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Introduction
Launched in 2007, the Drought Tolerant Maize for Africa (DTMA) project aims to mitigate 
drought and other constraints to maize production in sub-Saharan Africa (SSA). It targets 
to increase yields by 20 to 30%,  benefiting 30-40 million people in 13 countries of SSA  
– Angola, Malawi, Mozambique, Zambia, and Zimbabwe (in southern Africa); Ethiopia, 
Kenya, Tanzania, and Uganda (eastern Africa); and Benin, Ghana, Mali and Nigeria (West 
Africa). Together, these countries account for nearly 75% of all area planted to maize in 
SSA.

The project brings together men and women farmers, research institutions, extension 
specialists, seed producers, farmer community organizations, and non-government 
organizations. It is jointly implemented by the International Maize and Wheat Improvement 
Center (CIMMYT) and the International Institute for Tropical Agriculture (IITA), in close 
collaboration with national agricultural research systems (NARS) in participating nations. 

Each sub-region conducts its own annual review and planning meetings according to its 
objective conditions. The overall annual review and planning meeting for the project is 
held towards the end of September each year. Highlights presented in this publication are 
the result of the annual review and planning meeting held on 22-26 September 2013. 

The reports are presented in two broad categories. The first part deals with the overview 
of work carried out between October 2012 and September 2013 and jointly prepared 
by CIMMYT/IITA scientists. Progress in variety development and socioeconomics work is 
presented separately for each sub-region whereas reports for seed production and delivery 
are presented in one report for eastern and southern Africa and another for West Africa. 
Cross-cutting topics, including the overall project highlights, maize lethal necrosis, gender, 
and communication are also presented in the first category of reports. The second category 
of reports are prepared by the NARS scientists and presented for each country. Each report 
here summarizes the major activities carried out across the three objectives – breeding, 
seed production and delivery, and socioeconomics – for the reporting period.

DTMA is funded by the Bill & Melinda Gates Foundation.

Tsedeke Abate, Project Leader
December 2013
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DTMA Highlights for 2012/13: An Overview
Tsedeke Abate (CIMMYT-Kenya)
E-mail: t.d.abate@cgiar.org

Key Messages
I am delighted to report that our project had yet another exciting year since our last meeting 
in September 2012. Each of the four objectives has made commendable progress in their 
respective areas of responsibility.

The Product Development Objective (Objective 1) has continued adding new drought 
tolerant and farmer-preferred varieties to its list of achievements. A total of 149 varieties, 
comprising 89 hybrids and 60 open pollinated varieties (OPVs) have been released so far; 
264 hybrids and OPVs are in NPT/NVT across participating countries in 2013. Twelve lines 
have been released as CMLs; 15 lines have been identified as drought tolerant donors; and 
10 lines as drought tolerant and heat tolerant. Work on host plant resistance to MLN is 
showing good progress. 

The Seed Systems Objective (Objective 2) has provided insights into producibility of new 
stress tolerant hybrids, provided training and technical services to seed companies and 
facilitated the production and delivery of seed of the drought tolerant maize varieties to 
help the project meet its objectives across target countries. 

The Socio-Economics Objective (Objective 3) has revised its Results Framework, was 
heavily engaged in country strategies development, introduced gender into its research, 
and recently brought onboard a Seed Business Development Specialist.

The Project Leadership/Management Objective (Objective 4) finalized the Country 
Strategies document; continued to provide overall support and leadership to the other 
objectives, and served as a mouthpiece of the project through engagement with policy 
makers, representations in major meetings and enhancing publicity via print and electronic 
media.

Variety Releases
The cumulative number of drought tolerant varieties released under the auspices of DTMA 
stands at 149, as shown in Figure 1.1-1. These consisted of 89 hybrids (ca. 60%) and 
60OPVs (ca. 40%). In addition to drought tolerance, most of these varieties are resistant 
to major diseases (such as northern leaf blight, maize streak virus, and gray leaf spot) and 
the parasitic weed Striga hermonthica. Furthermore, several of them also have superior 
nutritional quality or they are quality protein maize (QPM) varieties.

Thirty three of the varieties shown in the figure were released in 2013, as presented in Table 
1.1-1.  About 94% of all the varieties released in 2013 were hybrids.

Nigeria, followed by Zambia, Malawi, Tanzania, Zimbabwe, Ghana and Ethiopia made 
the largest number of releases. Malawi and Tanzania, followed by Zambia, Zimbabwe, 
Uganda, and Mozambique released the largest number of hybrids. All the varieties released 
in Benin were OPVs. Angola, Nigeria, and Ghana released more OPVs than hybrids. In 
general, the number of hybrids is on the increase.
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DTMA efforts have brought about changes in the frequency of variety releases in the 
countries. For example, the frequency for Nigeria was 1.7 varieties per year between 2000 
and 2006, compared to 6.8 between 2007 and 2013. In a similar fashion, Ghana, Angola, 
and Mali did not release any variety between 2000 and 2006, but they released an average 
of 2.0, 1.2, and 1.2, varieties per year, respectively, between 2007 and 2013. 

Table 1.1-1: Drought tolerant maize varieties released in 2013

Country Variety

Malawi MH30, MH31, MH32, MH33, MH34, MH35, MH36, MH37, MH38

Tanzania Nata H104, Nata H105, Nata K6Q, CZH0837, MAMS913

Ethiopia MH140, Melkassa-1Q, BH546, BH547

Nigeria Ife Hybrid5, Ife Hybrid6, Sammaz40

Zambia GV635, GV638, GV628

Zimbabwe PAN3M-01, PGS63, SC301

Mozambique Gogoma (ZM309), Pris601, SP-1

Uganda UH5354, UH5355

Angola ZM309

Seed Production
DTMA facilitated the production of drought tolerant maize seed through its partnerships 
with various categories of seed producers – NARS, multi-nationals, regional, and national 
(small, medium, and large) seed companies. The total quantity of drought tolerant maize 
seed produced in DTMA partner countries in 2012 is estimated at more than 31,000 metric 
tons, as shown in Table 1.1-2. This included about 61% (ca. 19,000 t) of drought tolerant 
maize varieties released under DTMA (after 2007) whereas the remainder was drought 
tolerant maize varieties released before 2007 but leveraged by the project to speed up 
the use of such varieties among smallholder farmers in the participating countries. It is 
estimated that this amount is enough to cover about 1.23 million ha, benefiting more than 
3 million households (Table 1.1-2). 

Figure 1.1-1: Cumulative number of drought tolerant maize variety releases in target 
countries under DTMA (2007-13)

6



11

Table 1.1-2: Estimates of drought tolerant maize seed production, area covered, households and 
people benefiting 

Country Quantity of seed (t) Area covered 
(000 ha)*

Beneficiaries (000)

New varieties Existing 
varieties 

Total Households People**

Zimbabwe 4,961 2,507 7,468 298,720 747 5,228

Kenya 0 5,050 5,050 202,000 505 3,535

Malawi 4,385 31 4,416 176,640 442 3,091

Nigeria 3,413 0 3,413 136,512 341 2,389

Zambia 3,331 91 3,422 136,880 342 2,395

Tanzania 619 1,757 2,376 95,040 238 1,663

Uganda 527 1,045 1,572 62,880 157 1,100

Ethiopia 0 1,544 1,544 61,748 154 1,081

Mozambique 855 0 855 34,200 86 599

Mali 800 0 800 32,000 80 560

Angola 511 0 511 20,440 51 358

Ghana 55 0 55 2,200 6 39

Benin 45 0 45 1,780 4 31

Total 19,501 12,025 31,526 1,261,040 3,153 22,068

* Taking 1 ton is enough to plant 40 ha; ** each household is about 7 people
 

DTMA Country Strategies
Extensive analyses of maize R&D in each country have been conducted, key constraints 
identified, and a seed roadmap and pathways to achieving the intended goals have been 
provided. A model for making projections for each country has been developed, based on 
historical data and assumptions. These included:
• Seed market growth rate per year (derived from FAO statistics);
• Current formal maize seed volume (estimate);
• Total maize seed planted (formal plus informal sources, FAO statistics);
• DT replacement share: the share of existing formal maize seed being replaced by the 

new drought tolerant varieties - i.e. a scenario whereby new DT maize varieties increase 
their market share at the expense of existing commercial varieties; and 

• DT additional share: the share of informal maize seed being replaced by the new 
drought tolerant varieties - i.e. a scenario whereby farmers shift from non-formal maize 
seed sources to new drought tolerant maize varieties, expanding the overall formal seed 
market share.

Table 1.1-3 summarizes the seed production projections for each country through the project 
phase. It can be seen that the estimated total drought tolerant maize seed production by 
2016 would reach about 60,000 t, compared to the original plan of 70,000 t. However, it 
should be noted that the current projected quantity is still enough to cover nearly 6 million 
households or about 30 million to 40 million people.

The analyses also covered the role of women in maize agriculture. It has been estimated that 
women account for an average of 27% of household leadership (10-55%) and contribute 
61% of labor (40-80%).
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Table 1.1-3: Drought tolerant maize seed production projections in DTMA partner countries

Country Total DT seed volume (000 t)

2012 2013 2014 2015 2016

Angola 0.50 0.85 1.22 1.73 2.25

Benin 0.74 0.90 1.16 1.47 1.89

Ethiopia 1.51 1.96 2.40 2.85 3.49

Ghana 0.57 0.95 1.42 1.89 2.57

Kenya 2.06 3.26 4.57 5.51 6.66

Malawi 3.69 4.54 5.28 6.02 6.91

Mali 0.81 1.42 1.94 2.57 3.38

Mozambique 0.86 1.22 1.64 2.07 2.62

Nigeria 2.42 3.39 5.17 6.15 7.31

Tanzania 0.59 1.03 1.64 2.36 3.09

Uganda 0.53 0.93 1.42 1.94 2.87

Zambia 2.62 3.27 3.96 4.65 5.32

Zimbabwe 3.70 5.54 7.02 8.52 11.44

Total 20.60 29.26 38.84 47.73 59.80

From the overall analyses it has been suggested that the way forward for DTMA should 
include:
• Mainstreaming drought tolerant varieties;
• Enhancing partnerships, in particular with PASS/AGRA, SROs (e.g. ASARECA), and 

sister projects of CIMMYT (IMAS, IRMA, SIMLESA, WEMA);
• Supporting breeder seed production capacity of NARS;
• Mainstreaming gender; and
• Providing evidence-based knowledge for policy engagement.

Key Achievements of National Programs
Representatives of each NARS were asked to list three of their most important achievements 
for 2012/13. All but two (Angola and Tanzania) of them (85%) said that they were very 
proud of releasing more drought tolerant maize varieties (Figure 1.1-2). Five of the 13 (38%) 
NARS (Zambia, Kenya, Uganda, Benin, and Nigeria) said forming better partnerships with 
seed companies, CBOs and NGOs was one of the three most important achievements for 
them; the same number of NARS (Malawi, Zimbabwe, Ethiopia, Tanzania, and Ghana) 
said they were able to install new research/seed storage facilities or improve existing 
research facilities during the year. Four (31%) of the NARS (Malawi, Uganda, Benin, Mali 
and Nigeria) said that they were proud of their dissemination efforts. Three (23%) of the 
NARS (Angola, Zimbabwe, and Tanzania) were happy about the number of germplasm they 
received from DTMA; the same number (Angola, Mozambique, and Ghana) were proud 
of increased number of seed companies established in their countries. The release of more 
hybrids was important for two countries (Mozambique and Mali); commercialization of 
released varieties was important for two countries (Angola and Ethiopia). Zambians were 
happy about their improved breeding methods whereas Tanzania liked their improved 
human capacity building during the year (Figure 1.1-2). Details can be found in Annex 
Table 1.1-1. 
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Figure 1.1-2: Percentages of NARS partners reporting their key achievements for 2012/13 

Enhancing Visibility of DTMA
Work in the area of improving the profile of DTMA continued during this reporting period. 
This included the use of print and electronic media, gathering data on maize research and 
development, engaging policy makers, participating in national, regional and international 
conferences, paying visits to partner countries, and forming/strengthening partnerships. 

Five issues of the project’s quarterly bulletin, DT Maize, have been published regularly 
since the last annual meeting. Each one of these featured major areas of the project (e.g. 
variety releases, seed production) and progress in DTMA countries (Ghana, Malawi, and 
Uganda). See summary report on communications for further details.

Lessons Learned
Lesson #1:  There is extreme variability among DTMA partner countries in their 

organizational and research capacity;

Lesson #2:  Achieving the project objectives and goals is dependent on organizational 
capacity of the NARS;

Lesson #3:  Variety uptake is enhanced where government policy included incentives for 
smallholder farmers;

Lesson #4:  Uptake of new (drought tolerant) varieties by large companies is slower than 
expected; 

Lesson #5:  There is a strong need for technical backstopping and strengthening 
leadership capacity of the NARS;

Lesson #6: Institutional issues are as important as technical issues, if not more so.
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Annex Table 1.1-1: Three most important achievements for each NARS in 2012/13

Themes
Countries

Angola Benin Ethio-
pia

Ghana Kenya Malawi Mozam-
bique

Nigeria Tanza-
nia

Uganda Zambia Zimba-
bwe

Variety  
Release

√ √ √ √ √ √ √ √ √ √

Partnership √ √ √ √ √
Facility √ √ √ √ √
Dissemination √ √ √ √
Germplasm √ √ √
Seed  
Companies

√ √ √

Hybrids √
Commercial-
ization

√ √

Breeding 
Methods

√

Capacity √
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Drought Tolerant Maize Varieties Development 
and  Testing in West Africa: Highlights for 
2012/13
A Menkir (IITA-Nigeria), B Badu-Apraku (IITA-Nigeria), SG Ado (IAR/ABU, Nigeria), K Obeng-
Antwi (CRI-Ghana), CG Yallou (INRAB-Benin), Ntji Coulibaly (IER-Mali), H  Alidu (SARI-Ghana), G 
Olaoye (Univ. Ilorin-Nigeria),  IS Usman (IAR/ABU, Nigeria), IY Dugje(Univ. Maiduguri-Nigeria), JE 
Onyibe (NAERLS-Nigeria), RA Omolehin (IAR/ABU-Nigeria), SS Buah( SARI-Ghana), H Asumadu 
(CRI-Ghana), RAL Kanton (SARI-Ghana), A Sanni Ogbon (INRAB-Benin), NM Baco (Univ. 
Parakou-Benin), M Abdulai (SARI-Ghana), and L Traore (IER-Mali)
E-mail : a.menkir@cgiar.org

Product Development and Testing  
In West Africa, improvement of maize inbred lines of extra-early, early, intermediate and late 
maturity for drought tolerance has been integrated with the development of new generation 
of drought tolerant open-pollinated varieties and hybrids. In 2013, 3295 early generation 
lines (S1 to S3) and 1050 advanced maize inbred lines of the different maturity groups 
derived from bi-parental crosses, narrow-based synthetics, and broad-based populations 
were evaluated under controlled stress condition at Ikenne during the dry season. Several 
inbred lines among these with tolerance to drought were selected for further inbreeding 
during the 2013 main cropping season. In addition, 4643 new early generation lines (S1 
to S3) and 2131 advanced inbred lines of varying maturity derived from diverse sources 
were planted at two locations in May 2013 to evaluate their per se performance. The best 
lines with desirable agronomic traits and resistance to the prevalent major diseases will 
be selected at the end of the growing season for testing under controlled drought stress 
conditions or in hybrid combinations in 2014. 
 
Drought tolerant inbred lines of the different maturity groups selected in previous seasons 
have continually been evaluated in hybrid combinations to identify promising hybrids 
with superior agronomic performance for further testing in advanced trials. In 2013, 757 
testcrosses of S1 lines, derived from broad-based populations; 969 new hybrids, formed 
from new advanced drought tolerant inbred lines; and 356 promising hybrids, selected 
from previous seasons, were split into several independent trials and were evaluated under 
controlled drought stress at Ikenne. Seven trials involving extra-early and early-maturing 
hybrids had yield reductions of 42% to 62% whereas 16 trials involving intermediate 
and late maturing hybrids showed yield reductions of 47% to 70% due to drought stress 
encountered during testing. The best 275 hybrids selected from these trials produced grain 
yields varying from 2.0 t/ha to 4.0 t/ha whereas the commercial hybrid checks produced 
grain yields varying from 0.4 t/ha to 2.3 t/ha. The best hybrids will be evaluated in advanced 
hybrid trials in multiple locations for agronomic performance and under controlled drought 
stress conditions in 2014 to confirm consistency of drought tolerance. Furthermore, 2039 
new hybrids formed by crossing new drought tolerant maize inbred lines were split into 
several independent trials and are currently being evaluated for agronomic performance 
and defensive traits in multiple locations during the 2013 main cropping season. These best 
hybrids selected from these trials will also be evaluated under controlled drought stress 
at Ikenne in 2014 to identify hybrids with higher levels of drought tolerance and broad 
adaptation to the moist savannas.
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 Channeling Drought Tolerant Products to Partners for
  Regional Testing
Evaluation of drought tolerant varieties and hybrids in regional trials in partnership with the 
NARS and the private sector has been carried out to identify potential products for further 
testing, registration and release. In 2012, the total sets of regional trials composed of extra-
early-, early- and intermediate/late-maturing drought tolerant open-pollinated varieties 
(OPVs) and hybrids that were dispatched to partners for testing in multiple-locations were 
35 for Benin Republic, 74 for Ghana, 38 for Mali and 109 for Nigeria. The total number 
of data field books recovered from these regional trials was 77% for Benin Republic, 81% 
for Ghana, 50% for Mali, and 77% for Nigeria. Additional 383 sets of regional trials were 
dispatched to partners not only in the four DTMA project countries but also to eight other 
countries in 2013. Among the entries included in the 2013 regional trials, 10 were new 
drought tolerant OPVs and 65 were new drought tolerant hybrids.

Exploiting the diverse maize production environments in the four DTMA project countries 
in West Africa for extensive evaluation of regional trials has facilitated selection of promising 
drought tolerant maize varieties and hybrids for further testing in national performance (NPT) 
and on-farm trials (Table 1.2-1). The number of promising drought tolerant maize varieties 
and hybrids selected from regional trials for testing in the 2013 national performance and 
on-farm trials were 28 in Benin Republic, 42 in Ghana, 10 in Mali, and 62 in Nigeria. 
Results of these trials will form the basis to select the best drought tolerant OPVs and 
hybrids for registration and release in the various countries. In a large number of on-farm 
trials conducted in the four countries in 2012, the best drought tolerant open-pollinated 
maize varieties out-yielded the farmers’ preferred variety by 10% to 309% whereas the 
best drought tolerant hybrids out-yielding the farmers’ preferred variety by 14% to 190% 
(Table 1.2-2). The NPT and on-farm trial results conducted in 2010 and 2011 permitted 
the selection of four drought tolerant open-pollinated varieties and three hybrids that were 
released in Ghana in 2012. Also, two extra-early maturing hybrids selected based on 
national performance and on-farm trial results were released in Nigeria in 2013.

Table 1.2-1: Promising drought tolerant maize varieties and hybrids identified for further testing in 
national performance and on-farm trials in 2013.

 Maturity Benin Republic Ghana Mali Nigeria
OPVs

  Extra-early 4 8 - 3
  Early 9 4 - 20
  Intermediate/late 10 7 1 7
Sub-total 23 19 1 30
 Hybrids
  Extra-early - 9 3 10
  Early - 7 3 7
  Intermediate/late 5 7 3 15
Sub-total 5 23 9 32
Grand total 28 42 10 62
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 Monitoring Genetic Gains in Selection for Drought Tolerant
Varieties and Hybrids
The commercial seed companies that market hybrid maize in West Africa are less developed 
than those in Eastern and Southern Africa. For this reason, much of the maize area in West 
Africa has been planted to improved open-pollinated varieties. The DTMA project has thus 
continued investing in the development of both drought tolerant open-pollinated maize 
varieties and different types of hybrids to cater for the needs of the NARS, community-
based seed producers, and existing and emerging indigenous seed companies to produce 
and supply good quality seeds to different groups of farmers. Continual assessment of 
genetic gains from selection is important to determine the progress achieved in drought 
tolerance as well as in yield improvement of both open-pollinated maize varieties and 
hybrids. A comparative trial consisting of 50 early maturing maize varieties showed that the 
varieties developed between 2007 and 2010 had yield advantages of 22% under controlled 
drought stress and 13% in 24 diverse test environments over varieties developed prior to the 
initiation of the DTMA project.  The results of this comparative study have been published 
in Crop Science (Badu-Apraku et al, 2013).

Table 1.2-2: Comparative performance of the best 10 top cross hybrids over the released DT 
top-cross hybrids as well as commercial hybrid checks recorded in a regional trial tested under 
induced drought stress and full irrigation and in 38 stressful and 44 favorable test environments in 
2010 to 2012

Trait

 Change in absolute value of
 the best 10 top cross hybrids

over
 % Change  of the best 10

top cross hybrids over
 Released

 top-cross DT
hybrids

 Commercial
hybrids

 Released
 top-cross DT

hybrids

 Commercial
hybrids

 Grain yield under drought 
(t/ha)

0.246 0.472 12 26

 Grain yield under full
irrigation (t/ha)

0.612 0.885 13 19

 Grain yield <3.0 t/ha
environments (t/ha)

0.215 0.144 12 7

 Grain yield >3.0 t/ha
environments (t/ha)

0.755 0.619 19 15

Anthesis (days) -1 -2 -1 -3
Ear height (cm) 4 5 4 5
Husk cover (1-5) -0.08 0.09 -4 4
Ear aspect (1-5) -0.26 -0.56 -9 -17
Plant aspect (1-5) -0.31 -0.71 -10 -21
ASI (days) 0.43 -1.11 22 -32
Ears per plant (No.) 0.04 0.06 5 8
Leaf senescence (1-9) -1.07 -1.08 -14 -14
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A second trial consisting of three late maturing top-cross hybrids developed in 2007 and 
released in Nigeria and Ghana, 24 top-cross hybrids developed in 2009 and 2010, and two 
commercial hybrid checks was evaluated under induced drought stress and full irrigation 
at Ikenne for three years. These top-cross hybrids were formed by crossing drought tolerant 
open pollinated varieties with inbred lines to facilitate production and marketing of hybrid 
seeds to farmers at low prices. The 10 best 2009 to 2010 top-cross hybrids selected from this 
trial out-yielded the three released top-cross hybrids by an average of 12% under controlled 
drought stress and by 13% under full irrigation (Table 1.2-2). Also, the selected best top-
cross hybrids out-yielded the two commercial hybrid checks by an average of 29% under 
controlled drought stress and by 19% under full irrigation. The top-cross hybrids were also 
evaluated at 38 stressful and 44 favorable test locations in Benin Republic, Ghana, Mali 
and Nigeria for three years. The 10 best 2009 to 2010 hybrids selected under controlled 
drought stress out-yielded the released drought tolerant top-cross hybrids by an average of 
12% in low yielding locations (<3 t/ha yield) and 19% in favorable growing locations (>3 t/
ha yield). The selected best hybrids also out-yielded the two commercial hybrid checks by 
7% in low yielding locations (<3 t/ha yield) and 15% in favorable growing locations (>3 
t/ha yield). The increases in grain yields of the best top-cross hybrids were not associated 
with significant changes in anthesis, ear placement, husk cover, ear aspect, plant aspect, 
anthesis-silking interval, ears per plant, leaf senescence, and foliar disease scores.

A third trial composed of 31 late maturing three-way cross hybrids developed in 2011 
and 2012, three recently released drought tolerant hybrids, and eight commercial hybrid 
checks was evaluated under induced drought stress and full irrigation at Ikenne during the 
2013 dry season. The average yield increase of the best 10 3-way cross hybrids developed 
in 2011 and 2012 over the released drought tolerant hybrids was 21% under controlled 
drought stress and 8% under full irrigation. The best hybrids also out-yielded the commercial 
hybrid checks by an average of 54% under controlled drought stress and by 23% under 
full irrigation. The 3-way cross hybrids were also evaluated at 8 stressful and 18 favorable 
test locations in Benin Republic, Ghana, Mali and Nigeria in 2012. The 10 best 2011 and 
2012 3-way cross hybrids selected under controlled drought stress out-yielded the released 
drought tolerant 3-way cross hybrids by an average of 11% in low yielding locations (<3 t/
ha yield) and 14% in favorable growing locations (>3 t/ha yield). The selected best hybrids 
also out-yielded the two commercial hybrid checks by 20% in low yielding locations (<3 
t/ha yield) and 17% in favorable growing locations (>3 t/ha yield). The increases in grain 
yields of the best 3-way cross hybrids were not associated with significant changes in other 
major agronomic traits recorded in this trial.

Promoting Access to Drought Tolerant Varieties  and Hybrids
The third phase of the DTMA project has focused on increased access to productive and 
drought tolerant varieties and hybrids by the NARS and the private seed companies to 
enhance the production and supply of good quality seeds to farmers in drought affected 
areas. The project has thus supported two inter-related activities, which include (i) extensive 
testing of new drought tolerant maize varieties and hybrids in national performance and 
on-farm trials and (ii) seed multiplication of released drought tolerant varieties and hybrids 
by partners for deployment in drought affected areas. To assist in conduct of national 
performance and on-farm trials, DTMA has provided funds to partners in the four project 
participating countries. IITA also provided a total of 2402 kg seeds of new drought tolerant 
OPVs, 608 kg seeds of new drought tolerant hybrids, and 197 kg seeds of parental lines 
of drought tolerant hybrids to support conduct of national performance and on-farm trials 
as well as initiation of the multiplication of seeds of the best drought tolerant OPVs and 
parents of hybrids in 2013 (Table 1.2-3). The national performance and on-farm trial results 
will form the basis not only to identify well adapted drought tolerant varieties and hybrids 
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but also to obtain the required data submitted to the national variety release committee 
for registration and release. Furthermore, the DTMA project has provided summaries of 
regional trial results within and across project countries to facilitate identification and 
registration of the best drought tolerant maize varieties and hybrids.

Table 1.2-3: Summary of on-farm trial results for selected best OPVs and hybrids evaluated in the 
four DTMA project countries in 2012.

Maturity

 On-farm
 trials

(number)

 Selected
 best varieties

(number)

 Selected best
 variety yield
range (t/ha)

 Farmers’
 variety

 yield range
(t/ha)

 % increase
 over

 farmers’
variety

OPVs
Extra-early 3 -12 8 1.4 - 4.3 1.1 - 2.4 25 - 119
Early 3-12 16 1.6 - 5.3 1.1 -2.6 18 - 309
Intermediate/late 3 -12 9 1.6 - 5.7 1.3 - 4.1 10 - 095

Hybrids
Extra-early 2 - 5 6 2.5 - 6.0 2.2 - 4.4 14 - 098
Early 3 - 4 4 2.1 - 5.2 1.3 - 4.2 21 - 119
Intermediate/late 3 - 7 6 1.6 - 5.8 1.1 - 4.5 18 - 190

To assist multiplication of seeds of drought tolerant OPVs released in the four project 
countries, 12357 kg seeds of extra-early, 2350 kg seeds of early, and 7835 kg seeds of 
intermediate/late maturing varieties were supplied to the NARS, community-based seed 
producers and private seed companies (Table 1.2-4). Part of the seeds was provided to 
partners on request to support further multiplication in 2013 for deployment in 2014 
through other projects and national initiatives. The quantity of seed supplied has been 
planted in more than 1000 ha of land and is expected to generate at least 2500 tons of 
foundation seed in 2013. 

Table 1.2-4: Breeder seed supplied (kg) to support national performance and on-farm trials as well 
as the multiplication of foundation seed of released varieties in 2013

 Maturity
  National performance and 

on-farm trials  
 Seed multiplication of

released varieties

 OPVs Hybrids  Inbred lines  OPVs
  Extra-early 303 232 24 1,2357
  Early 856 142 15 2,350
  Intermediate/late 1243 234 159 7,835

Total 2,402 608 197 22,542
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Drought Tolerant Maize Varieties Development 
and  Testing in Eastern Africa: Highlights for 
2012/13
Dan Makumbi (CIMMYT-Kenya) and MacDonald Jumbo (CIMMYT-Kenya)
E-mail: d.makumbi@cgiar.org

In eastern Africa, we formed testcrosses using inbred lines at S3-S5 stage of inbreeding.  A 
total of 4,402 hybrids at stage I and stage II were formed in 2012/13. A further 522 three-
way cross hybrids were formed using elite inbred lines from Kenya and Zimbabwe. We also 
formed 637 single cross hybrids. These hybrids are in evaluation trials to assess their yield 
potential, reaction to major abiotic stresses, and to obtain information on the combining 
ability of the inbred lines. In the intermediate-late maturing hybrid trials, commercial hybrids 
(WH403, WH505, WH509, H513, and H520 were used as checks.  In early-intermediate 
maturing hybrid trials, the commercial hybrids DUMA43, DH04, DH08, PANM-419 and 
PHB3253 were used as checks. The trials were planted at key testing locations in Kenya, 
Tanzania, and Uganda. 

At Kakamega, Kenya, a high potential site and disease (GLS, turcicum leaf blight, ear rots) 
hotspot, a total of 12,408 yield plots were planted. At Embu 8,276 yield plots were planted to 
evaluate yield potential. At Alupe 2,908 yield plots were planted to evaluate yield potential 
and reaction to the major foliar diseases. We also planted 3,814 yield plots at Shikusa in 
western Kenya to evaluate yield potential and reaction to the major foliar diseases. Other 
locations used to evaluate some of the hybrid trials include Endebess, Thika, Kiboko, and 
Bungoma in Kenya; Weruweru, Karatu, Mlangarini, Ngaramtoni, Handeni, and Ukiriguru 
in Tanzania; and Namulonge, Soroti, Bulindi, and Ngetta in Uganda.

