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Summary 
The current reporting period presents substantial research products as most of the research 
data were collected during this period. In some cases, it is a build-up, reflecting trends starting 
with data collected in previous seasons. 
 
We continued deployment of elite crop varieties, which have a critical and significant role in 
improving smallholder agricultural production systems using the SI approach. Drought tolerant 
and high yielding maize hybrids are among the elite crops that were validated in central 
¢ŀƴȊŀƴƛŀΦ 9ƛƎƘǘŜŜƴ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ƘȅōǊƛŘǎ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΩ ǎǘǳŘƛŜǎΣ ǿŜǊŜ ŦǳǊǘƘŜǊ 
validated for their performance under on-farm conditions during the 2019 cropping season. Out 
of these, four hybrids (CKDHH170114, CKH160231, CKDHH170346, and CKDHH1600016) have 
now been identified for scaling, based on their superior yield and agronomic performance as 
well as profitability. Africa RISING is partnering with formal seed companies, notably Meru Agro, 
to push for promotion of these hybrids as a precursor to production of seed for farmers. 
 
In the same central region of Tanzania, new Africa RISING crop (groundnut, pigeonpea, 
sorghum, and pearl millet) varieties, released or proposed for release, were tested. The elite 
materials out-performed the landrace controls and had relatively less yield loss, sometimes up 
to three-fold less when planted late compared with the landrace There was differential site 
reaction of the test material, confirming our early classification of sub-ecologies, while 
identifying the suitable adapted high performing material. We therefore successfully mapped 
genotype to ecology to inform scaling out. Production of seed for these crops is through the 
informal community seed bank approach. 
 
To address improved availability of seed for the introduced elite crop varieties, both maize and 
groundnut seed value chains were studied as representatives of the formal and informal seed 
systems in central Tanzania. Preliminary analysis of the survey data shows that improvement of 
the groundnut seed systems to deliver technologies requires, among others, strategic 
partnerships and building the seed value chains from the supply side. Grain production is slowly 
driving demand for improved inputs such as seed. Starting with informal seed systems is critical 
because it provides basic information to guide private sector investment into formal seed 
systems. 
 
In Malawi, Africa RISING consolidated availability of quality seed for soybean, groundnut, and 
nutrient-dense common bean varieties, through a network of 300 seed producers who received 
20 kg foundation seed each during the 2017/18 cropping season. About 46 tons (t) of Quality 
Declared Seed (QDS) were distributed to over 4000 baby farmers at 10 kg seed for each farmer 
during December 2018. During 2019, we engaged the same experienced 300 farmers to produce 
seed, with an estimated 50t seed produced. Seed farmers have been linked to the Agriculture 
Extension Coordination Committee (DAECC) for assistance with marketing the seed they 
produced. Over the next few months, we will study the viability of this community seed 
production and marketing system when farmers seek for real markets, beyond the Africa RISING 
project facilitation. 
 
±ŀƭƛŘŀǘƛƻƴ ƻŦ ŎŜǊŜŀƭ ƭŜƎǳƳŜ ƛƴǘŜǊŎǊƻǇ ŀƴŘ Ǌƻǘŀǘƛƻƴŀƭ ŘƛǾŜǊǎƛǘȅ Ƙŀǎ ŎƻƴǘƛƴǳŜŘ ƛƴ ǘŜǊƳǎ ƻŦ 
identifying when and where each offers advantage and sufficiency. In Malawi, four cropping 
systems that have been running since 2016 (sole pigeonpea rotated with maize, sole groundnut 
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rotated with maize, groundnut/pigeonpea doubled-up intercrop rotated with maize, and the 
maize/pigeonpea intercrop system rotated with another maize/pigeonpea intercrop system in 
the second year) were compared with the traditional maize/pigeonpea intercrop system. Maize 
yield was 5.51 > 5.01 > 4.06 > 3.05 Mg/ha when grown after sole pigeonpea, sole groundnut, 
groundnut/pigeon pea doubled-up intercrop, maize/pigeonpea intercrop system rotated with 
another maize/pigeonpea intercrop system in the second year, respectively. However, of the 
alternatives tested here, the novel doubled-up intercrop rotated with maize was the only one to 
perform as well economically as the farmer check. Sufficient economic and environmental 
returns are required to compensate for opportunity costs associated with maize production 
limitations due to small farm sizes. 
 
The on-seasonal drought in Babati District of Tanzania suppressed the effects of another novel 
Mbili-Mbili intercropping technology as treatment differences were not observed in the yield 
assessment of the maize crop. But there were differences in the yield of the early maturing bean 
intercrop (in two out of 3 eco-zones), ranging from 0.3 t/ha under Mbili-Mbili to 0.5 t/ha under 
the doubled-up legume system. The drought equally suppressed yield performance of other 
ŀƎǊƻƴƻƳȅ ǘǊƛŀƭǎ ƛƴ ŎŜƴǘǊŀƭ ¢ŀƴȊŀƴƛŀΣ ƛƴŎƭǳŘƛƴƎ ƛƴǘŜǊŎǊƻǇǇƛƴƎ ǿƛǘƘ ŀƎǊƻŦƻǊŜǎǘǊȅΩǎ Gliricidia sepium. 
However, data generated for other growth indicators like leaf chlorophyll, photosynthetically 
active radiation, and soil moisture & temperature during the different growth stages are 
presented to explain some differences between treatments. 
 
Crop systems simulation modelling using the Agricultural Production Systems sIMulator (APSIM) 
has been initiated, using both own and secondary data, to predict performance of different 
ŎŜǊŜŀƭ ƭŜƎǳƳŜ ŎǊƻǇǇƛƴƎ ǎȅǎǘŜƳǎΦ Lƴ ŎŜƴǘǊŀƭ ¢ŀƴȊŀƴƛŀΣ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ !t{La Ƴƻdel 
ǎƘƻǿŜŘ ǘƘŀǘ ǇƛƎŜƻƴǇŜŀ ǎƻǊƎƘǳƳ ŀƴŘ ǇƛƎŜƻƴǇŜŀ ƎǊƻǳƴŘƴǳǘ ƛƴǘŜǊŎǊƻǇǎ ƘŀǾŜ ƘƛƎƘ ǇƻǘŜƴǘƛŀƭ ǘƻ 
de-risk production in drought environments. We find that medium duration pigeonpea (takes up 
to 180 days to mature) are best suited for these ecologies compared to the long duration (takes 
up to 240 days to mature), currently used by farmers. However, medium duration pigeonpea is 
affected by shading especially when intercropped with fast growing maize, a common practice 
in these ecologies. In Malawi, APSIM is being used to explore resource use efficiencies and 
ƳŀƛȊŜ ƭŜƎǳƳŜ Ǌƻǘŀǘƛƻƴŀƭ ǎȅǎǘŜƳǎΦ aƻŘŜƭ ŎŀƭƛōǊŀǘƛƻƴ ŀƴŘ ǎƛƳǳƭŀǘƛƻƴ Ǌǳƴǎ ǿŜǊŜ ŎƻƳǇƭŜǘŜŘΦ 
Simulated maize and legume grain yield generally approximated the observed yields from the 
2012/2013 to 2017/2018 cropping seasons (RMSE = 1317 kg/ha for maize and 274 kg/ha for 
groundnut) confirming prior observations that APSIM is able to predict maize response to 
fertility inputs, rotation, and intercrops. Total soil organic C simulated in the top 15 cm of soil 
decreased oveǊ ǘƘŜ мфус нлмф ǇŜǊƛƻŘ ŦƻǊ Ŏƻƴǘƛƴǳƻǳǎ ǎƻƭŜ ƳŀƛȊŜ ƛƴ ŀƭƭ ǘƘǊŜŜ ŀƎǊƻŜŎƻƭƻƎƛŎŀƭ 
zones of Malawi. Integration of legumes into the maize systems slightly reduced the magnitude 
of this decrease in soil organic C, especially when pigeonpea was added to the cropping system, 
signifying the importance of grain legumes in sequestering soil C and eventual sustainability of 
the cropping systems. 
 
The results presented in this report on the effects of net houses and biopesticide application 
vegetable production represent the end of the experimentation on these technologies. A 
manuscript for publication is being drafted. In general, net houses increased overall plant 
performance in terms of vegetative and reproductive growth in both sweet pepper and tomato. 
The modified weather conditions inside the net houses favour growth of plants compared to 
open field crops as they prevent/reduce disease outbreaks during adverse weather conditions, 
especially fungal diseases. Fruits inside net houses are protected from direct sunlight, which 
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often leads to sun scalding. The use of bio-pesticides (Metarhizium anisopliae) was more 
efficient in controlling T. absoluta rather than whitefly (B. tabaci) although the average insect 
count of both pests was lower in net houses compared to open fields. Farmer evaluation 
confirms the research findings; they observed that crops grown inside the net houses performed 
better than those grown in open fields in terms of quality (skin color, test, texture), low pest 
incidence leading to low pesticide use, and higher marketable fruits.  
 
First season evaluation of the impact of improved management practices (IMP - a technological 
package of good quality improved seed, healthy seedlings, and good agronomic practices) on 
the performance of vegetables grown by 64 farmers in Karatu District of Tanzania showed that 
the practices increased the yield of tomato by 48%, of nightshade by 30%, and of Ethiopian 
mustard by 28%. Respective incomes increased 57% (tomato), 39% (nightshade), and 40% 
(Ethiopian mustard). BesiŘŜǎΣ Lat ǊŜŘǳŎŜŘ ǇƻǎǘƘŀǊǾŜǎǘ ƭƻǎǎŜǎ ōȅ ус фу҈ ŦƻǊ ŀƭƭ ǘƘǊŜŜ 
vegetables crops. Market participation increased by 14% for tomato, 36% for nightshade, and 
11% for Ethiopian mustard. 
 
Enhancing soil water infiltration and moisture conservation for better crop growth in semi-arid 
cropping areas of central Tanzania appeared to falter under the severe drought conditions that 
prevailed during this cropping period. For example, while rip tillage had 52% grain yield 
advantage over the control, it was only over a measly total yield of 0.7 t/ha. There were no 
differences between treatments in biomass yield. This opens up a whole new approach of 
setting situation boundaries for defining when a technology can be applied successfully. 
However, because the soil and water conservation studies have been conducted over periods of 
3 or more years, they have presented an opportunity for gender and social dynamics analyses. 
Preliminary results from these analyses show that (i) although gender roles did not emerge as 
very pronounced in the labor process, the decision of establishing fanya juu terraces is 
predominantly taken by men, and (ii) both men and women perceived tied ridges as more 
beneficial in terms of soil moisture, productivity, and income from sales, is less labor intensive 
during weeding but more during field preparation. Further studies are planned to address social 
dynamics within collective action groups and capturing the drudgery involved. 
 
Other innovations options being validated for soil, land, and water management options have 
included (i) conservation agriculture (CA) with its associated practices, (ii) combining tied ridges 
with fertilizer application, (iii) combined climate-smart farming practices, and (iv) contour 
farming with the use of fodder trees and grass forages to stabilize the bunds. 
 
