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Abstract: This study evaluates the performance, adaptability, and agronomic 

impacts of diversified push-pull systems across five East African 
countries—Ethiopia, Kenya, Rwanda, Tanzania, and Uganda —through 
coordinated Mother-Baby field trials. Implemented from 2023 to 2025, 
the trials explored the integration of legumes and other high-value 
vegetables with cereals (i.e. maize and sorghum), aiming to intensify the 
classical push-pull strategy and promote sustainable and farmer-adapted 
innovations to traditional PPT and cereal-legume intercrops. 

Mother trials were conducted under controlled research settings to assess 
adoption preferences, yield components, pest and weed suppression, and 
soil fertility, while farmer-managed baby trials assessed on-farm 
feasibility and socio-economic outcomes. Treatments included variations 
of push-pull intercropping with beans, mung beans, kales, spider plant, 
black nightshade and tomatoes across different agroecological contexts. 

In Ethiopia, tomato-PPT integration performed highest among multiple 
metrics and diversification strategies. Farmer rankings highlighted dual-
purpose traits, marketability, and grain size as key drivers of preference. 
In Uganda, push-pull intensified with beans and kales showed promising 
agronomic performance and high farmer interest. In Tanzania, data 
collection was hampered by drought in the first season, but second-
season efforts showed promising potential of kales and mung beans in 
combination with Desmodium and maize. In Rwanda, the integration of 
beans with maize push-pull showed good results. 

Across all countries, data included agronomic performance, pest and 
disease incidence, and farmer evaluations. Results underline the potential 
of push-pull diversification to reduce pest pressure and improve system 
resilience, but also highlight site-specific challenges, particularly in pest 
dynamics and timing of component establishment. Participatory feedback 
emphasized the need for adaptation to local agroecological and market 
conditions to support widespread adoption. 

This work contributes to the growing evidence base for climate-resilient, 
biologically-based intensification strategies and will inform further 
modeling and synthesis activities under the UPSCALE project. 
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 1. Introduction 

The push-pull technology (PPT) is very successful in reducing fall armyworm (FAW), stemborer and 
witchweed attack in cereals (Sileshi et al., 2025). However, the absence of alternatives for further 
vegetable integration into the system is one of the main barriers preventing its expansion (Sileshi et 
al., 2025, Chidawanyika et al., 2025; Librán-Embid et al., 2023). Recent advances in ecological 
intensification highlight the potential of diversifying PPT beyond maize systems to include high-value 
vegetables and legumes, addressing both agronomic and nutritional goals in smallholder agriculture 
(Chidawanyika et al., 2025; Librán-Embid et al., 2023). Integrating crops such as kales, tomatoes, and 
common beans within PPT into vegetable-integrated push-pull systems (VIPP) can effectively reduce 
pest infestation, improve disease resistance, and enhance overall yield quality and quantity (Buleti et 
al., 2023; Chidawanyika et al., 2025; Librán-Embid et al., 2023; Okoma et al., 2025; Ouya et al., 2024). 

To aid the successful establishment of VIPPs, farmer´s direct involvement in co-design and co-creation 
of such systems is fundamental (Hood et al., 2025). Mother-Baby trials are one of these approaches 
that directly link researchers, agricultural officers and farmers to develop innovative farming 
strategies (Snapp, 2002). Specifically, the Mother-Baby trial approach involves the establishment of 
replicated research-managed “Mother” trials consisting of a variety of treatment plots resulting from 
local farmers´ preferences and researcher exchange. “Baby” trials are usually managed by farmers in 
their own farms at a nearby location of the mother trials and are not replicated. Baby trials allow 
farmers to see for themselves the performance of a certain treatment under standard farmer field site 
conditions (Rusike et al., 2004). Deliverable 6.5 uses the framework of Mother-Baby trials to explore 
the agronomic performance and farmers´ preferences of several cereal-vegetable intercropping 
treatments including traditional PPT and VIPP. 

2. Methods 

2.1 Study Sites 

The study was conducted for two seasons across five East African countries— Kenya, Ethiopia, 
Rwanda, Tanzania and Uganda—within the framework of coordinated Mother-Baby trials 
implemented under the UPSCALE project. These trials were designed to evaluate the agronomic, 
ecological, and socio-economic performance of diversified push-pull cropping systems across a wide 
range of agroecological zones, farming practices, and crop combinations. 

In Ethiopia field preparation and input supply activities in season one were carried out from June to 
July 2023 and the last sampling round took place in February 2024. In the second season, land 
preparation started in July 2024 and the last round of sampling occurred in February 2025. Trials were 
set in three contrasting Weredas (i.e. districts) in the Amhara region: Dawachefa, Shewarobit, and 
Qewot. These locations reflect ecological diversity and variable farming systems. Three Farmer 
Training Centers were chosen as ‘mother’ sites based on the following criteria: availability of irrigation 
water, proximity to road access, and availability of space for the mother trials and demonstration 
plots. The selected Farmer Training Centers were located in the Kebeles (i.e. villages) Bedeno, 
Shewarobit 7 and Terie, respectively. The study sites were selected in consultation with the district 
agricultural office and the Kebele development agents.  
 
