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Abstract: 
This report presents results from field trials evaluating push-pull 
technology integrated with farmer-prioritized sustainable 
intensification practices. It builds on the Report on Selected Field Sites 
and Collaborative Farmer Test Fields for WP6 (Deliverable D6.3), 
which identified integration of pigeon pea (Cajanus cajan) in push-pull 
and embedding push–pull within farms with mature Grevillea robusta 
trees as key strategies to address farmers’ needs for nutritious food, 
income, fodder, firewood, pest management, and soil fertility 
improvement. 

Using participatory approaches, 35 test fields were established across 
agroecological zones comparing maize monocrops, push–pull, push–
pull with pigeon pea, and push–pull under trees. Data collected 
included crop yields, biomass, soil properties, and pest dynamics. 

Soils in the study area were generally acidic and nutrient-poor, and 
only marginal changes were observed after the trials. Diversified 
systems reduced Striga infestation and supported higher populations 
of beneficial insects. Monocrops had the highest pest pressure. 
Pigeon pea integration did not affect maize yield. Maize performance 
in push-pull systems with Grevillea trees varied with distance from 
trees, with high yields at intermediate canopy distances and minimum 
yield close to the tree. Alternative Desmodium establishment 
methods enhanced biomass production and addressed seed supply 
constraints. 

Pigeon pea and tree integration diversified farm outputs and 
improved resilience. Vegetable integration was limited and largely 
subsistence-based. In Kenya, push-pull systems are dominated by 
cowpea, while in Uganda they include kales and a mix of other 
vegetables. Low uptake of high-value crops and weak market 
engagement constrain income gains from improved productivity.  

The study also identified important management considerations, 
including the need to manage tree-crop interactions (e.g., shading) 
and optimize crop configurations to avoid yield trade-offs. 
Strengthening farmer capacity, improving input systems, and 
enhancing market linkages will be critical to fully capture the benefits 
of integrated push-pull systems and support their wider adoption. 
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1 Introduction 

This report presents an evaluation of how push–pull technology can be strengthened by integrating it 

with complementary sustainable intensification practices in smallholder maize systems of East Africa. 

The focus of the task was to co-develop farmer-driven pathways that integrate pest management and 

soil fertility benefits of push–pull with complementary practices to enhance farmer livelihood 

outcomes and ecological sustainability. Two integration options were prioritized through participatory 

appraisal: (i) intercropping pigeon pea within push-pull systems to provide income and diversify food 

and fodder production while improving soil fertility, and (ii) embedding push-pull within farms with 

mature Grevillea robusta (Grevillea) trees to test synergies and trade-offs in tree-crop interactions.  

The work was carried out through participatory field experiments across contrasting agro-ecological 

zones. Farmers were directly involved in selecting intensification options, establishing experimental 

plots, and assessing performance. The evaluation used common sustainable intensification indicators, 

including maize and pigeon pea grain yields, stover production, suppression of pests (Striga, stemborer 

and fall armyworm), natural enemy abundance, and soil health parameters such as soil organic carbon, 

pH, electrical conductivity, macro- and micro-nutrients.  

The results indicate that integrating pigeon pea into push-pull systems diversifies outputs (green 

manure, fodder, fuelwood) and diets, while embedding push-pull in Grevillea-based agroforestry 

provides household fuelwood and may maintain maize yields under appropriate management. Trials 

on vegetable-integrated push-pull systems show that this intensification translates into higher 

incomes. Together, these findings suggest that push-pull can be adapted into broader farming systems 

through co-designed innovations that align with farmer needs and existing practices. 

2 Methods 

Task 6.4 was conducted between March 2021 and August 2025 using a participatory approach that 

actively engaged farmers, local administrators, and other stakeholders in sustainable intensification. 

Initial activities included characterization of farming systems to assess crop diversity, cropping systems 

and agroforestry practices; sensitization meetings with farmers, local administrators, and extension 

providers to introduce the project objectives and approach; and focus group discussions (FGDs) and 

key informant interviews (KIIs) to document existing sustainable intensification practices, farmers’ 

knowledge of the push–pull system, and opportunities for further intensification of push-pull systems. 

