. Malhi

The Punjab state is located in northwest India. It lies
between 29 33 N to 32 31 N latitude, 73 55
E to 76 55 E
longitude. The Punjab is an agriculturally progressive state
wi th 86% of the land under irrigation. The maj or crop in
winter season is wheat, while rice, cotton and maize are the
main monsoon season crops .
January is the coldest month in the winter season,
(Table 1). The minimum temperature may be nearly or below
zero during December and February while temperature
as low
as -0.2 C have been recorded. The temperature may start to
fall as early as November and cold weather will last up to
the beginning of March. Frost incidence has been recorded
for as many as 25 nights in the month of January.
Maize in the Punjab is traditionally grown during the
monsoon season, characterized by high temperatures and erra
tic rains. The average yield is about 2000 kg/ha which is
much lower than those obtained in the temperate areas of the
world. Two factors contributing to higher yields in tempe
rate areas are mild temperatures and long photoperiod avai
lable during grain filling period.
It was generally believed that maize can be cultivated
in the Punjab during the winter season if it is frost-free
and mean temperature does not fall below 13 C (21). However,
from the data presented in Table .1, average temperatures in
the Punjab sometimes falls below 10 C and minimum tempera
ture may even be sub-zero. There is frequent, though mild,
frost incidence . The winter season in the Punjab is severe
and of longer duration than other areas in India also culti
vating winter maize. The pattern is characterized by mild
temperatures when sowing is done in early November followed
by cold weather and incidence of frost over the next three
months. Subsequently the weather warms up and day length
increases. Therefore, winter maize cultivars meant for Pun
jab should have a high level of cold/frost tolerance over a
long vegetative plant growth period.
Research on the development of improved genotypes of
winter maize and appropriate production technology was ini
tiated in 1977-78. The initial recommendations of winter
1/
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maize cultivation in Punjab were made in 1983. Recommenda
tions for transplanting of winter maize was made in 1987.
Winter maize has now established itself as a alternative
crop and the areas under direct sown as well as transplanted
maize in winter season is steadily increasing.
Germplasm evaluation and population improvement.

A considerable amount of maize germplasm was evaluated
for cold tolerance, grain yield and other traits. On the
basis of these studies, the composite Partap was identified
for population improvement to develop varieties for imme
diate use and as a source from which inbred lines could be
extracted in a long term breeding program.
In addition two
heterotic pools, based mainly on US Corn Belt germplasm,
have been developed and a program initiated to develop high
yielding hybrids and composites .
A. Intrapopulation improvement : Composite Partap was deve
loped from a germplasm complex resulting from a cross bet
ween three hybrids
Vijay x Pioneer 102, Pioneer 114 x
Vijay, and Ganga 5 x Pioneer 104 (9). Partap showed good
performance for cold tolerance and grain yield and had
signif icant variability for various traits (5,12). There
fore, and intrapopulation improvement program was initiated
in 1979-80. Six cycles of selection have been completed
(14).
Table 1. Mean and m1n1mum temperature and frost incidence.
Punjab, India. 1973-74 to 1983-84.

Month

Temperature(C)

December

January

Mean

Minimum

13.0

2.6

(9.9-14.3)

(0.1-4.3)

11. 9

1.6

(11.1-13.6)
February

(0.1-2.7)

13.4

1.4

(12.4-15.0)

(-0.2-3.9)

Values in parentheses indicate range.
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No. of frosty
nights

6.5
(1-14)
11. 4
(6-25)
5.1
(1-8)

The improved strain developed after three cycles of
selection (Partap-C3) was released for general cultivation
in the Punjab in 1983 under the name Partap 1. It was supe
rior to the original Partap with respect to grain yield,
yellowing, graying and resistance to common rust and post
flowering stalk rots. (Table 2)
Partap-C4 was recommended
by the
All India Maize
Workers' Workshop in 1987, for release in the Indo-Gangetic
plains (Zones 2 and 5). In over 19 experiments conducted
during 1984-85 to 1986-87, its average yield was 15.9 %
higher than the check Composite Vijay
(Table 3). Partap-C4
also performed better than Vijay in the traditional winter
maize growing areas (Bihar and eastern uttar Pradesh) in
north India, a frost free area in winter.
B. Interpopulation improvement
Two heterotic pools were
developed using CM 202 (CI21E) x Mo17, and B73 x B79 as
testers (13,14). Mo17 and CI21E are Lancaster types and B73
has been derived from stiff Stalk Synthetic. Lancaster and
Stiff Stalk 13, 14 Synthetic is a well known heterotic
combination. The opposite pools were used as testers in the
subsequent two cycles. The germplasm used in synthesizing
the pools or later introgressed into the pools are listed
below :
Ludhiana Lancaster Pool

A670, B57, CM111, CM202, CM205,
FR13A, FRVa, H95, H98, H99, H101,
Mo17, W64A, BS1, BS2, BS10, BS16,
BSUL2, MSP2, partap, Partap 1,
Sarhad, Dhurkara local MS1DR .

Ludhiana Stiff Stalk Pool: A632,
B73, B79, B84, FR4A, FR4C,
FR632, H100, H3191, BS13(32)C1,
BSS(R)C8, MSP1, RDBBDE, Suwan 1,
Purple seed.
Low temperature, including non-freezing as well as
freezing stress, is a major factor limiting cultivation of
winter maize.
The effects of cold stress are discussed
below :
A. Low temperature non-freezing injury : Injury due to low
non-freezing temperature has been observed from December to
February. It is expressed as chlorotic stripes, graying and
drying.
(i) Chlorosis and chlorotic bands : Prolonged low tempera
tures resulted in pale green and yellow leaves. In addition
to chlorosis, transverse light yellow bands have also been
observed after severe chilling and mild frost. The bands
appeared on the whorl leaves at the time of stress. A combi
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Grain Yellowing
yield
(t/ha)
0-5)

(1-5)

Graying
Early
vigour
(1-5)

Days to
silk

Days to
brown
husk

Plan
hgt.
(em)

Ear
hgt.
(em)

Common
rust
(em)

(%)

Stalk
rots

1
2
3
4
5

Partap

7.45

8.23
4.5

3.8
4.8

4.1
3.5

3.2
147

148

Average of 10 experiments.
Rated on scale 1
green, 5 : yellow
Rated on scale 1
green, 5 : gray
Rated on scale 1
vigorous, 5 : weak
Rated on scale 1
resistant, 5 : susceptible

Partap C3
190

188

176

184

72

81

2.1

1. 9.

7.8

4.8

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

Variety

Table 2. Performance of Partap C3 (Partap 1) and Partap in Punjab. 1982-83.

nation of chlorosis and chlorotic bands has also been ob
served.
Table 3. Grain yield of composites Partap-C4 Vijay tested in
Indo-Gangetic plains (Zones II and V). 1984-85 to 1986-87.

Grain yield (t/ha)

Variety
Partap C4

6.26

Vijay

5.39

Average of 19 experiments.
(ii) Graying : Graying or silvering of leaves appeared when
cool, dewy nights were followed by clear mornings.
(iii) Drying
Extreme yellowing or graying is sometimes
followed by partial drying of leaf margins and tips. Mild
frost also results in necrotic foliar lesions.
B. Freezing injury : In general, frost incidence results in
chlorotic bands and drying of leaf margins and tips. Some
times, however, frost-kill has also been observed. In case
of frost-kill, the leaves turn oily in the morning
after
severe frost incidence. It is followed by drying of the
leaves in 2-3 days. In general, the plants showed good
recovery as long as the growing points were not affected.
C. Purpling
Some genotypes showed purpling of leaves
during winter. Generally purpling is mild (10), but some
times severe purpling is followed by leaf drying (11).
Purple bands have also been observed in some genotypes.
Genetic variability for cold tolerance.

Genetic variability has been observed for tolerance to
freezing as well as nonfreezing stresses and recovery after
exposure to the stresses. Considerable large genetic varia
bility has been observed for chlorosis. Genetic differences,
though small, have also been observed for frost injury. The
variation for chlorotic bands and graying is small, b"..l';:
larger than that for freezing injury. Some genotypes develcp
purple pigmentation due to cold stress. In some of these
cases purpling is followed by leaf drying. Genetic variabi
lity for cold tolerance has also been reported by other
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the

researchers (3, 4, 17, 18, 22).
Temperate germplasm, in general, has shown better tole
rance to low temperature (non-freezing) injury than tropical
germplasm. The Punjab locals have shown extreme susceptibi
lity to chlorosis. Introductions from colder regions (Nor
thern US, Canada, Germany) possessed good levels of toleran
ce to non-freezing temperature and showed early vigor but
were poor yielders (8). The genotypes having narrow erect
leaves showed less injury than those with broad, horizontal
leaves (13).
Introductions from the US Corn Belt have been evaluated
on a large
scale. There is an appreciable variability in
this germplasm. Central and Southern parts of the US Corn
Belt have a photoperiod similar to that prevalent in the
Punjab. Thus, germplasm from this area showed better adapta
tion and have proved to be more useful. Highland collections
are also promising.
Appreciable variability for yellowing have also been
observed within some populations. Signif icant differences
have been reported for yellowing in Partap (5,11). Genotypic
differences have been observed for recovery after an expo
sure to low temperature stress.
In a study where ninety-six diverse materials were
evaluated for yellowing (chilling induced chlorosis and
chlorotic bands), purpling and early vigor in relation to
grain yield (10), data on yellowing, purpling and early
vigor were recorded on a 1 (green/green/vigorous) to 5
(yellow/purple/weak) scale. A comparison of 20% of the top
yielders (2133 kg/ha) revealed that the former group in
comparison to the latter had lower yellowing (1.63 vs.
2.40), higher purpling (1.87 vs. 1.32) and better early
vigor (2.5 vs. 3.21). The genotypic differences decreased as
growth progressed. The study showed that yellowing of leaves
is a better criterion of selection for cold tolerance than
purpling.
The effect of chlorosis, purpling and frost kill on
grain yield was studied in Partap (5,19, 20). Yellowing of
leaves had an adverse effect on grain yield and many other
agronomic traits. Frost injury retarded the plant growth but
there was appreciable recovery of growth and grain yield was
not significantly reduced. Purpling did not influence the
expression of various traits. However, in some genotypes
extreme purpling was followed by drying and this had an
adverse effect on grain yield (11).
Screening methods.

To ensure stable performance of winter maize over a
long period, it is important that commercial cultivars have
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good levels of tolerance to non-freezing as well as freezing
stresses. A large amount of germplasm must be screened in
the breeding program . Therefore, need was felt to develop
field and laboratory screening techniques. The laboratory
screening techniques are particularly useful in case free
zing injury, due to erratic severe frost incidences, makes
the reliable germplasm screening difficult under field con
ditions. Field and laboratory screening techniques were
therefore developed (15) to evaluate germplsm for tolerance
to freezing temperature stress. Under field conditions, the
crop is sown early under high plant population density and
irrigation is withheld when frost incidence is expected.
These manipulations enhance frost injury. In the laboratory
evaluations, seedlings at the 6-7 leaf stage are exposed
from 2 to 6 AM to 1,0,-1, -2, -3 and -3.5 C on six succes
sive nights (1,16). The expression of freezing injury under
laboratory conditions (at -2, -3, -3.5 C) and frost injury
in the field showed fairly high correlation (Table 4). The
correlation of yellowing with frost injury in the field and
freezing injury in the laboratory was not significant,
suggesting a lack of association between yellowing and frost
/freezing injury.
Effect of low temperature on plant type.

The effect on low temperature on plant type depends on
the stage of growth at which the plant is exposed to cold
stress and the severity and duration of the stresses. The
rate of development is a function of the temperature throug
hout the day and night, whereas photosynthesis is governed
by the temperature during daylight hours (2). The cool
nights slow down the rate of growth resulting in a prolonged
period of photosynthetic assimilation . This, in the absence
of active plant growth leads to deposition of photosynthetic
assimilates in the roots and stems, resulting in a well
developed root system and thick stems. This reduced plant
and ear height, thick stem and well developed root system
result in lodging resistance. Thus, low temperature alters
the plant phenotype in a way that the plant becomes more
responsive to high plant densities and high fertility.
The agronomic performance of Partap grown in the winter
and monsoon seasons based on a number of experiments sown in
mid-November and the first week of July respectively is
summarized in Table 5 (6, 13). In the winter season the
developmental stages were longer than when compared to the
monsoon season. The effect was more pronounced in the period
from sowing to silking than on the duration between silking
and maturity. This was because the ~apid vegetative growth
stage coincides wi th the period of severe winter cold
stress. stem thickness increased but plant height and ear
height were reduced. There was an increase in grain yield,
number of ears per plant, shelling percentage, harvest in
dex, ear girth and thousand kernel weight.

64

Table 4. Correlation between freezing injury in laboratory
and frost injury in field evaluations of different geno
types.

Temperature
(

C)

r

Expt.1

Expt.2

-2

0.540

0.058

-3

0.506

0.544

-3.5

0.645

0.358

Significant at 0.05 and 0.01 probability levels, respectively.
Method of sowing

The soil temperature is a critical factor during win
ter, therefore, research was undertaken to determine new
agronomic techniques which could eff iciently utilize solar
energy and thereby help the maize plant to tolerate the cold
stress . These studies led to the development of a new method
of sowing. The effect of sowing, in different directions, on
the slopes of the ridge and in flat fields were evaluated
(12). In a preliminary experiment, the effect of sowing on
ridges in all possible directions using a wheel spoke design
were evaluated. In another experiment, the effect of sowings
on the northern and southern slope of a north-south ridge
and in an east-west and north-south directions in a flat
field were evaluated. The sowing on the southern slope of
east-west ridge resulted in quicker germination, better cold
tolerance and early vigor, earlier silking and maturity and
higher grain yield (Table 6).
The quicker germination,
better score agianst cold stress and early vigor may be due
to direct exposure of the southern slope of the east-west
ridge to the rays of the sun resulting in a good intercep
tion of photoenergy. During the month of January, the soil
temperature at the base of the plants at noon on the sout
hern slope was observed to be sometimes as high as 5 C in
comparison to that on the northern slope.
Transplanting

The optimum sowing time of winter maize is November and
delayed sowing results in a reduction in grian yield. Winter
maize grows slowly following germination up to mid-February.
It was, therefore, considered worthwhile to explore the
possibility of using the period of slow growth to raise
nursery under warmer temperature conditions for transplan
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ting.
Table 5.
seasons.

Performance

Character

of

Partap

during winter

Winter

Days to emerge

and monsoon

Monsoon

12.8

4.4

Days to silk

146.0

58.1

Days to brown husk

186.2

93.8

7.8

6.2

138.7

180.8

Ear height (cm)

60.4

84.4

Number of leaves

18.0

18.0

7.5

4.4

80.8

76.2

Number of ears

1.2

0.9

Ear length (cm)

15 . 0

15.4

Ear girth (cm)

14.8

13.0

290.2

241.3

44.8

35.3

Stem girth (cm)
Plant height (cm)

Grain yield (t/ha)
Shelling %

1000-kernel weight (g)
Harvest index ( %)

A preliminary experiment was conducted during 1982-83
and was followed by extensive experiments on date of tran
splanting, method of transplanting, age of nurseries, weed
control, nutritional requirements, etc. These experiments
(Table 7) showed that 40 and 60-day old seedlings transplan
ted on 24 December and 16 January, respectively yielded as
well as a direct sown crop planted on 8-10 November (16).
Transplanting on southern slope of an east-west ridge yiel
ded higher than in a flat seeded field. Grain yield was
adversely affected when nurseries older than 40 days in
December, and 60 days in January were used, or transplanting
was done in February (6 February) . Plant height, ear height
and days to silk of transplanted crop were less than with
the directly sown crop at the time of transplanting. Tran
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splanting is expected to open the possibility of many new
cropping patterns. A crop of transplanted
maize can be
raised after potato, toria (Brassica campestris var. t o r i a ) ,
pea and early harvested sugarcane which should provide an
extra crop for the farmer.
Factors responsible for high grain yield

The yield potential of maize during winter season is
substantially higher than that during monsoon season. Plant
type is altered in such a way that it is possible to culti
vate the crop under high fertility and high plant density.
In spite of increased plant densities, practically no barre
nness is encountered. Lodging is negligible as the plant in
the winter season has a well developed root system, thick
stem, short plant height and low ear placement. The winter
season provides a longer grain filling period with a photo
and thermoperiod more conducive to grain development than
the overcast, hot, humid monsoon. Solar radiation during the
grain filling period is the most important factor determi
ning yield (7). In the winter season the ears are thicker,
the grains are bolder and shelling percentage and harvest
index are higher than in the monsoon season. There are also
no serious disease or pest probelm in the winter season.
High and erratic rains in the monsoon season can cause
water logging which adversly effect soil fertility and weed
management. In the winter season, the rainfall is less and
the crop is sustained on controlled irrigation so water
logging can be avoided, leaching losses reduced and weeds
can be effectively controlled.
Impact

Wheat occupies as much as 85% of the area in the winter
season in the state. Thus, the adoption of winter maize will
help in diversifying the cropping pattern. It will also
serve to increase total grain production as winter maize has
a higher yield potential than wheat. Some weeds like PhaLa
ris minor and Avena Ludoviciana are affecting wheat cultiva
tion in many areas. These weeds can be easily and effective
ly controlled in winter maize through hand hoeing or by use
of herbicides. The increased grain production should provide
an impetus to the development of the poultry, dairy, and
other agro-industries.
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Table 6. Effect of different methods of sowing orr the perfo
rmance of Partap.

Character

Days to germinate

Southern slope
of East-west
ridge

Flat

24

14

L.S.D.
0.05

1. 82

Yellowing (1-10)+

2.1

4.5

1. 46

Plant height (cm)
Early

93.0

82.6

3.89

111. 4

101.1

5.52

Days to silk

132

143

4.47

Days to mature

176

186

5.  82

8019

1990

Pre-tasseling

Grain yield (t/ha)

9.3

+ Yellowing recorded 51 days after sowing ( l=green,
10=yellow) and plant height recorded 91 (early) and 126
(pre-tasseling) days after sowing.
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for
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f-l

Age of
seedlings
days

Grain
yield
t/ha

Days to
50%
silk

1000-kernel
weight (g)

%

Shell ing

%

Harvest
index

Plant
hgt.
m.

150

5.39

Direct sown-flat

93
87

5.06
5.73
3.25

40
60
20
40
60

Transplanted-ridge

Transplanted-ridge

Transplanted-flat

Transplanted-flat

Transplanted-flat

1. 23
1.01

10.80

90

4.89
0.52

97

4.31

3.3

10.3

255

248

235

260

254

245

231

256

244

262

251

237

262

268

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

C. V.

L . S . D . (0.05)

99

4.21

20

Transplanted-ridge

101

101

114

3.20

4.84

118

Direct sown-ridge

16 January

40

Transplanted-flat

3.87

106

5.95

40

Transplanted-ridge
20

114

4.94

20

Transplanted-ridge

Transplanted-flat

121

4.04

Direct sown-ridge

24 December

145

6.09

Direct sown-ridge

8-10 November

1. 57
1. 64
1. 57

45.5
33.8
37.0
43.5
1.8
4.1

81. 3
75 . 0
76.4
78.0
3.20
3.4

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

2.2

0.046

1. 48

1. 62

38.8
79.2

1. 68

1. 76

1. 50

1. 63

1. 57

1. 71

1. 70

1. 63

1. 63

35.8

78.4

31.5

41.0

77.3

73.5

35.0

42.4

36.9

32.5

40.5

41. 7

75.2

80.6

78.5

73.5

79.2

81.0

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

Date and method
of transplanting/
sowing

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

Table 7. Effect of age of seedling and method and time of transplanting on corn grain
yield and other agronomic traits (average over five year-location combinations).

BREEDING SUBTROPICAL ADAPTED MAIZE FOR PAKISTAN
2/
3/
1/

M. Saleem -, M. Aslam -

and M. AFZAL-

Intensive cropping patterns characterize Pakistan's
agricul ture therefore long duration maize varieties which
delay sowing of wheat are not acceptale to farmers. White
maize is preferred where it is used for human consumption.
In most areas farmers preferences are for short-season white
varieties/hybrids with flint kernel type, short statured
that can withstand high plant densities and tolerate general
neglect in weeding. These are some of the difficulties that
serve as impediments to adoption of the high yielding exotic
hybrids.
Some of the imported hybrids tested during 1958-1968
and earlier had limited adoption due to the above condi
tions. Tropical materials available are more disease resis
tant but are late and unacceptable to most growers, tempe
rate germplasm on the other hand is high yielding but has
problems of leaf diseases, and grain type.
Traits such as early maturity, shorter plants, disease
resistance, phenotypic uniformity etc . , may have significant
bearing on acceptance of the varieties/hybrids on small
farms in Pakistan. The development of high yielding, short
season varieties/hybrids in most parts of the country is
needed for the following reasons
1.

More intensive cropping sequences require late plan
ting .

2 . A brief rainy season and/or lack of timely rainfall
necessitates fast growing, short season varieties.
3.

Early maturing varieties/hybrids give farmers more
flexibility of planting and harvesting dates.

4.

Short duration varieties can better withstand the
high plant populations that local maize growers use.

1/ Associate Professor,

Cereal Crops Research
Pirsabak, Nowshera, NWFP, Pakistan.

Institute,

2 / Maize Coordinator, National Agriculture Research Center,
Islamabad, Pakistan.

3/ Director, Maize and Millets Research Institute, Yousaf
wala, Sahiwal, Pakistan.
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5.

Cooler temperatures and shorter seasons prevailing
at higher elevations require short duration varie
ties.

OBJECTIVES OF THE MAIZE BREEDING PROGRAM ARE :

1. To develop early maturing maize varieties /hybrids
that fit in the cropping pattern and give maximum economic
return.
2. To develop varieties with wide and specific adapta
bility, high yield potential, drought tolerance and disease
resistance.
3. To develop varieties/hybrids adapted to stress envi
ronments.
While temperate material is susceptible to foliar di
seases and stalk rots in Pakistan, most tropical materials
which could be used are not well adapted to major maize
growing areas. Our breeding approach has been to cross
temperate and tropical materials to overcome the disease
problem and obtain earlier maturity. Several varieties have
been developed and selected through
full-sib and half-sib
selection procedures. Some of the varieties are listed in
Table 1.
Most of the varieties have been developed from CIMMYT
tropical and subtropical populations or crosses between
temperate and tropical germplasm (Table 1). These varieties
have been developed and released in three maturity groups
for different areas of adaptation and cropping patterns.
Full-season varieties take about 110-120 days while mid-and
short season varieties take 90-95 and 80-85 days,
respectively. The maturity range will also vary with change
in the altitude.
The area of adaptation for full season varieties is
mainly in the low land irrigated plains. Intermediate matu
ring varieties are grown in the plains as well as in the mid
elevation areas of NWFP (Northwest Frontier Province) and
Punjab. Short season varieties are recommended for higher
elevation (above 1700 masl) where the frost free season is
relatively short.
The varieties developed by the maize institutes are
tested in a national maize yield trials throughout the
country in order to determine their adaptability, reaction
to different diseases and yielding potential. Data on some
of such trials are presented in Tables 2 and 3. Some varie
ties tested over a period of 4 years in different environ
ments have shown high mean yields with a regression coeffi
cient equal or less than 1 which also indicate that these
varieties will perform well under relatively poor environ
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ments (Table 4).
Table 1. Maize varieties developed from crosses
temperate and tropical germplasm in Pakistan.

between

Year
Released

Selection t
method

Sarhad (Y)
Akbar
Sarhad (W)
Munawar
Kashmir Gold
Mid season

1972
1973
1977
1982
1982

FS
FS
FS
FS
FS

Zia
Changez
Sadaf
Azam
Ehsan

1974
1974
1976
1982
1984

HS, MS
HS, FS
FS
FS, MS
FS

NWFP, Northern punjab
NWFP, punjab, Sind
Punjab
NWFP, Northern punjab
NWFP

1974

Sl

High elevation

Variety

Area of adaptation

Full season
NWFP, Punjab
Punjab, Sind
NWFP, AJK, Punjab
AJK
AJK

Short season
Shaheen

t

FS = Full sibs, HS = Half sibs, MS = Mass selection;
NWFP=Northwest frontier province, AJK=Azad Jammu Kashmir

Varieties with high yield but maturing in 100 days or
later are usually not adopted by most growers. Pirsabak 7930
one of the best experimental varieties with high yield,
disease resistance and wide adaptation was not accepted by
the farmers due to its late maturity (110 days).
Farmers generally desire early maturing variet~es (less
than 100 days), low ear and plant heights, disease resistant
and short plant types. In order to develop and improve a
synthetic variety for the farmers, an open-pollinated maize
variety was used as the base population. This variety was
developed from crosses between U.S. Corn Belt inbred lines
and a local variety. Two methods of selection, full sib and
mass selection were used. Two kinds of products, i.e. broad
base (synthetics) and narrow base (experimental varieties)
were developed in each scheme. The description of each
selection method, populations developed and selection crite
ria used are given below :
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Vl

--.J

Danna

G.Dopatta
Kotli
Turnab

Dadu

Kachi

Kotdiji Yousafwal

Selected sites (t/ha).
Mean

2.4
3.0
2.3
2.3
3.0
4.0
3.0
0.9

5.4
6.0
7.0
6.0
5.1
6.0
6.0
0.8

(t/ha)

3.4
1.0

2.3
4.0
4.0
4.2
3.4
3.0
5.2
0.6

5.0
5.0
4.3
5.0
6.0
6.0
5.0
0.2

5.0
5.1
5.0
4.3
4.0
4.3
3.0
0.8

2.4
3.0
2.3
2.3
3.0
4.0
8.0
1.1

6.0
8.0
9.0
8.0
9.2
10.0
5.0

4.4
5.0
5.2
5.0
5.1
5.3

Kotli

G. Dopatta

Pirsabak

Bhalwal pur
Bhalwal
Tar
mab

Bagh

Danna

Narc

Dadu

Kachi

Yousafwala

Mean

6.0

3.0
1.0

Mean
LSD 5%
1.1

4.0
6.0
7.0
5.3
5.0
9.0
6.0
5.0

1.2
2.0
2.0
9.2
2.0
1.4
2.3
4.0

Yousafwala-5081
Compositel-15
Ilhsan
Swat (1)-8047
HaL Hyb.4785
Haf. Hyb.4788
Kashmir Gold
Check
6.2
1.2

6.0
6.0
7.0
5.4
7.3
8.0
6.0
4.2
2.1
0.8

2.0
1.4
2.0
2.1
4.0
1.2
2.0
2.3

1.4

8.0

8.1
8.1
7.0
8.0
8.0
9.1
9.0
7.0

4.1
2.0

5.0
3.2
4.2
5.0
2.0
5.2
3.2
5.3

7.0
2.0

7.0
6.0
7.0
5.0
7.1
8.5
7.0
6.3

8.2
2.0

9.0
9.2
7.0
6.5
8.5
10.3
8.1
7.3

1.0

5.6

5.0
5.0
6.0
5.0
6.0
8.0
4.5
5.3

5.2
0.4

5.0
5.0
5.0
4.4
6.0
6.0
4.4
6.1

5.3
0.5

7.4
5.1
5.0
5.0
6.0
6.0
5.0
5.0

1.1

7.0

5.4
6.0
7.0
5.4
8.0
8.5
5.0
7.0

6.0

5.4
5.3
6.0
6.0
6.0
7.0
5.0
5.4

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

Variety

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

National maize yield trials (FS) 1984.