In Uganda, season one spanned from 19/09/2023 to 17/06/2024 and season two from 14/11/2024 to 
04/02/2025. Trials were set in the villages Namulonge (Wakiso district), Busuuyi and Bukaaya (both 
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 Kamuli district). In Tanzania, experiments were established in Bunda (Kabasa), Butiama (Butuguri), and 

Tarime (Soroneta) districts from 30/12/2023 to 01/02/2024 (season 1) and from 26/11/2024 to 
15/03/2025 (season 2). Season 1 fell short due to drought. In Rwanda, the first growing season 
spanned March to July 2024, three mother trials and 24 baby trials were established in Rwanda's 
districts Gatsibo, Ngororero and Muhanga. The second season spanned October 2024 to March 2025. 
Desmodium and Brachiaria did not establish properly in mother trials during the first season and 
therefore no agronomic data was taken from them in the first season. Additionally, in the second 
season, the mother trial in Muhanga was lost due to grazing livestock. In Kenya, trials were 
implemented through a combination of centrally managed mother sites at the Mbita-ITOC research 
farm and decentralized baby trials across four districts, namely Homa Bay, Kisumu, Migori and Siaya. 
Mother trials’ exact location within Mbita-ITOC changed due to flooding between season one and two. 

2.2 Trial design 

Each mother trial included multiple replicated treatments established under controlled conditions at 
research farms or designated on-station sites. These plots served to generate standardized data on 
crop performance, pest incidence, and soil health, and to refine experimental methodologies. 
Corresponding baby trials were conducted on individual farms, with no replication, and aimed at 
evaluating the feasibility, adoption potential, and contextual performance of push-pull diversification 
strategies under local farmer management. 

Trial designs varied across countries and sites depending on local preferences, but shared core 
features: 

Ethiopia: Mother trials were managed under research conditions, while baby trials were conducted 
on-farm with participating farmers. The selected farmers were consulted on their preferences for PPT 
diversification. They were asked to choose which crop they would like to intercrop with sorghum, the 
main cereal crop in the area, and why. The most preferred crops were mung bean, haricot bean, and 
tomato (Fig. 1). 
Treatments in seasons 1 and 2 thus included: 

a) T1: Sorghum monocrop 
b) T2: Tomato monocrop 
c) T3: Sorghum-Push-Pull 
d) T4: Sorghum-Push-Pull with tomato 
e) T5: Haricot bean-Sorghum intercrop 
f) T6: Mung bean-Sorghum intercrop 
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 T1. Sorghum monocrop T2. Tomato monocrop 

  
T3. Sorghum-Push-Pull T4. Sorghum-Push-Pull with tomato 

  
T5. Haricot bean-Sorghum intercrop T6. Mung bean-Sorghum intercrop 
 

Figure 1: Photos of treatments (T1-T6) of push-pull intensification in Ethiopia 

In each Farmer Training Center, five farmers were selected to participate in the research, making a 
total of 18 farmers. Each farmer established in their own farm one baby trial from one of the mother 
baby trial treatments (Table 1). 

Table 1: Summary table of mother-baby experiments in Ethiopia 

 

The plot size was 4m x 4m for the mother trials, 10m x 10m for baby trial and 20m x 20m for the 
demonstration plots. The spacing between plots in mother trials was 0.5m and between blocks was 
0.75m (Fig. 2). 
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Figure 2: Mother trial research layout in Ethiopia. Randomized complete block design (RCBD) with 
three replications (B1-B3) of four treatments 

Uganda: Maize was intercropped with vegetables and legumes under push-pull or conventional 
designs. Mother trials were replicated on research sites, while baby trials were implemented on 
smallholder farms without replication. In total, six intensification treatments (including push-pull with 
kale and common beans) were tested in 3 replicated mother trials and 13 baby trials over two growing 
seasons.  

Mother trial treatments included:  

a) Conventional push-pull with Brachiaria (Var. Mulato II), Greenleaf Desmodium, and Maize 
(var. Longe 10 and Naseco Swift™) 

b) Beans push-pull (Conventional push-pull + common bean) 
c) Maize-beans intercrop  
d) Maize monocrop 
e) Kales push-pull (Conventional push-pull + kales),  
f) Maize-kales intercrop 

In the first rainy season of 2024 (2024A), mother (on-station) and baby (on-farm) trials were 
conducted to evaluate intensification push-pull plots with common bean. In the second rainy season 
of 2024 (2024B) intensification experiments involved common beans and kales (Sukuma wiki) in 
mother trials (Fig. 3); and common beans, kales, pepper and tomato in baby trials. The aim was to 
assess the impact of these high-value crops on the function of push-pull system and overall 
productivity. Common beans were chosen due to their prominence in Uganda's bean-maize intercrop 
systems, with the potential to make push-pull systems attractive to farmers in these areas. Green 
pepper, tomato and kale were selected for their marketability in small urban centers where push-pull 
is practiced. 
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 a) 

