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Summary

The current reporting period presents substantial research products as most of the research
datawere collected during this period. In some cases, it is afug|deflecting 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 agultural production systems using the Sl approach. Drought tolerant
and high yielding maize hybrids are among the elite crops that were validated in central
¢CFLyYyT FYyAlFL® 9ATKESSY 0Sai LISNF2NNAYy3I KeoNARa
validated for their performance under efarm conditions during the 2019 cropping season. Out
of these, fourhybrids CKDHH170114, CKH160231, CKDHH170346, and CKDHH1683616)
now been identified for scaling, based on their superior yield and agronomiocrpgance as

well as profitability. Africa RISING is partnering with forsegld companies, notably Meru Agro,

to push for promotion of these hybrids as a precursor to production of seed for farmers.
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In the same central region of Tanzania, new Africa RESHIp (groundnut, pigeonpea,

sorghum, and pearl millet) varieties, released or proposed for release, were tested. The elite
materials outperformed the landrace controls and had relatively less yield loss, sometimes up
to three-fold less when planted lateompared with the landrace There was differential site
reaction of the test material, confirming our early classification ofsablogies, while

identifying the suitable adapted high performing material. We therefore successfully mapped
genotype to ecolgy 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 studiedggresentatives of the formal and informal seed
systems in central Tanzania. Preliminary analysis of the survey data showsphatement of

the groundnut seed systems to deliver technologies requires, among others, strategic
partnerships and buildinghe 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@@asbout 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 5@teed producd. 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 systemhen farmers seek for real markets, beyond the Africa RISING
project facilitation.

+F fARFGA2Y 2F OSNBIft €S3dzyYS AYUGSNONRBLI FyR NRGIF (A
identifying when and where each offers advantage and sufficiency. In Malawi,rfippicg
systems that have been running since 2016 (sole pigeonpea rotated with maize, sole groundnut



rotated with maize, groundnut/pigeonpea doublegb intercrop rotated with maize, and the
maize/pigeonpea intercrop system rotated with another maize/piga®mintercrop 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 doubledp intercrop, maizgdigeonpea intercrop system rotated with
another maize/pigeonpea intercrop system in the second year, respectively. However, of the
alternatives tested here, the novel doublegb intercrop rotated with maize was the only one to
perform as well economicalls 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 onseasonal drought in Babati District of Tanzania suppressedftbets 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 ecaones), anging from 0.3 t/hainder MbiliMbili to 0.5 t/haunder

the doubledup legume systenThe drought equally suppressed yield performance of other

FINBy2Ye GNRAFEAa Ay OSYGNI €t ¢F yi I \Ghrkidaspi®f dzRAy 3 A

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 systemsimulation modelling using the Agricultural Production Systems sIMulator (APSIM)
has been initiated, using both own and secondary data, to predict performance of different
OSNBIf fS3dzvyS ONRLIMAY3I aedaidsSvyaod Ly odyd NI €
AaK26SR GKFG LAAS2y LIS a2NHKdzY FYyR LIAIS2yLISH
de-risk production in drought environment®/e find that medium duration pigeonpea (takes up

to 180 days to mature) are best suited for these ecologies compardtetiong 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 beisgdutoexplore resource use efficiencies and

YFEATS €S3dzyS NRGFGA2YFE &daedadiSvyad az2zRSft Ol fAOG

Simulated maize and legume grain yield generally approximated the observed yields from the
2012/2013 to 2017/2018 croppingeasons (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 intercropsl otal soil organic C simulated in the top 15 cm of soil
decreasedowd] G KS mMdpyc Hamdp LISNA2R FT2N O2y i A ydz2 dza
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 thexgreygiem,
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 represemnhe 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 wather 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 swmhigiht,
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often leads to sun scalding. The use of-pasticides Metarhizium anisopliagwas more

efficient in controllingT. absolutaather than whitefly B. tabacj although the average insect

count of both pests was lower in net houses compared to ofeddd. 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 ussd higher marketable fruits.

First season evaluation of the impact of improved management practices-@\éthnological

package of good quality improved seed, healthy seedlings, and good agronomic practices) on

the performance of vegetables grown By 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). BeRiS&a > Lat NBRdzOSR LRAGKI NPSadG f2aaSa o:
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 guapvth in semiarid
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 nigastal 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 watemeservation 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 thatl{hough gender roles did not emerge as

very pronouncd in the labor process, the decision of establisHamya juuterraces 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 laborvetens
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 manageapions have
included (i) conservation agriculture (CA) with its associated practices, (ii) combining tied ridges
with fertilizer application, (iii) combined climatemart farming practices, and (iv) contour

farming with the use of fodder trees and grdesages 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 thenalysed data:
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other treatments and maize yield was lowest in the sole maize treatment and the
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1 Pigeonpea and lablab provided a great amount of additional biomass both under low
and high fertility.
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pigeonpea full rotations but were not significantly different by different ratooning
strategies, especially those that were ratooned at harvest and after maize seeding.
After morethan 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 biomalsshy 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 yield®to There is need for
more research to increase grain yield production.