6.4
2.0

Mean
LSD 5%

Table 3.

7.0
6.0
8.0
5.0
7.0
5.5

Azam
Gauher
Satipo(1)7931
Pool-17 Teyef
Afrat
Check

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

Variety

Table 2. National maize yield trial for short season varieties 1984.

1. Full-sib families were formed by crossing selected
plants in pairs in the first season. Crosses were evaluated
in replicated trials in the second season. The best 20-25%
of the progenies were selected to generate a new set of
families for the next cycle of selection. These were also
recombine to form a broad base synthetic. The elite 3-5% of
these progenies were also selected to make a narrow base
experimental variety in each cycle of selection. Remnant
seed of selected families was used to generate full-sib
families, synthetic cycles and the experimental varieties.
2. Mass selection: The population was grown in isola
tion and undesirable plants were removed at several stages
of crop growth. Most rogueing was done before pollination.
Since progenies were evaluated in performance tests and
selected entries recombined from the remnant seed, this
procedure resembled half-sib family selection.
Table 4.
Stability parameter for yield of varieties
leased in Pakistan.

Mean yield (t/ha)
Genotypes

Sultan
Sarhard white
Pirsabak-7734
Yousafwala-7845

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

1981

1982

1983

1984

7.35
6.29
7.73
6.54

7.01
5.86
7.30
7.55

6.91
6.26
6.15
6.53

7.09
6.14
7.06
6.87

re

Regression
coefficient (B)

0.95
0.49
0.78
0.64

Selection criteria were for early maturity, short
plants, and low ear height, disease resistance, kernel type,
phenotypic uniformity and high yield.
The following EVS and
tested at three locations.

synthetics

were

generated

Full-sib selection

Mass selection

1. EV 1

1. EV 1

2.
3.
4.
5.
6.

2. EV 2
3. Syn C 1
4. Syn C 2

EV 2
EV 3
Syn C 1
Syn C 2
Syn C 3

and

The performance trend for each selected population in
the three environments was relatively consistent (Table 5).
The differential response observed for yield in some entries
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might be due to genotype environment interaction. The mean
difference in yield between EV 3 and the original population
was 625 kg/ha. The 12.4% yield increase of EV 3 over origi
nal (CO) was statistically significant. Experimental variety
3 also significantly out yielded all the selected subpopula
tions except Syn C 3.
No significant differences in yield between CO and
earlier synthetic cycles occurred. EV 1 and EV 2 Full season
(FS) yielded slightly lower than their corresponding synthe
tics. The small number of families making a particular EV,
resulting in more genetic uniformity and possibly some in
breeding, might be the cause of the somewhat lower yield.
This trend was not found in the subpopulations developed by
mass selection. No significant yield differences among syn
thetic of Mass selection (MS) cycles were observed. Since
selection was practiced simultaneously for several traits
its effects is not expected to follow a particular pattern,
especially for yield. Hallauer and Miranda (1981) pointed
out that the effect of selection is difficult to predict for
the traits when several attributes other than yield are
considered at the same time.
Table 5. Mean grain yield and other traits of experimental
varieties and cycles in three environments.

Population

CO

Plant
hgt (cm)

Days to
silk

t/ha

4.86

cd

55.3

b

198

a

4.28
4.17
5.49
4.50
4.74
4.97

de
de
ab
cde
cd
bc

53.8
54.4
53.3
53.3
52.2
53.9

c
bc
cd
cd
d
c

177
174
171
174
174
183

cde
cde
de
cde
cde
bc

4.34
4.30
4.22
4.31
6.09
5.31
6.93

cde
de
de
cde
bcde
e
ab

53.9
54.3
53.2
54.1
53.7
53.7
57.8

c
bc
cd
bc
c
c

170
169
167
176
179
167
192

de
de
de
cde
cd
e
ab

Full-sib
EVl
EV2
EV3
SYN Cl
SYN C2
SYN C3
Mass Selection
EVl
EV2
SYN Cl
SYN C2
Improved Check I
Improved Check II
Improved Check II
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a

Some reduction in yield of earlier synthetics relative
to the original material (though not signif icant in most
cases) was observed in the first two cylces of selection for
both methods. This probably happened because more weigh~ was
given in selection to traits such as early flowering, lower
ear and plant heights, disease resistance and phenotypic
uniformi ty than to yield itself. Since most plant and ear
traits are known to show low association with yield (Hal
lauer and Miranda 1981), one might expect yield reductions
when selection is carried out with greater emphasis on
traits other than yield. Compton and Bahadur (1977) observed
reduced yield gains per cycle from modified ear to row
selection in Hays Golden variety when the selection index
included dropped ears and lodged plants compared to selec
tion for yield alone, in the same variety.
Days to 50% silking for the original population were
significantly more than any of the selected populations
except EV 2 FS & MS, and Syn C 2 of MS (Table 6). However,
EV 2 FS. EV 2 and Syn C 2 MS silked 0.9, 1.0 and 1.2 days
earlier respectively. EV 3 & Syn C 3 were 2.0 and 1.4 days
earlier than CO in silk emergence, respectively. The maximum
reduction in silking time was 3.1 days for Syn C 2 FS and
2.1 days for Syn C 1 MS. The non linear response of selec
tion to early f lowering could be due to multiple trait
selection criteria and GXE interaction. Both methods appear
to have successfully reduced maturity.
A decrease of 13.6% (27 cm) and 7.5% (15 cm) in plant
height from the original population was observed in EV 3 and
Syn C 3, respectively (Table 6). populations developed by MS
were shorter than populations developed by FS. Plant height
reduction of EV 1, EV 2, Syn C 1 and Syn C 2 MS from the
original was 14.2% (28 cm), 14.5% (29 cm), 15.5% (31 cm) and
11.2% (22 cm), respectively.
All selected populations were significantly lower in
ear height than the original populations. Full-sib EV 1, EV
2 and EV 3 were 19.8% (21 cm), 21.8% (23 cm) and 32.1% (33
cm), were respectively, lower in ear height than CO. Simila
rly, the MS method produced populations which had lower ear
placement than CO.
Moisture content of grain at harvest was higher in CO
than in any other populations except EV 2 FS. Differences
between CO and the full-sib populations was small and non
significant (Table 6).
Stalk rot generally increased in selected populations,
especially in MS program although most of the differences
were not significant. However, EV 3 and Syn C 3 were signi
ficantly less susceptible than the original population (CO)
(Table 6).
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Table 6.

In general, the multiple trait selection criteria were
effective for highly heritable traits. Decrease in yield of
some populations might be due to selection for the traits of
the local variety such as short plants, lower ear height,
early flowering, etc. This might result in lost of genes for
yield potential as a result of selection away from the corn
belt germplasm.
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Questions to

M.M. SALEEM

From

N.N. SINGH

Q.(1)

What is the altitude of your higher elevation?

Ans.

By

higher elevation I mean 1700 masl or above.

Q. (2) Your are gaining two days in days to 50% flowering
but dry down is same as you are harvesting at 26%
moisture in both CO and EV 3. How can you say that
you are gaining in maturity?
Ans.

From
Q.

Ans.

From

I presented mean data from three locations in which
one location had erratic grain moisture contents at
harvest and for that trait CV was 21%. That caused
some discrepancy in this character.
In the other two
experiments the data showed significant differences.
It would have been better if the data for this trait
was reported from two locations only.
: A. S. KHEHRA
To develop a superior variety through intra-popula
tion improvement in a short period (2-3 cycles), will
it not be better to have higher selection intensity
(8-10%) rather than having low selection intensity
(20-40%) and generating experimental variety from
each cycle ?
For short term breeding programs it is better to use
higher selection intensity for higher gains per cycle.
However, genetic variance may be exhausted rather
rapidly and new material may have to be introgressed
if the population improvement program is to be conti
nued for longer time.

: V.R. CARANGAL

Q.(1) You indicated variety improvement in Pakistan is car
ried out to develop varieties for major cropping
patterns. What are these major cropping patterns ?
Are you evaluating the regime trials as it fits in
the pattern? Do you have recommendations for diffe
rent cropping patterns ?
Ans.

Part 1. - The major cropping patterns that involves
maize in Pakistan are
(1). Maize - wheat
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(2). Maize - tobacco (especially in the NWFP)
(3). Maize - vegetables (onion, potato, etc.)
(4). Maize - berseem ( shaftal, etc.)
(5). Maize - oil seed crops such as brassica.
Ans.

Part- 2 - Yes, we have different variety and fertilizer
recommendations for different cropping patterns. We
have maize varieties available in three maturity
groups. In areas where wheat will mature during late
June or in areas where Virginia tobacco is harvested
somewhere late in July or even in August, we recommend
short duration maize varieties and recommend different
doses of N & P depending on how much fertilizer espe
cially P was applied to the previous crop or if legu
minous fodder was the preceeding crop.

Q.(2) Dr. Khehra reported the success of winter maize produ
ction in Punjab, India .
What is the potential of
maize of winter cropping to replace wheat in Sind and
Punjab ?
Ans.

From

There are some chances of winter maize to be planted in
some parts of Pakistan.
Winter maize (now spring
maize) may come on land on which wheat could not be
planted for some reasons. Winter maize may be succes
sful if transplanted during late January or February
as Dr. Khehra indicated in his speech. Chances for
immediate winter maize are low as the Govt policy
would be to plant oil seed crops if land is not plan
ted to wheat .
Winter maize in Sind could be a great
success if introduced there, but Sind is growing maize
for fodder purposes and not for grain. Similarly, Sind
Govt. may introduce winter oil seed crops to replace
some wheat.
: D. H. MUTHUKUDA ARACHCHI

Q.

I noticed that the yield differences between hybrid
and composites tested were minimal. Are you still
willing to go for a hybrid program ?

Ans.

The hybrids tested were from a private company and
are grown only by contract growers. You rightly no
ticed that yield differences between hybrids and
varieties were small and in addition, hybrids were
very late compared to varieties. These hybrids, when
grown by growers other than contract farmers, will
not be successful but we still intend to continue our
hybrid program with the following objectives :
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1. To develop hybrids from our local germplasm (exotic
lines mature too late) to mature in 90-95 days and
will fit in the cropping pattern.
2.

The yield should be better or equal to our best full
season OP varieties.
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DEVELOPMENT OF TROPICAL ADAPTED
SWEET CORN VARIETIES IN MALAYSIA

LEE CHOO KIANG

INTRODUCTION

Supersweet corn carrying the shrunken-2 (sh2) gene was
introduced into Malaysia in 1981 (1). population improvement
on this introduced cultivars have resulted in a yellow and a
red kernel population called Supersweet Kunming and Super
sweet Merah respectively (2). Supersweet Kunming which has
attractive
yellow cob was released in 1987 as Manis Ma
du ( 3). Recent advances in sweet corn cuI tivars development
overseas, resulted in a series of hybrid cultivars being
introduced into Malaysia. These are the Honey Jean and the
Jelly Bantam series carrying the brittle-l (btl) or brittle
2 (bt2) genes. These cultivars are sweeter than the super
sweet corn carrying the shrunken-2 (sh2) gene. However,
these hybrid introductions are poorly adapted. Their traits
are shown in Table 1.
Table 1. Agronomic
cultivars.

traits

Cultivars

of

unadapted hybrid

Plant hgt
(cm)

t

sweet

corn

Cob hgt
(cm)

Extra Early Jelly Bantam

107.4 c

22.3 c

Early Jelly Bantam

120.9 c

30.0 b

Jelly Bantam

134.0 a

51. 6 a

Skyliner 85

122.2 b

40.1 b

Honey Jean No.2

133.8 a

56.3 a

Manis Madu(adapted cultivar)

201.0

100.0

t Means followed by different letters
different at 5% level (Duncan test).

are

significantly

1/ Maize breeder, MARDI, Bertam Research Station, Malaysia.
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t

Adaptation Breeding Program :

Plant
bility of
the local
tions, are

and cob heights clearly indicate the poor adapta
these hybrids. The mean plant and cob heights of
improved cultivar Manis Madu, average over loca
201 and 100 cm respectively.

Due to the poor adaptability and high incidence and
severity of leaf diseases of the imported hybrids, an adap
tation breeding program was initiated. Moreover, imported
seed cost at US$20 to US$25 per kg. is considered to be
high.
In this improvement program, two sources of sweetness
were used. Honey Jean No.2 provided the brittle-2 gene while
MSII C3 provided the brittle-l gene. Honey Jean No.2 (an Fl
hybrid) was allowed to segregate and fifty tall F2 plants
showing adaptability to the humid tropics were interpolli
nated. Resulting seed was bulked and advanced to the
F3.
For subsequent generation from F3 to F7, the pollen source
was controlled by detasseling the short, early, unadapted,
weaker plants . The tall, well adapted plants were allowed to
interpollinate. This resulted in a population called Honey
Jean which has good plant height for the humid tropics.
However, cob size is small and disease rating is high. To
further improve its adaptation, Honey Jean F7 was crossed to
Across 7824, a CIMMYT variety adapted to the lowland humid
tropics and a good performer in various trials in Malaysia.
The second source of sweetness, MSII C3, an introduc
tion from Hawaii carrying the brittle-l (btl) gene (4) was
crossed to the hybrid Pioneer 3228. Fl generations of Honey
Jean F7 x Across 7824 and MSII C3 x Pioneer 3228 were advan
ced to the F3 generation and kernels segregating for the
sweet gene were selected . The subsequent selection programs
for the two populations were as follows :
Honey Jean x Across 7824 ~

/MSII C3 x Pioneer 3228
Fl Segregation for sweetness

~
F2

t
F3
~

Segregation for earliness, plant height, etc.
Mass selection for adaptation
r
.~

~

F4 (Cl)

F5 (C2)
. . F6 (C3)· -------?- Sl EXp.
Modified HS cycles.
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Variety-~C4

Plants were selected for humid tropical adaptation,
each generation possessing the following traits:
( i)

(ii)
(iii)
(iv)
(v)

Plant height
Cob height
Large cob size
Low leaf disease rating
Tasseling

< 2.0m
< 1.0m

> 1.5m
> 0.8m
> 18.0cm

> 40 days

The F2 and F3 selections of the crosses were evaluated
for their yield and adaptation. Honey Jean No.2 and MSII C3
were included as varieties in the yield trials together with
the selections. The performances of the F4, F5 and F6 selec
tions of Honey Jean F7 x Across 7824 were also assessed.
The improvement and evaluations
of these populations
were carried out at MARDI, Seberang Perai. In the yield
trials, seeds were sown 75 cm between row and 50cm between
hills, with two seeds per hill. Each entry was planted in a
3m x5m plot replicated four times. Plant and cob heights
were measured from the crown to the base of the tassel and
the cob.
Twenty plants per plot were sampled in this trial. The
F4, F5 and F6 of the cross Honey Jean F7 x Across 7824 were
grown as isolated recombination blocks. For the population
studies, 100 random plants were measured.
Table 2. Agronomic traits of early generation selections of
sweet corn crosses.

Entry

Plant hgt
( cm)

Cob hgt
( cm)

Honey Jean F1

133.8 b

56.3 b

Honey Jean F7

171.4 a

83.5 a

Honey Jean F7 x
Across 7824 F2

169.3 a

80 . 6 c

Honey Jean F2 x
Across 7824 F3

173.0 a

83.2 a

MSII C3

166.7 a

75.7 a

MSII C3 x 3228 F2

168.6 a

80 . 2 a

Means followed by different letters
different at 5% level (Duncan test).
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are

significantly

RESULTS AND DISSCUSSION

The adaptability of a sweetcorn genotype to the humid
tropics can be evaluated by its plant and cob heights.
Tables 1 and 2 show significant differences in plant and cob
heights between
a number of varieties, the Bantam series
from Japan showed the poorest adaptability with the lowest
plant and cob heights. In the Bantam series, the earlier the
maturity of the cultivar, the poorer the adaptation to the
local environment. This is emphasized by the variety Extra
Early Bantam, which recorded the lowest plant and cob
heights. Honey Jean F1 hybrid is of intermediate adaptation
and maturity with higher plant and ear heights as compared
to the Bantam series.
The local selections, Honey Jean F7 and MSII C3 and the
selections from their crosses with grain corn varieties
showed superior adaptation. The tallest plant and highest
ear placement in all three seasons were recorded in these
selections. Plant and cob heights are useful in selecting
for adaptation in the humid tropics as the two characters
are directly correlated. However, plant and cob heights
should be in the region of 2.0 m and 1 . 0 m respectively.
Analysis of F4, FS and F6 of the cross Honey Jean F7 x
Across 7824 further confirmed its superiority in adaptation
(Table 3). Plant height reached 18S cm at the F6 generation.
Moreover, the cob and plant heights showed sufficient varia
tion to permit improvement for plant height. These variation
shall be exploited when advancing the half sib and 51 cycles
of the selection program .

Table 3.
7824.

Cycles of selection of Honey Jean F7 x

Population

Honey Jean F7 x
7824 F4
Honey Jean F7 x
7824 FS
Honey Jean F7 x
7824 F6

Across

Ear hgt.
(cm)

Cob length
( cm)

149.9

73.6

lS.4

lS.4

10.9

167.9

82.8

lS.9

13.1

18S.0

98.S

16.3

20.S

23.2

1.9

Plant hgt .
( cm)

87

1. 77
lS.4
1. 99

Wi th further cycles of selection for increased plant
and cob heights and large cobs, well adapted open pollinated
cultivars carrying the brittle-2 and brittle-1 gene can be
obtained.

REFERENCES

1.

Lee, C.K., N.N. Ramli, and A. Zamberi. 1983.
Gambaran
Kultivar dan Pengeluaran Benih Jagung Thai Super
sweet. Teknol. Pert. MARDI 4: 174-176.

2.

Lee, C.K., O.Hashim, C. Subramanian. 1986. Supersweet
Kunming
a new selection of sweetcorn. Teknol.
Plebagai Tanaman 2: 1-3.

3.

Anonymous. 1987. Supersweet Kunming - Satu Jenis Jagung
Manis Madu Baru untUk Malaysia. pamphlet
Mardi,
Serdang, Selangor, Malaysia.

4.

Brewbaker, J.L. 1977. Hawaiian Supersweet 9 Corn. Hart.
Science. 12: 355-356.

88

MAIZE HYBRID PRODUCTION AND DEVELOPMENT IN ASIA

D. N. Chaudhary

);/

Pioneer Hybrid International has been actively
involved in the genetic improvement of corn in the Asian
region. Besides, corn we are working with sorghum, soybean,
sun-flower, wheat, alfalfa and pearl millet depending on the
local needs. At this occasion, I shall confine my presenta
tion to the corn hybrid development in this region.
We have a well defined guidelines dictating our course
of action: 1) We try to provide products and services which
increase the prof i tabili ty of world farmers.
2)
We stick
to the activi ties which apply to science of genetics.
3)
We always look for new opportunities which enhance core
business.
Our day to day acti vi ties are governed by "The Long
Look" through which:
We strongly believe that people make
Pioneer, who in turn strive to develop the best possible
products for the market.
We try to:
1) Produce best products for the market
2) to deal honestly with customers
3) advertize and sell
without misrepresentation and
4) try to give suggestions
that will help our customers to make the largest possible
profit.
To met our objectives, we are structured in a
worldwide plant breeding research divided in three regions:
Region I (North America), Region II (Europe) and Region III
(others) including Africa and Asian Regions.
Me and my
fellow breeders have the responsibility of developing
suitable corn hybrids for the countries in the Far East. We
have two research stations in Japan, two in Philipines, one
in Thailand and one in Australia actively involved in the
development of inbreds and hybrids for this region.
We are
actively involved in testing our corn hybrids in China and
South Korea.
Our research stations in Philippines are
characterized as lowland tropics, that in Thailand as sub
tropical and those in Japan as temperate.
The southern part of Philippines experiences warm and
dry condition while the northern part experiences warm and
wet conditions. Similarly, southern Japan is characterized

l!

Regional Director/Corn Breeding - plant Breeding Division
Pioneer Hi-Bred International, Inc.
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by warm and moist climate while the northern part is
relatively cooler and dry (Table 1). These climatic factors
inf luence the diseases and pest incidences in these
locations.
Breeders
at
General
Santos
station
(PG)
in
Philippines, have the responsibility of developing downy
mildew tolerant, high yielding hybrids while the breeders at
Calamba (PA) are working on the identification of high
yielding hybrids with excellent standability.
We are
continuously improving the yield level of hybrids at our re
search station (TS) in Thailand.
Such hybrids should have
moderate tolerance to downy mildew and virus complex.
Our

Table 1.
Climatic
Stations are located.

conditions where Pioneer Research
Pacific Basin, Corn Research.

Station

Precipitation

PHILIPPINES

33
31

23
23

773
1578

TS

33

23

1292

JK
JO

21
10

11
2

1988
838

25

11

774

PG
PA
THAILAND

JAPAN

\

AUSTRALIA

AK

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

major objective at JK in Japan has been to develop high
yielding hybrids tolerant to southern leaf blight and banded
leaf and sheath blight in the maturity range of 120-125 R.M.
Breeders at Kitami (JO) in Japan are engaged in developing
early maturing «90 RM) hybrids tolerant to bacterial stripe
and stalk rot complex.
Corn hybrids in Japan are primarily
grown for whole crop silage for beef cattles and dairy cows .
Our research stations in Japan have the mandate of develop
ing sui table corn hybrids for China and other neighboring
countries having similar disease complexes.
A summary of
the most important characters considered in our breeding

90

projects in the Asian region is described in Table 2.

Table 2.
program.

Characters considered in selection
Pacific Basin, Corn Research.

Station

Adaptation

1. PG

Tropical

White/
yellow
Dent/
flint

Yield stability
Resistance: downy
mildew, Maydis
leaf blight.
polysora rust,
stalk rots

2. PA

Tropical

White/
yellow
Dent/
flint

Yield stability
Resistance: Maydis
leaf blight.
Polysora rust,
stalk/ear rot com
plex, Asian corn borer

Yellow
Semi dent

Yield stability
Resistance: downy
mildew, Polysora rust,

Flint

virus complex

Yellow
Dent/
flint

Yield stability, drought
tolerance.
Resistance:
thrips, Cicadulina,
Maydis leaf blight
common rust, Turcicum leaf
blight,
Fusarium stalk
rot, wallaby ear virus,
sugarcane mosaic virus,
Diplodia, Fusarium,

3. TS

4. AK

Seed color/
texture

in breeding

Selection
criteria

5. JK

120
to
125 RM

Yellow
Dent/
flint
Silage/
Grain

Yield stability,
cold tolerance.
Resistance
banded leaf and sheath
blight, southern rust,
Maydis leaf blight, rust,
stalk rot complex.

6. JO

90 RM

Yellow
dent/
flint
Silage/
grain

Yield stability, cold
tolerance.
Resistance:
Banded leaf and sheath
blight, bacterial stripe,
stalk rot complex.
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HYBRID DEVELOPMENT
PHILIPPINES:

We were able to develop the first corn hybrid tolerant
to downy mildew (6181).
This hybrid has been very popular
among farmers.
In the past, "The outstanding Farmer of the
Year" award has gone mostly to those who have planted 6181.
Later on, we
released another high yielding hybrid (3228)
to replace 6181.
Our hybrid 3228 has shown superior yields
over our previous hybrid 6181 (Fig. 1).
Our breeders have
been continuously improving the yield level of our hybrids.
THAILAND:

We initiated hybrid seed industry in Thailand with
hybrid 3228 which was replaced later by the locally
developed hybrid 3272.
We have now a whole set of
commercial and pre-commercial hybrids challenging our own
previous hybrid in terms of yield and disease resistance.
Trials conducted over the years at several locations have
shown evidence about the superiority of the new hybrids
(Fig. 2).
JAPAN:

The corn hybrids grown in Japan are primarily for
silage.
In such conditions, a different
cri terium for
suitability of hybrids has to be defined.
Such hybrids can
not be selected either on the basis of ear weight or stover
weight separately.
Although ear contributes more to the
nutri ti ve value of silage,
we need to have a balance
between these components in silage production.
We work on
the basic concept of T.D.N. (Total Digestible Nutrient) and
one of our new hybrids, 3462, has shown significant
improvement over other eXisting hybrids.
Hybrid 3462 has
shown good levels of resistance to foliar diseases,
particularly Maydis leaf blight.
CHINA:

We have been actively involved in testing our hybrids
at various locations in China: Jilin, Shenyang, Beij ing,
CAAS and P.O.C. in the spring, and Hebei, Chandong, Menan
and Shaanxi for the summer plantings.
We have had great
support and cooperation from agricultural universities and
various Academies of Sciences in conducting the trials.
According to data collected in 1987 the trials have been
very encouraging. This year (1988) we are retesting several
selected hybrids at several locations.
We have added two
more locations this year, namely Shanghai, and Guangzhou in
the south .

92

All our research stations in this region are strategi
cally located to develop diverse germplasm resources. We
rotate germplasm between stations to develop inbreds and
hybrids with wider adaptation.
Besides
developing high
yielding, stress tolerant hybrids, we have been able to
develop some new concepts in corn breeding:
a)

Balanced plant structure - usually the hybrids from tro
pics are viewed as bearing excess foliage with droppy
leaves.
Our hybrids from Philippines and Thailand have
changed this concept.
These show balanced pYant
architecture and appear efficient in partitioning photo
synthate into grain development.

b)

Downy mildew tolerant hybrid
our General Santos
station was probably the first to develop downy mildew
tolerant hybrids.

c)

Movement of germplasm - we have been able to move germ
plasm from temperate to tropical environments and
viceversa.
Our breeders have been finding out ways to
introduce and introgress germplasm in
both directions.

with a network of strategically located research
stations, we have been able to develop productive hybrids
for most of the markets in this part of the world.
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HORIZONTAL
sp .

(Thanatephorus

sasakii

=

Rhizoctonia

soLani

f.