 

(b) 

 

Figure 3: Photos of push-pull intensification treatments in Uganda. a) Maize push-pull. b) Kales-maize 
push-pull 

Treatments “a-d” were tested in mother trials during both seasons and treatments “e” and “f” were 
tested exclusively in 2024B. Treatments were replicated three times in the mother trials, but no 
replication occurred in the baby trials at individual farms during both seasons. In the mother trials, 
plots measured 9 m x 20 m in the first season and 11 m x 8 m in the second season. Maize was sown 
at 30 cm x 75 cm spacing, except in plots with kales (treatments “e” and “f”), where one alternating 
maize row was replaced by a row of kales (Fig. 4). Some farmers in baby trials PPT preferred replacing 
two alternating maize rows by tomatoes and kales or kales and pepper. Desmodium spacing was 
consistent at 75 cm between rows in all push-pull plots.  
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Figure 4: Crop arrangement for trials in Uganda 

During 2024A, three mother trials and one baby trial were set up, while in 2024B two mother trials 
and 12 baby trials were established (Table 2). 

Table 2: Summary table of mother-baby experiments in Uganda. a) Season 1 (2024a). b) Season 2 
(2024b). 

a) 

 

b) 
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Figure 5: Field activities in mother-baby trials in Tanzania. 

Rwanda: Four treatment configurations combining maize and beans were tested across three mother 
plots and 24 baby plots in Gatsibo, Muhanga and Ngororero districts (Nyagihanga, Kabacuzi and Bwira 
sectors). Trials focused on integrating edible legumes into conventional push-pull systems. Maize-
bean Push-Pull was compared against monocultures and other intercropping systems. The approach 
aimed to evaluate the performance of the intensified push-pull cropping system, enhance researcher-
farmer collaboration with the view to refine practices, and promote independent farmer 
experimentation (Figs 6 &7, Table 4). 

The treatment arrangements are: 

a) T1: Maize push-pull + Beans 
b) T2: Maize-Bean intercrop 
c) T3: Maize push-pull 
d) T4: Maize monocrop 
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Figure 6: Mother trial design in Rwanda. 

 

Figure 7: PPT baby trial in Gatsibo district. 
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 Table 4: Summary table of mother-baby experiments in Rwanda. 

 

Kenya: One centralized Mother site (Mbita-ITOC) hosted six treatments involving black nightshade, 
cowpea, and spider plant integrated into maize push-pull systems (Fig. 8). Baby trials were distributed 
across 5 counties with a minimum of five vegetable integrated push-pull system plots per county 
(Table 5). The core objective was to integrate leguminous indigenous vegetables—black nightshade 
(Solanum nigrum), spider plant (Gynandropsis gynandra), and cowpea (Vigna unguiculata)—into 
maize-based push-pull systems. Treatments at the Mother site included vegetable intercropping with 
Greenleaf Desmodium and maize, as well as vegetable monocultures (Fig. 9). At least five baby trials 
per county mirrored these treatments, all bordered with Brachiaria grass.  

  
(a) Centralized Mother site in Mbita-ITOC (b) PPT + Spider plant 

  
(c) PPT + Black nightshade (d) PPT + Cowpea 

Figure 8: Intensification treatments in Kenya. 
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 Table 5: Summary table of mother-baby experiments in Kenya. 

 

 

Figure 9: Block design of Mother site in Mbita-ITOC, Kenya. 

2.3 Measured variables 

Data collection focused on yields, pest incidence, plant growth metrics, soil fertility, and socio-
economic parameters. A comprehensive set of variables was measured to evaluate the agronomic 
performance, pest and disease suppression, environmental response, and socio-economic outcomes 
of the push-pull diversification trials (Figs. 10-13). In some countries, not all variables could be 
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 collected from the farms, however sufficient data were gathered from all country trials to assess the 

agronomic impacts of the treatments. The full set of measured variables included: 

a) Agronomic data 
o Yield Measurements - data on grain yield and aboveground Biomass yield of sorghum, 

legumes, Desmodium, Brachiaria and vegetables to assess the effectiveness of the 
diversified Push-Pull systems 

o Growth metrics - observations on plant height and growth stages to evaluate the 
agronomic performance under different trial conditions 

o Thousand-grain weight - determined by counting 1000 grains from a sample and 
weighing them with a precision balance. 

o Soil fertility indicators - assessed by collecting soil samples before and after crop 
cycles to evaluate the impact of crop diversification on soil nutrient content and 
overall health. 

b) Pests and disease observations 
o Pest incidence and severity – records of pest attacks (e.g., stemborer in sorghum) and 

disease occurrences to assess the protective function of the push-pull 
o Efficacy of pest management - comparative data on pest populations in plots with and 

without Push-Pull interventions. 
c) Environmental and climatic data 

o Weather data - information on rainfall, temperature, and humidity, which might affect 
crop growth and the efficacy of push-pull systems 

d) Socio-economic data 
o Farmer surveys and interviews - insights into farmer perceptions, adoption rates, and 

the practical challenges faced by local farmers in implementing push-pull systems. 
o Economic analysis - data on the cost of implementation, changes in farm income, 

labor inputs, and overall economic viability of diversified push-pull systems. 
o Farmers' preference - Ranking and scoring of information gathered through 

participatory methods where farmers rank or score different aspects of the crops such 
as taste, ease of cultivation, marketability, and resistance to pests. 