We partnered with several seed companies to evaluate trials. The companies include  
Kenya Seed Company, Western Seed Company, Dryland Seeds, East African Seed Company 
in Kenya; Aminata Seed, SUBA Agro, IIFA Seed, Meru Agro, and MAMS in Tanzania. 
This partnership enabled us to obtain data from additional sites and it also gives an 
opportunity to the seed companies to select new products for further testing and possible 
commercialization. All the hybrid and integrated regional trials were planted at Kiboko 
under managed drought stress in June/July.  Preliminary results from two sites under rain-
fed conditions and ran indicate that the new products have good performance compared to 
the popular commercial hybrids. In the intermediate maturity trial 1, yield ranged from 5.8 
to 9.3 t/ha. In this trial the best new hybrid yielded 15% higher than the best commercial 
hybrid of the same maturity (Table 1.3-1). In the second intermediate maturity trial under 
random stress, the yield ranged from 1.1 to 2.9 t/ha, with the best new hybrid yielding 
38% higher than the best commercial check (Table 1.3-2). Data from all the evaluation 
trials under rain-fed/irrigated conditions and managed drought stress will be available in 
October 2013 and will be presented in the annual report.
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Table 1.3-1: Performance of selected intermediate maturity hybrids across two locations, 2013

Hybrid
 Grain
yield

 Anthesis
date

 Bad husk
cover

 Turcicum
 leaf
blight

 Ear
aspect

 Plant
aspect

t/ha days % (1-5) (1-5) (1-5)

CKH122150 7.9 63 1.0 1.5 2.0 1.7

CKH122151 8.4 62 1.2 1.5 2.0 2.0

CKH122198 6.5 61 2.1 1.5 2.6 1.7

CKH122203 7.4 61 1.2 1.5 2.3 1.9

CKH122157 8.1 65 1.2 1.3 1.8 2.1

CKH122252 7.8 64 1.2 1.3 1.9 2.2

CKH122253 8.4 62 2.7 1.5 1.8 2.0

CKH122162 8.6 64 2.6 1.3 1.8 2.1

CKH122163 8.2 64 1.8 1.5 1.8 2.1

CKH122257 7.7 62 2.5 1.7 2.2 1.6

CKH122165 9.1 64 2.6 1.9 1.6 2.5

CKH122259 8.9 62 1.9 2.3 1.8 1.8

CKH122166 9.3 65 3.3 1.6 1.5 2.1

CKH122213 8.3 61 3.8 1.6 2.2 1.8

CKH122168 8.7 64 5.8 1.6 2.2 2.1

CKH122215 7.8 61 6.5 1.3 2.0 1.6

CKH122266 8.3 60 4.4 2.1 1.9 1.8

Commercial checks

H513 6.2 62 1.9 1.5 2.1 2.6

H520 7.3 67 1.8 1.5 2.3 2.7

PHB3253 5.8 62 1.8 1.4 2.4 2.2

WH509 8.1 66 2.0 1.5 1.8 2.0

Locations 2 2 2 2 2 2

Mean 7.5 63 2.7 1.6 2.1 2.0

LSD (0.05) 1.7 3 7.6 0.6 0.7 0.8

Heritability 0.37 0.65 0.25 0.40 0.45 0.50
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Table 1.3-2: Performance of selected intermediate maturity hybrids across two locations, 2013

Hybrid
Grain yield  Anthesis

date
 Bad husk

cover
Ear rot  Turcicum

leaf blightAcross  Random
stress

t/ha days % % (1-5)

CKH122018 4.6 2.4 61 5.1 10.1 1.4

CKH122023 4.4 1.8 64 4.4 2.9 1.4

CKH122062 5.1 1.4 63 5.8 6.4 1.9

CKH122063 5.0 1.9 63 1.6 11.2 1.9

CKH122066 5.3 2.2 64 13.1 5.1 1.8

CKH122067 5.3 1.8 64 10.3 3.6 1.8

CKH122068 5.5 1.8 64 15.1 5.4 2.0

CKH122084 3.5 2.8 64 1.6 7.8 1.8

CKH122085 3.7 2.0 62 5.7 4.3 1.4

CKH122107 4.3 1.9 62 1.2 14.0 2.4

CKH122108 4.0 1.7 62 3.2 13.0 1.9

CKH122109 4.5 2.3 61 2.0 10.4 2.8

CKH122113 5.1 2.9 63 6.7 10.0 2.3

CKH122128 4.9 1.9 62 2.2 5.8 1.5

CKH122129 3.9 1.8 63 6.4 6.6 1.5

CKH122132 4.6 1.9 64 12.4 6.0 1.4

CKH122135 4.8 1.8 63 6.2 5.6 1.6

Commercial checks

PH3253 3.9 1.1 66 2.0 12.7 1.6

DH04 3.6 1.5 64 5.1 8.4 1.9

DH08 5.3 1.5 64 15.1 9.5 1.5

DUMA43 3.8 2.1 61 21.3 17.4 1.9

Locations 2 1 2 2 2 2

Mean 4.4 1.9 63.4 6.4 8.6 1.8

LSD 2.4 0.8 3.0 13.9 14.8 0.8

Heritability 0.40 0.52 0.65 0.15 0.25 0.25

 Regional hybrid trials
We distributed 65 sets of the integrated regional trials (early-, intermediate- and late- 
maturing) to NARS partners and private seed companies for testing under their respective 
conditions in Kenya, Tanzania and Uganda. We also distributed 10 Regional On-farm 
Variety Trials in Kenya and Tanzania. Data from these trials will be available in October.

Inbred Line Development and Testing
In East Africa, we continued efforts to broaden the genetic base of the germplasm by using 
exotic inbred lines for pedigree project starts. We have formed 1237 F2 populations from 
local adapted x temperate lines, local adapted x Colombia lines, and local adapted x IITA 
F1s. We have also formed 348 F1s from local adapted x CIMMYT Zimbabwe lines. To date 
we have formed 963 S2 lines, 1461 S3 lines, 882 S4 lines, 183 S5 lines, and 90 fixed lines. 
The S4 and S5 lines will be used to form testcrosses for evaluation in 2014. The fixed lines 
will be crossed to six single cross parents of diverse origins to form hybrids for testing in 
2014.  The fixed lines will also be submitted for quality control genotyping. Two inbred 
line trials composed of 157 advanced inbred lines were planted at Naivasha for screening 
under artificial maize lethal necrosis (MLN) disease pressure. Results from these trials will 
be available in November.
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Doubled Haploid Line Use
We received 1010 DH lines from Mexico in December 2012 and these were pre-screened 
for various plant and ear characteristics at Kiboko. We identified 244 DH lines with good 
plant and ear characteristics that will be used to generate hybrids for testing in 2014. We 
received a further 2000 DH lines from Mexico in June 2013. These will be screened under 
disease (GLS, turcicum leaf blight and common rust) pressure at Kakamega in October 2013 
to select disease resistant DH lines for further use. We submitted 15 F1 source populations 
for DH induction at the Kiboko DH facility in May.

Hybrid Evaluation under MLN Pressure
We planted six elite hybrid trials and the regional trial (LHYB13) under artificial MLN 
disease pressure at Olerai farm and Naivasha.  Results from these trials will be available in 
November.

Support to National and Seed Company Partners
Through the Maize Working Group the project allocated funds to NARS partners and private 
seed companies to support variety development and release, seed production, technology 
promotion and capacity development by the partners. The project funded a total of 83 
small-grant projects that included 49, 9, 22 and 3 for variety release and development, seed 
production, technology promotion, and capacity development, respectively. The CIMMYT 
team made backstop visits to the partners in July and August to assess implementation of these 
activities in Kenya, Tanzania and Uganda. Similar visits are planned for Ethiopia in October. 
In addition, the country MWG chairs have made monitoring and evaluation visits to the 
partners who received funds in their respective countries.
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Drought Tolerant Maize Varieties Development 
and Testing in Southern Africa: Highlights for 
2012/13
Cosmos Magorokosho (CIMMYT-Zimbabwe), Amsal Tarekegne (CIMMYT-Zimbabwe), Peter 
Setimela (CIMMYT-Zimbabwe) and Jill Cairns (CIMMYT-Zimbabwe)
E-mail: c.magorokosho@cgiar.org; a.tarekegne@cgiar.org; p.setimela@cgiar.org; j.cairns@cgiar.org

Overview
In southern Africa, the breeding project continued to inject new Doubled Haploids (DHs) 
into the breeding pipeline while still maintaining a significant level of conventional pedigree 
and backcross breeding for inbred line development. A total of 4,195 testcross hybrids 
(three-way and double crosses) and 1,437 single-cross hybrids were formed and entered 
into stage I, stage II and stage III trials and evaluated during 2012/2013. A set of 82 doubled 
haploid lines and their corresponding 380 testcrosses were also evaluated in Zimbabwe 
and in Zambia under different biotic and abiotic stress environments. A total 257 advanced 
and elite lines and 88 Off-PVP temperate inbred lines were also evaluated during 2012/13. 
All line and testcross trials were used to assess the yield potential, response to increased 
plant population density, tolerance to prevalent diseases in the region, reaction to major 
abiotic stresses, as well as the combining ability of the inbred lines. 

The trials were planted at six to eight locations in Zimbabwe and Zambia covering 
favorable growing conditions, low N stress environments, disease hotspots, and random 
and managed drought stress conditions. Total plots for these trials were 15,454 at ART 
Farm, Zimbabwe; 5,509 at Rattray-Arnold Research Station-Zimbabwe, 11,512 at Devonia 
Farm; 3,336 at Gwebi Variety Testing Center-Zimbabwe; 10,131 at CIMMY-Harare under 
low N stress; 7,396 at CIMMYT-Harare under high plant density; 6,678 at CIMMYT-Harare 
under artificial disease inoculation; 2,922 at CIMMYT-Harare under optimum conditions; 
2,216 at CIMMYT-Harare under low P stress; 12,102 at Kadoma Research Center under 
random drought stress; 14,031 at Chiredzi Experiment Station under random and managed 
drought stress; 4,204 at Kaguvi Training Centre under random drought stress; 10,925 at 
Save Valley under random stress; and managed drought and heat stress; and 7,862 at 
Chisumbanje under managed drought stress. For regional on-station testing, integrated 
sets of trials comprising CIMMYT hybrids from both southern and eastern African 
breeding programs were prepared and dispatched to collaborators in both eastern and 
southern Africa. A total of 210 hybrids and OPVs were entered into these trials including 
commercially grown varieties and pre-releases from the main seed houses and NARS in 
southern Africa. Analysis and interpretation of data from these trials has been initiated 
and promising hybrids identified. A total of 120 Regional On-Farm Variety Trials (ROFVTs) 
were formed and conducted under farmer-management in southern and eastern Africa. 
From these trials, the best DT products were identified. Capacity enhancement events in 
southern Africa included germplasm distribution to partners, Visiting Scientist Fellowships 
to both NARS and private sector breeders, awarding the best NARS breeding teams, MSc 
and PhD student supervision, technician training courses, new maize breeders training 
course, allocation of resources to NARS for site improvement, and procurement of field 
equipment for supporting breeding activities.
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Inbred Line Development and Testing
During 2012/13 main season, significant proportion of new Doubled Haploid (DH) lines 
were integrated into the screening and evaluation pipeline. A total of 1,506 DHs were 
prescreened for Maize Streak Virus (MSV), Northern Leaf Blight (NLB), Gray Leaf Spot (GLS) 
and per se productivity before testcross formation. These DHs were developed in Mexico 
based on elite x elite populations formed in Zimbabwe. From this pre-screening, 327 DHs 
were chosen and testcrossed to single-cross testers at Mzarabani for evaluation starting in 
November 2013. Among these 327 DHs, 15 with excellent ear aspect were selected and 
are being crossed with several key CMLs to generate information on combining abilities, 
and developing quick-fix single cross females and new potential commercial single cross 
products. These will also be tested starting in November 2013.

In addition to the DH pipeline, pedigree and backcross-developed inbred line production 
continued from populations developed through crossing local x local adapted elite lines, 
local x drought and heat tolerant donors from CIMMYT Mexico, local x Off-PVP temperate 
inbred lines from USA and Eastern Europe and local x acid tolerant lines from CIMMYT 
Colombia. More than 2,349 F1 crosses were developed from these lines and introductions 
from which 760 F1s were selected for F2 formation after pre-screening for adaptive, 
agronomic traits and end-user traits. From bi-parental populations developed in previous 
seasons, a total of 934 unique lines (S2-S5) were tested in various testcross trials through 
stages I and II at 5-8 locations in Zimbabwe and Zambia for all maturity ranges from extra 
early to late maturing hybrids. 

In addition, a total of 3,074 advanced generation lines were testcrossed at Harare, Save 
Valley and Mzarabani during the main and off-season growing period between November 
2012 and September 2013. These will be evaluated in new testcross trials starting November 
2013. All the segregating and advanced lines were also advanced under disease pressure 
during the same period at Harare and Mzarabani. We have also conducted several elite line 
trials comprising of 230 ultra-early to early and intermediate- to late- maturing old and new 
inbred lines from which we have identified 10 ultra-early to early and seven intermediate to 
late maturing inbred lines with excellent per se performance and good combining ability for 
grain yield under both optimum, low N and drought stress conditions, and under MSV, GLs 
and NLB pressure. These 17 lines plus three lines identified in intermediate to late maturity 
group last season will be proposed for release as CMLs later in 2013. The 17 lines are now 
being sent for Quality Control (QC) genotyping in Kenya and are under increase in our 
winter nursery at Mzarabani.

Identification, validation and documentation of the performance 
of DT products through Regional Testing Networks

Temperate germplasm introgression 
At Zimbabwe, temperate germplasm introgression using mainly Off-PVP US Corn Belt 
adapted temperate inbred lines has been underway since 2010 to improve yield potential, 
standability and stress tolerance of mid-altitude adapted tropical maize germplasm. The first 
cycle of BC1 derived introgressed tropical inbred lines developed from key CML backgrounds 
were testcrossed to common testers and crosses were evaluated in 2012/13 under optimum, 
high population density, low N and random stress in Zimbabwe, Zambia and South Africa. 
The results indicate that testcross hybrids consisting of temperate germplasm introgressed 
inbred lines expressed higher vigor, yield potential and better tolerance to density and stress 
conditions compared to the performance of most widely grown commercial hybrids and 
biological checks used in the study (Table 1.4-1, Figure 1.4-1).
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Regional Trials 

During 2012-13 for southern and eastern Africa, in-order to improve the efficiency of regional 
testing, integrated trials comprising varieties from both eastern and southern Africa CIMMYT 
breeding programs as well as from private and public seed sectors were formed starting 
2012/13 season. Five new sets of regional trials (EHYB13, IHYB13, LHYB13, EPOP13, 
ILPOP13) were composed comprising hybrids and OPVs. EHYB13 comprised of 50 extra-
early and early maturing hybrids, IHYB13 comprised of 65 intermediate maturing hybrids, 
LHYB13 comprised of 55 late maturing hybrids, EPOP13 comprised of 24 early maturing 
open pollinated varieties and ILPOP13 comprised of 16 intermediate to late maturing open 
pollinated varieties. SeedCo, Pannar, Pioneer, Agriseeds, Zamseed, Suba-Agro and the 
Zimbabwe National program contributed commercial and pre-release hybrids as checks and 
additional DT germplasm to these trials. Seventy sets of EHYB13, 150 sets each of IHYB13 and 
LHYB13, and 100 sets each of EPOP13 and ILPOP13 were formed and distributed to partners 
in Sub-Saharan Africa and beyond. Data has now been received from southern Africa for 
most of these trials except the drought sets being evaluated during the current winter season 
and from eastern Africa where the seasons start later than in southern Africa. 

Preliminary results from Southern Africa locations for these trials have shown that newer DT 
products are superior to most commercial checks under abiotic stresses, are equivalent or 
ahead in higher yielding diseases stressed environments, and are increasingly responding 
to higher plant densities. From the extra-early to early maturing category (EHYB13), the 
most promising hybrids identified were CZH1257, CZH1265, CZH1247, CZH1242 
and CZH1274 (Table 1.4-2) while from the intermediate maturing trial (IHYB13), the 
most promising hybrids were CZH116, CZH1157, CZH1228, CZH1227, CZH1218 and 
CZH1221 (Table 1.4-3). From the later maturing trial (LHYB13), the most promising hybrids 
were CZH123, CZH113, and CKH10064 (Table 1.4-4).  

Regional On-farm Trials 

During 2012/13, we distributed 120 Regional On-farm Variety Trials (ROFVTs) to partners 
in southern and eastern Africa. Data has now been received from southern Africa but only 
data from Zimbabwe has been analyzed. The results from 27 locations in Zimbabwe show 
that for early maturing varieties, the best hybrid was CZH1136 under both random abiotic 
stress as well as under no stress. For intermediate maturing hybrids, the best hybrids under 
both random abiotic stresses as well as under no stress were CZH117 and CKH10191. The 
results from these farmer-managed trials highlight the breeding progress of DT hybrids and 
the genetic gain of these stress tolerant varieties under smallholder farmer conditions. The 
most commonly grown commercial hybrids SC403, SC513 and PAN53, and the farmer check 
varieties were consistently out-yielded by the best DT hybrids under both stress and non-stress 
conditions. Additional data is still being analyzed including farmer-preference information.

Figure 1.4-1: Phenotypic appearance of BC1 derived temperate germplasm introgressed inbred lines
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Table 1.4-2: Highlights of yield performance of selected ultra-early/early hybrids in the early/ultra-
early hybrid regional (EHYB13) trial, 2012/13

Hybrid
Optimum  High

density
 Low

Density
 Low N

stress
 Random

stress
 Conservation

agriculture
 Anthesis

date
ASI

t/ha Days

CZH1257 7.95 7.45 3.16 2.54 4.61 8.23 65 1.2

CZH1264 6.9 8.5 2.99 2.52 4.46 7.1 64 0.7

CZH1246 6.79 6.32 3.07 2.53 4.4 5.55 64 0.5

CZH1247 7.71 8.26 3.5 2.54 4.93 7.05 66 0.3

CZH1265 7.71 9.98 3.26 2.74 4.63 7.45 65 0.3

CZH1273 7.41 8.43 2.7 3.03 4.46 7.42 66 0.3

CZH1259 7.1 8.64 2.97 2.05 4.4 7.12 65 0

CZH1242 8.29 7.99 3.72 2.18 5.11 6.95 69 1.2

CZH1272 8.5 10.55 3.62 2.21 4.73 6.4 69 1.1

CZH1258 7.95 10.04 3.78 2.13 4.57 7.69 67 0.4

Commercial check
SC301 6.92 7.68 3.33 2.29 4.87 5.54 64 1.1
PAN 3M-
01 5.36 6.01 2.62 2.06 3.87 4.91 63 0.9
SC403 6.24 7.14 3.11 1.98 3.94 5.13 66 0.5
PAN 4M-
21 7.59 9.93 3.2 2.83 4.2 7.78 69 1.2
SC513 6.64 5.66 3.2 2.11 4.66 4.4 69 0.8

Locations 10 1 4 3 4 1 11 6

Mean 7.7 8.15 3.13 2.44 4.4 6.59 67.1 0.68

LSD (0.05) 0.46 1.31 0.55 0.86 0.7 0.98 0.79 0.58

H 0.86 0.63 0.52 0.37 0.03 0.67 0.9 0.96

Genetic Gain Studies 

In southern and eastern Africa, more data was collected for the first study of genetic gains in 
the region. Earlier studies of genetic gains in temperate maize used only a limited number 
of entries (3-4 varieties) over a larger time frame (20-30 years). A total of 66 hybrids were 
selected from CIMMYT drought breeding programs in Zimbabwe and Kenya. Hybrids were 
selected based on superior performance in regional trials within ESA between 2000 and 
2010. Hybrids were grouped based on their first year of entry into regional trials. The 
number of hybrids per year ranged from 2 (in 2002 and 2003) to 10 in 2004. Three popular 
commercial hybrids, SC513, SC635 and SC727 were used as checks. In 2012, trials were 
sown in 12 locations across ESA under optimal, managed drought, random stress, low N, 
combined drought and heat, and MSV treatments. A total of 13 trials have now been sown 
under the same treatments this year bring the total number of trials over two years to 35. 

Based on the results of nine locations in Malawi, Zambia and Zimbabwe in 2011 and 2012, 
estimated genetic gains under optimal conditions are 196 kg ha-1 yr-1. Preliminary results 
show that the top 5 entries were developed between 2008 and 2010. These entries yield 
significantly more than the trial mean and the three commercial checks. Under random 
stress estimated genetic gains are 85 kg ha-1 yr-1. In addition to monitoring genetic gains 
via the above trial, common checks across years are now included as standards in stage II 
and III breeder trials to track and document breeding progress.
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Table 1.4-3: Highlights of yield performance of selected medium-maturing hybrids in the 
intermediate hybrid regional (IHYB13) trial, 2012/13

Hybrid
Optimum  High

density
 Random

stress
 Low N

stress
 Low P
stress

 Conservation
agriculture

 Anthesis
date

ASI

t/ha days

CZH116 6.53 6.6 3.28 2.84 7.56 6.38 66 1.7

CZH1031 6.55 6.43 3.48 2.4 7.27 6.14 68 1.3

CZH1217 6.51 6.94 2.4 2.43 7.33 6.99 67 3.0

CZH1156 6.30 6.60 2.92 2.57 7.54 6.82 68 1.5

CZH1229 6.54 5.63 3.22 2.26 7.65 6.91 66 2.3

CZH1012 6.07 5.47 3.46 2.66 7.91 6.03 67 0.7

CZH1157 6.70 6.64 3.08 2.98 7.65 6.91 68 1.3

CKH10250 6.52 6.38 2.79 2.75 5.94 7.28 69 2.8

CZH1237 6.34 5.98 3.09 2.51 7.89 7.34 68 1.2

CKH10247 6.79 6.00 2.07 2.81 7.66 7.33 69 3.6

CZH1221 7.17 6.92 2.2 2.96 8.55 6.97 70 2.0

CZH1228 6.83 6.47 3.03 2.72 7.92 6.33 70 1.3

CZH1227 6.61 7.04 2.72 2.9 7.76 6.45 69 1.8

CZH1218 7.07 6.12 3.26 2.53 8.54 6.92 70 0.0

Commercial checks

SC533 5.65 6.53 2.73 2.79 6.90 5.21 68 2.2

SC513 5.05 4.64 2.12 1.70 6.00 4.36 68 2.9

PAN 53 6.31 7.07 2.67 2.40 6.14 7.55 69 2.6

SC537 4.84 4.23 1.48 1.53 6.56 4.14 69 2.9

HB513 5.98 5.67 2.80 2.39 7.19 5.82 68 0.3

PAN 15 6.56 6.62 2.58 2.49 7.51 6.57 70 2.5

PAN 63 6.36 5.61 2.85 1.91 6.75 6.29 70 2.2

PAN 6M-55 6.00 5.80 2.26 1.71 7.56 5.70 71 4.3

Locations 10 4 3 4 1 1 9 4

Reps 3 3 3 3 3 3 3 3

Mean 6.11 5.82 2.6 2.35 7.22 6.09 68 2.1

LSD (0.05) 0.57 0.8 0.81 0.7 1.67 1.25 0.9 1.1

H 0.78 0.87 0.05 0.47 0.66 0.73 0.87 0.35

Enhancing Capacity of National Partners to Develop and Test 
Maize Germplasm with Drought Tolerance and Adaptive 
Traits 
The DTMA project has allocated funds to NARS partners in southern Africa for germplasm 
development, testing DT varieties and hybrids in regional and on-farm trials. The DTMA 
project has also allocated funds to purchase field equipment and upgrade screening facilities 
at the NARS testing sites to allow NARS breeders to select DT maize germplasm under 
controlled conditions. During 2013, the southern African team allocated funds for seed 
cold room construction at Sussundenga in Mozambique and seed coldroom rehabilitation 
at Chitedze in Malawi, and Harare Research Station in Zimbabwe. Funds have also been 
provided to the Instituto de Investigacao Agronomica (IIA) in Angola for purchase of 
irrigation equipment and the project is in the process of procuring irrigation equipment for 
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the Golden Valley Research Station in Zambia. A set of small field equipment comprising 
weigh balances, moisture meters, and data collection handhelds are being procured and 
will be delivered to the five national programs in southern Africa countries before the next 
round of trials starting in November 2013.

Additionally the DTMA project has provided more than 2,000 kg of seeds of drought tolerant 
lines, hybrids, synthetics, OPVs, DHs and segregating populations identified by partners to 
support the breeding programs of both NARS and private seed companies in the five DTMA 
countries in Southern Africa. Financial awards have also been given to the 2013 best and 
runner-up breeding teams in Malawi and Zimbabwe, respectively. A total of six MSc and 
four PhD students as well as 14 short-term Visiting Scientists were trained in breeding and 
genetics in 2013 at CIMMYT Harare. Two technician training courses were conducted in 
2013; one in Malawi and one in Mozambique, of which 27 and 33 participants respectively 
were trained in aspects of data collection, trial management and seed production. In 
addition, from southern Africa, eleven young maize breeders have participated in a new 
maize breeders training course conducted from 19 August to 6 September, 2013 in Kenya.

Table 1.4-4: Highlights of yield performance of selected late maturing hybrids in the late hybrid 
(LHYB13) trial, 2012/13

Hybrid

Mean grain yield
Optimum  High

density
 Low N
stress

 Random
stress

 Low P
stress

 Conservation
agriculture

 Anthesis
date ASI

t/ha days

CZH123 6.86 6.73 2.86 3.33 7.79 8.09 69 2.0

CZH122 6.68 6.35 2.46 2.94 7.32 6.72 68 2.5

CZH121 5.98 5.47 2.26 3.24 6.99 6.63 70 2.4

CZH113 7.25 7.45 2.82 3.53 8.23 7.98 71 1.6

CKH10195 7.47 6.90 2.65 3.15 9.74 7.76 73 0.7

CZH128 7.02 7.34 2.75 2.97 8.33 8.42 72 0.7

CZH1110 7.38 7.16 3.29 3.39 7.26 8.51 73 0.8

CKH10064 7.51 6.99 3.05 3.14 7.46 7.40 70 2.4

CKH101795 7.07 6.79 2.94 3.10 7.96 7.97 70 2.5

CZH129 6.91 6.43 2.95 3.24 7.44 7.91 69 2.9
Commercial checks

SC643 7.17 7.46 2.92 3.06 7.02 7.36 70 2.4

SC627 6.04 5.43 2.09 3.11 6.40 6.09 70 2.5

SC633 5.32 5.21 1.79 2.82 6.82 5.44 69 2.9

PAN 8M-93 6.59 6.25 2.05 3.03 6.72 7.21 72 3.5

SC637 5.84 5.12 1.98 2.04 5.97 4.71 72 2.8

SC635 5.06 5.00 1.15 2.47 5.67 6.07 71 2.6

Locations 13 4 3 3 1 1 13 8

Mean 6.74 4.5 2.31 2.21 7.21 7.06 72 1.7

LSD (0.05) 0.65 12.1 0.78 0.74 1.16 1.341 0.70 0.70

H 0.91 0.51 0.34 0.59 0.79 0.74 0.95 0.70
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DTMA Molecular Breeding Highlights: 2012/13
M Olsen (CIMMYT-Mexico), K Semagn (CIMMYT-Kenya), M Jumbo (CIMMYT-Kenya), D Makumbi 
(CIMMYT-Kenya), Y Beyenne (CIMMYT-Kenya), R Babu (CIMMYT-India), S Nair (CIMMYT-India),  
X Zhang (CIMMYT-Mexico), J Crossa (CIMMYT-Mexico), BM Prasanna (CIMMYT-Kenya)
E-mail: m.olsen@cgiar.org

Overview
The CIMMYT Global Maize Program has established a molecular breeding pipeline to 
identify, validate and deploy high-value QTL alleles for important agronomic and adaptive 
traits, as well as to develop, test, and implement molecular breeding strategies to improve 
efficiency of maize line development. The molecular breeding pipeline consists of three 
phases: discovery, validation, and deployment. The molecular breeding effort aims to discover 
new QTL alleles for prioritized traits, to validate these alleles in independent breeding 
populations, and to deploy them through effective molecular breeding strategies. For highly 
complex traits without large effect QTLs, molecular breeding methods, including Marker 
Assisted Recurrent Selection (MARS) and Genomic Selection (GS) are being developed and 
evaluated for deployment in African maize breeding programs. Implementation of quality 
control genotyping is also underway to improve breeding efficiency within the GMP.

Trait Pipeline Update
Drought tolerance
The DTMA Association Mapping panel (DTMA-AM), comprised of approximately 300 diverse 
lines primarily from CIMMYT tropical breeding programs, was test crossed to a common tester 
(CML312SR) and the hybrids were evaluated for grain yield (GY) under drought stress as well 
as optimal conditions across eleven locations in Mexico, Kenya, Zimbabwe and Thailand. The 
heritability of drought trials ranged from 0.31 to 0.79 and 0.62 across all the nine locations in 
the combined analysis. The mean GY in the combined analysis was 2.13 t/ha as compared to 
6.4 t/ha in the combined analysis across eight trials of well-watered conditions. Association 
analysis was performed for GY under stress based on combined analysis BLUPs (Best Linear 
Unbiased Predictors) across five locations, correcting for population structure through 
principal component analysis (GLM - General Linear Model) using SVS7 of Golden Helix. 
Subsequently, a mixed linear model (MLM) was also implemented, correcting for population 
structure (first 10 PCs) and kinship using TASSEL software.

Genotyping was performed using both the 55K chip of Illumina and the Genotyping-By-
Sequencing (GBS) platform of Cornell University. High density SNP data revealed that the 
genome-wide linkage disequilibrium (LD) was 0.26 (EM-R2). The low LD in the DTMA-AM 
panel coupled with the dense marker positioning in the 55K chip should potentially aid in 
higher resolution of identified genomic regions. Nine genomic regions were identified as 
consensus regions between GLM and MLM analyses. Individually, the regions explained 
4.6 to 7.6 per cent of phenotypic variance and approximately 12 to 22 per cent genetic 
variance for GY under stress. Among the trait-associated SNPs having robust minor allele 
frequency (MAF), effect size ranged from 0.08 to 0.45 t/ha. The magnitude of these effect 
sizes represent significant gains considering the low average mean GY under stress across 
five locations (2.13 t/ha). SNPs on chr.10 (142.6Mb) and chr.7 (72.2Mb) with the highest 
significant association were located within a starch synthase and MYB family transcription 
factor-related protein gene and have strong evidence of association with drought tolerance 
in other species. Additionally, several ‘rare alleles’ having large positive effects on GY under 
stress co-located with drought candidate genes such as Annexins, ethylene insensitive-2, 
amino-transferases, etc. Most of these alleles derive from LaPosta Sequia and DTP germplasm, 
two primary sources of drought tolerance within CIMMYT-Africa breeding efforts. Putative 
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drought tolerance candidate genomic regions are being validated independently using bi-
parental populations and alternate CIMMYT association panels. The following materials are 
being used for validation:

·	 Two advance backcross (AB-QTL) populations have been identified for which 
~350 BC1F2:3 families are available. Test-cross phenotypic data for GY under 
drought stress has been generated. 

·	 ~200 DH lines from F64-2-6-2-B/CML495 have been test-crossed and phenotyped 
under drought as well as optimal conditions in Mexico. V2.7 GBS data is being 
curated for validation analysis. 

·	 A meta-QTL (mQTL) analysis across three key bi-parental populations has recently 
been completed (Almeida et al. 2013), identifying seven genomic regions for GY 
and one for ASI. Of these, six GY mQTL were constitutively expressed across 
water-stress and well-watered environments. One mQTL on chr.7 for GY and 
one on chr.3 for ASI were found to be ‘adaptive’ to water-stress conditions. Four 
of seven GY mQTL were also significantly associated with GY under drought 
stress in the association analysis.

Once validated in bi-parental populations, production SNP assays will be developed and 
the genomic regions will be available for deployment in breeding populations. GWAS 
analysis for a number of disease resistance traits has also been completed and genomic 
regions for Turcicum Leaf Blight (TLB) and Gray Leaf Spot (GLS) are currently being validated 
in specific bi-parental populations. 