Legume grain yields can be very low when (i) they are planted late, (i) 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

FtGK2dzAK Fy AYyONBlFasS Ay G2dGlt b ¢l & 26aSNDSR

AYTFAL OGN GA 2 yonpey intérdoBpiny. ISdil budlitylrésifisSare not yet
conclusive and require further research.

Maize productivity was assessed across several sites in -glgpléxperimental design where
water management (tiegidges or ridges only) were the main pletsd fertilizer management
were subplots. 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 differenites. These results suggest that the benefits of
water conservation measures are more pronounced when N and P are adequately supplied.

Four fields with climatesmart approaches including micoatchments, planting of weather
informed varieties, and uization of slowrelease 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 signdfieant r
bean performance in the two eemones of Babati. For example, one of the two fields with
intercropped beans in Gallapo ezone had total crop loss due to -@eason drought. Maize

grain yields ranged from 1.5 t/ha under the conventional intercragieay 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, ands. sepiunas test crops. Relative to the farmer practice, contours improved maize
grain yield by 200% during the 2018 cropping season. The low and &paidall 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

0T C
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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 prodirggte(hermetic

liner bag [AgroZ], double hermetic liner bag [PICS], and metal silo) wei@inf £t SR Ay o ®
stores and evaluated for their contegpecific challenges in storing maize and beans grain over

a period of 7 monthsThe following are key findings.

1. Overall grain damage levels across the villages were different; relatively héyleés
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 theAg
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 Bagsit 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 dgnger 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 trialsndertaken in our groupthe Larger grain borePfostephanus

truncatus | 2Ny T [ D. 0 ¢l & ARSYGATASR Ay FI N¥SNRA

the pest was found in all the villages.

5. Two thirds of host farmers liked the metallic silo more than the bmgsuse 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 ® year of usereturnsto 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 perfodaby 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, vulnerabtly to damage, and attack by insects of different varieties. This is
new knowledge. Out of the three varieties examined, the technology was profitable for

T
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onlyone@l NASi& ah@rft &Stft2éT NBOGdzNya 2 Ay@Sady

$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 asctegt products targeting
feeding to school children in central Tanzania. Although pearl millet griargisly perceived in

the communities as food for caregivers who generally tend to be female, young, and school
going children, over 60% of the caregiveere 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



expand consumptionf these nutritious crop products, especially by adolescents who are a

nutritionally vulnerable group. This would probably apply to such other crops like the nutrient

RSyasS o0Sty @GFNASGASA o6{ 9wyo [ Yaedbroppingpystesd y i NP R dzO &
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,evhoential impact is being
tested with vegetables in Karatu District of Tanzamle baseline survey identified that

although severabegetables types are grown, most farmers do not grow any, and 81% of the
yield is sold. Farmers still lack knowledge @ttitve 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 mdyars. 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, eighgjovernment 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 reproduciye 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 farnmeaskiets.

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 trainimgs also deployed as an add 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 ownerghiDuring 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 ownergip, 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 calendaiTo make the database more attractive and an inch closer to sustatgabil
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 domi mapping for multiple technologies; included in this report are the fodder
GNBSa yR INIaa F2NIF3IS YILAI YIATS €£S3dzyS ONER LI
Related to this is the piloting of FarmMatch (Matching Agricultural Technologies to Farms and
their Context\whichidentifies (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 characterssfipomote the adoption and scaling

of technologiesTesting 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.
5S@St2LAY3 | ddahdktract ARBESSdata gh iasertiitknto farm models, to allow



rapid assessment of more complex Sl indicators for sampled farms in Africa RISING case study
areas.

The ESA Project is seriously taking on developing partnerships with institutions whioselaa

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
AyatAalddziazyaQ adakTF FyR thiNBchhbleypasivell §sY A GK {y26f S
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\(W, FIDE, Rgreening Africa, and Farm Africa (FA)

that are interested in livestock technologigsew forage crops, feed processing & rations and

housing)in Tanzania; Meru Agro Seed Company, MAMS Agriculture, and Aminata Quality seeds

and discussed pararships 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\adawvirfior

a0FtAYy3 /! LINFYOUGAOSAT YR (KS 22NI R C22R t NRINIY
conservation practices in Tanzania. Several other development partners are being identified.

During this reporting period, the ESA Project has direxdffred shortterm 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.