AND VERTICAL (MarasmieLLus paspaLi) BANDED
BLIGHT DISEASE COMPLEX IN MAIZE : EFFECTS AND CONTROL.
sasakii)

M.M. Payak

1/

INTRODUCTION
In this paper, information on not only the Rhizoctonia
disease but also another disease which bears resemblance in
symptoms to the former is being presented; both are incited
by pathogens which are members of the same taxonomic group
of fungi (Basdiomycotonia) and possibly have the same mode
of infection, i.e., through mycelium. The two diseases have
been respectively designated as ' horizontal banded blight
[Thanatephorus
sasakii
(Shirai) Tu & Kimbro.; anamorph
Rhizocton i a soLani
Kuhen f. sp. s a sakii Ahuja & payak] and
vertical banded blight [Marasm i eLLus paspaLi (Petch) Singer]
(1), and hence the title
under which this paper is being
presented.
Horizontal Banded Blight

Earlier, it has been pointed out, the disease in India
was little more than a curiosity, a disease of minor
importance in the western and central Himalayan foot hill
(tarai) region in India. However, it became increasingly
severe and assumed epidemic proportions in the next two
decades. In the foot hill region of Himachall Pradesh,
especially in the district of Nandi, the epidemics caused
high grain losses. Greater damage(19) occurred where the ear
rot phase of the disease predominated.
In India, the disease has been noted to occur in the
states of uttar Pradesh, Himachall Pradesh, Haryana, Madhya
Pradesh, Rajasthan, Punjab, West Bengal
and Meghalaya. It
is rampant across the length of the Himalayan at altitudes
between 1,100 to 1,500 meters above sea level.
On maize, the disease was first recorded from Sri Lanka
by Bertus(ll) in 1927 under the name of 'sclerotial'
disease. Subsequently, it was recorded from Malaysia under
the name of banded sheath rot, in the Philippines as banded
sclerotial disease and as summer sheath blight in Japan (15,
25, 28).
In recent years the disease has broken out in more
countries and has assumed epidemic dimensions. It has been

1/ Emeritus Professor. Indian
Institute, New Delhi 110012, India.
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found to occur in Bhutan, Burma, Indonesia, Nepal, Pakistan,
Philippines, southern China and Vietnam (12).
The symptoms and signs of the disease, as it occurs on
maize, have been documented by Ahuja and Payak (5, 6) and
the following account is based on that work.
The disease generally appears at pre-flowering stage in
40-50 day old plants. When infection occurs in younger
plants, death of the apical growing point
resul ts. As a
consequence,
such affected plants
acquire
a
bushy
appearance. The disease manifests on leaf laminae and
sheaths as leaf and sheath blight and on ears as ear rot;
though not common, it also appear on the stalks as rind
spotting and as stalk breakage.
As the disease is sOil-borne, plant parts nearest to
the soil are the first to get infected
dropping leaf
blades (especially their distal halves), sheaths of basal
internodes, etc. The distinctive feature of the disease is
that it is primarily a sheath disease. Ordinarily, few
pathogens are able to breach the structural and mechanical
rigidities of vascular elements. Rhizoctonia, in spite of
the fact that the sheath predominately consists of vascular
elements rather than pith or parenchyma, has the ability to
attack this (sheath) part of the maize plant. Although, by
artificial inoculation leaf blades become more severely
blighted, the disease is more common on the sheaths.
Initially, the irregularly globular to elongated
lesions (1-3 mm diam.) appear as water-soaked areas. Because
of the loss of chlorophyll, the affected areas become
bleached and necrotic. The lesions cover greater areas and
the alternating narrow purple or brown zones become more
prominent resulting in the characteristic symptoms of banded
blight. The blotches, interspersed with dark green to brown,
1-2 cm wide bands, are oriented perpendicularly to the long
axis of the leaves unlike in the other disease (vertical
banded blight). As the distance from the site of infection
increases, lesions tend to decrease in size and become more
discrete and isolated. Severely affected leaves and sheaths
become thin and peppery and resemble, from a distance, a
cast-off snake skin. Occasionally, some of the lower leaves
subtended by the diseased sheaths may become chlorotic,
followed by inward rolling of laminae and loss of turgidity.
These dry up prematurely and have a grayish-green sheen.
The disease appears on basal leaf sheaths as water
soaked, straw-colored roundish spots on both the surfaces.
Its spread (5) from the lower to upper sheaths is rather
rapid under favorable conditions, but in dry weather it
remains restricted. The pathogen appears to have a
predirection for reaching the ear shoot. In moderately
severe to severe cases, a continuity of lesions on all the
sheaths up to the ear shoot has been noted. In fact, the
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disease does not seem to advance beyond the ear either on
leaves, sheaths or the tassel.
The pathogen also causes spots or lesions on the rind
of the stalk under the affected sheaths. Dark brovm to
black, sometimes off-white, superficial to depressed lesions
extend on the lower four to five internodes. These coalesce
laterally and end-to-end. Individual lesions range in size
from 10-15x2-5 mm
to those which cover the whole
internodes. Sometimes these are transformed into cankers.
Disorganization of the rind tissues results in lengthwise
shredding. While most of the lesions maintain a linear
pattern, a few girdle the stalk near the nodes. In severe
cases of infections, the entire thickness of the rind is
affected the stalk thereby becomes weakened and breaks
easily. At Delhi, 15% of the entire maize in a pathological
trial lodged as a result of field inoculation and stalk
breakage ranged fr om 3-10%.
The source of infecti on for the ears is the lower
adjacent diseased sheaths; in no case was ear rot observed
in absence of infection of the lower sheaths. In favorable
weather (5) the disease reaches the ear shoot wi thin 15-20
days of sheath infection. On the ear, it appears first on
the basal part of the outermost husk leaves in contact with
the sheath through which the ear is emerging. Unlike the
lesions on leaves and sheaths, those on the husk leaves are
more diffuse and less sharply def ined, but the bands are
fairly prominent. The disease spreads to the innermost husk
leaves and then to the whole ear right to the tip. The
pistillate branch or the shank and the cob however, have not
been observed to show any symptoms or indications of
infection. The reduction in ear length and girth is also
qui te marked. Severely affected husk leaves may shred and
sclerotial development on them may follow.
Ear rot severity is dependent on the stage of ear
development at the time of infection. Three types of ear rot
severities may occur : (a) in case of infection taking place
prior to ear emergence, the development of the ear is
completely suppressed or at best it remains rudimentary,
wi th bleaching of entire husk leaves; (b) if the pathogen
reaches the ear after its emergence, silks darken, become
caked up and turn into a hardened lump leading to poor
filling; (c) if infection occurs after grain formation, the
kernels become light in weight, chaffy and lusterless. An
overall reduction in kernel size occurs and cupule infection
is also common. Kernels developing in such cupule show
reddish-brown, horse-shaped lesions on the flattened side
below the crown. Such disfiguration is useful for diagnosis
of the disease, and even at harvest time when plants as a
whole, including leaves and sheaths, have dried up, the
presence or absence of the disease can be determined by
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scanning the kernels. In pathological tests on seeds,
character can also be utilized.

this

Though the sheath rot phase predominates,
the
destructiveness is associated with the proportion of
prematurely dead plants and it may range from 3-60%. Ear rot
phase also is responsible for high levels of losses and it
can be as high as 54%.
Signs

Two types of mycelia are observed on the host,
the
straight non-infectious, cottony, runner-type of hyphae, and
the multibranched lobate type of infectious hyphae. The
former type may be present on the unaffected parts of a
maize plant. The latter type develops on aggregations of
non-infectious hyphae on tissues which have turned necrotic;
they sometimes give rise tq sclerotia which are initially
whitish to creamish, turning orange later.
The hyaline mycelium is especially prominent on the
abaxial surface of sheaths and husk leaves. A raised and
spreading type of mycelium has been observed on both
surfaces of the leaves and its greater concentration has
been observed on unaffected parts adjacent to the diseased
ones.
The hyphal masses on ears produce a caking effect and
cement the husk leaves as well as silks together. The
mycelium develops above and between the kernel rows.
Irregularly-shaped sclerotia give a pustular appearance to
the affected parts which have already turned necrotic or
prematurely dried up. Sclerotia are found not only on
sheaths and husk leaves but are also observed on glumes, in
the cupule, under the pericarp in the kernels, and on caked
silk fibers. The basidial stage has not been observed. There
are many records of development of the perfect stage on
rice, but more observations are - required to detect its
presence on maize.

The Pathogen
Anamorph:

& Payak.

Rhizoctonia solani

Kuhen f. sp.

sasakii

Ahuja

Hyphae hyaline to subhyaline at first, brownish later,
septate with dolipore septa, branched at right angles,
constriction and septum near origin of branch, 3-11 nun in
diam., multinucleate (3-16 but mostly 4-8 per cell with a
mean of 6.3-6.6 and a mode value of 6); moniloid cells
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present but clamp connections absent; sclerotia not
differentiated into rind and medulla (primary rind type),
variable in shape and size but mostly flat and discoid and
irregularly curled (18).
Colonies on potato dextrose agar effused, white when
young, buff to brown later, reverse of colonies brown;
growth optimum at 25 and 30 C (no growth at 15 and 35 C);
growth rate 45 mm/24 hr.; anastomosis group AG-l IA.
TeLeomorph:

Thanatephorus

sasaki i

(Shirai)

Tu

&

Kimbrough
The teleomorphic stage has not been recorded on maize
and hence its description is not provided here. However, as
many maize and rice isolates are identical, the perfect
stage of the maize pathogen may also belong to T. sasakii as
described by Tu and Kimbrough (27).
Rice and maize isolates are found to be identical with
respect to host range, nuclear number in hyphae, influence
of temperature and relative humidity on growth. Yan et aL.
(29) in China, also found that maize isolates of the
pathogen were indistinguishable among themselves while
cotton as well as wheat isolates were found to be
different(9). The sasaki i group of isolates fall in
Anastomosis Group AG-l IA (17) which causes sheath blight of
rice.
Screening of Maize Germplasm & Identification of Resistance.

Both laboratory and field evaluation techniques have
been developed. In both cases (3, 4) inoculum is multiplied
on whole autoclaved barley grains. This substrate supports
profuse growth of Rhizoctonia and it also stimulates a fair
production of sclerotia. Optimum disease development
occurred when whole, but infected barley grains with the
growth of the fungus were inserted in four contiguous basal
sheaths (between the rind and the enclosing sheaths at
nodes) when the plants were 40-50 day old. For laboratory
evaluation , leaf and sheath pieces of suitable size (from
30 day old plants) were excised and floated on 8 ml of 2 ppm
kinetin (6-furfurylamino-purine) water solution in Petri
dishes. Inoculations on each excised sheath/leaf piece were
made by placing a single barley grain with growth of the
pathogen on the midrib of the abaxial surface of the leaves,
and incubated at 27+1 C for two days. Rating scales for both
evaluation techniques have been devised and formulated (2,4,
7,26).
A variety of maize breeding materials - inbred lines,
single crosses, double and double top crosses, composites,
synthetics and open-pollinated varieties - were evaluated
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and lists of materials
been published (4, 8).

together with their

reaction

have

Among inbred lines, CM 104 (yellow flint), extracted
from the South American variety Amarillo theobromina and CM
300 (white flint) derived form ETO
Blanco (also a South
American variety) were determined to be the elite lines in
terms of resistance (21, 22). In the Indian Maize Program,
these are parental lines of the hybrids released to farmers
in India. For example, CM 300 is a parental line of hybrids
Ganga Safed 2, Ganga Safed 4 and Hi-Starch; CM 104 is a
parental line of hybrids such as Deacon and Ganga 101.
Since 1973 multiple disease resistant stocks (full sib
families) have been developed through recurrent selection
and exposures of materials in various cycles to this disease
as also other major diseases (20, 23). A variety under the
name of Pusa Prakash carries multiple disease resistance
including resistance to Banded Leaf and Sheath Blight and
was released in 1985.
It may be poin ted ou t that some of the materials
possessing resistance to downy mildews (DM), incited by
various
species
of
Peronosclerospora,
have
shown
intermediate to susceptible type of reaction to Rhizoctonia
solani f.sp. sasakii
(8). These include DMR Super Composites
and Thai DMR Composite 1. It appears that factors governing
resistance to DM, and those determining resistance to banded
leaf and sheath blight are not associated and ordinarily not
found in the same genotypes. This may be one of the causes
for increased incidence of banded leaf and sheath blight in
certain Asian countries. It appears to apply particularly to
the Philippines where the area under DM resistant materials
has increased in recent years. It has also been observed
that hybrids released by the private sector in India and in
Philippines are highly susceptible to this disease.
The disease being soil-borne, clean crop cultivation is
crop debris
carrying
desirable.
Straw,
stover and
mycelium/sclerotia of the pathogen requires to be burnt and
not ploughed up in the field where is maize is to be cropped
again.
In respect of chemical control, some preliminary work
has been done(10). In vitro evaluations have shown that
Benodanil and Carbendazim at a concentration of 25 mg/ml
completely inhibited growth of R. so l ani. In Japan (13,14) ,
Validamycin A (an antibiotic produced by Streptomyces
hygroscopicus var.
limoneus), although not active in vitro,
was determined to be quite effective against the sheath
blight pathogen of rice at 30 ppm.
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vertical Banded Blight

Latterell and Rossi (16) described a disease of maize
from Mexico, costa Rica and Nicaragua in Central America
under the name of I Borde Blanco I (white border);
the
present writer has observed the occurrence of this disease
in Venezuela also in 1977. The pathogen was identified as an
undetermined species of MarasmieLLus (16). The disease was
under observation in India since 1975. As the pathogen
belongs
to
the
family Tricholomataceae,
Agaricales
(mushrooms), the identity of which is based on highly
evanescent fructifications (basidiomata), for long the
taxonomic determination of the pathogen could not be made.
Payak and Sharma (24) were successful in observing and
recording mature fructifications containing basidiospores of
the fungus in association with the lesions on leaves.
Latterell and Rossi (16) have stated that the pathogen in
Central America possibly causes a stalk rot disease also. In
India this phase has not been observed. The pathogen found
in India has been determined to be MarasmieLLus paspaLi
(Petch) Singer. This fungus again was first recorded from
Sri Lanka on the leaves of PaspaLum.
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Questions to

M.M. PAYAK

From

R.N. WEDDERBURN

Q.

What are the implications of the spread of Rhizoctonia
areas of rice-maize cropping systems?

soLani

Ans. I do feel that disease severity may increase because in
all respects the maize and rice isolates of Rh i zocton i a
soLan i
f. sp. s a sakii are similar and they can be
easily cultivated on each of the crops.

From
Q. (1).

Ans.

From
Q. (1).

: D.N. CHAUDHARY
Have you found any interaction of Rhizoctonia with
any other soilborne pathogen or even with any other
pathogen ?
NO, we have not studied interaction of
with other soilborne pathogens.

: C. DE LEON
Do you

have

Rhizoctonia

Ans.

Rhizo c tonia

some evidence
in maize?

on

chemical

control

of

soLani

Yes, the antibiotic Validamycin A (developed in
Japan) has
been effective in controlling the
Horizontal Banded Leaf and Sheath Blight. In India,
Topsin-M (Thiophauste) has also shown promise in
control of this disease.

Q.(2). Do you feel intra population selection for resist
resistance would be a better possibility for re
sistance rather than going into a backcrossing pro
gram using identified source of resistance ?
Ans.

Yes, resistance in a population to Rhizoctonia can be
continuously upgraded. Backcrossing may have some
utility in developing resistant inbred lines for a
hybrid program.
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Comment to

M.M. PAYAK

From

V.R. CARANGAL

Dr.
where the

Payak indicated
Rhizoctoni.

on rice affects the following legume.
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TECHNIQUES FOR CONTROL OF THE ASIAN CORN BORER
IN THE PHILIPPINES

1/
Belen

Morallo - Rejesus

INTRODUCTION
Corn, aside from rice, is the most important cereal
crop in the Philippines. It is the staple food of about 20%
of the country's population and a major ingredient of animal
feeds, with a variety of uses in several industries. In 1985
the area devoted to corn in the Philippines was 3,314,580
ha, one of the largest in southeast Asia, but the average
yield of 1.04 tjha is low compared to other corn growing
countries.
Insect pests signi'iicantly contribute to reduction of
corn yield in the country. Among the 54 insect species
recorded feeding on corn(7), the Asian Corn Borer (Ostrinia
furnacaLis
Guenee) is the major constraint to corn produc
tion in the country, causing 20 to 80% yield loss. This
insect is a minor pest of corn in Thailand, China, Indonesia
and Malaysia.
The exhaustive review on the biology and control of the
Asian Corn Borer (ACB) from 1929-1984 by Morallo-Rejesus
(12) revealed that the predominant control measure for this
serious pest is by insecticidal applications. Recognizing
the importance and seriousness of this pest and the problems
of complete reliance on chemical control, the Philippines
Council for Agriculture and Resources Research and Develop
ment (PCARRD) fully supported since 1981 corn borer research
in several Philippine institutions, aiming to develop an
integrated management scheme. Some of the results of these
studies have been packaged and evaluated in corn growing
areas of the country.
The scheme utilizes two or more of the following
techniques chemical,
biological, microbial,
detasseling,
resistant varieties and cultural practices (early planting,
intercropping and sanitation). The application of the petro
leum-based or microbial insecticides or release of predatory
earwigs is based on control action threshold (CAT).

1/

Professor and Chairman, Dept. of Entomology, College of
Agriculture, University of the Philippines at Los Banos (UPLB)
College, Laguna, Philippines.
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CONTROL ACTION THRESHOLD

Based on the studies at UPLB (6, 13), two CAT parame
ters have been recommended : ( 1) 100 corn borer larvae per
100 plants and (2) 50% corn plants showing leaf feeding
holes. The presence of pin, match size and shot holes indi
cate larval feeding.
Employing the CAT parameters as the basis for insecti
cidal application, the number of sprayings was reduced to 1
or 2 in contrast to 4 under the calendar schedule (Table 1).
Insecticide applications at whorl stage is the most practi
cal to be implemented by the farmers and more profitable
than calendar spray. The lower inputs increased farmers the
income by more than 50% as compared to calendar spray. Among
the insecticides evaluated using CAT, endosulfan gave the
highest profit. On the other hand, it gave the lowest profit
if applied (4 sprays) based on calendar schedule.
The appropriateness of utilizing the number of lavae
per 100 plants parameter for timing the release of predators
are presently being pursued (15). Initial results from re
gional evaluation of these CAT are encouraging (5). CAT of
one larva per plant vased on 100 plants is being recommended
at tassel stage if the farmer wishes to spray all the plants
rather than detassel. The chemicals and times of application
recommended by the Maisagana Program in 1985 are shown in
Table 1. As of 1988, there are 30 insecticidal formulations
that are registered for use in corn in the Philippines.
DETASSELING TECHNIQUES

Detasseling technique is the term coined for mechanica
lly removing the tassel from the corn plant (14). The idea
came from a farmer in Mindanao who in a conference on corn
crop protection in 1982 reported that he simply cut the
tassels to save his corn crop from corn borer because he
could not afford to buy insecticides.
At tassel stage, many of the young larvae find their
way into the unopened tassel of the corn plant, feed on the
pollen grains and remain inside the tassel up to the third
instar. High larval infestation cause
clumping and subse
quent breaking of the tassels. As high as 70 larvae per
tassel were noted in a field with plants having 47% clumped
tassels (14). Even unclumped tassels may be infested and it
is not uncommon to observe 100% tassel infestation.
The right timing and ratio of detasseling were initial
ly investigated in 1982 by Morallo-Rejesus and Javier (14)
and in 1983 by Bato, et al. (1). The former recommended
detasseling 75% of the plants (three rows out of every four
rows) while the latter 65% (four rows for every six rows).
Both found that detasseling (either at 3: 1 or 4: 2) after
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tassel emergence significantly reduced the borer population,
its damage and increased grain yield.

Table 1.
borer.

Chemical control guide against the Asian corn

Common name

Brand name

AppLication

rate

ai/ha
Tablespoons/
(kg, 1 t . )
20 1 t .
Carbofuran

Furadan 3G

O.S

Endosulfan

Thiodan

1.0

3-S

Endox

1.0

3-S

Methomyl

Lannate

1.0

6-10

Monocrotophos

Azodrin 202R

O.S

3-S

Nuvacron

O.S

3-S

Chlorpyrifos
+ BPMC

Brodan

1.0

3-6

Carbaryl

Sevin

2.0

6-10

Bactospeine

Baci L Lus

0.6

thuringiensis

var.

kurstaki

Cypermethrin

Cymbush

0.02

1-2

Deltamethrin

Decis 100

0.03

2-2.S

Maisagana Program 1985. Chemical to be applied at ear
ly-late whorl, or tasseling stage.

Integration of Petroleum-based or microbial
insecticides and detasseling
Blanket spray
Two of the chemical control schemes a farmer can choose
from for managing corn borer are application of : (l)petro
leum-based insecticides (Table i), and (2) microbial toxin
at whorl stage, followed by detasseling plus spraying of the
intact tassels. Morallo-Rejesus and Madlangbayan (16) repor
ted that among the control schemes tested, the highest
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I--'
0
OJ

Treatments

Frequency of
Insecticide
Application
Added Returns
Harvest
Value(P)
ton
(A)
(B)

Added
Cost(P)

Estimated
Change in
Income
(A-B)(P)

3/
2

lEC+lG

2

2BC+2G

4

0.95

1. 70

1. 02

0.60

0.54

3122

6831

4048

2410

2174

1678

1834

1308

1994

1133

2154

4997

2851

486

757

1/

= 20.00

Pesos. Price of corn 4.00 Pesos/kg.

Applied when 50 % of plants showed corn borer infestation.

2/ Based on calendar application.

1/ Computed based on the control. $lUS

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

Carbofuran 3G

Endosulfan & EC 3/

T6

T7

Deltamethrin 3 /

T5

2/

2/
Carbofuran 3 G - +
Methomyl EC

Endosulfan & EC

T3

T4

2/
Monocrotophos -

T2

~~---~~~~~~~~~~~:-~7----------~-----------~~~~-------;;~~---------~~~~--------;~~--------

No.

1/
Table 2. Partial budget analysis
for controlling the major insect pests of corn with
petroleum-based pesticides (Javier and Morallo-Rejesus, 1987).

increase (3.18 t/ha) was obtained applying B . thurin gi ens i s
(Btk, 600 g/ha) at whorl stage, detasseling 75% of
the plants and spraying the remaining 25% intact tassels
with Btk (100 g/ha). The added cost of these treatments
amount to 2,754 pesos (Table 3) but a net income of 6,786
pesos was obtained.
kurstaki

The second promising scheme is the combined treatment
of applying carbofuran (0.5 kg ai/ha) at whorl, detasseling
and spraying of intact tassels with Btk (100 g/ha) resulted
in the second highest income of 5,965 pesos g/ha. compared
wi th the control, an increase in corn yield of 2.67 t/ha
valued at 8,010 pesos is generated using the scheme while
added costs amount to 2,045 pesos. While the combination of
carbofuran (0.5 kg ai/ha) at whorl, detasseling and spraying
of intact tassels (SIT) with Brodan (1.0 l/ha) increased
yield by 2.51 t/ha (7,130 pesos). An increase of 5,471 pesos
in net income is generated. These three schemes markedly
reduced ACB populations.
Spot treatment

Another method of insecticidal application is by spot
treatment (ST) or selective treatment (2, 11). At weekly
intervals beginning 25 days after plant emergence (DAE) each
plant in the field are examined for evidence of borer infes
tation. If an active feeding sign is noted, a stake is
placed besides the infested plant. The following day each
staked plant is treated with insecticide. Based on calendar
schedule, spot treatment was found more expedient and more
economical than blanket spray (3, 4). The highest net income
was obtained from ST with methomyl (0.15% solution) in
combination with detasseling followed by detasseling alone.
All detasseled plants with or without insecticidal treatment
gave higher net return than undetasseled plants. There is a
need to evaluate the practical application of this technique
by the farmers and the economics of ST when it is applied
based on CAT.
Integration of natural enemies and detasseling

A total of eight hymenopterous parasitoids and 28 pre
dators of corn borer have been recorded (4, 7, 8, 9, 10,
18) .
Ear wig s .
Among the predators earlier reported, the
earwigs, Eubore l l i a an nulata (st ali ) Fabr., Proreus s imulan s
Stal. and l abidura r ip ari a Pallas were the most cornmon at
UPLB in 1978. These species prey on the eggs and first
instar larvae of corn borer. E. phi[ i pp i nens i s Sriv. was
collected in the corn fields of Los Banos (10) and it is
being mass-reared on larvae of T r i bo liu m cast a neum Herb. in
our laboratory.
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A.

2,754

6,786

Sub-Total (B)

C.
Estimated Change in
Income (A-B)

P5/cav

PIO/cav

P7/cav

8 MD

7 MD

1 bag/ha

187

534

374

200

175

5,965

2,045

1,470

575

425

150

8,010

8,010

P5/cav

PIO/cav

P7/cav

8 MD

7 MD

0.8 Ii/ha

1 bag/ha

2.51 t/ha

Amount

302

502

352

200

175

!.

3c. Carbofuran application at whorl, detasseling and spraying of intact tassels with Brodan
vs. no treatment.

2b. Carbofuran application at whorl, detasseling and spraying of intact tassels with
thuringiensis var. kurstaki vs . no treatment.

5,471

2,059

1,531

528

103

425

7,530

7,530

Value
(Pesos)

Treatment 3c

lao B. thuringiensis var. kurstaki application at whorl, detasseling and spraying of
Intact tassels with B. thuringiensis var. kurstaki vs. no treatment.

1,629

223

636

Sub-Total

P5/cav

PIO/cav

445

200

8 MD
P7/cav

2.67 t/ha

Value
(Pesos)

Treatment 2b
Amount

100 g/ha

125

1,125

1,125

9,540

9,540

Value
(Pesos)

5 MD

750 kg/ha

Drying,cleaning,bagging

Shelling

Harvest,hauling

Detasseling

Amount

Treatment la

3.18 t/ha

Labor Cost
Insecticide application

Sub-Total

Brodan

Furadan

Added Costs
Material Cost
B. thuringiensis
var. kurstaki

B.

Sub-Total (A)

Added Returns
Increase in harvest

Item

Table 3. Partial budget analysis of different control schemes for corn borer
(Morallo-Rejesus and Madlangbayan, (1987).

The potential of the predatory earwigs in substituting
for the chemicals applied at the whorl combined with the
detasseling technique is being evaluated. Second to third
nymphal stage have been released based on CAT at the mid
whorl (33 DAE) and late whorl (42 DAE) at the rate of 18,333
nymphsjha. The results of the 1986 wet season trial (16)
showed that the release of predatory earwigs plus detasse
ling without spraying of intact tassels gave the highest
yield, (Table 4) and net income. The release of the earwigs
also reduced the percent of damaged plants. However, the
best results, were obtained by integrating releases of ear
wig with Btk, plus detasseling resulting in increased yields
(Table 5) and income (17).
The adoption of this technology will depend on the ease
and economics of mass-producing earwigs by the farmers them
selves. This aspect is being pursued in our laboratory.
Table 4. Effect of releasing earwigs and detasseling on the
mean number of corn borer population, holes and yield
(Morallo-Rejesus and Madlangbayan 1987).

Treatments

Population

Borer holes

Yield
(tjha)

Pred-Wm +Pred W1

1. Oa

1. 8a

4.7b

Predator Wm + Pred W1 +DT

0.8a

1. 6a

5.5a

Calendar Spray 3x

0.9a

1. 7a

4.8b

Control

1.4b

2.5b

3.7c

Wm
W1

release of earwigs at mid whorl (33 DAP) .
release of earwigs at late whorl (42 DAP) .

Trichogramma. The potential of utilizing Trichogramma
evanescens Wests. for controlling ACB has been extensively
evaluated by the RP-German project of the Bureau of Plant
Industry (BPI), the Regional Crop Protection Center (RCPC)
of the Department of Agriculture and National Crop Protec
tion Center (NCPC) of UPLB researchers. These studies have
recently been reviewed by Trans-Gruber (19). The data indi
cate that inundative releases of Trichogramma since 1983
resulted in 41.8-78.9% egg mass parasitism of corn borer
(Table 6). About 3 to 4 releases at the rate of rate of
53,000 Trichogrammajreleasejha (1 parasitoid jplant) ac
hieved 30-63% corn borer egg mass parasitism.
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Table 5. Effect of integrating B. th uringien s is k u r sta ki
spraying, releasing of earwigs and detasseling on corn borer
population,
holes
and
yield
(Morallo-Rejesus
and
Madlangbayan 1987).