Adaptive Traits
Maize streak virus 
Maize streak virus (MSV) resistance is an important adaptive trait in drought tolerant germplasm 
for SSA. Resistance to MSV is quantitative and is conferred in part by a major QTL on chr.1 
explaining 21-67% of the phenotypic variance in various bi-parental populations. GWAS 
carried out with 55K and GBS data led to the identification of a major QTL on chr.1 between 
80-90 Mb. This QTL has been designated msv1. Fine mapping within a large bi-parental 
population enabled selection of QTL isogenic recombinants (QIRs). QIRs have enabled the 
region to be narrowed to 0.87cM. Three SNPs have been identified within this interval, and 
selection for the favorable haplotype gives an advantage of about 1.2 units using a disease 
rating scale of 1-5, translating to approximately 25% of the total trait variation. This haplotype 
has been validated in different breeding populations. A set of 92 CML lines and 74 DTMA 
lines with phenotypic extremes for MSV reaction were analyzed for the prediction efficiency 
obtained with the three marker haplotype, and was found to be 0.94 (Table 1.5-1). The three 
validated SNP markers  can be routinely used for screening maize germplasm. 

In addition to the major msv1 haplotype, other as yet unidentified QTL conferring MSV 
resistance are also important. Msv1 may be deployed in a number of different breeding 
schemes. The haplotype can be used for early generation screening in combination with 
advanced stage field screening to select additional germplasm-dependent QTL; as an 
F2 screening tool prior to DH induction; or for marker-assisted backcrossing (MABC) to 
improve susceptible key lines. Currently, msv1 is being used for selection in five populations 
submitted for DH induction at the Kiboko DH facility. Six important drought donor lines are 
being converted to msv1 through MABC using a number of multiple-disease resistant lines 
carrying the favorable haplotype for msv1.
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Table 1.5-1: Validation of the three marker haplotypes for msv1 CML and DTMA lines 

 Physical
 position

RefGen_V2

C1: 87301345 C1: 87301459 C1: 87601397

PZE-101093951 PZE0186065237 PZE0186365075 Resistant Susceptible Total

Haplotype 1 A C C 73 3 76

Haplotype 2 G T A 4 68 72

Haplotype 3 G T C 8 2 10

Haplotype 4 G C A 4 0 4

Haplotype 5 A C A 1 0 1

Haplotype 6 A T A 1 0 1

Haplotype 7 G C C 1 1 2

166
Prediction efficiency 0.94

Gray leaf spot 
Resistance to gray leaf spot (GLS) is more quantitative in nature. To date, no major QTL 
for resistance that account for ≥ 20% of the phenotypic variance have been identified, 
and most of the mapped QTL exhibit either germplasm dependency or environmental 
interaction. The strategy for GLS marker development is to combine both GWAS and 
linkage mapping approaches. Identified GLS QTL are compared with consensus QTL 
reported in the literature, prioritized for validation, and then independently validated in 
breeding populations. 

GWAS carried out with GBS+55K data on combined data of the DTMA panel from six 
locations identified 32 SNPs associated with GLS resistance at MLM P value threshold 
of 1.00E-04, and R2 values up to 11%. Overlaying significant SNP hits on published QTL 
positions, significant and adjacent SNPs were selected for production marker development 
and further mapping in bi-parental populations. Polymorphic markers were used for QTL 
mapping in two bi-parental populations. The maximum phenotypic variance explained by 
any single QTL is about 9% and the contrasting homozygous classes differ by 0.56 units on 
a 1-5 scale. To attain a level of improvement of 1.5 units on a 1-5 scale (30% improvement), 
a three-QTL deployment model will need to be employed. Deployment of three QTLs 
simultaneously is feasible in an F2 enrichment scheme but may be more difficult to execute 
in an MABC program. While fine mapping of three QTL is being undertaken, we have 
selected a set of 30 SNPs having significant effects and mapping within eight validated QTL 
intervals. Validation of these SNPs in breeding populations is ongoing. 

Maize lethal necrosis 
Maize lethal necrosis (MLN) has emerged as a critically important adaptive trait for the 
viability of DTMA products. Molecular breeding efforts to address MLN are still in the very 
preliminary discovery stage; however, some promising leads are beginning to emerge. 

A population of 184 F2:3 families derived from CML444/CML539 has been evaluated 
for MLN in one inoculated environment. QTL mapping results identified five regions of 
interest, the largest of which is coincident with a major QTL for potyvirus resistance (Mdm1, 
Scm1,Wsm1). CML539 contributes the favorable allele at this locus. Although none of the 
QTL identified have extremely large effect size, the detection of a QTL for MLN resistance 
within an established potyvirus resistance QTL interval points to the importance of this 
locus for developing MLN resistant germplasm.



34

Concurrently, an association mapping panel developed for the Improved Maize for African 
Soils (IMAS) project has been phenotyped for MLN in two inoculated environments. GWAS 
analysis of the IMAS panel has been conducted using one location of data. Nine significant 
regions were detected explaining approximately 35-40% of the phenotypic variance and 
ranging in effect size from 0.4 to 1.2 points on a 1-5 scale. Several favorable alleles were 
detected coming from CIMMYT lowland tropical sources. GWAS analysis will be repeated 
for MLN including recently collected phenotypic data from the second location.

Quality Control
Line purity
A total of 817 advanced breeding lines were genotyped with 100 single nucleotide 
polymorphic (SNP) markers to assess genetic purity. Approximately 24% of the lines showed 
higher than expected heterogeneity (>5%) and require further purification. Seed sources of 
lines with extremely high heterogeneity were recommended for discard. CIMMYT will 
be implementing a line finishing process including genotypic QC data in order to ensure 
higher homogeneity of finished lines going forward.

Breeding population QC
A total of 72 F1 and F2 populations entering the DH process were genotyped with 107 
SNP markers together with all parental lines. Fourteen of the 72 populations (19.4%) 
failed parent-offspring tests with higher than 10% mismatch with one of the two parents. 
These populations were dropped from the DH induction program. Discard of incorrect 
pedigrees at the beginning of the breeding process eliminates line development and testing 
expenditure on populations of unknown origin.

Method Development
Marker assisted recurrent selection 
A pipeline of Marker Assisted Recurrent Selection (MARS) populations is in place for the 
DTMA project. Five MARS populations have completed three cycles of recombination 
and will be entering genetic gain evaluation and line extraction. Two MARS populations 
have finished cycle 2 of recombination and are in the cycle 3 formation stage currently. 
Three MARS populations have completed cycle 0 phenotypic evaluation and are in cycle 
1 formation.

Preliminary results of the initial MARS genetic gain study performed within the WEMA 
project are very encouraging. The WEMA MARS genetic gain experiment involves nine 
MARS populations. Three locations of optimal grain yield data have been analyzed to date 
with three replications per location. Heritability for GY in the combined analysis was 0.81. 
Averaged over nine populations GY increased by approximately 0.8 t/ha after three cycles 
of recombination (mean GY ~7.0t/ha) with a consistent increase in GY in each population. 
Cost-benefit analysis of the MARS scheme using an estimated genetic gain of 0.27 t/ha/cycle 
will be performed to assess the efficiency of the scheme in comparison with conventional 
breeding methods. Additional traits including plant height and maturity (flowering time and 
grain moisture at harvest) also need to be evaluated for the MARS genetic gain experiment.
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Genomic selection 
Genomic selection (GS) to support DTMA objectives is still in the proof-of-concept stage. 
Recent publications from the BMGF-funded Genomic Selection initiative suggest that 
successful implementation of GS will require larger training sets involving lines closely 
related to the parents of populations to be predicted (Windhuesen et al. 2013, Endelman 
et al. 2013). In conjunction with colleagues at Cornell University, CIMMYT is currently 
organizing genotypic and phenotypic data into focused training sets, and will augment 
these with genotypic data on relevant populations having high quality phenotypic data in 
an effort to improve predictive accuracy of GS methods. In addition to including genotypic 
and phenotypic data from relevant DTMA bi-parental populations, plans are in place to 
integrate data from the DTMA synthetic populations into the GS training sets as well.

Summary
A summary of the molecular breeding effort as it pertains to DTMA is presented in Table 
1.5-2. Various trait pipeline projects, QC initiatives, and marker assisted breeding methods 
are classified into discovery, validation, or deployment. For the trait pipeline, advancement 
meetings are being planned to prioritize traits entering the discovery phase, to evaluate 
candidate QTLs for advancement to validation, and to advance high-priority QTLs to 
deployment status. Careful planning is also required for broader implementation of QC 
processes. Finally, strategic planning of marker-assisted breeding meth  ods for complex 
traits is also required as additional proof-of-concept trial data returns.

Table 1.5-2: Molecular breeding stage overview by initiative
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Maize Lethal Necrosis (MLN) and Doubled 
Haploid (DH) Research-for-Development:  
An Update
BM Prasanna1* (CIMMYT-Kenya) 
With inputs from CIMMYT-Global Maize Program Colleagues and Partners in Africa
E-mail: b.m.prasanna@cgiar.org

 Tackling the Challenge of Maize Lethal Necrosis (MLN) in
Eastern Africa
The pathogen(s) causing maize lethal necrosis or MLN (also known as corn lethal necrosis 
or CLN) were first reported in Peru in 1973, and subsequently in USA, Mexico, Argentina, 
Brazil, Thailand and China (in Yunnan and Sichuan Provinces). MLN/CLN could result from 
the synergistic interaction between a virus belonging to the Potyviridae, such as Sugarcane 
Mosaic Virus (SCMV), Maize Dwarf Mosaic Virus (MDMV) or Wheat Streak Mosaic Virus 
(WSMV), and a virus belonging to the Tombusviridae, Maize Chlorotic Mottle Virus 
(MCMV).  Although each of these viruses may cause disease individually, the synergistic 
interactions are pronounced.  In 2012, incidence of MCMV and MLN were detected for the 
first time in Kenya (Wangai et al., 2012); the disease was subsequently detected in Tanzania 
and Uganda in eastern Africa. In 2013, severe incidence of MCMV has been reported from 
some areas in Rwanda (Table 1.6-1).  Recent studies in eastern Africa reveal that MCMV 
alone can be perhaps as damaging as MLN.

MLN Regional Stakeholders Workshop Organized in February 2013
A regional workshop on the MLN disease and its management strategies was held 
during 12-14 February 2013 in Nairobi, Kenya. Organized by CIMMYT and KARI, the 
workshop brought together nearly 70 scientists, seed company breeders and managers, and 
representatives of ministries of agriculture and regulatory authorities in Kenya, Uganda, and 
Tanzania, as well as experts from the USA. 

The workshop participants discussed the strategies for effectively tackling MLN in the 
regions, and emphasized mainly on the need for:
(a)  Establishing a regional MLN screening facility at a suitable location in Kenya; 
(b)  Stepping up the efforts on germplasm screening against MLN, through identification of 

reliable sources of MLN resistance; 
(c)  Fast-tracking development and delivery of MLN resistant maize varieties that can 

replace the susceptible varieties in the market; 
(d)  Understanding MLN epidemiology and devising measures (including management 

practices) that can effectively limit the spread of the disease; and
(e)  Awareness generation and training of scientific/technical/extension personnel on MLN 

diagnosis and management.

1 * Presented at the DTMA Annual Review and Planning Meeting in Nairobi (September 23-27, 2013)
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Identification of Promising MLN Resistant and Moderately Resistant 
Inbred Lines and Pre-commercial Hybrids 

Studies undertaken jointly by CIMMYT and KARI team during 2012-2013 confirmed the 
vulnerability of a large array (>95%) of commercial maize varieties in Kenya to MLN under 
natural disease pressure as well as under artificial inoculation. The maize seed industry 
in eastern Africa, therefore, is under significant pressure to quickly replace the highly 
vulnerable products. This has already led to not only very low demand for the current 
commercial maize varieties, particularly in the MLN-endemic areas, but also may endanger 
the seed business by the SME seed companies in the region, unless these companies soon 
replace the MLN-susceptible cultivars with MLN-resistant varieties, and are facilitated for 
rapid dissemination of improved seed to the farmers in the MLN-affected regions.

Table 1.6-1: List of countries where CLN/MLN and/or MCMV have been detected 
(as of September 2013).

Year first 
reported

Country MLN/MCMV References

1973 Peru MCMV Castillo and Hebert (1974) 

1976 USA (Kansas) CLN Niblett and Claflin (1976) 

1982 Argentina MCMV Teyssandier et al. (1983)

1983 Brazil MCMV Uyemoto (1983)

1983 Thailand MCMV Cited in Uyemoto (1983)

1987 Mexico MLN Delgadillo-Sanchez and Gaytan-Beltran 
(1987) 

1989 USA (Hawaii) MCMV Jiang et al. (1990) 

1989 Mexico MCMV Carrera-Martinez et al. (1989) 

2011 China (Yunnan 
Province)

MLN Xie et al. (2011) 

2012 Kenya MLN, MCMV Wangai et al. (2012) 

2012 Tanzania MLN Mahuku and Makumbi D (2012) 
Unpublished Report 

2013 Uganda MLN Godfrey Asea (Presentation during MLN 
Regional Workshop in Nairobi; Feb 12-13, 
2013)

2013 Rwanda MCMV Claver Ngabiyasonga (presentation during 
the MLN Training Workshop on July 1, 2013 
in Narok)

2013 China (Sichuan 
Province)

MCMV Wu et al. (2013)

Note: The above information is not exhaustive, as there are some unconfirmed reports of the possible presence 
of MLN/MCMV in a few other countries, especially in eastern Africa.  

During the 2012-2013 crop season, CIMMYT-KARI team undertook extensive screening 
of inbred lines, pre-commercial and commercial hybrids in Naivasha and Narok in Kenya, 
under high natural disease pressure and artificial inoculation, respectively.  Evaluation of 
973 maize genotypes (from CIMMYT, IITA and KARI), including 335 elite inbred lines, 366 
pre-commercial hybrids, seven commercial hybrids (as checks), and 272 F2:3 progenies 
under artificial inoculation in Narok (Kenya), besides 350 elite inbred lines and 135 
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pre-commercial hybrids under natural disease pressure in Naivasha, during 2012-2013, 
revealed a limited number of MLN resistant inbreds with data from more than one trial. 
However, a relatively higher number of moderately resistant inbreds and hybrids in CIMMYT 
germplasm have been confirmed through these studies, offering hope for combatting the 
disease through breeding.  It must be noted that most drought- and low-N tolerant parental 
lines developed through DTMA, WEMA, and IMAS Projects were found to be susceptible 
to MLN. Therefore, urgent and intensive breeding efforts are needed to safeguard the 
investment through strategic ongoing projects, and for developing and deploying at the 
earliest elite, abiotic stress tolerant maize germplasm with MLN resistance.

The summarized results from the studies on CIMMYT inbred lines and pre-commercial 
hybrids have been shared through CIMMYT webpage, besides mails, to nearly 70 NARS 
and seed company partners in eastern and southern Africa. Sharing of the seed material of 
the MLN resistant and moderately resistant inbred lines and pre-commercial hybrids has 
been initiated in August 2013, following due procedures for safe exchange of MLN-free 
germplasm. 
 
The results from the germplasm screening experiments during 2012-2013 have laid the 
foundation for (a) continued evaluation of elite breeding materials for their responses to 
MLN to ensure a pipeline of elite, MLN resistant maize varieties with other relevant adaptive 
traits especially for eastern Africa, through the centralized MLN Screening Facility in KARI-
Naivasha; and (b) the possibility to better understand the genetics of MLN resistance in 
tropical maize germplasm, along with identification, validation and use of molecular 
markers for MLN resistance. 

Initiation of a New Project on “Managing Maize Lethal Necrosis 
(MLN) in Eastern Africa through Accelerated Development and 
Delivery of Resistant Maize Germplasm and Seed Systems Support”
CIMMYT submitted a grant proposal to the Bill & Melinda Gates Foundation (B&MGF) and 
the Syngenta Foundation for Sustainable Agriculture (SFSA) in April 2013, and a further 
revised version in May 2013. The project has been approved by BMGF and grant agreement 
signed in August 2013, and a grant agreement is now in the process of signing with SFSA. 

The goal of the MLN project, to be implemented by CIMMYT in collaboration with KARI, IITA 
and other public and private sector institutions in eastern Africa, is to ensure a continuous 
flow of elite, MLN resistant inbred lines, hybrids and open-pollinated varieties (synthetics) 
through rigorous screening under natural disease pressure and artificial inoculation in an 
MLN screening facility that will be established in Kenya. 

The MLN Screening Facility in KARI-Naivasha, established through this project (and inaugurated 
on 26th September 2013), will serve CIMMYT, NARS as well as private sector maize breeding 
programs, especially those based in eastern Africa, for identifying MLN resistant inbreds and pre-
commercial hybrids which can potentially replace existing susceptible commercial cultivars. 

The project has three important objectives: 
Obj. 1:  Establishing a centralized MLN screening facility in KARI-Naivasha (Kenya) and 

development of an optimized MLN screening protocol 
Obj. 2:  Ensuring a continuous flow of MLN resistant elite germplasm in sub-Saharan 

Africa 
Obj. 3:  Seed systems support for rapid scale-up, demonstration and marketing of MLN 

resistant varieties to replace susceptible products
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Training of Maize Technicians and Field Staff in Eastern Africa on MLN 
Disease Identification and Management

CIMMYT and KARI organized a Training Workshop on “Identification and Management of 
Maize Lethal Necrosis” in Narok, Kenya (June 30 to July 3, 2013). The Workshop brought 
together over 80 scientists and technicians from CIMMYT, KARI and other NARS partner 
institutions from Tanzania, Uganda, Rwanda and Zimbabwe. The objectives of the Workshop 
were: (i) to raise awareness about MLN to scientists, technicians and skilled field staff; (ii) 
to train on MLN disease diagnosis especially while undertaking field nurseries, trials and 
seed production fields; (iii) to train on MLN disease severity scoring so as to improve on the 
quality of data generation in screening trials; and (iv) to introduce scientists, technicians 
and skilled staff on MLN management in field screening sites.

Besides the theoretical aspects of MLN, such as the disease dynamics, management of MLN 
trials and nurseries, and identification of germplasm for resistance to MLN, the participants 
also had practical sessions on artificial inoculation, and identification and scoring. The 
workshop was also attended by Mr. Maurice Suji, County Director of Agriculture, Narok 
County together with his field extension staff.  

CIMMYT Strategy and Protocols for Ensuring Production and Exchange 
of MLN-free Germplasm

As an international organization involved in maize and wheat germplasm improvement 
and distribution, CIMMYT needs to produce and exchange seed free of internationally 
regulated plant pathogens as per the International Plant Protection Convention (FAO 1997), 
and ITPGRFA (FAO 2002), and based on the standards established by the CGIAR (1999).  

The CIMMYT document “Seed Health: Fostering the safe distribution of maize and wheat 
seed: General guidelines Third edition” (http://libcatalog.cimmyt.org/download/cim/97666.pdf) 
(Mezallama 2012) describes institutional guidelines for the production and distribution 
of pathogen-free seed to ensure that CIMMYT appropriately addresses concerns that 
potentially dangerous pathogens are not contained in seed for distribution.  Additionally, 
CIMMYT policies reflect responsible stewardship of germplasm we are entrusted with and 
serve as reference documents for partners.  

Concerns of stakeholders across sub-Saharan Africa regarding the adverse effects of MLN 
are escalating. The initial precautionary measure taken by CIMMYT was to stop all maize 
germplasm movement out of Kenya-based breeding stations where MLN had been observed 
(rigorously implemented since March 2013).  Subsequent to this decision, CIMMYT applied a 
moratorium on shipping any maize seed from Kenya to any other region or country where MLN 
has not been reported (April 2013).  However, a strategy and detailed guidelines are required 
for avoiding the risk of unintentional seed-borne transmission of the MLN viruses from MLN-
endemic countries in eastern Africa (besides southern China) to non-MLN endemic regions or 
countries, while at the same time having safe germplasm movement from CIMMYT programs 
to partners in these regions to enable regional testing and broader germplasm exchange.

A draft document providing detailed protocols or standard operating procedures (SOPs) for 
ensuring that maize germplasm developed and seed produced by CIMMYT, especially in 
eastern Africa and southern China, is free of viruses causing MLN (MCMV and SCMV) has been 
developed recently by the CIMMYT Maize Program, which was also reviewed by two maize 
virology experts – Dr Peg Redinbaugh (USDA-ARS/Ohio State University) and Dr Ben Lockhart 
(University of Minnesota) – in August 2013.  The latest version is presently being reviewed by 
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the CIMMYT Biosafety Committee, and is expected to be finalized in September 2013. 
The proposed strategy for MLN management involves implementation of three levels of 
phytosanitary regulation to minimize the risk of unintentional seed-borne transmission of 
the MLN associated viruses: 
1. Strict adherence to MLN management protocol in the country of seed origin 

(MLN-endemic country), followed by official field inspection process.

2. CIMMYT-internal seed testing for detection of MLN causing viruses, in addition 
to official seed testing requirements for safe export of germplasm, from the 
country of origin, especially if it is a MLN-endemic country. 

3. Strict adherence to MLN management protocol in the MLN Quarantine Site 
in the MLN-free destination country, especially in southern Africa, including 
official field inspection process.

The following sections outline detailed procedures to implement the above strategy:

1. Management of CIMMYT maize nurseries and seed production sites in MLN-
endemic countries 

2. Quarantine site protocols in MLN- non-endemic countries 

3. Seed testing for detection of MLN-causing viruses

4. CIMMYT seed distribution from MLN-endemic countries

Summary of Proposed CIMMYT Guidelines for Ensuring Production and 
Exchange of MLN-free Maize Germplasm
1. In a MLN-endemic country, all CIMMYT nursery and seed production fields 

must be routinely monitored, treated with appropriate insecticides, and sampled/
analyzed for possible presence of MLN. .  

2. If a CIMMYT breeding location is in an MLN-endemic country, MLN occurrence, 
if any, in the nursery or seed production field must be rigorously assessed: 

a. Through periodic analysis of suspicious/symptomatic plants, if any; as 
well as asymptomatic plants; and 

b. By sampling and testing seed lots that are intended for transfer to other 
locations within the country or outside.

3. If any sample (leaf or seed) of a maize genotype grown in an experimental block 
tests positive, seed produced from that specific plot must NOT be transferred 
to a known MLN-free location either in the country or outside. In addition, 
sampling and testing should be done on the rest of the genotypes from that 
specific experimental block to ensure freedom from MLN-causing viruses in the 
seed before germplasm exchange. 

4. Seed for international shipment from an MLN-endemic country can only be 
produced in a MLN-free location, and following due procedures. Seed lots from 
that site must be checked for any evidence of MLN and duly authorized by 
the appropriate regulatory agency (e.g., KEPHIS) before export to a non-MLN-
endemic country.  
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5. We can exchange seed produced from a MLN-free location (e.g., Kiboko) in a 
MLN-endemic country (e.g., Kenya) to other MLN-endemic countries in eastern 
Africa (e.g., Tanzania and Uganda), but NOT to any partner institution in a MLN-
free country where a MLN quarantine site has not been established. 

6. To the maximum extent possible, seed produced from CIMMYT locations in 
MLN-free countries must be exchanged with partner institutions in countries 
where MLCMV or MLN has not been reported so far.  If considered inevitable, 
international shipment from a CIMMYT location in an MLN-endemic country 
(e.g., Kenya or China) to a partner institution in a MLN-free country can be 
done through a location that has a MLN Quarantine Site established. In such 
cases, the seed material must be first tested in a MLN Quarantine Site (either 
managed by CIMMYT or by the partner institution) before its multiplication and/
or further use. A letter of commitment/undertaking in this regard is required from 
the head of the partner institution in the MLN-free country before seed dispatch 
from a CIMMYT location in an MLN-endemic country.  The concerned CIMMYT 
scientist must also seek prior approval of the GMP Director before any maize 
seed produced in an MLN-endemic country is sent to a partner institution or a 
CIMMYT location in a MLN-free country. 

7. CIMMYT’s MLN Quarantine Site in southern Africa will be in Harare (Zimbabwe) 
where there is no continuous maize growth, and has at least a 6-months maize-
free period.  

8. The MLN Quarantine Sites must be regularly and rigorously monitored for MLN 
symptomatic plants, and sampled/analyzed for possible occurrence of MCMV. 

9. If MLN symptomatic plants are found in any of the maize entries grown in a 
MLN Quarantine Site managed by CIMMYT, this must be immediately reported 
by CIMMYT to the National Plant Health Regulatory Agency, and samples from 
such symptomatic plants must be tested for MLN-causing viruses, particularly 
MCMV. 

10. If any maize sample tested in a MLN Quarantine Site was found positive for MLN-
causing viruses, especially MCMV, the entire seed lot must be duly discarded, 
and the following measures must be taken at the Quarantine Site: 

a. Stover must be sprayed with insecticides and burnt.

b. The site has to be kept free of maize and weeds for at least six months 
before new maize materials can be grown.

Doubled Haploid (DH) Technology Based Maize Breeding in 
Africa

Doubled haploidy is a powerful technology in “forward breeding” for accelerating the 
development of homozygous lines, for devoting greater attention to selection of new and 
improved lines, and for generating greater knowledge about their environmental adaptability 
before they are fully tested, and used as parental lines for hybrid development.  A doubled 
haploid (DH) plant is formed when haploid cells undergo chromosomal doubling, either 
spontaneously or by chemical treatment, allowing the production of a homozygous line 
after a single round of recombination. By reducing the time taken to reach homozygosity 
in conventional breeding technology from approximately seven seasons to two seasons, 
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maternal haploidy based DH technology in maize offers great opportunity to increase the 
efficiency of line development.  Use of DH technology can also potentially enhance the 
efficiency of recurrent selection or genomic selection based schemes for traits with low 
heritability, particularly for breeding programs without access to offseason nurseries. 

Tropicalized Haploid Inducers Developed by CIMMYT and University 
of Hohenheim
In maize, the efficiency of spontaneous chromosome doubling was too low for application 
within breeding programs. Within the last 10-15 years, in vivo haploid induction using 
haploid inducers technology has been adapted by commercial maize breeding programs 
in Europe, North America, and more recently in China. An estimated 80% of commercial 
companies now employ DH technology within their temperate maize breeding programs.  
A number of temperate haploid inducer lines with high haploid induction rate (HIR) for 
commercial use have been derived over the years. However, lack of tropically adapted 
haploid inducer lines previously impeded the application of DH technology in tropical 
maize breeding programs. Since 2007, CIMMYT Global Maize Program (CIMMYT-GMP) 
has been intensively engaged over optimization of the DH technology especially for 
the tropical/subtropical maize growing environments, in partnership with University of 
Hohenheim, Germany. 

The first-generation tropically adapted inducer lines (TAILs) with a HIR of up to 10% have 
now been developed through CIMMYT-University of Hohenheim collaboration, and 
these are now being shared with public and private sector institutions worldwide through 
research/commercial use MTA (http://www.cimmyt.org/en/about-us/media-resources/recent-
news/1399-now-available-tropicalized-maize-haploid-inducer-lines). The availability of 
TAILs is expected to significantly enhance the efficiency of DH line production, increasing 
seed set and rates of induction, and reducing the costs of inducer line maintenance and 
seed production. CIMMYT is also in the process of developing second generation haploid 
inducer lines adapted to specific environments, especially sub-Saharan Africa, Asia and Latin 
America, to further widen the application of DH technology in the maize breeding programs 
in these regions. 

Marker-assisted selection (MAS) for qHIR1 is being explored in developing new inducer 
lines. Inducers with high-oil content in the kernel embryo (as marker), coupled with 
automated/semi-automated high-throughput system for identification of haploid kernels 
through nuclear magnetic resonance spectrometer, has been recently developed in China 
(Shaojiang Chen, China Agricultural University, personal communication). 

Establishment of “Maize DH Facility for Africa” at Kiboko, Kenya
Through a project funded by the Bill & Melinda Gates Foundation, CIMMYT in partnership 
with KARI has established a Maize DH Facility in KARI-Kiboko (Kenya) for strengthening 
maize breeding programs, including those of national agricultural research systems (NARS) 
and small and medium enterprise (SME) seed companies in sub-Saharan Africa.  Kiboko 
provides an ideal location for the DH facility as we can grow both tropical/subtropical 
materials, and develop DH lines throughout the year, with no significant problems of 
disease and insect-pest pressure during the crop cycle. The DH facility shall be inaugurated 
on 25th September 2013.

The DH-Africa Project has the following objectives: 
• Establish and operate a centralized DH facility with a capacity to produce at 

least 60,000 DH lines per year to serve breeding programs in Africa.
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• Provide support to both public and private institutions (especially small- and 
medium-enterprise seed companies) in sub-Saharan Africa in effectively using 
DH technology to increase genetic gains and improve breeding efficiency.

• Refine the existing DH production technology for reducing the costs and 
increasing the throughput and efficiency (in partnership with University of 
Hohenheim)

• Explore the possibility of linking DH production with high-density genotyping, 
and serve as a platform for delivery of genomic prediction technology to 
CIMMYT and partners

The DH Facility will initiate from this year DH line development service to the partners in 
Africa (NARS and SME seed companies) based on the principles illustrated below: 

Pilot operations on DH line development have been initiated by the CIMMYT DH-Africa 
Team in May 2013. At present, a total of 149 source populations, including 98 from 
CIMMYT, 10 from IITA, 13 from NARS (Kenya, Tanzania, Uganda and Zimbabwe), and 28 
from seed companies based in ESA are under haploid induction at Kiboko.  Guidelines/
procedure related to DH line development service will be shared with the partners by 
October 2013, after review and clearance by CIMMYT and University of Hohenheim, 
which are co-owners of the first-generation tropicalized haploid inducers. 
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Highlights of Seed Delivery Systems in Eastern 
and Southern Africa in 2012/13
John MacRobert (CIMMYT-Zimbabwe) 
E-mail: j.macrobert@cgiar.org 

Production of Quality Seed of Drought Tolerant Maize Varieties
Seed production characteristics of DT maize hybrids 
Seed production research provides the foundational information for seed companies to 
produce quality seed of drought tolerant maize varieties. Seed parent trials were conducted 
in Zimbabwe, Kenya and Uganda in 2013. Provisional results from Zimbabwe showed that 
the latest lines were CML444 and CML536, and the earliest were CML538 and CML540. 
The highest yielding lines were CML395 and CML489. Amongst the single cross females, 
the highest yielding were CML539/CML444, CML312/CML442 and CML536/CML312. 
Time to flowering was earlier at lower altitudes, but the relative ranking of either inbred 
lines or single-crosses remained relatively constant across the four locations in Zimbabwe 
(Figures 1.7-1 and 1.7-2). The trials in East Africa are on-going and results will be expected 
in October.

Figure 1.7-1: Time from planting to anthesis of selected inbred lines at four locations in Zimbabwe
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Figure 1.7-2: Time from planting to anthesis of five single cross parents at four locations in 
Zimbabwe

Annual Seed Systems Meeting held in Nairobi
The annual seed systems meeting to discuss seed systems progress and prepare seed 
production research plans was held on 4-5 June, 2013 in Nairobi. CIMMYT Seed Systems 
Specialists, together with other CIMMYT scientists, met to strategize seed systems activities 
and research needs for 2013/14. John Bloomer, a consultant from UK, facilitated the 
strategic component of the meeting. In this session, ideas were generated on how best 
to propel DT materials out to farmers with intent, paying particular attention to customer 
needs, the external environment, capabilities of seed producer partners. 