Africa RISING ESA project action sites

The ESAvide georeferenced 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).
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Figure 1 Locations where the Africa RISKESA 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 crdpsestock
systems in selected agroecologies enhanced under climate
variability

Output 1.1Demanddriven, climated Y+ NI > Ay 0 S3INI G§SR ONRBLI f A @€
products (contextualized technologies) for improved productivity, diversified
diets, and higher incompiloted for specific typologies in target agroecologies

Validation of drought tolerant maize (DT) hybrids under darm conditions in central

Tanzania

Kongwa and Kiteto districts in central Tanzania normally receive limited rainfall, less than 500
mm amually, 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 yieldaon

to an average of 1.1 t/ha in a season. The crop growing season inrRU&8zania 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 bestpeidv A y 3 K& o NAR& &St SOGSR FTNRY LINBZ
further validated for their performance under eflarm conditionsFour best performing hybrids
were selected based on their yield and agronomic performance (Table 1). These same hybrids
have high préitability 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.

618

CKDHH170114 5.1 1177.5 146 66 Early

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 4Buatity 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 surpgseiability of commercial seed that
originates from agrodealers. During 2019, we engaged the same experienced 300 farmers to



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 fasttibution 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 farners 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 S| technologitgeorfarms.

Consolidating availability of qualitgereal andegume seeds througltommunity seed banks

In Tanzania, availing to farmers the seed of best performing crops has been tested through
multiplying seed through Community Seed Banks (CSB), amdghis 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 bdtkg 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 fapiggrsr(

pea, sorghum, and pearl miljesre 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

Kongwa

Kongwa
Kongwa

Kongwa
Kongwa
Kongwa
Kongwa

Kiteto

Laikala

Moleti
Laikala

Mlali
Moleti
Chitego
Manyusi

Njoro

12

18
20

48

50

16

25

50

18

22
10

70

76

40

10

16

30

40
30

118

126

56

35

66

Pearl
Millet
Sorghum
Pigeon
pea
Pigeon
pea
Pigeon
pea
Pigeon
pea
Pigeon
pea
Pigeon
pea

480

2,200
400

3,900
2,150
998
500

900

16

55
13

33

17

18

14

14

120
160

180

708

756

336

210

396

60
80

90

354

378

168

105

198

180
240

270
1,062
1,134
504
315

594
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Broadening farmer options through legume rotational and intercralversity in maizebased

cropping of central Malawi

Sustainability of raified cropping across southern Africa is undermined by the dominant maize

(Zea may<..) monoculture. Farmers have traditionally intercropped maize with food legumes,

an important souce of field and dietary diversity. However, the question remains if intercrop

diversity is sufficient, or if rotational diversity is more advantage&osir cropping systems

were tested and set up in a randomized complete block design with four replipatdecation.

The four cropping systems consisted of (i) sole pigeon pea rotated with maid@ZR i) sole

groundnut rotated with maize (GB %0 > 6 A AA 0 3 NP dzy Rypdatercroph 3S2y LIS R:
rotated with maize (GNRR %20 X | YR 6 A @0 {ifteBcroy dysteim Sotatethvatts 2 y LIS |
FY20KSNJ YFATS LA3IS2y LIS Ay i SNIPRPTh taadBtidanalS Y Ay
YIEATS LIA3IS2y LISI AYyGSNONRLI 6a%tto aeadasSy gl a
the period 2016 to 2019.

7

N (N

> C

K
y

Crop yieldsPigeon 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 p&ad06

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 belondg) biomass (0.2 Mg/ha)

and groundnut grain yield was high at this site as well (1.7 to 1.8 Mg/ha). Abotltaihas

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
guantify the cropping system effect in year two. Both location and cropping system had a
significant effect on maize grain but with no interaction effect. lmmparison 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), meaafter 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 lowegielding 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).

12



Table 3.Analysis of variance for pigeon pea, groundnut, and maize grain yield in five locations
across central Malawi.

(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

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

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

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

MZ

K/IZFZPMZPP 4.22° 059 5.01° 1.01 2.60° 0.59 2.27° 1.47 1.18° 0.14

(M2)

ANOVAS
Pigeon pea Groundnut Maize

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

Cropping system Pr>F=0.1631 Pr>F#9.7605 Pr>F =<.0001*

Location x cropping system Pr>F=0.6991 Pr>F#$.9323 Pr>F=0.2677

*Significant at P = 0.05.

Presented values are means followed by standard deviati@rzpping systems shown are sole pigeon pea PR)R dzy’ Ry dzii LA E] S22y
LIS AYGSNONRBLI 6Dbttox YIEATS LIAIS2y LIS AYGiSNDONBLI daw%wttly |yR &2¢
Economic feasibilityGross margins of the four cropping systems ranged from $114M@®Ro
$1407 (GNPRIZ). The best two performing cropping systems imrts of monetary gain were
the GNPRMZ and the MZPR %2t t daéaudSYa ¢6AU0K INRaa YINBAAya 27T

with the highest cost of production was GNRE at $353 and the lowest was RFZ at $223.
Overall, when legume stems and haulms are includit prices at $0.03 and $0.08,

respectively, the order of technology system valuation is GMER=- MZPMZPP > GIMZ > PP
MZ (Table 4). However, when the prices are 30% less, the order changesMd GNENPRIZ >

MZPPMZPP > PRIZ.