 

Measured variables by country 

In Ethiopia and Rwanda, all the listed variables were collected. In Uganda, data were collected on the 
performance of maize and intensification crops, including plant height, vigor, number of leaves, 
growth stage, and leaf damage severity. Crop yield data was also recorded. Farmers visited the trial 
sites to assess crop performance firsthand (Fig. 11). In Tanzania, although severe drought limited first-
season harvests, agronomic and socio-economic data collection resumed in the second season. Soil 
samples and GPS coordinates were collected for fertility analysis and spatial mapping. In Rwanda, pest 
incidence of FAW and stemborer was assessed at the vegetative growth stage of maize (8-12 weeks 
post-emergence) in Season 2024 B. For pest incidence assessment in each treatment plot, 21 plants 
were randomly selected, with 3 maize plants sampled per transect for pest evaluation. Data collection 
in Kenya included pest and disease monitoring, yield, economic indicators, and soil analysis. 
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(a) Measurement of the head length of Sorghum and Brachiaria grass fresh biomass record.  

 

 

(b) Measurement of haricot bean and mung bean above-ground biomass  

 

 

(c) Sorghum thousand-seed count determination.  
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(d) Record of the above-ground biomass of sorghum at the Bedeno Farmers' Training Center.  

Figure 10: Data collection activities in Ethiopia. 

 

Figure 11: Data collection at push-pull trials in Uganda. 

 

Figure 12: Field data collection session in Tanzania. 
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Figure 13: Field data collection session in Rwanda. 

2.4 Data Analysis 

The effect of the different treatments on several agronomical metrics including yield, biomass, pest 
and Striga weed attack was evaluated in both mother (scientist managed) and baby (farmer managed) 
trials using a combination of linear and generalized linear models. Data from mother and baby trials 
were pooled in order to focus on the effect of the intensification treatments in each country. We 
assessed the effects of treatments on a range of agronomic and perceptual variables, namely: Total 
plant yield (kg/100m²), Sorghum yield (kg/100m²), Dry biomass at 15% moisture (kg/100m²), 1000-
seed weight (g), Striga count (per 100m²), Farmer preference at flowering (1–10 scale), Farmer 
evaluation at harvest (1–10 scale). Linear models were fitted using the lm() function for approximately 
normally distributed response variables. For overdispersed count data (Striga density), a generalized 
linear mixed model with a negative binomial distribution (nbinom1) was fitted using the glmmTMB 
package. 

Model residuals were validated using simulation-based diagnostics (simulateResiduals from the 
DHARMa package), including tests for dispersion, quantile deviations, outliers, and zero inflation. 
Model performance and assumptions were further checked with the performance and check_model() 
functions. Estimated marginal means (EMMs) were extracted using the emmeans package, and 
treatment-level contrasts were adjusted using the Sidak method. 

All statistical analyses were performed using R version 4.3.1. Data exploration and visualization were 
conducted using ggplot2. 

3. Results 

3.1 Mother-Baby treatment comparison 
Overall, results show a higher performance of PPT and VIPP over monocrop and cereal-legume 
intercrops. Higher agronomic performance was generally linked to a higher positive perception and 
preference of farmers during flowering and harvesting. Results below correspond to mother and baby 
trials data analyzed together. Results are grouped for clarity by country and type of data (pest and 
weed incidence, agronomic variables, and farmer preferences, respectively). 
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 Ethiopia: 

a) 

 

b) 

 

Figure 14: Mother-baby trial results for pest and weed incidence in Ethiopia. a) Total number of Striga 
plants. b) Total number of stemborers.  Data are from Season 1. 
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 a) 

 

b) 

 

c) 

 

d) 
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 Figure 15: Mother-baby trial results for agronomic variables in Ethiopia. Data are from Season 1. (a) 

Plant dry biomass (15%) per treatment. (b) Thousand-grain (kernel) weight (i.e. weight in grams of 
1000 seeds).  (c) Total harvested Sorghum grain per treatment.  (d) Total harvested grain, seed and/or 
fruit (i.e. combined yields) per treatment. 

a) 

 

b) 

 

Figure 16: Farmer preference for mother-baby treatments in Ethiopia. (a) Farmer evaluation of mother 
trials at flowering stage based on a scale of 1 (least preferred) to 10 (most preferred). (b) Farmer 
evaluation of mother trials at harvest stage based on the same scale. 
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 Uganda: 

a) 

 
b) 

 
c) 

 