Technical support to partner seed producers
Seed Systems Specialists made a total of 56 visits with 32 seed companies or NARS to 
discuss various aspects of seed production and promotion of DT varieties in southern and 
eastern Africa in the first half of 2013.  The most number of interactions were in Kenya 
and Zimbabwe, but all visits were made to all nine DTMA ESA partner countries, except 
Angola.

Breeders and pre-basic seed production
Breeders’ seed of DT OPVs and hybrid parents was successfully carried out in Harare in the 
2012/13 season (Table 1.7-1). A total of 3710 rows were grown of lines used in the DTMA 
programmer for bulking seed for maintenance, breeders’ seed and distribution to partners. 
The list of lines produced with more than 5 kg of seed is given below. Breeders/maintenance 
seed production at Sigor, Kenya, amounted to 107 kg seed of 29 inbred lines, 35 kg seed of 
12 single crosses and 51 kg seed of 13 three way crosses particular to East Africa. Breeders’ 
seed increase is also on-going at Kiboko, Kenya, and Mzarabani, Zimbabwe, using hand 
pollination.

Pre-basic and basic seed production of 5 OPVs, 15 lines and 7 single crosses in small 
isolations (<0.3 ha) were made in Harare in 2013A season, producing between 100 and 
1200 kg of seed of each (Table 1.7-2). Shipments of seed have been made to a number of 
partners in Malawi, Tanzania, and Kenya. Further shipments will be made in the coming 
months.
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Table 1.7-1: Lines for which breeders’ seed was produced in Harare in 2013A season

CZL04008 CZL04007 CML510 CML538 CML312 CML510

CZL04009 CML440 CZL096 CML539 CML507 CML536

CZL0811 CML543 CZL1010 CZL00009 CML511 CML537

CZL0812 CKL05007 CML444 CZL04003 CZL03021 CZL01005

CML544 CML445 CML547 CML548 CML546 CKL05019

CML504 CML488 CML539 CZL0814 CZL0919

CZL0816 CML489 CML395 CZL0719 CML443

CZL0922 CML505 CZL1010 CZL1032 CML509

Seed production at Ukulima Farm, South Africa, comprised 3 lines, 5 single crosses and 
one OPV on a total of 21.9 ha (Table 1.7-3). Harvesting and processing is complete 
and shipments to partner seed companies are underway. This is the last season of seed 
production at Ukulima Farm, principally because of the high cost of operating in South 
Africa. CIMMYT is grateful to the Howard G. Buffett Foundation for the use of and support 
received at Ukulima Farm over the last five seasons. A great quantity of basic and pre-basic 
seed has been produced at Ukulima and distributed to many seed company partners in 
ESA, which has been a tremendous boost to certified seed production of DT varieties. 

Table 1.7-2: OPV, Single Cross and Inbred Line seed bulks in Harare 2013A season

Inbred Lines Quantity/kg Single Crosses Quantity/kg OPVs Quantity/kg

CZL0922 550 CML504/CML445 300 ZM309 700

CZL0814 450 CZL096/CML539 800 ZM401 500

CML504 1150 CML312/CML443 50 ZM521 500

CML488 500 CML505/CML509 50 ZM523 950

CML443 150 CZL0919/CZL04007 150 ZM625 1150

CZL096 350

CML539 750

CML507 170

CML544 300

CML440 100

CZL00009 150

CZL04003 140

CML509 250

CML511 250
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Capacity Building Activities
Seed production management courses were held in Tanzania and Uganda from 8-10 
January 2013 and 10-12 June, 2013, respectively and run by Mosisa Worku Regasa, James 
Gethi, and Biswanath Das. The course covered all aspects of seed production such as 
agronomy, processing and quality aspect of seed production, dealing with customers and 
contract growers. Other topics included maize varieties and their characteristics, seed 
storage, marketing and selling strategy, promotion, dealing with customers and handling 
unsold stock.

The seed production course attracted 39 participants from 14 seed companies, USTA and 
NaCRRI covering the whole of Uganda. These included five women and 34 men. USTA and 
NaCRRI facilitated the selection of the participants through the respective seed companies/
organizations. In Tanzania the course attracted 25 participants from 8 seed companies from 
which 3 were women.

Table 1.7-3: Production of pre-basic and basic seed at Ukulima Farm, S. Africa, in 2012/13

Entry Area (ha) Production (t)

CZL04007/CZL0919 2.0 2.4

CML395/CZL0520 3.0 1.5

CML395/CML444 5.0 7.5

CML489/CML444 3.3 6.6

CML444/CML443 4.0 11.2

CZL00003 1.0 1.0

CML443 1.0 1.5

CZL00009 1.0 2.0

ZM1523 1.9 4.8

Total production  38.5

Promotion and dissemination of released drought tolerant 
maize varieties to farmers
Variety Releases
The number of new DT varieties in the release process in 2013 is 72, with up to 39 expected 
to be released in 2013/14, pending results from NPTs. Please refer to Table 1.1-1 (Abate) in 
these proceedings for more details on variety releases in 2013.

DT Variety Promotion
In 2012/13 CAII/SG2000 produced 12,000 leaflets/brochures, four radio and two TV 
programs in Uganda. NASECO Seeds in Uganda distributed hundreds of free seed samples 
to promote their new varieties. In Tanzania, 6000 leaflets, three radio and four TV programs 
and 2000 leaflets/brochures, two radio and two TV programs were produced by MERU 
and Aminata, respectively. In addition, 2500 leaflets, four radio and 4 TV programs were 
produced in Ethiopia.

More than 30,000 leaflets/brochures, 10 radio and 10 TV programs are planned by four 
seed companies in Tanzania in 2013 while more than 100,000 leaflets/brochures, 11 radio 
and one TV programs are planned by five seed companies in Uganda in 2013. Five hundred 
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leaflets are also planned by KSC in 2013. At least two TV and two radio programs will be 
produced in Ethiopia in 2013. Dryland Seeds (KE) produced 1000 posters.

In southern Africa, Progene Seeds (ZW) produced 20000 A5 and 1000 A0 posters (figure 
below). Kamano Seeds (ZM) produced 2000 leaflets.  Afriseeds (ZM) produced 100 leaflets 
advertising ZM309 (MM409) and ZM521. 

Travelling Workshop in Southern Africa
During the period 22 to 29 April, 2013, a traveling workshop was made of Zimbabwe, 
Zambia, Malawi and Mozambique to review the DTMA activities by the national partners. 
Each country, including Angola, was represented by one (AO) or two members, plus six 
CIMMYT staff and Dave Westphal (Advisory Board Chair).

The Project activities were visited and their performance assessed and ideas were exchanged 
among participants; travel to all countries was by road. Both research stations and on-farm 
demonstrations were reviewed in a number of places.

The workshop was completed with a general discussion in Chimoio, Mozambique, on the 
progress made, the way forward, and recognition of countries for their achievements in 
drought tolerant maize research and development.
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Annual Awards for Dissemination
Southern Africa: Following a tour of Zimbabwe, Zambia, Malawi and Mozambique by 
representatives from all the five southern African DTMA countries, and a tour of Angola 
by Drs.999 Abate and Magorokosho, the group met on 28 April, 2013, and voted on who 
should win the Dissemination Awards for 2013. The best dissemination team award was 
given to Malawi, and the runner up was Zimbabwe. Malawi has done exceptionally well 
in 2012/13 with the release of three DT varieties, conduct of many demonstrations and 
allocation of new DT varieties to seed companies for scale-up.

East Africa: Variety release, activities related to DT seed production and promotion/
dissemination and DT varieties taken by seed companies were among the criteria for 
dissemination award for 2012/13 in EA. Form was prepared, sent to each country and 
filled by the national maize research coordinator of each country. Then the data were 
summarized and presented during DTMA small grant proposal review and voted on who 
should win the Dissemination Awards for 2012/13 in EA. Uganda was the winner for the 
best dissemination award while Tanzania was the runner up. The prizes were presented 
to both countries during Regional Maize Working Group Meeting in Arusha, Tanzania, 
February 25-26, 2013.
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Seed Production and Delivery in West Africa: 
Highlights for 2012/13
B Badu-Apraku1 (IITA-Nigeria), A Menkir (IITA-Nigeria), T Abdoulaye (IITA-Nigeria), C Yallou 
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Annual Planning Meeting of the DTMA Project in Nigeria
The regional planning meeting of the DTMA Project serves as an important vehicle for reviewing 
the  work plans of partners and making appropriate modifications for each year, monitoring 
progress made the previous year, devising strategies to overcome obstacles encountered in 
the implementation of project activities, and exchanging ideas, disciplinary expertise and 
sharing experiences among scientists working in participating countries and exploiting 
synergies among the different project activities undertaken in each participating countryDTMA 
partners from Benin Republic, Mali, Ghana and Nigeria were requested in December 2012 
to preparethe2013 annual work plans focusing on performance evaluation of drought tolerant 
varieties included in regional trials, on-farm testing of existing drought tolerant varieties and 
hybrids and seed production of selected drought tolerant varieties along with budgets aligned to 
project activities. The Regional Planning Meeting was held in IITA, Ibadan, Nigeria 31 March to 
5 April, 2013. A total of 43 participants (35 men and eight women),  comprising four scientists 
from Benin Republic, 10 from Ghana, four from Mali, 22 from Nigeria, two from Kenya, as 
well as a representative of Seed Co (Zimbabwe) attended this meeting. The participants also 
included representatives of seed companies from Ghana, Mali, and Nigeria. 

During the planning meeting, a total of 53 progress reports were presented by the NARS 
scientists from the partner countries and feedback was provided. All presenters highlighted 
the importance of engaging partners with diverse disciplines for successful implementation of 
project activities in their respective countries. Two days of this planning meeting was devoted 
to presentations and peer review of the 2013 work plans on complementary breeding, seed 
production, regional trials, national performance and on-farm trials, demonstrations and 
promotional activities of the four DTMA participating countries. After these presentations, 
national group meetings were conducted to revise the work plans taking the inputs provided 
during the discussion sessions into consideration. The revised versions of the work plans of the 
four partner countries were presented during the plenary sessions. Participants of the meeting 
provided invaluable comments and suggestions for improvement of the 2013 work plans and 
associated budgets. The work plans were approved for funding after the revised versions were 
submitted to IITA. Funds for the approved work plans and budgets were released through sub-
contracts between IITA and the national partner institutions.

The DTMA Award Committee comprising a representative each from the participating 
countries and two independent members met during the planning meeting and assessed 
achievements and progress made in 2013. Using established criteria, the best DTMA 
breeding and technology promotion teams in West Africa were selected for the 2013 awards. 
The Award Committee selected Ghana for the best breeding team award and Nigeria for 
the best technology transfer team award. The Malian team was selected as the runner up for 
technology promotion team award and Benin Republic as a runner up for the breeding team 
award. Dr Joseph Fajemisin, a former IITA Maize Breeder and presently a visiting scientist in 
IITA and Dr Robert Asiedu, the R4D Director of the West Africa Hub IITA presented the award 
to the winning teams during the closing ceremony of the planning meeting. 
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Capacity Building for NARS Partners of DTMA Project 
Training course on conduct and management of field trials and seed 
production of OPVs and hybrids

In an effort to upgrade the skills of selected technicians working on drought in the NARS 
and selected seed production managers of private  seed companies and seed technologists 
of public institutions of DTMA partner countries of Benin and Mali, a training course on 
the conduct and management of field trials and the techniques of  Variety Testing and 
Seed Production of open-pollinated varieties (OPVs) hybrids was conducted on 26-30 
August 2013 in Cotonou, Benin Republic, under the sponsorship of the  DTMA project. 
The course was practical-oriented but was backed up with theory to improve the trainees’ 
understanding of maize variety testing and seed production. Course presentations were in 
the form of lectures, demonstrations, practical sessions, and assignments. At least 60% of 
the course time was devoted to hands-on experience. Following the call for nominations 
for candidates for the course sent to the national partners in Benin and Mali, approval was 
given for sponsorships of 24 candidates, 14 from Benin and 10 (2 women and 8 men) from 
Mali to the course. 

By the end of the course, the capacity of the participants to layout, plant and manage 
field trials,  accurately record data, produce good quality seed of OPVs, inbred lines and 
hybrids, analyze and interpret field data had been substantially enhanced.

Visiting scientist fellowship
The visiting scientist fellowship scheme of the DTMA project   provides an opportunity for 
collaborating national scientists to upgrade their skills in maize breeding and to identify at 
first hand technologies and genetic materials from IITA drought breeding program that have 
potential for high grain yield and adaptation to their respective countries.

Mr Martin Tengan, a maize breeder of the national maize program of Ghana at CRI was 
in IITA-Ibadan for a four-week visiting scientist fellowship. He had good exposure to the 
strategies adopted for breeding drought tolerant extra-early, early, intermediate and late 
maturing OPVs and hybrids. 

Annual National Collaborators’ Meetings
Each of the four partner countries of the DTMA project - Nigeria, Benin, Ghana and Mali 
-was allocated funds in the 2013 budget to organize the national collaborators meetings 
for a review of the 2012 DTMA project activities and plan the 2013 activities. Each of the 
partner countries is expected to organize the annual national coordinators meeting (and the 
reports are to be submitted for inclusion in the final milestone report in November 2013).

Seed Production
In an effort to promote widespread adoption of DT maize in West Africa, the DTMA project 
provides partner institutions and seed companies with adequate quantities of seed of 
promising drought tolerant OPVs and parents of hybrids in the regional trials, for national 
multi-location and on-farm variety trials. Seed of extra-early, early, intermediate and late 
elite drought tolerant parental inbred lines, hybrids and OPVs in the 2013 Regional and 
International Trials have been planted in Ibadan, Mokwa, Obafemi Awolowo University, 
Ile-Ife, Saminaka, Jos and Ibadan for seed increase to meet the seed requirements of the 
entries that would be identified as promising for use in the 2014 multi-location and on-farm 
trials of NARS partners in an effort to assist them in scaling out drought tolerant varieties and 
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hybrids. It is anticipated that over 10,000 kg of seed of the varieties and hybrids nominated 
for the 2013 Regional DTMA Trials and seed of other varieties in the program would be 
produced to meet the seed requests from NARS collaborators, and NGOs for 2014 multi-
location and farmer-participatory trials.

A total of  3554 metric tons (MT) of seed of drought tolerant maize varieties was produced 
by the seed companies involved in DTMA project activities in Nigeria, Ghana, Mali and 
Benin in 2012 compared to  MT  in 2011 (Table 1.8-1a). A total amount of  MT of seed is 
estimated to be produced in 2013. The details of the quantities of seed produced and the 
varieties and hybrids used by one of the biggest seed companies in West Africa, Premier 
Seed Company, are shown in Table 1.8-1b.

Table 1.8-1a: Current and projected production of certified seed (in tons) of  drought tolerant 
maize varieties and hybrids by different companies and CBOs in West Africa 

Seed company 2011 2012 2013

Nigeria

Premier Seed Co. 107 230 518

Maslaha Seed Co 500 720 500

Maina Seed Limited - 52 100

Jikur seed 86 125 125

WACOT - 850 800

DA-all Green Seed Limited - 15 60

Seed Project - 840 800

Asmau Farms - - 30

Savanna Seed - - 30

Techni Seed - 300 300

KNARDA 25 40 72

Bauchi BSADP Seed 17 73 80

Sub-total 735 3245 3415

Ghana

M&B  46 76 133

Savanna Seeds 9 3  

Sub-total 55 79 133

Mali

Fasokaba 800 98 150

Nakoshi - - 30

Comptoire 2000 - - 30

Sub-total 800 98 210

Benin

CBOs 45 132 150

Sub-total 45 132 150

Grand total 1635 3554 3908
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Multilocation and Farmer-Participatory On-Farm Trials 
Conducted by DTMA Partners in 2013
Multilocation trials are a major vehicle of the DTMA project for identification of drought 
tolerant varieties and hybrids with broad adaptation to a particular agro-ecological zone. 
Promising drought tolerant varieties with high yield potential and broad adaption to a 
particular target agro-ecological zone have been continually selected from regional trials 
in Benin Republic, Ghana, Mali and Nigeria for testing in farmer participatory on-farm 
trials. These trials have been used to identify the best drought tolerant varieties and hybrids 
from the different maturity groups for release and registration in the four partner countries. 
The number of on-farm trials planned for 2013 is 65 for Benin Republic, 96 for Ghana, 
40 for Mali and 141 for Nigeria. Funds have been provided under the DTMA Phase III to 
support the on-farm trials in these countries. Seeds of drought tolerant OPVs and hybrids 
multiplied during the 2012 growing season and the dry season have been supplied to 
collaborators for on-farm testing in the four participating countries. The on-farm trial results 
will be completed by the end of November 2013 and the data recorded will be used to 
select the best drought tolerant varieties and hybrids for release and registration.

Table 1.8-1b: Current quantities (in tons) and projections of drought tolerant maize OPVs and 
hybrids produced, procured and distributed by Premier Seed Company, Nigeria

Variety/hybrid 2010 2011 2012 2013
EV DT 99 STR-W 32 28 60 66
TZE comp 3 DT 22 40 50 55
Syn EE-W 2000 5 35 40 44
TZEE-Y STR 99 - 15 20 22
TZEE-W STR 2004 - 10 30 33
Oba Super 9 - - 18 34
Oba Super 7 - - 120 34
Total 59 128 338 288

A total of 14,920 kg of seed of drought tolerant extra-early, early, late/intermediate maturing 
varieties and hybrids was dispatched to NARS collaborators and seed companies in Benin, 
Ghana, Mali and Nigeria for on-farm trials, breeder seed production and community-based 
seed production (Table 1.8-1). In addition, 270 sets of the regional trials involving early, 
intermediate/late drought tolerant maize varieties and hybrids were dispatched to the NARS 
and seed companies in the four collaborating countries for evaluation in drought prone 
areas (Table 1.8-2).

Table 1.8-2: Amount of seed of drought tolerant maize dispatched to DTMA project member 
countries on request in 2013

Country Amount (kg) Recipients of seed

Nigeria 12941  IAR, UNIMAID, UNILORIN, Premier Seed Co., Maslaha
 Seed Company, Seed Project Coompany, Maina Seed,
Jirkur Seed, Savannah Seed & Livestock, IITA, UNAAB

Ghana 861 SARI, CRI, and Alpha Seed Enterprise

Benin 1037 INRAB, Community Seed Producers

Mali 81 IER, Faso Kaba Seed Company, IPR/FRA
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Consultation Visits to Seed Companies and Community-Based 
Seed Organizations
Consultation visits are paid each year to NARS partners and seed companies to assess the 
progress being made in the implementation of the approved plan of work of the DTMA 
Project and to allow exchange of disciplinary expertise and ideas on how the activities 
could be strengthened and to explore ways of strengthening collaboration between the 
DTMA project and partners. Following the visits, recommendations are made on how to 
strengthen the national maize programs and collaboration

Consultation visits are planned for Ashanti, Volta and Upper West Regions of Ghana in 
September 2013. Similar visits are planned for Nigeria and Mali in October.

Table 1.8-3: Number of DTMA Regional Trials dispatched to collaborating countries on request in 
2013

Country No. of sets of trials

Nigeria 152

Ghana 47

Benin 21

Mali 55

Dissemination of Information 
In an effort to speed up the release and adoption of drought tolerant varieties and hybrids 
in West Africa, the DTMA project prepares and distributes a catalogue of available varieties 
from the National Seed Association (NSA), seed companies and community-based seed 
producers each year. Data from 2012 DTMA regional trials and national on-farm variety 
trials have been analyzed and the results are being compiled. The results will be disseminated 
through CDs and e-mail to promote exchange of information on the performance of the 
varieties and hence adoption. Furthermore, CDs of the results will be made available directly 
to NSA, seed companies and community-based seed producers. In addition, Fasokaba Seed 
Company of Mali and the M&B Seed Company of Ghana have been allocated funds and are 
being backstopped to conduct demonstrations and to produce fliers and other promotional 
literature to publicize their varieties and hybrids.

Characterization of Maize Parental Inbred Lines
Because genotype x environment interaction affects differently the performance of inbred 
lines and hybrids as well as the quality and quantity of seed produced in a hybrid program, 
there is a need to examine the stability of the inbred lines and hybrids under stress and 
non-stress environments. Furthermore, as a new variety or hybrid approaches variety 
release and registration, it becomes very important that it is evaluated for seed production 
characteristics, including female seed yield, pollen-silk synchrony, female agronomic 
characteristics (tassel exertion, plant and ear heights, standability, disease resistance, and 
tolerance to biotic and abiotic stresses) as well as the male agronomic characteristics, 
particularly pollen production. It therefore becomes imperative at this stage for the seed 
research program to evaluate the female and male components of the hybrid scheduled for 
release under varying environmental conditions. 
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This information is crucial in taking the decision whether to advance a variety or hybrid 
into the registration, release, and commercialization stages. Studies were initiated in 2012 
to characterize extra-early and early maturing parental inbred lines and their hybrids 
in diverse environments in West Africa in an effort to develop and publish production 
recommendations for elite and pre-release drought tolerant maize OPVs and hybrids. 
The studies are aimed at determining the producibility of a hybrid, characterizing early 
and extra-early maturing parental inbred lines and their hybrids under optimal growing 
environments to determine producibility for variety release and publication of production 
recommendations, examining the effects of genotype and environment on grain yield 
and other measured traits of the hybrids including seed quality and determine stability of 
the parental inbred lines and hybrids under stress and non-stress environments. The trials 
involving selected early and extra-early inbred lines and hybrids have been planted for 
the second year in 2013 under optimal and stress growing environments at Ikenne, Ile-Ife, 
Mokwa, Zaria and Bagauda in Nigeria. Results of these trials will be published in 2014.
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Progress in Socio-Economics Activities in 
Southern Africa: Highlights for 2012/13
Girma T Kassie (CIMMYT-Zimbabwe), Monica Fisher (CIMMYT-Ethiopia), Tahirou Abdoulaye (IITA-
Nigeria), Tsedeke Abate (CIMMYT-Kenya)
E-mail: g.tesfahun@cgiar.org

Assessment of Drought Tolerant Maize Seed Demand and 
Supply in Southern Africa
Demand forecasts for drought tolerant (DT) maize seed have been established based on 
different sources of primary and secondary data. The main sources of information are the 
recent article by Kassie et al (2013) entitled “Political and Economic Features of the Maize 
Seed Industry in Southern Africa”, FAOSTAT, DTMA Country Strategies, and DTMA Seed 
Roadmap.

For example, the seed roadmap developed for Angola is based on the fact that currently 
total seed sale in the country is very small (2000 t) and grows at a rate of 1.7% per annum. 
This implies the potential contribution of introduction of DT maize. The market share of 
DT maize is expected to grow from 21% in 2012 to 67% in 2016. Malawi’s maize seed 
roadmap is based on an assumption that the annual growth rate of maize seed consumption 
is 1% per annum. Based both on substitution of other maize varieties and on new adoption 
of DT maize, it is projected that in 2016, 50% of maize seed planted would be DT maize.

The seed roadmap formulated for Mozambique presumes that the currently low maize 
seed use is to change for the better as the annual growth rate is projected to be 3%. The 
importance of DT maize is also apparent as the projected market share is expected to 
increase from 36% in 2012 to 69% in 2016. Given the high level of improved maize use 
and its near saturated market, the seed roadmap for Zambia assumes an annual improved 
maize consumption growth rate of only 0.8%. Accordingly, the total seed sale is expected 
to change only slightly between 2012 and 2016. 

The market supply of improved maize seed is quite high in Zimbabwe and yet the current 
level of effective demand is low due to a lack of purchasing power. Therefore, it is assumed 
– based on the positive developments within the economy - which the use of improved 
maize seed is to grow at 1.2% per annum. DT maize varieties are also expected to play an 
important role such that they will constitute 41% of the total seed sale in 2016, compared 
to only 14% in 2012. 

The DT maize seed sales distribution across mega environments reveals the spatial pattern of 
demand for the seed. Lowlands are important in Mozambique and Zimbabwe. Otherwise, 
most of the maize seed sales currently happen in the mid-altitude areas of the region (Table 
1.9-1). Wet upper mid-altitude, wet low mid-altitude and dry lowland mega-environments 
are the major sections of the region where DT maize seed is grown. 

Lowlands are expected to be important DT maize growing areas in Mozambique and 
Zimbabwe in 2016 as well.  Again, the midlands of the region will still constitute a 
significant proportion of the DT maize production in southern Africa after five years (Table 
1.9-2).  The mega-environments that are currently growing the majority of DT maize will 
remain as dominant in 2016. 
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Table 1.9-1: Drought tolerant maize seed sale (‘000 t) by mega-environment – Status quo (2012)

 Angola Malawi Mozam-
bique

Zambia Zimba-
bwe

 Southern
 Africa

Total DT seed sale 0.5 3.69 0.86 2.62 3.7 11.36
 Mega – environments
Wet lowland 0.01 0.11 0.38 0.26 1.34
Dry lowland 0.10 0.48 0.26 0.24 1.18 2.34
Dry mid-altitude 0.16 0.01 1.00 1.34
Wet low mid-altitude

0.11 0.96 0.12 1.21 0.67 2.86
Wet upper mid-altitude 0.13 1.85 0.09 0.92 0.81 3.23
Highland 0.01 0.30 0.01 0.04 0.25
Altitudinal clusters
Lowland 0.11 0.59 0.64 0.50 1.18 3.68
Midland 0.39 2.80 0.22 2.12 2.48 7.43

Economic Features of the Maize Seed Industry in Southern 
Africa
The socioeconomics team has conducted a comprehensive assessment of the seed industry 
in southern Africa (Angola, Malawi, Mozambique, Zambia and Zimbabwe). The study 
aimed at analyzing the seed industry in these five countries in order to identify trends, 
tendencies and implications for policy interventions that can strengthen the industry for the 
ultimate objective of improving the wellbeing of farmers. 

The seed industry in southern Africa has three important features; first, dominance of the 
government as buyer and distributor of seed; second, a high market share and power of 
few seed companies; and third, sustained but incomplete effort to harmonize the seed 
policy in the region. The challenges the seed industry is facing are lack of basic seed, 
poor production infrastructure, lack of skill in seed production, challenges to access and 
multiply seeds of varieties released from public institutions, lack of purchasing power 
amongst small-holder farmers, high transaction cost of seed marketing, market-distorting 
interventions by governments, lack and misuse of market information, free-riding, lack of 
working capital financing, and breaching of contract by seed growers. Important policy 
implications have been drawn from this study, which include strengthening national 
research systems, strategic capacity building along the maize seed value chain, improving 
the access to financial services, developing and implementation of agreed protocols of 
SADC for seed policy harmonization. 

A paper that detailed the political economic features of the maize seed industry in southern 
Africa has just been published on an international peer reviewed journal. Kassie G. T., 
Erenstein O., Mwangi W., MacRobert, J., Setimela P., and Shiferaw, B. 2013. Political and 
Economic Features of the Maize Seed Industry in Southern Africa. Agrekon, 52(2): 104-127.
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DT Maize Adoption Monitoring
This is one of the key activities of the socioeconomics team within DTMA. Adoption 
monitoring surveys were conducted in Angola, Malawi, Zambia and Zimbabwe. The 
objective of the studies is to measure DTM penetration and describe the key factors 
associated with farmer uptake of DTM varieties. The surveys were conducted in Districts/
LGAs where extension agents and seed companies have promoted DTM varieties and 
hybrids. Therefore, six districts /LGAs were purposively selected and 10 Villages were 
randomly selected in each sampled District/LGA, based on a complete list of villages for 
each sampled District. Finally, 10 maize-farming households per sample Village were 
randomly selected for interview. Accordingly, a sample of 600 households was interviewed 
in each of the countries.

Two training sessions were organized for national partners on the mechanics of the adoption 
monitoring survey and on the cleaning and management of the data using SPSS and Stata. 
SPSS data templates and data cleaning syntaxes were developed and share with partners in 
all project countries. Similarly, Stata do files both for descriptive and inferential statistical 
analysis were written and shared along with detailed explanation of the contents and the 
purpose. Accordingly, all four partners have drafted reports and will make presentations 
during the DTMA annual meeting to be held in September 2013. 

The reports will be used to identify countries for the detailed adoption studies to be 
conducted after the next cropping season. In fact, a case will be presented for DTMA 
management whether enough funding can be allocated to do the comprehensive adoption 
survey in all countries. 

Table 1.9-2: Drought tolerant maize seed sale (‘000 t) forecast by mega-environment for 2016 

 Parameters Angola Malawi Mozambique Zambia Zimbabwe Southern 
Africa 

Total DT seed sale 2.25 6.91 2.62 5.32 11.44 28.54

 Mega – environments

Wet lowland 0.05 0.21 1.15 0.53 3.37

Dry lowland 0.43 0.90 0.79 0.48 3.66 5.88

Dry mid-altitude 0.70 0.03 3.09 3.37

Wet low mid-
altitude

0.50 1.80 0.37 2.45 2.06 7.19

Wet upper mid-
altitude

0.56 3.46 0.26 1.86 2.52 8.11

Highland 0.02 0.55 0.03 0.11 0.63

Altitudinal clusters

Lowland 0.47 1.11 1.94 1.01 3.66 9.25

Midland 1.76 5.25 0.66 4.31 7.66 18.67

Highland 0.02 0.55 0.03 0.11 0.63
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Willingness to Pay for Drought Tolerance Trait in Maize
Farmers’ adoption and extent of adoption decisions on improved maize varieties are 
essentially governed by their willingness to pay for the different traits. This is not only 
about gauging the technologies in terms of the purchasing power of producers but it is also 
about foreseeing the potential adoption and thus impact of the technologies CIMMYT is 
developing. The importance of assessing the potential adoption has been emphasized by 
recent reports from project countries. The reports emphasize that not all released varieties 
by CIMMYT, other CG centers and national research institutions in Zimbabwe are taken up 
by the seed companies and thus by farmers. 

Seed companies need varieties with the traits desired by farmers and the best way of 
assessing the effective demand for the desired traits is to quantify the implicit prices of the 
desired traits. Against this background, the team conducted a national study to identify the 
six most important traits of maize and estimate producers’ willingness to pay for these traits. 
Specifically, this study aimed at 

·	 Understanding the preferences for the different traits of maize in the drought 
prone areas of Africa, and

·	 Estimating the implicit prices of desired traits of maize in the study areas.

Following a series of discussion with farmers and maize breeders, we identified seven maize 
traits [grain yield, cob size, grain size, drought tolerance, grain texture, tip cover, and price] 
that are key in determining the likelihood of a maize variety being adopted by farmers. The 
attributes and their levels were defined in simple terms following farmers’ descriptions. 
Then, using specialized SAS macro main-effects only optimal experimental design was 
developed to generate efficient and orthogonal design that gives rise to the profiles of the 
choice experiment. The design generated 36 hypothetical maize profiles that have realistic 
combination of the different levels of the traits considered (Figure 1.9-1). The SAS code 
was written in such a way that both dominant and dominated profiles were excluded. 
Two profiles were put together with an opt-out option to form choice sets. Accordingly, 18 
choice sets were developed and used to generate the data. Each respondent was presented 
with 9 choice sets and hence each respondent gave rise to 27 [i.e., 9*3] observations. 