Considering economieasibility 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 grousdadtis

significantly more expensive than maize and pigeon pea. In IBtia/aet al. (2017} reported

similar resits to ours, in that high groundnut seed expense did not reduce attractiveness of

groundnutbased systems as gross returns were high relative to other systems. A crop modeling
study conducted in Central Malag®mithet al., 2016} combined with an economic analysis

1Bhuva, H.M., Kumawat, P.D., Mehta, A.C., Chaudhari, N.N., Patel, P.R., 2017. Effect of groundnut ( Arachis hyjecgaea L.)
intercropping systems on yield and economics under rainfed condition. Indian J. Agric. Res8%2448
https://doi.org/10.18805/ijare.a4823

2Smith, A., Snapp, S., Dimes, J., Gwenambira, C., Chikowo, R., 2016.-Dpubdeone rotations improve soil fertility and maintain
productivity under variable conditions in maibasedcropping systems in Malawi. Agric. Syst. 145¢139.

https://doi.org/10.1016/j.agsy.2016.03.008
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found 75% higher profits associated with a groundnut rotation compared to maize
monocultures; due in large part to 50% reduced requirements for nitrdgdilizer in the maize
phase of the rotationkomareket al., 2018}.

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
doubledup GNPP intercrop rotated with maize was the only one to perfasrvell

economically as the farmer check. This is consistent with earlier findings of farmer preference
for a highly diverse doubledp rotational systenfSnapp et al., 2018)A breadth of economic

and environmental returns are required to compensate for opportunity costs associated with
maize production limitdons 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.

: Cost of Total Gross
Cropping Crop or crops Year production revenue  margins
system Harvested

UsS $* UsS $# us$
PRMZ Pigeon pea 2016 47 252 205
PRMZ Maize 2017 176 1116 940
PRMZ Pigeon peaand maize H nMmc H 223 1368 1145
GNMZ Groundnut 2016 130 699 569
GNMZ Maize 2017 176 986 810
GNMZ Groundnut and maize H A mMc H 306 1685 1379
GNPRPMZ Groundnut 2016 130 684 554
GNPRPMZ Pigeon pea 2016 47 212 165
GNPPVIZ Maize 2017 176 864 688
GNPRVZ Sr:g“m”ginzlg’ PIgeOnPea \ v mc w353 1760 1407
MZPPMZPP Maize 2016 96 574 478
MZPPMZPP Pigeon pea 2016 47 237 190
MZPPMZPP Maize 2017 96 642 546
MZPPMZPP Pigeon pea 2017 47 237 190
MZPPMZPP Maize and pigeonpea Hn mMCc H 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 maizdZPRole groundnutotated with sole maize (GMZ),

ANRBdzy Ry dzi LIAIS2y LISI Ay dSNANSLIIFNRGYGEIR SeALA@S2t $ISYF AiyE SNDINRLI NB G |
pea intercrop (MZPRZPP). Figures in italics show the total economic values of combined crop&fgrceopping system assessed

over two years.

3 Komarek A.M., Koo, J., Haile, B., Msangi, S., Azzarri, C., 2018-cfimdad synergies between yield, labor, profit, and risk in
Malawian maizeébased cropping systems. Agron. Sustain. Dev. 38jt8%://doi.org/10.1007/s1359318-05066.

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 sustainatelesification feasible? Agric. Syst. 162¢ 77

88. 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 yieddaities as a result of use of
recycled legume seed prompted studies to evaluate productivity gaps in groundnut in Machinga
and Dedzaln the 2017/2018 season, a set of experiments evaluated the effect of seed
generation (certified vs. recycled) and plargtidensity (double rows vs single row) on groundnut
biological nitrogen fixation and grain productivity. The trials had a-pfaitdesign with seed
generation (recycled vs. certified) as main plot factor, while-giab factors inoculation

(inoculation . 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 biologicafi®éion (Table 5). Groundngeed

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 havedthat farmerretained 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 alwageep 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 deitg and seed generation on plant population, biomass,
biological NZfixation, and pod yield in Machinga and Dedza, dutimg2018/2019 cropping
season

Plant Total biomass BNF (kg/ha) Pod yield (kg/ha)
population/ha (kg/ha)
Treatment Machinga Dedza Machinga Dedza Machinga Dedza Machinga Dedza

Planting density

Double row 210,340 141,17 3432 5539 56 124 1331 2711
1

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 2772 4613 45 92 1009 2156
6

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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Table69 FFSOG 2F ANRdzyRydzi YIAT S NRGFGA2Y 2y YIFATS
Machinga districts in 2018/2019 season.