Figure 17: Mother-baby trial results for agronomic variables in Uganda. (a) Plant fresh biomass of 
Desmodium, Brachiaria and Kale. Data are from Season 2. (b) Total harvested Maize grain. Data are 
from Season 1. (c) Total harvested maize grain, bean seed and/or kale per treatment. Data are from 
Season 2. 
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 Tanzania: 

a) 

 

b) 

 

c) 

 

Figure 18: Mother-baby trial results for pest and weed incidence in Tanzania. a) Total number of Striga. 
b) Total number of stemborers. c) Total number of FAW. Data are from Season 2 and measured over 
21 plants per treatment. 
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 a) 

 

b) 

 

c) 

 

Figure 19: Mother-baby trial results for agronomic variables in Tanzania. Data are from Season 1. (a) 
Maize fresh biomass. (b) Maize dry biomass. (c) Maize grain yield. Data are from Season 2 and biomass 
was measured over 5 plants per treatment. 
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 a) 

 

b) 

 

Figure 20: Farmer preference for mother-baby treatments in Tanzania. (a) Farmer evaluation of 
mother trials at flowering stage based on a scale of 1 (most preferred) to 10 (least preferred). (b) 
Farmer evaluation of mother trials at harvest stage based on the same scale. 
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 Rwanda: 

a) 

 

b) 

 

c) 

 

Figure 21: Mother-baby trial results for pest and weed incidence in Rwanda. a) Total number of 
stemborers. b) Total number of FAW. c) Mean damage score of maize plants based on a scale from 1 
(no damage) to 5 (very heavy or total damage). Data are from Season 1 & 2 and measured over 21 
plants per treatment. 
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a) 

 

b) 

 

c) 

 

Figure 22: Mother-baby trial results for agronomic variables in Rwanda. Data are from Season 1 & 2. 
(a) Maize fresh biomass. (b) Maize yield. c) Total harvested maize grain and bean seed. 
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 a) 

 

b) 

 

Figure 23: Farmer preference for mother-baby treatments in Rwanda. (a) Farmer evaluation of mother 
trials at flowering stage based on a scale of 1 (most preferred) to 10 (least preferred). (b) Farmer 
evaluation of mother trials at harvest stage based on the same scale. 
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 Kenya:  

 

 

 

 

Figure 24: Mother-baby trial results for agronomic performance, pest and weed incidence in Kenya. a) 
Total number of Striga. b) Total number of FAW. c) Maize yield. Data are from baby trials in Season 1 
& 2 and measured over 21 plants per treatment. 
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 4. Discussion 

4.1 Mother-baby trials 

Through a mother-baby trial approach this study provides strong evidence that push–pull technology 
(PPT) and vegetable-integrated push–pull (VIPP) systems outperform conventional monocrops and 
cereal–legume intercrops across multiple agronomic indicators in East African smallholder systems. 
These integrated systems consistently achieved higher yields, suppressed Striga weed more 
effectively, had fewer FAW and stemborer attacks and less damage and were more positively 
evaluated by farmers, indicating their strong potential for both ecological and socioeconomic benefits. 

Treatment Effects on Yield and Biomass 

PPT and VIPP treatments showed consistently superior performance in total plant yield across all 
countries. Notably, Sorghum PPT + Tomato in Ethiopia, Maize PPT + Beans in Rwanda, and Maize PPT 
and Maize + Beans intercrop in Uganda were among the top-performing systems. The distinct yield 
groupings identified in post hoc comparisons reflect meaningful differences in productivity outcomes, 
likely driven by improved soil fertility, resource complementarity, and pest suppression in the 
PPT/VIPP systems. Similarly, dry and fresh biomass accumulation was highest in PPT and VIPP 
treatments in Ethiopia and Tanzania, reinforcing their role in enhancing vegetative growth and 
potentially contributing to soil organic matter and livestock fodder availability. 

Striga Suppression and Ecological Benefits 

Striga hermonthica infestation, a major constraint to cereal production in the region, was significantly 
lower in PPT-based systems. In Ethiopia, Sorghum PPT and Sorghum PPT + Tomato effectively 
suppressed Striga, while in Tanzania, Maize PPT and Maize–Desmodium–Kale intercrop were the most 
effective. These findings align with previous studies demonstrating the capacity of Desmodium in 
reducing parasitic weed pressure (Midega et al., 2017). The clear clustering of treatments by Striga 
density further supports the biological control potential of PPT and VIPP configurations. 

Farmer Preferences Reflect Agronomic Performance 

Farmer preference data reveal a high level of agreement between subjective evaluations and 
measured agronomic performance. Across countries, farmers consistently favoured PPT and VIPP 
treatments at both flowering and harvest stages. In Ethiopia, the most preferred systems matched 
those with the highest yields and biomass, suggesting that farmers recognize and value the tangible 
benefits of these approaches. In Rwanda and Tanzania, similar alignment was observed, with PPT and 
VIPP systems being preferred over conventional practices. This correspondence highlights the 
adoption potential of these systems and reinforces the need for participatory approaches in 
agroecological research and extension. 