During this reporting period, the CA work engaged in collecting and analysing data from all field 
trials and conducting a socioeconomic survey whose data analysis is in progress. There are 
several learning points from the analysed data: 
 

¶ Lƴ ƛƴǘŜǊŎǊƻǇǇƛƴƎ ǘǊƛŀƭǎ ǳƴŘŜǊ ƭƻǿ ǎƻƛƭ ŦŜǊǘƛƭƛǘȅΣ ƳŀƛȊŜ ŎƻǿǇŜŀ ŀƴŘ ƳŀƛȊŜ ƭŀōƭŀō Ǌƻǘŀǘƛƻƴǎ 
ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ƳŀƛȊŜ ȅƛŜƭŘǎ ǿƘŜǊŜŀǎ ǎƻƭŜ ƳŀƛȊŜ ŀƴŘ ƳŀƛȊŜ ƭŀōƭŀō ƛƴǘŜǊŎǊƻǇǇƛƴƎ ŀŦǘŜǊ 
21 days were lowest.  

¶ ¦ƴŘŜǊ ƘƛƎƘŜǊ ǎƻƛƭ ŦŜǊǘƛƭƛǘȅ ƳŀƛȊŜ ƭŀōƭŀō ƛƴǘŜǊŎǊƻǇǇƛƴƎ ŀŦǘŜr 7 days outperformed all 
other treatments and maize yield was lowest in the sole maize treatment and the 
ƳŀƛȊŜ ƭŀōƭŀō ƛƴǘŜǊŎǊƻǇǇƛƴƎ ŀŦǘŜǊ нм ŘŀȅǎΦ 

¶ Pigeonpea and lablab provided a great amount of additional biomass both under low 
and high fertility.  
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¶ Maize ƎǊŀƛƴ ȅƛŜƭŘ ƛƴ ǘƘŜ ƳŀƛȊŜ ǇƛƎŜƻƴǇŜŀ ǊŀǘƻƻƴƛƴƎ ǘǊƛŀƭǎ ǿŀǎ ŘƻƳƛƴŀǘŜŘ ōȅ ƳŀƛȊŜ
pigeonpea full rotations but were not significantly different by different ratooning 
strategies, especially those that were ratooned at harvest and after maize seeding. 

¶ After more than 4 years of CA practice, there is no more maize yield suppression in 
maize intercropping trials which means that all legumes will be an added advantage to 
farmers and not a penalty. 

¶ The legume biomass yields obtained in addition to the maize biomass yield by far 
outweighs sole cropping of maize and will, in the long run, improve soil fertility besides 
other benefits (firewood, groundcover, nutrition etc.). However, to become attractive to 
farmers, the legumes also must provide sufficient grain yields to sell. There is need for 
more research to increase grain yield production. 

¶ Legume grain yields can be very low when (i) they are planted late, (ii) rainfall is high, 
leading to reduced legume growth due to diseases, and (iii) there is insufficient or 
ineffective spraying against blister beetle and pod borers. 

¶ Soil chemical analysis between treatments did not show many significant differences 
ŀƭǘƘƻǳƎƘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƻǘŀƭ b ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƳŀƛȊŜ ƭŀōƭŀō ǘǊŜŀǘƳŜƴǘΣ ŀƴŘ ƘƛƎƘŜǊ 
ƛƴŦƛƭǘǊŀǘƛƻƴ ƛƴ ǘƘŜ ƳŀƛȊŜ ǇƛƎŜonpea intercropping. Soil quality results are not yet 
conclusive and require further research. 

 
Maize productivity was assessed across several sites in a split-plot experimental design where 
water management (tied-ridges or ridges only) were the main plots and fertilizer management 
were sub-plots. Implementation of tied ridges without fertilizer application did not increase 
maize productivity. Water management had more effect when fertilization was at 100% of the 
recommended fertilizer rates in the different sites. These results suggest that the benefits of 
water conservation measures are more pronounced when N and P are adequately supplied. 
 
Four fields with climate-smart approaches including micro-catchments, planting of weather-
informed varieties, and utilization of slow-release N fertilizer were successfully implemented in 
Babati District. Collection of the associated data, except dry weight measurements of pigeon 
pea, is complete. The prevailing weather conditions during the season played a significant role in 
bean performance in the two eco-zones of Babati. For example, one of the two fields with 
intercropped beans in Gallapo eco-zone had total crop loss due to on-season drought. Maize 
grain yields ranged from 1.5 t/ha under the conventional intercrop system to 2.3 t/ha under the 
system with maize variety choice based on regional weather forecast. Economic profitability of 
the cropping systems under study will be examined after pigeon pea yield data measurements 
have been finalized. 
 
Productivity and economic benefits of contour farming were determined with maize, Guatemala 
grass, and G. sepium as test crops. Relative to the farmer practice, contours improved maize 
grain yield by 200% during the 2018 cropping season. The low and sporadic rainfall patterns 
appear to have masked the response of maize to improved soil conditions on contours. Fodder 
and wood yields were less affected by drought and hence contributed to higher gross margins 
όтс ммн҈ύ ŀƴŘ ǊŜǘǳǊƴǎ ǘƻ ƭŀōƻǊ όмн тп҈ύ ǿƘŜƴ ŎƻƳǇŀǊed to farmer practice. In previous good 
seasons, maize contributed up to 50% of the gross income. These results demonstrate the 
benefits of crop diversification in contour farming to enhance agroecosystem resilience and the 
adaptive capacity of farmers. 
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Increased crop productivity has necessitated research attention to identify and validate 
technology products that reduce postharvest losses. Three of such products (single hermetic 
liner bag [AgroZ], double hermetic liner bag [PICS], and metal silo) were inǎǘŀƭƭŜŘ ƛƴ оф ŦŀǊƳŜǊǎΩ 
stores and evaluated for their context-specific challenges in storing maize and beans grain over 
a period of 7 months. The following are key findings. 
 

1. Overall grain damage levels across the villages were different; relatively higher levels 
occurred in the higher altitude villages compared to the lower altitude ones. 

2. Insect pests survived in all the hermetic containers (maize storage), but the populations 
were rather low compared with the control. The populations were lowest in the AgroZ 
bag and highest in the metallic silo. The resultant grain damage by insects followed the 
same pattern.  

3. The hermetic bags used to store maize were perforated by insects. The double liner PICS 
bags were more damaged by insects compared to the AgroZ bags. About 30% of the 
PICS bags had > 20 punctures on the inner liner and half of these had also > 20 insect 
holes in the outer liner. About 15% of AgroZ bags had insect holes > 20. When the 
hermetic bags are extremely damaged after a single use, they are no longer attractive to 
farmers. The issue of quality consistency (quality assurance) should be followed up with 
the private sector manufacturers. If not, a technology that in principle is very useful may 
disappear from the market. 

4. Unlike in previous trials undertaken in our group, the Larger grain borer (Prostephanus 
truncatusΣ IƻǊƴΤ [D.ύ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ŦŀǊƳŜǊΩǎ ǎǘƻǊŜǎΦ ¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ǿŀǎ р ф҈ ŀƴŘ 
the pest was found in all the villages.  

5. Two thirds of host farmers liked the metallic silo more than the bags because of stability 
against damage by insects or rodents, and the possibility to store more food in a 
confined space. 

6.  From the present results, the PICs bag was not profitable for maize storage while AgroZ 
was profitable in the 2nd year of use; returns to investment = 6.57%; Net returns 10 
$/ton. 

7. The different bean varieties exhibited storability differences both in PICS bags and the 
control; the effects of variety and storage technology were statistically significant. 

8. The PICS bags were highly perforated by bean bruchids (at least 50% of bags had over 50 
insect holes on the inner liner and 30% had over 50 insect holes on the outer liner as 
well.  

9. Profitability of the PICS bag for bean storage varied with variety depending on the 
market value, vulnerability to damage, and attack by insects of different varieties. This is 
new knowledge. Out of the three varieties examined, the technology was profitable for 
only one ǾŀǊƛŜǘȅ άhǾŀƭ ȅŜƭƭƻǿέΤ ǊŜǘǳǊƴǎ ǘƻ ƛƴǾŜǎǘƳŜƴǘΥ млΦу моΦр҈Τ bŜǘ ǊŜǘǳǊƴǎΥ рфΦп
$72.8 $/ton. 

 
With the introduced elite crop varieties, some of which were based on their improved 
nutritional values, a study was conducted to determine drivers of food choice that would lead to 
adoption of nutrient diets. Pearl millet and pigeon pea were used as test crop products targeting 
feeding to school children in central Tanzania. Although pearl millet grain is largely perceived in 
the communities as food for caregivers who generally tend to be female, young, and school 
going children, over 60% of the caregivers were unaware of the nutritional benefits of pearl 
millet. A trend of consumption, similar to that of pearl millet, was also observed for pigeon pea. 
The study concluded that there is need to promote innovative recipes and approaches to 
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expand consumption of these nutritious crop products, especially by adolescents who are a 
nutritionally vulnerable group. This would probably apply to such other crops like the nutrient-
ŘŜƴǎŜ ōŜŀƴ ǾŀǊƛŜǘƛŜǎ ό{9wуо ŀƴŘ b¦!прύ ƛƴǘǊƻŘǳŎŜŘ ƛƴ aŀƭŀǿƛΩǎ ƳŀƛȊŜ-based cropping systems. 
In this case, nutrition never featured as a reason for selecting between technologies that 
involved intercropping the beans with maize during a participatory technology selection 
exercise. 
 
One approach of promoting innovative recipes is messaging, whose potential impact is being 
tested with vegetables in Karatu District of Tanzania. The baseline survey identified that 
although several vegetables types are grown, most farmers do not grow any, and 81% of the 
yield is sold. Farmers still lack knowledge about the nutritional content of vegetables and their 
health benefits. But more than 80% of the households would like to increase vegetable 
consumption while 60% of the households indicated that they plan to increase consumption of 
vegetables among family members. This confirmed the need for training and messaging to 
increase nutrition knowledge among households in Karatu. Subsequently, a nutrition training 
was conducted in eight villages during August involving 332 farmers (52% women), 10 NGO 
employees, eight government extension staff, and 16 restaurants/food kiosk staff. The training 
equipped participants with knowledge and skills on food groups and better feeding practices to 
reduce undernutrition, particularly in children under 5 and women of reproductive age. For 
practical purposes, two new recipes were developed during nutrition training. The impact of 
these activities will be evaluated during the coming years. 
 
Another form of messaging we are exploring is the use of ICTs for linking farmers to markets. 
The objective of this work is to scale out promising technologies beyond the Africa RISING target 
sites in Tanzania by providing advice on agronomy, climate services, and market information via 
mobile phone. Use of interactive videos for training was also deployed as an add-on to improve 
the knowledge transfer to the farmers. The videos were developed involving the communities 
and in Swahili language in Tanzania to ensure the literacy gap was bridged, and to give the 
communities a sense of ownership. During this reporting period, we reached more than 2,200 
smallholder farmers (unique profiles in Babati) using SMS information services; 70% were males 
and 30% females. The low number of registered female farmers may be attributed to mobile 
phone ownership, which is skewed in favor of men due to cultural and socioeconomic factors. 
Dissemination of SMS messages for land preparation will soon commence as guided by the 
cropping calendar. To make the database more attractive and an inch closer to sustainability, 
profiling at least 200,000 farmers is being targeted. 
 