At harvest
Population

Borer
Holes

Yield
(t/ha)

T1 Btkw+DT+Btkt

0 . 4b

1.1b

5.7b

T2 Ew+DT+wt

0.4b

1.1b

5.3b

T3 BAK+Ew+DT+Btkt

0.2b

0.9b

6.4c

T4 Btkw+Ew+DT

0.2b

1.1b

5.2b

T5 Control

0.6

1. 6a

4.2a

Treatments

Btkw
Btkt
DT
Ew
Et -

- spraying of B. t. kurstaki at whorl
- spraying of B.t. kurstaki at 25% intact tassel
- Detasseling at 3:1
- release of earwigs (18,333 nymphs/ha) at whorl
release of earwigs (4,583 nymphs/ha) at 25% intact tassel.

The recommendation is as follows
1. Inoculative release of T r ic h og r amm a on vegetation
surrounding the corn field at least at the start of the
cropping season.
2. Inundative releases of Tri ch ogramm a when the very
first corn borer egg mass is found. The release can be
stopped when 30% of the corn borer egg masses are already
parasitized.
The drawback with these recommendations is the difficu
lty of producing the numbers required per release per hec
tare. The government will have to mass-produce them and sell
to the farmers. Timing releases based on CAT using egg
masses as a parameter will reduce the parasitoids required
and will insure the presence of the host to maintain the
parasitoids. At present, we are evaluating 20 and 30 egg
masses/100 plants as biological threshold level to initiate
releases of Tri c ho gr amma. From the data (egg density corres
ponding to predetermined yield) we will compute for the egg
mass CAT . The integration of T ri c h og r a mma with detasseling
is being evaluated at UPLB.
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Table 6. Percent parasitism of corn borer egg masses by
Trichogramma released at different locations and years
(Gruber, 1986).

Location

Average

Region II
Isabella
Region IV
Calauan, Laguna
Cavite
Region V
Pili, Camarines Sur

1984

1985

73.8

44.56

65.5

41.8

74.6
76.0

78.2

72.4

Region X
Malaybalay, Bukidnon

65.7

Region XI
Bansalan, Davao

44.7

62.1

Region XII
Koronadal
Tacurong

54.2
51. 3

60.1

76.8

60 . 0
77.2

78.9

32.2

Regional Crop Protection Centers and Biolab,
Crop Protection Division,
Bureau of Plant Industry, Manila

No data available.
could be reared on Sitot r oga cereallela or
both storage pests. s . cereallela is not
a major pest of cereals in the Philippines and it is encoun
tered rather rarely, thus mass-rearing the Trichogramma on
its eggs may enhance faster proliferation of the insect into
a major pest. Hence it would be prudent to rear Trichogramma
on c . cephalon i ca which is already widespreaded in the
country.
Tr i chogramma

Corcyra

1986

53 . 2

46.5

Region IX
Molave

Sources of data

% Parasitism

1983

ephalonica,

OTHER TECHNIQUES
Varietal resistance and cultural methods are other
techniques that could be easily integrated into the IPM
scheme.
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Varietal resistance. The use of resistant varieties is
compatible with most methods of insect pest control. Al
though it may have the disadvantage of being resistant only
to a few insect pest species while remaining susceptible to
others. By using this method, production costs are reduced
since fewer insecticide applications are needed and the
survival of natural enemies are favored r which may eventual
ly lead to non-usage of insecticides. Cargill 100, Cargill
200, Cargill SX 747, Hycorn, Pioneer 6181, Pioneer XCG 33,
SMC 101, SMC 102, SMC 121, 153, SMC 301 are moderately
susceptible to corn borer, but resistant to downy mildew,
except for the Cargills. Improved Tiniguib and Giningtuan
(IPB Var. 1) are moderately resistant to ACB.

The Institute of Plant Breeding (IPB) of UPLB screened
more than 600 accessions and identified Antigua Group I as
the most resistant accession to corn borer, but highly
susceptible to downy mildew. The separation of these two
characters should be the focus of research by corn breeders
at this time.
Cultural methods. The incorporation of one or more of
the following cultural practices, i.e. early planting, crop
rotation, intercropping, sanitation, use of trap crops and
weeding, will help in the reduction of the ACB population.

CONCLUSIONS

The currently recommended integrated management scheme
for the Asian corn borer is based on the 'control action
threshold' ' (CAT) and recognition of the sequential occurren
ce of the larvae at whorl and tassel stages of the corn
plant. It consists of integrating (1) early planting with
appropriate timing of application of petroleum-based or
microbial (Saci LLus thuringiensis var. kurstaki) insecti
cides, based on CAT, (2) inundative release of the egg
parasite (Trichogramma evanesce ns West.), (3) release of the
predatory earwigs (Eubore LL a annuLata Fabr.) at whorl and
tassel stages, and (4) the combination of detasseling tec
hnique with the application of petroleum-based insecticides,
or s . t. kursta k i , or the release of the earwigs at tassel
stage. This is augmented with the use of moderately resis
tant varieties, early planting if feaSible, and sanitation.

114

LITERATURE CITED

1. Bato,

S.~., T.R. Everette, O.D. Malijan and A.P.
Capino.
1983.
Detasseling for the control of second gene
ration Asian corn borer. Crop Prot. News. 5: 15-16.

2. Bato, S.M., T.R. Everette and O.D. Malijan. 1983. Reme
dial control of Asian corn borer by spot treatment
with insecticide. Crop Prot. News. 5: 3-4.
3. Bato, S.M., 1983. Integrated management of the Asian corn
borer.
Developing an Integrated strategy for Corn
Borer Management Workshop. PCARRD, Mimeo, Philip
pines. Oct. 27-28, 1983. 25 p.
4. Carnarao, G.C. 1976. Population dynamics and sampling plan
of the corn borer, Ostrinia furnacaLis (Guenee).
Ph.D. Dissertation. UPLB, College, Laguna. 165 p.
5. Dancel, M.S. and A.P. Mutya. 1987. Developing integrated
pest control management for corn borer Ostrinia
furnacaL i s
(Guenee) in the Bicol region.
7th Ann. PCARRD Coordinated Rev. and Eval. April,
1987. CSSAC, Pili, Camarines Sur, Philippines. 29
p.
6.

Fuentes, J., B. Morallo-Rejesus, E. Benigno and R.S.
Rejesus. 1987. Determination of the overall damage
and yield loss by artificial infestation of defined
number of corn borer larvae, O. furnacaLis (Gue
nee).
Submitted for publication.

7.

Gabriel, B.P. 1982. Insect pest management for field corn
and sorghum. SMARC Monitor 3: 26-29.

8.

International Rice Research Institute. 1978. Entomology
IRRI 1977 Ann. Rept. IRRI, Los Banos, Philippines.

9.

Islam, M.D. 1981. Predatory behavior of some arthropods
on corn borer Ostrinia furnacaLis (Guenee). ph.D.
Dissertation, UPLB, College, Laguna.

10. Javier, P.A., C.L. Dayaoen and B. Morallo-Rejesus. 1986.
Mass rearing of entomophagous arthropods for inun
dative releases and conservation methods for corn
borer. PCARRD Ann. Rept. 21 pp.
11. Lizarondo, R.C. 1983. Corn borer control by individual
plant treatment in relation to severity of damage.
M.S. Thesis, UPLB, College, Laguna. 62 p.
12. Morallo-Rejesus, B.D. 1985. Research advances and needs
in the control of ASiatic corn borer Ostrinia
furnacaLi s
(Guenee) in the Philippines. Philip.
Ent. 6: 406-426.

115

13. Morallo-Rejesus, B. and E. Buctuanon. 1985. Development
of methods for establishing the economic threshold
levels for corn borer. PCARRD Termina Rept. 1985.
Mimeo. 110 p.
14.

Morallo-Rejesus, B.D. and P.A. Javier. 1985. Detasseling
technique for the control of corn borer Os t r in i a
furnaca , ;s
(Guenee). Philip. Ent. 6: 287-306.

15.

Morallo-Rejesus, B.D. and R.H. Madlangbayan. 1986.
Integration of control techniques corn borer. Ann.
Rept. to PCARRD. Mimeo. 25 p.

16.

Morallo-Rejesus, B.D. and R.H. Madlangbayan. 1987.
Detasseling with bactospeine spray or predatory
earwig introduction for corn borer control. 18th
Ann. C0nv., Pest Control Council of the Philip
pines. May 5-8, 1987. Davao City, Philippines.
Mimeo. 16 p.

17.

Morallo-Rejesus, B.D. and R.H. Madlangbayan. 1987.
Integration of control techniques against corn
borer.
Mid-year Progress Rept. to PCARRD. 10 p.

18.

Situmorang, J. 1978. The biology of three species of
earwigs, Labidura r i paria (Pallas), Nala lividipes
(Dufour), Euborellia sp. and their roles as predators.
M.S. Thesis, UPLB, College, Laguna. 102 p. (Unpublished)

19. Trans-Gruber. 1987. Biological control of insect pests
on corn. Recent Advances in Integrated Pest Mana
gement for Priority Crops in the Philippines
Workshop. April 8-10, 1987. Baguio City, Philip
pines. Mimeo. 10 p.

116

Questions to

BELEN M. REJESUS

From

V.R. CARANGAL

Q.

There were previous reports indicating that intercrop
ping especially maize and peanut reduce corn borer
infestation. What is the latest information on the use
of intercrops ?

Ans.

There are conflicting reports as to the effect of
intercropping on reducing insect population specifica
lly corn borer . More work has to be done along this
line since the latest reports indicate that corn borer
(0.
furnacaLis)
attacks mungbean, soybean and cotton
in the Philippines.

From
Q.

G. GRANADOS
Please elaborate on the technique utilized to release
earwigs and the number released per hectare ? What is
being done with Trichogramma for control of corn borer
in Philippines ?

Ans. The predatory earwigs (EubouLLia annuLata and E .
phiLippenensis)
are being reared in the laboratory on
the larvae of red flour beetle. Research is being done
to improve this technique - that is to rear the ear
wigs on plants, with organic matter and/ or with
housefly larvae. At the whorl stage, 18,333 earwigs/ha
are released, and at the tassel (with detasselling)
4,566 earwigs/ha. These are slightly anaesthized, and
1 earwig is placed every 2-3 plts.
Trichogramma
evanescence
are mass released in
the field as soon as one egg mass is found.
Trichog
ramma
are released weekly at 1 parasite per plant
until 3 0% parasitism is achieved. Th~ Regional Crop
Protection Center of the Dept. of Agric. is working on
this. But we are modifying the technique by releasing
when 25% of the plants have egg masses of Asian corn
borer.

From

M.M. PAYAK

Q.

What microbial population do you use to control the
corn borer ?

Ans.

Eighty hundred thousand parasites/ha.
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Q.

Ans.

Does

B.

t.

kurs ta ki

affect honeybee?

Yes, it will affect honeybee but much less than to
silkworm, since it is more specif ic to lepidoterous
larvae.

118

MAIZE IN RICE-BASED CROPPING SYSTEMS

Virgilio R. carangal

1/

I. INTRODUCTION

Rice farmers in Asia are generally engaged in other
agricultural enterprises such as animal and other crops
production. About 70-90% of animal production is grown in
small farms. Rice farmers are also involved in aquaculture,
especially rice and fish culture in rotation with rice. A
typical small rice farmer grows rice and other crops both in
rice fields and/or upland areas, raises 1 to 5 ruminant
animals, has backyard poultry, and grows fruit trees and
vegetables around the homestead. Farmers diversify their
agricultural enterprise to maximize the use of their
resources (physical, manpower, and financial).
Rice lands in Asia can be divided into several types,
irrigated, rainfed, upland, deepwater and tidal swamp .
Cropping intensity is generally high in irrigated with 2 or
more crops per year and upland with 2 crops per year. Upland
crops are grown before and after rice in the lowland, and
after rice in upland . The upland crops grown with rice are
mungbean, maize, soybean, sunflower, sesame, sweet potato,
peanut and blackgram in tropical and subtropical rice
environments. Wheat, chickpea, lathyrus, barley, maize,
lentil, mustard, rapeseed and others are common in
subtropical and temperate environments.
Maize is one of the important upland crops in rice
based farming systems in Indonesia, Philippines, Burma,
China, Vietnam, Nepal and India. It is grown during the dry
season after lowland and upland rice. In some countries
(Philippines, Indonesia, Burma and Thailand), it is grown
before rice especially where there is gradual onset of the
rainy season.
This paper will discuss the cropping systems research
conducted by different countries in collaboration with the
Asian Rice Farming Systems Network (ARFSN). The main
objective of this network is to facilitate collaboration
between IRRI and national scientists working together to
increase food production in Asia by identifying more
productive rice-based farming systems which are acceptable
to small scale farmers. There are 11 countries involved in

1/ Head, Rice Farming Systems Program, International Rice
Research Institute, P.O. Box 933, Manila, Philippines.
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the Network
Bangladesh, Burma, Madagascar, Malaysia,
Nepal, Pakistan, Philippines, South Korea, Sri Lanka,
Thailand and Vietnam. Results from countries using maize in
their cropping systems research will be presented in this
paper.

II. CROPPING SYSTEMS RESEARCH INVOLVING MAIZE

The International Rice Research Institute (IRRI)
started a systems approach to research on rice-based
cropping systems in 1974. A methodology for cropping systems
research was evolved and refined by various national
programs involved in the ARFSN. The Network is presently
collaborating with national programs in conducting on-farm
research in key sites on production systems
cropping
systems, crop-animal farming systems and rice-fish farming
systems.
The

characteristics

of the methodology are

a) farmers participate in the research, b) it promotes
interdisciplinary and intercommodity research involving
biological and social scientists, c) it is environment
conditioned, d) it promotes decentralized research, e) it is
farmer conditioned, and f) it provides feedback of research
issues to commodity researchers. The methodology consists of
: a) selection and description of target areas, b) selection
of sites (village/s) representing the target area where
research will be conducted, c) description of the research
site, d) design of the cropping/farming systems and
component technology experiment, . e) testing of designed
experiments with farmers participation, and f) multilocation
testing and pilot production program. The methodology is
described in detail in several publications (Carangal 1985
and Zandstra et al 1981). A research team composed of an
agronomist, an economist, crop protection specialist and
animal scientist is assigned in a research site which may be
one or several villages. Research in each site consists of
cropping pattern testing and component technology research.
Cropping pattern testing is conducted by farmers with
assistance from the researcher. Plot size is normally 1000
sq. meters with 3 to 5 replications across farm. The best
available technologies for the crops in the cropping pattern
are evaluated in consultation with the farmers. Component
technology research is either superimposed with the cropping
patterns which are managed by farmers or researches managed.
Superimposed trials are small plot and replicated across
farms while research managed is the same as experiment
station trials with small plot size and replicated 3 to 4
times. It is focused on major research issues to further
refine the recommendation for each crop in the pattern.
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IRRIGATED RI CE ENVI RONMENT

Maize is usually grown in the dry season either after
one or two rice crops. Maize is also grown after one rice
crop followed by other upland crops such as soybean,
mungbean and peanut. In partially irrigated areas with
limited water for a second rice crop, cropping intensity is
lower. Maize is one of the crops that can be grown after
rice and in some cases followed by other upland crops. There
are several irrigated cropping system sites in Asia. About
17 sites are monitored by the ARFSN. Highlights of the
results from s ome sites that included maize are di scu ssed
below .
In Nepal, corn is very important especially in the
inner tarai and midhills. There are 2 cropping systems sites
that include maize : Ratna Nagar and Bahuwari tube well in
Parsa District. In Ratna Nagar, representing the inner
tarai, the dominant cropping pattern in irrigated rice
environment is rice - wheat. In 1983, the team evaluated 5
cropping patterns. The most promising cropping pattern was
rice - wheat - maize with 194% better net return than the
farmer's rice - wheat cropping pattern. In the Bahuwari tube
well, representing irrigated rice environment in the tarai,
maize was evaluated as one of the crops. Six cropping
patterns were evaluated and compared with the farmer's
cropping pattern of rice - wheat - rice and rice - wheat.
The most promising cropping patterns were rice - chickpea +
mustard and rice - maize - mungbean with higher net returns
than the farmer's rice - wheat and rice-rice-wheat (Panth
and Hawkins, 1986). Rice-maize-mungbean was 197% better than
rice-wheat.
Rice
mustard
maize showed similar
performance with farmer's rice - rice-wheat. Maize cultivar
used in the experiments was Rampur Composite.
In China the traditional cropping patterns in central
and south China are barley-rice-rice, wheat-rice-rice, green
manure-rice-rice and several double cropping such as
rapeseed-rice, wheat-rice and
green manure-rice. With the
desire to expand the livestock industry in the region,
experiments were carried out in Changsa, Hunan Prov. and
Shoaxing, Zhejiang Provo to introduce maize and soybean in
the irrigated cropping pattern. In Hunan Prov., there are 5
cropping patterns
green manure-rice-rice, rapeseed-rice
rice, soybean-rice and soybean + maize-rice which were
tested in Changsa representing hill y area, Linghing
representing hilly area in southern part of the province,
and Huaihua in mountainous area. The existing green manure
rice-rice and rapeseed-rice-rice were better in both grain
and oil crop production (Guo 1985). However, in areas with
560 m.
elevation,
soybean+maize-rice
showed
higher
production. Soybean-rice and soybean+maize facilitate
improvement of chemical and physical properties of the soil .
The system provides time to grow vegetables. High net
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returns were obtained with vegetable
soybean+maize-rice
($1,120 US) compared with green manure-rice-rice ($576) and
rape seed-rice-rice ($745).
In Shoaxing site, a rotational experiment with 2-year
duration involving different crops including maize, was
evaluated. The 2-year rotations are :
Second Year

First Year

Green manure-rice-rice
Barley/soybean-rice
Barley-rice-rice
Barley/maize-rice
Broad bean/maize-rice
Rapeseed-rice-soybean

Barley-rice-maize
Green manure-rice-rice
Barley-rice-rice
Rapeseed-rice-rice
Barley-soybean-rice
Barley/maize-rice

Rotational cropping pattern of barley-rice-rice (2
years) gave the highest annual yield (30.29 t/ha) followed
by barley-rice-maize-green manure-rice-rice (25.51 t/ha).
Highest net returns were observed with rice-rice-barley
rice-rice-barley ($2,520). However, the cost benefit ratio
is higher for barley-rice-maize-green manure-rice-rice.
In Taiwan, the major objective of cropping systems
research is to seek better alternative crops to replace rice
especially in double paddy fields to reduce the rice
surplus. Six sites conducted cropping pattern testing
Yilan in the northeastern part, Hsinchu in northern Taiwan,
Changhua in the central part, Yulin in the southern plain,
Tai tung in the eastern part, and Pintung in the southern
most part (Tsai, 1986). Soil in these sites is sandy loam to
salty loam.
In Yilan, 4 cropping patterns were evaluated in 1985.
Maize-rice cropping pattern was 2% better in net returns
compared to rice-rice in 1984. In 1985, rice-rice was better
than early rice-water melon-maize and maize-rice, with net
profits of about 43% lower than rice-rice.
In Hsinchu, 6 cropping patterns were evaluated in 1985 .
The most promising cropping pattern were peanut-rice and
maize-rice with 40% higher net return and 26% than the rice
rice cropping pattern. Rice-maize showed similar net
returns.
Eight cropping patterns were evaluated in Changhua.
Sorghum
rattan sorghum-maize, rice-green manure-maize,
early maturing rice-yellow melon-maize showed 61%, 56% and
48% net return, respectively, than rice-rice.
In Tainan, nine cropping patterns were evaluated in the
second year of testing. Rice-soybean-maize ($2294) and
sorghum-rattan sorghum-maize ($2348) showed the highest net

1 22

return with more
($1030) .

than

200%

compared

to

the

rice-rice

In Pintung the farmers cropping pattern rice-rice
soybean was better than maize-rice-soybean, or rice-soybean
maize. The highest net return was observed in rice-sorghum
rattan sorghum which was 28% better than rice-rice-soybean.
Five cropping patterns were evaluated in Taitung. The
most promising cropping patterns were rice-green manure
maize ($1326), rice-soybean ($1145) and corn-rice ($898)
compared with farmer's rice-rice ($568).
In 1985-86, extension trials of promising cropping
patterns were conducted in different locations. In Taoyuan,
rice-maize cropping pattern was demonstrated in 4 locations
with an area of 60 ha. The yield of maize was about 4.3 t/ha
and net return was 16% better than the rice-rice. In
Taichung district,
water melon-corn-early
rice
was
demonstrated in one site of 26 ha. Net return was 163%
better than rice-rice, with maize yield of 4.9 t/ha. In
Tainan district, soybean-maize-rice was demonstrated in 3
locations covering 180 ha. Yield of maize was 5.6 t/ha and
the net return of the cropping pattern was 132% better than
rice-rice. In Kaoshiung and Hualein, maize was not included
in the demonstrations.
The site in Guimba, Nueva Ecija represents an irrigated
rice environment with 4 wet months and 6 dry months. Fields
are classified as turod, where fields are slightly elevated
and lighter textured soils, and Lungog, where fields are
lower with heavy textured soils and water remains longer in
the dry season. The traditional cropping pattern in the
turod
is monocrop rice and sometimes upland crops
(vegetables, mungbean and maize); and in the Lungog, rice
rice. The experimental cropping pattern were rice-maize
mungbean or peanut in the turod, and rice-rice-grain legume
in the Lungog. The most promising cropping patter in 1985,
in the turod, was rice-maize-mungbean with $1672 net return,
compared to farmer's rice-rice with $419, and monocrop rice
with $306. In , 1985-87, more farmers adopted rice-maize.
Rice-maize-mungbean was still the most promising cropping
pattern in 1986-87 evaluation. There was difficulty of
growing a third crop of legume in the Lungog because of
waterlogging and late planting of second rice crop.
Rainfed lowland

With the development of early maturing rice varieties,
there is potential to increase cropping intensity of rainfed
lowland where farmers generally grow one rice crop per year.
Several cropping systems sites in ARFSN evaluated different
cropping patterns in farmer's fields, representing different
rainfed lowland rice environments. Highlights of some sites
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where maize is included in the cropping pattern is discussed
below.
In Nepal, cropping pattern testing representing rainfed
lowland was conducted in the inner tarai and midhills (Panth
and Hawkins (1985). The site in Ratna Nagar represent the
inner tarai with an elevation of 350 m.
Rainfall is about
1000 mm with 4 wet months (consecutive month with 200 or
more mm per month) and 8 dry months (consecutive months with
100 or less mm per month) . Six cropping patterns were
evaluated in 1984-85. The most promising cropping pattern
was rice-maize using an improved variety and management with
64% net returns better than farmer's rice-maize. Other
promising cropping patterns are rice-mustard and rice-wheat .
The site in Pumdi Bhumdi representing the midhills has an
elevation of 750-1270 m. Rainfall is about 4000 mm with 6
wet months and 5 dry months . The land is classified into
high, medium, or low potential area. Farming cropping
pattern in the high potential area rice-wheat-maize was
evaluated using improved maize variety (Arun), rice (K39)
and wheat (RR2) and management techniques. Net return of
improved rice-rice-wheat was about 150% better than farmer's
rice-rice-wheat. In the medium potential area, 2 cropping
patterns were evaluated and compared with farmer's rice
wheat. Rice-mustard-maize showed better net returns compared
with farmer's rice-wheat. In the low potential area, rice
daicha and rice-oats were compared with monocrop rice. Both
improved cropping patterns were better than the monocrop
rice.
Most of the sites in Indones ia are in transmigration
areas. The only sites for rainfed lowland is located in
Blega Madura. It has 4 to 5 wet months and 4 dry months . The
land is classified into 3 categories, rainfed lowland, low
lying rainfed lowland, hilly area, and upland rainfed area.
Farmers usually grow lowland rice followed by maize
intercrop with peanut in low lying area. The introduced
cropping patterns were direct seeded rice-zero tillage rice
followed by maize+mungbean and maize+peanut using low input
and optimum input. Highest net returns were obtained in
direct seeded rice-zero tillage rice-maize+mungbean ($1447)
wi th optimum input. The net return of direct seeded rice
zero tillage rice-maize+peanut with low input was $1057 . Net
returns of farmers cropping pattern transplanted rice
maize+peanut was only $426. In the hilly area, farmer's
cropping pattern was rice-maize+peanut. The research team
added mungbean between rice and the intercrop using low
input and high input. cropping patterns direct seeded rice
mungbean-maize+peanut with both optimum and low input showed
more than 100% net returns compared to the farmers cropping
pattern. In all cases, maize yields were very low ranging
from 0.18 (farmer's yield) to 0.41 t/ha in low lying areas,
and 0.44 (farmer's yield) to 0.94 t/ha in upper areas.
There are several cropping systems sites representing
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rainfed lowland in Burma . Only 2 sites included maize in
their cropping pattern testing : in Yezin and Kyetmanktaung.
Rainfall in both sites is 4 wet months and 6 dry months.
However
in
Ky e tmanktaung,
there
is
provision
for
supplementary irrigation . The site in Yezin evaluated 6
improved cropping patterns and the most promising was maize
rice-cowpea with $342 net returns and peanut-rice-sorghum
with $700 net returns. In Kyetmanktaung, 5 cropping patterns
were evaluated together with farmer's mono rice crop. The
most promising cropping patterns were cotton-rice with net
return of $593. Maize-rice showed only $167 net profit
compared to farmers monocrop of $175 net profit .
Cropping systems resear c h in Thailand is concentrated
in the northeast where crop production and income of farmers
are very low . Several sites were started in the northeast.
Rainfall is only 900 to 1200 mm with bimo d a l rainfall
distribution. Rain starts in late April peaks in June, drier
in July, and heavy rains sta r t in August with peak in
September . Traditionally one rice crop is grown in July or
August. The cropping systems team studied the po tential of
maize (green and grain), mungbean, cowpea, se s ame, peanut
and yard long bean before rice. Maize yield (grain) is
generally low because of late maize maturity, and rice
yields were also low because of delayed planting due to late
harvesting of maize. The most promising upland crops before
rice are peanut, cowpea and green corn in several cropping
systems sites .
Upland r ic e environment

Upland rice is grown in small farms. It is grown either
as mono crop or intercrop . Almost all upland r ice areas a r e
rainfed. In general, cropping intensity is higher compared
to rainfed lowland rice . The rice crop is grown in the rainy
season followed by upland crops such as maize, s o ybean,
mungbe a n, chickpea and others. Maize+rice intercropping is
cornmon in Indonesia and India . In the Philippines and other
countries, maize is grown after rice. With high yield levels
of rice in irrigate d and rainfed lowland, farmers tend to
grow more upland crops in upland areas. Upland rice is grown
only for human consumption .
Cropping systems research in upland rice env ironment is
conducted in Indonesia and the Philippines. There are
several sites in Indonesia mostly in transmigration areas
and in the Philippines. Research highlights are presented in
this paper.
The sites in Indonesia were in Baturaja, south Sumatra,
Ba nd er Agung and Terbanggi Besar, central Lampung , Way
Abung in north Sumatra and Tajau Pecah in south Kalima n tan .
All these areas are transmigration areas with p oo r soil .
So ils are red yellow podsolic with pH 4-5 . Rainfall ranges
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from 4-8 wet months and 0-2 dry months. Farmers were given 2
ha except in Baturaja with 5 ha.
Baturaja is a transmigration area covering about 70,000
ha. Rainfall ranges from 2700-3000 mm per year with 7 wet
months and no dry months. The terrain is undulating and it
is very susceptible to erosion. Prior to settlement, much of
the
area
was
covered
with
alang-alang
(rmperata
cyLindricaL) •