Sorghum and Maize Yield Responses 

Sorghum yield in Ethiopia was significantly improved by PPT treatments, particularly Sorghum PPT and 
Sorghum PPT + Tomato, compared to monocrop controls. This may be related to lower pest and weed 
pressures and/or improved soil quality via moisture and nutrients associated to the effect of the 
companion plants. In Tanzania, maize yield varied substantially, with the Maize–Desmodium–Green 
gram intercrop showing the highest productivity. In contrast, maize yield in Uganda did not 
significantly differ among treatments, though some trends suggested a potential advantage of PPT 
systems that may require further validation with larger sample sizes. 
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 4.2 Socioeconomic assessment  

4.2.1 Introduction  

A study was conducted to assess the economic impact of integrating legumes and other high-value 
vegetables with cereals (maize and sorghum) through coordinated Mother-Baby field trials. Although 
the project aimed to compile the data from trials conducted in Kenya, Rwanda, and Ethiopia, the 
results presented here are based on the Kenyan data. Data collection in the other countries is still 
ongoing during the time of compiling this report. Nevertheless, the Kenyan case offers valuable 
insights into the economic feasibility of PPT in vegetable systems, an area with limited existing 
research. The data was obtained from farmer-managed baby trials in areas previously under PPT 
production in Western Kenya, specifically in Migori, Siaya, and Kisumu counties. These counties are 
similarly known for vegetable production, both indigenous and exotic species, such as kales, spider 
plant, black nightshade, and tomatoes.  

4.2.2 Methodology  

The study employed a mixed-methods approach, integrating quantitative analysis with descriptive 
insights. The quantitative component centers on a cost-benefit evaluation, measuring profitability 
through net present value (NPV), cost-benefit ratio (CBR), and return on investment (ROI). Meanwhile, 
descriptive statistics are used to explore production costs, income sources, and land use trends. Data 
was obtained from 348 smallholders who deployed the baby trials on their farms, adopting PPT for 
vegetables such as black nightshade, cowpeas, and spider plant, who were surveyed across three 
cropping seasons (SR 2023, LR 2024, SR 2024). Production costs were estimated by aggregating 
expenses for land preparation, inputs (such as seeds), planting, and crop management. Gross revenue 
was determined by multiplying the quantities of vegetables, Desmodium, Brachiaria, and maize 
harvested by their respective market prices at the time. Total sales revenue was then computed by 
summing the earnings from all products sold. 

4.2.3 Results  

Vegetable production showed a consistent pattern across all seasons and counties. Black nightshade 
was the most widely preferred, accounting for 37.6% of total vegetable cultivation, with the highest 
shares in Siaya (40.4%) and Migori (39.6%). Cowpeas followed with an average of 33.9%, peaking in 
Kisumu at 38.2%. Spider weed contributed 28.5% overall, with similar proportions in Kisumu (29.1%) 
and Migori (29.86%), and slightly lower in Siaya (25.53%) (Table 6).   

Table 6: Proportion of Farmers engaged in Vegetable Production (Season-based) 

Season Vegetable County  
Kisumu Migori Siaya Overall 

SR Season 
2023 

Dek/sagaa/spiderweed plant 29.09 29.86 25.53 28.45 
Kunde/Boo/Cowpeas 38.18 30.56 34.04 33.91 
Managu/Osuga/Sucha/blacknight 
shade 32.73 39.58 40.43 37.64 

LR Season 
2024 

Dek/sagaa/spiderweed plant 29.09 29.86 25.53 28.45 
Kunde/Boo/Cowpeas 38.18 30.56 34.04 33.91 
Managu/Osuga/Sucha/blacknight 
shade 32.73 39.58 40.43 37.64 

SR Season 
2024 

Dek/sagaa/spiderweed plant 29.09 29.86 25.53 28.45 
Kunde/Boo/Cowpeas 38.18 30.56 34.04 33.91 
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 Managu/Osuga/Sucha/blacknight 

shade 32.73 39.58 40.43 37.64 

Table 7 summarizes production costs and revenues across counties and seasons. Notably, Kisumu 
recorded the highest input costs during the 2024 Long Rains, especially for fertilizer ($124.45) and 
maize seeds ($43.90). In contrast, Migori reported much lower expenses, with fertilizer ($25.17) and 
maize seeds ($9.38) as the main inputs. Siaya showed significant investment in vegetable production 
across both seasons, particularly in vegetable seeds and weeding. Detailed cost breakdowns by activity 
and County are provided in Table 7. 