Apart from messaging, the ESA Project is deploying several other approaches to taking the 
technologies to scale. We are applying the GIS approach to generate regionally relevant 
extrapolation domain mapping for multiple technologies; included in this report are the fodder 
ǘǊŜŜǎ ŀƴŘ ƎǊŀǎǎ ŦƻǊŀƎŜ ƳŀǇǎΣ ƳŀƛȊŜ ƭŜƎǳƳŜ ŎǊƻǇǇƛƴƎ ƳŀǇǎ ŀƴŘ ǾŜƎŜǘŀōƭŜ ǾŀǊƛŜǘƛŜǎ ƳŀǇǎΦ 
Related to this is the piloting of FarmMatch (Matching Agricultural Technologies to Farms and 
their Context) which identifies (i) the most suitable and promising technologies for different 
types of farms, (ii) where the hotspots of suitability of technologies and potential adopters are, 
and (iii) which contextual farm and technology characteristics promote the adoption and scaling 
of technologies. Testing the algorithm for performance, matching, and signaling is still ongoing. 
We have commenced testing the framework for a number of GIS gridcells in Babati, Tanzania. 
5ŜǾŜƭƻǇƛƴƎ ŀ άŘŀǘŀ ǇƛǇŜƭƛƴŜέ ǘƘŀt can extract ARBES data and insert it into farm models, to allow 
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rapid assessment of more complex SI indicators for sampled farms in Africa RISING case study 
areas. 
 
The ESA Project is seriously taking on developing partnerships with institutions whose main role 
is technology delivery as the driver for taking our technologies to scale. Where these have been 
successful, technology demonstration sites have been used by the researchers to train partner 
ƛƴǎǘƛǘǳǘƛƻƴǎΩ ǎǘŀŦŦ ŀƴŘ ǇǊƻǾƛŘŜ ǘƘŜƳ ǿƛǘƘ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ the technology as well as 
consolidating their abilities in delivery of that technology. These trainings are supplemented by 
training manuals and backstopping during technology dissemination, as requested. Such 
institutions include World Vision Tanzania (WVT), FIDE, Re-greening Africa, and Farm Africa (FA) 
that are interested in livestock technologies (new forage crops, feed processing & rations and 
housing) in Tanzania; Meru Agro Seed Company, MAMS Agriculture, and Aminata Quality seeds 
and discussed partnerships for scaling of the new DT QPM hybrids in Tanzania; Islands of Peace 
for scaling postharvest and improved vegetable production technologies; Catholic Relief Services 
(CRS) in Zambia and Malawi for scaling green manure cover crops; Total Land Care in Malawi for 
ǎŎŀƭƛƴƎ /! ǇǊŀŎǘƛŎŜǎΤ ŀƴŘ ǘƘŜ ²ƻǊƭŘ CƻƻŘ tǊƻƎǊŀƳΩǎ Cabw tǊƻƧŜŎǘ ŦƻǊ ǎŎŀƭƛƴƎ ǎƻƛƭ ŀƴŘ ǿŀǘŜǊ 
conservation practices in Tanzania. Several other development partners are being identified. 
 
During this reporting period, the ESA Project has directly offered short-term training to about 
3,300 trainees (about 47% women) being mainly farmers and extension agents. We had one 
PhD, two MSc, and one BSc students on board. Nine peer review manuscripts were published as 
journal articles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8 
 

Africa RISING ESA project action sites 
The ESA-wide geo-referenced sites are shown where Africa RISING was implementing either 
research activities or technology dissemination over the project time, updated to the current 
reporting period (Fig. 1). 

 
Figure 1. Locations where the Africa RISINGςESA Project has conducted research (green 
diamond) and scaling (red triangle). 
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Implemented work and achievements per research 
outcome 

Outcome 1. Productivity, diversity, and income of croplivestock 
systems in selected agroecologies enhanced under climate 
variability 

Output 1.1 Demand-driven, climate-ǎƳŀǊǘΣ ƛƴǘŜƎǊŀǘŜŘ ŎǊƻǇ ƭƛǾŜǎǘƻŎƪ ǊŜǎŜŀǊŎƘ 
products (contextualized technologies) for improved productivity, diversified 
diets, and higher income piloted for specific typologies in target agroecologies 

 
Validation of drought tolerant maize (DT) hybrids under on-farm conditions in central 
Tanzania 
Kongwa and Kiteto districts in central Tanzania normally receive limited rainfall, less than 500 
mm annually, with poor distribution. In addition, most areas in Kongwa and Kiteto have poor 
soils with low fertility; therefore, these two major factors, combined, limit maize yields on-farm 
to an average of 1.1 t/ha in a season. The crop growing season in 2019 in Tanzania was affected 
by a very severe drought, which covered a wide region in eastern Africa, so much so that yield 
data from our experiments could only be obtained from three out of the seven sites. It is under 
these conditions that the 18 best perfoǊƳƛƴƎ ƘȅōǊƛŘǎ ǎŜƭŜŎǘŜŘ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΩ ǎǘǳŘƛŜǎ ǿŜǊŜ 
further validated for their performance under on-farm conditions. Four best performing hybrids 
were selected based on their yield and agronomic performance (Table 1). These same hybrids 
have high profitability based on gross margins. 
 
Table 1. Mean Grain Yield and Agronomic performance of top four performing maize hybrids at 
Mlali and Nghumbi sites during 2019 crop growing season. These same varieties performed well 
during the 2018 cropping season. 

Hybrid Name Grain 
weight (t 
ha-1)  

% Gain 
over 
check 

Plant 
Height 
(cm) 

Ear 
Height 
(cm) 

Drought 
tolerance 

Profitability 
(Gross margin, 
US$) 

CKDHH170114 5.1 1177.5 146 66 Early 618 

CKH160231 4.9 1112.8 161 82 Late 575 

CKDHH170346 5.0 1154.0 154 84 Early 606 

CKDHH1600016 2.6 530.46   Intermediate 307 

 
Consolidating availability of quality legume seeds through production of Quality Declared 
Seeds (QDS) 
In Malawi, we have consolidated availability of quality seed for soybean, groundnut and 
nutrient-dense common bean varieties, through a network of 300 seed producers who received 
20 kg foundation seed each during the 2017/18 cropping season. About 46 t of Quality Declared 
Seed (QDS) were distributed to over 4000 baby farmers at 10 kg seed for each farmer during 
December 2018. Groundnut seed was stored in the shell until just about planting time. This 
resulted in nearly 100% seed viability, largely surpassing viability of commercial seed that 
originates from agrodealers. During 2019, we engaged the same experienced 300 farmers to 
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produce seed, with an estimated 50 t of seed produced. As part of our exit strategy, we have 
only purchased 15 t of this seed for distribution to baby farmers. Seed farmers have been linked 
to the DAECC for assistance with marketing the rest of the seed they produced. Over the next 
few months, we will study the viability of this community seed production and marketing system 
when farmers seek for real markets, beyond the Africa RISING project facilitation. During the 
past two cropping seasons, Africa RISING bought all the seed produced, save for a mandatory 20 
kg that each producer was required to retain for scaling SI technologies on their farms. 
 
Consolidating availability of quality cereal and legume seeds through community seed banks 
In Tanzania, availing to farmers the seed of best performing crops has been tested through 
multiplying seed through Community Seed Banks (CSB), and the results are promising (Table 2). 
For pearl millet & sorghum, each farmer gives back 4 kg of seed to CSB to be issued to two 
new/beneficiary farmers for the following season (2 kg of seed is enough to plant one acre). For 
pigeon pea, each farmer gives back 6 kg of seed to CSB to be issued to two new farmers for the 
following season (3 kg of seed is enough to plant one acre). Continuing/current farmers (pigeon 
pea, sorghum, and pearl millet) are allowed to sell excess seed to earn cash for the betterment 
of their livelihood. 
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Table 2. Community seed production (QDS) for 2018 / 2019 cropping season and seed recovery for 2019/2020 season  

District Village 
Male 
(M) 

Female 
(F) 

Total Seed 
community 
membership  

Crop 
Variety 

Seed 
produced in 
2018/2019 
(kg) 

Average seed 
produced per 
farmer 
2018/2019 
(kg) 

Seed 
recovery for 
beneficiary/n
ew farmers 
2019/2020 
season (kg) 

Seed 
recovery for 
continuing 
farmers 
2019/2020 
season (kg) 

Total Seed 
Recovery 
for 
2019/2020 
season (kg) 

Kongwa Laikala 12 18 30 Pearl 
Millet 

480 16  
120 

 
60 

 
180 

Kongwa Moleti 18 22 40 Sorghum 2,200 55 160 80 240 

Kongwa Laikala  20 10 30 Pigeon 
pea 

400 13  
180 

 
90 

 
270 

Kongwa Mlali  48 70 118 Pigeon 
pea 

3,900 33  
708 

 
354 

 
1,062 

Kongwa Moleti 50 76 126 Pigeon 
pea 

2,150 17  
756 

 
378 

 
1,134 

Kongwa Chitego  16 40 56 Pigeon 
pea 

998 18  
336 

 
168 

 
504 

Kongwa Manyusi  25 10 35 Pigeon 
pea 

500 14  
210 

 
105 

 
315 

Kiteto Njoro  50 16 66 Pigeon 
pea 

900 14  
396 

 
198 

 
594 
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Broadening farmer options through legume rotational and intercrop diversity in maize-based 
cropping of central Malawi 
Sustainability of rain-fed cropping across southern Africa is undermined by the dominant maize 
(Zea mays L.) monoculture. Farmers have traditionally intercropped maize with food legumes, 
an important source of field and dietary diversity. However, the question remains if intercrop 
diversity is sufficient, or if rotational diversity is more advantageous. Four cropping systems 
were tested and set up in a randomized complete block design with four replicates per location. 
The four cropping systems consisted of (i) sole pigeon pea rotated with maize (PP-MZ), (ii) sole 
groundnut rotated with maize (GN-a½ύΣ όƛƛƛύ ƎǊƻǳƴŘƴǳǘ ǇƛƎŜƻƴ ǇŜŀ ŘƻǳōƭŜŘ-up intercrop 
rotated with maize (GNPP-a½ύΣ ŀƴŘ όƛǾύ ǘƘŜ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ intercrop system rotated with 
ŀƴƻǘƘŜǊ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ȅŜŀǊ όa½tt-MZPP). The traditional 
ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇ όa½ttύ ǎȅǎǘŜƳ ǿŀǎ ƛƴŎƭǳŘŜŘ ŀǎ ǘƘŜ ŎƻƴǘǊƻƭΦ 5ŀǘŀ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŦƻǊ 
the period 2016 to 2019. 
 
