
Maize Improvement Training Course 
Cycle "B" 1999 

July 19 - November 10 

Country Reports 
I 



Contain 

NA.MF. TOPIC COUNTRY 

Athanase Manirakaza Maize Program in Burundi Burundi 

Prem Kumar Maize Improvement Research India 
in India 

Jose Carlos The Maize Program of the Mozambique 
Mozambique Seed Company 

Tirtha Raj Rijal Maize Improvement Program Nepal 
in Nepal 

Alicia/ Daniel George Regional Report on Maize Saint Lucia 
Production in the Caribbean 

Jeanette Van Wyk Maize Program in South South Africa 
Africa 

Young-Ho Seo The Maize Program in South South Korea 
Korea 

Gonzaz Kato Kazimoto Maize Improvement Program Tanzania 
in Tanzania 

John Sariah The Maize Crop in Tanzania Tanzania 

Daorung Kongtien Country Report for the Maize Thailand 
Improvement in Thailand 





Maize Improvement Training Course 
Cycle "B" 1999 

July 19 - November 11 

MAIZE PROGRAM IN BURUNDI 

By 

Athanase Manirakaza 





BURUNDI 
MAIZE PROGRAM 

B.P.795 Bujumbura 
Tel: 223390 
FAX: 257225798 
E-mail: isabu@cbinf.com 

I.Introduction 

COUNTRY REPORT 

Burundi is a small landlocked country in the Central Africa, between Tanzania and Democratic Republic of 
Congo . Burundi geographic coordinates are -2.30° North latitude, -4.45° South latitude, 28.98° West 
longitude and 30.85° East longitude. The total area is 27,830sq km with about 6.5 millions of people. The 
land area is 25,650sqkm. Burundi is predominately agricultural with only few basic industries. Its economic 
health depends on the coffee crop, which accounts for 80% of foreign exchange earnings. About 90% of 
population depends on subsistence farming, marginally self sufficient in food production. 
Maize is the most important cereal in terms of total food production and total area under cultivation. It is 
grown throughout the country as a pure crop or in association with beans, peas, cassava etc ... At high 
altitude, maize is the most predominant crop as well as the staple food for the population. Maize in Burundi 
is grown as a rainfed crop or in the valley bottoms during the dry season by taking advantage of the 
residual moisture. In the low land where there are possibilities of irrigation, it can be grown at any time of 
the year. 

A) General informations about the maize growing regions in Burundi. 

I Ecologies 

Three ecological zones are distinguished: 

The lowland which is I% of the total land area , is situated between 800 and 1200 masl, with average 
temperature 23° c (min 16° c, max 33° c), average rainfall 800 mm(min 400 mm, max 1200 mm) during 6 
months. 

The mid altitude which accounts for 89% of the total land area, is between 1200 and 1800 m asl, with 
average temperature 18°c( min 12°c,max 23°c), average rainfall llOOmm(min 800 mm, max 1400 mm), a 
season of 7 months. 

The highland representing 10% of the total land area is situated between 1800 and 2400m asl with average 
temperature 14°c (mini5°c, max 23°c), average rainfall 1500 mm during 7,5 months (min 1000 mm, max 
2000mm). 

In the mid altitude and in the highlands, maize is planted twice a year. The first planting takes place during 
the dry season in the months of June-August in the valley bottom where, at this time of the year, the soil is 
still moist and can support the maize crop through the dry period up to the on set of the rains in September. 
The second planting, in field above the valley bottoms, takes place in September at the beginning of the 
rainy season. This is the main season and all the farmers in the country plant their maize at this time. 

In the lowland, on the Imbo plain, which includes the lakeshore region of Lake Tanganyika, very little or 
no maize, is planted until after the first rains have fallen in September. In some places in the central or in 
the North of the plain, some maize is grown with supplementary irrigation at a very limited scale. 
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2. Acreage and production 

-The maize area is about 134.000 ha with 172.000 tones as total annual production (FAO data). Average 
net imports of maize is 32,000 tones /year. 
-In the highland, there are 70,000 ha of maize with a production of 100,000 tones/year (average yield of 1.5 
tones/ha) 
-In the mid altitude zone, maize is grown on 50,000 ha with an average production 65,000 tones/year 
(average yield of 1.3 t/ha) 
In the low land, about 14,000 ha are under maize and produce an average of 16,800 tones/ ha (1.2t/ha) 

Fig 1 : Acreage (ha) and production evolution(Mt) of Maize for the period (1988-1998) 
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Fig.2: Average area(ha) and production(Mt) for Maize, Rice, Wheat, Sorghum and Millet 
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Tablet: Type of maize under cultivation is open pollinated varieties with the following characteristics 

Ecol Variety Origin Days Days Days Ear Plt Potential Actual Kernel type 
fem. milk Maturit Height Heigh yield Yield 
Flow stage y (cm) t (t/ha) (t/ha) 

(cm) 
Higld Mug am CIMMYT 124 134 161 l.55 2.40 7.3 4.0 Semi dent, 

ba l Pool9 White 
Mdld Isega l Local ll4 132 153 l.72 2.51 6.6 3.8 Flint white, 

Collection Red yellow, 
Purple 

Lwld Imbo l CIMMYT 70 90 125 I.IO l.75 5 3 Semi- dent 
Across White 
7843 

3. Uses of maize in Burundi 

In Burundi maize is the most important subsistence crop after beans and bananas. It is consumed as dry 
grains cooked together with beans, fresh green ears roasted or cooked. Made into flour, maize is used to 
make poledge and Ugali. Maize is also used for animal feeds and for making beer ; but an average of 91 % 
is used for direct human consumption. 

4.:...Principal factors responsible for yield reduction in the maize growing zones of Burundi: 

4.1. Biotic factors in a decreasing order of importance. 

• Streak disease( MSV) is a threat for farmers growing maize in all the agro-ecological zones of the 
country. Yield losses due to MSV go up to 60%, and in some cases, infestation reach epidemic levels 
causing total yield losses 

• Stem borers constitute a second major biotic constraint to maize production in the whole country. In 
the mid and highland, Busseola fasca is the most predominant specie(70%), seconded by Sesamia 
spp(30%). Yield losses due to these two species can reach 50%. 
In the low land, Eldana saccharina attacking maize after the flowering stage, is the most predominant 
specie but very little is known as to how much yield loss is caused by the insect. 

• Storage pest: Sitophilus zea mays, Prostephanus truncactus( everywhere) 
• Low yielding varieties (in general) 
• Weeds, all the types, (gramineous, broad leaves etc ... ), Striga is not a big problem. 
• Other foliar diseases( rust, turcicum, Gls) 
• Ear rots 

4.2. Abiotic factors in a decreasing order of importance: 

* Low soil fertility( acidic soils, low N and P), especially in the mid and highaltitude zones. 
* Poor cultural practices ( unproper weeding, low plant density) in all the 3 agro-ecological zones 
*Lack of input (fertilizers, farm yard manure, pesticides) 
* Drought in the lowland 
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Table2: Biotic factors responsible for yield reduction in Burundi 

Stress factors Agroecological zones 
Low land Midland Highland 

I: Insects 
Borers - Busseola fusca x x 

- Sesamiaspp x x 
- Eldana saccharina x 

Stored Grain Insect: 
-Sitophilus zea mays x x x 
-Prostephanus trunctus x x x 

II. Diseases 
-MSV x x x 
-Rust x x 
-turcicum x x 
-Gls x x 

III. Weeds ( Bidens §DP, Digitaria spp Cvnodon 
Dactylon) x x x 

VI. Low yielding varieties x x x 

Table 3. Abiotic factors responsible for yield reduction in Burundi 

Agroecological zones 
Stress factors 

Lowland Midland Highland 
I. Low soil fertility - Acidic soils x x x 

-LowN etP x x 

II. Poor cultural practices(unproper weeding, x x x 
low plant density) 

III. Lack of input x x x 

IV. Drought x 
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5. Structure of the maize improvement program 

• Materials: Population (Isega I) and varieties( Mugamba I and lmbo I). Isega I is a local 
improved population adapted to the midaltitude. Mugambal(Pool 9) adapted 
for highland and Imbo l(Across 7843) adapted for low land were introduced from 
CIMMYT. 

Farmers do not grow hybrids. Hybrids have never been tried in the country. The seed 
industry is not deveJoped and that might be the major reason why no hybrids 
varieties have been tried up to now. 

• Breeding methodology: -Half sib family selection , the variety HASR, highly resistant to MSV , is 
being improved using the method. 
- Backcross method 

Fig3: General scheme used for the conversion of a disease susceptible variety to a disease resistant 
variety 
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(RR) 
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RR Rr rr x RR BC3 

I 
Rr 

I 
RR Rr rr 

Proportion of adapted 
variety 

50% 

75% 

87% 

93.7% 

RR and Rr are susceptible plants . They are r~jected in each backcross cycle. Resistant plants (rr) are 
crossed with adapted variety(RR). Finally, resistant plants (RR) are recombined, tested and multiplied to 
form a resistant variety. 
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Fig. 4 : Scheme used for the formation of MSV resistant variety of local origin 

Year I: 
(Season A) 

Year I 
(Season B) 

Year2 
(Season A) 

Year2 
(Season) 

*Products: 

Collect ears of resistant plants 

Plant ear to ro , self 3-4 plants/family 
Streak screening 

Plant sub-fwnill select 1 o' 2 best sub- families 
from each family. Self resistant plants in each 
selected sub-fi ily. Streak screening 

Open pollinated varieties 

Half-sib recom mation among selected SI families 
Streak screening. Initiative second cycle of improvement. 

*The acreage planted with released material is estimated to be 42,500 ha: 20,000 ha ofMugamba I 
17, 500 ha oflsega I and 5,000 oflmbo I. 

B. Possible utilization by the Burundi maize program of the materials and breeding methodology 
generated by CIMMYT. 

Material and breeding methodologies generated by CIMMYT can be utilized in Burundi maize 
Program. For example, 2 released and 3 promising varieties that the program has came from 
CIMMYT. 

OPVs are currently more needed by the farmers in Burundi. However, the maize program is planning 
to start running hybrid trials. In the future, hybrids will be brought to the knowledge of farmers. 
The BURUNDI Maize program is then going to test opvs, imbred lines and HYBRIDS from 
CIMMYT. 
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Promising varieties(From Zimbabwe) 

For the mid altitude: -SRSYN95{KIT//N3/TUX}CIF2 
-SRSYN 95 {ECU//SC/ETO} C IF2 

For the Lowland: 

-{ MSR/POOl9A}C3 F2#, 
-{KIT/SNSYN {SC/ETO}} CIF2 

-POP 49-SR CIF2#, 
-EV8742SR# 
-POP 32-SR CIF2# 

} 
} Early 
} 

-ACROSS 9222 SRF2#1#1# } 
-S9243C3# } Late 
-POPA-SR# } 
-POP B-SR# } 
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A. INTRODUCTION 

MAIZE RESEARCH IN INDIA 
(COUNTRY REPORT) 

Maize (Zea mays L.) occupies an important place in world agriculture. It ranks 
third, next only to wheat and rice, with respect to both production and area and can 
be grown over a diverse environmental and geographical range in comparison to 
any other cereal crop. The natural habitat of maize is in tropics; however, the crop 
is grown in the warm parts of temperate, humid -subtropical and in high lands. 

In India, maize is traditionally grown during the summer (kharit) season, which is 
accompanied by high temperature (<35 ° c) and rains. Planting is generally done in 
June -July after the on -set of rains and harvesting is done in September - October. 
Cultivation of maize in winter season started in mid-sixties in some pockets of 
Bihar and in South India (Singh 1974). During this season, average grain yield of 
6-8 t/ha has often been obtained which is markedly higher than that obtained in the 
summer season (<2 t/ha). 

a) General information about the Maize Growing Regions in India 
(1) Geographic Localization and Climate 

India lies to the North of the equator between 8 ° 4' and 37 ° 6' north latitude 
and 68° 7' and 97° 25' east longitude. It is bounded on the south -west by the 
Arabian sea and on the south- east by the Bay of Bengal. On the north, north-east 
and north-west lie the Himalayan ranges. The southern tip is washed by Indian 
ocean (Figure-I). 
Mainland has three main regions: 
Himalayan Mountains 
Indo-Gangetic Plains; and 
Southern Peninsular 
Temperate to Tropical Climate with average summer temperatures in the plains is 
29 °c and rainfall range 10.1 ems in North-West to 1079.5 ems at Cheerapunji 
(north-east). 
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Maize Growing Regions (Zones) of India 

In order to handle more effectively the specific regional problems, various maize 
growing regions of India have been divided into the following five major Agro
climatic zones cutting across the state political boundries on the basis of Agro
climatic and edaphic factors (Figure-2). 

Zone I :Hilly area of Himalayas i.e. Jammu and Kashmir, Himachal Pradesh, Hills 
of Uttar Pradesh, Assam, North-Eastern Himalayan Complex, Sikkim and Hills of 
West Bengal. 

8 Maize Research Station: Stinagar, Rajouri, Bajaura, Solan, Dhaula Kuan, 
Almora, Jorhat and Shillong. 
-Maize is grown only as a summer crop. Planting is done in April-May. 

Zone II : Western lndo-Gangetic plains i.e. Punjab, Harayan, Delhi and Western 
Uttar Pradesh. 

5 Maize Research Station: Ludhiana, Kamal, Delhi, Pantnagar and Kanpur. 
-Maize is grown during spring and summer seasons. 

Zone III: Eastern Indo-Gangetic plains i.e. Eastern Uttar Pradesh, Bihar, West 
Bengal and Orissa. 

4 Maize Research Station: Bahraich, Dholi, Agwanpur and Jashipur. 
-Maize is grown during spring, summer and winter seasons. 

Zone IV : Southern peninsular India i.e. Andhra Pradesh, Kamataka, Tamil Nadu, 
Kerala and Maharashtra. 

6 Maize Research Station: Hyderabad, Arabhavi, Mandya, Nagenahali, 
Coimbatore and Kolhapur. 
-Maize is grown all the three seasons. 

Zone V: Madhya Pradesh, Rajasthan and Gujarat. 

4. Maize Re.search Station:Chhindwara, Udaipur, Banswara and Godhra. 
-Maize is grown during summer season. 
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Table-1 
Geographic and Climatic data of different maize research stations 

Zone/Station Altitud Latitude Longi~ude Av.Annual Av. Soil Texture 
e (0 ) ( 0 ) Temp.°C Annual 
(Meters Max !Min. Rainfall 
) (mm) 

Zone I 
1. Srinagar 1S86 34 OS N 74 SOE 19.5 7.2 660 Loam 
2. Rajouri S72 32 40N 74 SOE 29.9 18.7 104S Sandy- loam 
3. Bajaura 1090 32 20N 70 OOE 19.S 11.S 1211 Sandy-loam 
4. Solan IS20 30 06N 77 10 E 17.2 10.7 1270 Sandy-loam 
S. Dhaula Kaun 4S6 30 SON 77 SOE 30.5 19.2 1340 Sandy-loam 
6. Almora 12SO 29 36N 79 40E 20.S IO.I 1069 Sandy/Clay-loam 
7. Jorhat 91 26 46N 94 16 E 32.6 18.S 1634 Sandy-loam 
8. Shillong 1S98 2S 34 N 91 S3 E 21.2 12.l 22S3 Sandy/clayloam 
Zone II 
9. Ludhiana 244 30S4N 7S 48 E 31.S 17.3 S21 Sandy loam 
10. Kamal 24S 2943 N 76 S8 E 32.8 17.4 617 Sandy loam 
11. Delhi 228 28 3SN 7712 E 31.S 18.l 66S Alluvial silty 
12. Pantnagar 244 2922N 7927 E 30.9 18.3 1083 Loam/clay loam 
13. Kanpur 126 2627N 8040E 32.l 19.3 1061 Sandy loam 
Zone III 
14. Bahraich 130 2734N 8136 E 31.S 19.1 1114 Sandy loam 
1 S. Dholi S2 2S SON 8S 40E 30.S 19.S 1260 Sandy loam 
16. Agwanpur 42 2S 16N 87 28E 30.8 19.0 1310 Sandy loam 
17. Jashipur 129 22 49N 8611 E 32.4 20.7 927 Sandy loam 
Zone IV 
18. Hyderabad S37 17 20N 7830E 32.4 20.2 74S Sandy/clay loam 
19. Arabhavi 640 1600N 74 S4E 32.6 20.0 Sl3 Loam/sandy loam 
20 Mandiya 921 12 S8N 77 3S E 22.8 18.4 888 Loam/sandy loam 
21. Nagenahali 767 12 18 N 7642 E 29.6 19.2 809 Loam/sandy loam 
22. Coimbatore 411 11 OON 7700E 31.S 21.6 77S Clay loam 
23. Kolhapur S74 1643 N 74 14 E 28.S 18.7 972 Sandy loam 
ZoneV , :~ ·~~- ·~ 

24. Chhindwara 682 2249N 7924E 31.3 17.6 1012 Sandy/clay loam 
2S. Udaipur S72 24 3SN 73 41 E 31.2 18.3 71S Sandy loam 
26. Banswara S60 2649N 7S 48 E 31.7 18.4 797 Sandy loam 
27. Godhra 119 224SN 73 40E 32.8 19.S 1174 Sandy loam 



Geographic and Climatic data of different maize research stations of India is 
presented in Table-I. Geographically, the area spreads from 11.0° to 34.05° N 
latitude and 70.00° to 94.16° E longitude. The soil is generally neutral in most 
maize growing regions. The soil type where maize is generally cultivated varies 
from sandy, clay, medium black to silty clay loam. 

2. Acerage (Production Trends) 

Area under maize cultivation in India expanded at an average annual growth rate 
of 2.9 % resulting from 3 million hectare in 1950 to 6 million hectare in 1970 
(Table-2). However, from 1970 onward, the area remained more or less static due 
to planting of high-yielding dwarf varieties of rice and other high-value crops such 
as sugarcane and groundnut. Nevertheless, irrigated area under maize cultivation 
has increased from 16 % in 1970 to 21 % in 1990. Winter maize has also assumed 
considerable importance, particularly in the state of Bihar and parts of Eastern 
Uttar Pradesh mainly because of high productivity levels. 

Table-2 
Trends in Maize Area, Production and Productivity in India. 

Year Area Production Productivit 
(000 ha) (000 t) (kg/ha) 

1950-52 3360 2226 
1960-62 . 4520 4333 
1970-72 5787 6326 
1980-82 5890 6803 
1990-92 5900 9046 
1994-95 6135 8884 
1995-96 5978 9534 
1996-97 6248 10612 
1997-98 6289 11151 

Currently national production of maize is about 11.2 million tons (1997-98); a 
more than 5-fold increase since 1950-51. Average national maize yields have risen 
throughout the past 4 decades @ 2. 7 % per year. From a level of average yield of 

657 
958 
1091 
1155 
1531 
1448 
1595 
1698 
1773 



less than 0.6 t/ha in 1950, it has reached to 1.8 t/ha at present. However, the yield 
increases ranged from 2 times in less productive states like Rajasthan, Uttar
Pradesh, Madhya Pradesh and Gujarat (approx. 55% of area) to 3-5 times in high 
productive states such as Punjab, Himachal Pradesh, Bihar, Andhra Pradesh and 
Kamataka. This linear increase in production and productivity is mainly due to the 
development of high yielding hybrids/composites and related crop production and 
protection technologies generated for different cropping seasons in varied maize 
growing regions of the country. 

India's average yield 1.8 t/ha is far less than the world average yield 3 .9 t/ha as 
well as of some countries in the region like China (4.3 t/ha), Thailand (2.5 t/ha), 
Indonesia (2.1 t/ha) and DPR Korea (6.3 t/ha) etc. 

Maize Research Station, Bahraich is responsible for the maize improvement in 
Eastern Uttar Pradesh. Uttar Pradesh accounts for about 18 % of maize area and 15 
% production ofthe'country. It stands first in area and production among maize 
growing states of the country. 

Eastern Uttar pradesh accounts for about 33.3 % of the maize area and 25.82 % 
production of the state. The productivity in Eastern U.P. and U.P. are lower to the 
national average. Main maize growing districts of Eastern U.P. are Bahraich, 
Gonda and J aunpur which have more than 7 5 % of maize area of Eastern U. P. 
Bahraich and Gonda stand second and third respectively in area in the state. 

3. Types of Maize under Cultivation 
(a) Maturity: 
Looking with in agro-climatic variations and socio-economic structure there are 
four maturity groups within which the varieties and production technologies are 
developed. These maturity groups are : 

- Extra early (75-80 days) 
- Early (80-85 days) 
- Medium (90-95 days) 
- Full season or late ( 100-110 days) 

(b) Grain Color: 
More than three-quarters of the improved OPV s and hybrids developed in India 
since 1961 have been yellow, reflecting farmers preference for yellow grain. Most 
of the other materials have been white, except for a small number of orange
grained varieties. 



(c) Grain Texture: 
Maize Breeders in India have responded to farmers preferences by emphasizing 
hard-textured (flint) materials, which trend to store better than soft- textured (dent) 
materials. Nearly three-quarters of all varieties developed have been flints or semi
flints, with the remaining materials comprising a mixture of semi-dent and dent 
materials. The preferred textures of flint and semi-flint materials are due to 
consumers preference in their uses along with their better adaptation and storage. 

(d) Genetic Make up (Varieties, Synthetic, Hybrids): 
The genetic make-up of the improved materials grown include about 40 % OPVs 
(composites) and 60 % hybrids comprising of varietal cross hybrids, top-cross 
hybrids, double top-cross hybrids, three-way cross hybrids, double-cross hybrids 
and single-cross hybrids. Of these the double-cross hybrids constitute 
approximately 60-65 % while single-cross hybrids constitute the minimum. 

4. Actual Yield in each' Ecological Zone 
Maize crop can be grown under variable conditions of the country and can also be 
cultivated in Kharif (June-July planting), Rabi (October-November planting) and 
Spring (February planting) seasons. A large number of high yielding composites 
and hybrids are currently under cultivation. The average productivity at national 
level is about 1.8 t/ha. However, this figure may vary according to various 
management inputs and types of germplasm planted. Short duration varieties 
(composites) produce about 1.5-1.8 t/ha, medium duration varieties produce about 
2.2-2.5 t/ha and late maturing varieties produce about 3.5-4.0 t/ha. On the contrary 
hybrids in the same maturity group produce about 1.0-1.2 tons more. During rabi 
(winter) season these yields may go up by 25-30 % due to better management 
practices and lower pressure of biotic and abiotic factors. 

5. Potential Yield in Each Ecological Zone 
Since ecological zones vary with respect to rainfall, soil type and other factors, the 
potential yield of maize also varies. At the national level there is potential of 4.5 -
5.0 t/ha. There is variation in potential yield with respect to maturity and type of 
variety i.e. composite or hybrid, grown. A composite has potential of 3 .0-3 .5 t/ha 
in short duration, 4.0-4.5 t/ha in medium duration and about 4.8-5.0 t/ha in late 
maturity. Similarly hybrids of the same maturity have a potential of 4.5-5.0 t/ha in 
short duration, 5 .5-6 .5 t/ha in medium duration and about 7. 0-7 .5 t/ha in late 
maturity during Kharif season. During rabi season with assured management 
practices and lesser biotic and abiotic stresses the above potentials may rise by 25-
30 %. 