Total maize biomass Maize grain yield

Treatment description (kg/ha) (kg/ha)

Machinga Dedza Machinga Dedza
Maize afterrecycled g/nut in double rows + 46 kg N/hi 1509 13,81% 7468 5624
Maize after certified g/nut in double rows + 46 kg N/h 1497 11,158° 6912 46270
Maize after recycled g/nut in single rows + 46 kg N/hi 1364 10,442 612 4364°
Maize aftercertified g/nut in single rows + 46 kg N/ha 1494 8,653 6702 3582
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 beanproductivity within maizebased cropping system and variable weather in

Tanzania

¢KS o6FO13aANRdzyR (22 YR FASIR OGAGAGASAT FT2NJ (KA
report. All the planned field activities relating to the initiation and managenaéisix 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 samptediological nitrogen fixation (BNF)

quantification have already been collected, gpcessed and are awaiting shipping oM

determination.

Grain yield assessmemtcross the fields, maize grain yields ranged from 1.7 t/ha to 2.3 t/ha
(data not show as no treatment differences were expected or observed). On the other hand,
bean yields ranged from 0.3 t/hmder the MbiliMbili to 0.5 t/haunder the doubleeup legume
system. Across the three e@mnes, bean productivity was highly affected byseasn

drought. Harvesting was done in two of the three agroecologies, with Gallapaatn
experiencing total bean failure. Besides, the second bean phase was also affected by soll
moisture deficiency leading to total crop failure in all emmes. After comilation 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 assessmemiteaf chlorophyll is a key indicatof the nitrogen content in a leaf. The
amount of chlorophyll helps to inform the effect of a cropping system or field management
LIN OGAOS 2y YyAGNR3ISY dzLJi+k 1S o0& LXlFydaod ! a
affected by treatments antime. 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 MEsuEhis
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.

w»
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Table 7 Effect of treatment and sampling time on maize leaf chlordptoitent under variable
plant spacing configuration during LR 2019 in Babdti >X nd®nmo0 &

V8 V12 VT R4

Maize no legume 4420 52 4120 320
Maize not topped 45 51ab 400 31°
Maize topped 44abc 5Qpc 4(rb 328
Doubledup legume q q q q

Maize 2 plants per hill 43 4F 400 32
Mbili-Mbili 43 4% 3% 31°
Maize 513 variety 45 523 412 34
LSD 1.7 1.7 2.2 2.4

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

Photosynthetically active radiatiohe amount of light intercepted by the maize canopy affects
the proliferation of the understorey legumes in the intercropping system. Photosynthetically
active radiation (PAR) readings aredable on pigeon pea crop after maize was harvested (R6
stage). As expected, the level of light interception by pigeon pea canopy was significantly

A ¥ 4 oA x

light interaeption pointing to improved growth of the pigeon pea (Table 8). This system had no

- FTFSOGSR o6& GNBFGYSyGa ot X-uplégumedhdd tHe fiighdsK S Y I 2 2 NJ®

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 improveménal 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 seasorBabati (5 sites), Tanzaiat X ndnamo0 @

=B Bura Chief Dodo Sch.  John  Stanslause
‘Maizenolegume ¢ G S S S

Maize nottopped ~ 0.28 0.27 0.3% 023 0.7
‘Maizetopped 022 0.19 0.370 0.18 0.2¢¢
Doubledup legume ~ 0.43 0.36 0.52 0.20 0.10®
Maize 2 plants per hill  0.22 0.23b 0.3%0 0.25 0.18F
"Mbilimbili 026 0.26% 0.39 0.37  0.09®
Maize 513 variety ~ 0.32 0.23b 0.36% 0.01 0.08

*All treatments had pigeon pea intercrops; MEWibili and doubledup legume had beans.

Soil moisture and temperature assessmémonthly soil moisture and temperature readings
recorded from the V6 maize stage to the physiological maturity of pigeon lp@ésppshow that
GAYS 2F alYLXAy3d AyTFtdzsSyOSR o6t X nodénmu (KS
moisture effects were observed across the treatments (Table 9). Soil moisture content, at
different maize growth stages, ranged between 0.09munder doubledup legume at V9

stage to 0.24 #m3in system with Meru 513 variety at R4 stage (data not shown). The lower
soil cover under the doubledp legume at the V9 stage could have resulted from the slow
establishment of pigeon pea within a bean irdep, which might have exposed the system to
increased evaporation, elevating moisture losses to neadirsoils (0.05 fm=3). In the period
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between the V9 and V12 maize stages, Mbili Mbili had low moisture content (Grb3)m

compared to other treatrants, 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, usé of Mb
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 inBabbati »XX. n dn mv

Treatments Avgrage soil Average
moisture (m3m=  Temperature (°C)

Maize no legume 0.1678 34.2

Maize nottopped 0.1691 34.2

Maize topped 0.1704 34.40

Doubledup Legume 0.167 34.4

Maize 2 plants per hill 0.1718 34.4b

Mbili-Mbili 0.1695 34.6

Maize 513 variety 0.1681 34.6

LSD 0.33

*All treatments had pigeon pea intercrops; MEWibili and doubledup legume had beans as well.