Figure 1.9-1: Maize Variety Preference Index by Gender - Intermediate to Late Set  
(Before Harvesting)
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Highly qualified plant science/crop production specialists were trained on the basic 
principles of choice experiment (CE) and management of CE surveys. The instruments of 
the survey were pre-tested and necessary adjustments made before the actual survey. The 
survey was conducted in 14 districts on 1400 sample households in the communal areas 
of Zimbabwe. Recent econometric models that are appropriate for the analysis of choice 
experiment data were employed to estimate the relative weight of the traits in selecting a 
given maize profile and to estimate the implicite prices of [willingness to pay for] the traits.

The total number of completed choice situations was 12,600 (i.e., 1400*9). Only in 39 
(0.3%) of the choice situations, respondents preferred opting out to other alternatives. This 
is pretty low and hence makes the whole effort worthwhile. 

The preliminary results of the generalized mixed logit model show that drought tolerance, 
grain size, big cob size, tip cover, and semi-flint grain texture, and grain yield are the 
most important traits, in order, in choosing a maize variety in the study areas. Flint grains 
compared to dented ones and medium cob size compared to small cob size were found to 
be negatively related to the choice of maize varieties. Price was also negatively related to 
the choice of a given maize variety as expected (Table 1.9-3). 

Most of the taste parameters have significant standard deviations implying heterogeneity 
around the mean of the traits. This, inter alia, justifies the use of random parameters logit 
specification instead of conditional or any other multinomial logit model that assumes 
homogeneous preference for the traits within the study community. 

Table 1.9- 3: Traits governing choice of a maize variety

Mean parameters St. deviation parameters

  Coefficient Standard 
error

Coefficient Standard error

Grain yield 0.091 *** 0.003 0.059 *** 0.004

Medium cob size - 0.307*** 0.034 0.099 0.078

Big cob size 0.393*** 0.031 0.296*** 0.040

Grain size 0.462*** 0.059 0.845*** 0.076

Drought tolerance 2.308*** 0.076 1.126*** 0.060

Semi-flint texture 0.259*** 0.035 0.117* 0.062

Flint texture -0.112** 0.044 0.263*** 0.055

Tip cover 0.290*** 0.060 0.479*** 0.084

Price -0.351*** 0.024 0.406*** 0.031

The key result of this study is the willingness to pay (WTP) for the different traits. The absolute 
WTP values show that given all other traits similar, farmers in rural Zimbabwe are willing 
to pay 5.9 USD per kg more for DT maize seed compared to non-DT maize. Similarly, they 
are willing to pay 1.55 USD per kg more for maize variety with large grain compared to 
small grain size. Given the dynamic nature of price patterns, it is more informative to look 
at relative willingness to pay values. Farmers value conversion of a variety from non-DT 
to DT 21 times higher than a 1 bag (50 kg) increment in maize yield. Changing a non-DT 
maize variety to DT is worth 15.3 times the benefit from changing the cobs of a given maize 
variety from small to big, ceteris paribus (Table 1.9-4).
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Table 1.9-4: Absolute and relative willingness to pay for maize traits

Criteria  WTP WTP(DT)/WTP(X)
Yield (+1bag) 0.2778 21.136
Med. Cobs -0.0293  
Big Cobs (Sm→Big) 0.3826 15.343
Grain Size (Sm→Big) 1.5450 3.800
DT (NDT→DT) 5.8708  
Semi Flint (DE→SF) 0.7124 8.241
Flint -0.8740  
Tip Cover (1=Covered) 1.1460 5.123

Regional On-farm Variety Verification Trials
Gender disaggregated variety preference analysis 
This activity is a continuation of the on-farm DT maize verification trials that have been 
implemented over the last three seasons. This season’s trials were conducted in 27 locations 
within Zimbabwe for the purposes of documenting the yield, agronomic performance and 
farmer preferences of new drought tolerant maize varieties relative to commercial checks 
and each farmer’s own variety, under farmers’ circumstances. Five early and 14 intermediate 
to late varieties were tried along with a variety chosen by the host farmer (Table 1.9-5).

The early maturing varieties were planted on the first five plots and were separated from the 
other 15 with a buffer crop so that farmers would be able to choose among the early and 
intermediate to late group separately. Accordingly, the preliminary results will be presented 
separately for early and late maturing varieties. 

The socioeconomics team of DTMA southern Africa – in collaboration with AGRITEX 
staff of the Government of Zimbabwe - has conducted trait preference elicitation on all 
27 trials conducted in 2012/13 season. The intention was to collect data on trait (and 
variety) preferences of participating farmers and villagers or neighbouring farmers on all 
the 20 varieties. This data will be complementary to the yield and other agronomic data 
to be collected. The trait preference elicitation was done twice on each set (early and 
intermediate to late) a week before harvest and just after harvest. 

Farmers were made to assess all the plots before they voted using positive and negative cards. 
Each farmer was given 5 smileys “like” and 5 frowners “dislike” cards to cast her/his vote on 
the maize variety she/he likes or dislikes, respectively.  Then, a separate counting of men’s 
and women’s positive and negative votes on each plot was done to determine the two most 
preferred and least preferred varieties by men and women.   Finally, a detailed discussion was 
held with female and male participants on why they liked or disliked the two plots/varieties 
based on the counts of ‘like’ and ‘dislike’ both for early and for intermediate variety groups. 

Variety preference indices were computed separately for male and female and for both 
groups of maturity. The analysis also disaggregated preferences before harvest and after 
harvest in order to check for consistency and to relate preference indices with measured 
grain yield. The assessment done before harvesting showed that both male and female 
farmers preferred CZH1136 and CZH1154 to all others in the early maturity set.  These are 
both new CIMMYT hybrids developed by CIMMYT maize breeders.   

The assessment after harvesting showed that CZH1136, CZH1154, and SC403 are varieties 
preferred by both men and women farmers (Figure 1.9-3).  Both male and female farmers 
consistently voted against 11SADVE-F2 and ZM309 before and after harvesting.  Given that 
11SADVE-F2 is a new OPV, it might be worthwhile to look into its all rounded performance 
before investing further on its development. 
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Table 1.9-5: List of maize varieties tested on-farm in the 2012/13 season

Variety name Maturity group Breed type
SC403 Early Check hybrid
ZM309 Early Check OPV
CZH1154 Early CIMMYT hybrid
CZH1136 Early CIMMYT hybrid
11SADVE-F2 Early New OPV
SC513  Intermediate to late Check hybrid
Pan53  Intermediate to late Check hybrid
SC627  Intermediate to late Check hybrid
ZM521  Intermediate to late Check OPV
ZM627  Intermediate to late Check OPV
CKH08049  Intermediate to late CIMMYT hybrid
CZH1113  Intermediate to late CIMMYT hybrid
CZH117  Intermediate to late CIMMYT hybrid
CZH1157  Intermediate to late CIMMYT hybrid
CZH1156  Intermediate to late CIMMYT hybrid
CKH10191  Intermediate to late CIMMYT hybrid
CKH10147  Intermediate to late CIMMYT hybrid
CKH10158  Intermediate to late CIMMYT hybrid
11SADVL-F2  Intermediate to late New OPV
Local (farmers’) Variable Variable

Women farmers emphasized big cob size, good standing, early maturity, and good lodging 
resistance as the key traits in selecting a variety while assessing before harvesting. They 
mentioned big cob size, good tip cover, shiny kernels, good grain quality, and high yield as 
the key traits in selecting varieties while assessing before harvesting. 

Male farmers, on the other hand, identified big cob size, early maturity and good germination 
as the most important traits in selecting varieties during the pre-harvest assessment. They 
mentioned big cob size and good grain quality as the two key traits in selecting a variety 
while assessing after harvesting.  

The intermediate to late set of varieties were assessed in a similar fashion. The assessment 
done while the trial was on the field showed that male farmers liked eight of the 15 varieties 
tested with PAN53, CZH1113, CKH10191, and CZH117 being the four most preferred, 
in order. In addition to these four, female farmers also have a strong preference for SC627 
(Figure 1.9-1).

Varieties such as CKH10147, CZH1157 (particularly by women), SC513, CZH1156, and 
farmers’ choices have positive preference indices after harvest. On the contrary, some 
varieties such as CZH1113, CZH117 and CKH10191 have lower preference indices after 
harvest compared to the pre-harvest values (Figure 1.9-2).
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Figure 1.9-2: Maize Variety Preference Index by Gender – Intermediate to Late Set (After 
Harvesting)

Women farmers emphasized good standing, good drought tolerance, good tip cover, big 
cob size, and high yield as the key traits of the varieties they liked most while assessing 
before harvest. The varieties preferred while assessing after harvest were chosen for the key 
traits of big cob size, high yield, big kernels.

The reasons male farmers gave for choosing a given variety both before and after harvesting 
are clearly related to grain yield.  During the two assessments, varieties were chosen mainly 
for big cob size, remotely followed by traits like good germination and good standing 
(before harvesting) and by high yield (after harvesting).

Generally, both male and female farmers liked CZH1154 and CZH1136 more than all other 
early maturing varieties. Similarly, PAN53 was highly preferred to all other intermediate to 
late varieties. It was remotely followed by varieties such as CZH1113 and CZH117. 
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Monitoring the uptake of DT maize varieties in Ethiopia, 
Kenya, Tanzania, and Uganda
Implementation of the adoption monitoring survey
In October 2012, an adoption monitoring survey instrument and a survey protocol 
describing the survey sampling approach were developed for use in the 13 DTMA project 
delivery countries. The survey instrument is five pages and covers in brief the following 
topics: household socio-economic and demographic information; agricultural production; 
characteristics of maize varieties currently grown; and awareness and demand for drought 
tolerant (DT) maize varieties. The survey instrument was pre-tested in Malawi (October 
2012) and Zimbabwe (December 2012) and the adoption monitoring survey instrument 
was revised and finalized in April 2013. 

Table 1.10-1 details for each eastern Africa country the timing of the various activities 
involved in the adoption monitoring survey. Sampling of agro-ecologies, districts, villages, 
and households was the responsibility of national partners. The sample sizes for the adoption 
monitoring survey varied, depending on the country’s maize cultivated area (see Table 1.10-
1 for sample sizes).  In each country, sample selection combined purposive and random 
sampling and was done in four stages. The first two sampling stages were purposive. The 
monitoring survey first targeted in each country the main geographic areas and agro-ecologies 
where significant dissemination of DTMA seed has occurred. The dissemination areas were 
determined based on consultation with seed companies, DTMA scientists, and DTMA country 
teams. Second, within the target areas, four to nine districts were selected for monitoring with 
preference given to districts where significant DT maize dissemination has occurred. The next 
two sampling stages involved random sampling. Ten villages were randomly selected in each 
sampled district, based on a complete list of villages for each sampled district. Finally, 10 
maize-farming households per sampled village were randomly selected for interview. 

In each of the four Eastern Africa countries, the training of enumerators was led by CIMMYT 
staff and enumerators were provided with a survey manual for reference during fieldwork. 
Training of the data entry personnel and preparation of a common data entry template was 
also done by CIMMYT staff. 

Farm interviews using the adoption monitoring survey instrument were implemented first in 
Ethiopia, with CIMMYT staff involved in enumerator supervision throughout the interviews. 
An adoption monitoring survey planning workshop was held May 2 and 3, 2013 at the ILRI-
Ethiopia campus. During the workshop, DTMA national partners from Kenya, Tanzania, 
and Uganda worked with the CIMMYT team to (a) devise plans for the survey sampling 
and (b) adapt the Ethiopia version of the survey instrument to their respective countries. The 
farm household interviews took three to six weeks to be completed, the survey duration 
depending largely on sample size and geographic coverage (Table 1.10-1). In all countries, 
the surveys took place outside the rainy season. 
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Table 1.10-1: Timeline of adoption monitoring survey activities in Eastern Africa, April – September, 
2013
Sampling of agro-
 ecologies, districts,
 villages, and
households

Ethiopia
 (n = 600 farm
households)

Kenya
 (n = 600 farm
households)

Tanzania
 (n = 900 farm
households)

Uganda
 (n = 400 farm
households)

April 2013 June 2013 June 2013 June 2013
 Training of
enumerators

April 15, 16 July 1, 2 July 8, 9 July 4, 5

 Training of data entry
personnel

July 16 August 16 July 10 July 6

 Interviews with
sampled households

 April 22 – May
15

August  6 – 22  July 17 –
August 20

 July 25-
August16

Data entry July 8-18 August 12-30  August 19 –
Sep 2

 August 17-
August 30th

 Verification of
entered data

June August August August

Data cleaning September 5-15 Ongoing Ongoing September 5-15
Report preparation September September September September

Data entry was conducted at the offices of the Eastern Africa national partners by experienced 
data entry personnel. During the data entry process, CIMMYT staff verified the data entry 
process by doing random checks of about 50 questionnaires per country. 

A second workshop was held September 5 and 6, 2013, again at the ILRI-Ethiopia campus. 
The purposes of the workshop were to bring together CIMMYT staff and national partners 
from Ethiopia, Kenya, Tanzania, and Uganda to work on (a) thorough cleaning of the 
adoption monitoring survey data, (b) analysis of the survey data, and (c) preparation of 
tables and figures based on the survey data for the country reports that will be presented at 
the DTMA annual meeting. The datasets have all been cleaned and are ready for empirical 
analysis. Currently, the national partners and CIMMYT staff are in the final stages of country 
report preparation.

Initial results of the adoption monitoring survey
This section presents initial results of adoption monitoring in Ethiopia, Kenya, Tanzania, 
and Uganda. We first present selected findings related to DT maize diffusion and adoption 
and then turn to a description of the sampled households’ socio-economic characteristics 
and maize production systems.  

Figure 1.10-1 shows for 2012 the percentages of sampled households that grew DT maize 
varieties released under DTMA or earlier releases that were supported by the DTMA project. 
A note at the bottom of the figure provides the lists of DT variety releases for each country. 
Cultivation of DT maize varieties was considerably higher among sample households in 
Uganda (83%) compared with Ethiopia (31%), Tanzania (18%), and Kenya (7%). 

A next step will be to use the adoption monitoring survey data for regression analyses 
investigating the main factors that influence adoption. For now, we turn to information 
in Table 1.10-2 summarizing farmers’ awareness of, experience with, perceptions of, and 
demand for DT maize varieties. For brevity, the tables only include percentage figures, but 
the detailed country reports will include standard deviations. The table indicates that the 
Uganda sampled households were more likely to report awareness of the existence of DT 
maize varieties (51%) compared with Ethiopia (32%), Tanzania (15%), and Kenya (2%). 
Tanzania sampled farmers displayed less knowledge than farmers in the other countries 
of drought tolerant varieties according to one measure: whether they correctly defined DT 
maize as a variety that is able to tolerate dry spells (Table 1.10-2). 
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Figure 1.10-1: Percentages of sampled households who grew drought tolerant varieties in 2012,  
by country
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Table 1.10-2: Sampled farmers’ awareness of, experience with, and demand for drought tolerant 
maize varieties 
Variable Ethiopia

(n = 600)
Kenya
(n = 600)

Tanzania 
(n = 900)

Uganda
(n = 400)

Farmer reported awareness of the 
existence of DT maize (%)

32.0 1.7 15.3 51.0

Farmers defined drought tolerance as:
Short duration 8.4 17.9 4.3 12.2
Able to tolerate dry spells 52.0 54.1 27.8 55.9
Both short duration and able to tolerate 
dry spells

39.1 27.3 67.8 13.8

Farmer plans to grow DT maize next year 
(grew DT variety in 2012)

76.2 80.5 88.6 79.8

Number of times household was affected 
negatively by drought in the last 10 years

3.2 2.7 2.8 2.7

Farmer grew DT maize in the past, but 
not in 2012

1.1 0 1.1 3.8

Farmers’ perceptions of positive attributes of DT maize varieties
1st positive trait grain yield 

(25.8)
grain yield
(24.4)

early 
maturity 
(28.1)

grain yield
(24.3)

2nd positive trait early 
maturity 
(20.7)

early 
maturity
(22.0)

drought 
tolerance 
(25.6)

drought 
tolerance
(18.1)

3rd positive trait drought 
tolerance 
(13.3)

cob size
(11.0)

grain yield
(20.6)

early maturity
(15.0)

Farmers’ perceptions of negative attributes of DT maize varieties
1st negative trait grain yield 

(11.8)
fertilizer 
requirements
(15.0)

storage 
pest 
resistance
(20.9)

drought 
tolerance
(16.9)

2nd negative trait storage 
pest 
resistance
(8.5)

storage pest 
resistance
(12.5)

grain size
 (13.7)

field pest 
resistance
(7.5)

3rd negative trait disease 
resistance
(8.5%)

grain size 
(8.8)

field pest 
resistance 
(11.1) 

fertilizer 
requirements
(6.6)
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The data indicate considerable satisfaction with the DT varieties that were cultivated in 2012: 
76% of the Ethiopian, 89% of the Tanzanian, 81% of the Kenyan, and 80% of the Ugandan 
sampled farmers stated that they planned to grow the same DT varieties in 2013 (Table 1.10-
2). Similarly, disadoption of DT maize varieties has been minimal. Farmer demand for DT 
maize is consistent with farmers’ perceptions of high drought frequency in their areas: farmers 
reported that their households were negatively impacted by droughts in 3.2 (Ethiopia), 2.7 
(Kenya), 2.8 (Tanzania), and 2.7 (Uganda) of the last 10 years, on average. 

Table 1.10-2 presents farmers’ perceptions of the top three positive and top three negative 
attributes of the cultivated DT maize varieties. In all countries, farmers expressed satisfaction 
with the grain yield, drought tolerance, and early maturity properties of the DT maize 
varieties. In all countries, considerably more farmers reported on the positive versus the 
negative traits of the varieties, and many farmers responded “don’t know” concerning 
negative attributes. The DT maize varieties were most commonly perceived as unfavorable in 
terms of storage pest resistance, field pest resistance, and fertilizer requirements. In Uganda 
a sizeable number of farmers (17%) also expressed dissatisfaction with the varieties’ ability 
to tolerate drought.

As shown in Table 1.10-3, the household heads in all countries were in their 40s or early 
50s, on average. Female headship was highest in Kenya (23%) and lowest in Uganda (8%). 
Compared to the other three countries, household heads in Ethiopia had a relatively low 
level of education. Household sizes ranged from 6.2 in Tanzania to 7.6 in Ethiopia. In each 
country almost half of household members were reported to be engaged in agriculture in 
2012/13. A subjective assessment of the household’s current income status suggests that 
about half of households in Tanzania and Kenya were unable to meet their current needs, 
whereas corresponding figures were lower in Uganda (34%) and Ethiopia (25%).

Table 1.10-3: Socio-economic and demographic characteristics of sampled households (HH), 
Eastern Africa 2012

Variable Ethiopia

(n = 600)

Kenya

(n = 600)

 Tanzania

(n = 900)

Uganda

(n = 400)
Characteristics of the HH head

Age (yrs) 39.8 52.6 49.7 41.3
Female (%) 11.3 23.4 16.2 8.0
Years of education (yrs.) 3.3 9.0 6.7 7.2

Number of HH members 7.6 6.7 6.2 7.1
Number of HH agric laborers 4.1 3.8 3.2 3.5

Subjective assessment of current income
Able to build savings (%) 7.4 5.0 7.8 12.0
Able to save a little (%) 29.8 17.9 20.7 34.0
Only meets expenses (%) 37.6 29.1 19.5 20.5
Is not sufficient (%) 12.2 32.1 40.4 18.0
Is really not sufficient (%) 13.0 16.0 11.5 15.5

Livestock ownership
Number cattle 4.3 2.8 3.2 2.0
Number of horses and donkeys 1.1 0.2 0.1 0.0
Number of goats and sheep 2.3 3.9 3.4 2.7
Number of poultry 4.4 30.4 10.0 11.1

Table 1.10-4 presents information on sample households’ maize production systems. The 
Ugandan sample households allocated higher shares of their farm land to maize (86%) than 
the sample households in Ethiopia (54%), Kenya (57%), and Tanzania (70%). Compared to 
Tanzania and Uganda, use of fertilizer was much higher in Ethiopia and Kenya, while irrigation 
was most common in Kenya. Maize yields were considerably lower in Tanzania and Kenya than 
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in the other two countries. The data show for Uganda that about 64% of sample households 
were self-sufficient in maize and maize marketing was common.  By contrast, relatively small 
percentages of maize production were marketed in Ethiopia, Kenya, and Tanzania. According 
to the survey, most households received advice on new maize varieties in the past year: Ethiopia 
(82%), Kenya (47%), Tanzania (58%), and Uganda (61%). The main source of this advice was 
government agricultural extension agents in Ethiopia and Tanzania; in Kenya and Uganda other 
farmers were the most important source of advice on new maize varieties. High percentages of 
farmers in all countries appeared to lack access to credit, as measured by their responses to a 
question asking them the likelihood of accessing credit to buy maize inputs.

Table 1.10-4: Attributes of sampled households’ maize production systems, Eastern Africa 2012 

Variable Ethiopia
(n = 600)

Kenya
(n = 600)

Tanzania 
(n = 900)

Uganda
(n = 400)

Total area cultivated in 2012 (acres) 3.9 3.5 4.6 5.0
Total maize area cultivated in 2012 
(acres)

2.1 2.0 3.2 4.3

Applied fertilizer to maize in 2012 (%) 67.3 62.3 21.4 27.5
Used irrigation for maize in 2012 (%) 1.9 11.9 5.2 3.8
Maize yield (kg/acre) 692.6 510.9 454.1 737.8
Household was self-sufficient in maize 
in 2011 (%)

56.2 56.4 41.9 63.7

Proportion of 2011 maize production 
that was sold

21.9 19.6 18.4 64.1

Received advice on new maize varieties 
in 2012 (%)

82.3 47.2 58.2 60.5

Main source of advice on new maize varieties in 2012
Govt agric extension agent (%) 50.6 17.5 44.8 26.1
NGO (%) 0.2 4.7 1.0 14.1
Other farmers (%) 28.9 37.4 30.9 35.9
Model/lead farmers 11.4 1.7 8.6 3.5
Research stations (%) 0.6 2.4 2.4 4.6
Private agricultural extension agents (%) 0 0.2 1.0 2.5
Electronic media (%) 1.5 22.9 3.3 4.9
Input shop/suppliers (%) 0.2 5.2 4.4 2.5
Agricultural coops/farmer groups (%) 0 1.5 1.3 2.5
Agricultural extension course (%) 0.2 4.3 0.6 1.8
Print media (%) 0 1.3 0.5 0.4

Subjective assessment of likelihood of accessing credit to buy maize inputs
Extremely likely (%) 14.5 5.3 8.3 6.8
Quite likely (%) 5.8 19.8 14.3 27.8
Neither likely or unlikely (%) 18.7 16.2 8.2 10.3
Quite unlikely (%) 17.4 23.0 13.3 19.1
Extremely unlikely (%) 43.6 35.7 56.0 36.1

Notes: For Ethiopia, these varieties are MH130, MH138Q, MH140, Melkassa1Q, Melkasa2, Melkasa4, 
Melkasa5, Melkasa6Q, Melkasa7, BH546, BH547, Gibe-2, Jabi, Shala, Katumani, A-511, Fetene, Aba 
Raya, and Shone. For Kenya, DTMA varieties include KSDT01, KDH3, ECA-EE13, EAC-EE18, ECA-EE45, 
EMH1101, KM1101, DHLH103, DHLH104, KDV1, KDV2, KDV4, WS403, and WS303. For Tanzania, 
DTMA varieties include WH403, WH502, WH505, ZM623, VimiliaH1, HB405, HB513, HB623, 
TZM523, TZH636, TZH638, TZH417, NATAH104, NATAH105, SA306, SA523, SAH636, SAH638, 
SAH671, SITUKA1, SITUKAM1, TAN250, TAN254, TANH600. For Uganda, these varieties are Longe4, 
Longe5, Longe6 (Salongo), Longe7H, Longe10H, Longe11H, Longe9H, UH5061, UH5062, UH5063, and 
VPMax. 

Future work will use the socio-demographic and the maize production system data to indicate 
the characteristics of households that are or are not adopting DT maize, thereby identifying 
socio-economic constraints and incentives to adoption. We will also compare these data 
with nationally-representative survey data from the Living Standards Measurement Study 
(LSMS) to assess the degree to which our sampled households are similar to or different 
from the national populations. 
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Farmers’ Varietal Preference Assessments
Varietal preference assessments were completed in all 4 countries last season. In Nigeria 
the exercise was conducted in four sites (Mokwa, Kubuwa, Zaria, and Borno). In Ghana 
sites in forest transition zone and upper West and upper east were used. In Benin the 
assessment was conducted in the centre and northern regions of the country. In Mali, the 
regions of Koulikoro and Sikasso were involved. Preference assessments were done for 
both men and women farmers (see gender section). In all four countries similar assessments 
were conducted using the on-farm trials with both men and women farmers.

The assessment have produced very interesting results in terms of differences in the criteria 
used by men and women farmers for choosing varieties but also how agro ecology affects 
those criteria and differences (Benin results). In Ghana for example, the results indicate that 
on average the respondents have some preference for the variety DT SR W CO F2 (Table 
1.11-1). This ranking does not account for regional differences, as dry regions of Upper east 
and Upper West tended to prefer the early and extra- early maturing cultivars.

Table 1.11-1: Preference for different maize varieties, Ghana 2013
Variety Preferred variety selected by sample (%)

DT SR W CO F2 11.4
Local check (various) 10.0
PAN 53 10.0
2004 TZEE-W Pop STR C4 9.2
L0904 27 8.3
TZEEI 29 x TZEEI 21 7.5
2000 Syn EE-W STR 7.5
TZEE-W Pop STR QPM C0 5.0
TZE Comp 3 DT C2F2 5.0
DT STR SYN 4.7
2008 Syn EE-W DT STR 4.2
IWD C3 SYN F2 4.2
M0926 8 4.2
TZEE-Y Pop STR C5 x  TZEEI 82 3.3
99 TZEE Y STR C1 1.7
99 TZ WW Y STR 1.7
DT SR W C2 1.3
TZEEI 49 x TZEEI 29 0.8

 
Source: Etwire et al., 2013.
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The varietal preference assessment has showed that the process has to be managed with care 
other it can yield confusing results. For example, using a trial of early maturing white hybrids, 
Figure 1.11-1 depicts the choice of varieties from a group of men farmers in Zaria. The same 
group of men farmers chooses a completely different set of varieties at harvest (Figure 1.11-2). 

Adoption monitoring Surveys
The monitoring of DTM uptake in West Africa has been conducted in all 4 countries. 
Following development and agreement on the survey tool early 2013, the survey was 
planned and started in Nigeria, Benin, Mali and Ghana.  A total of 900 households are 
being interviewed in Nigeria (200 in middle belt, 300 in north-East and 400 in North-
West), 600 in Ghana (400 in Northern and 200 in Forest transition zone), 400 in Mali  (In 
Bougouni, Koulikoro, and  Kati circles) and 400 in Benin (200 in the north, 100 in the 
center and 100 in the south). To date all data collection has been completed. Data analysis 
and reporting is on-going. Survey results will be presented at the annual DTMA meeting in 
September, 2013. In addition, work has been undertaken to document the use of Hybrid 
maize use in Nigeria based on empirical field data. Therefore, based on recommendation 
from Breeders, a question was added to the baseline instruments of maize projects in IITA-
Nigeria to request information from farmers on the use of hybrid maize.

Figure 1.11-1: Varietal preferences of men farmers before harvest  Zaria, Nigeria,  2013
Source: Etwire et al, 2013.

Figure 1.11-2: Varietal preferences of men farmers at harvest, Zaria, Nigeria, 2013
Source: Etwire et al, 2013.
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Interaction with Seed Companies 
In 2013, four major seed companies were visited including Premier and Maslaha seeds in 
Nigeria, Faso Kaba in Mali and M&B in Ghana. Other seed producers contacted included 
BSADP, KNARDA and Jirkur seeds in Nigeria. The objective of all these meetings was to 
evaluation with them their contributions to DTM production. Data collected through these 
interactions were contributed to the report on Objective 2 for West Africa.  In addition, 
training course focused on helping seed companies develop marketing action plan was 
conducted in Nigeria, Ghana and Mali. Theses session ere attend by seed companies 
(including new ones which were not producing DT before), agro-dealers and some 
individual seed prodders. The training introduced them to the key concepts of marketing 
needed to develop an action plan and also how and where to access DTM materials for 
those who want to start producing it. The training module was shared with colleagues of 
AGRA-PASS in Accra, Ghana during a visit to their offices. They were also invited to attend 
the training in Tamale but could not make it due to conflicting events.  A pilot survey 
was initiated in Nigeria with seed companies using tablets, the objective is to assess each 
company in terms of DTM production and document industry structure in Nigeria and 
use results to track changes. The use of tablets improves data capturing quality and allows 
follow ups and quick comparisons. This assessment will contribute to the development a 
seed production and sales forecast tool to be shared with seed companies.

Assessment of Maize Value Chain
An assessment of the maize value chain was initiated through the maize CRP in West 
Africa. The countries involved include Nigeria, Mali, Ghana, Benin and Cameroon. Since 
four of the five are DTMA countries, it was decide to collaborate and use this avenue to get 
an assessment of the maize sector and how this might impact dissemination of DTM in the 
project countries. The fieldwork has been completed in all countries and draft reports are 
available for three of them. Mali report is also expected before the end of September 2013.

Gender
The gender specialists of IITA and CIMMYT organize a regional training on gender 
mainstreaming for National gender focal points and economists of the 4 West African 
countries. While Benin and Nigeria have not gender focal points for DTMA project, Mali 
and Ghana are yet to nominate ones. Instead they were represented by their national 
economists at the training. Other economists from region also attended the course. Another 
regional gender activity is related to production of gender disaggregate data on farmers’ 
varietal preferences in all four countries. The varietal preference assessment conducted by 
economists has ensured that both female and male farmers have been interviewed. This 
exercise has showed clearly that preferences different among men and women farmers (see 
country presentations). 

Ex-ante Study
The DTMA ex-ante re-assessment exercise was concluded this year. The West Africa Team 
hosted Dr. Kostandini Gentian of the University of Georgia who is co-leading the study. 
The visit has allowed finalizing the estimations for West Africa through meeting with maize 
breeders to get new yield gain advantages of DT maize new generation. The study has now 
yielded new estimates of potential impact of deployment of DT maize varieties in project 
countries.
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West Africa Regional Annual Meeting
The West Africa regional planning meeting was held this year in Ibadan, April 2-5, 2013. 
The team of Socioeconomic from the 4 countries presented and discussed their results on 
assessing farmers’ varietal preferences. They also discussed with other scientist the plans 
for the adoption monitoring surveys in the different countries. Te economist presented also 
results of their economic evaluations of the varietal trials conducted in their respective 
countries. Finally, all economists joined the gender focal points for a training session on 
Gender mainstreaming conducted by IITA and CIMMYT gender specialists.