6. Principle Stress factors responsible for Yield reduction in the maize 
growing zones of India: 

The principle stress factor responsible for low maize productivity in India are : 
Climate conditions resulting in drought/excess water associated with 
increased pressure of diseases/pests; 

- Cultivation in kharif is mainly under rainfed conditions on marginal 
lands with inadequacy in irrigation; 

- About 30 % of area under hybrids only; 
- Low fertilizer consumption 
- Lack of development of single- cross hybrid technology-a key to higher 

productivity gains like U.S.A., China and other development countries; 
- Poor adoption of improved production-protection technology; 
- Deficiencies in production and distribution system of quality seed; 
- Lack of Government policies for supporting procurement price of maize 

grain like wheat and paddy and ; 
- Small farm holdings and poor resource farmers-basically making 

subsistence agriculture a prominent phenomenon. 
In addition to above stress factors each zone has some specific stress factors for 
low maize productivity. These are: 

Zone I 
- Undulated topography 
- Low water holding capacity 
- Biotic stress like Turcicum leaf blight, common rust, seed rot and 

seedling blight and stem borer. 
Zone II 

- Low fertilizer consumption 
- Low water availability 
- Drought and high salinity 
- High wind velocity 
- Biotic stress like Maydis leaf blight, Charcoal rot, Late wilt, Black 

bundle and stem borer 

Zone III 
- Rainfed cultivation with early maturing maize varieties resulting in 

delayed planting 
- Intensive weed problem 
- Mixed cropping 



- Occasional water logging 
- Biotic stresses like Brown stripe downy mildew (Sclerophthora 

Zone IV 

rayssiae), Bacterial stalk rot (Erwinia carotovora), Pythium stalk rot 
(Pythium aphanidermatum ), Banded leaf and sheath blight (Rhizoctonia 
so/ani) and stem borer (Chilo parte//us ). 

- Low ground water 
- Higher water requiements 
- Biotic stresses like sorghum downy mildew, charcol rot, turcicum leaf 

blight and pink borer. 
ZoneV 

- Low water availability 
- High wind velocity 
- Low rainfall 
- Poor fertility status of soil 
- Problems of acidic soils in high altitude areas 
- Termite damage in rainfed regions. 

B. Structure of the Maize Improvement Program 

The Directorate of Maize Research, DMR (formerly the All India Co-ordinated 
Maize Improvement Project) of the Indian Council of Agricultural Research 
(ICAR) was the first co-ordinated research project launched in 1957 to promote 
and coordinate maize research throughout India with varying agro-climatic 
conditions. The DMR has established 27 Maize Research Stations in different parts 
of the country including those on State Agriculture Universities (SAUs) to address 
state or location specific problems. DMR interacts through ICAR with other 
National and International Research Organizations. 

1. Materials 

Information on improved maize materials developed in India till today is given in 
Table -3. Approximately 40 % of the all materials developed are improved open 
pollinated varieties (OPVs) with the remaining 60 % comprising various types of 
hybrids. Among the hybrids, double-cross hybrids predominate, accounting for 
approximately two-third, of all hybrids developed. Three-way cross hybrids and 
single-cross hybrids have also been developed in some numbers. All the OPV s 
developed since the beginning originated from public breeding programs. In 
contrast, hybrids were developed by both public institutions and private seed 
compames. 



The relative number of OPV s and hybrids developed also have changed through 
times. In the early years, OPV s and hybrids were developed in almost equal 
proportions, but during following two decades, the promotion of OPV s increased 
substantially due to factors such as marginal farmers, lack of sophisticated seed 
industry, and simplicity in production technology of OPVs. In the early 1980s, the 
emphasis on OPVs began to decline and the attention gradually shifted to hybrids 
because hybrids can perform well under a wide range of production conditions and 
level of management and can be adopted profitably even by small scale farmers. 
Now both public and private concerns are vigorously working with renewed 
interest in the development of hybrids. 

2. Breeding Methodology 

Maize breeding methodology used for composite and hybrid development include 
the following important phases: 
(i) Germplasm introduction from national and international program, 

evaluation, characterization and enhancement for yield, biotic and abiotic 
stresses. 

Development of OPV 
(a) Development of gene pools for different maturity groups and grain color for 

composite breeding. 
(b) Improvement of gene pools by half-sib or full-sib recurrent selection. 
( c) Select 8-10 best families on the basis of yield trial data and make chain crosses 

or all possible crosses and left it for random mating for two generations to 
constitute an OPV. 

( d) Test OPV on different locations. 
( e) Release OPV for national or regional program on the basis of yield trial data. 

The methods being used also combine resistance to biotic stresses like diseases 
(Brown stripe downy mildew, Bacterial stalk rot, Pythium stalk rot and Banded 
leaf and sheath blight) and insect pests (Stem borer) and abiotic stresses like 
drought, low nitrogen stress and excess water. 



Development of Hybrid 

(a) Development ofheterotic pools for different maturity groups and grain color 
for hybrid breeding. 

(b) Development of heterotic pools for winter season. 
( c) Improvement of heterotic pools by half-sib or full-sib reciprocal recurrent 

selection. 
( d) Extraction of inbred lines. 
(e) Testing inbred lines for combining ability. 
(f) Development and evaluation of single-cross hybrids. 
(g) Development and evaluation of three-way, double-top cross and double-cross 

hybrids. 
The methods being used also combine resistance to biotic and abiotic stresses of 
various kinds. 
The genetic selection technique is developed for producing inbreds through 
haploids and haploidy inducer lines are being used to induce more haploidy earring 
C-1 marker. 

3. Products: Generated and Liberated 

The products generated by both public and private sectors include- germplasm 
development, OPVs and the hybrids. Table-3 provides information on improved 
maize materials developed in India for more than three decades. As stated earlier 
approximately 40% of all materials developed during this period are improved 
OPVs, i.e. composites and synthetics, with the remaining 60 % comprising various 
types of hybrids among which the double-cross hybrids predominate followed by 
three-way cross hybrids and single-cross hybrids. The products contain improved 
materials for food, feed and fodder and industrial uses. About 70 % of the maize 
crop today is consumed directly as food, with the remaining 30 % utilized in 
roughly equal proportions as feed and for industrial purposes. 

4. Acreage Planted with Released Materials 

Maize area in India has increased from 3 million hectare in 1950 to 6 million 
hectare in 1970. However, since then there has been no increase in area. But the 
maize production increased from 2.2 million tons in 1950 to 6.3 million tons in 
1970 and about 11.2 million tons in recent year (1997-98), Table-2. Over the years 
public and private breeding programs have developed 70 OPV s and 114 hybrids of 
all kinds (Table-3). At national level approximately 44 % of the area is planted 
with improved varieties and hybrids and the remaining 56 % under local varieties. 



Table-3 
Materials developed by public and private breeding programs in India 

Type of material developed Number of materials developed 
Public National Multinational Total 
programs companies companies 

OPVs 70 0 0 70 
Total hybrids 30 69 15 114 

Varietal cross hybrid 1 0 0 1 
Top-cross hybrid 1 1 0 2 
Double top-cross hybrid 5 3 0 8 
Three-way cross hybrid 4 12 2 18 
Double-cross hybrid 16 44 13 73 
Single-cross hybrid 3 9 0 12 

Yellow grain color 80 57 15 152 
White grain color 18 14 13 45 
Orange grain color 6 0 0 6 

Flint grain texture 72 1 1 5 88 
Semi-flint grain texture 10 31 7 48 
Semi-dent grain texture 9 18 6 33 
Dent grain texture 11 11 0 22 
Opaque 2 0 0 2 

Recommended for 
Kharif 85 21 3 109 
Rabi 6 8 2 16 
Both 12 42 13 67 

Rainfed 25 5 0 30 
Irrigated 39 20 5 64 
Both 40 46 13 99 

Early planting 15 8 1 24 
Timely planting 85 55 14 154 
Late planting 4 8 3 15 



In six most important maize growing states (Andhra pradesh, Bihar, Karnataka, 
Madhya Pradesh, Rjasthan and Uttar Pradesh), hybrids cover 29 %, improved 
OPVs 22% and the remaining 49 % under local varieties (Table-4). There is scope 
to improve the productivity by introducing hybrid seed. The seed can be made 
available through the joint efforts of public and private seed industry, raising 
coverage with hybrid varieties to about 50 % of the area in next 5 years and to 70 
o/o by the end of 2020. 

Table-4 
Maize Area Under Improved Germplasm In India (%) 

State Improved Hybrids Total Local Total 
OPVs Improved Varieties 

Andhra Pradesh 15 79 94 6 100 
Bihar 26 55 81 19 100 

Karnataka 12 86 98 2 100 
Madhya Pradesh 23 15 38 62 100 

Rajasthan 18 8 26 74 100 
Uttar Pradesh 31 8 39 71 100 

Total 22 29 51 49 100 
Source: S. Pal, R.P. Singh and Michel Morns, 1998 



C. POSSIBLE UTILIZATION IN INDIAN MAIZE PROGRAM OF THE 
MATERIALS AND BREEDING METHODOLOGY GENERATED BY 
CIMMYT 

The materials developed by the Indian National Programme are successfully 
finding their way into commercial releases. Use of CIMMYT materials has also 
been found extensive: about 35 % of all public sector releases and about 80 % of 
all private sector releases contain CIMMYT germplasm (Table-5). ICAR and 
CIMMYT have initiated 12 collaborative research projects w.e.f. 1998 to 2000. 
The projects are: 
1. Evaluation, enhancement and exchange of maize germplasm 
2. Development and evaluation of lines and materials for early maturing 

hybrids/varieties 
3. Development of maize genotypes tolerant to excess soil moisture (water 

logging) 
4. Development of maize genotypes tolerant to drought and low nitrogen stresses 
5. Genetic improvement of maize for resistance to Turcicum Leaf Blight and 

Downy Mildews 
6. Identification and improvement of maize genotypes resistant to Banded Leaf 

and Sheath Blight 
7. Synthesis of gene pools and inbred line improvement for resistance to post -

flowering stalk rot of maize 
8. Development of borer resistant maize germplasm in South and South East Asia 
9. Evaluation of early generation inbred lines 
10. Development of quality protein maize hybrids 
11. Production and evaluation of transgenics with resistance against Asian Stem 

borers and 
12. Maize demand and supply analysis from food to feed in India. 

The later four were new and the rest were on-going projects. These projects have 
potential for significantly increasing maize production in India. 

Maize breeding methodology generated by CIMMYT are used extensively in 
screening and evaluation of germplasm, population improvement, maintenance of 
inbred lines, generation of new inbred lines, testing of inbred lines (single
crossing) and testing of inbred lines (test crossing). Other breeding methodology 
developed in India and elsewhere are also used depending on personnel training, 
convenience and objectives. Most of these methodologies are used extensively by 
public maize breeding programmes and to a lesser extent by a few national and 
multinational private seed companies. 



Table-5 
Maize Varieties/Hybrids Developed by Public Breeding Program in India with 
CIMMYT germplasms 

Name of Types of Maturity Color Texture Season Source Germ plasm 
Varieties/hybrids Materials ICAR CIMMYT 
1 C2 OPV Early y F K x x 
2 Cl5 OPV Early y D K x x 
3 C7 OPV Early y F K x x 
4 C8 OPV Early w SD K x 
5 Early Comp (B) OPV Early y F K x x 
6 Sang am vc Medium w D K x 
7 J 1006 OPV Medium w D K x 
8 Ki ran OPV Early y F K x 
9 Shakti OPV Late y D K x x 
10 Arun OPV Early y F K x x 
11 PC 1 OPV Early y F K x x 
12 PC 2 OPV Early y F K x x 
13 VL Makka-1 OPV Early y F K x x 
14 VL Makka-16 OPV Early y F K x x 
15 Ganga-4 TWC Late w F K x x 
16 Protina OPV Late y F K x x 
17 Tarun OPV Medium y F K x x 
18 Navin OPV Medium y F K x x 
19 Sweta OPV Medium w F K x x 
20 Surya OPV Early y F K x x 
21 Hemant OPV Late w F R x x 
22 Suwan-1 OPV Late y F K x 
23 Laxmi OPV Late w D R x 
24 Rajendra-1 TWC Late w D KR x 
25 Rajendra-2 TWC Late y D K x x 
26 Chandan Makka-1 OPV Early y F K x 
27 Chandan Makka-2 OPV Early w D K x 
28 Chandan Makka-3 OPV Early y F K x 
29 Hunius OPV Early y F KR x x 
30 Manjari OPV Late y F KR x x 
31 Panchganga OPV Early w F KR x 
32 Gujarat Makka-1 OPV Medium w F K x 
33 Dhawal OPV Late w F R x 



Future Thrusts 
Materials for breeding purpose 
Gene pool for composite breeding 
(a) AB white pool (late and medium maturity)-Dholi 
(b) AB yellow pool (late and medium maturity)-Hyderabad 
(c) BC yellow pool (medium and early maturity)-Chhindwara 
(d)CD white pool (early and extra early maturity)-Godhra 
(e) CD yellow pool (eary and extra early maturity)-Bahraich 

Heterotic Pool for Kharif Season 
(a) X1 and X2 yellow heterotic pool (Full season maturity)-Hyderabad 
(b) X1 and X2 yellow heterotic pool (Early maturity)-Pantnagar, Delhi,Almora, 

Bahraich 
( c) X1 and X2 white heterotic pool (Early maturity )-Udaipur 

Hterotic Pool for Winter Season 
(a) X1 and X2 yellow heterotic pool (Full season maturity)-Ludhiana 
(b) X1 and X2 white heterotic pool (Full season maturity)-Dholi 

Issue 
1. Increasing productivity in about 5 5 % of total maize area planted with kharif 

maize in unfavourable agro-climatic areas, affected by drought /excess water 
(Uttar-Pradesh, Madhya Pradesh, Rajasthan, Gujarat, Kharif in Bihar, North -
Eastern States). 

Strategies/Objectives 

Short-to medium terms 
(a) Developing high yielding hybrids and composites (mainly early to medium 

maturity) tolerant to biotic and abiotic stresses. 
(b) Agronomic research including maize-based cropping systems. 
( c) Re-zoning of smaller scale for problem-oriented specific attention including 

attention on tribal areas. 
( d) Seed technology researches including identification of suitable areas for seed 

production, economic threshold injury by pests and diseases and durable 
resistance and integrated nutrient pest management. 



Medium- to long-term 
(a) Hybrid development preferably single-cross with tolerance to stresses. 
(b) Biotechnological researches for development of inbreds through haploidy route, 

resistance mechanism to excess water/drought, RFLP (Restriction fragment 
length polymorphism) analysis for marker assisted selection, use of transgenic 
maize for diseases and pest resistance and transfer of male-sterility mechnism. 

Continuing 
(a) Germplasm evaluation and characterization with increasing emphasis on 

evaluation in natural areas for biotic and abiotic stresses. 
(b) Population improvement and development of heterotic pools. 
( c) Nucleus and breeders seed production. 
( d) Aggressive and effective approach for popularization of available appropriate 

materials with clear understanding and responsibility for each 
department/personnel with milestones fixed for each activity like seed 
production and supply, training, transfer of technology and agronomic research. 

Issue 
(2) Increasing productivity in the remaining 45 % area under comparatively 

favorable agro-climatic areas (Andhra Pradesh, Kamataka, Rabi in Bihar, 
Maharastra, North-Eastern States). 

Short-to medium terms 
(a) Hybrid development particularly single-cross hybrids (in full season maturity) 

for Kharif season. 
(b) Hybrid development for industrial uses. 
( c) Seed technology researches. 

Medium-to long-terms 
(a) Developing diverse types of single cross hybrids for kharif season. 
(b) Biotechnological researches for incorporating resistance against important 

biotic and abiotic stresses. 

Continuing 
(a) Germplasm evaluation and characterization particularly for biotic stresses. 
(b) Development ofheterotic pools with inbreeding tolerance, specially to derive 

high productive inbreds. 
( c) Nucleus and breeder seed production. 



( d) Identification of less productive pockets in such areas and specific effort for 
popularization of improved single-cross and other hybrids for early results of 
increasing production from promising pockets. 

(e) Systematic organization of on-farm research and transfer of technology. 

Issue 
(3) Expanding winter maize in new areas. 

Short-to medium terms 
(a) Hybrid development particularly single-cross hybrids (in full season maturity) 

for winter season. 
(b) Seed technology researches. 

Medium-to long-terms 
(a) Introgression of promising temperate germplasm into tropical materials suited 

for rabi maize areas. 
(b) Biotechnological researches for incorporating resistance against important 

biotic and abiotic stresses. 

Continuing 
(a) Germplasm evaluation and characterization particularly for winter season. 
(b) Development of heterotic pools for winter season. 
( c) Nucleus and breeder seed production. 
( d) On-farm research for winter maize cultivation in other promising areas for 

displaying potential of winter maize in new pockets. 
( e) Examining possibilities of transplanted maize and other procedure to 

accommodate productive single-cross hybrids in between two crops. 

Other issues like 
( 4) Development of early maturing hybrids for hilly and tribal areas. 
(5) Emphasis on maize development in eastern and north-eastern India and other 

coastal regions. 
( 6) Emphasis on maize as an industrial crop- Breeding materials for sweet, pop and 

baby corns, and for high starch and oil content types in maize. 
(7) Basic research in frontier areas- Linkages with national, international 

institutions and multi-national seed companies. 
(8) Diversification of maize for use as food- Developing high lysine contain 

varieties. 
(9) Production economics processing and marketing studies. 
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The Maize Program of The Mozambique Seed Company (Semoc) 

By Jose Carlos 

Paper presented during the Maize Improvement Course at CIMMYT Mexico (1999,cycle BJ 

1.lntroduction 

Mozambique is located in eastern coast of Africa, with total area of 801,590 km2 

of land 17 ,50 km2 of water, being a gateway of six hinterland countries from the 
Indian Ocean. The borders countries are: Malawi (1569 km), RSA (491 km), 
Swaziland ( 105 km ),Tanzania (756 km), Zambia (419 km) and Zimbabwe (1231 
km). The coastline is 2470 km (annex 1 ). 
Population: 18 millions (census 97).The official language is Portuguese. 
Climate: Tropical an9 subtropical. Inland is cooler than the coast and rainfall 
higher as the land rises. In general the hottest and wettest season is October
March. From April to September the coast is warm, and the weather is dry. 

2. General Data About Mozambican Agriculture. 

About 80 % of labor force are involved in agriculture, 9.5 % in industry, 5.5% 
services and 5 % working abroad 
Arable land: 4% 
. Main crops: cotton, tea, cashew, tobacco, copra sugarcane, maize, cassava, 
sorghum, millet, rice, tropical fruits and others. 

3. General data on Maize in Mozambique 

• Principal crop in the country- 1 .5 to 2 million hectares 
• Main staple food, specially in the rural areas 
• Average yield-0.6 ton/ha (Table 2 ). 
• 95% of maize area is occupied by small scale farmer, mixed with other crops. 

The most common inter-cropping maize system are: maize-groundnuts, 
maize-cassava-cowpea. Due to the grain pounding quality, there are more 
preferences of semi-flint to flint grain type and white color. The yellow maize 
and as well as the dent grain type may be found in some regions of the 
country. 

+ Use of maize: About 95% of Maize is consumed under flour type making 
dishes called xima ,sadza or other name depending on the region. It can also 
be eaten fresh, cooked or roasted. 

The ecological zones for maize production in Mozambique are presented in 
table 1. 



4. Main Constraints in Maize Production 

A : Biotic and Abiotic Conditions 

Biotic: Pests (stem borrer and storage pests) and Disease ( MSV, D Mand 
GLS). 

Abiotic : Climatic Conditions - Lack of rainfall mainly in southern part of 
the Country 

• Some Production areas are located in river valley where 
frequently occurs water flooding 

B. Socio-economic Situation 

• Lack of consumer goods (as incentives to production) 
• Serious shortage of trained manpower 
• Financial policies not favorable to agriculture investments 
• Frequent shortage of vital inputs (mainly seeds). 
• Poor Crop Management 

• Lack of working facilities of the Rural Extensionists which lead to lack of 
motivation 

• Research activity in the Public Sector very Weak 

7. Structure of Semoc 

7.1 Background: Semoc ( Semntes de Mo~ambique) was created in 1987. 
7.2 The owners of Semoc: 51 % Seed Co (Zimbabwe) 

30 % Mozambican Government 
19 % Svalof ( Swedish Seed Company) 

7.3 Land Farms : Nampula ( 1000 ha), Chimoio ( 600 ha), Chokwe (2000 ha 
) and Umbeluzi (150 ha). 

Umbeluzi Farm is the Research and Basic Seed Production Station. 

Main Crops : Maize, Beans and Cowpeas, Rice, Sorghum and 
Vegetables. 



Production 
contract with farmers. 

Except vegetable seeds, all of certified seed under 

7.4 Infrastructures: Processing Plants and Storage facilities in each farm. 
Seed Shops in the most agro-potential regions and seed 

shop retailers all over the country. 

5. Maize Improvement Program of SEMOC Co. 

SEMOC (Sementes de Moyambique ) is a pr'ivate seed company owned by 
Mozambican government (30%), Svalof AB, a Swedish Seed company (19%) 
and Seed Co from Zimbabwe (51%). 
The main objectives of the program, by the time the Company was created ten 
years ago, were to develop varieties with high and stable yield, resistant to 
principal diseases and pests, adaptable to different production regions and 
suitable for small scale farmers and commercial sector. 
Based on general breeding objectives, demand of the seed industry, and the 
level of agriculture development of the country, the following groups of time were 
set-up: 

1.Short Term Objectives: 

• Improvement and evaluation of commercial OPV's 
• Development, Improvement and evaluation of new Semoc's and 

CIMMYT/llTA populations and release new OPV's. In this group of objectives, 
besides the improvement of Manica and Matuba ,the most popular 
commercial varieties, two new ones were released: Somoc1 and Manica SR. 
Three more varieties (Mocuba, Angonia and Milange) are in pipeline to be 
released waiting for normal formalities by the government. It should be 
mentioned that during the program main attention was given to high and 
stable yield followed by resistance to maize streak virus and downy mildew. 
Special attention was given to selection for hard grain texture (flintiness) 
because of better pounding an storability and drought tolerance. 

2. Long Term Objectives. 

Consists of developing and evaluating inbred lines from CIMMYT, llTA and 
SEMOC populations for hybrid development and synthetics as well. For this 
propose 30 CIMMYT/llTTA populations are being used to extract inbred lines. 
Also 3300 families and 525 S3's to S6 from 20 SEMOC populations are under 
evaluation. 
Based on specific breeding objectives the execution of this program is organized 
in the following projects: 
• Simultaneous Selection for Earliness and Resistance to Downy Mildew and 

Maize Streak Virus. This is collaborative research between Semoc, INIA and 
CIMMYT-Harare. 



+ Selection for Downy Mildew resistance. 
+ Selection for drought tolerance. Maize physiology group from CIMMYT

Harare is interested to collaborate with Semoc. 

6. Maize OPV's and Hybrids on Use In Mozambique 

There is no accurate information about utilization of improved germplasm by 
farmers, but is estimated that about 85% of farmers are using their own seed, i.e 
local maize land races. 
So far the organizations responsible for development and release of varieties 
are Semoc (seed company) and INIA (Institute Nacional de lnvestigacao 
Agron6mica) ,which report to the Ministry of Agriculture.The existing commercial 
opv"s and hybrids are:(table: 5) 

8. The Usage of CIMMYT's Material In The Semoc's Program 

The ecological maize area in Mozambique is estimated in 2 million hectars which 
about 80% is for mid-altitude and lowland germplasm. 
According to the strategic development plan of the company, the research 
activities will focusing on developing hybrids for the regions mentioned 
above.Although there are regions with high altitude in Mozambique, Semoc is not 
developing materials for those regions because will be done by Seed Co in 
Zimbabwe. 

Taking in consideration that the largest Maize breeding program of CIMMYT 
is oriented to lowland environment, the CIMMYT material will be useful in 
Mozambique. Since our objectives are for hybrid development, several lines ( 
released and advanced) both for normal maize and QPM have been requested 
to be tested in Mozambique. 
The criteria of selection of this material will be for grain type ( semi-flint to flint) 
and intermediate to early vegetation period. 