These activities were followed by the selection of experimental farms, baseline soil sampling to assess 

initial soil properties, training farmers on agroforestry integration, establishment of test-fields and 

monitoring growth and crop yield, pest pressure and soil fertility. 

2.1 Participatory Needs Assessment 

2.1.1 Focus group discussion, key informant interviews & validation meetings 

Interventions carried out in Task 6.4 were informed by a needs assessment conducted through farm 

surveys, FGDs, KII, and validation meetings with farmers (see Deliverable D6.3). Briefly, a total of 85 

farmers participated in the FGDs, which comprised ten sessions: nine with groups of farmers and one 

with a group of field technicians. Each FGD consisted of 7–12 participants, with approximately 50% 

gender representation, except for the technicians’ group, which comprised only men. Meetings were 

held at the homesteads of lead farmers across nine villages: Ebusatsi, Emakunda, and Mwikusi in 
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Vihiga; Kosio, Kanyijowi, and Yenga in Kisumu; and Ng’ayo, Komonge, and Ndira B in Siaya (Figure 1). 

In addition to the FGDs, 25 KIIs were conducted with purposively selected stakeholders (i.e., traders 

/input suppliers, local leaders, extension officers, and NGO representatives. Participants for KII were 

chosen because of their specialized knowledge and professional experience in agriculture, and 

therefore their insights complemented the views gathered through the FGDs. 

 
Figure 1 Location of villages where focus group discussions were conducted in Kisumu, Siaya and 
Vihiga counties in Kenya. 

Validation meetings were held with 99 farmers who reviewed, ranked, and suggested changes to the 

outcomes of the FGDs and KIIs. The meetings took place in the same nine villages where the FGDs 

were conducted: Bongu, Emakunda, and Mwikusi in Vihiga County; Marera, Yenga, and Kosio in 

Kisumu County; and Komonge, Ng’ayo, and Ndira B in Siaya County. 

2.1.2 Pathways for further intensification of push-pull 

The needs assessment identified several key practices that could be adopted to further intensify push-

pull systems. The proposed interventions included: 

 Integration of legumes and vegetables to increase the range of harvestable crops and overall 

farm outputs. 

 Crop rotation, such as alternating maize with sorghum, beans, vegetables, or groundnuts, to 

improve soil fertility and reduce pest and disease pressure. 

 Incorporation of agroforestry tree species such as Grevillea, Markhamia lutea, Calliandra, 

Sesbania sesban, Leucaena, and Gliricidia to provide multiple benefits including soil fertility 

improvement, firewood, fodder, and erosion control. 

 Use of organic manure, derived from livestock or composting, to enhance soil health and long-

term productivity. 
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 Further intensification of fodder production to address the persistent shortage of livestock 

feed in the region. 

Discussions within WP6 identified the integration of pigeon pea and the embedding of push–pull 

within mature Grevillea trees as key opportunities to increase income, diversify diets, and improve 

farmers’ livelihoods. The following is the rationale for selecting pigeon pea and Grevillea as pathways 

for further intensification of push-pull.  

Pigeon pea was selected because it is a high-value, multipurpose crop well adapted to diverse 

conditions (Esilaba et al. 2021). It enhances soil fertility through nitrogen fixation and biomass 

production (Musokwa and Mafongoya 2021) and is the most significant contributor to carbon 

sequestration among grain legumes and dryland cereals cultivated in African smallholder systems 

(Kuyah et al. 2023). Figure 2 illustrates the multiple functions of pigeon pea, which informed its 

selection based on the outcomes of the needs assessment, discussions within WP6, and supporting 

literature. 

 
Figure 2 Rationale for selecting Pigeon pea as a model plant for intensification of push-pull systems 

Grevillea was selected as the model tree species because of its widespread presence on farms, fast 

maturing, economic value from timber, wood products, and firewood, and low minimal competition 

with crops. Other motivations for selecting Grevillea relevant to sustainable intensification included 

provision of shade, serving as windbreak, stabilization of soils, and moderation of the microclimate. 