Table 7: Production Cost (in USD) Components 
County Kisumu Migori Siaya Overall 

variable 
LR 

2024 
SR 

2024 
LR 

2024 
SR 

2023 
 

SR 
2023 

SR 
2024 

LR 
2024 

SR 
2023 

SR 
2024 

Land 
preparation 

20.11 

(5.76) 

15.13 

(7.76) 

1.31 

(2.73) 

0.54 

(1.26) 
 

26.14 

(9.49) 

24.96 

(6.51) 

4.51 

(7.88) 

5.60 

(11.11) 

20.03 

(6.72) 

Maize seeds 
43.90 

(13.84) 

17.61 

(9.75) 

9.38 

(22.09) 

5.73 

(12.46) 
 

57.24 

(0) 

49.28 

(34.10) 

15.26 

(24.60) 

16.03 

(23.52) 

33.45 

(29.44) 
Vegetable 

seeds 
11.19 

(4.76) 

5.02 

(5.94) 

3.79 

(8.70) 

3.21 

(6.90) 
 

51.77 

(39.11) 

66.12 

(51.05) 

5.05 

(8.61) 

11 

(24.31) 

15.20 

(29.74) 

Maize planting 
9.42 

(6.86) 

7.57 

(5.33) 

0.22 

(0.53) 

0.13 

(0.33) 
 

18.94 

(5.03) 

21.73 

(7.21) 

1.79 

(4.46) 

3.71 

(7.74) 

13.56 

(9.36) 
Desmodium 

planting 
6.05 

(2.83) 

2.83 

(2.40) 

0.01 

(0.05) 
0   

15.93 

(13.80) 

0.46 

(1.77) 
- 

8.45 

(10.74) 
Nursery 

establishment 
3.54 

(0) 
- 

0.08 

(0.47) 

0.05 

(0.38) 
 

8.14 

(3.35) 

10.46 

(3.65) 

0.13 

(0.62) 

1.26 

(3.18) 

10.46 

(3.24) 

Transplanting 
5.61 

(3.56) 

6.15 

(5.60) 

0.34 

(0.82) 

0.17 

(0.43) 
 

20.20 

(0) 

19.38 

(5.40) 

1.24 

(2.56) 

3.99 

(7.92) 

12.77 

(8.63) 

Pesticide - - 
1.37 

(4.18) 

0.49 

(2.38) 
 - - 

1.35 

(4.15) 

0.49 

(2.38) 
- 

Fertilizer 
124.45 

(34.13) 

58.62 

(19.88) 

25.17 

(54.65) 

11.27 

(28.18) 
 

6.73 

(0) 
- 

42.10 

(63.78) 

11.21 

(27.98) 

58.62 

(19.88) 

Weeding 
22.52 

(6.73) 

15.59 

(8.43) 

1.79 

(2.68) 

0.91 

(1.31) 
 

21.75 

(5.60) 

23.90 

(0) 

5.32 

(8.64) 

4.25 

(8.09) 

19.97 

(7.08) 
Application 

Cost 
7.83 

(3.14) 

4.70 

(3.87) 

0.42 

(1.02) 

0.16 

(0.40) 
 

14.69 

(4.06) 

7.97 

(0) 

1.68 

(3.21) 

2.18 

(5.28) 

4.92 

(3.82) 
Vegetable 
Harvesting 

1.70 

(0.88) 

1.71 

(3.51) 

0.12 

(0.23) 

1.88 

(9.79) 
 

0.86 

(0.46) 

3.97 

(0.90) 

0.65 

(0.92) 

1.52 

(7.88) 

2.78 

(2.84) 
Brachiaria 
Harvesting 

- - 
0.46 

(2.15) 

1.17 

(7.52) 
 

11.65 

(3.54) 
- 

0.46 

(2.15) 

2.85 

(8.01) 
- 

Desmodium 
Harvesting 

- - 
8.75 

(28.98) 

7.91 

(20.82) 
 

15.0 

(10.36) 
- 

8.75 

(28.98) 

8.89 

(19.81) 
- 

Maize 
Harvesting 

- - 
0.55 

(1.45) 
-  

18.98 

(4.06) 
- 

0.55 

(1.45) 

2.64 

(6.77) 
- 

Notes: Standard deviations in parentheses 

Table 8 presents gross harvest values and sales revenues for vegetables, desmodium, brachiaria, and 
maize across the counties. Kisumu led in vegetable revenue, both in harvest ($34.30) and sales 
($33.43), while Siaya reported the highest gross revenue from brachiaria harvested ($113.63) and 
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 sales ($210.42). Desmodium revenue was highest in Siaya ($68.27), though only Migori reported 

actual sales. Detailed crop-specific revenues by county are provided in Table 8.  

Table 8: Revenue Overview 
 Mean Benefits ($) 

Variable Kisumu Migori Siaya Overall 

Vegetable Harvested 34.30 
(31.81) 

25.05 
(34.24) 

12.63 
(16.29) 

24.46 
(31.02) 

Vegetable Sales 33.43 
(31.41) 

16.25 
(29.04) 

13.41 
(13.63) 

21.28 
(29.73) 

Desmodium Harvested - 61.73 
(45.96) 

68.27 
(30.74) 

62.24 
(44.91) 

Desmodium Sales - 0.62 
(5.33) - 0.62 

(5.32) 

Brachiaria Harvested - 21.25 
(26.44) 

113.63 
(64.03) 

28.50 
(39.51) 

Brachiaria Sales - - 210.42 
(59.52) 

2.94 
(25.30) 

Maize Harvested - 21.92 
(78.03) 

89.98 
(63.61) 

26.85 
(78.91) 

Notes: Standard deviations in parenthesis 

Siaya recorded the highest mean production cost ($68.90), while Kisumu led in gross revenue 
($144.27) and net profit ($91.20), followed closely by Migori. Kisumu also had the highest cost-benefit 
ratio (12.19) and return on investment (11.19), indicating stronger economic performance. Detailed 
comparisons of production costs, revenues, and profitability indicators across counties are provided 
in Table 9. 