Table 1. Principal Ecological Region of Maize in Mozambique 

Ecological Altitud ETP Precipitation Temp. Climate Estimated Geographical 
Region e mm mm c % of total areas 

(m) maize area Of Provinces 

Highland 500 to <1300 >1000 < 22 Humid 20 Highlands of 
1000 Niassa, Tete, 

Manica, Zambez. 
And C.Delgado 

Northern middle 200to 1300- 900 to 22-24 Sub- 30 Medium to highl. 
Plato region humid Of Niassa, 

1000 1500 >1000 Nampula, Tete, 
Manica and Sofala 

Southern <500 800 to 22-25 Sub- 40 Med. to lowlands 
Middle humid of 

1200 Maputo.Gaza, and 
lnhambane 

Northern lowland <500 1400- 400 to 24-25 Subh. 10 Med. To lowlands 
And coastal Dry of C.Delagado, 
region 1500 1000 Arid Nam. ,Zam. ,Sofa la. 

Tete 

Arid lowland 200 to >1450 <400 30-35 Arid ??? Med. to lowlands 
region of Gaza and 

500 lnhambane 

Source: lnstituto Nacional de lnvestigar;ao Agron6mica-Mot;mbique 



Table 2. Maize area, production and average yield for 1997/98, 96/97 and 
95/96 agriculture campaigns. 

Provinces Area (000 ha) Production (000 ton) Average yield (tlha) 
1997/98 96/97 95/96 97/98 96/97 95/96 97/98 96/97 95/96 

C. Delgado 67 68 67 97 62 81 1.46 0.93 1.21 
Niassa 132 135 124 174 176 '163 1.31 1.3 1.31 
Nampula 125 122 110 120 117 101 0.96 0.97 0.92 
Zambezia 204 194 185 213 190 184 1.06 1.02 1.07 
Tete 159 146 116 125 126 92 0.8 0.93 0.86 
Mani ca 169 131 128 159 160 155 0.94 1.31 1.22 
Sofa la 82 92 84 72 60 64 1.0 0.85 0.98 
In ham bane 122 126 124 60 48 65 0.5 0.38 0.53 
Gaza 122 115 107 74 61 27 0.64 0.53 0.34 
Maputo 66 70 68 30 37 15 0.48 0.53 0.34 
Tot Country 1,248 1,199 1, 113 1,124 1,42 947 0.93' 0.9 0.94 

Source: Ministry of Agriculture and Fisheries-Mozambique-1999 



Table 3:Major Food Crops( 1995-97) 

Cassava 
Coconuts 
Groundnuts 
Maize 
Pulses(total) 
Sorghum 
Rice 

Area 
( 1000 ha) 

990 
n.a 
270 
1,081 
378 
440 
146 

Yield 
(t/ha) 

4.79 
n.a 

0.43 
0.84 
0.38 
0.57 
0.98 

Source: SG 2000-Country Data Sheets 1998 

Table 4: Net Imports of Selected Cereals ( 1000t) 

1994 

Maize 274 
Rice 61 
Wheat 118 
Wheat Flour 53 

1995 

205 
90 

170 
52 

Source: SG 2000-Country Data Sheets 1998 

Production 
( 1000 t) 

4,750 
439 
439 
908 
143 
251 
144 

1996 

205 
31 

176 
52 



Table 5. Maize Production and Yield In Mozambique For The Period 1981 to 1998. 

1981-1983 1983-1985 1989-1991 1990-1992 1996-1997 1997-1998 

Area (1 OOOHa) 600 600 1008 952 1199 1248 

Production 248 333 370 304 142 1124 
(1000 Tons) ' 

Yield (Ton/ Ha) 0.4 0.6 0.4 0.3 0.9 0.93 
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A. Introduction 

Maize Improvement In Nepal 

(Country Report) 

A 1• Geographic localization 

Nepal is located in Southern Asia, between China and India. The geographic localization of Nepal 
is 28° 00' N latitude and 84° 001 E longitude. NMRP, Rampur is located at 27. 4 N latitude and 
80.19 E longitude. The elevation is 228 meter above sea level. Nepal is a landlocked country with 
total area of 14 7, 181 square kilometer and the total population of 22 million. The length of east to 
west is about 885 km and north to south is about 193 km. The elevation varies from 70 meter 
(Terai) to 8,848 m (Mount Everest). The land use type of Nepal is 17 % land is arable, 13 % 
meadow and pasture, 33 % forest and woodlands and 37 % is other. Of the total cultivated land, 
only about 14 % land is irrigated. Topographically, Nepal is divided into three regions i.e. High 
mountains of the Himalayas (27 % of total land area), Mid-hills (56 % of total land area) and 
Lowland Terai (17 % of total land area). 

A2. Acreage 

Maize is the second important staple food commodity in the Nepalese agriculture and economy. It 
is grown in 800,000 hectare with an average productivity of 1681 kg/ha. It occupies about 30 % of 
the total cultivated area and shares about 27 % of the cereal production. Nearly 80 % of the maize 
area is in the hill agro-ecozone where maize is the major staple food. The terai that has high 
potential for winter and spring maize production, occupies 20 % maize acerage and the trend is on 
the rise particularly in winter due to accessible input-output marketing options. But in the hills, 
maize is grown totally under rainfed conditions and mostly on marginal (bari) land with very little 
additional commercial fertilizer input under the maize-millet relay system. 
Maize is the staple food for hill people of Nepal. They use maize in their daily food in the form of 
porridge (maize flour is cooked in boiled water) which is eaten with some vegetables. The other 
forms of its use are bread, roasted maize (green cobs), use in the form of popping of grains etc. In 
Terai and Inner Terai parts of Nepal, the growth of poultry farming has increased the demand of 
yellow flint maize for poultry feed. Also the use of by the industries i.e. glucose, corn oil, corn 
flakes etc., has increased the demand for this cereal. 



Table-I. Maize Area, Production and Average Yield in Nepal, I99I-97 

Year Area Production Yield 
(000 ha) (000 mt) (ton/ha) 

I99I 754 I204 1.6 
I992 775 I290 1.6 
I993 754 I254 1.6 
I994 771 1302 1.6 
1995 791 1331 1.6 
I996 793 1317 1.6 
1997 800 1367 1.7 

Source: FAO 

Maize Production Agro-ecozone and Domains of Nepal 

The maize production agro-ecozone could broadly be classified into following based on climatic 
factors, land type, elevation and other geographical factors which have indicated a differential 
response in varietal and production package of practices requirements and adaptation. The key 
characteristics of agroecozone and domains are: 

1. Agro-ecozone: Mid and High Hills 

Climatic Characters: Altitude Range: I 000-2500 m 
Climate: Warm & Cool temperate, large variation on N-S & E-W 

Micro climates. 
1.1 Mid and Far Western Hill (West of Dhaulagiri Himal/Karnali River Systems 

Water Shed areas) 
Late, lower intensity and shorter duration monsoon rains: Dry Zone 

Main Production Domains 
I. I a. Summer Mono Maize on Bariland (Upland) 
- Rainfed 
- Inaccessible 
- FYM/Compost Based 

Major Cropping Pattern 
Maize-Wheat-Fallow 
Maize-Barley-Fallow 
Maize-Potato 
Maize-Fallow 

1.2 Western, Central & Eastern Hills(East of Dhaulagiri Himal/Gandaki and Koshi 
River System Water Shed Areas) 

-Early, higher intensity and amount, longer duration monsoon rains: Wet Zone 

Main Production Domains 
l .2b. Summer Relay System Maize on Bariland (Upland) 

-Rainfed, 
-Inaccessible 

-FYM/Compost Based 

Major Cropping Pattern 
Maize-Millet-Fallow 

Maize-Potato 
Maize/Millet-Mustard 

Maize/Mill et-Wheat 
Maize-Buckwheat 

Maize+ Soybean-Mustard 



l .2c. Spring Mono Maize on Khetland (Lowland) 
-Rainfed Maize-Rice-Fallow 

- Partially accessible 

2. Agro-ecozone: Terai, Inner Terai and Foot Hill Valleys 
Climatic Characters: 
- Altitude Range: I 00-900 m 

Subtropical 
Narrow variation on N-S & E-W microclimates 

Main Production Domains 
2a.Summer Mono Maize on Bariland (Upland) 

-Rainfed, 
-Highly accessible · 

2b. Spring Mono Maize on Khetland (Lowland) 
-Rainfed 

Major Cropping Pattern 
Maize-Mustard-Fallow 
Maize-Upland rice-Fallow 
Maize-Millet-Fallow 
Maize+Upland rice-Blackgram 
Maize-Rice-Fallow 
Maize-Rice-Winter legume 
Maize-Rice-Buckwheat -Drought stress 

2c. Winter Maize on Bari/Khet land 
-Fully irrigated 
-Highly accessible 

Maize-Rice-Fallow 
Maize-Maize 
Maize-Rice-Pea 

Table- 2. Agro-ecozones of Nepal 

Agro-ecozone Altitude (m) Climate 
1. High Hills >2000 Cool temperate, large variation on N-S 

& E-W micro-climates. 
2. Mid Hills 1000-2000 Sub-tropical, late, lower intensity and 
2.1 Mid & far western hill (west of shorter duration monsoon rains: dry 

Dhaulagiri Himal/Karnali River Systems zone. 
water shed areas) 

2.2 Western, Central & Eastern Hills 1000-2000 Sub-tropical, early, higher intensity and 
(East of Dhaulagiri Himal/Gandaki and amount, longer duration monsoon 
Koshi River System water shed areas) rains: wet zone. 

3. Terai, Inner Terai & Foot Hill Valleys 100-900 Sub-tropical, narrow variation on N-S 
& E-W micro-climate 
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Al. Climate 

The mean maximum temperature is 29.9 °c and mean minimum temperature is about 16 °c at 
Rampur. Generally the rainy season starts at the second week of June and ends the second week of 
September. The total annual rainfall of this region is 2000 mm. 

A 4• Types of Maize under cultivation 

Nepalese farmers prefer varieties with hard flint kernels. Kernel color preference varies from 
white flint in the west and east to yellow flints in the central regions. However, in the high hills 
farmers generally do not care for the mixture of white and yellow kernels. Farmer prefer early 
maturing varieties with tight husk cover and short plant type. The varieties grown by the farmers 
are all open pollinated with yellow and white color and hard flint types grain but some farmers of 
Terai region are growing Indian hybrids. Considering all of these factors, the NMRP is 
endeavoring to develop broadly adapted varieties with adequate genetic variability that can be 
grown under a reasonable range of agro-climatic environments. 

Table-3. Different maize varieties under cultivation 

Agro-ecozones Varieties cultivated 
1. High hills Ganesh-I, Makalu-2, Kakani yellow, Ganesh-2, 

Farmers local (white & yellow) 

2. Mid hills Khumal yellow, Manakamana-1, Makalu-2, Arun-2, 
Arun-1 & Farmers local (white & yellow) 

3. Terai & Foot hills Rampur yellow, Rampur coposite, Arun-2, Arun-1, 
Rampur-2 and Farmers local (mostly yellow) 

A 5• Actual Yield in each Ecological Zone 

The national average yield of maize is 1681 kg/ha. Whereas the yield of each ecological zones are 
· 1518, 1625 and 1919 kg/ha, in high hill, mid hill and terai respectively. Maize yield, therefore, is 
far below the expectations. The yield of each ecological zone is given in Table-4. 



Table 4. Regional Maize Production Statistics by Major Agro-ecozones 

Region/Ecozones Area ( 000 ha) Production (000 Mt) Yield 
ton/ha 

High Hills 
Eastern 24.3 38 1.5 
Central 24 36 1.4 
Western 0.7 0.7 1.0 
Mid Western 7 10 1.4 
Far western 8 14 1.7 
Total 65.0 98.9 1.4 

% 8 7 
Mid Hills 
Eastern 129 212 1.6 
Central 138 233 1.7 
Western 184 285 1.5 
Mid Western 93 144 1.5 
Far western 19 32 1.6 
Total 560 906 1.6 

% 70 68 
Terai/lnner Terai 
Eastern 42 73 1.7 
Central 58 118 2.0 
Western 12 21 1.8 
Mid Western 39 79 2.0 
Far western 24 44 1.8 
Total 175 335 1.9 

% 22 25 
Nepal 800 1339.7 1.6 

A6. Potential Yield of OPV 

There is a wide gap between potential yield of open-pollinated varieties having 5.0 to/ha (on 
station experimental yield), attainable yield of about 3.5 ton/ha (on-farm yield trial with improved 
practices). Hence there is large room to capitalize the proportion of these yield gaps. 



A1. Factors Responsible for Maize Reduction 

1. Biotic 
a. Improved Varieties 

Lack of improved early maturing open pollinated varieties suitable for cultivation at the 
hills and lack of hybrids for Terai. 

b. Insects 

More than 70 species, including two species of birds and four species of rats and mice are 
known to attack maize in Nepal. Of them, about 20 species are identified as the most 
destructive. These are; Phyllophaga rogosa, Reteronychus lioderous, Lacon sp., Chilo 
partellus, Sesamia inferens, Mythimna separata, Spodoptera sp., Heliothis armigera, 
Atherigona veria soecata, Gryllotalpa africana, Brachytrupes portentosus, Rhopalosiphum 
maidis, Aphaniticus aeneus, Stitphilus oryzae and Termites. It has reported that, when a 
maize plot of unprotected with any insecticide found 31 % higher loss of maize grain yield 
over the protected plot' with insecticide. Some improved maize genotypes; Rampur-1, 
Arun-1, Dholi 8644, TL 8645, Rampur Composite are found resistant reaction to maize 
borer whereas Doti local, Manakamana-1, Manakamana-2, Ganesh-2, Ganesh-I and 
Chitwan local are found susceptible reaction to maize borer. 

c. Diseases 

Seventy-five fungal and three bacterial species have been recorded pathogenic to maize 
crop in Nepal. Several of them are economically important. Besides, several nematode 
species were isolated that are known to be pathogenic in maize. No virus disease has been 
recorded yet. Important maize diseases and their status in different agro-ecological regions 
are given in Table-5. 



Table-5. Important maize diseases and their status in Nepal 

SN Disease Pathogen Status 
Terai & High hills 
Inner & Mid hills 
Terai 

Foliar 
I Common rust Puccinia sorghi Minor Major 
2 Northern leaf blight Helminthosporium turcicum Minor Major 
3 Southern leaf blight Helminthosporium maydis Major Minor 
4 L. leaf spot Leptosphaeria sp. Minor Major 
5 Brown spot Physoderma maydis Minor Major 
6 Head smut Sphacelotheca reiliana Minor Mai or 

Ear rots 
7 Fusarium kernel rot Fusarium moniliforme Major Major 
8 Fusarium ear rot Fusarium graminearum Minor Major 
9 Rhizoctonia ear rot Rhizoctonia zeae Major Minor 

Stalk rots 
IO Fusarium stalk rot Fusarium sp. Minor Minor 
11 Pythium stalk rot Pythium spp. Minor Minor 
12 Erwinia stalk rot Erwinia carotovora Mai or Minor 

Downy mildews 
13 Sorghum downy mildew Peronosclerospora sorghi Major -
14 Philippine downy mildew P. philippinensis Major -

2. Abiotic Factors: 

a. Drought: Nearly 90 % of maize area that are planted in spring season (mainly khet 
land) faces severe drought at flowering time. 

b. Adverse Landscapes and Soil conditions: A rapid decline in soil physical and 
chemical properties, low organic matter content, nutrient imbalance, micronutrient 
deficiencies, soil acidity are the major production constraints in general in Terai and 
Hills but particular in Hills is soil erosion and land slide which is common in every 
year. 

c. Hail: Hail is also common factor for reducing maize grain yield. 

d. Low use of chemical fertilizers: Maize is grown only on the based of FYMJ Compost 
by the hills farmers. In Terai also chemical fertilizers are used in very low amounts. 



B. Structure of the Maize Improvement Program 

The systematic effort in maize research in Nepal were made only after the inception of maize 
program at the Division of Agricultural Botany (DOAB), Khumaltar in 1965 as advised by E W 
Sprague, the then Co-ordinator of Rockfeller Foundation Maize Development Program for South 
East Asia (Rajbhandari, 1982). The main objective of the maize program was to identify and 
develop high yielding varieties adapted to different agro-climatic conditions of the country. The 
National Maize Development Program (NMDP) was established in 1972 at Rampur, Chitwan. 
National Maize Development Program (now it is renamed as National Maize Research Program) 
was created as a led institute to generate improved production technologies of maize and achieve 
food security through improving research systems and building research capability. Since then 
maize research gained momentum and started international collaboration with International Maize 
and Wheat Improvement Center (CIMMYT), Mexico and other institutions to broaden germplasm 
base through introduction and local collection. 

Materials 

National Maize Research Program has (NMRP) reassessed the maize production problems and 
potentiality and prioritized breeding research in addition to on-going program. Local landraces 
and exotic germplasm have been extensively used in development of maize varieties. 

a. Local germplasm collection: 

Systematic collection, evaluation and utilization of landraces are essential to run an effective 
breeding program. Importance of local landraces has been visualized during early 1970s before the 
advent of NMDP. In 1971 the Department of Agriculture (DOA), with the assistance from 
USAID, collected a total of302 maize landraces from 50 districts of Nepal. 

After this, second attempt was made in 1981/82 to collect a total of 50 landraces from different 
parts of Nepal. It appears that informal efforts were also made by maize program to collect 
landraces during various times which were tested under observation nurseries so as to evaluate the 
accessions and use the selected germplasm in the crossing block. Most of the local landraces 
collected during the past were earlier maturing type than the recommended improved varieties. 
They were reported to be of flint grain with white, yellow and some mixture of both color. About 
two dozens have been so far utilized in the development and improvement of various populations 
and varieties. 

In 1999 with the assistance of Hill Agriculture Research Program (HARP) some 200 local 
landraces has been collected from mid western and far western hills of Nepal. These materials will 
be evaluated at ARS, Dailekh in the summer and at Rampur in the winter season. 



b. Introduction of exotic materials: 

The available documents revealed that thousands of exotic germplasm have been introduced in 
Nepal since the advent of~P. The exotic materials were introduced through various sources in 
the form of varietal trials, observation nurseries, progeny testing trials and crossing materials most 
notably from CIMMYT (Mexico), India, Pakistan, Thailand, Philippines and USA. 

Systematic flow of elite materials from CIMMYT, Mexico started only after 1972 in the form of 
International Progeny Testing Trial (IPTT), Experimental Varietal Trial (EL VT). From these 
trials, NMDP has released three varieties namely, Janaki, Arun-2 and Makalu-2 (Sharma and Lal, 
1986). Janaki whose parental source is Rampur-7434 (Blanco subtropical) was released in 1979 
for mid to eastern parts ofTerai as a white winter maize variety. 

Similarly, Arun-2 introduced in 1976 was released in 1982 for low and mid hill region as an early 
maturing variety. The parental source of this variety was Uncac-242 x Philippine DMR=Amarillo-
59 (temperate x tropical) from CIMMYT. It was subsequently improved for earliness and uniform 
plant type through few cycles of mass and half-sib selection at Rampur. Arun-2 became very 
popular among farmers within a short span of time as it fits well into diverse type of cropping· 
systems. This variety still remains earliest and well adapted for low to mid altitude regions of 
Nepal. 

Makalu-2 was first introduced in Nepal during 1975 from CIMMYT by the name of Amarillo Del 
Bajio, which was a low land tropical x cornbelt dent. Initially it could not gain popularity in hills 
because of some undesirable characters like tall plant height, lodging and high ear position. 
However, later on Pakhribas Agricultural Center (PAC) carried out some improvement work 
through half-sib recurrent selection and finally it was released in 1985 for PAC and LAC 
command area of eastern and western hills. 

The latest released maize variety, Ganesh-I was first introduced from CIMMYT by the name of 
Pool-9A. At the beginning besides its positive aspects, open husk cover, long maturity duration 
and ununiform plant height were the negative traits in this genotype. A significant level of 
improvement was achieved in husk cover and maturity through half-sib recurrent selection. The 
plant height was similar to the mean height of local maize. Because of its more stout stalk than 
local variety, it was found to be tolerant for lodging. Finally, maize growers of the hills especially 
from eastern region liked this variety and was commercial released in 1997 for the mid to high 
hills of Nepal specially for the central and eastern region. 

Breeding Methodology 

The methodology used in maize breeding include; collection and improvement of germplasm, 
improvement of pools, populations, development of OPV from broad base populations through 
half-sib recurrent selection, lines from local and exotic germplasms to be used in the production of 
hybrids and in the development of synthetics. 

Development of population as major gene pools to extract varieties for different agro-ecological 
regions and farming situations was initiated during mid 70s. Both local and exotic elite germplasm 



available to maize program were classified into eight groups based on their maturity, grain color, 
adaptation and other desirable characteristics. The main purpose of this grouping was to constitute 
the populations (gene pools) from alike materials obtained through various national and 
international sources. Maize program finally became successful in the formation of eight broad 
based populations which have been continuously enriched through half-sib recurrent selection 
schemes. 

Table- 6. Maize Pools, Populations and Developed Varieties 

Production Pools Populations name based Varieties Developed & 
agroecozones/environments on grain color & type potential genotypes identified 
High Hills: Bari, Summer Hill Ganesh, Yell ow Flint Ganesh-2 

Ganesh, White Flint Ganesh-I 

Hill Manakamana, Yell ow Manakamana-2 * 
Mid Hills:Bari/khet, Flint 
summer & spring Manakamana, White Flint Manakamana-1 

Terai, Inner Terai, Foot Terai Rampur, Yellow Flint Rampur Composite 
Hill valleys (Benshi/tar): Rampur-2 
Bari/khet, Summer, Spring Rampur-4 
& winter. 

Rampur, White Flint Rampur-1 

Hybrids Inbred Lines/ Rampur hybrids* 
hybrids, Yellow/white, (250 inbred in C4 & CS) 
Flint/Dent 

Terai and Mid Hills of Early Arun, Yellow Flint Arun-2, Arun-4* & Arun-6* 
Western, Central, Eastern 
Nepal: Bari/khet, Spring & Arun, White Flint Arun-1 
Summer 
Terai and Hills of Mid & Extra Karnali, Yellow Flint Local & exotic genotypes 
Far West of Nepal: Bari, early (Pool 15E&Poo117E) 
Summer Karnali, White Flint identified to start from 1997. 
*Indicate Pipeline Variety 

Hybrid Maize Development Program 

Hybrid maize program of NMRP is specially focused on developing hybrid maize varieties for 
low hill and terai regions, where inherent soil fertility is higher, provision of irrigation and access 
to improved production inputs are available. The hybrid program aimed to fulfill the increasing 
demand of maize by feed industries through increasing production and productivity. Hybrid 



development program concentrated on development of heterotic pools /populations, extraction of 
numerous inbred lines, testing general combining ability of inbred to identify excellent ones, 
testing CMLs for best combinations and developing methods of making single-cross, three-way, 
and double-cross hybrids. 

A total of35 single crosses have been developed at NMRP, Rampur, which were tested against 
existing Indian hybrids and Rampur Composite (standard OPV) at RARS, Parwanipur (Table-7). 

Table-7. Performance of single-cross hybrids tested in RARS, Parwnipur (Winter season, 1997). 