Crop yields. Pigeon pea, groundnut, and maize grain yields are reported in Table 3. Location had 
a strong influence on grain yield for both pigeon pea and groundnut. In contrast to the pattern 
observed for biomass, modest to nil grain yield was produced by pigeon pea (0.03 to 0.6 
Mg/ha), and it was not influenced by cropping system. Groundnut yields were moderate to high 
(0.5 to 1.8 Mg/ha) and followed biomass accumulation patterns. For example, aboveground 
biomass was markedly high at Linthipe B (4.9 Mg/ha), as was belowground biomass (0.2 Mg/ha) 
and groundnut grain yield was high at this site as well (1.7 to 1.8 Mg/ha). About one-half as 
much groundnut biomass was accumulated at Linthipe A and Golomoti B, which were also the 
low yielding sites at 0.5 to 0.9 Mg/ha (Table 3).  
 
Productivity of legumes was assessed during year one with a rotational maize crop used to 
quantify the cropping system effect in year two. Both location and cropping system had a 
significant effect on maize grain but with no interaction effect. In a comparison of all systems 
that were fertilized (69kg N/ha for sole maize and 35 kg N/ha for the MZPP intercrop), 
performance of maize yield across locations in 2017 varied. Maize yield after sole pigeon pea 
produced the highest maize grain (5.51 Mg/ha), maize after sole groundnut was 5.01 Mg/ha, 
maize after the GNPP intercrop was 4.06 Mg/ha, and maize yield was lowest in the MZPP 
intercrop system at 3.05 Mg/ha. These findings were consistent across four of the five locations, 
the one exception was the lowest yielding site (Golomoti B). During the 2016 agricultural 
season, the sole groundnut cropping system produced the lowest shoot biomass across all sites. 
However, the system supported good maize growth and grain yield in 2017 (Table 3). 
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Table 3. Analysis of variance for pigeon pea, groundnut, and maize grain yield in five locations 
across central Malawi.  

Cropping 
systems 

Linthipe A  Linthipe B Kandeu Golomoti A Golomoti B 

(Mg/ha) 

PP (PP) 0.12 ° 0.12 0.58 ° 0.60 0.34 ° 0.45 0.38 ° 0.48 0.03 ° 0.02 

GNPP (PP) 0.12 ° 0.12 0.32 ° 0.32 0.13 ° 0.19 0.31 ° 0.22 0.04 ° 0.04 

MZPP (PP) 0.09 ° 0.05 0.56 ° 0.45 0.29 ° 0.36 0.22 ° 0.43 0.07 ° 0.06 

GN (GN) 0.54 ° 0.36 1.72 ° 0.47 1.34 ° 0.32 1.60 ° 0.30 0.87 ° 0.19 

GNPP (GN) 0.45 ° 0.21 1.80 ° 0.32 1.28 ° 0.80 1.44 ° 0.32 0.93 ° 0.18 

PP-MZ (MZ) 7.78 ° 0.47 8.14 ° 0.82 5.25 ° 1.33 4.54 ° 0.58 1.85 ° 0.33 

GN-MZ (MZ) 6.48 ° 0.92 6.58 ° 0.58 4.60 ° 1.38 4.35 ° 1.66 3.02 ° 0.99 

GNPP-MZ 
(MZ) 

4.68 ° 0.82 6.18 ° 1.50 4.70 ° 0.23 2.87 ° 1.24 1.87 ° 1.16 

MZPP-MZPP 
(MZ) 

4.22 ° 0.59 5.01 ° 1.01 2.60 ° 0.59 2.27 ° 1.47 1.18 ° 0.14 

ANOVAS 

 Pigeon pea Groundnut Maize 

Location Pr > F = <.0001* Pr > F = <.0001* Pr > F = <.0001* 

Cropping system Pr > F = 0.1631 Pr > F = 0.7605 Pr > F = <.0001* 

Location x cropping system  Pr > F = 0.6991 Pr > F = 0.9323 Pr > F = 0.2677 

              *Significant at P = 0.05. 

Presented values are means followed by standard deviations. Cropping systems shown are sole pigeon pea (PP), ƎǊƻǳƴŘƴǳǘ ǇƛƎŜƻƴ 
ǇŜŀ ƛƴǘŜǊŎǊƻǇ όDbttύΣ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇ όa½ttύ ŀƴŘ ǎƻƭŜ ƎǊƻǳƴŘƴǳǘ όDbύΦ 

 
Economic feasibility. Gross margins of the four cropping systems ranged from $1145 (PP-MZ) to 
$1407 (GNPP-MZ). The best two performing cropping systems in terms of monetary gain were 
the GNPP-MZ and the MZPP-a½tt ǎȅǎǘŜƳǎ ǿƛǘƘ ƎǊƻǎǎ ƳŀǊƎƛƴǎ ƻŦ Ϸмплп тΦ ¢ƘŜ ŎǊƻǇǇƛƴƎ ǎȅǎǘŜƳ 
with the highest cost of production was GNPP-MZ at $353 and the lowest was PP-MZ at $223. 
Overall, when legume stems and haulms are included with prices at $0.03 and $0.08, 
respectively, the order of technology system valuation is GNPP-MZ = MZPP-MZPP > GN-MZ > PP-
MZ (Table 4). However, when the prices are 30% less, the order changes to GN-MZ > GNPP-MZ > 
MZPP-MZPP > PP-MZ. 
 
Considering economic feasibility is critical because farmers usually have multifaceted goals and 
have to consider costs and returns associated with a cropping system before they adopt. Initial 
cost of production with all systems involving groundnut were high because groundnut seed is 
significantly more expensive than maize and pigeon pea. In India, Bhuva et al. (2017)1 reported 
similar results to ours, in that high groundnut seed expense did not reduce attractiveness of 
groundnut-based systems as gross returns were high relative to other systems. A crop modeling 
study conducted in Central Malawi (Smith et al., 2016)2 combined with an economic analysis 

 
1 Bhuva, H.M., Kumawat, P.D., Mehta, A.C., Chaudhari, N.N., Patel, P.R., 2017. Effect of groundnut ( Arachis hypogaea L.)-based 
intercropping systems on yield and economics under rainfed condition. Indian J. Agric. Res. 51, 448ς452. 
https://doi.org/10.18805/ijare.a-4823. 
2 Smith, A., Snapp, S., Dimes, J., Gwenambira, C., Chikowo, R., 2016. Doubled-up legume rotations improve soil fertility and maintain 
productivity under variable conditions in maize-based cropping systems in Malawi. Agric. Syst. 145, 139ς149. 
https://doi.org/10.1016/j.agsy.2016.03.008. 

https://doi.org/10.18805/ijare.a-4823
https://doi.org/10.1016/j.agsy.2016.03.008


14 
 

found 75% higher profits associated with a groundnut rotation compared to maize 
monocultures; due in large part to 50% reduced requirements for nitrogen fertilizer in the maize 
phase of the rotation (Komarek et al., 2018)3.  
 
The high gross margin associated with farmer MZ/PP intercrop system was not surprising, that a 
farmer check system was economically robust. Of the alternatives tested here, the novel 
doubled-up GNPP intercrop rotated with maize was the only one to perform as well 
economically as the farmer check. This is consistent with earlier findings of farmer preference 
for a highly diverse doubled-up rotational system (Snapp et al., 2018)4. A breadth of economic 
and environmental returns are required to compensate for opportunity costs associated with 
maize production limitations due to small farm sizes. 
 
Table 4. Economic feasibility of four cropping systems involving maize, pigeon pea, and 
groundnut across three agroecologies in central Malawi.  

Cropping 
system  

Crop or crops 
  

Year 
Harvested  

Cost of 
production 

Total 
revenue 

Gross 
margins 

US $* US $# US $ 

PP-MZ Pigeon pea 2016 47 252 205 

PP-MZ Maize 2017 176 1116 940 

PP-MZ Pigeon pea and maize нлмс нлмт 223 1368 1145 

GN-MZ Groundnut 2016 130 699 569 

GN-MZ Maize 2017 176 986 810 

GN-MZ Groundnut and maize нлмс нлмт 306 1685 1379 

GNPP-MZ Groundnut 2016 130 684 554 

GNPP-MZ Pigeon pea 2016 47 212 165 

GNPP-MZ Maize 2017 176 864 688 

GNPP-MZ 
Groundnut, pigeon pea, 
and maize 

нлмс нлмт 353 1760 1407 

MZPP-MZPP Maize 2016 96 574 478 

MZPP-MZPP Pigeon pea 2016 47 237 190 

MZPP-MZPP Maize 2017 96 642 546 

MZPP-MZPP Pigeon pea 2017 47 237 190 

MZPP-MZPP Maize and pigeon pea нлмс нлмт 286 1690 1404 
*Seed and fertilizer cost over two years                                                                      #Economic returns include forage, fuelwood, and grain 
 
*Cropping systems shown are sole pigeon pea rotated with sole maize (PP-MZ), sole groundnut rotated with sole maize (GN-MZ), 
ƎǊƻǳƴŘƴǳǘ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇ ǊƻǘŀǘŜŘ ǿƛǘƘ ǎƻƭŜ ƳŀƛȊŜ όDbtt-a½ύ ŀƴŘ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇ ǊƻǘŀǘŜŘ ǿƛǘƘ ƳŀƛȊŜ ǇƛƎŜƻƴ 
pea intercrop (MZPP-MZPP). Figures in italics show the total economic values of combined crops for every cropping system assessed 
over two years. 

 

 
3 Komarek, A.M., Koo, J., Haile, B., Msangi, S., Azzarri, C., 2018. Trade-offs and synergies between yield, labor, profit, and risk in 
Malawian maize-based cropping systems. Agron. Sustain. Dev. 38, 32. https://doi.org/10.1007/s13593-018-0506-6. 
4 Snapp, S.S., Grabowski, P., Chikowo, R., Smith, A., Anders, E., Sirrine, D., Chimonyo, V., Bekunda, M., 2018. Maize yield and 
profitability tradeoffs with social, human and environmental performance: Is sustainable intensification feasible? Agric. Syst. 162, 77ς
88. https://doi.org/10.1016/J.AGSY.2018.01.012. 

https://doi.org/10.1007/s13593-018-0506-6
https://doi.org/10.1016/J.AGSY.2018.01.012
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Refining groundnut agronomy 
Groundnut yields in Malawi remain low, averaging 600 kg/ha against yields > 2500 kg/ha that 
are obtained at research stations. Use of recycled seed, poor agronomy, and low soil fertility are 
blamed for low yields. Absence of literature in Malawi on yield penalties as a result of use of 
recycled legume seed prompted studies to evaluate productivity gaps in groundnut in Machinga 
and Dedza. In the 2017/2018 season, a set of experiments evaluated the effect of seed 
generation (certified vs. recycled) and planting density (double rows vs single row) on groundnut 
biological nitrogen fixation and grain productivity. The trials had a split-plot design with seed 
generation (recycled vs. certified) as main plot factor, while sub-plot factors inoculation 
(inoculation vs. uninoculated) for soybean experiments and planting density (single vs. double 
rows) for groundnut. In all cases, planting groundnut on double rows on a ridge significantly 
increased biomass and pod yields, and biological N2-fixation (Table 5). Groundnut seed 
generation was less important for biomass productivity, but certified seed had relatively larger 
pod yields. Productivity for certified seed was negatively affected by poorer germination 
compared to that achieved with farmer recycled seed. We have noted that farmer-retained seed 
had consistently better germination compared with seed that originates from Lilongwe 
agrodealers. This is probably due to poor commercial handling as machinery is used for shelling. 
Contrary to this, smallholder farmers always keep their groundnut in the shell and only hand-
shell within a month of planting. There were larger residual effects when maize was sequenced 
with double-row groundnut, irrespective of seed generation (Table 6). 
 