The results of the needs assessment are published as: Buleti SI, Kuyah S, Olagoke A, Gichua M, Were 

S, Chidawanyika F and Martin EA (2023) Farmers’ perceived pathways for further intensification of 

push-pull systems in Western Kenya. Front. Sustain. Food Syst. 7:1191038. doi: 

10.3389/fsufs.2023.1191038. 

2.2 Selection of Experimental Farms 

To guide the selection of farms for testing pigeon pea integration, a total of 31 farms were 

characterized to establish land use history, crop diversity, cropping systems, and landscape features. 

The characterization was conducted through one-on-one discussions with farmers at their 

homesteads and transect walks across their farms. Farms that met the following criteria were selected 

for the establishment of test fields integrating pigeon pea with push-pull: 

1. A history of cereal farming (e.g., maize, sorghum, or millet) 

2. A history of presence of striga, stem borer, or fall armyworm (Spodoptera frugiperda) 
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3. Was at least 500 m away from other selected farms 

4. Located along an elevation gradient of 1,245–1,523 m 

5. Owner had participated in sensitization meetings, FGDs, and validation meeting 

6. Owner willing to provide part of the farm for establishment of an experimental plot. 

To identify farms suitable for embedding push–pull in mature Grevillea trees, 45 farms in Kisumu and 

Vihiga were surveyed to identify the presence of trees, their species, sizes, and spatial distribution. 

Farms selected for establishing test fields with push–pull embedded in mature Grevillea trees were 

required to meet the following criteria: 

 Farmer willing to host the trials, manage the plots, and allow access for monitoring and data 

collection 

 Presence of mature, healthy, free-standing Grevillea tree(s) with canopy diameter >3 m and 

an additional space more than 10 m from the canopy to allow trials under the canopy and in 

adjacent open areas. 

 Had a history of presence of stemborer and/or fall armyworm. 

The homesteads of the selected farms were geo-referenced and farmer details recorded to support 

follow-up activities. 

2.3 Establishment of Test-Field 

Trials were established to test the effectiveness of push-pull integrated with pigeon pea (section 2.3.1) 

and push-pull embedded in farms with mature Grevillea trees (section 2.3.2), as described below. 

2.3.1 Pigeon pea 

A total of 15 test fields were established on 25 farms (10 in Kisumu, 7 in Siaya and 8 in Vihiga) to 

evaluate the impact of pigeon pea integration on soil fertility, pest infestation, and crop productivity. 

The number of test fields and farms varied because some farms were too small to accommodate all 

treatments. On each farm, a selected field was either used as a single plot or divided into two or more 

plots of approximately 200 m² per treatment to serve as test fields. Where the farm accommodated 

two of more treatments, a 2 m path was left to serve as a buffer. The distance between treatments 

located on different farms was limited to less than 1 km to minimize variations in microclimate, soil 

characteristics and social attributes. Table 1 shows the four treatments established to test the 

performance of push-pull intensified with pigeon pea. 

Table 1. Treatments established to test push-pull intensified with pigeon pea 

Treatment Description 

1. Maize + Desmodium 

uncinatum 

Push-pull system: maize intercropped with Desmodium and bordered 

by two rows of Brachiaria brizantha cv. Mulato II. 

2. Maize + Desmodium 

uncinatum + pigeon pea 

Push-pull system integrated with pigeon pea: maize intercropped 

with pigeon pea and Desmodium and bordered by Brachiaria. 

3. Maize + pigeon pea Intercrop of maize and pigeon pea only, without Desmodium or 

Brachiaria. 

4. Maize monocrop Maize grown alone (control). 

Maize was planted at a spacing of 75 cm between rows and 30 cm within rows, with two seeds per 
hole. Desmodium was drilled between maize rows at 37.5 cm spacing. Brachiaria was planted on the 
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plot borders in two rows spaced 40 cm apart. In treatments that included pigeon pea, 4–5 seeds were 
sown per hole at 45 cm × 75 cm spacing. It was thinned after three weeks to one seedling per stand. 
Gap filling of Desmodium, Brachiaria, and pigeon pea was done one to two weeks after planting to 
ensure proper establishment and maintain recommended plant densities. 