SN Hybrid Yield ton/ha % of Check Days to 50 % Plant ht (cm) 
fRamComo) silking 

1 Proagro 3438 7.8 177 113 165 
2 Pioneer 3410 7.5 170 113 150 
3 Bioseed (SRIRAM) 7.1 161 112 151 
4 Deccan 103 6.6 150 112 146 
5 PG 2495 6.5 147 114 156 
6 KH517 6.4 145 113 149 
7 ST 115xRC110 6.0 136 109 134 
8 RC 109 x ST 106 5.9 134 112 132 
9 RC 28xST93 5.9 134 108 133 
10 RC 29xST20 5.8 131 111 135 
11 RC29xST78 5.7 129 104 126 
12 RC 119xST72 5.7 129 108 130 
13 T22xST44 5.4 127 106 142 
14 RC 111 x T25 5.3 120 111 149 
15 RC 106 x ST 93 5.3 120 103 137 
16 RC 105 x ST62 5.2 118 101 119 
17 ST 97xRC 109 5.2 118 101 126 
18 RC 93 xST93 5.2 118 108 130 
19 ST44xRC 100 5.1 115 109 123 
20 RC 142xST44 5.1 115 106 120 
21 ST 106 x RC 142 5.1 115 105 122 
22 ST 106 x RC 109 5.1 115 109 155 
23 RC 109 x ST 106 5.0 113 101 162 
24 RC 105xST44 5.0 113 103 129 
25 T 8xST72 5.0 113 101 128 
26 ST78 xRC 93 5.0 113 102 137 
27 ST62 xRC 8 4.7 106 103 137 
28 ST 81xRC113 4.6 104 108 129 
29 RC 100xST115 4.6 104 100 136 
30 ST 81xT8 4.5 102 100 111 
31 ST 93 xRC 100 4.5 102 105 142 
32 Rampur Composite 4.4 - 111 132 
33 Kanak 4.4 114 168 
34 RC l 10xT22 4.4 109 146 
35 ST62 xRC 93 4.4 106 154 
36 RC 135 xST78 4.2 112 135 
37 ST 75 xRC 29 4.2 98 131 
38 ST72 xRC 105 4.2 106 116 
39 RC 6xST 99 4.1 108 111 
40 ST 62 xRC 104 3.9 100 110 
41 ST 99xRC6 3.0 100 106 
42 T25 xRC 111 1.7 108 128 

Mean 5.1 106 135.5 
F-test (0.05) ** ** ** 
CV% 21.0 2.2 10.3 



Products 

National Maize Research program (NMRP) has recommended and released a total of fifteen open 
pollinated varieties for different agro-climatic zones of Nepal. The detail pedigree and other 
information about the varieties is presented in Table-8. 

Table- 8. Developed and Released Maize Varieties 

Varieties Parentage Exotic Av. Mat Grain Recom Recommended 
genotypes Yield urity type mended Area 
provided by t/ha Days Year 

Ganesh-I Pool- 9A CIMMYT 3.0-4.5 175 W/F 1997 High Hills 
Kakani yellow Antigue G2 x IACP 3.0-4.0 180 YIF 1966 High Hills 

Guatemala 
Ganesh-2 Local x Exotic CIMMYT 3.0-4.0 175 Y!F 1989 High Hills 

Makalu-2 Amarillo Del CIMMYT 3.0-4.5 170 Y!F 1989 Mid Hills 
Bajio 

Khumal yellow Antigue IACP 3.0-4.5 130 Y!F 1966 Mid Hills 
G2DxGuatemala 

Mnakamana-1 Local x Exotic CIMMYT 3.5-4.5 135 W/F 1986 Mid Hills 
Rampur Comp. Thai.comp. 1 x IACP 3.0-4.5 110 YIF 1975 Terai, foot hills 

Suwan-1 
Arun-2 Uncac 242 x Phil CIMMYT 2.5-3.5 90 Y!F 1982 Terai, foot hills 

DMR sub-trop. 
Rampur-2 Local x Exotic CIMMYT 3.4-4.5 110 Y!F 1989 Terai, foot hills 
Rampur-1 Local x Exotic CIMMYT 3.0-4.0 110 W/F 1995 Terai 
Rampur Comp. J-1 IACP 3.4-4.0 105 Y!F 1966 Terai 
Yellow 
Arun-1 Local x Exotic CIMMYT 2.5-3.5 90 W/F 1995 Terai 
Janaki Rampur 7434 x CIMMYT 4.0-5.0 150 W/F 1978 T erai winter 

Blanko 
Sarlahi seto Phill.DMR-2 IACP 3.0-4.0 120 W/F 1978 Terai, foot hills 
Hetauda Comp. Local laandraces - 3.0-4.0 120 Y!F 1972 T erai, foot hills 



Acreage planted with released materials 

In Nepal about 40 % of the total maize area is under local varieties. Most of the hill farmers grow 
their traditional old local varieties, which are very susceptible to important diseases, insect pests 
and problem for lodging and barrenness of the plant. So the acreage under released materials in 
High-hill region is about 24361 hectare (40.58 %), in Mid-hills 284755 hectare (52.48 %) and in 
Terai region the acreage planted with improved varieties is higher than the both regions i.e. 
144508 hectare (85.62 %). 

Table- 9. Agro-ecozone Distribution oflmproved and Local Maize Varieties: 
(Area in 000 hectare, production in 000 ton and yield in ton/ha) 

Agro- Local Improved Varieties Total 
ecozones Area Prod. Yield Area Prod. Yield Area Prod. Yield 

High Hills 40 56 1.4 25 43 1.7 65 99 1.5 
% Coverage 61 56 39 44 
Mid Hills 267 374 1.4 293 532 1.8 560 906 1.6 
% Coverage 48 41 52 59 
Terai 25 40 1.4 150 295 1.9 175 335 1.7 
% Coverage 14 12 86 88 
Nepal 332 470 1.4 468 870 1.8 800 1340 1.6 
% Coverage 41 34 59 66 

Maize Planting Times 

Planting time plays key role in growth and development of crops. It ensures adequate temperature 
for germination and growth, avoid extreme temperatures that could case stress or difficulty iri 
setting and developing seed, provide adequate moisture for growth and completing life cycle of 
maize crop and minimize other stresses during the growing period. Based on these planting dates 
of maize for different agro-ecological zone of Nepal has been recommended as follows. 

Table- 10. Maize Planting Times 

Agro-ecozones Month Season 
I. Mid & High hills March-April Summer 
2. T erai & Inner T erai April-May Summer 
3. Mid hills (river basins) February-March Spring 
4. Terai September-October Winter 
5. Inner Terai September Winter 
6. Inner Terai F ebruarv-March Spring 



C. Possible Utilization in Nepal maize program of the materials and breeding methodology 
generated by CIMMYT. 

Most of the improved maize varieties released in Nepal are CIMMYT germplasm and material 
from CIMJMYT is one of the most sources of germplasm. These materials may have valuable 
characteristics and can be either used as a variety as such or for different breeding purposes. The 
materials from CIMMYT is obtained through its International Testing Program as official or 
personnel request to the National Agriculture Research System. Evaluation of International 
Progeny Testing Trial (IPTT), Experimental Variety Trial (EVT) and CIMMYT Hybrid Trial 
(CHT) are useful for extracting good OPVs and hybrids or can be used as germplasms. 

Maize breeding methodology generated by CIMMYT are used extensively in screening and 
evaluation of germplasm, population improvement, maintenance of inbred lines, generation of new 
inbred lines, testing of inbred lines (test crossing and single crossing). The materials performed 
good in IPTT, EVT and CHT are extracted and reconfirm again to include in trials and tested in 
different locations. 



Table-11. National Maize Research Network 

SN Regional Agriculture Research Stations/ Agriculture Research Region 
Stations (RARS/ ARS). 

I Regional Agriculture Research Station, Tarahara Eastern Terai 
2 Agriculture Research Station, Pakhribas Eastern Hill 
3 Agriculture Research Station, Hardinath Central Terai 
4 National Tobacco Research Station Belachapi, Dhanusha Central Terai 
5 National Oil Seed Research Program, Nawalpur, Sarlahi Central Terai 
6 National Hill Crops Research Program, Kahre, Dolakha Central Hill 
7 Regional Agriculture Research Station, Parwanipur, Bara Central Terai 
8 Agriculture Research Station, Rampur, Chitwan Central Inner Terai 
9 Agricultural Botany Division, Khumaltar, Lalitpur Central Hill 
IO Regional Agricultural Training Center, Khairahani, Kaski Western Foot hill 
11 Agriculture Research Station, Pokhara Western Valley 
12 Agriculture Research Station, Lumle Western Hill 
13 Agriculture Research Station, Bhairahawa, Rupandehi Western T erai 
14 National Ginger Research Program, Kapurkot, Salyan Mid-western Hill 
15 Regional Agriculture Research Station, Nepalgunj, Banke Mid-western Terai 
16 Agriculture Research Station, Surkhet Mid-western Foot Hill 
17 Agriculture Research Station, Dailekh Mid-western Hill 
18 Agriculture Research Station, Jumla Mid-western High Hill 
19 Agriculture Research Station, Doti Far-western Foot Hill 

Fig. Maize Research Network at Different Parts of the Country 
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Introduction 

Background On Cooperation Between The Caribbean Islands 

The Caribbean region stretches from the Bahamas in the north to Guyana on the South 
America mainland (Fig. 1 ). This area is situated between 0° and 26° latitude north of the 
equator and therefore experiences tropical climatic conditions. Daily minimum 
temperatures range from 19 °C to 22 °C while daily maximum temperature range from 25 
°C to 34 °C. 

Agricultural practices in most of these Caribbean islands are similar. Agricultural 
research in these countries is linked by the Caribbean Research and Development 
Institute (CARDI). This Institute has currently set up the Network PROCICARIBE that is 
the region's Agricultural Science and Technology Networking System. All the countries 
in the Caribbean are members of PROCICARIBE (Table 1 ). The Network functions as an 
instrument that provides an institutional framework within which the Caribbean would 
design and implement strategies for the integration and coordination of agricultural 
research and development at the national and regional levels with linkages to 
international organizations. 

Maize In The Caribbean Region. 

In this report most of the information will pertain to the English speaking Caribbean 
islands, with emphasis on Barbados, Grenada, Jamaica, St. Lucia, St. Vincent, Dominica 
and Trinidad and Tobago. Since most of the islands have similar climate and follow a 
similar pattern of com importation and production, Trinidad and Tobago will be used as a 
reference for what occurs in the other Caribbean countries. 

Maize Consumption 

Maize is consumed in almost every island in the Caribbean. Many islands of the 
Caribbean produce some maize but the quantity produced by most islands is not 
sufficient to meet their local demands. The Caribbean region only produced an average of 
23% of the maize that it consumes annually. This is an indication that there is a demand 
for more maize production in the region. For the period 1994 to 1997 the total amount of 
maize consumed increased annually. (Table 2). The region consumed an average of 
1,554, 130 metric tons (Mt) annually for that same period. 

Maize Importation and Value of Imports 

Overall the Caribbean region imports an average of 73% of the maize that it consumes. 
Average annual importation of maize between 1994 and 1997 was 1,195,758 Mt (Table 
3). Figure from the Food and Agricultural Organization (FAQ) for the year 1994 showed 
a total of 970,300 Mt were imported at a value of $US 128, 396, 000 while for 1997 
importation increased to 1,266,740 Mt at a value of $US 174,277,000, (Table 4). About 
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90% of the maize imported into the region is used in the manufacture of livestock feed. 
This relative large and increasing annual importation of maize puts a drain on the region's 
foreign reserve as well as exposes the individual islands livestock industry to the vagaries 
of the international grain market. 

Land Area Under Maize Production 

Production of dry maize is insignificant and most of what is produced goes to satisfy the 
green com market. The islands vary in the amounts of land area under maize production 
(Table 5). Estimations from FAO 1994 to 1998 indicated that approximately 388437 ha of 
maize were grown annually in the region. The islands vary in the land area under 
production, and in most cases the amount of land under maize production is based on the 
countries size and its terrain. The area used for maize production annually appeared to be 
constant between 1994 to 1998. 

Maize Production 

Most of the com produ~ed in the English speaking Caribbean is used in the green state 
and dry com is a result of any residual crop after green ears have been harvested. For 
example in Trinidad for the period 1990 to 1996 average annual production of green and 
dry com were 4,457,500 ears and 604250 Kg respectively. A report conducted by 
TAHAL Consulting Engineers Limited (TAHAL, 1992) indicated that there was a profit 
of approximately $TT 0.11 I Kg ($US 0.03/ Kg) for dried corn compared to $TT 0.31/ ear 
($US 0.07/ ear). Therefore much more profit was available to the farmer producing and 
selling green corn compared to dry corn. 

The Caribbean produced an average total of 369176 Mt of maize annually for the period 
1994 to 1998. This figure accounts for 23% of what is consumed by the region. There 
have been fluctuations in the production over that period with the least production 
occurring in 1995 (326640 Mt) and the most in 1997 (420030 Mt) (Table 6). The level of 
production appeared to be low but constant for most of the islands (Table 6). The gap 
between imports and production is wide and this indicates there is revenue to be gained if 
the region becomes at least self-sufficient in maize production. 

Maize Exports 

Export of maize from the Caribbean is insignificant as only an average of 94 Mt was 
exported annually between the period 1994 to 1997. Barbados and Trinidad and Tobago 
are the only two countries in the region that exports maize. The quantities exported 
although it has been low, it has decreased from 1994 to 1997 (Table 7). The average value 
of the maize exported annual from the region was $US 4,5500 (Table 8). 
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Constraints to Production 

There are many constraints to maize production in the Caribbean. Some of these are as 
follows: 

1. Competition for Arable Land 

The various islands of the Caribbean all produce relatively small quantities of maize. 
Maize production is limited due to competition for arable land with other crops. In the 
case of Jamaica, and the Windward Island (Dominica, St. Lucia, St. Vincent and 
Grenada) there is a viable banana industry and the price for maize received on the 
International market is much less than that for bananas. Maize also competes with sugar 
cane in Barbados, Jamaica and Trinidad and Tobago, and with sugar and rice in Guyana. 

2. Land Structure and Production System 

In the various regions of the Caribbean because of the land terrain the availability of 
suitable flat land for com production is limited. There is little flat land in many of the 
volcanic island of the Caribbean. Most of the com is produced on small holdings. 
Farmers may produce the crop either in pure stand or in a mixed farming system. In this 
system com may be inter-planted with pigeon peas, root crops and other cash crops. The 
mixed farming system provides the farmer with some measure of protection in the event 
that any of the crops fail. Additionally, the farmer is able to spread his income over a 
longer period. Because of the small size of the holdings very little mechanical equipment 
is utilized in the cultivation of the crop. Harvesting and fertilizing are conducted 
manually, while pest, disease and weed control is done using chemicals. 

3. Availability of Water and Irrigation 

Many small holding have limited resources and so irrigation is seldom used on such 
holding. Com can be produced year round in the Caribbean region. However, farmers 
normally plant with the onset of the rainy season that is May/June. A second crop may be 
planted around September/October, which will be harvested by November/ December at 
the onset of the dry season. Very little irrigation is used in the com production in the 
region. The rainfall distribution pattern for Trinidad over a thirty-year period is presented 
in Figure 2. The general pattern is similar for all the countries in the region. Rainfall 
figures indicate that the total amount of annual rainfall is adequate, however the 
distribution is limited to May to December. If irrigation was available the production 
period in this region could extend to January to May, during this period there is the 
possibility that a third crop could be produced. 

4. Availability oflnputs 

(1) Planting Material: In the past farmers used seeds from one commercial crop to 
produce others and seed quality then was not important to them. Farmers now are more 
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interested in good quality planting material. The availability of good quality seed is 
limited in the region. In Trinidad and Tobago and the Windward Islands commercial com 
seed production is conducted by the Chaguaramas Agricultural Development Project 
(CADP), which is located in Trinidad. Over the last 20 years small quantities of com 
seeds were produced for sale to farmers. For the period 1988 to 1992 com seed 
production by CADP averaged 8000 Kg annually. There was no production in 1993 to 
1994. Production was 3320 Kg and 1540 Kg in 1995 and 1996 respectively (Table 9). 

There is no hybrid maize seed production in the English speaking Caribbean. The 
germplasm available to the farmers in the region are: (I) Pioneer hybrids X304 and x306 
and 3078. Farmers claim that it gives excellent seed germination and large uniform ears. 
Locally produced seeds compared to Pioneer hybrids were poorer in quality in terms of 
visible damage and reduced germination (Spanner Braithwaite and Mather, 1995). (2) 
CIMMYT Across 7728 (open pollinated variety) is also used. (3) Seed material from 
Brazil, BR473 and BR106 were more recently introduced into Trinidad. (4) The 
University of the West Indies has also been promoting the maize variety UW7 (open 
pollinated sweet com variety). (5) The Imperial College of Tropical Agriculture (ICTA) 
Farm Com, which is ~ Trinidad- Tuson landrace, late maturing, dent material is 
maintained by CARDI in Antigua. 

The Caribbean region generally cultivated both varieties and hybrids of yellow coloured 
maize with both flint and dent kernel types. However, dent may be preferred due to the 
preference and price obtained for green com and the fact that the crop is harvested earlier 
to ensure kernel tenderness. 

Type of Planting Material 

Imported Hybrids 
CIMMYT 
Others 
Spanner, et al. (l 995a) 

Percent Utilization by Farmers 

50 
25 
25 

Maize yield for the region differs among islands and farming practices. Yield is affected 
by a number of factors. Maize yield at farmer's fields is dependent on wither the crop is 
planted in pure stand or mixed cropping system. Yield for mixed cropping systems is 
much lower. Studies conducted in the region show that when maize was inter-cropped 
with pigeon peas maize yields were much lower than when planted in pure stand. 
Yield is also affected by the level of technology adopted by the farmers and the use of 
proper and appropriated agronomic practices (fertilizers, chemicals, types of seed 
material used). Framers utilizing fertilizer and good pest control obtain higher yields than 
in cases where the crop is left unattended until harvest time. In Trinidad under good crop 
management practices it is possible to achieve gain yields in excess of 4000 Kg using 
open pollinated varieties (lndalsingh, 1995: Spaner et al 1995a). Yields under poor 
farming practices in the region may be less than 1000 kg per ha. The estimated average 
yield for the region is about 2500 kg /ha. 

4 



5. Adoption and Availability of Technology 

Small farmers (1 - 2 ha) also face the problem of the lack of small sized machinery 
suitable for maize cultivation. It is not profitable to mechanize small farms using existing 
machinery. Suitable machinery should also be developed to suit the rugged terrain of 
most of these islands where agriculture is conducted. Farmers in some countries face the 
problem of the lack of availability of chemical inputs such as fertilizers, herbicides and 
insecticides when it is needed. Even when there is machinery available on large holding 
there is the problem of rainfall distribution in the rainy season. During that time of the 
year, rainfall hinders machinery work on the heavy clay soils of the Caribbean. There is 
also the problem of non-adoption of improved technologies, and the non-adoption of 
improved agronomic practices. 

6. Biotic Constraints to Maize Production 

There are also biotic constraints to maize production in the region. In certain countries 
rodents (rats) pose a serious problem. They attack and eat the maize kernels both at the 
crop establishment stage and at crop maturity when the ear is already formed. This has 
lead to reduce yields for the farmer and additional cost for replanting the field in the 
former case. 

There are two serious insects problems, they attacks the plants during the development 
of the crop and ear formation. These insects are the com army worm, (Spodoptera spp.) 
and the com ear worm, (Heliothis spp ). Damage from both of these pests could lead to 
severe reduction in maize yields. Cutworms are also a problem in the region. They affect 
maize seedlings after establishment. Other minor insect problems include thrips and the 
com leaf aphids. 

In Trinidad and Tobago there is a problem with com grass (Rottboellia cochinchinesis ). 
This weed is found in 45% to 60% of the com growing area in the country. 

Maize Program 

Currently, there is no maize breeding programme being conducted in the English 
speaking Caribbean. However, in Trinidad efforts are being made to increase maize 
production and the quality of seeds being produced. About 40,000 ha of land has been 
identified for cultivation in Trinidad and Tobago. The Ministry of Agriculture, Land and 
Marine Resources (MALMR) is providing farmers with seed, fertilizer (urea) and pre
emergent herbicide (Atrazine) as well as a guaranteed price of TT2.20 for dried grain at 
15% moisture content. 

MALMR through its maize programme hopes to bring into production some 200 ha 
annually over the next 5 years. This will give a total of 1000 ha within that period. 
Private framers are being targeted to effect the increase in the maize production. There is 
also the potential for bringing 2000 ha from the currently inactive State Lands Food Corp 
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Fann under maize production. A CFC report (CFC, 1978) also suggested that land under 
the control of Caroni (1975) Ltd. may need to be brought into maize production at the 
expense of sugarcane production. 

With the renewed efforts to increase maize production in some of the Caribbean region, 
there is the need for proper planting material. Suitable high yielding varieties have to be 
identified or developed. There is also the need for varieties that are resistant to drought or 
dried conditions that could be planted during the dry period from January to May. The 
region needs also to identify material that is resistant to pest and disease of that area. 

Additional work needs to be conducted on more improved and suitable field and baby 
com varieties for the Region, as these are the preferred maize varieties in the region. New 
nitrogen /drought tolerant and insect resistant germplasm need to be introduced into the 
germplasm available in the Caribbean. There is a need to separate the green com and dry 
com production, so that the Caribbean's livestock industry will not be held at the mercy 
of the green com (vegetable) industry. 

Some of the other small islands may increase their area under maize production if good 
planting material becomes available. Most of these islands depend on Trinidad for the 
commercial supply of maize seed. If the quality of seeds coming out of Trinidad 
improves this may motivate farmers from the other island to increase maize production. 

Possible Utilization in the Caribbean of Germplasm and Breeding Methodologies 
Generated by CIMMTY 

The Caribbean should stand to benefit from the utilization of not only the germplasm 
provided by CIMMYT, but also their breeding methodology. In Trinidad and the Less 
Antilles the only germplasm from CIMMYT that is used is a variety from Population 28 
identified in an Experimental Variety Trials (EVTJ in 1977. Since then CIMMYT has 
released new and improved germplasm that may be better suited to the region. 

The Caribbean, through it's common Agricultural link, CARDI (PROCICARIBE) could 
participate in two types of CIMMYT International Maize Trails for the period 1999 I 
2000. The selection trials will consist of yellow grained, early to late maturing 
germplasm from both the tropical and subtropical environments. The germplasm 
requested will be evaluated within the region, hopefully in several locations (islands). 
Results from these trials will be used to select the most suitable germplasm for the 
Region. 
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Type of Trials and Germplasm to be Evaluated: 

1. CJMMYT Hybrid Trials (CHT) 

Tropical Germplasm 

(i.) IL YHOO 18 (Tropical late yellow hybrid trial) 
(ii.) IEYH0020 (Tropical early yellow hybrid trial) 

Quality Protein Maize (QPM) 
(iii.) ILYQ0022 (Tropical late yellow QPM hybrid trial) 

Subtropical Germplasm 

(iv.) IIYH0042 (Subtropical intermediate yellow hybrid trial) 

Quality Protein Maize (QPM) 
(v.) IIYQ0045 (Subtropic'!-1 intermediate yellow QPM hybrid trial) 

2. Experimental Variety Trials (EVT) 

Tropical Germplasm 

(i.) IEYV0016 (Tropical early yellow varietal trial 
(ii.) IL YVOO 14 (Tropical late yellow varietal trial 

Subtropical Germplasm 

(iii.) IIYV0040 (Tropical intermediate yellow varietal trial) 

Breeding Methodology 

A. Hybrid Trials 

1. Grow CIMMYT's hybrid trials at 2 - 3 locations 
2. Select the best hybrids based on results (data) from the trials 
3. Request from CIMMYT seeds of the lines that constitutes the selected hybrids 
4. Multiplies the seeds from selected entries (selfing) (Isolation Plots) 
5. Grow seeds and make crosses to produce the selected hybrids (single crosses) 
6. Evaluate hybrids (Fl) (single crosses) in a trial, Randomized Complete Block Design 

(RCBD) in 5 to 10 locations 
7. Based on results use the best single cross hybrids and lines with good general 

combining ability (GCA) (CIMMYT and local lines) to form two to three good three 
way cross hybrids, and evaluate them for their eventual release 
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B. Experimental Variety Trials 

1. Conduct Experimental Variety Trials 
2. Select the best Open Pollinated Variety (OPV) for the Region based on results 

from the trials 
3. Request seeds from the selected varieties from CIMMYT and evaluate selected 

OPV's together with best local varieties in several (5 - I 0) locations 
4. Multiply these seeds (Isolation plot) 
5. Based on results select best OPV and release to farmers 

C. Evaluation of CIMMYT CML lines and population for futhure use 

Other Germplasm 

CIMMYT germplasm could be used to replace or improve local germplasm in the Region 
through Half Sid (HS) and later Full Sid (FS) Selection methods. 