Table 5. Effect of groundnut planting density and seed generation on plant population, biomass, 
biological N2-fixation, and pod yield in Machinga and Dedza, during the 2018/2019 cropping 
season. 

  Plant 
population/ha 

Total biomass 
(kg/ha) 

BNF (kg/ha) Pod yield (kg/ha) 

Treatment Machinga Dedza Machinga Dedza Machinga Dedza Machinga Dedza 

Planting density 
Double row 210,340 141,17

1 
3432 5539 56 124 1331 2711 

Single row 100,102 68,313 2102 3462 35 55 787 1957 

SED 5,358 13,482 90 505 6 25 80 195 
P-value < 0.001 0.012 < 0.001 0.026 0.033 0.009 0.007 0.031 

Seed generation 
Certified 151,769 96,528 2762 4389 45 87 1109 2512 
Recycled 158,673 112,95

6 
2772 4613 45 92 1009 2156 

SED 3056 5491 57 76 5 15 111 176 
P-value 0.043 0.011 0.866 0.013 0.993 0.755 0.389 0.067 
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Table 6. 9ŦŦŜŎǘ ƻŦ ƎǊƻǳƴŘƴǳǘ ƳŀƛȊŜ Ǌƻǘŀǘƛƻƴ ƻƴ ƳŀƛȊŜ ōƛƻƳŀǎǎ ŀƴŘ ƎǊŀƛƴ ȅƛŜƭŘ ƛƴ 5ŜŘȊŀ ŀƴŘ 
Machinga districts in 2018/2019 season. 

Treatment description 

Total maize biomass 
(kg/ha) 

Maize grain yield 
(kg/ha) 

Machinga Dedza Machinga Dedza 
Maize after recycled g/nut in double rows + 46 kg N/ha 1509a 13,815b 746a 5624b 

Maize after certified g/nut in double rows + 46 kg N/ha 1497a 11,158ab 691a 4627ab 

Maize after recycled g/nut in single rows + 46 kg N/ha 1364a 10,442a 612a 4364ab 

Maize after certified g/nut in single rows + 46 kg N/ha 1494a 8,655a 670a 3582a 

SED 74.2 1079.5 99.4 495.3 
P-value 0.235 < 0.001 0.622 0.004 

 
Yield, economic, and BNF benefits of innovative approaches addressing the pigeon pea and 
common bean productivity within maize-based cropping system and variable weather in 
Tanzania 
¢ƘŜ ōŀŎƪƎǊƻǳƴŘ ǘƻΣ ŀƴŘ ŦƛŜƭŘ ŀŎǘƛǾƛǘƛŜǎΣ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ƎƛǾŜƴ ƛƴ ǘƘŜ hŎǘ нлму aŀǊŎƘ нлмф 
report. All the planned field activities relating to the initiation and management of six mother 
trials of crop configurations were accomplished. Only the analysis of pigeon pea production data 
and soil water infiltration tests are pending and will be included in next reporting. Soil, pigeon 
pea roots, and above ground biomass samples for biological nitrogen fixation (BNF) 
quantification have already been collected, pre-processed and are awaiting shipping for 15N 
determination. 
 
Grain yield assessment. Across the fields, maize grain yields ranged from 1.7 t/ha to 2.3 t/ha 
(data not shown as no treatment differences were expected or observed). On the other hand, 
bean yields ranged from 0.3 t/ha under the Mbili-Mbili to 0.5 t/ha under the doubled-up legume 
system. Across the three eco-zones, bean productivity was highly affected by on-season 
drought. Harvesting was done in two of the three agroecologies, with Gallapo eco-zone 
experiencing total bean failure. Besides, the second bean phase was also affected by soil 
moisture deficiency leading to total crop failure in all eco-zones. After compilation of the pigeon 
pea yields, economic profitability for the three crop species will be examined on each of the 
seven cropping systems being tested (these systems are as presented in Table 7). 
 
Chlorophyll assessment. Leaf chlorophyll is a key indicator of the nitrogen content in a leaf. The 
amount of chlorophyll helps to inform the effect of a cropping system or field management 
ǇǊŀŎǘƛŎŜ ƻƴ ƴƛǘǊƻƎŜƴ ǳǇǘŀƪŜ ōȅ ǇƭŀƴǘǎΦ !ǎ ŜȄǇŜŎǘŜŘΣ ƭŜŀŦ ŎƘƭƻǊƻǇƘȅƭƭ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ όt Җ лΦлмύ 
affected by treatments and time. At leaf V8 and V12 stages, leaf chlorophyll content under 
Mbili-Mbili and the treatment with two maize plants per hill were significantly lower than that 
of the control (Table 7). Competition for moisture, nutrients, and sunlight amongst the 
intercropped plants could have reduced leaf N content compared with sole maize under the 
control treatment. During the period before the reproductive growth stage 4 (R4), Meru 513 
variety had a higher chlorophyll content compared with a similar system with Meru 515. This 
points to varietal differences including improved resistance to soil moisture stress by Meru 513, 
which may explain its yielding levels similar to treatment of sole maize. 
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Table 7. Effect of treatment and sampling time on maize leaf chlorophyll content under variable 
plant spacing configuration during LR 2019 in Babati όt Җ лΦлмύΦ 

TRT Leaf chlorophyll (SPAD units) 

 V8 V12 VT R4 

Maize no legume 44ab 52a 41ab 32ab 

Maize not topped 45a 51ab 40ab 31b 

Maize topped 44abc 50bc 40ab 32ab 

Doubled-up legume ς ς ς ς 

Maize 2 plants per hill 43c 49c 40ab 32ab 

Mbili-Mbili 43c 49c 39b 31b 

Maize 513 variety 45a 52ab 41a 34a 

LSD 1.7 1.7 2.2 2.4 

*All treatments had pigeon pea intercrops; Mbili-Mbili had common beans as well. 

 
Photosynthetically active radiation. The amount of light intercepted by the maize canopy affects 
the proliferation of the understorey legumes in the intercropping system. Photosynthetically 
active radiation (PAR) readings are available on pigeon pea crop after maize was harvested (R6 
stage). As expected, the level of light interception by pigeon pea canopy was significantly 
ŀŦŦŜŎǘŜŘ ōȅ ǘǊŜŀǘƳŜƴǘǎ όt Җ лΦлмύΦ Lƴ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ŎŀǎŜǎΣ ŘƻǳōƭŜŘ-up legume had the highest 
light interception pointing to improved growth of the pigeon pea (Table 8). This system had no 
maize planted and common beans matured early thus increasing light access for pigeon pea. The 
ability of pigeon pea to maximally utilize PAR is associated with improvement in final yields and 
enhanced biological nitrogen fixation, a proposition that will be validated at the end of this 
study. 
 
Table 8. Effects of manipulating plant spaces on interception of photosynthetically active 
radiation during the 2019 cropping season in Babati (5 sites), Tanzania όt Җ лΦлмύΦ 

Treatments  PAR fraction index 

 Baraka Bura Chief Dodo Sch. John Stanslause 

Maize no legume  ς ς ς ς ς 

Maize not topped 0.28 0.27ab 0.33b 0.23 0.17ab 

Maize topped 0.22 0.19b 0.37ab 0.18 0.20a 

Doubled-up legume 0.43 0.36a 0.52a 0.20 0.10ab 

Maize 2 plants per hill 0.22 0.23ab 0.39ab 0.25 0.18bc 

Mbili-Mbili 0.26 0.26ab 0.33b 0.37 0.09ab 

Maize 513 variety 0.32 0.23ab 0.36ab 0.01 0.06b 
*All treatments had pigeon pea intercrops; Mbili-Mbili and doubled-up legume had beans. 

 
Soil moisture and temperature assessment. Monthly soil moisture and temperature readings 
recorded from the V6 maize stage to the physiological maturity of pigeon pea plants show that 
ǘƛƳŜ ƻŦ ǎŀƳǇƭƛƴƎ ƛƴŦƭǳŜƴŎŜŘ όt Җ лΦлмύ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƳƻƛǎǘǳǊŜ ƛƴ ǘƘŜ ǎƻƛƭΦ IƻǿŜǾŜǊΣ ƴƻ ǎƻƛƭ 
moisture effects were observed across the treatments (Table 9). Soil moisture content, at 
different maize growth stages, ranged between 0.09 m3m-3 under doubled-up legume at V9 
stage to 0.24 m3m-3 in system with Meru 513 variety at R4 stage (data not shown). The lower 
soil cover under the doubled-up legume at the V9 stage could have resulted from the slow 
establishment of pigeon pea within a bean intercrop, which might have exposed the system to 
increased evaporation, elevating moisture losses to near air-dry soils (0.05 m3m-3). In the period 
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between the V9 and V12 maize stages, Mbili Mbili had low moisture content (0.13 m3m-3) 
compared to other treatments, which can be attributed to both uptake and evapotranspiration 
of water by the actively growing crops. Besides, the period immediately before V9 and tasselling 
stage had the lowest soil moisture recorded. Averaged across maize growth stages, use of Mbili 
Mbili and the vertical leaf architecture of Meru 513 increased the soil temperatures compared 
to the conventional system with untopped maize and the sole maize crop (Table 9). 
 
Table 9. Effect of treatments on soil moisture and temperatures under variable crop 
configuration patterns during the LR 2019 in Babati όt Җ лΦлмύ. 

Treatments 
Average soil 
moisture (m3m-3) 

Average 
Temperature (°C) 

Maize no legume 0.1678 34.2b 

Maize not topped 0.1691 34.2b 

Maize topped 0.1704 34.4ab 

Doubled-up Legume 0.167 34.4ab 

Maize 2 plants per hill 0.1718 34.4ab 

Mbili-Mbili 0.1695 34.6a 

Maize 513 variety 0.1681 34.6a 

LSD  0.33 

*All treatments had pigeon pea intercrops; Mbili-Mbili and doubled-up legume had beans as well. 