TestingGliricidiaintercropping strategies for drought resilience

C2NJ GKS NIAy2dzi aKStGSNI SELISNAYSY(d 6K248S aSid  dzLJ
2019report, 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 iizerend 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. Preliminayltseof maize grain yield indicate that

intercropping maize with pigeon pea Gr. sepiun{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® Y I A1 § LIGHi&dysupteSseéd 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 dusiliader

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. Tinase information on the land

use efficiency (based on the land equivalent rdtleR), agroecological interactions, and

economic benefits of intercropping will also be used to validate the technology once processing

of pigeon pea grain yields, wood yietdjtrient 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 Systemsg KA OK A& GAGE SR G5A OSNBATFEA
FRFLIGAGS OFLI OAGeéd ¢KS 0aAGNIOG KIFIa 0SSy I OOSLY
review by March 31, 2020.
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Figure 2Impacts of intercropping. sepiunand pigeon pea on maize yield under ambient
rainfall conditions (left column) and drought conditions (right column) with fertilizer (uppe
row) and without fertilizer (lower row). Letters indicate significant differences between gr
means across all 4apels (i.e., all cropping systefartilizer-water combinations) at P < 0.05
FOO2NRAY3 G2 ¢dzl SeQa aiadzRSy (A icfigeonpédayViEs
maize;Gliricidig and MGP = maiz6&liricidia;pigeon pea.

Managing pests of vegetablessing biopesticideand net houses

A study on the use of net houses and biopesticMetérhizium anisopliagin controlling

Bemisia tabacand Tuta absoluteon solanaceous vegetables (tomato and sweet pepper) has
been completed. It was conducted in Babatitfies 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 loth 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 &s 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 peskeinces

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 induagetables in the meals to enjoy

the nutritional and health benefits of vegetables.
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a: Sweet pepper season 1 b: Sweet pepper season 2
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(Capsicum annujrover two seasons in Tanzania. Dagpresent averages (z standard errors, N = 30).
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Tomato/sweet pepper treated with biopesticide in open field; bio_sh: Tomato/sweet pepper treated
biopesticde in net house; no_op: Tomato/sweet pepper control experiment in open field; no_sh:

Tomato/sweet pepper control experiment in net house.
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Vegetable production benefits from improvethanagement 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 iisof Tanzania. Results show that IMP
AAIYATFAOLYyGte ot X ndnpov AYONBlIaSR GKS 8AStR 27
Ethiopian mustard by 28%. Respective incomes increased 57% (tomato), 39% (nightshade), and

40% (Ethiopian mustard). Besidesat NBRdJzOSR LR aiKI NBSad t2aasSa oe@
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 prodction (yield), economics (profit), environment (pesticide use and soll
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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 wifexhat
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.

Tabk 10 Impact of improved management practices (IMP) on three Sl indicators (productivity,
environment, and economics).

Sl indicators Improved Standard Impact test
management farmer in % (t/chi-
practices (IMP) practices (SFP sq)t

Tomato(Tengeru 97)

Yield (t/ha) 11.68 6.07 48%  *x*

Revenue (Tsh/ha) 2,864,583 1,236,979 57% *kk

Postharvest loss (% lost)  0.2% 8% ¢98%  ***

Amount sold (% sold) 94% 80% 14% Fokk

African nightshade

(NdurumaBG16)

Yield t/ha 3.66 2.57 30%

Revenue (Tsh/ha) 1,883,681 1,144,965 39%

Postharvest loss (% lost) 2% 11% ¢86%  ***

Amount sold (% sold) 79% 51% 36% *kk

Ethiopian mustardML

EM1)

Yield (t/ha) 3.67 2.62 28%  ***

Revenue (Tsh/ha) 1,883,681 1,128,472 40% *kk

Postharvest loss (% lost) 2% 20% (89%  ***

Amount sold (% sold) 81% 72% 11% i

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 digcontinuing support to this activity.

Output 1.2Demanddriven, labofsaving, and gendesensitive research products
to reduce drudgery while increasing labor efficiency in the production cycle
piloted for relevant typologies in target areas

Use of trator-mounted ripper tillage implements for enhancing soil water infiltration and
moisture conservation

In this studyfour treatments combining rip tillage and two maize varieties were evaluated.
Productivity results are given in Figure 5 and show thatilfgge 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 allowsdr 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 tillage at flowering stage). Rainwater use efficiency was increased by dbéut
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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.
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Figure 5 Maize grain (left) and biomass (right) yield und#éferent till x 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

Gender and social dynaits analysis of soil and water conservation technologies

In August 2019, a team of scientists from TARI, IITA, ICRAF, and UDOM collected social science
data onfanya juuterraces and tied ridges in four villages of Kongwa District. In edayo

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 thentols for the
subsequent investigation. During fieldwork we facilitated 16 gersdgrarate focus group
discussions, conducted 32 participatory exercises (activity profiles, matrix scoring, seasonal
calendars) and administered a short questionnair¢hi® same respondents (135 respondents in
total). Currently, audiegecordings 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 juuterraces Although gender roles did not emerge as very pronounced in the labor
process, it was reported that the decision of establisHangya juuterraces is predominantly
taken by men. Men were described as taking up supervisory roles andrasibaiharge 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 facilitateeas to norhousehold labor and

the required equipment. Wealthier households engage hired labor. Because of the streng out
migration of men in the study area, women play an important role in the preparation and
maintenance of terraces.