Farmers are given 5 ha of land, 2 ha for food crops and
1 for plantation crops, 1 ha for rubber and 1 ha reserve.
There is no predominant farmers pattern. Upon consultation
with farmers living in old villages close to the project
area,
the
farmer's
pattern
used
was
rice
corn+peanut/cassava. Terracing was introduced to prevent
soil erosion. Five cropping patterns were evaluated in 1976
77, 3 improved patterns and farmer's cropping pattern
rice+maize/cassava-peanut and farmer's cropping pattern
without constraints (input is provided) . Corn+soybean
corn+sweet potato-cowpea gave the highest net returns just
like in Way Abung ($731). The farmer's cropping pattern gave
negative returns. Rice yield were low ranging from 0.23 to
1.89 t/ha. High maize yields were observed in the 2 improved
cropping patterns.
The site in Bandu Agung and Tabangi Besar is divided
into 3 categories
a) category I - area with 5-6 months
irrigation water, b) Category II - old settlement and upland
area, and c) Category III
new settlement upland area .
Soils in the research area is red yellow podzolic which is
about 46 million hectares in Indonesia. Soil pH varies from
4.4 to 5.1. Rainfall is 4-5 wet months and 2 dry months.
They generally plant rice, corn and cassava. Some farmers
grow rice, bean and mungbean. The traditional cropping
pattern are dryland rice+maize/cassava, dryland rice-maize,
rice or maize or cassava monocrop.
In the old settlements the farmer's dominant pattern is
upland rice-cassava . The introduced pattern tested was
upland rice intercropped with maize in which cassava is
relayed. After harvesting maize and rice, peanut was
intercropped with cassava . The yield levels of rice and
maize were much higher in the introduced pattern than the
farmers pattern and farmers pattern without constraints. The
rice yield was lower than expected because of late planting
and damage caused by birds and rats. The cassava yield was
11 ton/ha, and peanut was damaged by drought and pod borer.
The highest net return was obtained in introduced cropping
patterns.
In the newly opened fields, the common pattern is
cassava alone or upland rice-maize intercrop in which
cassava is relayed. The introduced pattern was upland rice
and maize intercropped relayed cassava followed by an
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intercropped of peanut. The yield levels of rice and maize
were much higher in improved cropping pattern than the
farmer's cropping pattern without constraints. The rice
yield was lower than expected. The peanut yield was again
very low because of moisture stress and pod borer damage.
The cassava yields ranged from 8.0 to 9.9 t/ha. The net
income was higher for farmers
cropping pattern and farmers
cropping pattern without constraints than the improved
pattern.
The sites in Way Abung, Lampung, is a transmigration
area where families from Java are given 2 ha of land in the
settlement. The most common cropping pattern was upland
rice+maize/cassava. Some plant monocrop cassava or rice.
Dominant vegetation is alang-alang (1. cyLindricaL). There
are 6 wet months (November to April) and 2 dry months (June
and July). The project studied three introduced cropping
patterns .
Highest
net
return
was
obtained
from
maize+soybean-maize+sweet potato-cowpea ($962). Rice yield
in the introduced pattern was affected by blast while
the
local variety which matures in 150 days was not affected.
Soybean yield was good, but peanut had good vegetative
growth but poor yield. The net incomes of the other 2
introduced cropping patterns were about the same as the
farmer's cropping pattern ($310). There was a slight
increase in income when farmers used agricultural inputs
wi th supervision of the researchers (farmers cropping
pattern without constraints).
Farmers in Blega, Madura grow extra early maturing
maize (+65 days) and intercrop with other 9 food crops
especially peanut.
They
usually plant
3
crops
of
peanut+maize per year. Rainfall is 4 wet months and 5 dry
months . Farmer's cropping pat tern was evaluated under
research management and usual farmers method and introduced
cropping pattern maize+upland rice-maize+peanut-maize+peanut
both in optimum and low input . Maize used is also local
early maturing variety. Highest net return was obtained in 3
times/year maize+peanut ($1,295) with good agronomic
management. Introduced cropping pattern with maize+upland
rice-maize+peanut-maize+peanut showed the same net return
about $890/ha. Maize yields were low from 0.18 - 0.51 t/ha
with farmer's cropping pattern, and 0.12 - 0.83 t/ha with
introduced cropping pattern . Upland rice yield was high with
4.50 t/ha and 5.10 t/ha.
The site in South Kalimantan is in Tajau Pecah. It is
also yellow podsolic soil with more rainfall, 7 wet months
and 4 dry months. Farmer's cropping pattern was maize+rice
maize. The introduced cropping pattern evaluated was
maize+upland rice/cassava-maize -peanut with low input and
optimum input. Based on yield and economic analysis the
introduced cropping pattern with low management was the most
promising with $393
net
return compared to upland
rice+maize-maize($121). Maize yield was low with 0.64 t/ha
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in introduced cropping pattern and only 0.25 and 0.31 t/ha
in farmer's cropping pattern. Peanut have problems in the
system because of pod borer and delayed planting due t o
longer upland rice maturity.
There are several sites in the Philippines studying
upland rice-based cropping systems. The earlier sites are
located in Talacogon, Agusan del Sur ; Pangantucan, Bukidnon
and Dumarao, Capiz. The methodol ogy used in these sites and
other rainfe d l owland sit es became the ba sis f o r the Dept .
o f Agriculture's Regional Integrated Agricultural Research
Systems (DA-RIARS), a research scheme with farming s y stems
approach. It is an on-farm research network consisting of 92
sites, one to two sites per province with 78 rice-based
cropping systems sites, 40 corn-based sites and othe rs with
either plantation, vegetables or root crop-based systems .
The upland rice-based systems are found in 26 sites wher e
the rice-maize, maize-maize and other existing systems are
b eing tested by introducing intercropping schemes and
introducing legumes in the sequence. During the crop year
1986-87 the promising upland rice based systems with the
marginal benefit cost ratio (MBCR) of more than 2.0 as
compared to existing practices are : upland rice+maize-maize
vs. upland rice-maize (3.76) at Batangas; upland rice
cassava+mungbean vs. upland rice-cassava (3.29) at Cavite;
upland rice-mungbean vs. upland rice -fallow (3.02) at
Palawan; maize+peanut-upland rice+maize VS. maize-maize
(7.71) at Camari nes Sur; upland rice-maize+peanut vs. upland
rice+ma ize (3.20) at Antique and upland rice+corn-c as sava
vs. upland rice-cassava (7.72) at Taw i -Tawi. Thes e promisi n g
patterns are being piloted in the c ommunity and tested i n
other similar sites in the province through mul tilo c ation
testing during the crop year 1987-88.
The research highlights in the 3 earlier sites and the
IRRI cropping systems site in Claveria, Misamis, Oriental
are presented in this paper . The rainfall in Talacogon f
Agusan del Sur is evenly distributed throughout the ye a r .
There are 8-10 wet months and no dry months. Soils t exture
ranges from clay to clay loam. The traditional cropping
patterns in the up land are maize-maize, upland rice-upland
rice, maize-sweet potato and mono crop maize and upland rice.
The project studied 3 alternative cropping patterns (maize
mungbean-maize, maize-maize-mungbean
and maize+peanut
maize+mungbean-upland rice). In the 1979-80 cropping pat t ern
trials, highest net returns was obtained from maize+peanut
maize+mungbean-upland rice ($1,141). Yield levels o f mai ze
when intercropped, were low because of lower popu lation
used. Mungbean yield was better as a third crop than as
second crop. The same pattern gave the highest yield and net
return in 1981-82 test.
In Pangantucan, Bukidnon site, the research team is
studying upland and irrigated lowland rice. The lands cape is
rolling, soil texture is heavy, internal drainage is fair to
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g ood with
average pH of 4.83. The predominant cropping
p att e rn is maize-maize. Other cropping patterns are rice
mai ze and monocrop rice or maize. Rainfall is about 2337 mm
with 6 we t months and 4 dry months. There werce 4 imp roved
crop pin g p a tterns tested in 1981-82 in the upland . the
recommend e d rice variety (UPL Ri-5) gave high yield when not
inte r c ropped (5.02 t/ha). Maize yields were also high
co mpar e d with farmer's cropping pattern. Rice+maize
ma i z e +peanut intercrop gave the highest net return of $1,080
compared with the maize-maize farmer's cropping pattern of
on l y $266 . The third crop is generally unstable because of
rainfall fluctu a t i ons .
The rainfall in Dumarao, Capiz site, is high with 8 wet
months and 3 dry months. The predominant soil types are clay
and clay loam with pH ranging from 4.8 to 5 . 4. The existing
cropping patterns in the upland are monocrop upland rice,
cassava, sugarcane, maize and sometimes maize-maize . The
pr o ject tested three crop patterns in 1980-81 (rice
rice+maize-mungbean,
maize+upland
rice-sweet
potato
mungbean, maize-sweet potato-cowpea and maize-peanut
mungbean) . The third crop was not grown because of an early
d rought. The upl and rice yield was very good (4 . 9 t/ha).
Peanut yield was poor. The highest net return was obtained
with maize-peanut cropping pattern with $920 compared with
mono maize with $278 .
A site in Claveria, Misamis Occidental, represents an
acid upland with pH of 4.1 - 5 . 0, 6 - 7 wet months and 2-3
dry months. The traditional cropping pattern is maize-maize,
rice-maize, monocrop cassava, rice and maize. The cropping
systems team evaluated 7 cropping patterns and compared with
the traditional maize-maize using farmers variety and maize
maize using hybrid. In some 3 crop patterns only 2 crop
patterns were evaluated by the farmers resulting to increase
in the number of experimental cropping patterns. The most
promising cropping patterns in 1985-86 were rice
cowpea/maize/sweet potato ($838),rice + cowpea/maize/peanut
($1,446) and cowpea-maize-cowpea ($515). The farmers maize
maize using local varieties was $269 and maize-maize using
hybrid was $483. Maize used in the experimental pattern was
IPB Var 1 . Improved maize-maize technology increased
production by 4.3 t/ha/year or 165 percent compared to
farmers maize/maize using local variety.
I II . PRODUCTION CONSTRAINTS OF MAI ZE I N RICE - BASED FARMI NG

Potential yield of maize is much higher than actual
farmer's yield. The yield gap are due to several production
constraints. These are the following:
1 . Lack
conditions.

of

su i table

var ie t i es
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for

different

growing

2. Yield of improved
varieties are more stable.
3. Moisture stress
rice environments.

varieties

especially

in

are

unstable.

upland

and

4. Poor stand due to lowplant population,
viability and poor crop establishment.

Local
rainfed

poor

seed

5. Shifting planting dates due to unpredictable climate
and planting of other crops in the sequence.
6. None, or minimal use of agricultural inputs due to
high cost and limited farm resources especially in rainfed
lowland and upland rice environments .
7. Problem with insect pests (corn borer,
etc.) and diseases (downy mildew and others).

stalk rots,

8. Waterlogging especially in lowland rice environment.
9. Poor soil structure of lowland soils due to puddling.
10. Poor water management in irrigated rice environment
because the irrigation system is constructed for rice and
not for upland crops.
11. Low soil fertility and other soil problems e.g. low
pH level, Aluminium toxicity and other elements, etc.
especially in upland rice environment.
12. Maize is grown as intercrop, and after times, yield
is lower due to low population and interaction with inter
crop.
13. Problems of weed infestation especially in upland
conditions.
14. Improved technology available not suited for dif
ferent cropping systems practiced by farmers.
15.
storage.

Post

harvest

problems

especially

drying

and

16 . Varieties are not readily available to farmers at
the time they are needed.
17. Inadequate marketing system and pricing policies.
18. Lack of credit facilities to small scale farmers to
buy necessary agricultural inputs .
IV. VARIETAL CHARACTERISTICS OF MAIZE FOR RICE-BASED FARMING
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The breeding and selection for maize is generally
conducted under upland conditions with assured water. The
high yielding varieties developed are often times not
adopted by farmers because of the different environments
where corn is grown especially in rainfed acid upland rice
and rainfed lowland rice environment. The following are the
varietal characteristics of maize for rice farming.
1. High stable yield - Yield levels after rainfed
lowland are generally low and unstable depending on
rainfall. In upland rice areas, high yielding varieties of
maize should be selected under acid upland rice environments
to identify better stable varieties .
2. Maturity - Since maize is grown after rice both in
lowland and upland, early maturity (80-90 days) with high
yield is very important to fit in the cropping systems. Most
of the local varieties in Indonesia, Philippines, Nepal and
India are earlier maturing than improved varieties. Major
efforts should be given to selection for early maturity. In
some countries medium maturity is needed especially when
grown in a 2-crop systems and water is not limiting.
Maize is grown under rainfed
conditions except in irrigated rice environment. This is a
very difficult character to select for. I hope CIMMYT and
some national breeding programs will put more efforts in
selection for this character.
3.

Drought

tolerance

4. Waterlogging tolerance - Corn grown before and after
lowland rice have problems with waterlogging especially
during the vegetative stage and towards maturity before
rice, and early seedling and vegetative stage after rice.
5. Erect leaves - Increase cropping intensity of rice
lands intercropping will be very important in the future.
Maize is used in several countries for intercropping with
shorter food crops. Erect leaves will provide more sunlight
for the shorter intercrop.

6. Green leaves after harvest - In small farms, maize
fodder is a major feed for livestock especially in
Indonesia, India, China, Nepal, Bhutan, Bangladesh and
Burma. Greener leaves will provide higher quality feed.
7. Average plant height with lower ear height - Taller
plants will have more shading effects on shorter intercrop
with maize. There is a need for average pl~nt height.
8. Early and rapid seedling establishment - It is a
very important characteristic to have a good head start from
weeds and have better stand establishment especially after
rice with zero tillage.

9.

Resistance to insect pest such as corn borer,
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corn

earworm a nd s hoot fly.
10. Re sistance to downy mildew,
He l minthospo rium leaf spot.

stalk rot,

rust

and

11. High shel ling percentage.
There are other characteristics which are more location
specific that country programs should include in their
breeding strategies. During the varietal improvement of
upland crops for Rice Farming Monitoring Tour in 1983 and
Workshop in 1985, the participants identified the desirable
characteristics of maize for each country. Table 2 shows the
desirable characteristics.
V. VARI ETAL TESTING OF MAIZE FOR RICE-BASED SYSTEM

One of the collaborative research projects in the ARFSN
is varietal testing of upland crops for rice farming . There
are 10 countries in Asia involved in this collaboration
Philippines,
Indonesia, Thailand, Vietnam,
Pakistan,
Bangladesh, Sri Lanka, Burma, Bhutan and China. Varietal
testing of upland crops are conducted in lowland rice
environment before and after rice.
Since IRRI has no mandate to develop upland crops, the
Network is collaborating with different breeding programs to
develop varieties of upland crops which would fit rice-based
cropping systems . The varietal improvement of legumes
(cowpea, mungbean, peanut) for rice farming is done by the
Philippines Institute of Plant Breeding (IPB). IRRI is
screening lines and varieties of upland crops (sorghum and
pigeonpea) after rice, and cowpea before and after rice.
Other national programs especially the Indonesia Central
Research Institute and Thailand's Field Crop Research
Institute, expanded their breeding activities to include
varietal improvement for rice farming (mungbean, soybean,
peanut and corn). The sources of breeding materials of
upland crops are IITA for cowpea and soybean. CIMMYT for
corn, ICRISAT for peanut, sorghum, chickpea and pigeonpea
and AVRDC for mungbean and soybean.
Most promising varieties from the breeding and
screening of different institutions are submitted to IRRI
for multiplication and distribution in the Network. Yield
trials
before
and
after
rice
are
distributed
to
collaborating countries upon request. In 1986-87, ten (10)
entries were distributed for testing in the Network. The
national program included two local checks. Trials were
conducted before and after rice. Summary data of the trials
indicating grain and fodder yield before and after rice is
shown in Tables 3 and 4 . The most promising maize entries
across locations after rice are Early DMR Composite 1 and
Ranjuna, and before rice are Ranjuna, Early DMR Composite 1,
and CIAT 8130. Discussion of individual trial is presented
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below.
Before Rice Yield Trial

In 1986, two pre-rice season trials were conducted in
Burma cropping systems sites (Thayettan and Yezin) and one
in Thailand (Praputabbat). In Thayettan, yield ranged from
0.81-2.83 t/ha. Highest gra.i.n yield was from Suwan 2 with
2.83 t/ha followed by CIAT 8130 (2.70 t/ha) . These two
varieties also gave the highest fodder yield with 8.86 and
8.95 t/ha respectively. The local variety yielded 2.24 t/ha
of grain and 5.94 t/ha of fresh fodder. Maturity ranged from
86-98 days with Ranjuna as the earliest to mature. In Yezin,
yield ranged from 0.31-1.24 t/ha. Cettar and Ranjuna were
the highest grain yielders. Fodder yield was, however,
highest in CIAT 8130 and Early Thai Composite with 12.64 and
11.29 t/ha, respectively. Maturity ranged from 75-80 days.
In Thailand, the trial was harvested as baby maize (40
45 days old). Highest marketable ear yield (9.79 t/ha) was
obtained in the local improved variety TFE 112 followed by
Suwan 2 (8.26 t/ha) and another local improved variety Suwan
1 (7.76 t/ha). Fodder yield was also highest in these
varieties with 11-~2 t/ha. The crop was irrigated six times.
In 1987, the same set of materials were tested before
rice in Ari Yezin, Burma. Yield level was high compared to
previous years test ranging from 1.23-3.31 t/ha. Ranjuna
gave the highest grain yield while Comayugua 8130 was the
highest fodder yielder (10.27 t/ha). Yezin 8401, the local
variety, yielded 3.08 t/ha of grain and 6.17 t/ha of fresh
fodder. Maturity ranged from 83-93 days.
After Rice Yield Trials

Two trials were conducted after rice in Indonesia under
zero tillage at Sukarami Research Institute and in Palnagki
Padang with Dr. Rasidin Azwar. In Sukarami yield ranged from
4.00-6.43 t/ha. Highest yielders were Early Thai Composite
(6.43 t/ha) and local check Arjuna (6.26 t/ha). In Padang
yield ranged from 1.64 to 5.42 t/ha compared to Arjuna with
2.96 t/ha. Arjuna showed the highest stover yield with 20.50
t/ha. Maturity ranged from 91-99 days in both locations.
In the Philippines, trials were conducted after rice in
Guimba, Nueva ECija (a cropping systems site) and in IRRI,
Los Banos. Trials were planted in early December after
harvesting rice, with zero tillage. Yield in Guimba ranged
from 2.33 to 5.20 t/ha. One of the local check was SMC 305
Hybrid, a hybrid used in cropping pattern testing. Highest
yielder was Muneng 8331 with 5.20 t/ha followed by SMC 305
Hybrid with 4.92 t/ha. The check, Macapuno, a local variety
yielded 2.83 t/ha . Lower yield ranged from 2.4 to 7 . 29 t/ha .
SMC 305 Hybrid showed the highest fodder yield. Maturity
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ranged from 80-97 days. Ranjuna, cetter and Macapuno were
the earliest maturing varieties with 80 days to maturity. In
IRRI, a set of trials were conducted under zero tillage with
no irrigation. Rainfall during the growing period was only
154 mm. Yield ranged from 1.54 to 2.33 t/ha. The highest
yielders were Early DMR Composite with 2.33 t/ha and Muneng
8331 with 2.29 t/ha. Maturity ranged from 90-97. The
earliest variety was Ranjuna.
In Thailand, the trials were conducted in Phitsanuloke
Field Crop Research Station. Collaborator is Mr. Somchai
Boonpradub. It was conducted under zero tillage with 5
irrigations. Yield ranged from 2.23-4.20 t/ha. Most
promising entry was Early DMR Composite 1 with 4.20 t/ha of
grain and 9.11 t/ha of fresh fodder. Other high grain
yielding entries was Muneng 8331 and XC#l with 4.14 and 4.02
t/ha, respectively. Maturity ranged from 76-94 days.
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Questions to

V.R. CARANGAL

From

A.S. KHEHRA

Q.

In the past, new cropping patterns
resul ted
mainly
from breakthroughs in varietal development. Is there
any
example where planned research efforts had been
successfully made to change an existing cropping pat ?

Ans. There are many examples now in the Asian Rice Farming
Systems method. In different countries, reseachers
have identified potential cropping patterns with high
production and income. In most locations research
issues are identified to further increase the
productivity of the cropping
pattern. An example is
the diversification project in Taiwan, China where
corn and sorghum are introduced in paddy fields.
Agronomic and varietal improvement researches are
conducted to substature corn and sorghum in the first
and second rice crop. Now the area of corn and sorghum
is increasing especially in the first rice crop.
Another example is rice-soybean in rainfed lowland.
Research on establishing soybean on residual moisture
rice, and other
agronomic reasearch for both soybean
and rice are conducted in Aceh.Indonesia. Now the area
of rice-soybean has
increased in 4 year from a few
thousand to more than 100,000 ha.
From

: C.R. ESCANO

Q.

In your site description, what are the major site
parameters that you describe or characterize and how
do you use these informations in designing the experi
mental Farming Systems ?

Ans.

In site description we generally collect the following
information from secondary data and by survey : soils
(texture and fertility), rainfed,
temperature, hydro
logy and characteristics, existing production system
(crops and other enterprises), interaction of crop
production with other enterprise, weed infestation,
insect and disease problems, major constraints to pro
duction, net income from crop production and other
enterprises, labor availability, tenancy, market for
different commodities, educational attainment of farm
ers and others.

From
Q.

: M.M. PAYAK
In rice-maize rotation system, care should be taken
with regard to outbreak of diseases caused by patho
gens having rice and maize as hosts.
For example,
False Smut (Ustilaginoidea virens) attacks maize
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tassels (doing little or no damage) but it is
serious disease in rice when panicles are affected.
Ans.

From

a

I agree with your concern.
We should be very careful
in using crops in the rotation.
Unfortunately, there
is very little work on the effects of a crop on the
other crops in term of diseases.
: GONZALO GRANADOS

Q.

Cropping systems research is very important in sub
sistence agriculture, where very few inputs if any are
utilized.
However, it is important to consider the
sustainability of production in systems proposed for
adoption. What is being done to monitor the changes,
if any, in insect and disease populations, soil ferti
lity, etc., that result in the long run utilization of
a given cropping pattern ?

Ans.

There is an on-going collaboration in the Asian Rice
Farming Systems Network on long term fertilizer and
cropping pattern studies. However, most scientists
are monitoring only crop performance and soil ferti
lity.
The Bangladesh Rice Research Institute is the
only collaborator monitoring insects, diseases and
weeds. Studies should also include rotational cropp
ing pattern l changing cropping pattern every year.

From

SUBANDI

Q.

Look at Table 3 & 4, Arjuna seems to perform well
averaged over before rice and minimum tillage
environment. I would like to suggest that you pro
mote other countries to use this variety to be used
either as variety or as base pop for improvement
specifically for the above production systems.

Ans.

We are making the promising varieties in the trial
available to all our collaborators.
I am sure some
are now using Arjuna in their breeding program.

From

: R.N. WEDDERBURN

Q.

You showed excellent returns and adoption of improved
cropping systems in Taiwan. However you mention that
some crops are highly subsidized. What are the
government policies on maintaining these subsidies ?
What will happen when or if these subsidies are
removed ?

Ans.

The area of corn and sorghum in double paddy fields is
increasing because the net returns are very high
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compared to 2 rice crops. Corn, sorghum and soybean
are subsidized like rice.
If the subsidy is removed,
the farmers will grow other crops that will give
higher net returns, most likely vegetables.
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Mung+peanut-upland rice+maize
Upland rice-maize+peanut
Upland rice-cassava
Upaland rice+maize-cassava+mung

Pili,
Camarines Sur

Hamtik,
Antique

Balimbing,
Tawi

Upland rice-mung+kakawate

Odiongan,
Romblon
Upland rice - mung

Upland rice-cassava+mung

Trece Martires,
Cavite

Cataingan,
Masbate

Upland rice+maize(green)-maize

Cropping Pattern Experimental

Lipa,
Batangas

Site

Upland rice-cassava
Upland rice-cassava

Upland rice-maize

Maize-maize

Upland rice-maize

Upland rice-fallow

Upland rice-cassava

Upland rice-maize

Farmer

Table 1. Promising experimental and farmer cropping pattern 1986-87 DA/RIARS.

7.72

4 . 04

3.2

7.71
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1.5

3.29
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LV

Thayettan

ARI. Yezin

Grain

Mean

Fodder

1986
Thailand
Praputhabat

Grain

Fodder

Grain

Fodder

Grain

Fodder

Marketable
ear*

Fodder

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

1987
Burma
ARI. Yezin

8.86
5.94
8.62
8.01
7.24
7.16
7.93
6.83

2.83
2.24

2.14
2.13

2.26
2.30

2.39
0.81

Suwan 2

Local Check 1

Comayagua 8130

IPB Var 2

Early OMR Comp 1

XC #1

Early Thai Compo

Local Check 2

0.31

0.99

0.69

0.81

0.82

0.90

1. 01

1.10

1.11

1. 21

1. 22

1. 24

7.40

11. 30

6.90

6.70

11.10

9.80

7.30

10.30

12.70

8.10

9.80

10.40

3.08

1.43

2.42

3.06

1. 23

2.80

2.90

1. 81

2.69

2.50

3.31

2.19

6.17

6.30

9.33

8.90

8.93

10.27

7.07

6.43

7.07

5.67

6.10

7.40

1. 40

1.58

1. 80

2.04

1. 39

1. 95

2.05

1.91

2.17

2.02

2.38

1. 96

6.80

8.51

7.80

7.61

9.35

9.56

6.77

8.53

9.57

6.73

7.90

8.77

9.77

6.81

7.33

6.10

6.47

5.36

7.76

8 . 26

5.73

6.57

3.61

3.97

12.51

9.36

9.51

7.92

9.62

7.55

11.80

10.47

7.40

8.40

5.07

4.89

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

8.95

6.42

2.34

Muneng 8331
2.70

7.81

2.61

Ranjuna

CIAT 8130

8.50

2.46

Cetter

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

Pedigree

1986
Burma

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

Table 3. Yield Ct/ha) of twelve(12) corn varieties grown before lowland rice in the Asian Rice Farming
Systems Network sites. 1986-87.
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Pedigree

Philippines
IRRI
Grain
Fodder

Indonesia
Palangki
Fodder
Grain

Indonesia
Rambatan
Grain

Thailand
Phitsanulok
Fodder
Grain

Yield (t/ha) of twelve (12) corn varieties grown after lowland rice (zero tillage)
in the Asian Rice Farming Systems Network sites.
1986-87.