 
Testing Gliricidia intercropping strategies for drought resilience 
CƻǊ ǘƘŜ Ǌŀƛƴƻǳǘ ǎƘŜƭǘŜǊ ŜȄǇŜǊƛƳŜƴǘ ǿƘƻǎŜ ǎŜǘ ǳǇ ǿŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ hŎǘƻōŜǊ нлму aŀǊŎƘ 
2019 report, maize yield data collection and processing for analysis are complete. Pigeon pea 
yield data collection was done in three phases throughout the month of August and the data are 
still under processing. Analysis of tissue nutrient concentration in maize and soil moisture 
determination of destructive wood samples are ongoing in the laboratory. We also collected 
data on stomatal conductance, air temperature, relative humidity, economics, and gender 
responses, and these are being analyzed. Preliminary results of maize grain yield indicate that 
intercropping maize with pigeon pea or G. sepium (2-crop intercropping) has no effects on maize 
grain yield compared to sole maize under ambient rainfall with fertilizer treatment (Fig. 2). But 
3-crop intercropping όƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀGliricidia) supressed maize grain yield, reflecting 
competition for nutrients and/or soil moisture due to poor soil fertility and low and sporadic 
precipitation on this site. As a result, there was no significant yield increase due to fertilizer 
application or intercropping under the resource limiting conditions (drought and/or without 
fertilizer). However, the intercropping advantage is not considered based on the yield of one 
component only as presented in these preliminary results. Thus, more information on the land 
use efficiency (based on the land equivalent ratio-LER), agroecological interactions, and 
economic benefits of intercropping will also be used to validate the technology once processing 
of pigeon pea grain yields, wood yield, nutrient uptake, farm operation costs, and income are 
completed. We submitted an abstract summarizing preliminary results to a special issue of the 
journal Frontiers in Sustainable Food SystemsΣ ǿƘƛŎƘ ƛǎ ǘƛǘƭŜŘ ά5ƛǾŜǊǎƛŦȅƛƴƎ ŦŀǊƳƛƴƎ ǎȅǎǘŜƳǎ ŦƻǊ 
ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅέΦ ¢ƘŜ ŀōǎǘǊŀŎǘ Ƙŀǎ ōŜŜƴ ŀŎŎŜǇǘŜŘ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀ Ŧǳƭƭ ƳŀƴǳǎŎǊƛǇǘ ŦƻǊ ǇŜŜǊ 
review by March 31, 2020. 
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Figure 2. Impacts of intercropping G. sepium and pigeon pea on maize yield under ambient 
rainfall conditions (left column) and drought conditions (right column) with fertilizer (upper 
row) and without fertilizer (lower row). Letters indicate significant differences between group 
means across all 4 panels (i.e., all cropping system-fertilizer-water combinations) at P < 0.05 
ŀŎŎƻǊŘƛƴƎ ǘƻ ¢ǳƪŜȅΩǎ ǎǘǳŘŜƴǘƛȊŜŘ ǊŀƴƎŜ ǘŜǎǘΦ a Ґ ǎƻƭŜ ƳŀƛȊŜΣ at Ґ ƳŀƛȊŜςpigeon pea, MG = 
maizeςGliricidia, and MGP = maizeςGliricidiaςpigeon pea. 

 
Managing pests of vegetables using biopesticide and net houses 
A study on the use of net houses and biopesticide (Metarhizium anisopliae) in controlling 
Bemisia tabaci and Tuta absoluta on solanaceous vegetables (tomato and sweet pepper) has 
been completed. It was conducted in Babati District of Tanzania. A draft journal article is being 
finalized and fruit yield results are presented in Figures 2 and 3. The findings show that net 
houses combined with biopesticides increased plant yield in terms of marketable weight and 
total weight for both tomato and sweet pepper. Total yields from tomato and sweet pepper in 
the open fields were at times higher compared with net house yields. However, the non-
marketable weight was higher in the open fields (up to 40% of total yield) because of full 
interception of sunlight by plants, which creates a platform for the presence of sap sucking 
insects such as whiteflies, and the scalding of fruits.  
 
The evaluation by 14 women and 15 men farmers who had been testing the technology for two 
production seasons was that the technology impacted positively in terms of production, income, 
and nutrition. Farmers mentioned that crops grown inside the net house performed better than 
those grown in open fields in terms of quality (skin color, test, texture), low pest incidences 
leading to low pesticide use and higher marketable fruits, confirming the findings presented in 
Figures 3 and 4. Specifically, women mentioned that their husbands now are participating in 
vegetable production and often request their wives to include vegetables in the meals to enjoy 
the nutritional and health benefits of vegetables. 
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Figure 3Φ 9ũŜŎǘǎ ƻŦ ƴŜǘ ƘƻǳǎŜǎ ŀƴŘ ōƛƻǇŜǎǘƛŎƛŘŜ όMetarhizium anisopliae) on the yield of sweet pepper 
(Capsicum annum) over two seasons in Tanzania. Data represent averages (± standard errors, N = 30). 
5ƛũŜǊŜƴǘ ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όt Ґ лΦлрύ ōŜǘǿŜŜƴ ǘƘŜ ǘǊŜŀǘƳŜƴǘǎΦ Key: bio_op: 
Tomato/sweet pepper treated with biopesticide in open field; bio_sh: Tomato/sweet pepper treated with 
biopesticide in net house; no_op: Tomato/sweet pepper control experiment in open field; no_sh: 
Tomato/sweet pepper control experiment in net house. 

 

 
Figure 4Φ 9ũŜŎǘǎ ƻŦ ƴŜǘ ƘƻǳǎŜǎ ŀƴŘ ōƛƻǇŜǎǘƛŎƛŘŜ όMetarhizium anisopliae) on the yields of tomato (Solanum 
lycopersicumύ ƻǾŜǊ ǘǿƻ ǎŜŀǎƻƴǎ ƛƴ ¢ŀƴȊŀƴƛŀΦ 5ŀǘŀ ǊŜǇǊŜǎŜƴǘ ŀǾŜǊŀƎŜǎ όҕ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊǎΣ b Ґ олύΦ 5ƛũŜǊŜƴǘ 
ƭŜǘǘŜǊǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ όt Ґ лΦлрύ ōŜǘǿŜŜƴ ǘƘŜ ǘǊŜŀǘƳŜƴǘǎΦ 

 
Vegetable production benefits from improved management practices 
A technological package combining good quality improved sees, healthy seedlings, and good 
agronomic practices (GAPs), dubbed Improved Management Practices (IMP) was validated with 
smallholder farmers for the first season in Karatu District of Tanzania. Results show that IMP 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ όt Җ лΦлрύ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ȅƛŜƭŘ ƻŦ ǘƻƳŀǘƻ ōȅ пу҈Σ ƻŦ ƴƛƎƘǘǎƘŀŘŜ ōȅ ол҈Σ ŀƴŘ ƻŦ 
Ethiopian mustard by 28%. Respective incomes increased 57% (tomato), 39% (nightshade), and 
40% (Ethiopian mustard). Besides, Lat ǊŜŘǳŎŜŘ ǇƻǎǘƘŀǊǾŜǎǘ ƭƻǎǎŜǎ ōȅ ус фу҈ ŦƻǊ ŀƭƭ ǘƘǊŜŜ 
vegetables crops (Table 10). Market participation increased by 14% for tomato, 36% for 
nightshade, and 11% for Ethiopian mustard. Farmer evaluation of the IMP based on the rating of 
its impact on production (yield), economics (profit), environment (pesticide use and soil 
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fertility), human condition (vegetable consumption and diversity), and social activities (labor 
sharing, control of crop output, and conflict of resources between husband and wife), was that 
IMP had a positive effect on productivity, profitability, and nutrition, but with less effect on the 
environment and social aspects. The latter two aspects require longer exposure time to be 
appreciated. A second season study has been planned. 
 
Table 10. Impact of improved management practices (IMP) on three SI indicators (productivity, 
environment, and economics). 
SI indicators Improved 

management 
practices (IMP) 

Standard 
farmer 
practices (SFP) 

Impact 
in % 

test 
(t/chi-
sq)1 

Tomato (Tengeru 97)        
Yield (t/ha) 11.68 6.07 48% ***  
Revenue (Tsh/ha) 2,864,583 1,236,979 57% ***  
Postharvest loss (% lost) 0.2% 8% ς98% ***  
Amount sold (% sold) 94% 80% 14% ***  
African nightshade 
(Nduruma-BG16) 

    

Yield t/ha 3.66 2.57 30% ***  
Revenue (Tsh/ha) 1,883,681 1,144,965 39% ***  
Postharvest loss (% lost) 2% 11% ς86% ***  
Amount sold (% sold) 79% 51% 36% ***  
Ethiopian mustard (ML 
EM1) 

    

Yield (t/ha) 3.67 2.62 28% ***  
Revenue (Tsh/ha) 1,883,681 1,128,472 40% ***  
Postharvest loss (% lost) 2% 20% ς89% ***  
Amount sold (% sold) 81% 72% 11% ***  

 
Community chicken breeding and management 
The Principal Investigator of this activity (UDOM) has delivered an unintelligible report. We 
consider this a serious delivery failure and are discontinuing support to this activity. 

Output 1.2 Demand-driven, labor-saving, and gender-sensitive research products 
to reduce drudgery while increasing labor efficiency in the production cycle 
piloted for relevant typologies in target areas 

 
Use of tractor-mounted ripper tillage implements for enhancing soil water infiltration and 
moisture conservation 
In this study, four treatments combining rip tillage and two maize varieties were evaluated. 
Productivity results are given in Figure 5 and show that rip tillage significantly increases maize 
grain yield (> 52% yield advantage), irrespective of the variety, even though the biomass yield 
did not follow this trend. The differences in yield are attributed to a lowered bulk density after 
ripping, which allows for better root development, increased infiltration (> 100%), and soil water 
retention at deeper depths (e.g., 8% soil water content for rip tillage compared to 5% for 
conventional tillageτat flowering stage). Rainwater use efficiency was increased by about 1.4 
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times by rip tillage. Yield differences between varieties were not significant. The generally low 
grain yields were due to a prolonged drought spell during the growing season. 
 

 
Figure 5. Maize grain (left) and biomass (right) yield under different till × crop variety treatment 
combinations during the 2018/2019 cropping season. CT = Conventional tillage; DCK9089 = 
commercial hybrid maize variety; WE2109 = Water Efficiency Maize for Africa variety; RT = Rip tillage. 

 
Gender and social dynamics analysis of soil and water conservation technologies 
In August 2019, a team of scientists from TARI, IITA, ICRAF, and UDOM collected social science 
data on fanya juu terraces and tied ridges in four villages of Kongwa District. In a two-day 
workshop preceding the fieldwork we shared knowledge on soil and water conservation 
practices (including social issues surrounding them). A visit to the fields of a lead farmer 
equipped social scientists with a better understanding of the practical use and establishment of 
terraces and ridges. Team members also discussed ways of operationalizing the Sustainable 
Intensification Assessment Framework (SIAF) for gender analysis and honed the tools for the 
subsequent investigation. During fieldwork we facilitated 16 gender-separate focus group 
discussions, conducted 32 participatory exercises (activity profiles, matrix scoring, seasonal 
calendars) and administered a short questionnaire to the same respondents (135 respondents in 
total). Currently, audio-recordings from focus group discussions are being transcribed for 
analysis. Survey data will be entered. Preliminary results from participatory exercises are 
summarized in what follows. 
 