West Africa Seed Technicians Training
The socioeconomic team participated in the seed technicians training for this year held 
in Cotonou, Benin, August 26-30th, 2013. This year in addition to the usual module on 
organization and economic evaluation of on-farm trials, the participants were also given 
a basic course on seed marketing with emphasis on how to target and reach smallholder 
farmers.
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Gender in DTMA
Vongai Kandiwa (CIMMYT-Kenya) and Amare Tegbaru (IITA-Nigeria)
E-mail: v.kandiwa@cgiar.org; a.tegbaru@cgiar.org

Maize is produced by both men and women in sub-Saharan Africa.  Closing gender gaps 
in access to, and adoption of improved drought tolerant maize technology is for crucial 
improving overall productivity levels in Africa.  We seek to develop technologies that are 
responsive to the needs and preferences of both men and women; understand how gender 
norms shape patterns or access; develop strategies that foster gender equality; and track 
our progress through gender sensitive monitoring and adoption studies.  Our approach 
is informed by the gender analysis and entry points identified by Dr. Diana Pritchard in 
2012.  We, therefore, integrate gender in technology development, seed system, as well as 
adoption monitoring and impact research and practice Figure 1.12-1.

Figure 1.12-1: Approach for integrating gender in DTMA

Gender and Technology Adoption
In DTMA we aim to develop technologies that meet the needs of both men and women 
farmers.  Our approach is two pronged. First we foster equitable participation of men and 
women farmers in on farm regional participatory varietal selection.  Second, we collect and 
analyze sex disaggregated data in ways that help us understand where men and women 
farmer preferences converge or diverge and why?  Socio-economics teams in Eastern (Olaf 
Erenstein and Belayneh Demissie) Southern Africa (Girma Tesfahun Kassie), and Western 
Africa (Tahirou Abdoulaye) lead the work on regional on farm varietal trials.  These teams 
have made significant strides in fostering equitable participation of men and women 
(see section on socio-economic reports). In fact, they have exceeded the 30% women 
participation threshold set by the DTMA Project.  Lastly, under CRP MAIZE we are currently 
finalizing a protocol (or guide) for integrating gender in participatory varietal trials.  Once 
published, this protocol will inform our ongoing DTMA regional on farm trials and other 
PVS activities by national partners.
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Gender and the Seed System
Seed companies increasingly seek evidence-based tools that guide the development of 
tailored marketing strategies. Some of the questions they grapple with include: Are there 
distinctive farmer categories in relationship to their seed preferences and seed buying 
behavior? Do women and men constitute distinctive market segments?  What strategies 
are effective in reaching different market segments?  In DTMA one of the outputs for 
this milestone is to document ‘gender as a customer attribute’.  Our approach involves 
two strategies: (i) we endeavor to understand how gender norms shape the constraints, 
opportunities, and the behavior of men and women farmers in maize growing regions (ii) 
evaluate the extent to which perceptions, and business strategies of seed companies are 
gender responsive. 

Eastern Africa
In Eastern Africa, we have an ongoing study that aims to develop farmer typologies that take 
gender into consideration. In collaboration with Kenya Agricultural Research Institute (KARI) 
colleagues, we are conducting this study in the Eastern (Machakos, Kitui, and Makueni) and 
Western Provinces of Kenya (Siaya, Busia, Kakamega).  Companies that market drought 
tolerant varieties in this region include Dryland Seeds, Freshco, and Western Seeds.  Data 
collection is completed in Machakos and Kitui.  We employ qualitative approaches in order 
to understand how farmers engage with the improved seed market.  Insights were gathered 
through focus group discussions with farmers, in-depth interviews with key informants 
such as local extension workers and agrodealers.  This study will be completed by mid-
December 2013.  

Additionally, we leveraged resources from CRP MAIZE and participated in the 2013 Kenya 
Household and Community Surveys.  For the latter, we convened 121 focus group discussions 
comprising six men and six women each; separately interviewed by well-trained male and 
female facilitators.   Data entry and cleaning has just been completed paving the way for 
analysis and writing in the last quarter of 2013.  We were able to incorporate themes and 
questions that are relevant for understanding intra-household decision making on improved 
seed adoption, including DT varieties.  Understanding how farming households make 
decisions on seed purchases is crucial in developing effective marketing and advertising 
strategies. For instance, when we explored how household power relations shape decision 
making processes on improved varieties, we gathered interesting perspectives from sex 
segregated focus groups.  Preliminary findings suggest that a lot of dialogue and negotiation 
goes on within households before decisions are made on what seed varieties to buy, in 
what quantities, and who ultimately goes to buy? For the most part, spouses discuss and 
reach consensus before they decide on improved maize seed purchased (Figure 1.12-2).  
Individual spouses rarely make decisions on seed purchases unilaterally. 

This evidence suggests that while the household may be a place for contestation, some 
cooperation and negotiation goes on with regards technology adoption, at least in Kenya. 
The question becomes – if all other things are equal, how might we, in DTMA enrich that 
negotiation process?  It may be important to target individuals within households with 
information on improved seed varieties because ultimately, spouses will dialogue and 
negotiate based on what they know.  
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Figure 1.12-2: Decision making on improved seed variety adoption

 
 Source: Kenya Community Survey 2013
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West Africa
Third, in Western Africa we carried out a study on ‘Engendering Marketing Strategies of 
Seed Companies in Northern Nigeria’. This study focused on five companies in Kano and 
4 companies in Zaria.  The study is informed by the theory of Industrial Organization.  As 
such, we adapt the Structure-Conduct-Performance analytical approach to evaluate this 
seed sector.  Among other things, we evaluate the degreed of seed market concentration, 
barriers to entry, pricing, advertising, market performance, as well as capacity utilization.  
Additionally, we evaluate the performance of seed agrodealers. Finally, we carry out a 
gender analysis of the seed companies.  We find evidence of market concentration (Gini 
0.51 and 0.62 in Kano and in Zaria, respectively) suggesting the possibility of the existence 
of non-competitive behavior.    Most importantly, we find low levels of gender mainstreaming 
within the seed companies. 

These studies are ongoing.  Upon completion in 2014, we hope to develop concise decision 
tools that illuminate in what ways seed companies can tailor their strategies to meet the 
constraints and opportunities that household and community level gender relations present.

Gender, Technology Adoption, and Impact
Gender is not a stand-alone exercise. Our approach is to ensure that gender relevant 
themes and questions are included in all data collection and analysis efforts. In 2013 the 
Socio Economics teams in East and in West Africa undertook the adoption monitoring 
survey. By design, this survey is meant to be a quick assessment of the state of DT variety 
adoption, focusing on male and female household heads.  However, there will be scope for 
integration of gender relevant themes, as well as gender sensitive data collection techniques 
for the planned 2014 adoption and impact studies. 

Gender Capacity Building
West Africa - We trained partners on gender mainstreaming at IITA, Ibadan Nigeria April 
5-6 2013
East Africa - We shared perspectives on the salience of mainstreaming gender in DTMA at 
the Maize Working Group Meetings in Tanzania and Uganda in November 2012.

Lessons Learned
We continue to learn that in order to make giant strides towards gender equality in DTMA, 
all individuals need to do their work with a gender lens.  The key is to remain cognizant 
of areas where gender is relevant, and developing effective strategies to minimize the 
chance of developing or exacerbating gender gaps.  Further, we have learned that the time 
allocated for gender experts is inadequate to satisfactorily meet the important gender goals 
for DTMA.
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Highlights of DTMA Communication for 2012/13
Florence Sipalla (CIMMYT-Kenya), Mike Listman (CIMMYT-Mexico), Godwin Atser (IITA-Nigeria), 
Katherine Lopez (IITA-Nigeria)
E-mail: f.sipalla@cgiar.org
 
Communications work for the DTMA project follows a strategy developed by founding 
partners and refined with the input and active participation of communications and other 
specialists from the countries where the project is implemented. 

Drought Tolerant Maize Seed: Uptake and Awareness
Recent communication efforts support the key project aim of reaching an annual market 
volume of 70,000 tons of seed of drought tolerant maize varieties, through seed companies 
and community-based seed producers, by 2016. For this to happen, seed producers must 
believe that they will gain recognition and make a profit by using DTMA seed; they must 
also believe that DTMA products will provide a superior harvest under both optimal 
and moderate drought conditions. Finally, as a precondition for the above, farmers, seed 
producers, extension agents, agro-vet stockists, and others in the seed delivery chain must 
know about these products, their characteristics and their value for maize production. 

Communications team members, including in-country specialists, are working closely with 
the project head, scientists, and seed system specialists to strengthen awareness and demand 
among those audiences. In some cases, seed companies and national agricultural research and 
extension institutes themselves use project sub-grants and other support to undertake activities 
and to help develop outputs, including printed materials (flyers and brochures on drought 
tolerant maize), radio programs and jingles, and on-farm demonstrations and field days. 

As part of the above, the team is working with CIMMYT seed specialists to lay the 
groundwork for a short message service (SMS) in partnership with seed companies and (in 
Zimbabwe) Agrifin Mobile, a project of Mercy Corps non-governmental organization with 
SMS experience and (in Zambia) the National Agricultural Information Service (NAIS). The 
latter builds on the NAIS’ current work to raise awareness about DTMA and its products 
through farm radio programs in eight languages, including English. Also under way in 
Zambia is work to build on an SMS that serves as a feedback loop for an agricultural 
extension radio service. Working closely with scientists from the Golden Valley Agricultural 
Research Trust, extension workers will receive and respond to farmers’ questions through 
the SMS. Scientists will also participate in radio programs as guests, providing technical 
information on improved varieties. 

In the last quarter of 2013, we will profile seed companies that are instrumental in pushing 
out drought tolerant maize through demonstration plots and field days that allow farmers 
directly to observe its performance against local checks. Farmers and seed relief NGOs 
interested in testing new varieties can easily access information on drought tolerant 
maize varieties and the companies that market them via the DTMA website. Adding to 
the preceding (and also available online) are project reports that compile and analyze the 
results of DTMA regional and on-farm trials.

Together with the seed system specialists, the communications team is developing a catalog 
of CIMMYT maize lines, including inbred lines used in the DTMA breeding pipeline and 
their characteristics, which will be of great use to interested seed producers. 

The above communications efforts and outputs have arguably contributed significantly to 
the increased amount of drought tolerant maize seed available to farmers. As of 2012, the 
project had reached approximately 2.9 million households with drought tolerant maize 
seed (See DTMA brief). 
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Public Awareness about DTMA
Important to the project’s long-term success is informing donors, policymakers, research 
directors, and other key stakeholders, as well as the general public in Africa and beyond, 
about DTMA activities and achievements. The following activities were carried out with 
this purpose:

·	 In late 2012-early 2013, CIMMYT and IITA engaged French journalist Vincent DeFait to 
cover the production and uptake of drought tolerant maize seed in Mali. The resulting 
story was published as a special feature on the two centers’ web page, ran in IITA’s June 
R4DReview, and was picked up and run in February by New Agriculturalist, CGIAR 
website and Humanitarian news. 

·	 We also published a profile of a DT maize farmer in Machakos, Kenya, that was 
published in the June issue of IITA’s R4DReview.  Both stories are also published on the 
IITA website and the hard copy of the journal. 

Since January 2013, we have produced two issues of DT Maize in March and in June. 
We also published six stories in the CIMMYT Informa and two CIMMYT E-news (April) 
newsletters. Through these articles we have profiled farmers, covered DTMA events and 
variety releases in Malawi, Ghana and Ethiopia and Nigeria. Through the communications 
team at IITA, we received media coverage in West African media following the regional 
DTMA meeting in Nigeria. The meeting was also covered in the IITA Internal newsletter. 

A DTMA video under development will be screened during the annual meeting in 
September 2013.
Below is a breakdown of key communication activities that have been completed from 
January 2013: 
DTMA project bulletin, DT Maize, published and posted on the web - March/June issues. 

In addition to fostering seed uptake and deployment, the communications team provides 
general support to edit and produce publications, presentations, and other materials for 
diverse DTMA events and audiences. 

Working closely with the web team, we have ensured that articles on DTMA on the CIMMYT 
blog are cross-posted on the project website. Working with the seed systems team, we have 
also posted information on seed companies that are stocking drought tolerant maize seed 
across the DTMA countries. 

DTMA events covered in the CIMMYT Informa (internal newsletter) and the blog. The 
articles are listed below. Some of them are also cross-posted on the DTMA website. 

·	 DTMA recognizes best performing teams in Eastern Africa 

(Reporting covered the Tanzania Maize Working Group meeting)

·	 DTMA travelling workshop combines peer learning and evaluation  
(Reporting was on the DTMA travelling workshop which covered Malawi, 
Mozambique Zambia, Zimbabwe which served as a monitoring and evaluation 
session by CIMMYT scientists and national partners)

·	 Strengthening capacity of maize technicians in Malawi – Informa, 17-24 May 
2013  
(Reporting on training workshop for maize technicians from seed companies and 
national agriculture institutes)

·	 Three new drought tolerant maize hybrids released in Malawi – Informa, 31 May 
2013 (Reporting highlighted new DT maize releases)
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·	 Getting high yielding stress-tolerant maize into the hands of African farmers 
– Informa, 14-21 June 2013 (Reporting on seed systems meeting which 
captured presentations by breeders and seed systems specialists with regards to 
dissemination of improved maize varieties to farmers) 

·	 Four new maize varieties released in Ethiopia 
(Reporting highlighted new DT maize releases)

·	 Tanzanian Seed Company holds field days to popularize drought tolerant maize 
varieties August (Reporting covers a field day by Suba Agro, a seed company that 
is popularizing DT maize)

·	 Strengthening maize technicians’ capacity in Mozambique Aug 2013  (Reporting 
covered training workshop for technicians from seed companies, community 
based seed producers and agricultural research institutes in Mozambique).

Articles on CIMMYT blog where DTMA received mention 

·	 NSIMA: Seeding hope for smallholder farmers through partnerships (Reporting 
covered the Annual collaborators meeting for the New Seed Initiative for Maize in 
Southern Africa (NSIMA) meeting attended by DTMA scientists.

·	 Successful day at CIMMYT Harare showcasing research work 
(Reporting covered partners’ day at CIMMYT’s Southern African Regional office 
where partners visited trials fields including those showcasing DTMA work at the 
station)

·	 CIMMYT’s work highly appreciated in Ethiopia (covered meeting in Ethiopia 
attended by CIMMYT scientists including DTMA project leader)

·	 Inspired by women communal farmers (covers interview with Benhilda Masuka, a 
maize physiologist who works on DTMA and IMAS in Zimbabwe)

·	 WEMA reaches out to local communities in Kenya (Reporting on the Water 
Efficient Maize for Africa project mentions variety developed from DTMA 
germplasm CKH110078 that is in National Performance Trials in Kenya) 

·	 New doubled haploid facility will strengthen maize breeding in Africa (Article on 
the DH facility that will benefit the DTMA breeding work by reducing time and 
resources spent in the breeding process)

DTMA Featured in CIMMYT E-News/IITA Weekly Bulletin – 
April 2013 
CIMMYT E-News is a periodic electronic newsletter circulated to a readership of over 
4,000 that includes donor and media representatives, policy makers, research directors, 
and other important audiences. The stories often get picked up by media and electronic 
news outlets. The IITA Weekly Bulletin is distributed to staff and is available online. 

·	 The agricultural relay: Helping smallholder farmers reap the most from maize seed 
 (CIMMYT E-News) 

·	 DTMA Regional Meeting featured (IITA newsletter) 

·	 Germplasm from IITA assists Mali to develop and release early maturing hybrid 
maize  
(IITA Weekly Bulletin) 
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News Coverage on DTMA 
The following news coverage on the DTMA West Africa regional meeting held in Nigeria 
was achieved through media work done by IITA communication staff working on the 
DTMA project. 

·	 Nigeria, Benin, Mali, Ghana develop plans for dissemination of drought-tolerant 
maize - Nigerian Tribune, published on 12 April 2013 

·	 Nigeria, Others Get Dissemination Strategy for Drought Tolerant Maize – This Day, 
published on 16 April 2013

·	 Nigeria, Benin, Mali and Ghana develop work plans for massive dissemination of 
drought tolerant maize – Seed Quest, published on 8 April 2013 

·	 Nigeria, Benin, Mali and Ghana develop work plans for massive dissemination of 
drought tolerant maize – Relief Web, published 8 April 2013 

·	 4 African Countries Develop Plans for the Adoption of Drought Tolerant Maize - 
Ghana News- Spy Ghana 

·	 Nigeria, Benin, Mali and Ghana Develop Work Plans for Massive Dissemination 
of Drought Resistant Maize – Modern Ghana, published 8 April 2013 

·	 Nigeria, Benin, Mali and Ghana Develop Work Plans for Massive Dissemination 
of Drought Resistant Maize – Meridian Institute, published 8 April 2013 

·	 Nigeria, Benin, Mali and Ghana develop work plans for massive dissemination of 
drought tolerant maize – Aid Resources, published 8 April 2013 

Following the release of two new extra early maturing drought tolerant and Striga resistant 
maize varieties, the IITA communication staff shared a press release that was picked up 
on the following news sites. 

·	 Nigeria releases two extra early maturing maize hybrids published on Africa 
Science News

·	 Nigeria releases two extra-early maturing white maize hybrids published on Relief 
web on 17 August 2013. 

·	 Nigeria Releases Two Extra-Early Maturing White Maize Hybrids published on The 
Nigerian Voice on 17 August 2013.

·	 Nigeria Releases Two Extra-Early Maturing White Maize Hybrids published on 
Modern Ghana on 17 August 2013. 

·	 IITA releases Striga-resistant, drought-tolerant, extra-early maturing maize varieties 
in Nigeria published on News Agency of Nigeria on 18 August 2013. 

·	 Nigeria Releases Two Extra-Early Maturing White Maize Hybrids published on 
Non-Profit Press on 18 August 2013.
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Highlights of DTMA 2012/13 Progress in Angola
Dibanzilua Nginamau
Instituto Investigaçao Agronomica
Estaçao Experimental Agricola da Chianga
Huambo, Angola
E-mail: dibanginamau@yahoo.com 

Major achievements by the DTMA Team in Angola in 2012/13 were:
1. Breeding program on track;

2. New drought tolerant varieties are now being taken up by smallholder farmers; 
and 

3. New seed companies are emerging. 

Product Development and Testing
Maize is the most important staple for Angola. Current production is very low due to drought, 
poor soil fertility and other constraints. The Product Development and Testing Objective 
aims to evaluate materials from CIMMYT, IITA and the private sector and release the best 
varieties and to assess production constraints. Past efforts emphasized the development of 
OPVs but hybrid development has been gaining pace in recent years.

Large numbers of drought tolerant inbred lines have been acquired for evaluation and use 
in the breeding program; 876 yellow and 123 inbred lines were selected.

We evaluated the first test crosses last season (Table 2.1-1) and continued testcrossing, 
according to our project plans.

One new variety, ZM309, which is very popular across countries in southern Africa, 
was released in 2013. This brings the total number of varieties released under DTMA in 
Angola thus far to seven.

Table 2.1-1: Performance of top 10 test crosses out of 82 in Angola (2012-13)

Inbred line Yield (t/ha)  AD ASI EPP

CL1012131 10.62 75.2 0.50 0.97

CL1012134 9.89 83.6 0.50 0.89

CL1012077 9.87 72.4 4.30 0.95

CL1012035 9.64 79.7 2.90 1.13

CL1012109 9.63 75.7 3.80 1.14

CL1012058 9.49 77.8 2.40 1.26
CL1012057 9.36 80.7 0.00 1.02

CL1012070 9.34 77.5 4.90 0.97

CL111442 9.18 70.2 2.00 1.27

CL1012043 8.99 83.0 1.30 1.06

Check 1 (CH1012640) 9.32 82.7 1.60 1.22
Check 2 (CZH061) 7.92 68.6 3.30 1.11

Mean 9.44 77.18 1.20 1.09

LSD (0.05) 3.06 7.60 3.40 0.25

MSe 2.57 13.70 3.40 0.02

P * ** ** ***



82

Seed Systems
A total of seven varieties consisting of three OPVs (ZM523, ZM725, and ZM309) and four 
hybrids (CZH0819, CZH0837, CZH03030 and CZH116) are being commercialized by 
private companies and CBOs in Angola, as shown below.

Variety name Year released Hybrid/OPV Commercialized by (company/CBO)

ZM523 2010 OPV Fazenda Kambondo, CFTPT (CBO), AASEA 
(CBO)

ZM725 2010 OPV CFTPT

CZH0819 2012 Hybrid CEDIAC, Fazenda Kambondo

CZH03030 2012 Hybrid CEDIAC, Fazenda Kambondo

ZM309 2013 OPV AASEA, CFTPT

CZH0837 Pending Hybrid CEDIAC

CZH0116 Pending Hybrid Fazenda Kambondo

Socio-Economics
The major work carried out under this objective is the adoption monitoring survey. A total 
of 600 households were interviewed in six districts (Bie, Huambo, Kwanza Sul, Kwanza 
Norte, Lunda Norte, and Malonge). Summary of the results for Angola and three other 
countries in the sub-region are shown in Table 2.1-2. See section (Kassie et al, Socio-
Economics Progress in Southern Africa) in these proceedings for further details. It can be 
seen that 65% of maize farmers surveyed in Angola grow drought tolerant maize.

Table 2.1-2: Adoption monitoring survey results for four countries in southern Africa

Indicator
Country

Angola Malawi Zambia Zimbabwe

Attributes of respondents

Average farm size (ha) 2.4 0.9 1.8 1.6

Maize area (ha) 1.5 0.6 1.3 0.88

Area under maize (%) 63 62 72 54

HHs with Sufficient maize (%) 35 19 58 34

 Access to extension on maize varieties (%) 30 36 50 52
Frequency of drought last 10 years 1.9 3 2 3.9

Seed source (%)

 Recycled 68.0 10.8 0.0 0.0

Agro-dealer (%) 2.0 36.9 +1 33.4

Local market (%) 17.0 3.9 0.0 11.6

Government 5.0 20.3 ++++ 26.7

Neighbor 4.0 7.1 0.0 3.2

Relative 4.0 0.0 0.0 4.2

Seed companies 0.0 4.9 0.0 3.4

Shops 0.0 8.0 +++ 13.6

Private trader 0.0 4.1 ++ 0.0

NGOs 0.0 3.9 0.0 1.9

Savings from last season 0.0 0.0 + 0.7

Adoption of DT maize 65.0 86.0 15.0 80.0

1  + = lowest; ++++ = highest.
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Highlights of DTMA 2012/13 Progress in Benin
Chabi Gouro Yallou (INRAB-Benin), Mohamed Nasser Baco (University of Parakou-Benin), Tahirou 
Abdoulaye (IITA-Nigeria), Janvier Egah (University of Parakou-Benin)
E-mail: chabiyallou02@yahoo.com

Major achievements by the DTMA Team in Benin in 2012/13 include:
1. Seven new drought tolerant open pollinated varieties and five hybrids are 

currently in the pipeline;
2. At least one seed company is being established; and 
3. A strong communication strategy was implemented to disseminate drought 

tolerant varieties.

Product Development and Testing
Maize is the main staple in Benin. Striga hermonthica and drought are the major constraints 
to maize production in the country. The Product Development and Testing objective aims to:

·	 Participatory evaluation of 2 or 3 best selected hybrids/varieties in 5 to 6 localities 
in the country;

·	 Maintain and multiply inbred lines and hybrids selected from the National Maize 
Variety Trials (NMVT) and regional trials; 

·	 Continue the breeding program to obtain several hybrids (double-, three-way-, 
top-crosses and OPVs); and

·	 Release new OPV and hybrids.

Three maturity groups – extra early, early, and late – were tested. The inbred lines used are 
shown below.

Table 2.2-1: Drought tolerant inbred lines used in the national program in Benin 

No.
Maturity Group

Extra-early Early Late

1 TZEEI 4 TZEI 1 BLEMA16 (White)

2 TZEEI 5 TZEI 2 BLEMA17 (White)

3 TZEEI 6 TZEI 7 BLEMA2 (White)

4 TZEEI 7 TZEI 12 BLEMA3 (White)

5 TZEEI 8 TZEI 13 BLEMA5 (White)

6 TZEEI 1 TZEI 34 BLEMA15 (White)

7 TZEEI 5 TZEQI 33 BLEMA23 (White)

8 TZEEI 21 TZQI 49 BLEMA24 (White)

9 TZEEI 15 TZEQI 6 BLEMA25 (White)

10 TZEEI 20 TZEQI 76 BLEMA18 (Yellow)

11 TZEEI 29 TZEQI 81  

12 TZEEI 49 TZEQI 80  

13 TZEEI 14 TZEQI 92  

14 TZEEI 21   



84

Ta
bl

e 
2.

2-
2:

 P
er

fo
rm

an
ce

 o
f s

om
e 

 b
i-

pa
re

nt
al

 c
ro

ss
es

, h
yb

ri
ds

 a
nd

 s
yn

th
et

ic
 v

ar
ie

tie
s 

se
le

ct
ed

 fo
r 

us
e 

 in
 th

e 
na

tio
na

l p
ro

gr
am

 in
 B

en
in

 in
 2

01
2 

En
tr

y
G

ra
in

 y
ie

ld
 (t

/h
a)

A
SI

 (d
ay

s)
Pl

an
t h

ei
gh

t (
cm

)
Ea

r 
he

ig
ht

 (c
m

)

A
N

G
IN

A
BA

G
A

N
G

IN
A

BA
G

A
N

G
IN

A
BA

G
A

N
G

IN
A

BA
G

 (W
hi

te
 D

T 
ST

R
 S

yn
/IW

D
C

3S
Y

N
) F

2
4.

25
4.

00
3.

90
2.

70
2.

30
4.

40
16

8.
10

17
3.

50
21

3.
60

77
.2

0
69

.4
0

73
.6

0

(W
hi

te
 D

T 
ST

R
 S

yn
/T

Z
LC

O
M

P1
W

) F
2

5.
08

3.
18

4.
18

3.
00

2.
00

4.
10

18
5.

70
16

9.
60

20
5.

40
87

.2
0

69
.4

0
69

.6
0

TZ
LC

O
M

P3
C

3 
D

T
4.

41
3.

10
3.

19
2.

30
2.

70
3.

80
17

3.
40

15
4.

00
21

6.
20

91
.5

0
66

.1
0

74
.8

0

IW
D

C
3S

Y
N

/D
T-

SY
N

-1
 W

4.
18

-
3.

99
2.

60
-

4.
00

16
5.

60
-

19
6.

00
79

.4
0

-
70

.0
0

D
T 

SR
-W

 C
2

4.
05

3.
54

3.
75

3.
00

2.
00

3.
80

18
0.

90
16

4.
20

20
2.

10
82

.6
0

61
.7

0
70

.0
0

TZ
PB

 S
R

 W
 (C

he
ck

)
4.

45
2.

75
3.

90
2.

90
2.

30
3.

70
21

3.
10

20
4.

70
19

9.
30

11
1.

30
10

7.
00

81
.1

0

M
ea

n
3.

74
2.

95
3.

08
2.

80
2.

20
4.

20
17

1.
60

15
9.

20
20

3.
50

80
.0

0
64

.9
0

70
.5

0

LS
D

 (0
.0

5)
1.

02
0.

80
1.

17
0.

90
0.

70
1.

50
17

.8
0

11
.8

0
19

.9
0

13
.1

0
10

.3
0

12
.3

0

pS
ta

r
*

**
*

ns
ns

ns
**

*
**

*
ns

**
*

**
*

ns

A
N

G
 =

 A
ng

ar
ad

éb
ou

; I
N

A
 =

 In
a;

 B
A

G
 =

 B
ag

ou
 (t

he
se

 a
re

 n
am

es
 o

f l
oc

al
tio

ns
)

*,
 *

*,
 a

nd
 *

**
 in

di
ca

te
 s

ta
tis

tic
al

 s
ig

ni
fic

an
ce

 a
t t

he
 1

%
, 0

.5
%

 a
nd

 0
.1

%
 le

ve
l, 

re
sp

ec
tiv

el
y;

 n
s 

=
 n

ot
 s

ig
ni

fic
an

t 



85

Table 2.2-3: Performance of selected drought tolerant maize trials in Benin in 2012

Entry
 Grain

yield (t/
ha)

 Days to
silk

 Days to
anthesis

 ASI
(days)

 Plant
 height

(cm)

 Ear
 height

(cm)

Best 3-way DT STR white hybrids

M1227-2 5.83 58.2 55.8 2.3 193.5

M1124-12 5.71 58.8 56.1 2.7 191.4

M1227-12 5.24 58.1 56.0 2.0 181.3

M1227-13 4.84 59.2 57.3 2.0 187.7

M1227-5 4.82 60.7 57.6 3.0 183.7

TZPBSR W 4.38 57.1 55.2 2.0 179.6

Best early maturing DT

2011 TZE –Y DT STR Syn C0 4.60 56.3 52.7 3.7 208.3

2009 DTE-Y STR Syn 4.19 57.3 55.3 2.0 156.7

DTE STR-Y Syn Pop C2 4.42 57.3 53.3 4.0 218.3

 2011 DTE STR-W Synthetic 4.11 58.0 55.3 2.7 166.7

2011 TZE-Y DT STR Synthetic 4.16 57.3 53.7 3.7 206.7

EV DT 97 STR W 3.45 56.3 52.7 3.7 211.7

Best extra-early white DT hybrids

 TZEE -W Pop STR C5 x TZEEI
29 6.42 51.8 50.4 1.3 182.9

 TZEE -W Pop STR C5 x TZEEI
21 6.08 51.4 50.2 1.3 179.9

TZEEI 29 x TZEEI 49 5.83 46.3 44.4 2.0 164.0

 (TZEEI 29 x TZEEI 21) X TZEEI
55 5.67 48.5 47.0 1.3 173.3

Best extra-early yellow DT hybrids

EEYH-21 5.06 51.8 50.4 1.3 182.9

EEYH-18 4.74 49.9 48.7 1.3 158.7

EEYH-24 4.74 52.5 50.4 2.0 159.0

EEYH-25 4.68 53.2 50.9 2.3 154.9

EEYH-28 4.61 49.9 47.0 1.3 173.3

2008 Syn EE-Y DT STR 3.97 53.2 50.9 2.3 158.1

Best early white DT hybrids

TZEI 5 x TZEI 98 5.73 57.5 52.2 2.0 156.3 77.5

TZEI 31 x TZEI 18 5.71 56.9 52.3 1.4 162.9 81.4

TZEI 31 x TZEI 63 5.70 56.8 49.2 2.0 171.4 83.6

TZEI 60 x TZEI 86 5.36 58.5 51.7 1.7 172.5 87.2

TZEI 83 x TZEI 60 5.12 59.0 54.7 1.9 181.0 94.5

TZEI 188 x TZEI 98 4.67 52.7 51.0 1.7 167.2 78.2

EV DT 97 STR W 2.97 57.1 53.0 4.1 205.8 70.0
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Seed Systems

The seed systems in Benin are still at a very early stage of development. Private seed companies 
are yet to be established. The maize research center at Parakou is the major producer of breeder 
and basic seed. The center produced about 4.65 MT of breeder seed and 9.16 MT of basic seed in 
2012. There are 10 CBOs that produce maize seed in the country. They produced 132 MT of seed 
in 2012; the projection for 2013 is 150 MT.