2.3.2 Grevillea 

Ten farms were selected for agroforestry integration based on presence of free-standing Grevillea 

trees, and differences in elevation and agroecological conditions. The study design involves four 

concentric zones around the trunk of Grevillea tree (Zones A, B, C, and D) as treatments (Figure 3). 

Zone A covers from the trunk to half the tree crown's radius, Zone B from half the crown's radius to 

its edge, Zone C extends 2 m beyond the crown's edge while Zone D is a 4 m × 4 m control plot located 

at least 10 m away from the sampled tree (Grevillea) or any other tree. This zoning design was used 

for soil sampling at the start and end of the study, monitoring pests and maize growth, and 

determination of crop yield. These treatments were replicated across the 10 farms in five villages in 

Vihiga County (Ebusamba, Mwitindi, Mulufuri, Emmusutwi, and Esinamtu) and three in Kisumu County 

(Ulalo, Huma, and Kapuonja). 
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Figure 3 Concentric zones of push-pull plot embedded in a farm with mature Grevillea robusta trees.  

A plot measuring 200 m² was drawn with the tree at the centre. The push-pull plots consisted of maize 

intercropped with Desmodium and bordered by Brachiaria (see Section 2.3.1). The maize variety used 

was Dekalb Triple 7, planted at a spacing of 75 cm between rows and 30 cm within rows. Desmodium 

was established in drills between rows of maize at 37.5 cm. Brachiaria was planted 1 m outside Zone 

C in two rows spaced 50 cm apart. Zone D was located at least 10 m away from tree canopies, was 

planted with maize only and served as the control. Plot sizes varied with tree crown dimensions, 

ranging from 12 m × 7 m to 19 m × 16 m. The Grevillea trees ranged from 5 to 30 years old. 

2.4 Agronomic Management 

The following agronomic practices were implemented in the test-fields with pigeon pea. At planting, 

an average of 10 t/ha of manure and 60 kg/ha of inorganic fertilizer were applied. These rates 

represent the quantities commonly used by farmers in the region, although the recommended rates 
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vary depending on the type of fertilizer. In seasons 1 and 2, Diammonium Phosphate (DAP) was applied 

at 60 kg/ha, while in seasons 3 and 4, compound fertilizer Nitrogen, Phosphorus, and Potassium (NPK) 

was used at the same rate due to the high soil acidity observed in the plots after soil analysis. Calcium 

ammonium nitrate (CAN) was applied as a top-dress at 60 kg/ha (equivalent to 27 kg N, 12 kg P, and 

4.8 kg Ca ha−1) when maize reached knee height, about six weeks after planting. Manure was not 

applied when planting pigeon pea. Manual weeding was carried out once, at six weeks after planting. 

For push-pull embedded in mature Grevillea trees, planting was done at the onset of rains using well-

decomposed farmyard manure 10 t/ha and a NPK compound fertilizer (17:29:6) applied at 60 kg/ha. 

Maize was manually weeded using a hand hoe at three and seven weeks after planting. Topdressing 

with CAN at 60 kg/ha was done six weeks after planting. In each season, gaps in Desmodium and 

Brachiaria stands were filled using vegetative splits to maintain adequate ground cover. Desmodium 

and Brachiaria were replanted due to poor establishment in the previous season and due to damage 

from grazing livestock after harvest. 

2.5 Monitoring Performance of Pigeon pea Integration 

Across four cropping seasons, experimental fields were established and managed using standard 

push–pull practices with pigeon pea integration outlined in section 2.3.1. Land preparation was carried 

out in August 2021 (Season I), February 2022 (Season II), August 2022 (Season III), and February 2023 

(Season IV). Planting occurred in August 2021 (Season I establishment), March 2022 (Season II), 

September 2022 (Season III, including pigeon pea), and March 2023 (Season IV). Routine crop 

management included weeding (September 2021, April 2022, October 2022, and May 2023), top 

dressing (September–October 2021, April 2022, October 2022, and May 2023), and monitoring of crop 

growth, pests, and diseases (November 2021, June 2022, November 2022, and June 2023). Harvesting 

of maize, stover, Desmodium, and Brachiaria was conducted in January 2022 (Season I), July 2022 

(Season II), December 2022 (Season III), and July 2023 (Season IV). Pigeon pea harvesting was done in 

March–April 2022 (Season I) and August 2023 (Season III). 