Fanya juu terraces. Although gender roles did not emerge as very pronounced in the labor 
process, it was reported that the decision of establishing fanya juu terraces is predominantly 
taken by men. Men were described as taking up supervisory roles and as being in charge of 
technical aspects such as preparing measurement equipment and marking the measured 
furrow. Respondents indicated that all gender and age groups participate in activities that 
require substantial labor. Collective action groups facilitate access to non-household labor and 
the required equipment. Wealthier households engage hired labor. Because of the strong out-
migration of men in the study area, women play an important role in the preparation and 
maintenance of terraces. 
 
Tied ridges. In matrix scoring exercises respondents compared maize flat cultivation and maize 
cultivation with tied ridges in relation to four indicators from the Sustainable Intensification 
Assessment Framework (SIAF). Both men and women perceived tied ridges as more beneficial in 
terms of soil moisture, productivity, and income from sales. However, for the fourth indicator 



23 
 

(labor requirement) mixed views emerged. Flat cultivation was perceived as less labor 
demanding during field preparation compared with the construction or maintenance of tied 
ridges. On the other hand, weeding appeared less labor intensive under tied ridges than under 
flat cultivation. 
 
During the 2019/2020 season, all data will be analyzed and written up. In addition, a short 
follow-up study on two aspects is planned: First, focus group discussions did not allow for a 
sufficient exploration of social dynamics within collective action groups (establishment of 
terraces/ridges). Individual semi-structured interviews are a more suitable method for this topic 
and will be used. Second, there is a need to better capture the drudgery involved in the 
establishment and maintenance of tied ridges compared with flat cultivation. We will therefore 
collect drudgery scores in a smaller investigation. 

Output 1.3. Tools (including ICT-based) and approaches for disseminating 
recommendations in relation to above research products, integrated in capacity 
development  

 
Farmer/Extension messaging (forage production and use, crop residue processing and use, 
and feed rations) using MWANGA. See ICT Report under Output 4.1. 
 
Regionally relevant technology extrapolation domain mapping for variable technologies 
Fodder trees and grass forage maps. A spatially explicit land degradation index (LDI) is being 
developed for Kongwa and Kiteto districts of central Tanzania. The LDI map is expected to guide 
spatial targeting of land rehabilitation programs using agroforestry and other soil and water 
conservation practices that are validated in sub-activities 2.1.1.4 (Land rehabilitation through 
integration of fodder trees and grass forage species in dryland farming), 2.1.1.5 (Evaluation of 
land rehabilitation benefits of shelterbelts and contours), and 2.2.1.6 (Validation of residual tied 
ridging as a labor-saving technology in semi-arid areas of Central Tanzania). This work is part of 
MSc research of a student from the Centre for Remote Sensing of Land Surfaces (ZFL), University 
of Bonn. The study area has a semi-arid climate with a unimodal precipitation distribution from 
October to May. Land degradation is assessed using TrendsEarth plug-in of QGIS and Google 
Earth Engine. Following the UNCCD Good Practice Guidance (GPG 17) for SDG indicator 15.3.1, 
assessment is conducted for three sub-indicators of land degradation (LD): Land Cover (LC), Soil 
Organic Carbon (SOC), and Land Productivity (LP).  
 
Change in LC is assessed using the ESA-CCI LC classification for 2000 and 2015 with a 300-m 
resolution. This spatial resolution was found to be coarse for a sub-national analysis and was 
therefore substituted with a new (2019) land cover map produced by SERVIR/RCMDR with a 
spatial resolution of 30 meters. The maps produced during preliminary analysis are being 
improved by employing higher resolution (20ς30 m) land-cover. Transitions from cropland to 
forest are evaluated as improvement, whereas changes from grasslands to settlements are 
classified as degradation. SOC is based on the modelled ISRIC SoildGrids250m. LC conversions 
trigger corresponding changes of SOC values with a time delay of up-to 20 years, based on 
established LC coefficients.  
 
LP was measured with the Normalized Differences Vegetation Index (NDVI), which serves as a 
proxy for net primary production (NPP). Annual NDVI-integrals are calculated based on the 
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MODIS bi-weekly products with 250 m spatial resolution. LP consists of three individual sub-
indicators, namely: trajectory, performance, and state. Trajectory indicator measures the rate of 
change over time based on a linear regression and the significance is determined using a Mann-
Kendall test. Water use efficiency was considered to account for influence of climatic variability, 
i.e., precipitation and evapotranspiration on NPP. The state sub-indicator detects recent 
changes of LP by comparing the last three years to the preceding period. Annual integrals of 
NDVI are classified into 10% percentiles and transitions of more than two classes between the 
baseline and recent period are flagged as improvement or degradation. The performance sub-
indicator compares the local LP with other similar vegetation types in comparable LC types and 
soils in the study area. If the NDVI is lower than 50 % of the maximum value, then it is assessed 
as degraded. The three sub-indicators were finally integrated into one indicator of LP using the 
άƻƴŜ ƻǳǘΣ ŀƭƭ ƻǳǘέ όмh!hύ ŀǇǇǊƻŀŎƘΦ 
 
So far, results show that in the last 15 years, land productivity declined in over 70% of the 
Kongwa and Kiteto districts and croplands are more affected by degradation (Fig.6). No 
significant changes were detected for land cover and soil organic carbon, that is, as a result of 
the coarse spatial resolution of input data. Preliminary results revealed that the 250 m spatial 
resolution of input NDVI grid layers is coarse for a sub-national (district) scale analysis. Methods 
for improving the NDVI layers are being explored by data fusion with Landsat. 
 
Fieldwork is planned, starting October 2019, to verify the type and magnitude of land 
degradation at farm level and assess the area under different sustainable land use practices. 
Drivers of declining land productivity will be assessed using a mixed effect model with 
productivity trend derived from remote sensing as the response and farm level dataset as 
explanatory variables. 
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Figure 6. Maps showing the status of (a) 
land cover (LC), (b) soil organic carbon, 
(c) land productivity, and (d) the overall 
land degradation (LD) computed by 
combination of aςŎ ǳǎƛƴƎ ǘƘŜ άƻƴŜ ƻǳǘ 
ŀƭƭ ƻǳǘ ǇǊƛƴŎƛǇƭŜέ ƛƴ YƻƴƎǿŀ ŀƴŘ YƛǘŜǘƻ 
districts of central Tanzania from 2000 
to 2015. The decline in vegetation 
productivity was the main driver of 
overall land degradation. 

 
aŀƛȊŜ ƭŜƎǳƳŜ ŎǊƻǇǇƛƴƎ ƳŀǇǎΦ The aim of this activity was to collate time-series, gridded, 
climatic data with high-spatial and temporal resolution for Kongwa and Kiteto districts in 
Tanzania. The gridded monthly time series for rainfall and minimum and maximum temperature 
was obtained from the TerraClimate database. The monthly climate layers had a spatial 
resolution of 4 km covering the period 1981 to 2017; therefore, the time series for each input 
variable had 444 layers. The accuracy of the gridded climatic data was evaluated using available 
gauge station data. Long-term spatial and temporal trends of rainfall and minimum and 
maximum temperatures were mapped. 
 
wŜǎǳƭǘǎ ǎƘƻǿ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜƎŀǘƛǾŜ ǘǊŜƴŘ ƻŦ ǊŀƛƴŦŀƭƭ ƛƴ hŎǘƻōŜǊ ŀƴŘ aŀȅ ό лΦлм ǘƻς1.6 mm/yr, 
Figure 7). The two extreme temperature variables show a consistent significant warming trend 
(+ 0.001 to + 0.057 oC/yr) recorded across the two districts in all months although the increase 
of Tmax in March to May was not significant (Fig.8). The warming trend is most severe in the 
months of December. The observed trends point to increasing moisture and heat stress in the 
two districts that could decrease agricultural productivity.  
 
The gridded time series data will be used as an input to investigate the effect of climatic 
variability on cereal production in Kongwa and Kiteto districts of Tanzania for sub-activity 1.1.1.7 
(monitoring the impact of weather and climate variability on the productivity and resilience of 
maizeςlegume cropping systems of Kongwa and Kiteto, Tanzania). Deliverables for sub-activity 
1.1.1.7 included collation of current and historical grain yields of maize that is ongoing (first 
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season harvest grain yields quantified). The historical yield data will be correlated with the 
gridded climatic variables to determine the spatial variation of climatic influence of maize yields. 
Moreover, automated gauge stations were installed for daily weather monitoring that would be 
used for evaluating the accuracy of satellite data that is available for a long period (over 30 
years).  
 
One of deliverables for sub-activity 1.1.1.7 is a household survey to gauge the level of 
understanding of weather/climate variability and associated impacts on cereal and legume 
production among the communities in Kongwa and Kiteto districts. The generated long-term 
spatial and temporal trends of rainfall and minimum and maximum temperatures generated in 
ǘƘƛǎ ǎǘǳŘȅ ǿƛƭƭ ōŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ŦŀǊƳŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻƴ ŎƭƛƳŀǘŜ ǾŀǊƛŀōƛƭƛǘȅ όƻōǘŀƛƴŜŘ ŦǊƻƳ 
survey conducted under sub-activity 1.1.1.7) to gauge their knowledge compared to 
conventional measurements. 
 

 
Figure 7. The rainfall trends in Kongwa and Kiteto districts of central Tanzania. 
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Figure 8. Significant trend in Tmin ƛƴ YƻƴƎǿŀ ŀƴŘ YƛǘŜǘƻ ŘƛǎǘǊƛŎǘǎ ŦƻǊ от ȅŜŀǊǎ όмфум нлмтύ 
monitored using gridded data from the TerraClimate database. 

 
Vegetable varieties maps. A previous study examined the yield response and economic 
performance of farmer selected and preferred elite tomato (Lycopersicon esculentumΤ ά¢ŜƴƎŜǊǳ 
нлмлέύ ŀƴŘ !ŦǊƛŎŀƴ ŜƎƎǇƭŀƴǘ όSolanum aethiopicumΤ ά¢ŜƴƎŜǊǳ ǿƘƛǘŜέύ ƎǊƻǿƴ ǳƴŘŜǊ ƛƳǇǊƻǾŜŘ 
ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ όLatǎύ ŀƴŘ ǎǘŀƴŘŀǊŘ ŦŀǊƳŜǊΩ ǇǊŀŎǘƛŎŜǎ ό{Ctǎύ ŦƻǊ ǘǿƻ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴǎ 
(2013/2014 and 2014/2015) in four villages in Babati District, Tanzania. Data obtained from on-
farm participatory vegetable research trials revealed that IMPs led to significant yield and profit 
ƛƴŎǊŜŀǎŜ ƻŦ ǳǇ ǘƻ сп ǘκƘŀ ŎƻƳǇŀǊŜŘ ǘƻ ну ǘκƘŀ όŎƻƴǘǊƻƭύ ǿƛǘƘ ŀ ōŜƴŜŦƛǘ Ŏƻǎǘ Ǌŀǘƛƻ ό./wύ ƻŦ уΦр ŦƻǊ 
Tengeru 2010 tomato and 54 t/ha compared to 23.04 t/ha (BCR = 4.50) for African eggplant 
(Fig.9).  
 