Socio-Economics
The socio-economics team in Benin conducted adoption monitoring in selected areas 
across the country in 2013. This included the Sudano-Sahelian zone in the north where 
the rainfall is uni-modal, ranging from 700-900 mm per year, and in the Sudano-Guinean 
zone in the south where the rainfall is bi-modal, ranging from 1000-1100 mm per year 
(see Figure 2.2-1). 

A total of 400 household surveys were conducted in 40 villages in five (5) districts, as 
shown in Table 2.2-4. The sites selected include districts where the drought tolerant maize 
varieties had been promoted.

Table 2.2-4: Areas where the adoption monitoring for drought tolerant maize was carried out in 
Benin in 2013

District Maize area (ha) Villages Sample size 
(households)

Kétou 42,865 Adaplamé, Kpankou, Akpambahou, 
Achoubi, Idigny

50

Savé 6,218 Djaloumo, Ayedjoko, Gobé, 
Achakpa, Alafia, Ouoghi G, 
Djabata, Oké owo, Gogoro, Diho 1

100

Bembèrèkè 10,465 Gues-Nord, Gando, Pèdarou, Gam-
Oues, Wodora, INA 1, Wanrarou, 
Warakérou

80

Kandi 29,723 Padé, Tui, Sinanwon, Donwari, 
Pèdè, Sonsoro, Heboumey, 
Angaradébou, Kassakou

90

Malanville 12,210 Sakawan T, Tomboutou, Boiffo, 
Degue D, Guené, Garou T, Galliel, 
Monkasso

80

Total 101,481 - 400

The results of this study showed that 61% of the farmer households surveyed perceived 
drought as a major factor in maize production. The study also showed that:

·	 54.1% of the farmers grow improved non-DT maize varieties;
·	 24.0% use DT varieties;
·	 30.8% use undetermined varieties; and
·	 12.3% use local varieties.

Men and women farmers had common criteria in selecting DT varieties: yield, drought 
tolerance, resistance to Striga, and early maturity were used as criteria. Other criteria for 
men included grain color whereas women went for taste. Further details can be found 
in Abdoulaye et al (Highlights of Socio-Economics Activities in West Africa) in these 
proceedings.



87

Figure 2.2-1: Sites where trials were carried out in 2012/13 in Benin
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Highlights of DTMA 2012/13 Progress in Ethiopia 
Gezahegn Bogale (EIAR-Melkassa), AbduRahman Beshir (ESE-Addis Ababa), Mekonnen Sime 
(EIAR-Melkassa), Dagne Wegary (CIMMYT-Ethiopia), Monica Fisher (CIMMYT-Ethiopia)
E-mail: gezahegnbogale2004@gmail.com

The DTMA Team in Ethiopia made good progress in the areas of product development 
and testing, seed systems, and socio-economics. Major highlights for the country were:

1. Over 50% of the maize growing area in the Central Rift Valley was covered by 
drought tolerant maize varieties;

2. Three drought tolerant hybrids and one OPV were released in 2013 and another 
hybrid (CZH0616, provisionally named ‘MH141’ is in the pipeline); and

3. Increased human resources capacity, installation of cold room, and irrigation 
facilities are now available at the national program.

Product Development and Testing
Locally formed hybrids and OPVs were tested under managed drought stress at flowering 
and well irrigated conditions. A total of seven sets (hybrids) of CIMMYT Regional Trials 
were conducted in 2012. Results for on-farm evaluation of drought tolerant hybrids, 
tested on 15 farmer fields, in 2012 are shown in Table 2.3-1.

Table 2.3-1: On-farm performance of drought tolerant hybrids tested at 15 farmers’ fields 
in 2012

Hybrid
Days to anthesis Ears/plant Grain yield (t/ha)

Non-stress Stress Non-stress Stress Non-stress Stress

MH130 64 66 1.07 1.00 7.45 4.74

CZH0616 70 72 1.12 1.00 7.78 3.60

CZHO837 69 72 1.11 0.86 7.89 2.76

MHQ138 69 71 1.18 0.98 7.86 2.62

CZH1027 66 67 1.18 1.00 5.66 2.06

CZH1030 66 67 1.10 1.00 6.26 4.29

CZH1034 67 68 1.19 1.00 6.60 3.57

CZH1033 67 68 1.23 0.90 6.61 2.82

Mean 67 69 1.15 0.97 7.01 3.31

A total of 10 drought tolerant varieties, comprising five (5) hybrids and five (5) OPVs have 
been released in Ethiopia between 2007 and September 2013. The released varieties are 
promoted and commercialized through seed companies. Some of our partners are the 
Ethiopian Seed Enterprise (Melkassa-2, Melkassa-4, Melkassa-6Q, MH130); the Oromiya 
Seed Enterprise (Melkassa-2, Melkassa-4, Melkassa-6Q); Meki-Batu Farmers’ Union 
(Melkassa-1, Melkassa-2, Melkassa-4, MHQ138); and Alemayehu Farm (MH140).

We found that field demonstrations and field days, in partnership with the extension 
workers of Bureaus of Agriculture, and seed companies, are the most effective ways of 
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disseminating the new varieties. We also found that the drought tolerant maize variety 
Melkassa-2 covers more than 60% of the maize growing areas in the Central Rift Valley of 
Ethiopia.  

A total of seven seed companies and one CBO were involved in drought tolerant maize 
varieties in the 2012/13 season. Attempts are being made to work with as many seed 
companies and CBOs that exist in Ethiopia in the coming years.

 In 2012, pre-extension demonstrations of the drought tolerant hybrid (MH130) on 20
 farmers’ fields were conducted at Mieso, AdamiTulu-JidoKombolcha, Boset, Dugda and
 Dera weredas (districts). The hybrid was visited by 87 women farmers as well as 133 men
 farmers. Two field days were also organized at Mieso and Adami-Tulu where experts and
 farmers (209 men and 76 women) participated. Similarly, a total of 25 on-farm demos with
 two treatments (Melkassa 2 and MH130) were established in 2013 at Adama, Mieso, Dhera,
 Boset, Adami-Tulu and Dugda weredas. Currently, more field days are being organized for
2013 on-farm activities.

 We made releases of four new varieties (MH140, Melkassa-1Q, BH546, and BH547)
 in 2013. The cumulative number of drought tolerant varieties released under DTMA in
Ethiopia so far is 10.

 Seed Production
Melkassa Research Center of EIAR and other partners produced a total of 3,171.7 metric 
tons (MT) of seed (comprising 9.45 t breeder seed, 480.25 t basic seed, and 2,862 t certified 
seed) of various lines and varieties between 2007 and 2012. The total quantity of drought 
tolerant maize seed produced in Ethiopia in 2011/12 was estimated at 1,544 MT. The 
Ethiopian Seed Enterprise, the largest seed producing company in the country, alone, has 
planned 810 ha land (400 ha Melkassa-4, 280 ha Melkassa-2, and 130 ha MH130 - to be 
planted by mid - 2014 and expects to harvest about 1,459 MT for that season; this includes 
400 MT of certified seed of MH130. This will bring the total volume of drought tolerant 
maize certified seed produced by ESE since 2008 to 2,745.2 MT.

Socio-Economics
The major achievement of this objective was the adoption monitoring study that was just 
completed. The study was carried out in six weredas (districts or counties) in the Central 
Rift Valley of Ethiopia where drought tolerant maize promotion has taken place. These 
are Adami-Tulu Jido-Kombolcha (Adami-Tulu), Adama, Siraro, Shala, Mareko, and Bada-
Wacho (see Figure 2.3-1). A total of 100 households were sampled from each wereda. 

Adoption varied from wereda to wereda. Nearly 36% of the farmers in Adama and 29% 
in Adami-Tulu grew DTMA maize in the 2012 crop season. By contrast, approximately 
34% of farmers in Mareko, 28% in Siraro, 10% in Shala and 2% in Bada-Wacho grew 
non-DTMA drought tolerant maize (see report #10). Overall, the coverage of DTMA maize 
covered about 12% of the total area monitored. It is fair to say that the coverage of DTMA 
maize was higher in the weredas that were closer to the research center and hence received 
more dissemination efforts.

On average, the farmers responded that they encounter drought for 3.24 years out of 10. 
The average landholding was about 1.57 ha of which 0.87 ha (or 55.4%) is allocated to 
maize. About 94% of their information on drought tolerant maize is received through the 
government extension; about 47% of their maize is hybrid and 21% is OPV.
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Figure 2.3-1: Weredas and sample sites where the study was conducted
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Highlights of DTMA 2012/13 Progress in Ghana
Kwadwo Obeng-Antwi (CSIR-Ghana), Prince Maxwell Etwire (SARI-Nyankpala), Tahirou 
Abdoulaye (IITA-Nigeria), Samuel Saaka Buah (SARI-WA), Roger AL Kanton (SARI-Manga), 
Mashark S Abdulai (SARI-Nyankpala), Alidu Haruna (CRI-Kumasi), Edward Martey (SARI-
Nyankpala), Stephen Yeboah (CRI-Kumasi)
E-mail: obengantwi2002@yahoo.co.uk

Major achievements by the DTMA Team in Ghana in 2012/13 include:
1. Seven drought tolerant maize varieties released in 2012;
2. Screening site for drought tolerant maize varieties at CSIR-SARI established; and
3. Improved linkages with seed companies.

Product Development and Testing
A total of 54 extra-early, 45 early, and 68 medium-late maturing DT lines were received 
from DTMA for evaluation and use in Ghana’s breeding program. Of these, 44 extra-early, 
36 early and 50 intermediate/late maturing promising lines were selected. Outcomes from 
these efforts include:

·	 Over 1000 bi-parental crosses made so far using lines from IITA; 80 extra-early and 
60 early single cross hybrids were formed and tested;

·	 Over 200 single cross hybrids involving medium to late maturing inbred lines have 
been formed for evaluation; and 

·	 Synthetic varieties involving 8-10 superior lines from the three groups of DT lines 
identified will be made in the coming season.

A total of 76 sets of regional trials consisting of 15 extra-early, 31 early and 30 medium- 
late-maturing lines were received and tested at CRI and SARI (Table 2.4-1). Out of these 
11 extra-early, seven (7) early, and 20 intermediate/late maturing hybrids and OPVs were 
selected. Twenty eight (28) hybrid and OPV lines consisting of 11 extra-early, nine (9) early, 
and eight (8) intermediate/late maturing lines were being tested on-farm.

Table 2.4-1: Number of sets of regional trials received in Ghana

Maturity group
Institution

Total
CRI SARI

Extra-early 9 6 15

Early 19 12 31

Intermediate/
late 21 9 30

Total 49 27 76

So far, the DTMA team in Ghana has released 12 varieties that consist of the hybrids Etubi, 
Enibi, Aseda, Opeaburoo, and Tintim; and the OPVs Omankwa, Abontem, Aburohemaa, 
Ewul-boyu, Wang-Dataa, Bihilifa and Sanzal-Sima. Many of these DT varieties have yield 
advantages of 12-20% over the local checks. Currently, there are six DT maize varieties in 
the pipeline; more than 10 varieties are being evaluated on-farm to generate data to support 
the release process.
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The released varieties have been disseminated through annual planning sessions; training 
courses and workshops; participatory on-farm trials using the Mother-Baby Trial approach; 
and demonstrations and field days.

Seed Systems
The number of seed companies that produced DT maize seed in 2012/13 is five (5). These are M & 
B Seeds and Services, Savannah Seeds, Antika, Heritage, and Rural Innovations. In addition, there 
are 15 CBOs that produced DT maize in 2012/13, mostly in the Northern and Upper West regions 
of the country. 

The total quantity of seed produced in Ghana in 2012 was as follows:
·	 Breeder seed (2.26 MT);
·	 Foundation seed (3.34 MT); and 
·	 Certified seed (79.00 MT).

In addition, DTMA in Ghana supported the production of a total of 360 MT and 850 MT of 
existing drought tolerant varieties in 2012 and 2013, respectively.

Socio-Economics
The socio-economics team carried out adoption monitoring studies in Ghana in the 2013 
crop season. A total of 600 households (Simple Random Sampling), in 59 villages (Simple 
Random Sampling) in eight districts, representing three regions/agro-ecologies were 
sampled (Purposive Sampling). 

The results showed that only about 32% of the total sample populations were aware of DT 
varieties. The level of awareness was variable among agro-ecologies: it was nearly 46% in 
the Forest Transition, 26% in Guinea Savannah, and 23% in Sudan Savannah zones. The 
overall adoption rate for aware (and sample) population was 58.3% (25.7%) for Forest 
Transition, 39.6% (8.0%) for Guinea Savannah, and 27.8% (6.1%) for Sudan Savannah.

The level of awareness about the DT maize varieties and gender also had influence on 
the adoption levels (Table 2.4-2). Men preferred the varieties Aburohemaa, Abontem, and 
Aseda whereas women have preferred varieties were Abontem, Etubi, and Omankwa. It 
should be noted that women did not adopt the varieties Aburohemaa and Aseda at all 
whether they were aware of the varieties or not. In general, the adoption level of DT maize 
varieties by men was slightly higher than those by women in both cases – whether aware or 
not aware. Further details can be found in Abdoulaye et al (Highlights of Socio-Economics 
Activities in West Africa) in these proceedings.

Table 2.4-2: Influence of awareness level and gender on the adoption (%) of DT maize varieties by 
men and women 

Variety
Sample Aware

Men Women Men Women

Aburohemaa 4.8 0.0 15.2 0.0

Abontem 4.0 5.4 13.3 16.3

Aseda 3.2 0.0 10.0 0.0

Etubi 1.9 4.1 6.5 12.5

Omankwa 0.9 2.3 2.3 7.9

Average 3.0 2.4 9.5 7.3
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Highlights of DTMA 2012/13 Progress in Kenya
Sammy Ajanga (KARI-Kakamega), Charles Mutinda (KARI-Embu), Stephen Njoka (KARI-Embu), 
Saleem Esmail (Western Seed Company-Kenya) 
E-mail: s_ajanga@yahoo.com

Major highlights for the achievements by the DTMA Team in Kenya include:
1. Good progress made in product development and dissemination; 
2. Good linkages among partners (NARS and seed companies); and
3. Information exchange among partners.

Product Development and Testing
A total of 125 drought tolerant inbred lines were acquired from CIMMYT in 2010 and tested 
at KARI-Kakamega and KARI-Katumani. Forty (40) bi-parental crosses, hybrids and synthetic 
varieties were developed from the inbred lines and evaluated at KARI-Kakamega in 2011 
and 2012. Several sets of MET and Regional On-farm Variety Trials (ROVTs) were carried 
out at various sites of KARI-Embu, KARI-Mtwapa, Kenya Seed Company, and Dryland Seed 
Company in 2012. Table 2.5-1 shows the number of hybrids and OPVs that are in various 
stages of development in Kenya.

Table 2.5-2 presents the performance of drought tolerant hybrids in MET, conducted at 
KARI-Kakamega.

A total of two varieties each at KARI-Kakamega and Freshco, and four at Dryland Seed 
Company were selected from the ROVTs in 2012. 

Table 2.5-1: Names of drought tolerant maize varieties in different stages in Kenya

Variety name Type (Hybrid/
OPV)

Status Company involved

KDH3 Hybrid Released Dryland Seed Company (DSC)

WE1101 Hybrid Commercialized DSC, Elgon, Olerai, East Africa 
Seed

KDH1 Hybrid Not released Not yet

KDH2 Hybrid Not released Not yet

KDV1 OPV Commercialized DSC

KDV2 OPV Commercialized DSC

KDV4 OPV Commercialized DSC

KDV6 OPV Commercialized Freshco

KSDT01 OPV Released, 
commercialized

Kenya Seed Company

KDV3 OPV Released, not 
commercialized

Not yet

KDV5 OPV Released, not 
commercialized

Not yet
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Seed Systems
With more than 6,000 t of seed produced, Kenya was among the top countries in drought 
tolerant maize seed production in 2011/12. Its seed production for the 2012/13 seasons is 
estimated a little over 1,000 t, mainly owing to the occurrence of the new virus disease – 
Maize Lethal Necrosis (or MLN, for short). Drought tolerant maize varieties with good level 
of resistance/tolerance to MLN are being identified now in close collaboration between 
KARI and CIMMYT and it is hoped that control measures will be developed in the coming 
years.

The Western Seed Company, established in 1990, conducted replicated trials of 1848 rows 
at Bungoma and 2370 rows at Kakamega during the 2012/13 seasons. Its seed roadmap 
indicates 1450 MT and 12 MT of the drought tolerant maize hybrids WH403 and WH301, 
respectively, for the 2013 season. The company also carried out 190 demonstrations in 
Western, Nyanza, South Rift, Central, and Eastern counties during this period, in addition 
to 25 field days at selected sites. Its future plan includes the introduction of early maturing 
drought tolerant varieties.

Kenya has a large number of private seed companies engaged in drought tolerant maize 
seed production and working with the DTMA team in the country, as mentioned in the 
previous section.

Socio-Economics
Refer to Fisher et al in this volume.
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Highlights of DTMA 2012/13 Progress in Malawi
Kesbell E Kaonga
Chitedze Research Station
Department of Agricultural Research Services
Lilongwe, Malawi
E-mail: kkaonga@yahoo.co.uk

Major achievements by the DTMA Team in Malawi in 2012/13 were:
1. Dissemination of DT varieties to seed companies before release;
2. Release of drought tolerant maize varieties; and
3. Maintenance of seed storage cold rooms (two are now working).

Product Development and Testing

Maize is the most important staple for Malawi. Drought is the major constraint for 
maize production in this country. The Product Development and Testing objective aims 
to develop crosses using drought tolerant maize lines and evaluate them in field trials. 
Breeding materials consisting of 12 inbred lines and four (4) populations were received 
from CIMMYT for testing in 2012/13. The populations (and number of testing sites) were: 
EPOPO13 (4), EHYBO13 (4), ILPOPO13 (5), and ILHYBO13 (5). Tables 2.6-1 and 2.6-2 
show performance of two of the populations tested in Malawi in 2012/13.

Table 2.6-1: Performance (yield, kg/ha) of extra-early/early maturing experimental maize hybrid 
trial in Malawi in 2012/13

Pedigree Baka Chitala Chitedze Bembeke Mean AD (days)  Maturity
(days)

CZH1242 7439 6703 9227 1618 6247 65.5 131

CZH1245 6296 8247 8518 1403 6116 65.4 131

CZH1247 6778 8041 8116 2442 6344 63.1 126

CZH1235 5867 8010 9981 1685 6386 63.3 127

CZH1258 6672 8710 8386 2960 6682 63.6 127

CZH1261 7084 8304 8960 2564 6728 64.8 130

CZH1262 6707 7714 8314 2666 6350 63.8 128

CZH1265 6684 8310 9140 2547 6670 60.4 121

CZH1272 6776 9191 10368 2282 7154 66.0 132

CZH1274 6731 9120 10101 1799 6938 66.4 133

CZH1275 6939 9067 8644 1936 6647 69.8 140

06C4100 3955 9832 9669 1770 6307 65.1 130

 MH27 3058 3751 4523 1382 3179 70.8 142

 Mean 5889 6751 7945 1998 5646 64.0 128

LSD 1622.8 1645.0 1641.7 1120.0 1507 0.6 -

P <.001 <.001 <.001 0.551 0.000 -

CV (%) 17.0 15.0 12.8 34.4 4.3 -

Min 3058 3751 4523 1361 59 118

Max 7439 9832 10368 2960 71 142



97

 Table 2.6-2: Performance (yield, kg/ha) of yield trials of 3-way crosses in Malawi, 2012/13
(PYT13)

Pedigree Chitedze Baka Chitala Bolero  Mean Low N

CML384/LB23//MWL6 5354 2687 3897 2297 3559 2485

 M70-30-2/MWL6//M71-8-1F 6038 2847 3404 2308 3649 1013

CML444/CML202//MWL6 6414 4333 3802 2136 4171 1919

M70-30-2/CML202//M71-8-1F 7326 2248 3890 1708 3793 286

M70-30-2/CML202//CML507 5733 3282 3143 2447 3651 2049

CML448/CZL00003//C69-11 5602 3254 3425 2559 3710 817

M70-30-2/CML202//MWL6 6134 2437 3774 1384 3432 1641

MWL6/CML489//C69-11 6791 2604 3272 2233 3725 880

CZL00020/AR291-4//CML442 5520 3074 3753 3101 3862 587

CML199/AR291-4//CML312 7184 2794 3860 1182 3755 1226

CZL00020/AR291-4//CML440 6290 3496 4000 1843 3907 1255

CML395/CML202/46CZW 5656 2687 3310 2532 3546 1661

MWL6/CML489//M71-8-1F 5432 3042 3977 2016 3617 2389

MH27 5787 2596 2596 1167 3037 1389

MH26 2798 1322 2276 1262 1915 425

 Mean 5278 2729 3301 1908 3555 1099

LSD 2423 1741 995   1770

Prob 0.002 0.230 <.001  - - 0.360

CV (%) 28.1 39.1 18.5  - - 96

Min 2408 1322 2172 1015 0 143

Max 7551 4333 4141 3101 0 2485

Three DT maize varieties were released in 2013; these are: MH30 (CZH0713), MH31 
(CZH0819), and MH32 (CZH0829). These have now been taken up by various companies for 
commercialization. The varieties (and companies selecting them) are MH30 (Funwe, Ex-Agris, 
and Peacock); MH31 (CPM), and MH32 (MSI).

In addition to the above, another six varieties (MH33, MH34, MH35, MH36, MH37, and 
MH38) were also released in 2013 for the purpose of food security in Malawi. These are also 
being commercialized by various seed companies in the country.

Seed Systems
Currently there are 16 seed companies operating in Malawi. With the exception of one (Quton 
Seed) all others are engaged in maize seed production. These include CPM Agri Enterprises, 
Demeter, Funwe, Monsanto (Malawi) Ltd, NEMA Farm Seed, Pannar Seed (Malawi) Ltd, 
Panthochi Farm, Peacock Enterprises, Pindulani Investment, Pioneer (C&M), SeedCo (Malawi) 
Ltd, Mbewu Seed Investment (MSI), Seed Tech (Malawi) Ltd, Premium Seed, and Global Seed.
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A total of 6 metric tons (MT) of MH31 was produced by DARS; 5.5 MT was booked by one 
NGO. In addition, 4.5 MT (consisting of 1.5 MT pre-basic seed and 3.0 MT of basic seed) 
of the OPV ZM523 was also produced by Demeter, Funwe and other companies through 
contractual farmers. These are just a few samples and the actual amount of seed produced 
is likely to be higher.

Socio-Economics
Adoption monitoring surveys were conducted in 600 households in six districts of Malawi 
(Nsanje, Chickhwaha, Mwanza, Balaka, Karonga, and Salima) in 2012. According to 
the respondents, adoption rate of drought tolerant maize in Malawi is 86%; however, 
researchers (breeders) estimate the the adoption rate at 19%. Please refer to Table 2.1-2 for 
Angola and also see section (Kassie et al) in these proceedings for further details.



99

Highlights of DTMA 2012/13 Progress in Mali
Ntji Coulibaly 
CRR, Sotuba
IER, Bamako, Mali
E-mail: ntji.coulibaly@gmail.com

Major achievements by the DTMA Team in Mali in 2012/13 were:
1. Release of two high yielding and drought tolerant varieties (Jorobana and Brico);
2. Establishing a positive platform for increasing actors in the drought prone areas; and
3. Production of first DT hybrid seed.

Product Development and Testing
Maize is one of the staple crops for Mali. It is grown in the Guinea Savannah (rainfall > 
1100 mm per annum), in the Sudan Savannah (600-1100 mm), and Sahelian Zone (200-
600 mm + irrigation).  The major constraints to maize production in Mali include:

·	 Erratic rainfall, frequent drought, and low soil fertility;
·	 Insufficient number of high yielding drought tolerant maize varieties; and
·	 Poor capacity of local private seed companies to produce hybrid maize seed.

The objective of maize research and development in Mali is to contribute to the total food 
grain production in the country. The breeding strategy focuses on making single and top 
crosses using IITA and CIMMYT inbred lines. A total of 11 yellow and 28 drought tolerant 
lines were acquired to initiate new pedigree breeding projects; five pedigree projects are 
currently under way.

Thirty seven (37) promising inbred lines have been created and crosses have been made 
using inbred lines 9071 (IITA), V481-73 (CIMMYT) and Exp114 (Cameroun). The hybrids 
developed from above crosses have been tested in Sotuba under two different planting 
dates. Homogenous S3 were obtained from 76 inbred white and yellow lines.

Hybrids were developed under drought and in multiple locations. The best promising 
are: 9071 / CML442; CML505/1368; 9071/V481-73, and J16-1/TZLCOMP3C2S2 with an 
average of 3 MT/ha, compared to 0.5 MT/ha for the checks. Six drought tolerant varieties 
and hybrids were selected and evaluated in advanced NMVT and demonstration plots.

Three new varieties have been identified from the NMVTs for release through farmers’ 
participatory activities; breeder’s seed of the new drought tolerant varieties is being 
produced for further on-farm testing and release.

Three sets (Extra-Early, Early and Intermediate) of Regional Variety Trials were conducted 
between 2009 and 2012. Each set consisted of six entries (Table 2.7-1). Significant grain 
yield differences were observed among the varieties within each group. Farmers’ preferred 
varieties for each group are shown in Table 2.7-2.

Dissemination of the new varieties was carried out in collaboration with institutions 
involved in in drought tolerant varieties: seed companies (e.g. Fasokaba, Comptoir 2000) 
and CBOs; NGOs (SG2000), national agricultural extension system (DNA), universities 
(IPR/IFRA), and numerous farmers’ organizations.
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Table 2.7-1: Performance of drought tolerant maize varieties in Mali

Entry
Anthesis (days)  Plant height

(cm)
Ear height (cm)

Grain yield (MT/
Ha)Male Female

Early Set (Regional Variety Trials 2012, 3 sites)

SC533 53 54 212 70 7.66

EWH-29 53 62 230 90 7.64

EWH-8 56 58 200 73 7.41

EYH-27 58 60 195 63 5.34

EYH-29 57 59 215 66 5.30
 DT STR-W Syn
POP C2 53 55 138 66 4.65

Mean 55 58 198 71 6.43

LSD (0.05) 2.62 3.14 17.95 16.88 1.66

CV (%) 2.9 3.4 6.5 15.5 24.6

Intermediate Set (Regional Variety Trials 2009-10, 4 sites)

M1026-3 57 59 158 75 6.00

M1026-10 59 61 150 65 5.70

M1026-4 63 65 150 56 5.70

M1124-8 57 59 163 76 5.31

M1124-17 57 58 158 63 5.18

M1124-31 58 60 165 78 5.11

Mean 59 60 157 68 5.38

LSD (0.05) 4.86 6.12 27.49 24.07 2.17

CV (%) 4.7 5.7 12.1 24.3 39.4

Extra-Early Hybrids (Regional Variety Trial 2009-10, 2 sites)

EEYH-17 56 57 - - 4.90

EEYH-25 58 60 - - 4.74

EEYH-16 57 59 - - 4.41

EEWH-31 60 64 - - 4.15

EEWH-29 62 62 - - 3.50

EEWH-27 60 61 - - 3.38

Mean 58 59  -  - 4.18

LSD (0.05) 3.71 5.90 - - 1.29

CV (%) 4.0 6.0  -  - 30.6

Table 2.7-2: Farmers’ preference of drought tolerant maize varieties in Mali

Extra-Early Early Intermediate

EEYH-17 SC533 M1026-3

EEYH-25 EWH-29 M1026-4

EEYH-16 EWH-8 M1124-31
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Seed Systems
There were five main seed companies and 15 CBOs producing improved maize seed in 
Mali in 2012. The total volume of drought tolerant maize seed sold in 2012 was 106 MT.

Socio-Economics
Adoption monitoring surveys were conducted in the districts/LGAs where extension agents 
and seed companies had promoted drought tolerant maize varieties and hybrids. The 
objective of the study was to measure drought tolerant maize penetration and describe the 
key factors associated with their uptake by farmers.  

Sampling was carried out at four stages:
·	 Stage 1: Purposive sampling of main geographic areas and agro-ecologies;
·	 Stage 2: Purposive sampling of 4-9 Districts/LGA’s where significant dissemination 

of DTMA seed has occurred;
·	 Stage 3: Random sampling of about 10 communities; and 
·	 Stage 4: Random sampling of about 10 farming households per community.

Thus, 400 households were sampled from 40 villages in three agro-ecological zones in 
three regions of Mali.

The results of this study showed that 48% of the households surveyed were aware of drought 
tolerant varieties but only 23% of them planted the varieties. Inadequate access to credit for 
inputs appeared to be the major factor that deterred the use of improved varieties (Figure 2). For 
example, only 12% and 8% of the respondents said it is extremely likely and quite likely, 
respectively, that they will have access to credit for inputs; by contrast, 34% and 28% of all 
the respondents said it is extremely unlikely and quite unlikely, respectively, that they are 
going to have access to credit for agricultural inputs (Figure 2.7-2). Further details can be 
found in Abdoulaye et al (Highlights of Socio-Economics Activities in West Africa) in these 
proceedings.

Figure 2.7-1: Percentages of farmers responding to their likelihood of obtain credit for purchasing 
agricultural inputs in Mali 



102

Highlights of DTMA 2012/13 Progress in 
Mozambique
David Mariote 
IIAM
Maputo, Mozambique
E-mail: mariotedavid@hotmail.com

Major achievements by the DTMA Team in Mozambique in 2012/13 were:
1. A number of seed companies are involved in promoting DTMA 
2. A number of DT varieties are released 
3. Increased hybrid use 

Product Development and Testing
The DTMA project in Mozambique aims to develop suitable drought stress tolerant maize 
varieties for the low to mid-altitude lands of the country. Major activities of the project in 
2012/13 included:

·	 Advance new generations of inbred lines at Sussundenga;
·	 Evaluation of new DT varieties (regional trials);
·	 Seed increase of the finished DT inbred lines;
·	 Breeder seed multiplication of DT varieties released;
·	 Demonstrations of DT varieties on-farm field; and
·	 Training on seed production (farmers and technicians).

A total of 80 lines were planted in February 2013 to advance the generation in SRS. Lines 
selected from these were advanced to form new pedigrees and top crosses.

Four inbred lines were received from CIMMYT for seed increase in SRS; 100 rows of each 
line were planted for seed increase to create the single hybrids (CZH0524 and CZH04008) 
in the coming season. ZM309 was multiplied on 2 ha in an isolated area in Sussundenga.