Tied ridgesln matix 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 moicabemef
terms of soil moisture, productivity, and income from sales. However, for the fourth indicator
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(labor requirement) mixed views emerged. Flat cultivation was perceived as less labor
demanding during field preparation compared with the constructtomaintenance 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 aspés 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 serstructured 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 ICBased) 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 ratbns) using MWANGASee ICT Report under Output 4.1.

Regionally relevant technology extrapolation domain mapping for variable technologies

Fodder trees and grass forage mapsspatially explicit land degradation index (LDI) is being
developed for Kongwaral 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 sadtivities 2.1.1.4 (Land rehabilitatiaghrough

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 labesaving technology in serarid 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 sard climate with a unimodal precipitation distribution from
October to May Land degradation is assessed using TrendsEartkirphfgQGIS and Google

Earth Engine. Following the UNCCD Good Practice Guidance (GPG 17) for SDG indicator 15.3.1,
assessment is conducted for three sudicators of land degradation (LD): Land Cove€)),(5oil
Organic Carbon (SOC), and Land Productivity (LP).

Change in LC is assessed using the@®3A.C classification for 2000 and 2015 with an300
resolution. This spatial resolution was found to be coarse for anstional 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 (ZD m) landcover. Transitions from cropland

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 delaytof2ipyears, 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 NiDt#grals are calculated based on the
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MODIS biveekly products wh 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 Man
Kendall test. Water use efficiency was considered to account for influence of climatic variability,
i.e., precipitation and evapotranspiration on NPP. The stateisdicator detects recent

changes of LP by comparing the last three years to the preceeingd. 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 otremilar vegetation types in comparable LC types and
soils in the study area. If the NDVI is lower than 50 % of the maxwaiue, then it is assessed

as degraded. The three siildicators were finally integrated into one indicator of LP using the
G2y Stedzi2dzi¢é 6mh! ho | LILINBI OK®

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 coaad soil organic carbon, that is, as a result of
the coarse spatial resolution of input dafreliminary results revealed that the 250 m spatial
resolution of input NDVI grid layers is coarse for asational (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 ()
land cover (LC), (b) soil organic carbon
(c) land productivity, and (d) the overall
land degradation (LD) computed by
combinationof g0 dza Ay 3 (K
Fff 2dzi LINAYOALX St
districts of central Tanzaa from 2000

to 2015. The decline in vegetation
productivity was the main driver of
overall land degradation.

0 25 50 75 100 km

‘ 1 1
Land Degradation Land productivity [ Kiteto_Kongwa

Il No data Il No data
Il Degradation Bl Dedining
Stable B Early signs of decline
B Improvement Stable but stressed
Stable
B Increasing
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climatic data with higkspatial and temporal resoluin 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 8Pto 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. Lorgrm spatial and temporal trends of rainfall and minimum and

maximum temperature were mapped.

wSadzZ G4 aK2¢ | AAIAYATFTAOLY(H ySIAFGA@ASMa/NESYR 2F NI A
Figure 7). The two extreme temperature variables show a consistent significant warming trend

(+ 0.001 to + 0.057C/yr) recorded across the twodldiicts 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 derease 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 feacdivity 1.1.1.7
(monitoring the impact of wather and climate variability on the productivity and resilience of
maize;legume cropping systems of Kongwa and Kiteto, Tanzania). Deliverables-footsiity
1.1.1.7 included collation of current and historical grain yields of maize that is ongogtg (fi
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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 foitydaveather 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 sufictivity 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 generateddong

spatial and temporal trends of rainfall and minimum and maximum temperatuzasrgted in

GKA& &addzRe gAtft 0SS O2YLI NBR gAGK FINYSNEQ LISNDOSL
survey conducted under sedictivity 1.1.1.7) to gauge their knowledge compared to

conventional measurements.
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Figure 7 The rainfall trends in Kongvead Kiteto districts of central Tanzania.
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monitored using gridded data from the TerraClimate database.