Insect Resistance 
Tropical Single Crosses: 
(i.) CML 67 (Antigua) 
(ii.) CML 70 (Antigua) 

Subtropical Single Crosses: 
(i.) CML 121 
(ii.) CML 139 

Low Nitrogen I Drought Tolerance 
(i.) Across 8328 BN 
(ii.) Pool 18 Seguia 
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Table 1. The Countries in the Caribbean that are Members of PROCICARIBE 

Antigua and Barbuda 
Bahamas 
Barbados 
Belize 
British Virgin Islands 
Cuba 
Curacao 
Dominica 
Dominican Republic 
French Guiana 
Grenada 
Guadeloupe 

Member Countries of PROCICARIBE 

Guyana 
Haiti 
Jamaica 
Martinique 
Montserrat 
St. Kitts and Nevis 
St. Lucia 
St. Vincent and the Grenadines 
Suriname 
Trinidad and Tobago 



Table 2. 

Maize Consumption and Percent (%) Production by Caribbean Countries for the 
period 1994 to 1997 

Years Consumption (lOOMt) Production (0/o) 

1994 12957.2 25.l 
1995 16174.7 20.2 
1996 16165.8 22.4 
1997 16867.5 24.9 



Table 3. 

Maize Imports for the Caribbean, Barbados, Grenada, Jamaica, St. Lucia, St. 
Vincent Dominica and Trinidad and Tobago for the period 1994 -1997. 

(Imports 1000 Mt) 

Countries/ 1994 1995 '1996 

Region 

Jamaica 181.88 178.57 157.97 

Trinidad 41.88 86.01 88.90 

and Tobago 

Barbados 39.82 30.76 33.43 

St. Vincent 5.60 3.70 7.40 

Grenada 2.00' 1.33 4.12 

St. Lucia 0.13 0.07 0.14 

Dominica 0.02 0.01 0.01 

Caribbean* 970.30 1291.04 1554.95 

Source: Food and Agriculture Organisation (FAO); 
FAOSTAT Database 1990- 1998. 
Mt = Metric tons 

1997 

204.00 

71.19 

41.58 

4.30 

3.00 

0.14 

0.01 

1266.74 

*Includes the Greater Antilles (Cuba, Haiti, Dominican Republic, Puerto Rico, Suriname 
etc.) 



Table 4. 

Dollar Value of Maize Imported into the Caribbean, Barbados, Grenada, Jamaica, 
St. Lucia, St. Vincent Dominica and Trinidad and Tobago for the period 1994 - 1997. 

(US $1000) 

Country I 1994 1995 1996 

Region 

Jamaica 28,070 27,240 29,764 

Trinidad 9,879 13,967 17,845 

and Tobago 

Barbados 4,411 4,128 7,677 

St. Vincent 700 480 1,200 

Grenada 220 322 577 

St. Lucia 55 31 61 

Dominica 20 14 12 

Caribbean* 128,396 175,552 228,794 

Source: Food and Agriculture Organisation (FAO); 
FAOSTAT Database 1990 - 1998. 

1997 

30,000 

12,136 

5,800 

550 

410 

61 

12 

174,277 

* Includes the Greater Antilles (Cuba, Haiti, Dominican Republic, Puerto Rico, Suriname 
etc.) 



Table 5. 

Maize Acreage Under Production for the Caribbean, Barbados, Grenada, Jamaica, 
St. Lucia, St. Vincent Dominica and Trinidad and Tobago. 

(Acreage/ 1000 ha) 

Country I 1994 1995 1996 

Region 

Jamaica 2.81 2.79 2.94 

Trinidad 1.50 1.50 1.50 

and Tobago 

Barbados 0.80 0.80 0.80 

St. Vincent 0.60 0.60 0.30 

Grenada 0.28 0.29 0.30 

Dominica 0.13 0.13 0.13 

St. Lucia 0.07 0.07 0.07 

Caribbean* 372.04 353.75 385.73 

Source: Food and Agriculture Organisation (FAO); 
FAOSTAT Database 1990 - 1998. 

1997 1998 

2.70 2.80 

1.50 1.50 

0.80 0.80 

0.30 0.60 

0.30 0.30 

0.13 0.13 

0.07 0.07 

434.83 395.83 

*Includes the Greater Antilles (Cuba, Haiti, Dominican Republic, Puerto Rico, Suriname 
etc.) 



Table 6. 

Maize Production for the Caribbean, Barbados, Grenada, Jamaica, St. Lucia, St. 

Country I 

Region 

Trinidad 

and Tobago 

Jamaica 

Barbados 

St. Vincent 

Grenada 

Dominica 

St. Lucia 

Caribbean* 

Vincent Dominica and Trinidad and Tobago. 
(Production 1000 Mt) 

1994 1995 1996 1997 

5.00 5.00 5.00 5.00 

3.83 3.74 4.04 3.12 

2.00 2.00 2.00 2.00 

2.00 2.00 1.00 1.00 

0.28 0.29 0.30 0.30 

0.16 0.17 0.17 0.17 

0.05 0.05 0.05 0.05 

355.55 326.64 361.64 420.03 

Source: Food and Agriculture Organisation (FAO); 
FAOSTAT Database 1990 - 1998. 
Mt = Metric tons 

1998 

5.00 

3.20 

2.00 

2.00 

0.30 

0.17 

0.05 

382.02 

*Includes the Greater Antilles (Cuba, Haiti, Dominican Republic, Puerto Rico, Suriname 
etc.) 



Table 7. 

Maize Exports for the Caribbean, Barbados and Trinidad and Tobago for the 
period 1994 -1997 

(Mt) 

Country I 1994 1995 1996 1997 

Region 

Barbados 53 6 7 7 

Trinidad and 23 5 3 19 

Tobago 

Caribbean* 132 210 10 26 

Table 8. 

The Value of Maize Exports for the Caribbean, Barbados and Trinidad and Tobago 
for the period 1994 -1997 

(US $1000) 

Country I 1994 1995 

Region 

Barbados 66 4 

Trinidad and 5 1 

Tobago 

Caribbean* 88 71 

Source: Food and Agriculture Organisation (FAQ); 
FAOSTAT Database 1990 - 1998. 

1996 1997 

5 IO 

3 5 

8 15 

*Includes the Greater Antilles (Cuba, Haiti, Dominican Republic, Puerto Rico, Suriname 
etc.) 



Table 9. 

Annual Maize Seed Production at CADP 1988-1996 
(Kg) 

Year Yield 

1988 8,636 

1989 14,076 

1990 1,700 

1991 8,840 

1992 5,046 

19?3 -
1994 -

1995 3,320 

1996 1,540 

Source: CARD Annual Reports 
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Fig. 2 Rainfall Parttern Over a 30 Year Period for Trinidad and Tobago 

200 

e 
§. 

~ c: 150 ·n; 
0:: 
c: 
ca 
Cl> 
:E 

100 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Months of the Year 



Alicia Daniel-George 

Map of The Caribbean 

.v..,, .,, "" ""'•·••c 
.,.. ,. .. ... ,..L, 

Introduction 

t Location: 0 to 26 latitude North of the 

Regional Report On Maize Production In 
The Caibbean 



Alicia Daniel-George 

Table. 1 
Maize acreage (acreage/1000 ha) under productJOn for Jamaiea, Tnnidad and 

Tobago, Barbados, St. Vincent, Gnmada, Dommica, St. Luaa and tf1e 
Caribbean. 1994 lo 1998. 

Country/ 1994 1995 1996 1997 1998 
Region 

Jamaica 2.81 2.79 2.94 2.70 2.80 

Trinidad& 1.50 1.50 1.50 1.50 1.50 
Tobago 

Bal'Dados 0.80 0.80 0.80 0.80 0.80 

St. Vincent 0.60 0.60 0.30 0.30 0.60 

Grenada 0.28 0.29 0.30 0.30 0.30 

Dominica 0.13 0.13 0.13 0.13 0.13 

St. Lucia 0.07 0.07 0.07 0.07 0.07 

Caribbean 372.04 353.75 385.73 434.83 395.83 

Table. 2 
Maize Importation for Jamaica. Trinidad and Tobago. Barbados. St. Vincent. 

Grenada, Dominica. St. Lucia and the Canbbean. 1994 lo 1998. 

Country/ 1994 1995 1996 1997 
Region 

Jamaica ! 181.88 178.57 157.97 204.00 

Trinidad& 41.88 86.01 88.90 71.19 
Tobago 

Barbados 39.82 30.76 33.43 41.58 

St. Vincent 5.60 I 3.70 7.40 4.30 

Grenada 2.00 1.33 4.12 3.00 

St. Lucia 0.13 0.07 0.14 0.14 

Dominica 0.02 0.01 0.01 0.01 

Caribbean 970.30 1291.04 ; 1554.95 1266.74 

Table. 3 
Dollar Value of Maize Importation into Jamaica. Trinidad and Tobago. 

Barbados, St. Vincent. Grenada. Dominica, St. Lucia and the Caribbean. 
1994 lo 1998. 

Country/ 1994 1995 1996 
Region 

Jamaica 28,070 ' 27,240 29,764 

Trinidad& 9,879 13,967 17,845 
Tobago 

Barbados 4,411 4, 128 7,677 

St. Vincent 700 I 480 1,200 

Grenada 220 322 577 

St. Luaa 55 i 31 I 61 

Domtnica 20 I 14 12 

Caribbean 128,396 \ 175,552 228,794 

Regional Report On Maize Production In 
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30,000 

12, 136 

5,800 
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410 

61 

12 
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Alicia Daniel-George 

Maize Production In The Region 

Characteristics of Maize Production 

t Many small holdings 

t Mixed farming systems 

t Little to no irrigation used on small 
holdings 

t Two crop season 

t Demand for green com compared to dried 
com 

Maize Yield In The Region 
Yield depends on a number of factors: 

t Type of farming system (pure/ mixed) 

t Adoption of technology (chemicals, 
spacing) 

t Quality of seeds used 

Constraints To Maize Production 

t Competition for arable land 

t Land structure and production system 

t Availability of water and irrigation 

t Availability oflnputs for production 

t Adoption and availability of new 
technology 

t Biotic constraints 

Regional Report On Maize Production In 
The Caibbean 3 
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I 
ii 

Competition for Arable Land 

t Bananas: Jamaica and the Windward 
Islands 

t Sugar cane: Jamaica, Trinidad, Barbados 
and Guyana 

t Rice: Guyana 

Coupled with this there are; steep hillsides, 
with lack of machinery to suit small holding 
and rugged terrain. 

Availability of Water 
There are two distinct seasons: 

t Rainy Season 

Two (2) crops grown 

t Dry Season 

May to Dec. 

(I) May to Sep. 

(2) Sep. to Dec. 

Jan. to Apr. 

The dry season prevents the cultivation of 
another crop. 

Farmers lack irrigating equipment and 
facilities 

Rainfall Pattern Over a 30 Year Period 
for Trinidad and Tobago 

Regional Report On Maize Production In 
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Availability of Inputs 
Planting Material 

t Little seed material available to fanners 

t CADP provides seeds for Trinidad and the 
Islands 

Type of germplasm 

Imported hybrids 

CIMMYT 

Others 

% Utilization 

50 

25 
25 

Types of Seed Available 

t Pioneer hybrids: X304, X306 and 3078 

t CIMMYT: Across 7728 (open pollinated) 

t Brazil material: BR473 and BR106 

II UWI: (University of the West Indies sweet 
corn type) 

t ICTA: Farm Corn 

t Trinidad: Tuson Landrace 

Biotic Constraints 

t Rodents 

t Insects Corn army worm (Spodotera spp.) 

Corn ear worm (Heliothis spp.) 

Cut worms 

Thrips 

Corn aphids 

t Weeds Corn grass (Rottbolellia 
cochinchinesis 

Regional Report On Maize Production In 
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Maize Programme 

t MALMR plans to increase com production in 
Trinidad 

t Increase acreage by 200 ha over 5 years, (1000 ha) 

t Use 2000 ha of State Lands Food Corp Fann 

t Convert some ofCaroni (1975) Ltd lands 

t Farmers will be provided with, seeds, fertilizers, 
pre-emergent herbicides and a guaranteed price of 
$TT2.20 

t CADP is increasing seed production 

t Islands benefit from seed quality and market 

Area For Research In Maize 
t Good quality seed (Development of maize 

germplasm suitable to conditions in the 
Caribbean 

t Separation of green and dry corn production 

t Need to have the following germplasm: 

Disease and pest resistant 

Dry season or drought tolerant 

Possible Utilization of CIMMYT's Germplasm 
in the Caribbean 

The Region can participate in two types of trials. 

Trials and Germplasm that should be evaluated: 

I. CIMMYT Hybrid Trials (CHT) 

2. Experimental Variety Trials (EVT) 

Regional Report On Maize Production In 
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Possible Utilization o/CIMMIT's Germplasm 
in the Caribbean 

Selected trials will consist of yellow, early and late 
hybrids and varieties 

These trials will consist of both Tropical and Sub
tropical gennplasm 

The best suited gennplasm will be selected and 
evaluated along with local gennplasm for hybrid 
and OPV development for the region. 

" ~Maize In The Caribbean 

• The Caribbean stands to benefit not only from 
the utilization ofCIMMlY's gennplasm but 
also from the training provided 

• Through the region's common Agricultural 
link (CARDI) many islands could participate 
in these CIMMYT maize trials. 

Thanks to CIMMYT for allowing 
the Caribbean Region the 
chance to participate in the 1999 
Maize Training Programme 
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INTRODUCTION 

Maize has been the most important crop in the Republic of South Africa (RSA) for the 
past 30 years. It accounts for more than 15 percent of the gross value of all agricultural 
products and of the cultivated crop land, in the region of 40% is devoted to maize. 
Despite being one of the most significant feed grains in the country, it is a staple food for 
the majority of the South African population. The industry also provides the country with 
valuable foreign exchange earnings and creates numerous employment opportunities. 

The population is estimated at 42.4 million (1996), of which 49% is urban. The average 
density is about 33/km2

, but ranges from more than 100/km2 in the rural areas of the 
former homelands to only 21/km2 in other parts of the country. The annual demographic 
growth rate is estimated at 1.4% (1996-2010). The agricultural sector contributes 3.9% to 
GDP and employs 9.8% of the economic active population. 

South Africa is the largest producer of maize in Africa and is normally a major exporter, 
particularly to other African countries. Of the total production of Africa the RSA 
produces 25% of all maize, 13% of all wheat, 3% of all sorghum and 5% of all barley. 

GEOGRAPHIC LOCALIZATION AND ACREAGE 

The RSA is located at the southern most part of Africa, between latitude 22°10'S and 
34°50'S but includes the independent territories of Lesotho and Swaziland. It covers an 
area of almost 122.1 million hectares. Of this an estimated 84.6 million ha is utilized for 
agriculture and forestry. About 68.5 million ha is used as natural grazing, 10.6 million ha 
are cultivated, 1. 7 million ha are under forests and 2.3 million ha under established 
pasture (Fig. I). 

Highly productive soils with optimum physical and chemical characteristics are relatively 
rare. Areas where these soils are found, are the Highveld, the northern and eastern parts 
of the Free State and the highlands, the interior basins of the Eastern Cape, the former 
Transkei, Kwazulu-Natal, the western parts of the Northern and North West Provinces as 
well as parts of the Northern Cape. Due to low rainfall in the Northern, North West and 
the Northern Cape provinces, the soils do not have high agronomic potential. 

CLIMATE 

The South African Weather Bureau divides the country into 12 climatic zones (Fig. 2). 
Table 1 presents data on rainfall, temperature, incidence of frost and agricultural practices 
with regard to the different zones. Zones Sn (North West), Ss (Free State), D (Kwazulu
Natal interior) and H (Highveld) are the major summer rainfall areas for crop cultivation. 



The average annual rainfall is 451 mm, ranging from less than I 0 mm in the western 
deserts to 1200 mm per year in the eastern part of the country. Thus a decrease in rainfall 
over the interior from the eastern parts for example, Mpumalanga and Kwazulu-Natal to 
the western parts. A vast expanse of the country is considered arid (21% ofthe area has 
less than 200 mm rain per year) or semi-arid (44% of the area receives between 200 and 
500 mm per year). Therefore 65% of the country does not receive enough rainfall for 
successful dryland farming. The major part of the country has summer rainfall from 
November to February, while the southwestern comer has hot dry summers and rainy 
winters. The interior receives rain mainly in the form of showers and thunderstorms, 
whereas coastal areas usually experience drizzles or downpours. 

In the summer rainfall area, a mid-summer drought occurs almost every year. This is a 
period of about two to four weeks at the middle of December and the beginning of 
January, during which period no rain falls. A further characteristic of the rainfall in the 
summer rainfall area, is that it is erratic. This means that the yearly rainfall is not spread 
out evenly through the growing season. 

Climatically speaking, South Africa is generally speaking an agricultural unfriendly 
country due to the relative low rainfall over the largest part of the country. This condition 
is worsened by the frequent occurrence of severe droughts. 

PLANTING TIMES 

Crops should be planted in such a way that, for instance the flowering stage of the plant 
does not coincide with the mid-summer drought period. Planting time for the cooler 
eastern production areas, is the beginning of October to the first week in November, the 
last week of October to the middle of November for the central production areas. The 
drier western parts, planting time is the second week in November to middle December. 

IRRIGATION PRACTICES 

The annual surface runoff is estimated at 45.2 km3
, or about 10% of the annual rainfall. 

Of. this amount, 40 km3 are generated within the country, while 5 .2 km3 comes from 
Lesotho. However, much of this volume is lost through flood spillage and evaporation, so 
that only 33km3/year are economically usable. The main irrigated crops are pasture, 
wheat (with a yield of up to 6 t/ha), lucerne (llt/ha), maize (up to 9 t/ha) and irrigated 
sugar cane. Subsidized drainage covers 54 000 ha. About 110 000 ha of irrigated land in 
South Africa is affected by waterlogging or salinization. 

The potential for full or partial control irrigation development, based on soil and water 
availability and suitability, is estimated at 1.5 million ha. The total water managed area is 
estimated at 1.27 million ha, consisting only of full or partial control irrigation. Three 
irrigation techniques are used (Table 2). 



• Surface irrigation, consisting of furrow, border and basin irrigation, is applied on 
396000 ha (1991). 

• Sprinkler irrigation is applied on 660 000 ha, including movable lateral pipes and 
central pivot systems, used to irrigate 160 000 ha. 

• Micro-irrigation is applied to 144 000 ha, including drip and micro-jet irrigation. 

Irrigation development in the former homelands is constrained by communal land 
ownership, which results in the lack of tenure security and limited access to land for 
farmers. Water demand projections indicated an annual growth of 1.5% between 1990 
and 2010, ranging from 3.5% for urban and industrial use to 1% for irrigation. An 
increase in irrigation efficiency is necessary to overcome the reduction in water 
availability. The reduction in water availability will probably result in an increase in 
conflicts over water allocation. For instance afforestation vs sugar cane in Natal; power 
generation vs irrigation in Eastern Transvaal; or conflicts between farmers in the 
developing sector and farmers in the commercial sector about the quantity to be allocated. 

TYPES OF MAIZE UNDER CULTIVATION 

Our commercial maize is all dent, early maturing hybrids. The small farmers plant a 
limited number of open pollinated varieties and top crosses, which is supplied by smaller 
compames. 
The proportion of the total land area planted to: 
Hybrids are 94.5% 
Improved OPVs 3.1% 
Local varieties 2.4% 

ACTUAL YIELD IN EACH ECOLOGICAL ZONE 

On average 8 million tons of maize are annually produced on 3. 5 million ha. for the last 
decade. The long term average yield is about 2.1 tons per hectare. Figure 3, gives an 
indication of the variation in total yield from season to season. The highest recorded yield 
was 14 million tons in 1981, with the lowest recorded yield of 2.3 million tons for the 
year 1992. The annual domestic consumption of maize is about 7 million tons and a 
surplus of about 1 million tons have to be exported. 

According to figure 4, the largest area planted to maize is in the Free State, North West 
and Mpumalanga Provinces. The total production follows the same pattern as the area 
planted with maize. The Free State produces 30.4 percent of the total maize while the 
province of the North, produces only about one percent. The area planted to maize from 
1992/93 to 1999/00, is given in Table 3. 



CROP PRODUCTION AND MARKET POTENTIAL 

The total maize crop consist of about 53% white maize and 47% yellow maize. White 
maize is for human consumption, and the yellow maize is mainly used as animal feed. In 
South Africa and other regional countries such as Botswana, Zambia, Angola and 
Zimbabwe, white maize is the staple food. In other parts of the world mainly yellow 
maize is produced as animal feed and virtually no white maize is produced or consumed. 
This is of great significance to the South African maize industry in the sense that it 
curtails the possibilities of white maize exports in years of white maize surplus. 

The recent deregulation of maize marketing in the RSA places the South African maize 
industry squarely in the world arena of maize marketing. The net result is that domestic 
prices for maize are closely linked to international maize prices. At present the domestic 
market still offers a better price to the producer than the international market, on 
condition that no surplus of maize is produced locally. The market space for maize, 
wheat, sunflower, groundnuts, dried beans and soybeans is given in table 4. The table 
gives the current production and the market potential. 

Since the long term average yield is about 2.1 tons per hectare, it means that no more 
than 2.9 million hectare of maize should be planted annually. This is much less than the 
long-term average of 3 .5 million hectares. Maize production will have to be further 
decreased to about 2.9 million hectares to balance the domestic production and 
consumption of maize. 

Table 5 gives an indication of the monthly supply and demand table for May 1998 to 
April 1999. A total of 98 000 tons of yellow maize has to be imported and I. I million 
tons of white maize was exported for the 1998-99 marketing year. The yellow maize 
production is deficit in 108 000 tons. 

PRINCIPAL STRESS FACTORS RESPONSIBLE FOR YIELD 

Abiotic factors 

1. Rainfall 
-In the dry western areas of the summer rainfall regions, rainfall account 
for 75% of the variability in grain yield, while the comparative figure for 
the higher rainfall eastern regions is 50%. 
-The mid-summer drought causes problems in most years. 



2. Soil acidity 

Biotic factors 

-Soil acidity is currently one of the largest yield depressing factors in dry
land crop production in South Africa. 
-The tendency in soil analysis values over the past few years indicates that 
the problem is increasing and the situation even worsened by the fact that 
an estimated 2 million hectares in the summer rainfall area have subsoil 
acidity problems also. 

-In the eastern production area soil is the most important limiting factor, 
because of its low agronomic potential. 

1. Stem borers (mainly the African borer), that reaches epidemic numbers in some years, 
especially years when planting is late, causing major losses. 

2. Maize Streak Virus 
3. Grey Leaf Spot 
4. Northern leaf blight 
5. Ear rot 

Each has serious effects in specific areas. 

In South Africa, host plant resistance is only applied on a limited scale. Stalk borer 
resistant maize and sorghum varieties are still in the developmental stage and only two 
maize varieties with resistance to MSV are commercially available. 

STRUCTURE OF THE MAIZE IMPROVEMENT PROGRAM 

The National Program used to be the backbone of hybrid maize breeding for many years. 
The role of departmental maize breeders was changed after private companies started to 
undertake hybrid maize breeding in 1959. The production of seed maize by the 
Department was terminated in favour of the development of inbred lines with particular 
characteristics e.g. resistance to diseases such as leaf blight, rust, ect. The inbred lines 
that were freely provided over the years to private companies, are still a very important 
component in the private program. The current National Program concentrates on 
developing inbred lines with resistance to pests, diseases and drought. It has only been in 
existence for 8 years in the current form, thus being the reason for so few released 
materials. 