2.5.1 Assessing soil properties before and after experimentation 

Soil samples were collected from 24 farms that met the criteria outlined in Section 2.2 (9 in Vihiga, 10 

in Kisumu, and 5 in Siaya) to establish baseline soil chemical and physical properties. Prior to sampling, 

each site was divided into two or more plots of approximately 200 m² to represent the different 

treatments. A buffer distance of 1-3 meters was left around each plot to minimize border effects from 

nearby trees or adjacent farm treatments. Areas such as eroded sections, dead furrows, depressions, 

wet spots, boundaries, fence lines, tree bases, manure heaps, and field edges were avoided. 

On each farm, soil samples were collected using a soil auger at two depths (0-15 cm and 15-30 cm). 

Starting from a reference point, sampling was conducted systematically in a zigzag pattern across 8–

12 locations. Sub-samples from each depth were pooled in buckets, labeled as topsoil (0–15 cm) or 

subsoil (15–30 cm), and thoroughly mixed. From these, two composite samples, each weighing 

approximately 500 g were prepared and placed in Ziplock bags. 

Samples for bulk density were collected using core rings at the same two depths. The surface litter 

was removed, and the core ring driven into the soil with a mallet to the desired depth. The core ring 

was then carefully extracted and trimmed to remove excess soil. These samples were labeled with 

depth and bulk density details. The soil auger was disinfected with cotton wool and ethanol between 

plots to prevent cross-contamination. 
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After the trials (end of season IV), a second round of sampling was conducted to assess the effects of 

intensification on soil properties. Post-experiment samples were collected from the four treatments 

i.e., push–pull, push–pull + pigeon pea, maize + pigeon pea, and maize monocrop. On each treatment, 

soil samples were collected at five points using a soil auger at two depths (0–15 cm and 15–30 cm). 

Both pre- and post-experiment sampling was carried out during dry conditions, except for two farms 

where sampling occurred after rainfall. In addition, 16 manure samples were collected to determine 

nutrient content of manure applied at planting. 

All samples were transported to JKUAT Horticulture Laboratory where they were dried, crushed, 

sieved (2 mm) and analyzed. Analyses included soil texture, soil organic carbon (SOC), bulk density, 

nitrogen (N), available phosphorus (P), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn) and 

manganese (Mn), pH, and electrical conductivity (EC). 

2.5.2 Assessing crop growth and yields 

The productivity of maize, pigeon pea, Desmodium, and Brachiaria was assessed at key growth stages 

of maize (knee height and maturity) from measurements of crop growth parameters, biomass, and 

grain yield. Maize growth was monitored by assessing plant height, leaf length, and leaf width of fully 

expanded leaves. The growth of pigeon pea was assessed by plant height and stem diameter at 10 cm 

above ground. Measurements were taken within randomly selected 2 m × 2 m subplots, excluding 

border rows. 

At maturity, all maize plants within 5 m × 5 m subplots were harvested and separated into cobs and 

stover. Fresh weights were recorded in the field. Subsamples of stover weighing 250 g and 10 

representative cobs were collected for dry matter determination after oven drying. Stover subsamples 

were chopped, mixed, and weighed, while cob subsamples were shelled to determine grain-to-cob 

ratios. Fresh-to-dry weight ratios were used to estimate total biomass and grain yield. Yields were 

expressed per hectare using standard formulas (Ndayisaba et al. 2020) as follows: 

 Grain Yield (kg/ha) = Cob fresh weight × (Cob sample dry weight / Cob sample fresh weight) × 

(Grain weight after threshing / Grain weight before threshing) × (10,000 m² / 4 m²). 

 Stover Yield (kg/ha) = Stover fresh weight × (Stover sample dry weight / Stover sample fresh 

weight) × (10,000 m² / 4 m²). 