Vegetable varieties mapé. previous study examined the yield response and economic

performance of farmer selected and preferred elitertato (Lycopersicon esculentdin ¢ ¢ Sy 3 S Nz
HAMné O | yR | Sohudlaghioficai Ldi ¢ FYiISNHz 6 KAGS¢€0 INRGY dzy
YEYyF3SYSyd LINFOGAOSaE o6Latadv FYyR aidl yRIENR FIF NYSNI
(2013/2014 and 2014/2015) in four leijes in Babati District, Tanzania. Data obtained from on

farm participatory vegetable research trials revealed that IMPs led to significant yield and profit
AYONBII&AS 2F dzLJ 62 cn GkKI O2YLI NBR G2 wHy GkKI 06C
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 Babattrizis 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 suitabili 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.
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(Control) and Integrated Management Practice (IMP) for African eggplant and Tomato fc
sites. Adapted fronfLukumay et al. 2023

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 proposédlityoni et al. (2019) for

identifying priority areas for targeting bundles of agronomic technologies. The environmental
conditions at the location ofrtal 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#6aofoe 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 Igwotential areas represented by cluster 1 that was characterized by

5 Lukumay, P. J., V. Af&efa, J. Ochieng, 1. Dominick, D. Coyne, and T. Chagomoka. 2018. Yéeiseraspl economic performance
of participatory evaluated elite vegetable cultivars in intensive farming systems in Tanzania. ActalR0&%5 - 86

6 Muthoni, F. K., F. Baijukya, M. Bekunda, H. Sseguya, A. Kimaro, T. Alabi, S. Mruma, and -Zéteerhl2019. Accounting for
correlation among environmental covariates improves delineation of extrapolation suitability index for agronomic techhologica
packages. Geocarto Internatiorz4:368-390
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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 higésolution topographic details, all gridded data was
resampled to a 3@neterresolution.

Original

Code Parameter :
Resolutim

Source

Climatic

Annual mean minimum

Tmin temperature (C) 4 km http://www.climatologylab.org/terraclimate.html

Annual precipitation

PPT (mm) a
ETP Evapotranspiration a a
Topographic
DEM Elevation (m) 30m https://asterweb.jpl.nasa.gov/gdem.asp
Slope  Slope (degrees) 30m Generated from DEM
Edaphic
Sand  Sand content (%) 250 m https://www.soilgrids.org
Cation Exchange . .
CEC Capacity (cmcMEg) a a
Soil organic carbon (fine , .
SOC earth) %g kd) ( a a
pH Soil pH a a
Socioeconomic
TotPop Total human population 100 m https://www.worldpop.org/
Market Market access (distance 100 m https://harvestchoice.org/

in minutes)
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Figure 10 Biplot from Principleomponents analysis of environmental conditions of 23
replicate trial plots for Tengerd010 tomato variety and integrated management practices
(IMPs).

Clusters 2 and 3 showed the highest mean of quantity produced (Qty Prod) and monetary
income for Afrian 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 {&iiga

11) represented the risk of extrapolating Teng@@10 tomato with the IMP package to achieve
an average yield of 64 t/ha with a benefibst ratio (BCR) of 8.5 that translates to an average
income of about $22,000/ha. The lower the ESI indexntlbee 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 Teng@d@0 tomato variety grown
under integrated management practices (IMPs). The lower ESI values (green color) repr
areas with a lower risk of extrapolating the package to achieve an averagef/#4 t/ha
with a benefitcost 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 priorgtiges for targeting scaling intervention to

achieve gpriori 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 tehnology 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 represemiadlles 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.Demanddriven research products for enhancisgjl, 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 2.2Innovative options for soil, land and veatmanagement in selected
farming systems demonstrated at strategically located learning sites

Lessons from longerm on-station Conservation Agriculture trials in Zambia

Trials were established at Msekera Research Station by ZARI. The results ofigihesélitbe
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 trialhe onstation legume intercropping trials revealed interesting
aspects between the fertilized and unfertilized areas of the plot (2g.The treatments here
FNBY F0 YFEATS a2 AT SNONPHAIAY DA DH2 WIWSIS € |
AYGSNONRLIWAY3I G nZ 72 FYR HmM REF&a FFGSNI YL
cowpea intercropping.

ot
Al

(p2 o
—

The unfertilized area had much lower yields but showed significant yieldeafiffes in grain

yield amongst the treatments (Figgd @ | SNB YI AT S LA 3IS2y LISI I YIAT S f
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 fertilizwda, 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 nitrogefe.qg., 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
AYGSNONRLIIAY3I gAGK O2¢6LISI KIR fAGGES STFFSOGd ¢KS
intercropping (Fig. 3). In the fertilized area the trend was very similarying 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. (F3). 1
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Figure R. 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 SED
bars represent SEDs; means followed by the same letter imeoéue not significantly different.

Figure B. The effect of different intercropping and rotation strategies on combined and legum
biomass yield (kg/ha), Msekera Research Station, 2018/2019. Error bars represent SEDS; me
followed by the same letter in column are not significantly different atCP0§ probability level.

al AT S Df AGK®OA RBlkcidi&iNR I ffd O2 YLI NBR GKNBS RAFFSNBYy
groundnut rotation; b) Maizegliricidiadense spacinggroundnut/Gliricidiadense spacing; and

¢) MaizeGiliricidiadispersed shadirggroundnut/pigeon peaGliricidiadispersed spacing. There

was no significant maize grain yield difference discovered between treatments, but there was a

33
















































































































































































































