Grain

Mean
Fodder

1. 91
15.48

Mean

EDC 2
IPB Var 1

2.33
2.29
2.07
2.04
1. 92
1.88
1. 88
1. 87
1. 80
1. 71
1. 56
1. 54

Early DMR Composite 1
Muneng 8331
Suwan 2
XC #l
Early Thai Composite
IPB Var 2
Comayagua 8130
CIAT 8130
Ranjuna
Local Check 1
Cettar
Local Check 2

Local Check 1
Local Check 2

1
2
3
4
5
6
7
8
9
10
11
12
5.25
15.86

5.18
4.77
5.03
5.22
6.22
7.81
6.70
5.88
2.89
3.52
2.22
7.58

Kalingga
Arjuna

2.83
36.40

3.92
2.01
2.37
1. 64
1. 85
5.42
3.64
2.15
3.73
2.54
1. 73
2.96
9.46
26.80

9.36
8.67
9.49
6.28
9.45
9.53
9.23
6.98
6.02
12.39
5.55
20.56
4.94
21.30

4.62
4.42
4.61
5.63
4.62
4.21
4.00
4.36
5.56
5.69
5.30
6.26

Kalingga
Arjuna

31. 50

3.44

4.20
4.14
3.85
4.02
2.65
2.23
3.70
3.26
3.93
2.59
3.19
3.57

6.19
17.20

5.99
5.25
6.62
6.70
9.11
9.18
3.10
6.73
3.48
7.88
3.48
6.81

6.97
3.28

Suwan 1
TFE 139

6.84
6.23
7.05
6.07
8.26
8.84
6.34
6.53
4.13
7.93
3.75
11.65

3.77
3.22
3.23
3.33
2.76
3.44
3.31
2.91
3.76
3.13
2.95
3.58

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

Entry
No.

Table 4.

MAIZE PRODUCTION AND AGRONOMY
IN THE PHILIPPI NES

II

Crisanto R.Escano and Ester R. Capio
INTRODUCTION

Maize (Zea mays L.) is one of the major crops grown in
the Philippines. Over a million Filipino farmers depend on
it as a source of income and employment. About 20% of the
population prefer white maize in the form of grits as a
staple cereal over rice. This maize type is generally con
sumed as food and is also used in the manufacture of starch
and its derivatives. The per cap; ta consumption of maize
declined from 33 kg (1969) to 28 kg (1984) but the total
food demand continued to increase due to the rising popula
tion. As of 1984, 40% of the total maize supply was consumed
as food, 4% was utilized in the manufacture of starch, syrup
and oil and 2% was used as seeds. Over 50% of the total
maize supply is used as feeds for poultry and hogs. Feed use
increased significantly from 0.65 million tons in 1970 to
1.9 million tons in 1984. While domestic production has been
increasing at a rate of 5% per annum, the demand for feed
grain has likewise increased to 8% per annum. Hence, the
resulting deficiency has continued to be met through annual
importation.
PRODUCTION

Domestic production of maize has increased
from
2,001,850 tons in 1971 to 3,922,020 tons in 1986 (Table 1).
The average annual growth rate of 5.34% has been attributed
to the expansion in the area planted. The exception to this
is in the late 1970's when yellow maize hybrids were intro
duced.
The major maize growing regions in the Philippines are
Southern and Central Mindanao in the South, and Cagayan
Valley in the North. As of 1986, each of these areas contri
bution to the total domestic production were 31, 23 and 10
%, respectively . These three regions account for 47% of the
total area planted to maize over the years. The average
yield from these regions is 1.6 t/ha. The lowest producing
region in the country are Western and Central Visayas, with
0.5 t/ha average yield.

II

Director and Science Research Specialist, respectively,
Crops Research Division, PCARRD, Los Banos, Laguna, Philip
pines.
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From 1977 to date, the area planted to maize has dec
lined notably (Table 1). Reports indicate that since 1977
the shift of prime land from maize to rice production has
pushed maize cultivation to poor quality land. Maize has
traditionally been grown in marginal and steep sloping areas
while rice gets priority for the most fertile lowlands. It
appears then that further expansion in corn hectarage is not
likely in the coming years due to the increasing demands for
more and more cultivated lands by the rapidly increasing
population and conversion of traditional corn areas to other
crops.

Table 1.
Maize production,
pines, 1971-1986.

area and yield in the Philip

AREA
(ha)

YIELD
(t/ha)

YEAR

PRODUCTION

1971

2,001,850

2,425,850

.83

1975

2,513,865

3,009,910

.84

1980

3,122,790

3,201,070

.98

1985

3,438,755

3,314,580

1. 04

1986

3,922,020

3,544,730

1.106

The increase in yield observed during this same decade
was associated with the introduction of improved open-polli
nated varieties and hybrids and increased fertilizer use.
White maize accounts for about 88-92% of the total
production. But despite the small share that yellow maize
contributes to the total output, its annual growth rate of
production has been registered at 8%, which is significantly
higher than the 3.7% for white. The recent bumper harvest in
Mindanao is attributed to the use of hybrids.

PRODUCTION TECHNOLOGIES
Since 1972, government has been supporting food/feed
grain programs, aimed at increasing the productivity of
various maize growing areas. More specifically, the programs
were designed to : 1) eliminate import and generate surplus
for export 2) support the livestock industry and 3) increase
farmer income. A set of package of technology (POT) composed
of recommended varieties/hybrids and simplified step by step
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cultural management practices based
utilized in promoting these programs.

on

input

levels

were

The earlier programs increased the national average
yields from 0.82 t/ha in 1972 to 0.98 t/ha in 1980. In 1977,
a change was effected because of the introduction of yellow
hybrids maize. Thus, 1) the white maize/ipil-ipil (Leucaena
L eu coce pha La)
cropping system was recommended for marginal
hilly areas, 2) the open-pollinated varieties, particularly
the IPB varieties were recommended in areas where farmers
could shift to yellow maize, and 3) hybrids were promoted in
suitable areas where farm demonstrations and farmers' trai
ning have been carried out. A crop insurance system accompa
nied this program to protect both borrowers and lenders.
This program was not effective in increasing production due
to the long drought in 1982-1983 and the heavy infestation
of corn borer, Ost r in i a furnacaLis that followed.
In 1984 the Expanded Maize Program originally designed
to cover primarily yellow hybrids but which included white
maize due to an impending rice shortage, was launched (Table
2). The major feature of this program was the credit delive
ry system for small scale farmers which tapped banking and
semi-traditional lending institutions. As a result of this
increased effort and good weather conditions, the 1986 na
tional average has now reached 1.1 t/ha.
AGRONOMIC PRACTICES
Tillage Practices: A thoroughly prepared land not only pro
vides a good medium for plant growth but also minimizes weed
problems. Soil type, slope, available moisture and weediness
are among the important considerations in determining the
extent of land preparation prior to sowing.

For marginal/hilly areas, the land is cleared of stan
ding weeds or crops and land preparation activities (plowin
g/kaingin style) are done parallel to the contour. Minimum
or no tillage is suggested for steeper slopes.
Zero or minimum tillage for maize farming has been
found to be technically viable but zero-adoption of this
technology bas occurred due to the high cost of herbicides,
and to a great extent to farmer traditions.
For the g ove
e t supported program, the 3t POT recom
mends one p owL g t o a depth of 16 cm and one harrowing the
day before pant ' ng. A mo re intense land preparation
is
reqUired in the 5t POT ( 1 -2 plowings followed by 2-3 harro
wings). Furrows are made the day before planting.
Hilling-up a n d cf:-bar rin g are very common tillage
pra.:::'iced :.[: ~ s Pi1':' ippir:.es basically aimed at

ope~at ':' oD s

-. 3

controlling weeds.
Population Density: Numerous studies have already been con
ducted on row spacing, and seeding densities for both varie
ties and hybrids.
Tiniguib, the native white flint variety
gave the best yield at a row spacing of 60 cm x 55 cm with 3
seeds/hill. Some farmers though still plant this variety at
1 m x 1 m at 5 seeds/hill. Synthetic maize performed simila
rly well at 70,000 - 90,000 plants/ha in a Sta. Rita clay
loam, fertilized with 120-60-60 kg NPK/ha. A hybrid planted
during the wet season at 90,000 plants/ha, fertilized with
250-150-150 kg NPK/ha yielded 11.6 t/ha; while the dry
season planting at 100,000 plants/ha yielded 11.77 tons/ha.
This indicates the possibility of increasing maize produc
tion by changing plant population density. However, this
cannot be realized without the corresponding increase of the
other nutritional and culture practices of the crop.

In the current production program (Table 2) all im
proved varieties are sown on a distance of 75 cm between
furrow and 25 cm between hills at one plant/hill, or a
population density of 53,333 plants/ha. The hybrids, on the
other hand, are planted in higher populations, i. e. at
67,000 - 72,000 plants/ha. Some hybrids, however, are seeded
at lower rates of 50,000 - 53,333 plants/ha.
Soil and Fertilizer Management: Maize grows in almost all
types of soil. But like most crops, its yields are highly
dependent on the amount and availability of nutrients that
can be derived from the soil. Proper management of the
necessary growth factors will influence to a great extent
the overall performance of the crop.

Problem soils (acidic/alkaline) reduce maize yields
either by binding the nutrients or causing other elements to
reach levels toxic to maize. For acid soils, liming is
highly recommended. However, because of slow movement in the
soil, it is recommended that 1/2
2/3 of the required
amount be broadcasted and plowed under, about a month before
planting and the other 1/2 or 1/3 be broadcasted and har
rowed in at planting.
Cognizant of the ever-increasing cost of inorganic
fertilizers and the ill-effects which might derive from
excessi ve use of it, a continuing search for al ternative
sources of fertilizers is supported by the government. So
far, some formulations of organic and indigenous materials
are commerciallyp.vailable in some parts of the country.
Indigenous plants such as ipil-ipil, Sesbania rostrata,
Lablab purpureus, Gliceridia sepium and many other pasture
legumes have been proven to be
good green manure crops
grown in rotation with maize. Some soil microorganisms which
show high potential for increasing yields through N-fixing
mechanisms are currently undergoing field verification.
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Basal: 4 bags of 14-14-14j side
dress at 25 DAP with 2 bags
45-0-0 or 3 bags 21-0-0
2 applications: 1 bag granular,
1 qt. sprayable
1 qt.

Fertilizer

Insecticide

Herbicide

20 kg per ha/75 cm x 25 cm at 1
seeds per hill/53, 333 plants/ha

Seeding rate/
Planting distance/
Population density

(Open pollinated)

Phil DMR Comp 2, MIT Var 2,
IPB Var 2, Improved Tiniguib,
IPB Var 1

3 ton POT

Seeds

INPUTS

2 qts.

3 applications: 2 bags granular,
2 qt. sprayable

6 bags 14-14-14, sidedress
with 3 bags 45-0-0 or 6 bags
21-0-0 at 25-30 DAP.

20 kg per ha/75 cm x 20 cm
at 1 seed per hill/67,000
plants per ha except Cargill
CS 711(18 kg per ha/50,000 
53,000 plants per haj High
corn 9 at 53,000 plants per
ha/Pioneer 6181 at 72,000
plants per ha.

Cargill CS 711, Hycorn 9,
Pioneer 6181, SMC Hy-yield
102, 305, 301

5 ton POT (Hybrid)

Table 2. Package of technology for the expanded maize program.

In the government maize production programs, the ferti
lizer rates were based on the yield potential of the culti
vars used (Table 2). Thus, the 5t POT require amounts almost
double that of the 3t POT. As a rule, however, farmers are
encouraged to have their soils analyzed at the Bureau of
Soils of the Department of Agriculture
in order to make
specific fertilizer recommendations.
Water Supply: Maize in the Philippines is planted in areas

where water supply cannot economically sustain rice produc
tion. Irrigating maize is not a common practice in the
Philippines. However, a recent study showed that yields of
two hybrids were not significantly influenced by different
irrigation treatments. Hybrids irrigated 6 times during the
dry season yielded 11.4 t/ha which did not differ significa
ntly from those irrigated four times.
In the Philippines, it is a common observation that if
water is available, the farmer will plant rice. However, in
times of limited water supply particularly during the dry
season, the area that can be served by the irrigation sys
tems is significantly reduced. This situation calls for
alternative strategies to utilize these areas which will
otherwise remain fallow during this period of the year.
Planting crops like maize which require less amount of water
than rice may provide a partial answer to this problem.
Crop Protection: Pest management is an indispensable tool in
any crop production venture. In the Philippines, maize pro
duction is constantly threatened by numerous diseases, in
sect pests, weeds and rodents. Philippines downy mildew
caused by the fungus Peronosclerospora philippinensis can
cause yield losses to as high as 40% - 60%. However, with
the development of varieties resistant to this pathogen and
the discovery of the fungicide seed dressing (Apron SD 35),
the damage due to this disease is minimal. At present,
bacterial stalk rot, leaf blights and Rhizoctonia leaf and
sheath blight as stalk rot are posing new threats to the
industry.

With all these advanced technologies and the conside
rable support the domestic maize industry is getting from
government, one may still wonder why production is so low.
Studies show that the adoption rate of technology is very
slow. Most farmers continue to use seeds obtained from their
previous seasons harvest, often utilizing F2 and F3 seeds
of commercial hybrids. These practices can be attributed to
the unavailability of seed of improved varieties and or the
high cost of hybrid seed. Farmers are also often reluctant
to apply the recommended levels of fertilizers. Many just
cannot afford the cost, and others apply only part of the
required rate. The same is true for herbicides and insecti
cides.
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With the growing awareness and the changing attitudes
of our 'new generation' farmers, the very active involvement
of the various agencies in generating and improving produc
tion technologies and the continued support the government
gives to the agriculture sector, it may not be too remote to
see the Philippines among the maize exporters of Asia.
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WEED CONTROL MANAGEMENT IN CORN IN
THE PHILIPPINES

Pablito P. Pamplona

1/

I.INTRODUCTION

Corn (Zea mays L.) is second to rice as the most impor
tant cereal crop in the Philippines (PCARRD, 1981). It is
grown in three million hectares annually producing about
three million metric tons of grain . In the Philippines, corn
is used both for food and animal feeds. As staples food, it
is used by 21% of the 57 million Filipinos. A significant
portion of corn is also used in the manufacture of starch
and other industrial products.
Average corn productivity in the Philippines is about
1.0 tjha, probably one of the lowest in Asia. Selected farms
using hybrids yield 5.0 to 6 . 0 tjha with a record yield of
13.0 tjha (Pamplona, Imlan and Nuevo, 1987). Several factors
contribute to the low yield, one of which is the competition
by weeds. A review of existing literature shows that weeds
reduce the yield of corn by 30%-90%.
Weeds are very serious problem in corn due to their
continuous germination and competition throughout the year.
This is due to the favorable and almost even distribution of
high rainfall of 1500 to 2500 mmjyear in the major corn
producing island of Mindanao.
II. COMMON WEED SPECIES IN CORN

Corn is grown in two environmental situations in the
Philippines. One is the purely upland condition where corn
is continuously grown as monocrop with two to three plan
tings in one area per year. In some upland fields, corn is
rotated with other upland field crops particularly field
legumes such as mungbean, soybean and peanut. Under the
purely upland condition, the most dominant weed is Rottboe
l i a cochinch in ensis in approximately 60% of the corn fields
(Pamplona, 1980). This weed species is highly competitive.
Other weed species found in corn fields are Ipomoea triloba
Gaertn., and Cyperus rotundus L. L., Amaranthus spi nosus L.,
Amaranthus viridis L., Portulaca oLeracea L., CLeome rutido
sperma DC., Dactyloctinium aegyptium
(L.) Beauv., Boerha v ia
erecta

L.,

Digitaria

sanguinaLis.

1/

Professor in Agronomy and Director of Research, Univer
sity of Southern Mindanao, Kabacan, Cotabato, Philippines.
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In another situation, corn is planted during the dry
season in rotation with rainfed rice grown during the high
monsoon rain. In this conditions, the most cornmon weeds are
Echinochloa
colona (L) Link, Cyperus iria L., Brachiaria
paspaloides
(Presl.) Herb., Echinochloa glabrescens Mun Hook
f., Ludwigia octavalvis (Jacq.) Raven, and Paspalum flavidum
(Retz.) A. Camus.
III. BASES FOR WEED CONTROL MANAGEMENT
IN CORN

It is well known that weeds compete
with corn for
nutrients and water in the soil and sunlight in the air. To
corne up with a good management program in the Philippines,
various studies were carried out to determine the factors
affecting crop-weed competition which ultimately reduce the
yield of corn. The findings of these studies, were the basis
to formulate an effective weed management program. These
findings are :
1. Weeds were found to be most competi ti ve with corn
during the first 40 days of the crop (Table 1) (Vega and
Lapade, 1968). Therefore, weeding should be done during this
period to minimize competition.

Table 1. Effect of the duration of weed competition on corn
yields (Vega and Lapade, 1968).

Competition
(Days after planting)

Yield (t/ha)
Dry season
Wet season

10
20
30
40

4.44
4.38
4.13
4.11

50

60

3.76
3.93
3.23

70

80
Unweeded

3.42
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1. 67
1. 35
1. 01

0.69
0.82
0.60
0.49
0.34
0.34

2. Weed competition is affected by weed density (Table
2) (Aldrich et al., 1975). The higher the population of
weeds, the more it is competitive to the crop. This implies
that weeding should be intensified when population is high.
Table 2.
Effect of pigweed
(Aldrich et. al. 1975).

Pigweed stand in
corn row
No Heed
1 per 100 ern
1 per 50 ern
1 per 25 ern
1 per 12.5 ern
1 per 2.5 em
Band of weeds

densi ty

on

corn

yields.

Yield
tjha

Yield loss
tjha

6.8
6.3
5.8
5.7
4.9
4.2
4.0

0.5
1.0
1.1
1.9
2.6
2.8

3. Crop-weed competition is affected by the population
density of corn. The yield of several open pollinated varieties of corn is optimum at 50,000 plantsjha when weed-free.
Under moderate weed
infestation, increasing the population
density to 70 ,000 plantsjha reduced weed weights and increased yield by 20% (Table 3) (Evangelista and Pamplona,
1984) .
4. Weeds are more competitive during the heavy monsoon
rain (wet season) than during the dry season (Table 1).
Studies show that yield reduction during the heavy monsoon
rain is twice as much as in the dry season (Lapade and Vega,
1968). The growth of weeds was found to be more rapid during
the wet than during the dry season. This suggests that
weeding should be more intensified during the wet season.
5. Weed competi tionis affected by the weed species
present. Some species like R. cochinchinensis are more competitive to corn than E. colona. This could be attributed to
the rapid growth and the close affinity of R. cochinchinensis to corn.
6. Competition for nutrients is not generally overcome
by addition of nutrients. In fact, weeds become more competitive at higher nutrient levels (Table 4) (Vega and Lapade,
1968). This is probably due to factors other than nutrients
affect competition.
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Table 3.
Influence of population density of corn (IPB
Var.1), and weeding practices on the yield of corn (t/ha)
growing in B. erecta infested field (Dry season, USM-SMARC,
1982) .

Plants/ha

Weeding practices
------------------------------------------------

44,000
53,333
63,000
70,000
Mean

Unweeded

HW

OB + HU

OB + HW + HU

4.3
4.8
4.8
5.9

3.8
4.5
5.0
5.2

4.0
4.6
5.2
5.5

3.3
3.6
3.9
3.5

4.9 a

4.6 a

4.8 a

3.6 b

Mean
3.8
4.4
4.7
5.0

c
b
ab
a

Means followed by different letters are significant at 0.05%
level.
OB = Off baring
HW = Hand weeding
HU = Hilling up
The above findings served as the basis for developing
cost-effective weed management schemes in the country.
IV. METHOD OF WEED CONTROL
Weed control practices may be classified into indirect,
physical and chemical weed control.
A. Indirect Weed Control
The indirect method of weed control includes those
practices not involving removal of the weeds but making the
crops more competitive against weeds.
The indirect weed control includes; a) the proper selection of seeds to produce vigorous seedlings with uniform
stand density. Plants produced from such seeds were found to
be more competi tive against weeds. b) planting is made at
high density to make the crop more competitive. It was found
out that by increasing the population density of corn from
50,000 - 70,000 plants/ha, the crop becomes more competitive, thus reducing weed population density, weed weights
increasing corn yield by 20-40% (Pamplona and Evangelista,
1984). It has been observed that at high population density
of corn, the leaf area index is higher and the closing of
the canopy comes earlier reducing the growth of the weeds.
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Table 4.
Influence of weeds and nitrogen levels
yield of corn (tjha).
(Vega and Lapade, 1986).

on

the

Nitrogen level (kg/ha)

Treatment

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

0

60

90

120

Rainy season
Unweeded
Weeds in the row
Handweeded
Percent reduction
from handweeded

0.9
1.3
1.7

1.9
2.2
2.9

1.7
2.3
3.4

1.6
1.8
3.4

23.5

24.1

32.3

47.0

Dry season
Unweeded
Weeds in the row
Handweeded
Percent reduction
from handweeded

0.9
0.9
1.3

1.0
1.6
1.7

1.1
1.7
3.2

1.3
1.7
3.4

30.8

5.8

46.9

50.0

c) application of basal fertilizer is recommended to produce
seedlings with rapid initial growth which are more competitive against weeds.
B. Physical Weed Control

This method of weed control includes practices that
disturb the relationship between the weeds and the soil when
weeds are uprooted, buried or simply weakened by the use of
physical energy. Physical methods involve mechanical and
manual methods at times aided by animal-drawn or tractordrawn equipment. Such activities are being carried out before and after planting. Before planting, land preparation
is carried out to eliminate weeds and provide a favorable
environment for the germination and rapid growth of corn
seedlings. When the animal-drawn plow is used, two plowings
alternated with several harrowings are needed to obtain a
desirable seedbed. When a tractor is used, two passings of
the offset harrow one week apart are generally enough to
provide adequate land preparation.
After planting, the most common method of weeding is
interrow cultivation supplemented by in-row weeding with the
use of scythe, herbicides or handweeding. In windy areas,
interrow cultivation serves the second purpose of preventing
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the lodging of corn plants.
Interrow cultivation to control weeds is generally
carried out twice with the use of tractor or animal-drawn
plow. The first operation, known as off-barring, turns the
soil with the weeds away from the base of the corn plants at
ten days after germination. The second is hilling up which
turns the soil with the weeds towards the base of the
plants.
Interrow

cultivation has three limitations.

1. It does not control weeds in the rows of corn,
leaving about 30% of the weeds in the rows. Studies show
that weeds left in the rows are still capable of reducing
yield by 22 to 48% (Table 5). To partially overcome this
problem, many farmers use the square method
of planting
which enables them to off-bar twice at right angles to each
other. This practice improves the effectiveness of interrow
cultivation. This same practice increases yield by as much
as 20% over cultivation in one direction only. To completely
control weeds in the rows, handweeding is routinely practiced.
Table 5.
Effect of interrow cultivation and handweeding on
the yield of corn.
(Parnplona and Irnlan, 1976a, 1977).

Treatment

Unweed
Interrow cultivation
Handweeded

*

Percent reduction
from handweeded

Rainy season
(t/ha)

Dry season
(t/ha)

3.9

1.4
3.4
4.4

48.7

22.7

0.8
2.0

2. Interrow cultivation can not always be carried out
at the right period specially when unfavorable soil or
weather conditions are present.
3. In case of large farms, cultivation of the entire
field may not be possible during the critical period of
weeding. Considering the critical stage of crop-weed competition, off-barring should be ideally carried out at 14 to
18 and hilling-up at 26 to 34 days after planting. Delaying
the operations after these periods would result in weed
competition and yield decreases.
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C. Chemical weed Control

This kind of control involves the use of herbicides
which kill or inhibit the normal growth of the weeds so
minimizing the competition. Due to the high cost of herbicides and the availability of farm labor, the use of chemical weed control in the Philippines is limited. The practice
is concentrated on pre- and post-emergence herbicide application.
1. Pre-emergent herbicide application

The use of pre-emergent herbicide offers several advantages over mechanical or interrow cultivation, thereby avoiding competition at the most critical stage immediately
after seedling emergence.
Another advantage of pre-emergence herbicide application is the control of weeds between the rows not controlled
by interrow cultivation. A shift from mechanical cultivation
to pre-emergence herbicide application has been reported to
increase yield by 24% (Spycher, 1969). This increase was
attributed mainly to the ability of the herbicide to provide
early weed control of weeds in the rows. Several herbicides
such as atrazine (2, chloro-4-ethylamino-6-isopropylamino-l,
3-5 triazine), pendimethalin (N-(l-ethylpropyl) -3,4-dimethyl-2, 6-dinitrobenzenamine), butachlor (N-butoxyrnethyl-2chloro-2, '6-' diethylacetamilide), cyanazine and trifuralin
(L,L,L-trifluoro-2, 6-dinitro-N,
N-dripropyl-p-toluidine)
were found suitable for pre-emergence application and have
been commercially available in the country. The features of
these herbicides as used in the country are as follows :
a) Atrazine. It is the most commonly used pre-emergence
herbicide for corn. It can effectively control both broad
leaves and grasses, except R. cochinchinensis. It is effective when applied at the rate of 2.0 to 3.0 kg/ha or before
the weeds have emerged. It provides control duration of 30
to 40 days. This herbicide, however, does not control sedges. When mixed with paraquat, glufosinate-ammonium or glyphosate it is effective in controlling emerging weeds in zero
tillage systems.
b) C Y a n az i ne. This herbicide is closely related to
atrazine and gives similar results. However, it has been
found that cyanazine provides longer duration of control
than atrazine when applied in dry soil conditions.
c) Butachlor. It has been found as the most suitable
herbicide in intercropping schemes involving corn, rice and
legumes, provided that at the time of application soil
moisture is high or at saturation point. Limited control is
obtained when soil moisture is low. This herbicide is good
only for the control of grasses except R. cochinchinensis.
It does not control broadleaf weeds.
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d) PendimethaLin. This herbicide is known to effectively control a wide array of grasses including R. cochinchinensis
without damaging the corn. For better control, high
soil moisture is necessary at the time of application. It
does not control broadleaf weeds. For a more effective
control of grasses and broadleaf weeds, pendimethalin is
mixed with atrazine (50-50% of recommended rate).
e) TrifuraLin. This herbicide can be used as a blanket
spray at a low rate to selectively control R. cochinchinensis
in corn. It can also be banded between the corn rows and
supplemented by handweeding to selectively control R.
cochi nchi nensi s.

Several limitations have been found for the extensive
use of herbicides in the Philippines, the most important of
which is the high cost of herbicides. For example: atrazine,
applied at the rate of 3.0 kg/ha, costs US$12, an amount
many farmers cannot afford. To reduce the cost of the herbicide, it is recommended that farmers apply it in strips 2530 em Wide between the rows of corn and use interrow cultivation to control the weeds wi thin the rows. This reduces
the cost of the herbicide including application to US$4.5.
Since the cost of interrow cultivation is only US$3.5, then
the total cost of weeding is only US$8.0.
2. Post-emergence herbicide application

Among the herbicides found to be effective for postemergence control of weeds in maize, are the chlorophenoxies, glyphosate (N-(phosphonomethyl) glycine), paraquat
(1, l-dimethyl-4, 4-bipyridinium ion)
and glufosinate-ammonium (ammonium-DL-homoalanin -4-yl (methyl) phosphinate).
The chlorophenoxies are most commonly used since paraquat is
actually prohibited. Moreover, the chlorophenoxies can be
sprayed directly on the weeds.
Among the cholrophenoxy herbicides, 2,4-D (2,4-dichlorophenoxyacetic acid) are commercially available. These
herbicides control broadleaves and sedges, but not grasses.
In the Philippines, it is known that the best time to
apply 2, 4-D and MCPA (4-chloro -2-2 methyl phenoxyacetic
acid) is when corn is two to three weeks old. During this
period, the corn plant is about 20-30 em which is the safest
period for application. Also, at this time most of the
broadleaves which germinated after corn, are at the two to
four leaf stage, when they are most susceptible to the
herbicides. Applying later than three weeks after germination can result in tolerance of the weeds to the herbicide,
thereby requiring higher concentration. Crop deformities due
to 2, 4-D application have been noted in maize few weeks
after spraying.
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Damage caused by 2, 4-D or MCPA can be minimized by
avoiding the direct contact of the herbicide to the corn
plants, by applying the herbicides between the rows of corn.
In fields where grasses are dominant, directed application
of glyphosate or glufosinate-ammonium is recommended in
place of the chlorophenoxies. Such application is best when
the crop is 30-40 days old. It is further recommended that
the herbicides be applied using nozzle with shield to prevent the spray solution to contact the corn plants.

v.