For Desmodium and Brachiaria, biomass was sampled within 1 m × 1 m quadrats. Plant materials were 

harvested at 10 cm above ground level, their fresh weigh determined in the field, and a sample (250 

g or all available material when less than 250 g) collected for oven drying. 

Pigeon pea was harvested from 3 m × 3 m subplots installed in the maize + pigeon pea and maize + 

push-pull + pigeon pea treatments. Plants were cut at 10 cm above ground, separated into leaves, 

pods, twigs, stems, and litter, and their fresh weight determined. Representative samples (≤250 g per 

component, all pods included) were collected and oven-dried to constant weight. Belowground 

biomass was estimated through destructive sampling. Plants were excavated to 60 cm depth within 

45 × 37.5 cm soil pits. Their roots were collected, washed to remove soil, and the fresh weights 

determined in the field. Samples of the roots were collected for dry matter determination. 

All plant samples were transported to the Sino-Africa Joint Research Centre (SAJOREC) Biodiversity 

Laboratory at JKUAT, and oven-dried at 70 °C to constant weight. Dry weights were used to calculate 

dry matter yield and fresh-to-dry weight conversion ratios. For maize, 100-seed weight was also 

determined from healthy, dried grain using a precision balance.  
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Farmers were allowed to harvest crops after productivity measurements. In one case where maize 

had been harvested early, only stover and cobs were sampled.  

2.5.3 Monitoring pests and natural enemies 

A 2 × 2 m subplot was randomly installed within each test-field for collecting data on pests, weeds, 

and natural enemies. Striga infestation was assessed by counting emerged plants within a 12 cm radius 

around the base of each maize plant (Midega et al. 2017). Striga vigor was determined by measuring 

the height of three randomly selected plants. Data were expressed as the mean number of emerged 

Striga per maize plant. This was calculated by dividing the total Striga count by the total number of 

maize plants and then converting the values to Striga density per square meter. 

Stemborer and fall armyworm infestation were assessed non-destructively on maize plants within the 

same subplot. Plants were examined for the following symptoms for stemborer: small holes on the 

youngest leaves, ‘windowpanes’ on leaf whorls, and frass-filled galleries in stems that cause breakage 

in older plants (Midega et al. 2018). Fall armyworm damage was initially estimated as percent leaf 

damage. The number of damaged leaves was also recorded. 

Natural enemies of stemborer (predatory ants, parasitic wasps, parasitic flies) and fall armyworm 

(earwigs, beetles) were monitored using two approaches. First, sticky traps were installed at two 

strategic positions within each farm (avoiding borders), left for one week, and then examined for the 

presence of natural enemies. Second, sweep-net sampling was conducted across 2 m transects in both 

directions, supplemented by manual collection of crawling insects within the designated subplot. 

Natural enemies identified to species level morphologically and counted. 

2.6 Monitoring Performance of Push-Pull in Farms with Grevillea Trees 

The performance of push-pull systems embedded in mature Grevillea trees was monitored over four 

cropping seasons between 2023 and 2025 on ten on-farm trials. Field preparation was conducted 

ahead of each season to align with the onset of rains i.e., August to early September 2023 (Season I), 

March 2024 (Season II), August to mid-September 2024 (Season III), and March 2025 (Season IV). 

Planting was done at the onset of rains in each subsequent season: 11–13 September 2023 (Season I), 

1–2 April 2024 (Season II), 20–21 September 2024 (Season III), and 28–29 March 2025 (Season IV). 

Routine crop management across the four seasons included manual weeding (October 2023, April–

May 2024, October 2024, and April–May 2025) and top dressing with fertilizer (October 2023, May 

2024, November 2024, and May 2025). 

Monitoring of maize growth, pest incidence, and yield was conducted in each season: growth and 

assessments of pest pressure took place mid-season (November 2023, June 2024, December 2024, 

and May–June 2025), followed by harvesting at physiological maturity (January 2024, July 2024, 

January 2025, and July 2025). Soil sampling was conducted at the start (August 2023) and end (August 

2025) of the experiment, followed by laboratory analysis (August 2025) to assess pH, electrical 

conductivity, and SOC. To support in-field adoption and implementation, farmers received training on 

integration of push–pull into agroforestry in September 2023 and October 2024. 