Thirty demonstrations were carried out in Manica, Niassa, Nampula and Zambeze 
provinces. Six varieties were included in the demonstrations. These were: PAN 53, PAN 
67, Pristine 1, ZM523, ZM309 and Matuba. Farmers preferred ZM309 for its earliness and 
flinty kernels, and PAN 53 and Pristine 1 for their big cobs.

Three drought tolerant varieties were released in 2013. These were: Gogoma (ZM309), 
(CZH04008), Pris601 and SP-1. The total number of drought tolerant maize varieties 
released in Mozambique under DTMA so far is nine

Seed Systems
The drought tolerant maize varieties released under DTMA are now being commercialized 
by a number of seed companies in the country. Nearly 4400 ha of land is planted to such 
varieties in 2013, with projected total production of close to 13,000 metric tons of seed 
(Table 2.8-1).

Eight seed companies were involved in DT seed production in 2013; these are (in descending 
order) PANNAR, Semco Seed, Mozseed, Phoenix Seed, Dengo Commercial, Oruwera Seed 
Company, Bonimar Seed, and Elidio Seed.
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Table 2.8-1: Seed multiplication of drought tolerant  maize varieties in Mozambique (2013)

Variety Area (ha) Production (MT)

ZM523 1097 3291

ZM309 688 2065

PAN 53 600 1800

PAN 67 500 1500

Matuba 550 1250

Tsangano 270 1110

Mocuba 369 1045

Pristine 200 600

Molocue 100 150

Total 4,374 12,811

Socio-Economics
Adoption monitoring surveys have yet to be carried out for Mozambique.
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Highlights of DTMA 2012/13 Progress in Nigeria
JE Onyibe (NAERLS), SG Ado (IAR), US Abdulahi (IAR), AS Bamire (Oba Femi Awolowo Univ.), 
OA Avinde (Univ. Ilorin), T Abdoulaye (IITA), AM Falaki (SG 2000), IS Usman (Univ. Ilorin), IY 
Dugje (Univ. Maiduguri), SD Joshua (Univ. Maiduguri), JO Adeosun (???), N Kuchinda (???), 
JAY Shebayan (IAR/ABU), JO Akangbe (Univ. Ilorin),D Aminu (Univ. Maiduguri), Y. Idrisa  (Univ. 
Maiduguri), BH Kabura . Maiduguri), SO Ajala (IITA), H Mani (IAR), RS Adamu(Univ.Ilorin), 
G Olaoye (Univ. Ilorin), MA Aduloju (Univ. Ilorin), AU Izge (Univ. Maiduguri), N Kamai (Univ. 
Maiduguri), N Kamai (???), RA Omolehin (???), AD Halilu (???), O Ayinde (Univ. Ilorin), LL Yakubu 
(???) MAB Fakorede (???), I Abu Abdul (Univ. Maiduguri), IA Teli (Univ. Maiduguri), FO Takim 
(Univ. Ilorin)
E-mail: jeonyibe@yahoo.com

Major achievements by the DTMA Team in Nigeria in 2012/13 were:
1. Recognition and integration of DT into ATA; 
2. Increased number of DT varieties released (from 19 – 39); and
3. Rapid access and adoption of DT and over 15% increase in average yield of maize.

Product Development and Testing
Maize is the Number One cereal crop in Nigeria; it is critical poverty reduction. Maize 
is widely grown across various agro-ecological zones in the country (Figure 2.9-1).  The 
Agricultural Transformation Agenda (ATA) focus on improvement of maize value chain has 
enhanced the multiplier effect of the DTMA Project. 

Drought, Striga and poor soil fertility are the major constraints to maize production in 
Nigeria. The breeding strategy of DTMA aims to develop elite materials across all maturity 
classes; this includes;

• Developing high yielding hybrids and OPVs across all maturities classes that 
enables diversification of production systems; 

• Developing hybrids and OPVs with traits against aboitic  (especially drought) and 
biotic stresses- parasitic weeds, nutrient efficient, of high consumers preferred traits 
(market value) adaptable to diverse ecologies in country; and

• Develop F1 hybrids, top cross, three-way cross and double cross hybrids as well as 
synthetics.

A total of 95 inbred lines and 150 hybrids were developed in 2012. The number of 
varieties tested on-station was 56; 96 varieties were test across locations; and 11 varieties 
were tested on-farm in 2012. A total of 138 varieties are currently being tested under 
managed drought conditions in Samaru and Kadawa. These include,

• 24 early OPVs, 
• 28 intermediate/late OPVs, 
• 36 early hybrids, 
• 25 extra early white, and 
• 25 extra-early yellow hybrids.

The research system and seed companies conducted 33 and 10 (total = 43)regional trials, 
respectively, in 2012. The number of regional trials currently being conducted by the 
research system and seed companies in 2013 is 110 and 42, respectively (for a total of 
152 varieties).
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Twenty-one DT varieties have been released under DTMA so far. Six new varieties are in 
the pipeline. These are: 

• Three (3) early maturing OPVs (Pool 18 SR/AKS94 DMRESRW, DTE Y STR SYN,  
and 2004 TZE DT STR);

• One intermediate (DTWSTR SYN) and 
• Two hybrids (M026-7 and M0926-8) were identified for nomination for release in 

2012

 

Figure 2.9-1: Maize agro-ecologies of Nigeria

Several of the new DTMA varieties have been taken up by a number of seed companies 
operating in the country. The currently commercialized varieties include the hybrids 
Sammaz 22, Sammaz 23, Sammaz 24, Sammaz 25; and the OPVs Sammaz 20, Sammaz 
27, Sammaz 28, Sammaz 29, Oba Super 7, and Oba Super 9. The seed companies and 
CBOs commercializing these varieties are Maslaha, The Seed Project, Premier, Da-Allgreen, 
BSADP, KADP, Daddo, Savannah Seed, IAR, Maina, Techni Seed, Jirkur, and Value.

Seed Systems
The number of registered seed companies and CBOs increased from 14 to 75, of which two 
are multinational. (SeedCo and Dupont-Pioneer); only eight (8) companies produced and 
marketed DT maize seed in 2012, compared to 15 companies and CBOs in 2013. Drought 
tolerant seed production has shown significant progress in recent years (Table 2.9-1)
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Table 2.9-1: Drought tolerant maize seed produced by different seed companies and CBOs in 
Nigeria

Company
Seed Volume (tons)

2011 2012 2013

Premier Seed 107 288 318

Maslaha Seed 500 720 500

Maina Seed Ltd - 52 100

Jirkur Seed 86 125 125

WACOT - 850 800

DA-Allgreen Seed Ltd - 15 60

Seed Project - 840 800

Asmau Farms - - 30

Savanna Seed - - 30

Techni Seed - 300 300

KNARDA 25 40 72

Bauchi 17 73 80

BSADP Seed - 719 -

KADP 35 56 185

Value Seed - 55 250

Total 770 3413 3650

Socio-Economics
Drought tolerant maize variety adoption monitoring studies were conducted in three agro-
ecological zones across three states of Nigeria in 2013. A total of 900 households were 
surveyed. Specific objectives of the study were to:

·	 Measure DTM penetration in the study area;
·	 Determine the factors that influence farmers cultivation  of DTM varieties; and
·	 Identify farmers’ preferences of improved maize varieties by gender and reasons 

for their choices.

Varietal preference for DT maize varieties different between men and women; while traits 
like high yield, resistance to Striga, drought tolerance, etc. are appreciated by both genders 
women tended to emphasize earliness, grain color, and quality of flour.

The overall adoption rate of DT maize in the surveyed areas was approximately 52%. 
Farmers in the Southern Guinea Savannah had the highest adoption rate (79%), compared 
to Northern Guinea Savannah (42%) and Dry Savannah (36%). About 92% of all the farmers 
surveyed said that they are interested in growing DT maize in the future. The reasons for 
choosing DT maize included drought tolerance (51%), yield (26%), and earliness (13%). 
Further details can be found in Abdoulaye et al (Highlights of Socio-Economics Activities in 
West Africa) in these proceedings.
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Highlights of DTMA 2012/13 Progress in Tanzania
K Kitenge (SARI-Tanzania)
E-mail: kkitenge@yahoo.com

Major highlights for the achievements by the DTMA Team in Tanzania include:
1. Opportunity to make use of DT developed maize and inbred lines and varieties 

2. Opportunity to make us of facilities that shorten the period of line and variety 
development 

3. Capacity building, including
- Training (short-/long-term) ;
- Storage and irrigation facilities; and 
- Data capturing facilities. 

Product Development and Testing
The Product Development Objective in Tanzania acquired 45 stable DT inbred lines. A 
total of 120 drought tolerant lines that were under S2 stage have now been stabilized. 
About 140 3-way hybrids and double top crosses have been developed; 80 of those were 
evaluated during this reporting year and are currently being harvested. 

The total number of regional trials evaluated was 12 sets. This consisted of four each of 
extra early, early, and intermediate sets. The number of varieties selected included six (6), 
comprising four from the regional trials and two from the special trial requested as KKP. 
Private seed companies now have seven varieties in the pipeline; three (3) of these will be 
sent for DUS (2 from MAMS and 1 from IFFA) this year. One company, Aminata, expects to 
release two hybrids and one OPV in this coming year.

This objective also carried out dissemination of technology via field days, farmers’ 
assessments, demonstrations, farmers’ days, on-farm trials, and the media.

Seed Systems
The seed industry in Tanzania has been liberalized since 1990, when the government 
allowed the private seed sector to enter into the production, distribution and marketing of 
seed. The industry is regulated by TOSCI (the Tanzania Official Seed Certification Institute). 
However, challenges still remain as ASA remains the main source of basic seed production 
for the private seed companies, but it does not have the capacity to fulfill the national 
demand especially on maize hybrid basic seed production. The appearance of MLN has 
also become a major challenge for maize production in Tanzania.

The amount of seed produced in Tanzania in 2013 was about 1786 t; this was an improvement 
over the amount projected by the country seed roadmap of 1030 t. The companies producing 
drought tolerant maize seed in Tanzania are: FICA Seeds, Krishna Seed Company Ltd, Meru 
Agro-Tours and Consultants Ltd, NOSCO, Zanobia Seed Company Ltd, SATEC, MAMS Seed 
Company, Aminata Quality Seeds, IFFA Seed Company, Tanseed International, Highland 
Seed Company Ltd, Tropical Seed Company Ltd. Other bodies include RLDC, CONCERN, 
Zosem, CRS, and RELCODA.
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Socio-Economics
A total of 900 maize-growing households in nine districts of Tanzania were sampled in 
2013. The average maize farm size was about 1.40 ha per household. Sampled households 
reported an average of 2.79 years of drought over the last 10 years. Close to 84% of the 
farm households reported that they had experience with growing drought tolerant maize; 
about 94% of the respondents said they are willing to grow drought tolerant maize in the 
coming year. Access to credit appeared to be one of the negative factors affecting adoption 
of drought tolerant maize varieties in the sampled areas – for example, about 56% of the 
households said that it is highly unlikely to obtain credit. See Fisher et al (in this volume) 
for further details.



109

Highlights of DTMA 2012/13 Progress in Uganda
Godfrey Asea (NARO-Uganda)
E-mail: grasea9@gmail.com

Major achievements by the DTMA Team in Uganda in 2012/13 include:
1.  Rapid access of drought tolerant maize technologies by farmers  (commercialization);

2. Focused multi-stakeholder partnership (Private Public Partnerships [PPP] at work); 
and

3. DT breeding pipeline is full with exciting products.

Product Development and Testing
Maize production in Uganda has shown increases since 2007 but this has not been 
sufficient to meet the country’s increasing demand for the crop. Earnings from maize 
export in 2011/12 have been estimated at US$ 28 million, a 2% increase over the previous 
year. The Product Development Team received 33 drought tolerant lines from CIMMYT-
Kenya, 28 from IITA, and 19 inbred lines from CIMMYT-Zimbabwe. In addition, 368 DH 
lines and 16 MLN resistant lines (including some DT) have been also received. The stress 
tolerant germplasm work consisted of germplasm development and hybrid formation and 
evaluation. 

Germplasm development
Under this topic:

·	 26 new F2 populations were formed;
·	 605 S2 lines were advanced to S3; 
·	 2254 S3 lines were advanced to S4;
·	 486 lines were advanced to S6; and 
·	 2 DH populations consisting of more than 250 lines were formed.

Hybrid formation and evaluation
Under this topic, 2450 3-way crosses, 220 single crosses, and 2 synthetics were evaluated.
Regional trials
Two sets of trials were carried out in 2013. These included 2820 entries and 10350 rows. 
These are summarized in Table 2.11-1 below.

Results of NPT 2012 are presented in Table 2.11-2.

Summary results for NPT 2012 here (Godfrey, please provide the table in Word, from your 
PPT presentation).

Three maize varieties were released in 2012; these are UH5051, UH5052, and UH5053, 
commercialized by the seed companies Arolim, Pearl Seeds and MADIFA. Parental seed 
increase is currently ongoing. Demonstrations (Mother-Baby Trials) were conducted at four 
(4) sites. Descriptors are being prepared for all hybrids in NPT.
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Table 2.11-1: Regional hybrid trials conducted in Uganda in 2013

Trial name # entries # rows Maturity group

A

LHYB13 110 660 Late

IHYB-13 130 780 Intermediate

3WHYB-2013 964 3388 Intermediate

SCPTEA 120 480 Intermediate

IPTEA 160 640 Intermediate

3WTC2013 36 144 Intermediate

3WTHB-2013 200 400 Intermediate

ECA-BHT13 75 300 Intermediate

Sub-total 1795 6792  

B

3WHYB-2013 664 2416 Intermediate

IHYB-13 65 390 Intermediate

EPOP1379 24 144 Early

ILPOP1383 16 96 Intermediate

GPI LOPO 256 512

Sub-total 1025 3558  

Grand Total 2820 10350  

The released varieties are being promoted through demonstrations (10 m x 10 m plots; 
about 10,000 of them countrywide), small seed packs (about 50 g, for 4 m x 5 m plots; 
about 10,000 countrywide), trade shows/expos and communication channels such as 
flyers, brochures, and banners.

MLN Tolerant Maize Variety Development
·	 One hybrid was confirmed for tolerance in the NPT; plans are under way to fast 

track its release;
·	 Efforts are being made to recreate hybrids from known inbred lines;
·	 Additional commercial and pipeline varieties will be sent for testing in Kenya using 

artificial inoculation;
·	 10 resistant parental lines have been obtained and seed increase is in progress;
·	 Pedigrees will be reviewed to identify varieties with potential resistant/tolerant 

sources and make decision for pedigree breeding or make use of DH facility for 
MLN resistant inbred line development.
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Seed Systems
Uganda has liberalized seed systems. Currently there are at least 18 registered seed 
companies; many of those – e.g. NASECO, Arolim, Pearl, MADIFA (Masindi Seed Company 
Ltd) and Victoria Seeds work in partnership with the DTMA team in the country.

A total of 527 metric tons of seed of drought tolerant maize varieties was produced in 2012; 
the estimated production for 2013 is 809 tons. It has been projected that drought tolerant 
maize coverage would reach 34% of the total maize area by 2016, compared to 7% for 
2012.

Socio-Economics
The major highlight of socio-economics studies carried out in Uganda in 2013 was the 
adoption monitoring study conducted  in four districts – Masindi (central region), Kasese 
(western region), and Sironko and Tororo (eastern region) – with a total of 400 households.  
The number of sampled households growing drought tolerant maize varieties was about 35% 
in Sironko, 17% in Tororo, 16% in Masindi, and 2% in Kasese. Longe9H and Longe10H, 
both released in 2009 under DTMA are among the most popular varieties.

Further details can be found in Fisher et al (this volume).
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Highlights of DTMA 2012/13 Progress in Zambia
Kabamba Mwansa (Golden Valley Agricultural Trust), Turnbull Chama  
(Golden Valley Agricultural Trust)
E-mail: mwansakabamba@yahoo.com

Major achievements by the DTMA Team in Zambia in 2012/13 were:
1. DT varieties released, more in the pipeline and germplasm enhancement;
2. Engagement with seed companies to assign, transfer or license DT maize varieties; 

and
3. Incorporation of both conventional and molecular work in the breeding program. 

Product Development and Testing
The breeding strategy of the DTMA team in Zambia emphasizes introductions, pedigree and 
backcrossing (with donor lines, testers) and line improvement. Evaluation for major constraints 
(low N, drought, and low pH) is carried out under optimal and managed conditions.

Nurseries consisting of pedigree start (11), segregating populations (1238), introductions 
(14) and test crosses (192) were made in 2012/13 (Table 2.12-1). 

Nursery Family/crosses (#s) Remarks

Pedigree start 11 F1

Segregating populations 1,238 S1 to S7

Introductions

·	 Donor lines 12 Introgression, line improvement

·	 Testers 2

Testcrosses 

·	 Single crosses 160 Evaluation

·	 3-way crosses 30 Evaluation

·	 Double crosses 2 Evaluation

A total of 18 varieties consisting of 12 hybrids and six OPVs have been released in 
Zambia between 2007 and 2013; three of these were released in 2013 alone. These are: 
GV635, GV638 and GV628. All of these have been taken up by seed companies for 
commercialization.

The various trials conducted in 2012/13 are summarized below:
·	 EPOP13:  Golden Valley (Low N vs. Optimum conditions), Mt Makulu  and Nanga 

(drought);
·	 ILPOP13: Golden Valley (Low N vs.  Optimum conditions), Mt Makulu and Nanga 

(drought); 
·	 EHYB13: Golden Valley (Low N vs. Optimum conditions), Mt Makulu and Nanga 

(drought);
·	 IHYB13: Golden Valley (Low N vs. Optimum conditions), Mt Makulu and Nanga 

(drought); 
·	 LHYB13: Golden Valley (Low N vs. Optimum conditions), Mt Makulu and Nanga 

(drought); and
·	 ROFVT12: Chipata, Chongwe, Katete, Kalola, Chipapa, Monze (5).
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Seed Production and Delivery
There are 12 seed companies registered in Zambia; more are being registered and the 
number would increase in the coming years. The total amount of certified maize seed 
produced in the country in 2011/12 was estimated at about 27,000 to 30,000 MT; about 
16,000 MT of this was sold in the country and remaining amount was exported to countries 
in the sub-region. In addition, the Zambia Agricultural Research Institute produced 10 MT 
of breeder’s/foundation seed during the same period. Table 2.12-2 below presents the seed 
companies producing drought tolerant maize varieties in Zambia in 2013.

Table 2.12-2: Seed companies and drought tolerant maize varieties they multiplied in 2013

Company Varieties

ZamSeed, SeedCo ZM521

Kamano ZM423, ZM625, ZM721, KAM601, KAM605

Progene ZM421, ZM521, ZM621

WVI, Women for Change ZM521, ZM621

Kasisi Farm Training Centre ZM521, ZM621

 Mumbwa, Monze & Sinazongwe
 Seed Growers; Kamasika Seed
 Growers; Kapiri Growers; Steward
Globe; Unity Seed

ZM421, ZM521, ZM621, MMV409

Socio-Economics
Adoption monitoring survey was conducted across six districts, viz. Choma, Kalomo, 
Masait, Monze, Siavonga, and Sinazongwe in 2012/13. An average of 58% of the farmers 
interviewed said they were self-sufficient in maize. About 50% of the farmers said they 
access maize seed through the government extension. It was also reported that on average 
drought occurs every two years.

Farmers’ criteria in selecting varieties included grain yield, grain size, cob size, and early 
maturity – in that order. Adoption of drought tolerant maize in Zambia is estimated to be 
about 15%. For further details please see section (Kassie et al) in these proceedings.
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Highlights of DTMA 2012/13 Progress in 
Zimbabwe
Thokozile Ndlela (Department of Research and Specialist Services, Ministry of Agriculture), Charles 
Mutimaamba (Department of Research and Specialist Services, Ministry of Agriculture)
E-mail: thokondlela@yahoo.com

Major achievements by the DTMA Team in Zimbabwe in 2012/13 were:
1. Five drought tolerant maize varieties are due for release in October 2013;
2. 670 DH lines received from program population; three populations sent for DH 

constitution in June 2013; and
3. New vehicle received from minister as a result of winning the DTMA breeding 

awards. 

Product Development and Testing

Maize is Zimbabwe’s most important staple and plays a significant role in the country’s 
economy and food security. The total area planted to maize in Zimbabwe in the 2012/13 
crop season is estimated at more than 1.44 million ha, with the national yield average of 
0.63 MT/ha; this meant less than 799 MT of grain production, an 18% reduction compared 
to the previous year. 

Drought is the major constraint to maize production in Zimbabwe. It was particularly 
severe during the past season. Drought spells of more than 50 days were experienced in 
some parts of the country (Figure 2.13-1).

Figure 2.13-1: Distribution and severity of drought spells in maize growing areas of Zimbabwe in 
2012/12 crop season

The Product Development and Testing Objective of DTMA in Zimbabwe employs a pedigree 
breeding method, whereby drought tolerant donors are sourced from either CIMMYT or 
IITA and bi-parental crosses are made with locally adapted elite inbred lines using NCDII. 
Nine combined heat and drought tolerant lines acquired from CIMMYT were crossed to 
national program single crosses in summer 2012/13 to produce 131 3-way hybrids. Table 
2.13-1 shows the performance of selected recently developed early-maturing drought 
tolerant maize hybrids.
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A total of 16 varieties consisting of seven extra-early- , four early to intermediate-, and 
five intermediate- to late maturity group of drought tolerant maize varieties were tested 
on-farm across locations in the 2012/13 crop season. These are shown in Table 2.13-2 
below. 

Table 2.13-2: Drought tolerant maize varieties tested on-farm in 2012/13 in Zimbabwe

No. Maturity Group

Extra-Early Early to Intermediate Intermediate to late

1 CZH125 SIRDAMAIZE113* O53WH49

2 CZH1118 SC301 043WH13

3 CZH1120 PG551* 043WH17

4 CZH0836 SC3013 043WH47

5 CZH1241 SC633*

6 CZH1122

7 AGS41*

*Released variety

Five drought tolerant maize hybrids (023WH31, 013WH31, 043WH13, 043WH47, 
053WH49) have passed tests for DUS and are awaiting release.

Seed Production and Delivery
The DTMA team in Zimbabwe has released more than a dozen varieties of drought tolerant 
maize since 2007 – including both hybrids and OPVs. A good number of them have been 
commercialized by seed companies operating in the country. There are 15 seed companies 
in Zimbabwe. Ten of them are involved in commercializing drought tolerant maize varieties 
(Table 2.13-3).  The other seed companies are: Capstone Seeds, FSI Seeds, Monsanto, 
Pioneer, and Savannah Seeds. The exact number of community-based organizations in 
Zimbabwe is not known as they are not required by the government to be registered.

Table 2.13-3: Drought tolerant maize varieties commercialized in Zimbabwe

Company
DT Maize Variety Name

OPVs Hybrids

AgriSeeds  ZM421, ZM521, ZM309, ZM401 ZAP51, ZAP61 
ARDA Seeds ZM421, ZM521, ZM309  ZS263, ZS265

Chemco Seeds (Agpy) ZM423, ZM421, ZM521, ZM309, ZM401 -
National Tested Seeds ZM421, ZM521 -
Prime Seed ZM421, ZM521 -
Pristine Seeds ZM421, ZM521  PRIS601

Progene Seeds ZM421, ZM521  PGS53

Sandbrite Seeds ZM421, ZM521, ZM309, ZM401  ZS263, ZS265

SeedCo. ZM623, ZM523 -
Pannar -  PAN3M-41
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Socio-Economics
Adoption monitoring survey was conducted across six districts, viz. Bikita, Chivi, 
Zvishavane, Umguza, Hwedza and Shamva in 2012/13. An average of 34% of the farmers 
interviewed said they were self-sufficient in maize. About 52% of the farmers said they 
access maize seed through the government extension. It was also reported that on average 
drought occurs every 3.9 years out of 10.

Farmers’ criteria in selecting varieties included grain yield, drought tolerance, grain size, 
cob size, and performance under low nitrogen – in that order. Adoption of drought tolerant 
maize in Zimbabwe is estimated to be about 80%. For further details please see section 
(Kassie et al) in these proceedings.
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Participants of DTMA 2013 
No. Surname First Name Country Discipline/Responsibility Institution/Organization

1 Abate Tsedeke Kenya Project Leader CIMMYT

2 Abdoulaye Tahirou Nigeria Socioeconomist IITA

3 Ajanga Sammy Kenya Maize Breeder KARI, Kakamega

4 Asea Godfrey Uganda Maize Breeder NARO/NaCRRI

5 Awuku Monica Ghana Seed Company M&B Seeds

6 Badu-Apraku Baffour Nigeria Maize Breeder IITA

7 Bamire Simeon A. Nigeria Socioeconomist Obafemi Awolowo University

8 Banziger Marianne Mexico DDG- Research & Partnerships CIMMYT

9 Beshiir Abdurahman Ethiopia Seed Company ESE

10 Bett Charles Kenya Socioeconomist KARI Katumani

11 Beyene Yoseph Kenya Maize Breeder CIMMYT

12 Bogale Gezahegn Ethiopia Maize Breeder EIAR/Melkassa

13 Busolo Alfred Kenya AB Member AB Member

14 Cairns Jill Zimbabwe Plant Physiologist CIMMYT

15 Carvalho Ivo Angola Seed Company SEDIAC

16 Chama Turnbull Zambia Maize Breeder Zambia ARI Golden Valley 
Research Trust

17 Chikobvu Shamiso  Zimbabwe Socioeconomist Department of Agriculture and 
Extension

18 Chikoye David Zambia Maize Breeder IITA

19 Coulibaly Maimouna Mali Seed Company Faso-Kaba

20 Coulibaly Ntji Mali Agronomist IER, CRRA-Sotuba, 

21 Dengo Mauricio Mozambique Seed Company Dengo Commercial

22 DeVries Joe Kenya AB Member AB Member

23 Ekere William Uganda Socioeconomist NARO/NaCRRI

24 Ellul Philippe France Senior Scientific Officer CG Consortium

25  Erenstein Olaf Ethiopia Socioeconomist CIMMYT

26 Esmail Saleem Kenya  Seed Company  Western Seed Company 

27 Etwire Maxwell  Ghana Socioeconomist Savanna Agric. Research 
Institute

28 Fisher Monica Ethiopia M&E economist CIMMYT

29 Gedil Melaku Nigeria Molecular Breeder IITA

30  Gethi James Zimbabwe Seed Systems Specialist CIMMYT

31 Gorado  Bio Amadou Benin CBO

32 Hernandez Carlos Mexico Biometrician CIMMYT

33 Hillbur Ylva Nigeria DDG -Research IITA

34 Jiansheng Li China Professor, China Agricultural 
University/ Director

National Maize Improvement 
Center, China

35 Jumbe  Felix Elia  Malawi Seed Company Peacock Seed Company

36 Jumbo Bright Kenya Maize Breeder CIMMYT

37 Kamau Kimani Kenya Project Administrator CIMMYT

38 Kandiwa Vongai Kenya Gender Specialist CIMMYT

39 Kaonga Kesbell Malawi Maize Breeder MoA/Chitedze Res. Station

40 Karanja James Kenya Seed Company FRESHCO

41 Katengezah  Samson  Malawi Socioeconomist Lilongwe University of 
Agriculture and Natural 
Resources

42 Kiakanua Mavuanga Angola Socioeconomist Istituto Investigacao 
Agronomica (IIA)

43 Kimotho Ngila Kenya Seed Company Dryland Seed Company
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No. Surname First Name Country Discipline/Responsibility Institution/Organization

44 Kitenge Kheri M. Tanzania Maize Breeder SARI

45 Lumpkin Tom Mexico DG CIMMYT

46  Langyintuo Augustine Kenya AB Member AB Member

47 Lweya Keneddy Kenya Business Development 
Specialist

CIMMYT

48 MacRobert John Zimbabwe Seed systems specialist CIMMYT

49 Magorokosho Cosmos Zimbabwe Maize Breeder CIMMYT

50 Mahuku George Kenya Plant Pathologist CIMMYT

51 Makumbi Dan Kenya Maize Breeder CIMMYT

52 Mariote David Mozambique Maize Breeder IIAM

53 Matemba-
Mutasa

Rumbidzai Zimbabwe Biometrician CIMMYT

54 Menkir Abebe Nigeria Maize Breeder IITA

55 Muungani Dean     Zimbabwe Seed Company Agriseeds

56 Mwansa Kabamba Zambia Maize Breeder Zambia ARI Golden Valley 
Research Trust

57 Mwaura Francis Kenya Marketing Kenya Seed Co

58 Nair Sudha India Molecular Breeder CIMMYT

59 Nasser Baco Mohamed  Benin Socioeconomist INRAB

60 Natarajan  Ravishankar  Kenya CEO East Africa Seed Company

61 Ndhlela Thokozile Zimbabwe Maize Breeder Crop Breeding Institute, Ministry 
of Agriculture

62 Ndondi Richard Tanzania Seed Company Suba Agro Trading & 
Engineering Co. Ltd

63 Nginamau Dibanzilwa Angola Maize Breeder Istituto Investigacao 
Agronomica (IIA)

64 Njoka Stephen Kenya Entomologist KARI, Embu

65 Obeng-Antwi Kwadwo Ghana Maize Breeder Crop Research Institute

66 Ogungbile Abraham Nigeria Seed Company Premier Seeds Nigeria Limited

67 Olsen Michael Mexico Maize Breeder CIMMYT

68 Oyinbe Johnson  Nigeria Maize Breeder "National Agricultural Extension 
and Research Liaison Services, 
Ahmadu Bello University

69 Prasanna Boddupalli Kenya Maize Breeder CIMMYT

70 Rodeyns Nicolai Uganda Seed Company NASECO

71 Ruo Maina Kenya CEO Orion 

72 Semagn Kassa Kenya Molecular Breeder CIMMYT

73 Setimela Peter Zimbabwe Scientist CIMMYT

74 Shiferaw Bekele Kenya Socioeconomist CIMMYT

75 Sime Mekonnen  Ethiopia Socioeconomist EIAR/Melkassa

76 Sipalla Florence Kenya Communications CIMMYT

77 Sonder Kai Mexico GIS Modeller CIMMYT

78 Tarekegne Amsal Zimbabwe Maize Breeder CIMMYT

79 Tegbaru Amare Liberia Gender Specialist IITA

80 Tesfahun 
Kassie

Girma Zimbabwe Socioeconomist CIMMYT

81 Tesfaye Kindie Ethiopia GIS Modeller CIMMYT

82 Wachira Francis Uganda Deputy Executive Director, 
ASARECA

ASARECA

83 Watson David Mexico  Manager, Maize CRP CIMMYT

84 Wegary Dagne Ethiopia Seed Systems Specialist CIMMYT
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No. Surname First Name Country Discipline/Responsibility Institution/Organization

85 Westphal Dave USA AB Member AB Member

87 Worku Mosisa Kenya Seed Systems Specialist CIMMYT

88 Zaman-Allah Mainassara Zimbabwe Scientist CIMMYT
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