Table 9: Profitability Indicators 

Variable 
Means (Value in USD) 

Kisumu Migori Siaya Overall 

Total Production Cost 53.07 
(93.58) 

43.32 
(64.46) 

68.90 
(82.89) 

53.31 
(80.07) 

Gross Revenue 144.27 
(0) 

133.27 
(11.20) 

131.21 
(11.06) 

136.19 
(10.74) 

Sales Revenue 18.73 
(0) 

17.30 
(1.45) 

17.04 
(1.44) 

17.68 
(1.40) 

Net Value (Gross revenue) 91.20 
(93.58) 

89.95 
(63.51) 

62.31 
(83.72) 

82.88 
(80.31) 

Cost Benefit Ratio (Sales 
revenue) 

12.19 
(10.89) 

11.87 
(23.70) 

4.92 
(7.17) 

10.18 
(17.18) 

Return on Investment (Sales 
revenue) 

11.19 
(10.89) 

10.87 
(23.70) 

3.92 
(7.17) 

9.18 
(17.18) 

Notes: Standard deviations in parentheses 

4.2.4 Conclusion  

The study highlights consistent seasonal patterns in vegetable production across Kisumu, Migori, and 
Siaya, with black nightshade and cowpeas as dominant crops. While profitability indicators suggest 
that push-pull technology (PPT) is economically viable in vegetable systems, particularly in Kisumu and 
Migori, disparities between gross and actual sales revenues point to market access and post-harvest 
challenges. The adoption of sustainable practices like Desmodium and Brachiaria was more prominent 
in Siaya and Migori, reinforcing PPT’s ecological and economic potential. To fully realize these benefits, 
policy support is needed to improve market infrastructure, reduce losses, and enhance farmer 
capacity, alongside further research into long-term and socio-economic impacts.  
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 Similar data have been collected from Ethiopia and Rwanda and are currently being reviewed to 

address existing gaps. Once resolved, comparable analyses will be undertaken. 

 

5. Conclusion 
This multi-country field study demonstrates that PPT and VIPP systems offer agronomic, ecological, 
and social advantages over conventional monoculture and cereal–legume intercropping practices. 
These systems consistently delivered higher total and cereal yields, reduced Striga and lepidopteran 
infestation, and were highly preferred by farmers, supporting their suitability for smallholder contexts 
in East Africa. The alignment of agronomic indicators with farmer perception highlights the practical 
relevance and scalability of PPT-based innovations. Our findings support the promotion of PPT and 
VIPP technologies as climate-smart, farmer-centered strategies for sustainable intensification. Future 
research should focus on multi-season performance to further optimize these systems. This study 
provides a robust basis for evaluating the performance, adaptability, and scaling potential of 
diversified push-pull systems across a range of agroecological and socio-economic contexts in East 
Africa.  

5.1 Next steps 

This study will be followed by the soil data analysis which is currently underway and will be reported 
in a future manuscript. The current findings will be submitted to a peer-reviewed scientific journal in 
the coming months. Additionally, a separate manuscript on the theory of mother-baby trials, using 
the current study as a case example is planned for submission.  

The farmers involved in this study have been invited to further establish and experiment with new 
intercrop combinations through “grandchild” trials, which will be closely monitored. Insights from this 
work are feeding into the development of novel training and extension approaches as well as market 
linkages for integrated and intensified push-pull (WP8), including through the development and 
strengthening of Living Labs for agroecology adoption, forming from participating farmer communities 
in collaboration with the country partners. The mother trials are intended to function as long term 
demonstration sites for training and networking on these practices and are maintained by the country 
partners. Updated training materials including intensification results are being developed (e.g. 
Youtube video tutorials, training materials for extension) and disseminated, and a Practice Abstract 
has been published highlighting the mother-baby methodology for further application in co-creation 
approaches in other world regions. Cross-cutting lessons on the co-creation process with farmers will 
be summarized in a collaborative publication with projects from around the world to facilitate a broad 
uptake, and the agronomic, food security and resilience implications of flexible push-pull systems that 
can integrate a range of high-value vegetables and crops are flowing into the core messaging of 
partners for enhancement and uptake in local to national and regional policy and extension training 
guidelines through the UPSCALE Multi-Actor Communities of Practice (WP1) and policy advocacy 
efforts (WP7). 

For the socioeconomic research, the study will be expanded to Ethiopia and Rwanda once the data 
from “baby trial” farmers are validated. A comparative analysis across the three countries will offer 
insights into the agroecological and economic performance of PPT-vegetable systems, informing 
scalable and farmer-adapted innovations beyond traditional PPT and cereal-legume intercrops. 
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