Given the tremendous high yield and profit margins of the two varieties grown under IMPs, the 
challenge is to determine where else to extrapolate the IMP technology packages for the two 
varieties with the lowest risk of failure in other farms in Babati District. We hypothesized that 
technological packages that show high yield potential in reference trial sites will also perform 
equally well in outlying areas with similar environmental conditions. The aim of the study was to 
delineate extrapolation suitability index (ESI) maps for two improved vegetable varieties grown 
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under IMPs in Babati District. These maps are expected to guide extension staff to prioritize 
scaling out of IMPs of the two varieties to sites with high potential. 
 

 
Figure 9. Comparison of ǘƘŜ ȅƛŜƭŘ ŀƴŘ ƴŜǘ ōŜƴŜŦƛǘǎ ōŜǘǿŜŜƴ ǎǘŀƴŘŀǊŘ ŦŀǊƳŜǊǎΩ ǇǊŀŎǘƛŎŜ 
(Control) and Integrated Management Practice (IMP) for African eggplant and Tomato for all 
sites. Adapted from (Lukumay et al. 20185). 

 
Maps of the extrapolation suitability index (ESI) were generated from 11 selected biophysical 
and socioeconomic variables that directly affect suitability of vegetables in the study area (Table 
11). ESI maps were generated using methodology proposed by Muthoni et al. (20196) for 
identifying priority areas for targeting bundles of agronomic technologies. The environmental 
conditions at the location of trial sites were used as a reference. A Mahalanobis distance was 
calculated between reference conditions and the rest of the grid cells in covering the district. 
Before extrapolations, the homogeneity of environmental conditions in the reference grid cells 
was investigated by fitting a principle component analysis (PCA). A biplot of PCA results revealed 
three relatively homogenous clusters of trial sites in regard to their environmental composition 
(Fig. 10). The first two PCA axes explained 63% and 23% of variance in environmental conditions, 
respectively. Cluster 1 and 2 were discriminated from first axis. Most trial plots were located 
within cluster 3 that included high potential for agriculture due to high elevation, precipitation 
and SOC compared to low potential areas represented by cluster 1 that was characterized by 

 
5 Lukumay, P. J., V. Afari-Sefa, J. Ochieng, I. Dominick, D. Coyne, and T. Chagomoka. 2018. Yield response and economic performance 

of participatory evaluated elite vegetable cultivars in intensive farming systems in Tanzania. Acta Hortic. 1205:75 - 86 
6 Muthoni, F. K., F. Baijukya, M. Bekunda, H. Sseguya, A. Kimaro, T. Alabi, S. Mruma, and I. Hoeschle-Zeledon. 2019. Accounting for 
correlation among environmental covariates improves delineation of extrapolation suitability index for agronomic technological 
packages. Geocarto International 34:368-390 
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warmer temperatures (high Tmin) and sandy and alkaline soils (Fig. 10). Cluster 3 was more 
correlated with the second PCA axis and represented areas with high CEC and longer distance to 
the market. 
 
Table 11. Input variables for delineating extrapolation suitability index for vegetable 
technologies. To avoid loss of high-resolution topographic details, all gridded data was 
resampled to a 30-meterresolution. 

Code  Parameter 
Original 
Resolution 

Source 

Climatic 

Tmin 
Annual mean minimum 
temperature (Co) 

4 km http://www.climatologylab.org/terraclimate.html  

PPT 
Annual precipitation 
(mm) 

ά ά 

ETP Evapotranspiration ά ά 

Topographic 

DEM Elevation (m)  30 m https://asterweb.jpl.nasa.gov/gdem.asp  

Slope Slope (degrees) 30 m Generated from DEM 

Edaphic 

Sand Sand content (%) 250 m https://www.soilgrids.org  

CEC 
Cation Exchange 
Capacity (cmol+/kg) 

ά  ά 

SOC 
Soil organic carbon (fine 
earth) (g kg-1) 

ά  ά 

pH Soil pH ά  ά 

Socioeconomic 

TotPop Total human population 100 m https://www.worldpop.org/  

Market 
Market access (distance 
in minutes) 

100 m https://harvestchoice.org/  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.climatologylab.org/terraclimate.html
https://asterweb.jpl.nasa.gov/gdem.asp
https://www.soilgrids.org/
https://www.worldpop.org/
https://harvestchoice.org/
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Figure 10. Biplot from Principle components analysis of environmental conditions of 23 
replicate trial plots for Tengeru-2010 tomato variety and integrated management practices 
(IMPs). 

 
Clusters 2 and 3 showed the highest mean of quantity produced (Qty Prod) and monetary 
income for African eggplant and tomato, respectively. Therefore, trial plots located in the two 
clusters were selected as the reference sites when delineating the respective extrapolating 
suitability maps for African eggplant and tomato. The ESI maps for Tengeru 2010 tomato (Fig. 
11) represented the risk of extrapolating Tengeru-2010 tomato with the IMP package to achieve 
an average yield of 64 t/ha with a benefit-cost ratio (BCR) of 8.5 that translates to an average 
income of about $22,000/ha. The lower the ESI index, the more a particular location is similar to 
the reference sites and therefore is more suitable/has greater potential of achieving the target 
yield when the same package is applied. 
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Figure 11. Map of extrapolation suitability (ESI) index for Tengeru-2010 tomato variety grown 
under integrated management practices (IMPs). The lower ESI values (green color) represents 
areas with a lower risk of extrapolating the package to achieve an average yield of 64 t/ha 
with a benefit-cost ratio (BCR) of 8.5 that translates to an average income of about 
$22,000/ha. 

 
The extrapolation suitability (ESI) maps produced for vegetable technologies are useful guides to 
extension and development partners on priority sites for targeting scaling intervention to 
achieve a-priori defined yield or income; but the index relies largely on biophysical conditions of 
the reference trial sites. However, there are other intervening factors that may result in low 
adoption of a technology by farmers despite being located in high potential sites. These include 
differences in resource endowments, level of awareness, and production orientation. Therefore, 
ESI maps are a necessary guide to scaling interventions but do not represent all variables that 
may hinder suitability of a given technology package. 
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Outcome 2. Natural resource integrity and resilience to climate 
change enhanced for the target communities and agroecologies 

Output 2.1. Demand-driven research products for enhancing soil, land, and water 
resource management to reduce household/community vulnerability and land 
degradation piloted in priority agroecologies 

 
No activities were implemented during this reporting period. 

Output 2.2 Innovative options for soil, land and water management in selected 
farming systems demonstrated at strategically located learning sites 

 
Lessons from long-term on-station Conservation Agriculture trials in Zambia 
Trials were established at Msekera Research Station by ZARI. The results of these trials will be 
invaluable in the recommendation of CA and GMCC systems and will be used to influence the 
decision making on a newly funded EU project where CIMMYT is a key partner. Detailed trial 
results are shared below. 
 
Maize legume intercropping trial. The on-station legume intercropping trials revealed interesting 
aspects between the fertilized and unfertilized areas of the plot (Fig. 12). The treatments here 
ŀǊŜΥ ŀύ ƳŀƛȊŜ ǎƻƭŜΤ ōύ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ ƛƴǘŜǊŎǊƻǇǇƛƴƎΤ Ŏύ ƳŀƛȊŜ ƭŀōƭŀō ǊƻǘŀǘƛƻƴΤ Řύ ƳŀƛȊŜ ƭŀōƭŀō 
ƛƴǘŜǊŎǊƻǇǇƛƴƎ ŀǘ лΣ тΣ ŀƴŘ нм Řŀȅǎ ŀŦǘŜǊ ƳŀƛȊŜ ǇƭŀƴǘƛƴƎΤ Ŝύ ƳŀƛȊŜ ŎƻǿǇŜŀ ǊƻǘŀǘƛƻƴΣ ŀƴŘ Ŧύ ƳŀƛȊŜ
cowpea intercropping. 
  
The unfertilized area had much lower yields but showed significant yield differences in grain 
yield amongst the treatments (Fig. 12ύΦ IŜǊŜ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀΣ ƳŀƛȊŜ ƭŀōƭŀōΣ ŀƴŘ ƳŀƛȊŜ
cowpea rotations were on top whereas the sole maize treatment and maize with lablab planted 
3 weeks after the maize were at the bottom. In the fertilized area, maize planted with lablab at 
7 days was the best performer whereas the lowest was sole maize. We can clearly see from the 
intercropping strategies that there is a yield benefit emerging and it is strongest in the 
treatments that fix a lot of nitrogen (e.g., lablab at 7 days) while providing sufficient 
groundcover under CA. 
 
Combined biomass yield of both maize and legume showed significant results in both the 
fertilized and unfertilized areas. All treatments that had pigeon pea and/or lablab showed 
superior results whereas the sole maize treatment, rotations with cowpea and lablab or 
ƛƴǘŜǊŎǊƻǇǇƛƴƎ ǿƛǘƘ ŎƻǿǇŜŀ ƘŀŘ ƭƛǘǘƭŜ ŜŦŦŜŎǘΦ ¢ƘŜ ǘƻǇ ǇŜǊŦƻǊƳŜǊ ƘŜǊŜ ǿŀǎ ǘƘŜ ƳŀƛȊŜ ǇƛƎŜƻƴ ǇŜŀ 
intercropping (Fig. 13). In the fertilized area the trend was very similar, having greatest 
combined biomass yield (8412 kg/ha) for maize and pigeon pea intercropping compared with 
sole maize only (2157 kg/ha). Cowpea biomass yield was in general low as by the time of 
harvesting, most of it had already decomposed. (Fig. 13). 
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Figure 12. The effect of different intercropping and rotation strategies on combined maize and 
legume grain yield (kg/ha), Msekera Research Station, 2018/2019; Error bars represent SEDs. Error 
bars represent SEDs; means followed by the same letter in column are not significantly different. 

 

 
Figure 13. The effect of different intercropping and rotation strategies on combined and legume 
biomass yield (kg/ha), Msekera Research Station, 2018/2019. Error bars represent SEDs; means 
followed by the same letter in column are not significantly different at P < 0.05 probability level. 

 
aŀƛȊŜ DƭƛǊƛŎƛŘƛŀ ǘǊƛŀƭΦ ¢ƘŜ aŀƛȊŜGliricidia ǘǊƛŀƭ ŎƻƳǇŀǊŜŘ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǘǊŜŀǘƳŜƴǘǎΥ ŀύ aŀƛȊŜ
groundnut rotation; b) Maize/Gliricidia dense spacingςgroundnut/Gliricidia dense spacing; and 
c) Maize/Gliricidia dispersed shadingςgroundnut/pigeon pea/Gliricidia dispersed spacing. There 
was no significant maize grain yield difference discovered between treatments, but there was a 
































































































































