Breeding methodology 

• The methodology used in improvement of the inbred lines is mainly back-crossing. 
• Some resistant sources used for the improvement of locally adapted germplasm were 

locally developed, others were derived from foreign countries. 
• For example stem borer resistance comes from the United States of America and from 

the CIMMYT (Mexico) program. 



Released materials 

Only 15 MSV resistant lines have been released up to now. 
The released lines come from MOI 7 and B73 with the Vaalhart-composit as the donor 
parent. 
The land areas planted to the released lines are unknown. 

Currently, no maize hybrids are available with resistance to insects. The development of 
stemborer resistance is in an advanced stage. 

UTILIZATION OF CIMMYT GERMPLASM 

The materials selected are mainly from CIMMYT's Sub-tropical subprogram. Maize is 
mainly grown under temperate climatic conditions, and this limits the direct use of 
gerrnplasm from the Tropical and Highland subprograms. The materials selected are 
white maize, preferably dept and some QPM material. The trials selected are from the 
CIMMYT (Zimbabwe) program. Some of the lines, depending on their adaptation will be 
used in the development of inbred with resistance to diseases, pests, drought, etc. 

SELECTED MATERIAL 

};.> QPM Hybrids 

1. CML 176 X CML 175 (WHITE) 
2. CML 186 X CML 146 (WHITE) 
3. CML 186 X CML CLQ63-6701 (WHITE) 
4. (CML 186 X CML 142) X CML 176 (WHITE) 
5. CML 176 X CML 142 
6. CML 186 X CML 149 
7. CML 164 X CML 161 

).- Line Evaluation Trials 

FIWL0086 I EAILOO - Elite and advanced inbred trials. 

).- Hybrid Trials 

FEWH0083 I EIHYBOO-Early to intermediate hybrid trial 



~ Hybrids 

1. CML 78 X CML 373 
2. (CML 78 X CML 373) X CML 311 
3. CML78XCML321 
4. CML 373 X CML 321 
5. CML 264 X CML 384 
6. CML 254 X CML 384 
7. [CML 264 X CML 311] X CML 331 
8. (P501 Cl#-303-1-1-1-2-1-3-B X P501 Cl#-303-1-1-1-2-1-1-B)X P502 C1#771-2-2-1-3-1-6-B

B (ENTRY NO. 23 SSCW9921) 
9. P501Cl#-284-1-1-3-B-B-B X P502 Cl#-771-1-1-1-B-B-B (ENTRY NO. 48 SSCW 9921) 
10. (P502 Cl#-771-1-1-1-3-B X P502Cl#-771-1-1-1-B-1-1-B) X P501 Cl#-284-1-1-3-B-1-2-B-B 

(ENTRY NO. 49 SSCW 9921) 
11. CML 78 X CML 311 
12. CML 216 X CML 311 
13. CML 311XCML216 
14. CML 348 X CML 281 
15. CML 247 X CML 254 
16. CML 159 X CML 144 
17. [CML 320 X CML 321] X CML 311 
18. CML 373 X CML 78 
19. CML 321 X CML 78 
20. CML 311XCML175 
21. CML 264 X CML 321 
22. CML 312 X CML 314 
23. CML 373 X CML 311 
24. CML 78 X CML 264 
25. (CN-4-3-B X B32)X CML 311 
26. CML 216 X CML 321 
27. CML 176 X CML 78 
28. CML 334 X CML 78 
29. CML 311 X CML 78 
30. CML 321 X CML 216 

METHODOLOGY 

1. Evaluate the material in different locations. 
2.Introgress the material to the best locally adapted germplasm using the half-sib method. 
3. Select the best lines. 
4. Test the lines in several locations. 
5. Select the best lines based on their yield performance across locations. 
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Figure 2. Map of South Africa 



TABLE 1: Climatic Zones of South Africa 

Zone Rainfall Av. Max. Av. Min Frost Period Agricultural 
(mm) Temp. (°C) Temp. {°C) Branch 

w 50 - 250 Jan 35 Jan 17 · Interior 120 Small stock; 
Winter and July 18 July 03 days Grapes in 
Summer May to Au~ river valleys 

M 450 -2500 Jan 28 Jan 15 No frost Deciduous 
Winter July 17 July 06 except in Fruit; 

mountains Fynbos; 
Winter grain 

A 400 - 2500 Jan 26 Jan 15 No frost Winter 
Throughout July 19 July 07 grain; Dairy, 
the year vegetables 

K 259 - 500 Jan 32 Jan 15 90 days Ostriches; 
Throughout July 18 July 02 June to Aug Small stock 
the year 

Sn and Ss 500 - 1250. Jan 33 Jan 15 100-150 days Livestock; 
Summer July 17 July 0 May to Sept Maize; Oil 

· seeds 
Se 500 -1250 Jan 28 Jan 17 30 - 40 days Pineapples; 

Summer July 21 July 08 Jul to Aug Angora 
goats 

E 760 - 1250 Jan 28 Jan 19 Frost Tropical 
Summer July 22 July 09 practically fruit; 

unknown Sugarcane 
D 680 - 1900 Jan 27 Jan 15 90-150 days Maize 

Summer July 19 July 03 Apr to Sept 
H 650 - 900 Jan27 Jan 13 120 days Maize; Oil 

Summer July 17 July 0 May to Aug seeds; 
Mixed 

Nt 380 - 700 Jan 32 Jan 18 No frost Tobacco; 
Summer July 22 July 04 Cattle; 

Subtropical 
fruit 

L 500 - 700 Jan 30 Jan 18 Frost rarely Tropical and 
Summer July 23 July 08 occurs Subtropical 

fruit 



Fig. 1: Area used for agriculture and forestry. 
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1. Natural grazing 
2. Cultivated 
3. Forests 
4. Established pastures 

TABLE 2: Irrigation Practices 

lrrieation 
Potential irrigation 
Actual irrigation 
Full or partial control irrigation: 
-surface 
-sprinkler 
-movable lateral pipes and central pivot 
systems 
-micro 

Year Area (ha) 
1992 1500000 
1994 1270000 
1991 

396 000 
660 000 
144 000 

160 000 



TABLE 3: The growth rate of maize area planted, area harvested and actual yield. 

Years Planted Area Harvested Area Actual Yield 
(mill. ha) (mill. Ha) (mill. T) 

1992-93 3.21 2.92 8.24 
1993-94 2.96 2.54 6.32 
1994-95 3.20 2.95 8.70 
1995-96 2.88 2.63 7.12 
1996-97 3.22 2.95 7.98 
1997-98 3.25 2.98 8.00 

TABLE 4: The market space for various crops. 

Crop Current production Market potential 
Maize 3 500 000 ha 3 000 000 ha 

8 000 000 tons 7 000 000 tons 
Wheat 1300000 ha 1300000 ha 

2 000 000 tons 2 400 000 tons 
Sunflower 540 000 ha 600 000 ha 

450 000 tons 500 000 tons 
Soybeans 65 000 ha 325 027 ha 

60 000 tons 300 000 tons 
Groundnuts 107 000 ha 125 000 ha 

72 000 tons 100 000 tons 
Dry beans 54 500 ha 120 000 ha 

44 000 tons 110 000 tons 
Sorghum 186 000 ha 300 000 ha 

372 000 tons 600 000 tons 



TABLE 5: Monthly supply and demand table (May 1998-April 1999) 

'000 ton White Yellow Total 
Opening stock 1 Mav '98 947 1002 1949 
Local acquisition 4382 2442 6824 
Imports 0 98 98 
Total supply 5329 3542 8871 
Local consumption 3586 2736 6324 
Human market 3255 125 3380 
Animal market 331 2613 2944 
Exports 1108 280 1388 
Surplus(-) I Deficit(+) -17 108 91 
Closing stock 30 April '99 652 416 1068 
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A. INTRODUCTION 

1. General Information about the maize growing regions in KOREA 

Republic of Korea, situated on the far east Asia, covers an area of 99,313km' 

and lies between 124° and 132° east longitude and between 33° and 39° North 

latitude. Republic of Korea is located between China and Japan. The population 

of our country is approximately 47 million. Table 1 shows the climate of Seoul, 

the capital of the country. 

Table 1. Climate of Seoul 

Temperature( ·c) Precipitation Sunshine 
Month 

(mm) Maximum Minimum Average duration (hr) 

1 0.8 -7.1 -3.4 23 5.3 

2 3.3 -4.8 -1.3 24 5.9 

3 9.5 1.5 4.3 47 6.7 

4 17.3 7.0 11.8 94 6.9 

5 22.9 12.5 17.3 92 7.3 

6 26.5 17.3 21.4 134 6.3 

7 28.5 21.6 23.8 369 4.0 

8 29.5 22.2 25.4 294 4.9 

9 25.5 16.5 19.2 169 6.0 

10 19.7 9.5 14.3 50 6.6 

11 11.2 3.1 6.6 53 5.1 

12 3.7 ~4.0 -0.4 21 4.8 

11.6 1,370 5.8 

In Korea, maize is planted once a year, that is, it is sowed in April and May 

and harvested in September and October. Main climatic constraints are low 

temperature and drought . at early growth stage, and sometimes low radiation 

during rainy season and extremely high temperature at pollination time. 
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In most of maize area, silage com is grown(Table 2). We have no data for 

the area of silage com last year. It is estimated that the acreage planted similar 

to that of 1990' s. The area of the green vegetable com( waxy com, sweet com 

and supersweet com) is increasing gradually. 

Table 2. Acreage(ha) of maize in our country 

.~ Purpose 1980 1985 1990 1995 1998 

Silage(Forage) 54,071 78,600 98,000 93,600 -

Grain production 35,322 26,136 17,548 4,500 2,038 
Food( unripe state) 1,155 2,025 8,439 13,041 18,102 

Silage corns are cultivated chiefly at Kyoungkee province(westem side of our 

country), while field com for the purpose of kernel production at Kangwon 

province(eastem side). 

The domestic production is very low. Therefore, to meet domestic 

consumption of maize it is necessary to import(Table 3). Table 4 shows the 

principal agricultural items that were imported in 1998. The amount of imported 

maize occupies the first place. 

Table 3. Arrnunt of com production, import and constnnption((XX) ton) from l!:m to l~ 

Year 1980 1985 1990 1995 1998 

Production 154 132 120 74 80(1.1%) 

Import 2,234 3,035 6,198 8,879 7,119(98.9%) 

Consumption 2,610 3,220 6,315 9,146 7,200(100%) 

Table 4. The principal agricultural items imported by Korea in 1998 

Ranking Item Amount( ton) 
1 Com 7,119,187 
2 Wheat 4,696,157 
3 Soybean 1,413,420 
4 Sugar cane 1,377,945 
5 Seedcake of soy 929,653 
6 Coffee 63,648 
7 Whisky 10,671 
8 Palm oil 153,215 
9 Leaf tobacco 11,859 
10 Orange 68,362 



2. Types of maize and potential yield in each ecological zone 
Many types of maize are cultivated(Table 5). The typical dent com is Suwon 

No.19. Waxy corn such as Chal-ok No.2 and sweet com such as Dan-ok No.2 

are also grown. Some farmers plant popcorn, but the area is very small. 

The potential yield of maize in the mountainous area is higher than that in 

plain zone(Table 6). 

Table 5. Maturity, Kernel Type, Genetic make up 

Cul ti var Days to Plant hight Yield Kernel Type Pedigree silking (cm) (ton/ha) 

Suwon No.19 88 266 7.5(grain) Dent Single cross 

Kwangan-ok 94 247 7.4(grain) Dent Single cross 

Chal-ok No.I 68 168 6.6 (ear) Waxy Single cross 

Chal-ok No.2 72 154 7.8 (ear) Waxy Single cross 

Dan-ok No.2 61 I 132 5.7 (ear) Sweet Single cross 

Chodang-ok No.I 67 113 7.1 (ear) Supersweet Single cross 

T bl 6 P a e . I Y Id . hE I ·alz otentia Ie m eac coo (!IC one 

Ecological Zone Altitude Cul ti var Yield 
(masD (ton/ha) 

Plains Suwon No.19 6.98(grain) 

(Southern and Western <200 Chal-ok No.2 7.29 (ear) 
side of our country) Dan-ok No.2 7.63 (ear) 

Mountains Suwon No.19 9.65(grain) 

(North-eastern side) 
200-700 

8.78 (ear) Chal-ok No.2 

3. Principal Stress factors responsible for yield reduction 

Biotic Factors 
Diseases : northern com leaf blight(Exserohilum turcicum), southern com leaf 

blight(H elminthosporuium maydis), ear and stalk rots 

Insects : com borers(Ostrinia spp.), annyworrns(Spodoptera spp.), 

aphid(Rhopalosiphum maidis), earworrns(Helicoverpa spp.) 

Abiotic Factors 
Climatic stress : cold-weather damage, high-temperature stress, 

shortage of sunshine, drought etc. 



B. Structure of the Maize Improvement Program 

Research and experiment of maize breeding 

- National Crops Experiment Station(Suwon) 

- Hongcheon Maize Experiment Station(Hongcheon) 

Materials used for maize breeding 

Dent corn, Sweet corn, Supersweet corn : exotic gerrnplasm from USA, 

China, IIT A etc. 

Waxy corn : landraces and a few lines from China 

Silage com : mainly exotic materials from USA 

Breeding methodology 

1962 Landlace, Ear-to-row or Ear-to-hill, Topcross test 

1972 Improvement of populationOandlace and exotic germplasm from USA) 

Development of synthetics, Recurrent selection, Modified Ear-to-row method 

Since 1980' s 

- Population improvement : Recurrent selection 

- Inbred line and Hybrid development 

Mass selection, Modified ear-to-row method, Pedigree method -

Inbreeding and Testcross(combining ability test) - Inbred lines 

Backcross for disease resistance 

Products principally single cross hybrid 



Up to 1980, we had developed synthetics and vanous hybrids including 

double crosses, single crosses and three way crosses(Table 7). Among them, 

single cross hybrids were higher yielding and more uniform in plant and ear 

characteristics than other types of hybrids. So single cross hybrids mainly have 

been generated since the late 1980' s. To meet the various demands of farmers, 

we have developed various types of varieties such as waxy corn, sweet corn, 

supersweet corn, popcorn and dent corn. 

Table 7. Generated and liberated varieties 

Varieties Year Source Breeding method Kernel Type 

Hwang-ok No.2 1962 A(lll) Syn-3 Synthetic Dent 

Bokgyo No.1 1967 (WP x HY)/(N6 x N16) Double cross Dent 

Bokgyo No.2 1969 (RC103HtA/RH55HtA)/ Double cross Dent (RC37HtA/Roh43HtA) 
Hwang-ok No.3 1976 Exotic and Landlace Pop. Synthetic Dent 

Suwon No.19 1976 Mo17/B14A Single cross Dent 

Suwon No.20 1976 Mo17/KS7 Single cross Dent 

Suwon No.21 1976 KS8/Mo17 Single cross Dent 

Kwang-ok 1979 KS15/KS16 Single cross Dent 

Hoengseong-ok 1980 (H93/H95)/Mol 7 Three way cross Dent 

Jecheon-ok 1980 (H93/H95)/Ga209 Three way cross Dent 

Dan-ok No.l 1984 KSS-1/KSS-2 Single cross Sweet 

Yangju-ok 1984 (KS8/B68)/B77 . Three way cross Dent 

Nampyoung-ok 1986 Ga209/KL10 Single cross Dent 

Kwangan-ok 1989 Ga209/DB544 Single cross Dent 

Dan-ok No.2 1989 S7065/S7002 Single cross Sweet 

Chal-ok No.l 1989 KW1/KW2 Single cross Waxy 

Twikim-ok No.1 1989 Sg16/NYP601 Single cross Popcorn 

Jungbu-ok 1990 KS42/ICAL36 Single cross Dent 

Chodang-ok No.l 1992 KSSh4/KSSh2 Single cross Super sweet 

Chal-ok No.2 1994 KW7/KW3 Single cross Waxy 

Suwon-ok 1996 KS7rhrn/KS117 Single cross Dent 

Keumdan-ok 1998 KSS14/KSS19 Single cross 
' 

Sweet 



The amount of maize seeds supplied by National Seed Management Office 

were 248 tons this year(Table 8). This seeds were planted at about 13,000 ha. 

Table 8. Acreage planted with released materials(1999) 

Varieties Amount( ton) Acreage( ha) 

Suwon No.19 172 8,600 

Hoengseong-ok 8 400 

Kwangan-ok 30 1,500 

Chal-ok No.1 38 2,500 

Tot a I 248 13,000 

Problems in our maize breeding program 

The population improvement and hybrid development are closely integrated 

and one cannot be separated from the other. But, up to date the Korean maize 

breeding program focused on the hybrid development because of taking short 

term for breeding. All the cultivars developed in 1990' s are single cross hybrids. 

So resulting problems are as follows. 

o Most of the hybrids have the problem of low yielding seed production. 

o The inbred lines used in producing hybrid have some problems such as 

susceptibility to stress, shy of pollen shedding, poor 'nicking' and so on. In 

recent years, the abnormal climate conditions severly reduced the production 

of hybrid seeds. 

o The genetic resources are comparatively small and limited. We have to 

continuously introduce new exotic germplasm. 



C. Possible utilization in R.O.KOREA maize program of the 

materials and breeding methodology generated by CIMMYT 

Single cross hybrid breeding will be continuously emphasized. In addition, the 

population improvement will be emphasized gradually for long term breeding 

goal. 

1. Identification and development of inbred lines for hybrid development 

Object 

o Development of the inbred lines with higher yield and resistance to 

diseases and insects 

o Development of the inbred lines that possess climatic stress tolerance, 

especially to the low temperature and drought in May, high temperature 

and high moisture in July and August 

Method 

o Screening the elite inbred lines suitable to environment of our country from 

the released lines of CIMMYT for directly using in hybrid breeding 

o Crossing between Korea lines and CIMMYT's lines or among CIMMYT's 

lines 

o Continuously screening appropriate testers among CIMMYT' s lines. 

2. Formation and improvement of population 

o Screening the good materials suitable to our climate condition from 

CIMMYT' s germplasm for creating new populations 

o Crossing between local lines and CIMMYT's germplasm or among 

CIMMYT' s germplasm 

o Using recurrent selection method(Half-sib, Full-sib) to improve the 

adaptability of CIMMYT's germplasm 

CIMMYT has many good materials for hybrid development and population 

improvement, and accumulated experience of maize breeding. We should 

continuously introduce new germplasm from CIMMYT, both to take advantage 

of the progress made by CIMMYT and to maintain a broad genetic base. I 

believe that the materials and breeding methodologies generated by CIMMYT 

will help our maize breeding program a lot. 
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MAIZE RESEARCH IN TANZANIA 

Introduction: 
Maize research in Tanzania has been carried out since 1940's. The factors 

studied included selection for appropriate variety, fertilizer application rates and 
materials, planting densities and time of planting. Most of the research work was 
conducted independently at each of the research stations in the country. Each research 
institute was responsible for one geographical area of the country. 

In 1966/67 a coordinated maize research program was established with efforts 
tied through East African Agriculture and Forestry Research Organization. 

Maize Breeding work during 1960's resulted in the formation of two popular open 
pollinated varieties: 

- Ukiriguru Composite A (UCA) - For areas above 900 m.a.s.l., and 
- Ilonga Composite White (ICW) - For areas of 0 - 900 m.a.s.l. 

In 1974, the National Maize Research Program (NMRP) headquarter is at Honga 
Research Institute was formed with the help of CIMMYT and I.LT.A. The major 
responsibility of the NMRP was to coordinate all phases of maize research including 
variety development and the identification of improved management practices through 
verification trials on farmers' fields. The NMRP divided the country into three major 
zones, based on altitudinal range and maize growing period. The zones are: 

1. Lowland Zone: - 0 - 900 m.a.s.l., with 3-4 month growing period, and rainfall 
below 1000 mm. 

2. Intermediate Zone: - 900 - 1500 m.a.s.l. 
(a) Dry - mid altitude zone-less than 1100 mm. rainfall, with 3-4 month 

growing period. 
(b) Wet-mid altitude zone-more than 1100 mm. rainfall, with 4-5 month 

growing period. 
3. Highland zone: - Over 1500 m.a.s l., with rainfall above 2000 mm., and 6-9 

month growing period. 
* Within this zone is the Southern Highlands, the major maize growing area which 
usually receives sufficient and reliable rainfall. 

BREEDING PROGRAM 
After the formation of NMRP, the breeding work was conducted at Honga 

research Institute, Uyole research institute and Tanganyika Wattle Company 
(T ANW AT). The breeding work involved: 

I . Development of breeding population targeted to relevant zones 
2. Formation and evaluation of experimental varieties 
3. Evaluation of hybrids 
4. Development of inbred lines 
5. Production and supply of Breeder Seed (of both open-pollinated varieties and 

inbred lines ) 
Many experimental varieties (EVS) were formed and evaluated alongside introduced 
varieties and commercial varieties in Tanzania. Evaluation of hybrids and inbred lines 
developed by EAAFRO was continued in the highland zone in which three hybrids were 
released in 1977. H6302 and H614 were released for the Southern highland and H622 
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areas, Tuxpeno and IL-W which are open pollinated varieties were released in 1976 was 
used. 

Breeding for resistance to maize streak virus disease (MSVD) in Tanzania started 
in 1976 with the objective of developing stable high yielding varieties with resistance to 
MSVD and improved plant type which meet the needs of farmers especially in those 
areas where MSVD is prevalent. The work was initiated through a collaborative research 
project with CIMMYT (Mexico). 

In 1982-83 season, the NMRP began to form top crosses for possible hybrid 
production and for obtaining information for restructuring the populations on the basis of 
heterotic patterns. Beginning in 1984/85, the number of breeding populations in active 
use was reduced to allow breeders to concentrate on the top priority materials. The 
NMRP formed breeding populations targeted to environmental conditions in the broad 
agro-ecological zones outlined above. The populations were formed to meet farmers 
demand for adaptable varieties of required maturity and 
seed type. (The NMRP breeding Populations are shown in Table 5.). 

The main criteria for the formation of the populations were climate within an 
altitudinal range and maturity. 

Many of the populations were composed of both local and exotic germplasm. 
Populations 10, 11, and 12 were developed for streak resistance. Populations 72, 84, 88 
and 101 were developed for early maturity while populations 62, 76, 80, 90, and 96 were 
developed for full season in the target zones Populations 62, 72, 76, 90, and 1O1 are 
composed of both local and exotic germplasm. 

Improvement methods used in most of the populations were full-sib and half-sib 
recurrent selection methods. Some populations were improved by both half-sib and S2 
selection. Mass selection was also practiced in some populations. Recombination for both 
low and mid-altitude zones is being done at Honga Research Institute while 
recombination for highland zones is being done at Uyole Research Institute. 