CONTROL OF R. co CHI NCHI N ENS I S - A SPECIAL
WEED PROBLEM IN CORN

R.
cochinchinensis
is the most noxious weed of corn in
the Philippines. An estimated one million or more hectares
planted to corn are heavily infested by this weed (Pamplona,
1980). In many areas colonization of R. cochinchinensis is
as fast as the opening of fields for corn.

Much of the difficulty associated with the control of
may be due to its persistence in the
field. A natural infestation of R. cochinchinensis can reduce crop yield at 70% or more.
R.

cochinchinensis

This weed grows rapidly and attains maturity long before corn is harvested. Flowering usually starts seven weeks
after germination. It takes only three weeks from seed
initiation to maturity. Seed production lasts from 12-13
weeks after which the plant dies. The seeds are light and
small, thus they are easily dispersed various agents such as
farm implements, running water, farm animals, birds and man.
Newly mature seeds are dormant but dormancy can be
overcome by aging, removal of the husk, exposure to light
under wet condition, alternate wetting and drying and a
combination of two or more of the above (Pamplona and Mercado, 1974; Thomas, 1972). It is likely that these agents
might influence the germination behavior of R. each inch i nensis
in the field. Moreover, it has been observed that a
large proportion of seeds in one season, germinated in the
subsequent season (Thomas, 1972).
The strategy for controlling R. cochinhinensis in the
Philippines include: (1) a short term objective of controlling this species at the critical stage of competition with
corn every cropping season, and (2) a long range objective
which will result in a shift to weed community types which
are dominated by weed species which are either less competitive, easily controlled by available methods, or both. Working towards this long range objective requires extra effort
and expense but gives lasting benefits. This objective is
attained by reducing or eliminating seed reserves in the
soil by using any, or a combination of the following strate-
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gies:

1. Encouraging germination of seed reserves in the soil.

Being an annual, the only source of R. cochinchinensis
infestation are the viable seeds in the soil. Since the
germination of these seeds is promoted by light and other
conditions prevailing at the soil surface, several cultivations at 10-15 day intervals prior to planting brings buried
viable seeds near the surface and encourages germination. As
expected, subsequent cultivations lower the number of seeds
in the soil.
2. Preventing growing plants from producing seeds.

This involves the destruction of R. cochinchinensis
plants before they can set seeds. This is not limited only
to fields planted to corn but also to fallow fields and farm
boundaries. The destruction of the weed should not be limited to the critical period of crop-weed competition, but
should be done even during the final stages of the crop.
3. Preventing entry of

R.

cochinchinensis

seed into the farm.

Eradication of R. eochinehinensis is better achieved by
a community of farmers affected rather than individual farmers because seeds produced in one farm can also come from
farm boundaries or abandoned farms. Farmers should prevent
the seeds of R. cochinchinensis from reinfesting their
fields.
4. Use of herbicides

Two herbicide, pendimethalin and trifuralin have been
found effective in controlling R. cochi nchi nensi s. Pendimethalin can selectively control R. cochinchinensis in corn at
1.25 kg/ha (Pulver, 1974; Pamplona, 1981; Munrow et a.,
1981). Trifuralin can also effectively control it
but in
general it cannot be used in corn because its phytotoxicity.
Control of R. cochinchinensis is obtained by (1) rotating
corn with legumes such as soybeans, peanut or cowpea for
selective control of R. cochinchinensis and (2) spray herbicides in a 50 to 60 cm band between the rows of corn and
hand weeding the remaining R. eochi nchi nensi 5 in the rows.
Rotation of corn with legumes to which trifuralin is
applied has been noted to significantly reduce viable seeds
in the soil.
The use of these strategies exhausts reserve seeds in
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the soil in three to four years, either through germination
or loss of viability. As rapidly as R. cochinchinensis
plants are eliminated, other spe ies are expected to dominate the field. If the shift is properly gUided with the use
of the different tools in weed control, this can result in
the establishment of weed community-types whose dominant
species are either less competitive or easier to control.
Vigilance, however, is necessary for R. cochinchinensis
since reinfestation of fields can be initiated very easily.
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Maize, which is one of the most important summer season
grain crops in Pakistan, is not indigenous to this country.
It was introduced in the Indo-Pak Sub-continent at the
beginning of the 16th century by European Traders. Cultivation of maize is more common in the hilly North Western
parts of the Sub-continent which now constitute Pakistan.
The major maize growing areas include Peshawar, Hazara,
Malakand, D.I. Khan and Kohat Divisions of North West Frontier Province (N.W.F.P.) and Rawalpindi, Faisalabad, Multan
and Saragodha Divisions of the Punjab province.
N.W.F.P. constitutes 54.6% of the total maize area and
accounts for 53.0% of the total maize production of the
country, whereas Punjab province accounts for 42.7% and
44.7% respectively. A small amount of maize is produced in
Sind and Baluchistan provinces.
On an average, NWFP and Punjab provinces cover 64.5%
and 32.8% of the total maize area of Pakistan under irrigated and rainfed conditions respectively. In Punjab province the major area (85.2%) of maize is planted under
irrigated conditions, whereas only 51.4% of the average in
NWFP is sown under irrigated conditions. Average yield data,
shows that Punjab obtains higher yield per hectare than
NWFP, yields are higher both in the irrigated and rainfed
areas of the province. The low average yields in NWFP are
attributed to more area under rainfed conditions, where the
yields are much lower than irrigated maize.
PRODUCTION STATUS

There has been a gradual increase in area, production
and average yield of maize in the country since independence
(1974). According to crop statistics during the period from
1961-1970 per hectare yield showed little increase over
1951-1960 average, but total area and production increased
considerably (Table 1).
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Table 1. Province data for irrigated and rainfed maize 1982-83.

Punjab

A. Area (000) ha.
Irrigated 287.2
(36.4%)

N.W.F.P

Sind

Baluchistan.

Punjab
+NWFP

509.0
(64.5%)

Pakistan

510.6

N.A.

1.6

N.A.

1.4

18.1

3.0

768.2
(97.3%)

789.8

B. Production (000) tons.
Irrigated 417.2
356.2

N.A.

1.7

775.1

Rainfed

32.9

186.7

N.A.

0.9

Total

450.1
(44.7%)

442.9
(53.9%)

9.8

2.6

773.4
(76.9%)
219.6
(21.8%)
993.0
(97.7%)

C. Grain Yield kgjha.
Irrigated 1452.6
1605.9

N.A.

1062.5

1719.4

Rainfed

656.6

890.7

N.A.

642.8

844.5

Average

1334.4

1258.4

541.0

866.66

Rainfed

50.2
(6.3%)

Total

337.3
(42.7%)

221.8
(28.1%)
209.6
(26.5%)
431.4
(54.6%)

259.7
(32.8%)

261.2

220.5
1005.4

1272.9

The Punjab province was more receptive in adopting new
maize varieties and technology. The province recorded 4.1%
increase in yield, 26.0% increase in area and 31.8% increase
in production during the year 1961-1970. This is the period
when a seed production program was actively pursued. With
the introduction of the improved varieties, the production
and average yield/ha increased steadily during the year
1973-1977 even thought maize acreage remained static. Since
1978 area under maize has increased average yield/ha also
has increased and this has resulted in a larger total production. Crop statistics data for 1979-1986, indicates that
total area, production and average yield/ha of maize has
increased by 25.6%, 40.7% and 11.5% respectively over 19701971 (Table 2).
This increase in area, production and yield per hectare
is attributed to the spread of high yielding maize varieties
and partial adaptation of improved maize production techno-
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logy procedures, the average yield of maize in Pakistan is
still very low as compared to leading maize growing countries of the world. Yields of 4-5 tons per hectare have been
obtained at research stations, at on-farm research locations
and on the farms of progressive maize growers. This indicates that there is ample scope for enhancing maize production in Pakistan by strengthening the on-farm research and
demonstration activities.

Table 2. Area production and yield of maize in Pakistan.
Year

Area
000 ha

Production
000 tons

Yield
ton/ha

1951-60

425

430

1. 01

1961-70

536

567

1. 05

+26.0

+13.8

4.0

1970-71

639

717

1.13

+19.2

+26.3

7.0

1971-77

628

748

1.19

-1.87

+ 4.3

+6.1

1977-78

656

820

1. 25

+ 2.5

+14.4

+11.2

1978-79

650

798

1. 23

+ 1.6

+11.3

9.3

1979-80

701

825

1. 25

+ 9.6

+22.0

10.9

1980-81

746

948

1. 27

+16.7

+32.0

13.0

1981-82

939

930

1. 25

+15.5

+29.7

11.1

1982-83

789

1005

1. 27

+23.4

+40.2

+13.2

1983-84

798

1013

1. 22

+24.7

+41.2

+10.3

1984-85

808

1027

1. 27

+26.4

+43.2

+13.0

1985-86

803

1009

1. 25

+25.6

+40.7

+11.5

Source: Agricultural Statistics
Maize Production Manual, PARCo

Increase

of

X over

1970-71

Production

Area

Pakistan,

1985

Yield

and

CONSTRAINTS TO HIGH PRODUCTION :
The main constraints to increased yields are :
1. Limited use of improved varieties, specially hybrid.
About

50% of

the

total

area
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of

maize

is

still

being

grown under local open pollinated, low yielding varieties.
Only a very small area is planted to hybrids and improved
varieties.
2. Lack of adoption of new maize production technology
by the maize growers such as :
a. SOWing is done either by broadcast (NWFP) or by kera
method with improper distance between rows resulting in
higher seed rates per hectare. (around 100 kg/ha in NWFP,
Swat Valley).
b. High plant population is maintained in early stages
of plant growth and plant competition seriously aftects
plant development.
c. Due to intensive thinning in later stages of plant
growth to supply fooder, plant population at harvest is
usually very low.
d.

Limited

and improper use of fertilizer.

e. Insecticides and herbicides are
control of the insect pest and weeds.

not

used

for

the

3. Non-availability of credit facilities for farmers to
purchase inputs (eg. fertilizer, insecticides, herbicides
etc. ) .
On-farm research on maize has been an integral part of
the research strategy of the Maize Research Institutes for
improving production at the farm level in the country. At
first on-farm research activities consisted of two point
demonstration trials in which the new varieties and the
improved production technology were demonstrated. As more
resources became available the on-farm research program was
intensified with the following objectives.
OBJECTIVES OF THE ON-FARM RESEARCH:

1.
To determine the production constraints through
simple adaptative
research trials on farmers fields in
various agro-ecological zones of the country.
2.
To reduce the gap, between potential yield obtained at the research station and those obtained in the
farmers fields.
3.
To bring research workers in close contact with
the farmers so that they can better understand farmer constraints in adopting the improved technology.
4.

To develop and extend the system of communication
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f--'

0\

.c:-

16
18
19
12
12

82-83

83-84

84-85

85-86

86-87

3 years mean

4 years mean

5 years mean

No. of
trials

4.07

5.79

3.86

3.06

3.57

Akbar

5.07

4.12

4.54

6.22

5.32

3.67

3.37

4.09

6.38

5.96

5.62

5.57

Yellow grain
Sultan EV-5081

8.40

EV-5085

Varieties

3.72

5.33

3.78

2.77

3.02

Sadaf

Yield data (t/ha) of maize variety trials (Full season).

Year

Table 3.

4.86

3.45

4.14

6,87

5.23

2.45

2.81

3.28

6.51

8.71

5.37

5.44

White grain
Comp-15 EV-6081

between research workers and extension staff in demonstra
ting the technology.
S.
To evaluate the performance of improved maize
varieties and packages of practices in the farmers fields
and initiate a system for information exchange.
PRESENT ON-FARM RESEARCH ACTIVITIES:

The following three Research Institutes are actively
engaged in the on-farm research activities in the country:
1.
Maize & Millets
(MMRI), Punjab.
2.

Cereal

Research Institute,

Crop Research

Institute,

Yousafwala,

Noshera

(CCRI ) ,

NWFP.
3.

National Agricultural Research Center (NARC), Isla

mabad.
These Institutes conduct their on-farm research pro
jects independently in their respective maize production
zones, in collaboration with Pakistan Agricultural Research
Council. The following types of trials have been conducted
by the Institutes.
1. VARIETY TRIALS (PUNJAB & NWFP):

Four to six varieties were included in these trials
which were sown in RCBD, with plot size of Sm x 3m. The
fertilizer dose was 100 to 150 kg N + 50 to 75 kg P205/ha.
Normal cultural practices were adopted for all varieties. In
Punjab, 158 such trials were conducted during the last five
years:
2. VERIFICATIONAL TRIALS

Under this project, two point and
were laid out with following treatments.

four

point

TWO POINT TRIALS (PUNJAB)

1.

Farmer variety + Farmer practices.

2.

Improved variety + Improved practices.

FOUR POINT TRIALS (NWFP)

1.

Farmer variety + Farmer practices (FV +FP).
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trials

2.

Improved variety + Farmer practices (IV + FP).

3.

Recommended fodder technology.

4.

Recommended grain technology.

Different improved varieties in Punjab and NWFP were
used in these trials with fertilizer dose of 100 to 150 kg N
+ 50 to 75 kg P205/ha. In all 98 such trials were conducted
during the last five years in Punjab.
3.

PLANT POPULATION TRIALS (PUNJAB)

Both full and short season varieties of maize (Sultan
and Sunerhi) were used in 100 trials during the last five
years. The plot size for each trial was 5m x 3m with RCBD
and four replications.
4. FERTILIZER TRIALS (PUNJAB)

In all 100 fertilizer trials were conducted during the
last five years at different locations. A RCBD was used with
four replications.
5. HERBICIDE TRIAL (NWFP)

Non-replicated trials with three treatments were laid
out at different locations. The treatments were
1. Improved variety (IV) + Farmer practice (FP).
2. Improved variety (IV) + Farmer practice + Herbicide.
3. Improved variety (IV) + Farmer practice + Herbicide +
Sealing (interculture).
6. DEMONSTRATION/SEED INCREASE PLOTS

A total of 136 demonstration/seed increase plots (non
replicated) with plot size of 2000 sm. (1/2 acre) were planted
during the past five years.
RESULTS OF THE PREVIOUS TRIALS

For the quick diffusion of improved maize varieties and
production technology, the research institutes have carried
out a large number of trials on farmers fields. The major
zones where these activities were carried out include:
1. Central irrigated area of the Punjab.
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2. Islamabad territory.
3. Irrigated and rainfed areas of NWFP.
The results of some of the trials conducted during the
last few years are presented below
PUNJAB PROVINCE

1. VARIETY TRIALS
(a) Full season : On-farm activities are handled by
Maize & Millets Research Institute, Yousafwala in the Punjab
province. Improved varieties approved for general cultiva
tion during the past 15 years for this region includes
Neelum, Akbar, Sadaf, Agaiti-72 and Sultan. The new promi
sing varieties are Comp-15, EV-1081, 5081 and 6081 (Table
3) .

(b)

Short season (Table 4)

2. PLANT POPULATION TRIALS
(a)

Full season (Table 5)

(b)

Short season (Table 6)

3. DATA OF TWO POINT TRIALS:
(a)

Full season (Table 7)

(b)

Short season (Table 8)

4. FERTILIZER TRIALS (Table 9)
From the yield data given in Table 8, it is clear that
the variety Sunehri gave 91.84% higher yield under better
management against the local variety with local cultural
practices.
NORTH WESTERN FRONTIER PROVINCE (NWFP)

The Cereal Crop Research Institute, Pirsabak (CCRI)
undertakes on-farm research in
NWFP in the district of
Mardan, Peshawar Mansehra and the Swat valley.
1. VARIETY TRIALS :

Four new varieties, Sarhad white, Azam, Bahar (Eshan
Mansehra districts) and farmers variety were included in on
farm trials in NWFP. Each set of four varieties were planted
in first and third week of July. The results are tabulated
below (Table 10) :

Table 4.
season) .

Year

Yield data (t/ha) of maize variety trials

No. of trials

Agaiti-72

Faisal

Sunehri

(short

1982-83

16

2.75

2.81

2.49

1983-84

17

2.80

2.50

2.30

1984-85

22

3.20

3.06

2.76

1985-86

18

4.66

4.14

3.88

1986-87

18

5.45

4.36

4.10

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

Mean:

3.11

3.37

3.77

Data in Table 4 shows that Sunehri shows its superiority
with 21.4% higher yield than check Agaiti-72.

Table 5.
Yield data (t/ha) for plant
with variety Sultan (Full season):

Year

No. of
trials

population

trials

Plants/ha
60606

74074

88889

102546

1982-83

12

3.67

3.96

3.85

3.84

1983-84

15

2.86

3.08

2.78

2.62

1984-85

21

3.50

3.78

3.49

3.20

1985-86

10

4.24

3.73

3.70

3.42

3.57

3.89

3.45

3.27

Mean :

Data in Table 5 shows that variety Sultan gave maximum
grain yield of 3.89 t/ha at density of 74074 plants/ha.
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Table 6.
Yield data (t/ha) for plant population
with variety Sunehri (Short season):

Year

trials

Plants/ha

No. of
trials

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

74074

88889

102564

121212

1982-83

11

3.21

3.56

3.71

3.81

1983-84

16

2.35

2.46

2.38

2.29

1984-85

19

3.07

3.25

3.04

2.86

1985-86

16

4.99

5.00

4.85

4.15

3.40

3.57

3.50

3.28

Mean :

Data in Table 6 indicates that the short season variety
Sunehri shows better yield performance (3.57 t/ha) at plant
density of 88889 plants/ha.

Table 7.
season) .

Year

Yield

data

(t/ha)

for

No. of trials

two

point

Sultan + IP

trials

(Full

LV + FP

1982-83

10

3.76

2.35

1983-84

12

3.57

2.00

1984-85

21

3.74

2.47

1985-86

18

3.69

2.49

1986-87

10

3.79

2.24

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

Mean :
IP
FP

2.31

3.71
=
=

Improved practices,
Farmer practices.

LV

69

=

Local Variety

Table 8.
season) .

Yield data

Year

No. of trials

Sunehri + IP

1982-83

12

3.83

1. 94

1983-84

12

3.01

1. 96

1984-85

22

3.84

2.27

1985-86

11

4.54

2.09

1986-87

13

4.97

2.24

(t/ha

)

of

two

point

trials

(Short

LV + FP

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

Mean :
IP
FP

2.10

4.03

=
=

Improved practices
Farmer practices.

IV

=

Local variety

2. VERIFICATION TRIALS :

The main objective of these trials was to demonstrate
to the farmers in their own fields that improved varieties
and improved cultural practices could increase their yields
and net income. The treatments used were:
1. Farmers variety + Farmers practices (FV + FP).
2. Improved variety + Farmers practices (IV + FP).
3. Recommended fodder technology.
4. Recommended grain technology (Table 11).
Farmers varieties performed very poorly under farmers
cultural practices. There was a considerable increase in
yield where farmers varieties were replaced by the improved
variety. The highest yield was obtained with the treatment
where recommended grain production technology was used.
3. FERTILIZER TRIALS:

Fertilizer trials were conducted at different
tions in NWFP province during kharif 1987. There were
treatments i.e. 0, 50 and 100 kg P205/ha (N. was kept
stant at 100 kg/ha) and two replications in RCBD.
variety was planted at all locations (Table 12).
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loca
three
con
Azam

I--'

I--'

-..,J

20

30

20

84-85

85-86

86-87

Mean :

30

No. of
trials

83-84

Year

o

p

1. 60

1. 89

1. 51

1. 07

1. 95

o

N

Tl
P

2.15

2.59

2.01

1. 66

2.36

85+75

N

T2

P

2.46

2.46

2.47

1. 84

3.10

100+50

N

T3

Treatments
N

P

2.86

2.62

2.94

2.12

3.76

125-75

T4
N

P

3.18

3.01

3.23

2.33

4.13

150-100

T5

Table 9. Yield data (t/ha) of fertilizer trials with variety Sultan.

N

P

3.23

3.11

3.28

2.48

4.02

150-125

T6

N

P

3.27

3.17

3.28

2.38

4.15

150-150

T7

Table 10. Yield data
(kharif 1987).

District

Sowing
date

Mardan

for varietal trails,

(tjha)

NWFP,

Azam

Bahar

Local

5.5
4.9

5.6
5.1

4.9
5.5

4.1
4.8

3
3

5.6
7.2

6.0
5.4

7.0
5.8

5.0
4.5

3

6.3

5.6

5.2

3.5

5.9

5.5

5.7

4.4

No.
Trials

Sarhad

Early
Late

6
4

Peshawar

Early
Late

Mansehra

Normal
Mean

On farm aveage Sarhad white topped the list by giving
5.9 t/ha, followed by Bahar.

Table 11. Yield data
(kharif, 1987).

District

in

No.Trials

(tjha)

of

verification

trials

FV+FP

IV+FP

FT

GT

Mardan

4

3.7

5.5

5.0

6.1

Peshawar

3

4.7

6.0

6.8

6.9

Mansehra

4

3.0

3.7

6.5

7.0

3.8

5.0

6.2

6.7

Mean
FT = Fodder technology
GT = Grain technology
4. HERBICIDE TRIALS :

The maize crop in Pakistan suffers seriously from
weed competition. More than 50% yield decrease has been
observed where weeding or herbicide application is not done.
As manual labor is in short supply, the use of herbicide
must be promoted for successful maize cultivation. Non rep
licated trials with 3 treatments were laid out at various
locations. The treatments were:
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Table 12.
1987) .

District

Yield data

(tjha)

of fertilizer

No. Trials

trials

(kharif,

Treatments
p

N

P

N

a

100

P

N

50

100

100

100

Mardan

6

4.6

5.7

6.2

Peshawar

5

3.9

4.2

6.0

Mansehra

5

3.4

4.4

5.3

4.0

4.8

5.9

Mean

Treat 1. Improved variety (IV) + Farmer practices (FP).
Treat 2. Improved variety + Farmer practices + Herbicides.
Treat 3. Improved variety + farmer practices + Herbicides +
Sealing (interculture). (Table 13)

Table 13.
1987) .

District

Yield data

(tjha)

No. Trials

for

Treat 1

herbicide trials

(kharif,

Treat 2

Treat 3

Mardan

5

3.2

5.5

6.2

Peshawar

3

4.8

6.1

7.1

Mansehra

5

4.1

5.8

7.0

4.0

5.8

6.7

Mean

The use of herbicide significantly increased the yield
by giving 5.8 t/ha.
Sealing+use of herbicides has given the
maximum yield of 6.7 t/ha.

1

"<

CONCLUSION

From the above results we can see that with the intro
duction of seed of improved varieties and the adoption of
modern production technology, the yield gap between the
experiment Station and farmers fields can be minimized. This
will ultimately serve to increase the national average yield
of maize and therefore the net ncome of Pakistani farmers.
To achieve the objective and to have maximum utilization of
the results of on-farm research activities the following
steps should be taken :
1. Maize Seed Production among the progressive maize
growers will be encouraged in order to produce enough seed
in the areas where maize cultivation is being done extensive
ly.
2. Hybrids will be included in the variety trials to
promote hybrid seed use among the farmers.
3. As indicated from the results of herbicides trials
conducted in NWFP, it will be necessary to conduct these
trials in the irrigated plains of the country.
4. Number of variety, verification, fertilizer, plant
density and herbicide trials will be increased by actively
involving the Agriculture Extension Service.
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INTENSIVE TECHNOLOGY PACKAGE FOR WINTER
MAIZE CROP IN DRY AND WET SOIL IN VIETNAM.

1/
2/
Tran Hong Uy - and Do Huu Quoc

1. Importance of
Central Vietnam.

winter

maize

crop

in

North

and

North

In Vietnam, maize is considered as the second food crop
after rice and is the first among upland food crops.
Maize
was introduced in Vietnam more than 300 years ago, and to
date it is adapted to all regions of the country where 2-3
crops can be grown in one year .
Because Vietnamese hC'.ve
traditionaly been rice growers and consumers, and have paid
much more attention to this
crop than to maize, the
acreage, the
yield per unit area and total production of
this cereal has had a slower progress.
The acreage planted
with maize varies from 270,000 to 400,000 ha/year. The
average yield is still low, between 0.9 - 1.2 tons/ha, with
a national production between 270,000
500,000 tons per
year.
The area susceptible to be planted with maize in Viet
nam could be increased from 400,000 to 1,000,000 ha. To
achieve this it would be necessary to plant maize in large
areas now under cuI ti va tion with other crops, or to grow
maize in marginal land, which would require a large invest
ment to develop an adecuate technology. At present, a chea
per and more feasible way to increase maize production is to
increase the average low yield per unit area, and to in
crease the area planted with maize in the multiple cropping
lands.
The introduction and development of winter maize as
a main crop in the multiple cropping lands of the northern
part of the country has many advantages:
1)
In a period of 3-4 years, the winter maize growing
area can be increased to 250,000 - 300,000 ha without much
investment.
2)
Under intensified management, the maize crop can
give one million tons of grain for human consumption and
animal feed. Through the development of animal husbandry,
the farmers can get more and better protein.
Also the
production of farm manure would be increased.