Environments where maize streak virus disease is prevalent have been used to 
evaluate population progenies for streak resistance or tolerance. Progeny testing allows 
for the identification of superior families, which are recombined to further improve the 
populations. Eight to ten superior families may be used to form experimental varieties 
(EVS). Experimental varieties are then evaluated in Tanzania Maize Variety Trials 
(TMVTs) and in farmer's fields. Those found to be superior to the existing varieties or to 
have their own merits are released to farmers. 
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Table 5: Breeding Populations of NMRP • 

Population Origin Selection Selection Grain Days to Target 
method criteria type 50% silk zone 

IO CIMMYT FS Streak WFID 60-64 Low+MidAlt 
gennplasm and resistance, 
local streak ear height and 
resistance sources grain type 

11 -" - FS - " - WF 55 - 58 - " -
12 - " - FS - " - YF/D 55 -58 -" -
62 CIMMYT(P34) HS/S2 Late maturity, W/F, 100-112 High Altitude 

Guatemalan earrot & FD 
Andean and Local H.turcicum 
materials resistance, ear 

height & grain 
type 

72 CIMMYT(Lote FS/HS Streak and leaf WN, 43 -48 Low+ Mid Alt 
88,89) blight resistance, FD 
&P30 &Local earliness 
materials (Katumani) and grain type 

76 CIMMYT(Tuxpena) FS Streak and stalk WFID 60 -65 - " -
& Local materials rot resistance, 
(Katumbili) ear height 

80 CIMMYT(Pop2 l c7) FS Stalk rot WD 60 -63 Low-Coastal 
materials resistance 

84 CIMMYT gennplasm H.turcicum &ear WY, 80 -85 Mid + High Alt 
bank-" - rot resistance, FID 

earliness 
88 CIMMYT IP'IT 30 FS Streak tolerance WF 43 -47 Low+Mid Alt 

of 1979. and larger grain 
size 

90 Local and Kenyan HS/MS Ear rot WN , 103-115 High Altitude 
Highland hybrids resistance and FID 
H6302,H6 l 4&H6 l 3 reduced ear 

height 
92 CIMMYT (Tuxpeno) FS Ear rot WF/D 65 -75 Mid - Altitude 

& Local materials resistance, lower 
(UCAC5) ear height and 

stalk quality 
96 CIMMYT (Tuxpeno) FS H. turcicum and WD 65 -75 - II -

ear rot resistance 
and stalk quality 

101 CIMMYT (P49) FS Streak resistance, WFID 45 - 50 Low+ Mid Alt 
UT A (EV8430SR) earliness and 

larger grain and 
cob size 
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AGRONOMY PROGRAMME 
Agronomy trials are conducted to develop economical technology packages that 

can be recommended to farmers. The practices investigated included planting date, 
planting density, fertilizer use, weed control, chemical control of insect pests and 
diseases, maize intercopping and evaluation of new varieties. Results so far obtained in 
the program have resulted in the refinement of earlier packages of technology . 

CURRENT STATUS OF MAIZE RESEARCH IN TANZANIA 
The current objective of the NMRP are: 
1. Development of stable hybrids and varieties suitable for the high, mid-altitude 

and lowland zone. 
2. Development of improved management practices for the major ecological 

areas. 
3. Testing varieties and hybrids, and develop accompanying management 

practices. 
on research stations and farmers' fields. 

4. Maintaining germplasm, Production of breeders' seed and 
5. Dissemination of maize production technology to the farmers. 

At present, breeding work is conducted at tree research stations only. Other research 
institutes cooperate in testing varieties and progenies generated by the breeding programs 
and also conduct agronomic trials, to solve specific problems in the regions where they 
are located. 

The two research stations conducting breeding work are: 
1. Ilonga Research Institute: - Responsible for low and mid-altitude zone. 
2. Uyole Research Institute: - Responsible for high altitude zone. 
3. Selian Research Institute.- Responsible for mid-altitude zone. 

The Low and Mid-altitude Breeding program is involved in the following: 
Development of open pollinated varieties 
Development oftopcross hybrids (modest effort), 
Improvement of populations for streak resistance and tolerance. 

Highland breeding program: 
The Highland breeding program consists of the Southern Highlands of the country, which 
is the major maize growing area of the country. Owing to its importance in the economy 
of the country the National Maize Research Program (NMRP) has always given a lot of 
emphasis on developing varieties and agronomic recommendations for the area. After the 
formation of NMRP research activities were extended to the Southern Highlands 
extensively using Uyole Research Institute facilities. 

Maize research activities at Uyole were expanded at 1980 under the Southern 
Highlands Maize Improvement Program (MIP). The need to concentrate on maintenance 
and development of parental lines for hybrid production, resulted into a new breeding 
program being initiated in 1985 for high altitude environments. 

The program has 4 broad objectives: 
1. To develop varieties suitable for the environment and farming 

Condition of highlands. 
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2 To maintain and improve parental lines of all current commercial 
hybrids 

used in the country. 
3. To research on agronomic practices suitable for all the 

agro-ecological zones and farming systems in the highland areas. 
4.To monitor pests and diseases and recommend control strategies. 

In order to achieve these objectives the program is divided into three disciplines
Breeding, Agronomy and plant protection. 
The breeding work so far has concentrated on: 

1. Population improvement and development of open pollinated varieties and 
hybrids for intermediate and high altitude areas. 

2. Development of inbred lines and testing them for combining ability. 
3. Testing varieties from various sources for use by farmers or for incorporation in 

our populations. 
So far, the program maintains and produce breeder seed of one open pollinated variety 
(TMV-2) which was released in 1987 for use in the high altitude areas. The populations 
handled by the Highland breeding program are P62, P84, P90 and P301 (EC573). The 
method of population improvement is based more on available facilities, manpower and 
curiosity of the breeders. P62 and P84 have been undergoing improvement by half-sib 
recurrent selection (which combines testing with recombination in an isolation block), 
and S2 selection procedure with the aim of extracting lines from them. P301 is being 
improved by S 1 selection procedure while P90 is maintained and improved by stratified 
mass selection. Selection in P62 and P84 was don for a number of traits with emphasis on 
grain yield, ear height, days to 50% silking and ear rots. 

At present priority is put on P62 and P301 in which several lines from P62 at S4 
level are now tested for combining ability while P301 which is the male parent of H614 
has been improved to C6 and is also used as a tester in several materials. The program is 
now working on the germplasm available, to group them into different heterotic groups. 

STRESS BREEDING 
As mentioned above, drought and nutrient deficiencies (especially nitrogen) are 

the major abiotic stress causing maize yield loss in Tanzania. The National Maize 
Research Program (NMRP) made an attempt to overcome at partially overcoming 
drought effects by providing escape mechanism through development of early maturing 
maize varieties and hybrids targeted to all agro-ecological zones of the country. 
The main objectives were: 
1. Collection and identification of maize germplasm that is early maturing and thus able 
to escape drought. 
2. Formation and improvement of early maturing populations from germplasm 

collected with desirable characters like resistance to foliar diseases (e.g. blight 
and rust ), flint seed type, white seed coat color etc. 

3. Develop varieties and hybrids, which could mature early and produce easonable grain 
yields. 
4. Test the varieties and develop accompanying management practices on search 

stations and on farmers' fields. 
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The subprogram was designed to develop maize varieties that could successfully be 
grown in areas with short rainy season and un-even distribution of rainfall during the 
critical stage of the crop development. In 1994/95 NMRP received drought tolerant 
materials from CIMMYT - Mexico. These were increased and included in the Tanzania 
Maize Variety Trials for lowland areas. The National Maize Research Program has also 
being concerned with nutrient deficiency, especially low nitrogen. One of the important 
objectives of NMRP is the development of improved management practices for all the 
agro - ecological zones. 

The following studies have been conducted: 
1. intercropping and related cropping systems, 
2. fertilizer trials on-station and on farmers' fields, 
3. nitrogen x planting time effects on maize yields. 

With the high prices of chemical fertilizers and other inputs, there is need for the 
development of N - use efficient genotypes which have high yields per se at both high 
and low N - levels. 

As mentioned under maize production constraints, there are other factors, which 
may be considered in the stress breeding. these includes Insect pests and Diseases. 
Maize stalk borers has been of more important in research. Research on the biology and 
ecology of stalk borers (Buseo/a fusca and Chilo partelus) in Tanzania was done between 
1950 and 1972 (Duerden 1953, Swaine 1957, Walker, 1960a, Kerridge, 1967, Waiyaki, 
l 972a). However, since then , new varieties have been released, improved methods of 
production have been introduced and the acreage under maize has continued to expand. 
Such changes may have had significant implications on the current status of maize stalk 
borers. In this case, the National Maize Research Program has set some possible research 
areas as listed. 
1. The bionomics of Maize stalk borers. 
The study is highlited on the current pest status in the major maize producing areas as 
well as establishing their key natural mortality factors, which may be used to plan 
biological control strategies. 
2. Insecticides. 
Research on chemical insecticides has been done in the program. However. although the 
insecticide will continue to be used, a scouting system to establish infestation threshold is 
being used to order to maximize the benefits from spraying. Scouting for eggs over a 
limited period of plant development could lead to better timing of spraying applications 
and thus to more cost effective control approach. Light and pheromone traps are being 
used to monitor and forecast heavy infestation, and so give area based early warnings to 
farmers. The relationship between adult moths of B. fusca captured from a light trap and 
the susceptible stage of maize plants was reported by Waiyaki (1972a). 
3. Host Plant Resistance (HPR). 
Resistant varieties to stalk borers is the best and most cost effective means of controlling 
this noxious crop pest. However, a lot of work on HPR to maize stalk borers have been 
done in other countries and Agricultural Institutes. Therefore, ample information on 
mechanisms of resistance to stalk borers as well as good germplasms are available and 
easily to be exploited. The NMRP is aiming to collaborate with other national programs 
and Agricultural institutes in order to ensure farmers with resistant varieties to maize 
stalk borers in the long run. 
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4. Biological Control. 
Since very little work has been done on the study of natural mortality factors on the insect 
pest population, which is the important regulator factors on the insect pest population, it 
is difficult to speculate on the importance of these factors on the populations of Maize 
Stalk Borers. In this case more effort will be on the survey ,identification and 
categorizing the key mortality factors on the common Maize Stalk Borers as prerequisite 
to formulation of Biological Control strategy. 

Maize Diseases assessment work has been confined to the major agroecological 
zones, where also the multiplication Tanzania Maize Variety Trials are located, namely: 
-Lowland Zone (Honga, Mlingano ); 
-Mid-altitude Zone (Ukiriguru, Selean); and 
-Highland Zone (Uyole, Njombe). 
The major maize diseases observed in Tanzania include Leaf blight, (H.turcicum, 
H.maydis), rust (P. sorghi, P. polysora), ear rots (Fussarium ssp.,Diplodia ssp.), stalk rots 
maize Streak and Gray leaf spot.(GLS) 

Over the years, National Maize Research Program has taken yield improvement 
very seriously for all the zones. The main objective of the NMRP is to breed materials, 
which are either tolerant or resistant to diseases observed in Tanzania. Thus NMRP has 
directed its effort to all pathological studies on Maize. 

PROGRESS ON MAIZE RESEARCH IN TANZANIA 
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Maize research in Tanzania has resulted in the release of several maize varieties 
and hybrids to the farmers. The current commercial varieties are shown in table 6. 

Table 6. Current commercial maize varieties in Tanzania. 

Variety name Variety type Year of Kernel Days to Target zone 
release type maturity 

H6302 Hybrid TWC 1977 W/F 210-240 High Altitude 
H614 Hybrid TC 1977 WID 180-210 ,, 

H632 Hybrid TWC 1977 WID 150-180 High + Mid Alt. 
H622 Hybrid DC 1977 W!D 150-180 Mid-Altitude 
TMV-1 OP 1987 W/F 90-150 Low + Mid Alt. 
TMV-2 OP 1987 W/F 180-210 High Altitude 
UCA OP 1960's WDIF 120-150 Mid-Altitude 
ICW OP 1960's WFID 120 Low Altitude 
KIL IMA OP 1983 WFID 120-150 Mid-Altitude 
KITO OP 1983 WF 90 Low Altitude 
STAHA OP 1983 WF!D 120 II --
TUXPENO OP 1976 WID 120 II - -
KATUMANI OP W/F 90 II 

CH-1 Hybrid 1992 120 ,, 
- -

CH-3 Hybrid 1992 120 II - -
* F =Flint * D =Dent 

* OP = Open Pollinated 
* TWC = Three way cross 
* TC = Top cross 
* DC = Double cross 
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At present there are improved versions for some of the above varieties. The table 
below is showing the varieties, the improved attributes and the new version name. 
Variety Major Attribute New version Name 

UCA 

KIL IMA 

KITO 

KATUMANI 

Streak Tolerance 

Streak Tolerance 

Streak Tolerance and 
Early Maturity 

Streak Tolerance and 
Early maturity 

UCA- ST 

KILIMA-ST 

KITO- ST 

KATUMANI - ST 

The released varieties surpassed current commercial varieties or had specific adaptability, 
maturity, resistanceto a certain disease or seed type. 

Early maturity ·being an escape mechanism in drought resistance, NMRP 
identified early maturing populations. The populations are 11, 12, 72, 88 and 101. Their 
origin and their major selection criteria and their major attributes are shown in Table 5. 
Early maturity germplasm was evaluated for adaptation and desirable characters at the 
NMRP headquarters - Honga. After each cycle of selection, progeny yield trials were 
conducted at three locations across the zones. Rigorous testing was conducted in multi
locational yield trials and several varieties were released for commercial production. The 
characteristics of the released varieties developed from early maturing NMRP maize 
populations and their yield performance are shown in Table 7. and 8. respectively. 
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Table 7. Released varieties developed from early maturing maize breeding populations of 
theNMRP. 

Variety name Parent Year Major attributes Target 
Population released zone 

TMV-1 11 1987 Streak resistance, Low+ Mid 
intermediate Alt. 
maturity and yield 

KITO 88 1983 Early Maturity Low+ Mid 
Alt. 

KATUMANI Early maturity Low+ Mid 
Alt. 

CH-1 · 1992 Streak resistance Low 
and Early maturity Altitude 

CH-3 1992 Streak resistance Low 
and Early maturity Altitude 

KITO-ST 88 1994 Streak tolerance Low 
and Early maturity Altitude 

KATUMANI 1994 Streak tolerance Low 
-ST and Early maturity Altitude 

* ST = Streak Tolerance 
* CH = Cholima Hybrid 

Table 8. Performance in grain yield of released varieties developed from early maturing 
populations (Tons/ha) 

Variety 1984/ 1985/ 1986/ 1987/ 1988/ 1989/ 1990/ 1991/ 1992/ Mean ace.yrs 
85 86 87 88 89 90 91 92 93 

TMV.;.1 4.4 4.6 4.9 4.9 6.1 4.1 6.1 5.8 4.9 5.1 
KITO 3.3 3.8 2.0 3.1 4.1 3.2 4.0 5.8 3.7 
KATU 2.8 2.4 2.2 4.1 2.9 
CB-1 5.1 7.4 7.3 5.4 6.3 
CH-3 4.8 8.1 7.0 5.5 6.6 
LOC. 3 5 6 4 4 5 2 4 4 
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Agronomic Research 
As a result of this research a set of recommendations on maize management 

techniques has been given to farmers in different parts of the country where maize is an 
important crop. These recommendations have the following impact to the farmers: 

1. Farmers changed from random planting to planting maize in rows. 
2. Increased maize planting densities. 
3. Provide the option of having more than 1 plant/hill without affecting yield. 
4. Farmers have adopted the use of improved varieties. 

Other recommendations, which have been, made include: 
- Use of organic and inorganic fertilizers, 
- Crop rotation practices, 
- Weed control and insect pest control, both in the field and after harvest. 

However, the release of improved varieties and the adoption of better management 
practices resulting from research efforts over the last several years have contributed 
significantly to increasing maize production in Tanzania. 
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FUTURE OUTLOOK OF MAIZE RESEARCH IN TANZANIA 

The broad long-term objectives of the National Maize Research Program will 
continue to be: 

1. To develop maize varieties with greater yield potential and resistance to 
common diseases in the low, mid and high altitude zones. 

2. To maintain germplasm and produce breeder seed. 
3. To develop improved management practices for major ecological areas. 
4. To disseminate maize production technology to farmers. 

The short-term objectives can be grouped into three areas: agronomy, breeding and crop 
protection. 

AGRONOMY 
The National Maize Research Program will continue to review the present packages of 
recommendations to be more specific to agro-ecological zones. There will be dependency 
on feedback from information obtained from farmers through farming systems research 
teams. Agronomy priority areas are: · 

(a) Maintenance ofsoil fertility, 
(b) Weed control, 
(c) Studies on inter-cropping, 
( d) Planting time in relation to new varieties and management practices, 
( e) Planting density in relation to new varieties and management practices. 

The target farmer will continue to be the small producer although an increase in the larger 
farmer is envisaged. More activity in on-farm testing is expected particularly in the 
important maize producing areas. 

BREEDING 
An increase in emphasis on hybrid development in the high and mid altitude zones is 
expected. In the lowland zone, major emphasis will still be on open- pollinated varieties 
although some effort will be directed to the production of hybrids. Breeding for drought 
and low nitrogen use efficiency by NMRP is not possible in the near future due to the 
various constraints, which include meager government research funds and unavailability 
of proper facilities. However, drought being a serious problem mentioned in almost all 
farmers crop assessment studies, NMRP plans to collaborate with CIMMYT and IIT A in 
finding the solution for drought and low nitrogen. Based on the efficient breeding 
schemes utilized by both CIMMYT scientists at headquarters and substations in Africa 
and NMRP breeders, it is hoped that high yielding drought resistant/tolerant varieties 
efficient in Nitrogen use will be made available to farmers in Tanzania to increase and 
stabilize maize production. 
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PLANT PROTECTION 

Entomology 
Stalk borers, and storage pests are the major maize pests in the country. In some areas 
there have been sporadic outbreak of other pests like chaffer grubs, cut worms and 
seedling weevils and beetles. Future work will be concentrated on the following: 

1. Stalk borer control with emphasis on integrated pest management, 
2. Research on the control of storage pests, 
3. Screening for insect resistance, 
4. Monitoring of the appearance of new pests whenever needed. 

Pathology 
Present major diseases are blight, rust, and stalk rot, ear rot and maize streak virus 
disease, which remains to be an important disease. Screening for maize streak virus 
disease will continue. 

COLLABORATION 
1. Collaborate with CIMMYT, IIT A and other national maize programs in 

evaluations of resistant germplasms and superior varieties so as to identify 
drought resistant varieties that could be released to farmers. 

2. Collaborate with CIMMYT - Abidjan and IIT A in evaluation of materials 
selected for Nitrogen Use Efficiency which have streak resistance. 

3. Collaboration in Agronomy will be on the soil fertility enriching, rotations and 
water conservation methods. 

In collaboration with CIMMYT - Nairobi the following trials will be conducted: 
Influence of tillage and residue management on soil fertility and maize grain yield 
under low input level. 
Effect of herbicide and other management factors on weed control under reduced 
tillage. 
Effect of maize/cowpea intercropping on the control of striga asiatica. 

In general collaborative teamwork will continue to be encouraged between breeders, 
entomologists and pathologists in screening for disease and insect pest resistance. We 
will also continue to draw on the resources of CIMMYT and other international research 
centers in enhancing the activities ofNMRP. 

In conclusion we would like to pay our tribute to CIMMYT for their continued support 
and assistance in the maize improvement program, and for the chance of training 
provided to us. We hope that such a relationship will be strengthened between CIMMYT 
and all National Maize Research Centers. 
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Ngorongoro Crater, Lake Manyara, 

Olduvai Gorge, 
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UNITED REPUBLIC OF TANZANIA - COUNTRY PROFILE 

Colours' Significance: 

• Black=the People 
Green=the Land 

Bluc=the Adjoining Sea 
Golden=the Mineral Wealth 

Tl1~J:rnblern (NcJJ.!~Q} 

Emblem llescription : 
The central feature of the Coat of Arms is the Warrior's 
Shield which bears a Golden portion on the upper part 

followed underneath by the United Republic flag of 
Green, Golden, Black and Blue; and a red portion under 

which are wavy bands of blue and white. 

_g Ql9_t_!I~ _$._i g !._~il lr'..!1_~]~-~-
The Golden portion represents minerals in the United 

Republic; the red portion underneath the flag symbolises the fertile red soil of 
Africa; while the wavy bands represent the land, ::;•-~a. lakes and coastal lines 

of the United Republic. 
The Shield is set upon a representation of Mount Kilimanjaro. On each side 

of the Shield there is an elephant tusk supported by a man on the left (as 
you look at the emblem) and a woman on the right symbolising both the 

theme of co-operation and gender and equality of the people of 
Tanzania. At the feet of the man is a clove bush and at the feet of the 

woman is a cotton bush symbolising agriculture in the Republic. 
Superimposed features on the Shield are 11,~11111~'' of a burning torch which 
signifies freedom, enlightenment and knowledge; a spear signifying 

defence of freedom and crossed axe and hoe being tools that the 
people of the United Republic use in developing the country. 

ThP. Uhuru Torch 

The Uhuru Torch symbolises freedom and light. It was first lit on 
top of mount Kilimanjaro (5,890m) in 1961, symbolically to shine 
the country and across the borders to bring hope where there is 
dispair, love where there is enmity and respect where there is 

hatred. Yearly there is the Uhuru Torch race, starting from different 
prominent places in the Republic. 

The United Republic motto: "Uhuru na Umoja" =Freedom and Unity, is 
written in Kiswahili: the National Language of Tanzania. 

'T . .. .. ' .. ·-
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Name: United Republic of Tanzania. 

Conventional short 
form:Tanzania 

Nationality: Tanzanian(s) 

Adjective: Tanzanian 

Data code: TZ 

Time: GMT plus 3hr 

Government type: Republic 

Head of State: 
The President, 

H.E Mr. Benjamin W. MKAPA 

Head of Government: 
The Executive President 

Government Headquarters: 
Dar-es-Salaam (later to be 

transferred to Dodoma) 

Government's system: 

w 
c: -<C 
N 

/UGANDA 

. ZAM~l:LAr/J;; .. 
\ '• '--1 - ,;. 

Parliamentarian 

Ruling Party: Chama Cha Mapinduzi (CCM). 

KENYA l\ 
( 

Pemba 

' ~Zanzibar 

· Dares 
Salaam 

Indian 
Ocean 

Official Currency: Tanzania Shilling. 100 cents = 1 shilling. 

• 
NATIONAL SYMBOLS. 

- ·-- n1{~ :r1il~ 1 -··· 

l-lc1q dcc;cr ipti n1 1 
Tanzania flag has four colours: Green- Golden-Black and Blue: 

divided diagonally by a (golden)yellow-edged black band from the 
lower hoist-side corner; the upper triangle (hoist side) is green and 

the low.er · · · · 



TANZANIA 
LOCATION BETWEEN:- LATITUDE 1-2 SOUTH OF EQUATOR 

LONGITUDE 29-4 EAST 
AREA 94.5 MILLION Ha. 

LANDAREA 88,359,000 Ha. 

ARABLE LAND 35 MILLION Ha 

PERMANENT CROP LAND 500,000 Ha 

PERMANENT PASTURE LAND 3,500,000 Ha 

PERMANENT FOREST AND WOOD LAND 33 MILLION Ha 

OTHER LAND 16,359,000 Ha 

POPULATION 35MILLION PEOPLE 



MAIZE PRODUCTION IN TANZANIA 

MAJOR CEREAL CROP MAIZE 

OTHERS RICE, WHEAT, MILLET& SORGHUM 

AGROECOLOGICAL ZONE 

LOWLAND 0-900 masl. 

PRODUCTION ESTIMATE 
(%) 
20 

MID-ALTITUDE 900-1500 masl 35 

HIGH ALTITUDE > 1500 masl 45 

AVERAGE MAIZE PRODUCTION 1.5 t/ha 
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RAINFALL P ARTERN FOR THREE AGROECOLOGICAL ZONE 
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MAIZE GROWN AREA ESTIMATES (ha) 

P ARMANENT CROP LAND------500,000 ha 
. 

ESTIMATED MAIZE AREA----- 250,000 ha. 

AREA CONTRIBUTION FOR EACH ZONE 

LOW LAND--------------..65,500 ha. 

MID-AL TITUDE---------62,500 ha. 

HI G HLAND---------------12 5, 000 ha. 



SEED UTILIZATION (Tons) 
SEASON HYBRID OPVs' TOTAL 
1972/73 420 1 421 
1973/74 666 109 ' 775 
1974/75 1366 1638 3122 
1975/76 1484 1638 3122 
1976/77 916 1061 1470 
1977/78 409 1061 1470 
1978/79 2486 1656 4100 
1979/80 3022 1416 3646 
1980/81 1425 851 2376 
1981/82 1909 4165 3376 
1982/83 2537 1114 3651 



TYPES OF MAIZE UNDER CUL TIV A TI ON 
Variety/Hybrid Type Kernel texture Maturity Target zone 

H6302 HYBTWC W/F 210-240 High ALT. 

H614 HYBSC W/D 180-210 High ALT 

H632 HYBTWC W/D 150-180 High+mid 

H622 HYBDC W!D 150-180 Mid ALT 

Tmv-1 OP W/F 90-150 Mid+ low 

Tmv-2 OP W/F 180-210 High ALT 

Kilima OP WF/D 120-150 Mid ALT 

UCA OP WF!D 120-150 Mid ALT 

KITO OP W/F 90 LOW 

ST AHA OP WF!D 120 LOW 

TUXPENO OP W/D 120 LOW 

Katumani OP W/F 90 LOW 

UCA-ST OP WF/D 120-150 Mid ALT 

Kilima-ST OP WF/D 120-150 Mid ALT 

KITO-ST OP W/F 90 MidALT 

Katumani-ST OP W/D 90 LOW 
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PRODUCTION TREND OF MAIZE IN TANZANIA 

AVERAGE AREA HARVESTED, 1995-97 (000 ha) 1602 
AVERAGE MAIZE YIELD, 1995- 97(t/ha) 1.5 
GROWTH RA TE OF AREA, 1961-70 (%/yr) 2.8 

1971- 80 (%/yr) 4.2 
1981- 90 (%/yr) 4.8 
1991- 97 (%/yr) -3.6 

GROWTH RATE OF YIELD, 1961- 70 (%/yr) -4.7 
1971- 80 (%/yr) 7.9 
1981- 90 (%/yr) 0.9 
1991- 97 (%/yr) 2.7 

GROWTH RATE OF PRODUCTION, 1961- 70 (%/yr) -1.9 
1971- 80 (%/yr) 12.1 
1981- 90 (%/yr) 5.7 
1991- 97 (%/yr) -0.9 



AREA PLANTED MAIZE AS % TOTAL MAIZE AREA 1997 
IMPROVED OPVs HYBRID 

2 1 1 

RATIO OF THE PRICE OF MOST POPULAR HYBRID AND 
COMMERCIAL OPVs SEEDS TO THE PRICE OF GRAIN 1997. 

POVs HYBRID 
7.0 12.0 

RA TIO OF FARM LEVEL NITROGEN TO MAIZE PRICE 199.7 
32.6 





Stalk borer( B.fasca) 
Storage pests 
Storage pests 

ii 

Leaf blight( E. turcicum 
Leaf rust ( P. polysora 
P. sorghi) 
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Country Reports for the Maize Improvement in Thailand 
by 

Dao rung Kongtien 

Nakhon Sawan Field Crops Res. Center, Field Crops Res. Inst. , Dept. of 
Agriculture, Thailand 60190 

Introduction 

Maize is one of the most important crops in Thailand. Maize area 
increased very rapidly from 78,000 hectares in 1950s to 1.75 million hectares in 
1980s , but it declined to 1.40 million hectares in 1998 ( Table 1 ). Before 
1977, more than 80 % of the total production was used for export. And then 
domestic consumption has been increasing due to the fast growth of the feed 
industry, Presently, There are at least 48 feed mills located in 18 provinces in 
the northern, central and southern regions of Thailand. There is an urgent need for 
R & Don high-yielding varieties with resistance to pests and broad adaptability. 
In developing high yield varieties, breeders have to look further for sources of 
superior germplasm and methodology to create varieties with high yield and good 
agronomic traits. 

General information of the maize growing region 

Geographic localization 

Maize was grown on nearly 1.4 million hectares annually during 1991-1998, 
with a total production of 4.0 million tons. Average maize yield in Thailand is 
3 .1 ton/ ha. Main maize- growing area are in the northern, northeast and central 
regions of the country covering 49 % , 27% and 23% of the acreage respectively 
(Table 2). Soil in the northern and central regions are generally neutral to slightly 
alkaline. The major soil groups are reddish brown laterites and black soil type. 

More than 80 o/o of maize production is grown under rainfed conditions. 
Annual average rainfall is 1100 - 1200 mm. A bimodal rainfall distribution 
prevails in the major maize - growing areas. Early rain starts in mid April and 
the main rainy season begins in mid May. Therefore, the main growing season 
begins during April - May. The second maize - growing season starts during 
July - August. Eighty seven percent of the maize areas are planted in the main 



growing season with farmers producing other field crops such as sorghum, 
mungbean, sunflower and groundnut as the second crops. Average main yield 
in the main season is 3.3 ton/ha with 3.0 ton/ha in the second planting (Table 3). 
The maximum temperature occurred during March - April reaching as high as 
35 - 38° c. The minimum temperature ranging from 17 - 20 ° c, are recorded 
from December to January. 

Types of maize under cultivation 

In 1985, 3 million tons of maize or 75o/o of national production were 
exported but maize export dropped to 1.2 million tons by 1989- 90 and to 0.2 
million tons by 1990 - 92. Thai's consume little maize directly other than a 
small amount of roasted or boiled green ears. Because of none significantly 
difference among climatic and rainfall distribution with !attitude 5° N 40' -
20° N 30' and longtitude 97° 70' - 105° 45' E, maize tropical background 
materials should be available in Thailand. Most of farmers prefer yellow kernel 
flint/ semiflint type with high yielding late maturity varieties (Table 4 ). 

Genetic make up. 

The private seed business of major field crops were established in 
Thailand in 1978-81. Presently, There are six strong research and development 
seed business companies. Some companies invest in seed business directly such 
as Cargill Seeds, Pioneer Seeds, Novartis Seeds, Pacific Seeds and Monsanto 
Seeds, some companies invest in the form of joint ventures together with Thai 
agricultural enterprises such as Dekalb from the USA with Charoen Pokapan 
group companies. Today, maize research in Thailand is carried out by both 
public and private organizations. In the public sector, the staffs of Kasetsart 
University ( KU ) and the Department of Agriculture ( DOA ) are involved in 
maize research. The KU program devotes 40 % of its research effort to 
population improvement and 60 % to inbred line development-whereas as the 
DOA program devotes 60 % to population improvement and 40 % to inbred 
line development. The private sector, focus their research on the development 
of hybrids 



The average yield of maize increased in the 1950s and 1960s because 
the DOA released in 1954 the cultivar C-110 ( Tiguisate Golden Lint ), an open 
pollinated variety under the name of . " Guatemala " . Then it was improved by 
using controlled mass selection and was distributed to farmers in 1961 - 7 5 as 
the Praputtabat varieties (e.g. PB. I and PB.5) . In 1970s maize yield was still the 
same as in the of 1960s, because the PB varieties were susceptible to maize 
downy mildew caused by Peronosc/erospora sorghi.. Therefore they were 
replaced by three resistant varieties namely Thai DMR- 6 in 1972, Suwan I in 
1975 and Suwan 2 in 1979. In 1980s and .1990s, three new improved open 
pollinated varieties ( OPV's ) were released namely Suwan 3 in 1987, Nakhon 
Sawan 1 in 1989 and Suwan 5 in 1993, and four hybrids namely Suwan 2301 
in 1982, Suwan 2602 in 1986, Suwan 3101 in 1991 and Suwan 3601 in 1993. 

The total amount of hybrid seed planted in 1981 which was the first 
year that hybrids were planted in Thailand was around 40 tons. The amount of 
hybrid seed sold from 1981 until 1985 doubled every year and it has been fairly 
stable with a noticeable decrease in 1986- 1988. In 1989, the farmers used 
more hybrid seeds because the attractive grain price which have increased since· 
the end of 1987. All seed companies developed and released new at that time a 
generation hybrids in the form of three way and double crosses. In 1990s, single 
crosses have played the most important roles for yield improvement. Due to 
the excellent performance of single cross hybrids and the hybrid promotion 
policy of the Department of Agriculture Extension (DOAE), hybrid seed used 
increased rapidly from 5625 tons in 1990 to 14440 tons in 1996 and expected to 
be 18300 tons in 2001 and to cover 82 percent of total maize growing area 
(Table 5) 

The actual VS potential yield in each ecological zone 

Thailand 's average maize yield is 3 .1 t/ha which is relatively high for 
Southeast Asia. The genotype x environment interaction and cultural practices 
affected the maize yielding ability as the yield at the experimental station is 
compared with the yield at the farms. The yielding ability at on farm levels in the 
northern, northeast and central regions were 5.49, 5.31 and 4.42 t/ha respectively 
which is less than that of the experiment station by I 0-28 % ( Table 8 ). But the 
big reduction was found between on station levels and national average yield 
levels in the northern and northeast by as much as 87 - I 02 % due to cultural 
practices, rainfall distribution and soil fertility. 



Principal stress factors responsible for yield reduction in the maize growing 
zones of Thailand 

Maize crop losses may be caused by both abiotic and biotic stress. 
Generally, abiotic stress or environmental stress, particular drought stress is 
observed almost every year in Thailand.According to reports issued by the Office 
of Agricultural Economic ( 1985, 1995 ) maize crop losses because of drought 
varied from 129,000tonsin1988 to 858,000 tons in 1982 with a estimated 
value from 10 to 80 million US dollars per year. Maize area affected varied 
from 49,000 to 393,000 hectares or from 3% to 22% of the total growing areas 
particularly in the northeast region (Table 7) 

Thai farmers know the advantage of fertilizer use, but they still apply a 
small amount of fertilizer because it is very expensive. Majority of ( 65o/o ) 
farmers apply fertilizers 2 times, as basal and topdress while the rest ( 40% 
of farmers) used fertilizer only as topdress applied at 30 day after sowing. Hilling 
up is performed just after topdressing by 100% of farmers. The most common 
fertilizer used for basal is 16 - 20 - 0 (80% of farmers) and 46 - 0 - 0 for topdress. 
On the other hand, 20°/o of the farmers applied 15 - 15 - 15 fertilizer as basal as 
well as topdress. The basal dose averaged 120 kg/ha and the topdress amountss 
to a rate of 180 kg/ha. Most of the farmers ( 60%) used the herbicide,atrazine 
applied at 3. 0 kg of the commercial product per hectares. The rest controlled 
weeds by mechanical or manual means using hired labor at 30 day after sowing 
or before topdressing and hilling-up. 

Due to the expansion of feed industries there is a urgent need for 
increasing maize production to meet domestic demand. The cultivation of maize 
in Paddy field during the dry season after the first crop, particularly in the central 
and lower northern regions along the Chao Praya now cover nearly 300,000 
hectares. Maize is an upland crop so yield loss due to excess water or water 
logging is extremely high. 

Among the biotic stress, downy mildew, primarily caused by 
Peronsclerospora sorghi is the most serious pathogen attacking maize plant. 
It may damage from young plant until flowering stage. Maize cannot be 
grown unless a resistant variety or chemical controls the disease. Charcoal 
stalk rots caused by Macrophomina phaseolina, and Southern Rust 
caused by Puccinia polysora showed some economic losses in some areas in 
the northern and northeast 



For insects, com borer ( Ostrinia furnacalis) should be an important 
one. It recently appeared in damaging level in the north and central regions. 

Structure of the maize improvement program 

Materials 

Many accessions of maize gennplasm have been introduced to Thailand 
since the beginning of the breeding in 1960s. The Rockefeller Foundation's Inter 
Asian Com Program brought in tropical gennplasm from Mexico, Central 
America, the Carribbean and Brazil. The Suwan germplasm complexes 
( Suwan I, Suwan 2 and Suwan 3 ) were originally developed from the 
Thai Composite # I, a synthetic with 36 varieties from Mexico,Central America, 
and Carribbeal with several gennplasm sources of resistance downy mildew from 
the Philippines. In 1989; the DOA maize breeding program released an open 
pollinated variety Nakhon Sawan I (NS I ) which developed by crossing 
CIMMYT - Population 28 by Suwan I. This variety is higher yield than 
Suwan I and has excellent resistance to downy mildew. 

Breeding methodology 

Several breeding system have been employed in the development of new 
varieties such as controlled mass selection, SI & S2 recurrent selection, reciprocal 
recurrent selection, half sib and full sib family selection. Other breeding systems 
employed include pedigree and backcross selection, topcross using the latest 
cycle of Suwan I, Suwan 3 and Suwan 5, Nakhon Sawan I, Population 28 
and also testcross using the promising inbred or hybrid as tester. 

Evaluation of varieties have been initially done at research centers/ stations. 
Promising materials have then been tested both at experiment stations and 
fanners fields at different location on maize growing areas. To obtain more 
reliable information, data has been collected over years, seasons and locations. 



Products 

Since 1978, several open - pollinated varieties have been released such as 
Suwan 1 (1975); Suwan 2 (1979); Suwan 3 (1987); Nakhon Sawan 1 (1989); 
Suwan 5 (1992). These varieties have excellent resistance to downy mildew 
resistance. Their yield ability ranges from 4.5 - 6.5 t/ha. Kasetsart University 
program has continuously released inbred line ( Ki 1 to Ki 45 ) and several 
three way with and single crosses hybrids since 1982 KSX 3601 and KSX 
3851, single crosses hybrid, give yields 7.5 - 8.5 t I ha have under released. 
Several high yielding hybrids and high combining ability inbreds with downy 
mildew resistance are going to be released ; these are NSX 9210 ; NSX 9213 ; 
NSX 9605 and NSX 9608 (Table 8 and 9 ). 

Average planted with released material 

Thailand has a high proportions of fanners using improved maize 
germplasm. About 75 o/o of Thai fanners plant improved open pollinated 
varieties and the other 25 % plant hybrids in 1990. Because of the acceptance 
of hybrid seed was very rapidly, the amount of hybrid seed used is nearly 90% 
with covered 92.55% of total maize areas in 1998. Of the total hybrid seed 
used, the 60 % was single crosses in 1997 and 75% in 1998. The amount of three 
way cross and double cross seeds were reduced the same as open pollinated 
varieties (Table 10 and 11 ). Public sectors supply small amount of seed volume, 
private sectors, in contrast, are major supplier of hybrid seeds. Much of private 
research, however, depends heavily on public sector maize gennplasm especially 
stress tolerant materials. 
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Table 1 Acreage production and actual yield of maize in Thailand 
(1950-1998) 

Year 

1950-59 
1960-69 
1970-79 
1980-89 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Acreage 
(1,000ha) 

78.2 
514.6 

1194.4 
1748.8 
1665.6 
1475.0 
1351.4 
1339.2 
1412.6 
1336.0 
!387.2 
1376.0 
1408.0 

Production 
(1, 000 tons) 

105 
1027 
2326 
3832 
3720 
3790 
3670 
3330 
3960 
4150 
4390 
4389 
4500 

Yield 
(t/ha) 

1.21 
1.98 
1.95 
2.35 
2.41 
2.71 
2.97 
2.73 
2.94 
3.11 
3.17 
3.19 
3.19 

Note: Data derived from : The Office of Agricultural Economics(l 974-1994) and Kritpon 
( 1996-1998) 

Table 2 Acreage and maize production in the different ecologinal regions of Thailand 

Acreage % of Total Production Yield 
(1,000 ha) ( 1, OOOtons) (t/ha) 

1. North 677.3 49 2234.6 3.3 
2. Northeast 372.2 27 1078.2 2.9 
3. Central 333.7 23 1211.7 3.6 
4. South 3.2 1 7.9 2.4 

Total 1386.4 100 4532.4 3.2 

Note : Data derived from : the Office of Agricultural Economics (1996/97) 



Table 3 Acreage of maize growing area and production in each season 

Main season Yield Second season Yield 
(l,OOOha) (t/ha) (1,000ha) (t/ha) 

1. North 625.1 (92%) 3.3 52.2 (8%) 2.9 
2. Northeast 274.6 (74%) 2.8 97.5 (26%) 3 
3. Central 301.1 (90%) 3.7 32.5 (10%) 3.1 
4. South 2.1 (67%) 2.5 1.1 (33%) 2.4 

Total 1203.0 (87%) 3.3 183.3 (13%) 3 

Table 4 Characteristics of maize production zones in Thailand 

Production zone 

North Northeast Central 

Area, (1,000 ha) 677.3 372.2 333.7 
Ecology Tropical Tropical Tropical 
Grain type OYF, OYSF OYF, OYSF OYF, OYSF 
Growing season maJor major/minor maJor 

(April-May and July-August) 
Maturity latel/ late 11 late l/ 
Soil textyre loamy clay sandy loamy clay 

Source: Modified from CIMMYT, 1994 

ll = Harvested at 110 - 120 days 



Table 5 Estimation of the amount of hybrid maize seed sold and area planted with 
hybrid from 1981-1999 in Thailand. 

Year Amount Hybrid area % of Total 
(ton) {l,OOOha) maize area 

1981 40 2.80 0.10 

l 1982 145 9.06 0.50 
1983 449 28.06 1.40 
1984 897 56.06 2.60 

SC,TWC,DC 
1985 1740 108.75 4.70 
1986 1810 113.12 4.90 
1987 1370 85.62 5.00 
1988 1700 

t 
106.25 5.90 

1989 3550 221.87 12.70 
1990 5625 Hybrid 351.56 21.10 
1991 7450 promotion 465.62 31.50 
1992 8940 policy 558.75 41.30 

r 1993 10280 • 642.50 50.00 
1994 12040 752.50 53.30 
1995 12616 788.50 59.00 
1996 14440 902.50 65.10 
1997 15680 980.00 70.30 TWC,SC, 
1998 16300 1018.75 73.10 MSC 
1999 16920 1057.50 75.90 
2000 17760 1110.00 79.60 + 2001 18300 1143.75 82.10 

Remark : Data modified from Suwantaradon, 1997 

Estimation total maize seed demand = 25, 000 tons/ year 

Average sowing rate of hybrid seed = 16 kg/ha 

Average sowing rate OPV' s seed = 20 kg/ha 



.I!l!k 6 Experimental yield, on-farm yield and regional average yield of promising hybrid 
and open- pollinated variety 

Yield (T/ha) 

North Northeast Central 

Expl/ On farm2/ Regional ExplL On farm2/ Regional ExplL On farm2/ Regional 

NSX9210 6.48 5.86 6.02 6.00 5.59 4.51 

KSX3601 6.66 5.94 6.26 6.18 5.76 5.06 

KSX3504 6.47 5.63 5.95 4.89 5.66 4.38 

NS 1 5.11 4.54 5.21 4.19 4.45 3.73 

Mean 6.18 5.49 3.30 5.86 5.31 2.90 5.45 4.42 3.60 

(13%) (66%} (10%) (83%) (28%) (23%) 

( 87%) {102%) . (51%) 

Note : lL =Data obtained from the regional trial, 1995 

2/ = Data obtained from the regional trial, 1995 



~ 7 Abiotic and biotic stresses of maize production zones in Thailand 

Drought 
Low fertility 
Flooding 

Downy mildew 
Stalk rot 
Southern rust 
Southern leaf blight 
Com borer 

North 

2 
2 
2 

5 
2 
2 
1 
2 

Production zone 

Northeast 

Abiotic stress (1-5) 

3 
3 
2 

Biotic stress (1-5) 

4 
2 
2 
1 
1 

Central 

2 
2 
3 

5 
2 
1 
1 
2 

Source : O= Not present in region 1 = present but not of economic important 
2= Some economic losses 3= Significant economic losses 
4= Severe economic losses 
5= Maize cannot be grown unless a resistant variety or chemical control 

Table 8 Mean grain yield and agronomic performance of promising and commercial 
hybrids released by public sectors. 

Hybrid Pedigree Released Yield Silking Tasselling Grain type Downy mildew 
year (t/ha) (days) (days) 

KSX 3504 Ki 44 x Ki 21 1993 7.0-7.5 52 51 OYSF R 
KSX 3601 KI 44 x KI 45 1995 7.5-8.0 52 51 II R 
KSX 3851 KI 46 x KI 45 1997 7.5-8.5 51 50 II R 
NSX 9210 Nei9008 x Nei9202 1999 7.5-8.0 54 53 II HR 
NSX 9213 Nei9009 x Nei9202 promising 7.0-7.5 51 49 YOF-SD HR 
NSX 9605 Nei9002 x Nei9202 II 7.5-8.0 54 53 OYF R 
NSX 9608 Nei9203 x Nei9202 II 7.0-7.5 53 51 OYSF MR 
SW 1 Open-pollinated 1975 5.0-5.5 54 52 OYF R 
SW2 II 1979 4.5-5.0 48 47 II HR 
SW3 II 1987 5.5-6.0 53 51 II R 
NSl II 1989 5.5-6.0 52 51 OYF-SD R 
SW5 II 1993 6.0-6.5 55 53 OYF R 



I!!!k 9 Mean grain yield and agronomic performance of promising and commercial 
inbred released by public sectors. · 

Inbred Pedigree 

Ki21 Pacific 9-S I 0-45 
Ki44 ~S6(S)C2-S I 0-366 

Yield Silking Tasselling Grain type Downy mildew 
(t/ha) (days) (days) 

2.45 57 56 OYSD R 
2.62 57 56 OYF R 

K.145 [ (Ki2 l xTZ l 5)-S2xKi2l]-S10-36 2.8 56 55 " R 
Ki46 SWl (S)C 1O(HLT)Cl-S8-l59 3.9 55 54 " 
Nei9002TFl12(S)C2-Sl0-12 1.85 60 59 II 

Nei9008 (DA9-l(S)-7-3xSWl(S)C9)-S10 3.26 60 59 II 

-177 
Nei9202 Pop.28(HS)C6-S 10-129 2.28 61 61 OYF 
Nei9203 Pop.28(HS)C6-S 10-410 2.21 59 58 OYSF 

Remark: R = Resistance , HR = Highly resistance 

Estimation amount of maize seed and area planted to hybrids and 
open-pollinated varieties in 1997-1998 in Thailand 

Type Amount Area planted %of %of 

R 
R 
HR 

HR 
R 

(tons) (l,OOOha) Total maize area maize seed 

1997 
Hybrid 13,700 1,040 75.5 80.6 

SC, MSC 10,200 816 59.3 60.0 
TWC,DC 3,500 224 16.2 20.6 

OP V's 6,300 336 24.5 19.4 
Total 20,000 1,376 100.0 100.0 

1998 
Hybrid 18,000 1,303 92.5 90.0 

SC,MSC 15,000 1, 111 78.9 75.0 
TWC,DC 3,000 192 13.6 15.0 

OPV's 2,000 106 7.5 10.0 
Total 20,000 1,409 100.0 100.0 

Remark : Modified from Kongdang, 1998 SC = Single cross, TWS = Three way cross 
DC =Double cross, MSC =Modified single cross 
Average sowing rate of hybrid seed = 16 kg/ha 
Average sowing rate of OPV's seed = 20 kg/ha 



Table 11 Commercial hybrid maize available for sales in 1998 

Company 

Novartis 

CP. 

Cargill 

Pioneer 

Pacific 

Uni seeds 

Public 

SC, MSC 

G.5425, G.5442 
G.5445, G.5449 

CP-DK888, CP-DK818 
CP-DK999 

Carg. 922, 'Carg. 93 3 
Big 919, Big 929 
Big 717, Big 227 

Pio301 l, Pio3012, Pio3013 
Pio3014, Pio3023, Pio30Al0 

Pac. 328, Tawada 77 
Pac. 700,Pac. 626,Pac. 848 

Uni. 89 , Uni. 90 

KSX 3504, KSX 3601 
KSX 3815, NSX 9210 

Hybrid 

TWC,MTC,DC 

G.5384, G.5452 
Convoy 93 
Hercules 31 

Pio3006 

Pac. I I 
Tawada 60 

Remark : SC = Single cross, MSC = Modified single cross 

TWC = Three way cross, MTC = Modified three way cross 

DC = Double cross, OPV's = Open pollinated variety 

OPV's 

SWI ,SW2,SW3 

SWI,SW2,SW3 
SW5,NSI 