1/

Director, National Maize Research Institute and National
Maize Program.
2/

Director, Hung Loc Maize Research Center, Vietnam.
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3)
The husks of maize are good materials for mat
making. This could be another source of work and income for
the rural population.
4) Maize is a source of fodder ( green leaves, tassels,
stalks, etc . ) for buffaloes and cattle during the winter.
Dry maize stalks are also a good source of fuel for cooking.
5)
The winter maize crop can supply also an important
amount of good quality seed for the following spring and
summer crops. It is a good example of cultural intensifica
tion for other regions .
6)
The winter maize is an important subsistance crop
for farmers in the large paddy cultivating areas during the
heavy flooding season .
However in order to develop winter maize plantings in
large scale, the following problems must be solved:
1)
Provide more inputs for crop intensif ication, good
quality seeds, fertilizers, pesticides, and good irrigation
and drainage technologies.
2)
Develop and adequate technology for getting high
maize yields without affecting the yield of the following
paddy crop.
3)
study and select
technology for the farmers.

a

rather

simple

package

of

4)
Implement good poli cies to assist
getting better economic return from their crop.

farmers

in

2. RESEARCH RESULTS
A. WINTER MAIZE PLANTING TIME.

Winter maize is grown
system areas as follows :

in different multiple

cropping

In areas with 3 crops per year :
*Spring paddy + early main season paddy + winter maize
*Spring paddy + summer soybean + winter maize
*Spring peanut + early main season paddy + winter maize
In areas

with 2 crops per year :

*Spring peanut (or soybean) + winter maize
*Spring maize + winter maize
*Jute + winter maize
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The available time for winter maize crop is from late
September - early October to the end of December or end of
January the following year (Table 1).
Meteorologic data obtained during this period in the
northern part of the country, showed that weather conditions
are favorable for the maize crop. The total growing degree
days are 2400 -2500, total sunshine is 624 hrs, average
temperature in November at f lowering stage is 20-24
c.
Planting date trials indicate that the best planting time
for intermediate maturing varieties, like MSB 49, TSB 2,
etc. is from 5 - 20 September, and the latest date for the
early maturing varieties is 10 October (Table 2).
If
direct planting can not be done during these dates, the
maize has to be planted in special nurseries and then
transplanted to the final site.
This maize transplanting technic has been continuously
improved. Originally the maize seedlings were grown in small
pots made out from banana leaves.
At present a simple
method to produce maize seedings has been developed.
Maize
seeds are planted in
small soil patches prepared with a
mixture of equal amounts of mud and decomposed farmyard
manure. This mixture is laid uniformly on the ground. When
the surface of this soil dries, it is cut in different sizes
like "cakes".
In the center of each of these cakes, a small
hole is done with the finger or by using a small stick and
one swollen maize seed with emerged roots is placed in this
hole.
Seedlings are then covered with light soil or straw
ashes.
The seedlings are watered as often as necessary to
maintain suitable moisture in the patch. The dimensions of
the "seedling cakes" varies depending on the age of the
seedlings to be transplanted in the field.
The most suitable dimensions
are as follows
Seedling age (days)

of

the

"seedling cakes"

Dimensions of cake (cm)

5

3 x 3 x 3

5 - 10
10 - 15

6 x 6 x 6
9 x 9 x 9

The seedling patch can be made in one side of the
field, along the roads, along the borders of irrigation
canals, etc.
It is recommended to place it near the rice
field to facilitate the transportation of the seedlings.
Sometimes the seedling patch is established before the rice
is harvested.
For that, a small area of the rice crop,
about 1.5 m x 100 m is harvested earlier and the seedling
patch is placed in this area.
It is required 0.5 to 1 man
days per ha to develop the seedlings.
To determine the effect of seedling age on the growth
and yield of winter maize, several trials were conducted in
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CO

~

274.4

308.6
172.0
28.4
233.4

Rainfall mm
Sunshine hours
Temperature (oC)
Rainfall mm

591. 6

26.7

176.5

27.2

28.3

Sep

Temperature (oC)

Aug

408.7

24.4

178.0

154.0

24.7

Oct

79.6

163.4

49.8

17.2

79.9

123.6
18.8

20.1

16.1

Jan

20.0

18.2

Dec

21.2

149.0

56.5

21.0

Nov

LSD (at 5% level) for yield

Growing period (days)

Yield (t/ha)

0.41/ha.

100

4.12

480

31

Stalk diameter (cm)
Number kernels per ear

75

180

Ear height (cm)

Plant height (cm)

Sowing
Sept. 19

109

2.72

312

25

68

150

Sowing
Oct. 29

Effect of planting date on TSB-2 in winter season.
Vinh Phu province.

Agronomic characteristics

Table 2.

79.1
Sunshine hours
179.7
161. 6
150.3
105.7
89.5
----------------------------------------------------------------------------------------------

Nghe tinh

Ha noi

Weather
Station

Table 1. Average temperature, total rainfall and average sunshine in
northern part of Vietnam.

the winter of 1986 at Song Boi Station and Hop Thinh
Cooperative (Vinh Phu Province ) using the open pollinated
varieties (OPV) TSB 2 and MSB 49.
"Seedling cakes" with 5 x
5 x 5 cm dimensions were cut from the soil patch where
seedlings were grown.
The results in Table 3, show that
there are no differences between the yields of seedlings
transplanted at various stages of growth when compared with
direct seeding.
However, in the later, the growing period
from transplanting to seed maturity, is shorter.
One
advantage of transplanting is that it can be delayed until
conditions for transplanting are appropriate.
Table 3. Effect of date of transplanting on growing period
and yield of TSB-2 and MSB-49, Song Boi and Thinh Coop, Vinh
Phu province. Winter 1986.

MSB-49

TSB-2
Location

Yield
(t/ha)

Growing
period (days)

Yield
(t/ha)

Growing
period (days)

100

100

2.00

105

105

2.96

Transplanted after
5 days

101

96

2.33

103

98

2.96

Transplanted after
7 days

102

95

1. 94

105

98

2.61

Transplanted after
10 days

101

91

1. 76

105

94

2.36

Direct

seeded

Planted at Song Boi September 14, 1986.
Experiments on production practices, indicate that the
maize-seedling transplanting method has the following
advantages :
1) It is possible to delay the planting date up to 15
days without affecting yield.
Seedlings at different stages
can be transplanted to fit the needs.
It is easier to
2) The seedling maintenance is simple.
control insects and other pests than in the case of direct
seeding.
3)

There is a better plant stand in the transplanted
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fields.
4)

Better leaf orientation of seedlings in the rows.

5) In case of very wet soils, transplanting can be
conveniently delayed depending on the stage of the
seedlings.

Transplanting of maize needs extra labor for handling
the seedling patch
and transportation, but it represents
only 5% of the total expenses involved in laborers.
B. WINTER MAIZE VARIETIES.

A sUitable variety for winter maize cultivation should
meet the following requirements:

1)

Early and intermediate maturity.

2)
Have high yield potential
to high inputs and management.
3)

blight
ospora

with favorable response

Resistant to Rhizoctonia banded leaf and sheath
solan;)
and downy mildew (Peronoscler

(Rhizoctonia

sp.).

4)
Resistant
to
drought,
temperatures and saline soils.

water

logging,

low

After a multiseasonal and multilocation testing,
the
open pollinated (OP) varieties TSB 2 and MSB 49 were
released for winter maize production. These varieties were
introduced from Thailand and CIMMYT, respectively. They have
been selected after several cycles of modif ied half sib
recurrent selection. Main characteristics of both varieties
are given in Table 4.
In areas where the planting can be done by the end of
August or the first half of September (for example maize
after jute) intermediate to full season OP varieties like
TSB 1 and VM 1 have been recommended.

c.

SOIL AND SEEDBED PREPARATION.

Winter maize can be successfully grown in any type of
soil with good irrigation and drainage.
Conventional
tillage and production practices can be followed for maize
production.
In the upland soils, there are also 2 tyes of
wet soils: the wet soils along the river banks and the wet
soils in paddy fields.
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Table 4.
Main characteristics of two early intermediate
improved maize OPV's selected for winter cUltivation in North
Vietnam.

TSB 2

MSB 49

90-100
180-210
16-18
Yellow semiflint
Good
Average
Average

110-120
120-150
18-20
White dent
None
Average
High

Characteristics
Maturity (days)
Plant height (cm)
Leaf number
Grain type and color
Downy mildew res.
Drought tolerance
Resistance to lodging
Tolerance high density
Yield potential (t/ha)

Intermediate
3-5

High
5-6

In order to save time, minimum tillage is recommended
in case of wet soils along the river banks.
When the
flooding water decreases, the germinating maize seed is sown
in holes. There is no need to wait for the soil to dry down
before it can be tilled. The cultural practices are the same
as in the normal dry (upland) soil.
After the rice harvest, the soil in the paddy field is
wet or even covered with water. The field is ploughed using
buffaloes, furrowing at 1.1 m. Every 8 furrows, a gutter 30
cm wide and 15 - 20 cm high is made. After ploughing, lines
(70 cm apart) of holes are
marked by hoe or by hand. The
distance between the holes in the lines depends on the
optimal plant densities, varying from 15 - 25 cm. The holes
are covered with decomposed farmyard manure. The germinated
maize seeds are then planted or the seedling cakes are
placed in these holes.
D. PLANT DENSITY AND SPACING.

The optimal plant density plays a very important, role
in winter maize crop, because :
1) In the winter, weather conditions are quite favorable
for maize growth: no typhoons, no flooding, less weeds and
pests, good sunshine and light intensity, lower relative
humidity, different day and night temperatures that favor
dry matter accumulation process. All of these factors allow
maize plantings at high density.
2)

In

the winter,

early maturing varieties
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should be

planted, and their higher yield potential should be based
mainly upon the yield of population per unit area
and not
in the yield of individual plants. MSB 49 and TSB 2 are
tolerant to high plant density, they are resistant to
lodging, and resistant to various diseases. MSB 49, a short
-plant variety, is suited to high plant densities.
The optimal plant density in the intensive conditions are:
Variety

Plant density (plt/ha)

spacing (cm)

TSB 2

65 - 70,000

70 x 22 - 70 x 20

MSB 49

70 - 80,000

70 x 20 - 70 x 18

E. FERTILIZERS.
Based in multilocation and multiseasonal experiments,
the economically effective fertilizer rates recommended for
TSB 2 and MSB 49 is 100-100-60 kg/ha NPK, plus 5-7 ton/ha
farmyard manure to get grain yields of 3-5 tons/ha.
When plants are at the 3-4 leaf stage, transplanted or
directly seeded, the total superphosphate, one-third of the
total nitrogen and half of potassium are applied by the side
of the seedlings.
When the maize plant is at 7 - 9 leaf
stage,
a second application is done, consisting of one
third of the nitrogen, and the remnant half of potassium.
Last third of nitrogen should be applied before tasseling.

G. CROP MANAGEMENT :
Early in the season, when temperature and moisture are
still high, it is very important to facilitate the fast
development of the seedlings.
Before transplanting, the
seedlings must be supplied with enough moisture, watered
daily and covered in case of heavy rains. If the seedlings
are held longer than 10 days, they should be watered with
diluted nitrogen fertilizer.
In heavy soils, there should be a continuous amount of
water in the gutters or plants should be watered frequently
to prevent the cracking of soil which is harmful for the
root system. In this soil, during the crop, hilling up
should not be done since mostly brace roots will develop at
the bases of the plant and cultivation will damage the root
system.
Damaged plants will hardly recover.
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In the winter season, there is no severe insect problem.
For the control of earworm and leaf aphids, spraying with
methyl parathion at the rate of 100 - 150 cc in 400 l/ha of
water has proved to be efficient.
H. HARVESTING :

The maize field should be harvested at the right time
to free the land for the next crop. Usually the maize is
harvested when stalks and leaves are still green.
Therefore, the physiological maturity must be determined at
the right time. Maize can be harvested when the husks turn
yellow and black layer develops.
When plants reach the dough stage, the lower leaves can
be cut-off and used as fodder.
Also
the leaves above the
ear can be removed when plants are rippening and fed to the
cattle. After harvest, the
stalks can be chopped, dried,
and used as cooking fuel, or for making paper.
The dry
husks are used for mat-making.
The winter maize is becoming a stable, high yielding
food crop, it does not affect the yield of the following
rice crop in the cropping system, and it keeps the soil
fertility.
This statement is demonstrated through the
production obtained in Hop Thinh Cooperative during the last
5 years when the winter maize was introduced in its cropping
system (Table 5).
Table 5. Yield of food crops at Hop Thinh Cooperative (Vinh
Phu province). 1983 to 1987.

Year

Two paddy crops
(t/ha)

1983

5.47

2.28

54

1984

6.30

2.63

67

1985

7.33

3.66
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1986

6.99

3.77

300

1987

6.62

2.60

525

Winter maize
(t/ha)

Winter maize area
(ha)

Besides the grain,
the winter maize supplies also a
considerable amount of by-products.
One hectare of winter
maize can produce 3,500 - 4,000 kg of green fodder, 5,000 
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6,000 kg of dry stalks and cobs for cooking fuel, and 500 
600 kg of dry husks for mat-making.
Winter maize is a prof i table crop, it is accepted by
the farmers and its area is rapidly expanding in the North
and Northern Central part of Vietnam.
In 1983, winter
maize was scarcely grown in a few cooperatives, in 1985 it
covered 27,000 ha, in 1986
41,000 ha and in 1987
approximately 120,000 ha with very good yields (Table 6).
Table 6.
Winter maize growing area and average yield in
dif ferent provinces of Vietnam.

Province

Area (ha)
-----------------

Vinh Phu
Ha Noi
Ha Bac
Ha Son Binh
Ha Nam Ninh
Thai Binh
Hai Hung
Thanh Hao
Nghe Tinh
Hai Phong
Bac Thai
Hoang Lien Son

Yield (t/ha)
------------------

1986

1987

1986

1987

5,600
11,000
3,483
5,600
6,308
3,000
4,700
5,500
4,800

12,578
14,456
9,920
13,800
15,400
12,120
11,173
10,406
11,900
2,843
3,150
994

2.10
2.50
2.20
2.30
1. 80
2.05
2.25
2.10
1. 40

2·.00
2.57
2.11
2.00
2.22
2.25
2.23
1. 80
1. 67
2.40
2.00
2.00

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

Total

46,983

117,740

2.11

2.10

3. CONCLUSIONS

Winter maize is an important and economical solution
contributing to the food production in Vietnam. It is a new
technology resulting in a stable, high yielding food crop,
that requires low investment and it is easy to practice.
The most important factor for a successful winter maize
crop is the right planting date. The crop rotation must be
determined in a way that the maize seedlings can be
transplanted during September to 10th October as the latest
date.
Flowering time will be in November when the
temperature is still above 20 C.
It can be stated that the
right planting time contributes 50% to the success of the
crop.
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The phosphorus fertilizer is absolutely necessary for
the winter maize in the wet soils.
In the early stages of
development, the seedlings often turn reddish purple.
Phosphorus should be applied, otherwise the roots can not
develop and the young plant will not servive, or will not
express its yield potential.
The correct cultural practices should be implemented
during the seedling stage since it is the time when they
will decide the plant growth and finally, the yield.
The success of winter maize in Vietnam is a result of a
close cooperation between research and production, it is
also a result of fruitful cooperation between Vietnam, other
countries and international organizations, especially with
CIMMYT. Most of the winter maize varieties come from CIMMYT
like MSB 49, a selection from Poza Rica 8049 and MSB 31 from
CIMMYT population 31, Amarillo Cristalino-2.
TSB 2 is a
selection from Suwan 2, originally from Thailand.
and
Hopefully,
the
mutual
research
relations
cooperation between Vietnam Maize Development Progr am with
CIMMYT and other countries in the Asian region will be more
fruitful and stronger.

MAIZE SEED PRODUCTION AND DISTRIBUTION IN THAILAND

II
Chulhathep Pongsroypech

In Thailand, corn is grown primarily as a cash crop.
Approximately 2/3 of the product is for export while the
remainder is the main raw material for the domestic animal
feed industry. Almost all farmers grow corn in monoculture
under rainfed condition, 80% in early rainy season, and the
rest in the latter part of the season.
Average corn yield of the country is still low, however
the total export, which is equal to 1% in the world market,
has created a highly competitive situation among other maize
exporting countries. The maize surplus in the world market
in 1986 reduced the export trend in the next two years, and
made the Thai Government set up its National Crop Develop
ment Plan (1987-1991) to improve the quality of the corn
product and simultaneously increase the national grain yield
average (Table 1).
Table 1. Thailand maize production plan, 1987-1991.

Year

1. Acreage

1987

1988

1989

1990

1991

1. 81

1. 87

1. 92

1. 92

1. 92

4.5

4.7

4.8

4.9

2450

2500

2550

(million ha. )
2. Production
(million ton)

4.3

3. Average yield
(kg/ha)

2375

2406.25

According to this plan, the Department of Agriculture
and Kasetsart University had to focus their research activi
ties as well as the production of foundation seed which will
subsequently be multiplied to registered and extension seed.

II

Director. Seed Division, Department of Agricultural
Extension (DOAE), Ministry of Agriculture and Cooperatives,
Thailand.
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IMPROVED SEED REQUIREMENT FOR CORN

Among the modern technology to increase corn producti
vi ty such as the use of improved varieties, the use of
chemical fertilizer, farm machinery and appropriate cultural
practices, etc., the use of high quality seed of improved
varieties seems to be the cheapest and the most suitable
method for the Thai farmers whose funds for investment are
limited.
At the present time, the corn seed used
comes from 4 different sources :

in Thailand

1. Farmers who save their own seed,
2. Grain collectors or entrepreneurs,
3. Private seed producers, and
4. Government.
The problem of low yield is frequently due to the
farmers' practice of using
self-saved seed which normally
has low quality. Similar poor quality is found in seed from
grain collectors or entrepreneurs whereas seed of better
quality comes from private seed producers and government
agencies. However, a survey recently made by the Office of
Agricultural Economics (OAE) indicated that of the total
corn seed used in 1987, approximately 60 %, still came from
farmer-saved seed, and 40% came from a combination of the
others (Table 2). The study also pOinted out that only 28%
of the total was supplied by the government and private seed
companies.
Table 2. Sources and price of corn seed used by the Thai
farmers in 1987 (5).

Total
seed
used

1. Quantity

(ton)
%
2. Price
(Baht/kg) )

Sources of seed used
Farmer
saved

Private
sector

56,500

33,900

13,560

100%

60%
2.1-2.5

187

Entre
preneur

Government
& others

6,780

2,260

24%

12%

4%

8-33

4-8

8-12

VARIETIES IN USE

In the old days, Thai farmers had to depend only on
low-yielding local varieties, until the 1950's when the
improved open-pollinated variety Guatemala was introduced.
For almost two decades, this variety and i ts derivatives
(PBS, PB8 and PB9) dominated the Thai corn industry. Later,
in 1972, these varieties were seriously damaged by an out
break of downy mildew (PeronoscLer o spora sorghi), which
resulted in a gradual replacement by the new open pollinated
variety, Suwan 1 in 1974, Suwan 2 in 1979, Suwan 3 in 1986,
the hybrids KSX 2301, KTX 2602, from Kasetsart University,
and the hybrids released by the private sector.
Regarding the yield potential of hybrid corn, though it
has been empirically verified by the breeders from Kasetsart
University from the DOA and from the private sector that
they yield better than the open-pollinated cuI tivars, the
level of farmers' adoption is still low. The open-pollinated
Suwan 1 has covered up to 85% of the total planting area of
the country whereas only 5-8% is under hybrids (4). This is
due to the following reasons : (1) hybrid corn crop needs
higher inputs, (2) hybrid corn seed is more expensive, and
(3) farmers have to buy new seed every planting season. The
Department of Agricultural Economics of Kasetsart University
(7) in a comparative analysis made using hybrid corn and the
variety Suwan 1 found that the average yields were signifi
cantly different (3,588.4 kgjha for the hybrids vs. 3,020.2
kgjha for Suwan 1). However, the high costs of hybrid seed,
at about 10-15 times the price of normal grain, and about 3
4 times the price of Suwan 1 (Table 3) increases the cost of
production giving a net profit of the hybrid over the varie
ty of 125-187 Baht which is unattractive to the farmer,
therefore the low rate of adoption.
Table 3. Selling price of corn seed, 1987 (Baht/kg).

Sources

Open-pollinated
Suwan 1, Suwan 2

Hybrids

Seed Division, DOAE

10

K.U.(Suwan Farm)

12

30 - 35

Private sector

12

18 - 33

1 U.S. dollar is equivalent to about 26 Baht.
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SEED DEVELOPMENT PROJECT

The production of high quality seed in Thailand was
initiated by the government in 1977 through the Seed Develo
pment Project, where seeds of high yielding improved varie
ties are multiplied and distributed to the Thai farmers. The
program is headed by the Seed Division of the Department of
Agricultural Extension (DOAE) which receives basic or foun
dation seed from the Department of Agriculture (DOE) and
Kasetsart University (Suwan Farm). The foundation seed is
multiplied under contract with selected seed growers, dried,
processed, tested, packaged and then distributed to the
farmers (Figure 1). The project is expected to have 3 bene
fits to the Thai economy :
1. Government expenditure will be minimized
2. Seed supply will be adequate to farmer needs
3. Additional farm income and agro-industrial
employment will be generated.
Figure 1. Seed production scheme in Thailand.

Variety development

1

Implemented by :
Department of Agriculture
and

Breeder seed

I

Kasetsart University

Foundation seed

--------~---------------------------------------------------J
Registered seed
Implemented by :
DOAE-Seed Division
Extension seed

CORN SEED PRODUCTION BY DOAE SEED DIVISION

Corn seed is produced in 4 of the 20 Seed Centers
established throughout Thailand. These 4 Seed Centers are
located in the corn belt of the country. In order to produce
high quality seed about 75% of the seed produced comes from
plantings initiated in the late rainy season. The other 25%
comes from plantings done during the early rainy season.
However, even though yields obtained can be higher in early
rainy season plantings, the crop can be of poorer quality
(3) .
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After the planting of foundation seed by selected con
tract growers, seed fields will be closely supervised by the
field inspectors located in the various Seed Centers. This
is to keep the seed fields in line with well established
standards of quality. Normally, one field inspector will be
taking care of approximately 80 ha of maize seed production
land; with emphasis" in the following stages : (1) planting,
(2) seedling to flowering, and (3) harvesting including pre
cleaning, on-farm drying and transportation to the Seed
Centers. Maize seed is then purchased from the contract
grower and priced, according to quality, at 10-20% higher
than the normal local grain price for that season. Seed will
then be dried, processed, bagged until ready for sale, and
stored at the Centers.
Corn seed production by the Seed Division has increased
from 204.4 tons in the first
year to 2,097
tons in 1987
(Table 4). However, this amount cannot solve the problem of
seed supply in the country, since it can only serve 5.2 % of
the total seed requirement which is estimated at 40,000
tons/year at the present time.
Table 4.
Seed produced (tons) by the Seed Division, DOAE.
1976-1987, of some selected field crops.

Year
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Rice

324
581
1393
1382
2107
2505
3893
3776
3786
4706
9394

Corn

204
386
688
1383
2098
2454
2511
2706
2617
2493
2097

Soybean
160
176
229
303
275
270
133
968
800
666
1448
2544

Mungbean

Sorghum

17
22
53
162
137
170
464
431
369
586
794

25
28
34
29
99
66
33
14
14
20
4

PRIVATE SEED INDUSTRY DEVELOPMENT

After the development and release of Suwan 1 in 1974,
the Royal Thai Government launched an open-policy for pri
vate investors to participate in the corn seed industry with
some incentives in tax holiday, and tax exemption on impor
ted seed processing equipment.
The main objective was to

190

allow the private sector, both domestic and foreign, to
produce and supply high quality corn seed in commercial
scale from either public varieties or privately-owned hyb
rids in order to serve the increasing demands of the far
mers . Meanwhile, the government has concentrated in the
development of the national seed production program of the
open pollinated varieties (Suwan 1) and other commodities
not in direct competition with the private sector.
Consequently, since 1979 several private seed investors
began research acti vi ties followed by corn seed business
operations. In the
early stages, only three major private
corn seed companies were involved, i. e. Pacif ic Seed Co.,
Ltd., Charoen Seeds Co.
(DeKalb- pf izer Genetics), and Car
gill Seeds Co., Ltd. Improved seed then became more popular
and farmers were informed about the improved hybrid seed
through their marketing units.
At present, there are 9 major corn seed enterprises in
Thailand (Table 5), with a capacity ranging from 1000 to
5000 ton/year.
SEED DISTRIBUTION
I. The Government :

The distribution of high-quality corn
government is shown in Figure 2.

Figure 2.
Thailand.
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Table 5. Major corn seed enterprises in Thailand (1986) .

Seed Products
Name
Non-hybrids

Hybrids

Public organizations

1. Seed Division, Department of
Agricultural Extension

x

2. National Corn and Sorghum Research
Center (Suwan Farm)

x

3. Department of Agriculture

x

x

Private Companies

1. Bangkok Seed Industry Co., Ltd.
2. Cargill Seed Co., Ltd .

x
x

3. Charoen Seeds Co.
(DeKalb-Pfizer Genetics)

x

x
x

4. Charoen Pokphand Agri-Industry Co.,Ltd.

x

x

5. Pacific Seed Co . , Ltd.

x

6. Pioneer Hi-bred International Co . , Ltd.

x

7. Super Seeds Co., Ltd.
8. Thai Seed Industry Co., Ltd.

x
x

x
x

9. Ciba-Geigy
Modified after Boonsue (1) .

Kasetsart University and the Department of Agriculture
follow the same pattern in that a certain amount of Founda
tion Seed has to be produced each year for the DOAE's seed
multiplication programs as well as for their own use in
conducting their research programs. Besides this, either
foundation or registered seed can also be sold to the pri
vate companies and farmers. In practice, corn growing far
mers get together and directly buy seed at Suwan Farm or at
Field Crop Experiment Stations of the DOA. The quantity
produced is normally sold out every year except in 1987 when
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there was some carry-over due to the earlier mentioned
unusual fall of prices in the previous two years.
Unlike Suwan Farm, distribution of corn seed by the
Seed Division mostly goes to various projects of the Depar
tment of Agricultural Extension, i.e. crop intensification,
seed exchanging program, natural calamity relief programs
for drought and flood etc . In 1987, sales in this line were
reported to be 84.6% of the total, while the other 9.8%,
4.1% and 1 . 5% were the direct sales to the farmers, sales to
other government agencies and sales through local sale a
gents, respectively (6).
II. THE PRIVATE SECTOR

Having a different scheme of distribution from the
government agencies, at present, there seems to be 4 chan
nels through which private seed companies distribute their
corn seed to the farmers (Figure 3). The overall corn seed
sold annually (2) since 1982 is shown in Table 6 .
Figure 3. Distribution scheme of private seed in Thailand.

Bank for Agri. &
-Agri. Cooperatives
Import
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1.
Distribution through Banks for Agriculture and
Agricultural Cooperatives (BAAC). Credit is provided to
farmers to buy seed from any seed company
which have met
certain qualifications and which are registered in the Bank.
2.
Distribution through local representatives. Once
the seed is sold through the local dealers in various corn
growing provinces, a certain commission is paid by the seed
companies. These local dealers are not only acting as seed
distributors, but also as sources of information on seeds
and other technologies as well as small creditors to the
farmers.

3.
Distribution through the government special procu
rement. This system is used only in the case that seeds are
urgently needed, such as in the government natural damage
relief programs for drought and flood.
4. Export. This new trend of distribution to foreign
countries is in the initial stages but good prospect is
foreseen.
Table 6.

Corn seed sold by private sector (After Chitsing,

S. 1988).

Seed sales (tons)
Cultivars
1982

1983

1984

1985

1986

1987

Suwan 1

3,910

6,750

15,750

11,000

7,200

7,000

Hybrids

90

250

1,243

2,000

1,820

1,200
1,500

Sales through government's special procurement.
Estimates from various seed companies.
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Question to

CHULATHEP PONGSROYPECH

From

A.S. KHEHRA

Q.

Is any systematic method being followed in Thailand
to ensure regular replacement of seed of composite
varieties ?

Ans.

Yes, from time to time, the Department of Agricultu
ral Extension has conducted projects to expand the
use and replacement of new seed of composite maize
varieties in the corn belt areas. In principle, the
new seed is exchanged with the farmers' grain at 1:1
ratio or sold to the farmers through the Bank of
Agriculture and Agricultural Cooperatives Credit
programs.
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