2.6.1 Assessing soil properties before and after experimentation 

Soil sampling followed the procedure described in Section 2.4.1 for pigeon pea integration. Prior to 

trial establishment, composite soil samples were collected from each of the ten selected farms to 
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assess baseline soil conditions. The tree where to establish a trial was located and a square plot 

measuring 10 m x 10 m delineated with the tree at the center. Four random samples from each 

cardinal direction (North, South, East, and West) around the tree were taken using a soil auger at two 

depths (0–15 cm and 15–30 cm) in each of four concentric zones (A-D). These were mixed to form a 

composite sample, from which 250 g was retained for laboratory analysis. At the end of the study, soil 

samples were collected from each of the four concentric zones (A-D) at the two depths across all ten 

farms. Soil analyses included soil organic matter (SOM), SOC, pH, electrical conductivity, N, available 

P, K, Ca, Ma and soil texture. 

2.6.2 Assessing crop growth and yields 

Maize plants were sampled for monitoring growth in each zone (A-D) by selecting four plants from 

each cardinal direction (North, South, East, and West) around the tree, totaling 16 plants per zone. 

Plant height was measured from the base to the tip using a meter rule. Leaf length and width were 

recorded from fully expanded leaves using a measuring tape. 

Maize productivity was assessed at physiological maturity. In each zone (A, B, and C), four 1 m × 1 m 

subplots were marked in the cardinal directions. In Zone D (control), a single 1 m × 1 m subplot was 

established at the center of the plot. All maize plants within these subplots were cut at 5 cm above 

ground level. Cobs and stover were separated, and their fresh weights recorded using a spring balance. 

A 250 g sample of stover was collected and oven-dried at 75 °C for 72 hours to estimate dry matter 

content. 

Grain and stover yields (t/ha) were calculated using the following formulas (Ndayisaba et al. 2020): 

 Grain Yield (t/ha) = Cob fresh weight × (Cob sample dry weight / Cob sample fresh weight) × 

(Grain weight after threshing / Grain weight before threshing) × (10,000 m² / harvest area) 

 Stover Yield (t/ha) = Stover fresh weight × (Stover sample dry weight / Stover sample fresh 

weight) × (10,000 m² / harvest area) 

2.6.3 Assessment of fall armyworm infestation and severity 

Fall armyworm infestation and severity were monitored 10 weeks after planting, following the 

approach described by Cheruiyot et al. (2022). In each concentric zone (A, B, C, and D), all maize plants 

were assessed non-destructively for visible signs of infestation. Plants exhibiting skeletonized leaves, 

windowed whorls, and presence of larval frass were counted and expressed as a percentage of the 

total plants per zone (Midega et al. 2018). The severity of fall armyworm infestation was assessed by 

visual observation of foliar damage using a scale (1-5) adapted from Hailu et al. (2018). A score of 1 

indicated no visible infestation symptoms; 2 indicated very little damage; 3 indicated a high level of 

damage, with larval feeding present and most young leaves showing symptoms; 4 indicated severe 

damage, with about 75% of leaves heavily affected and excrement visible in the whorl; and 5 indicated 

very severe damage, where total plant destruction was evident. 

2.7 Performance of Push-Pull Raised from Splits and Seeds  

To address seed-related challenges in the adoption of push–pull technology (i.e., high cost and poor 

field emergence of Desmodium seeds), a study was undertaken to evaluate alternative establishment 

methods that enhance Desmodium survival, growth, and productivity. The performance of 

Desmodium raised through vegetative propagation, nursery-raised seedlings, and direct seeding was 
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evaluated to assess their impact on biomass productivity and the influence of push-pull technology on 

microclimate. 

The experiment was initiated in July 2023 with the establishment of nursery seedlings, followed by 

field planting in early September 2023. Desmodium splits were collected from farms and planted in 

the experimental field. Desmodium biomass productivity was assessed by harvesting both above- and 

below-ground biomass from 1 m × 1 m quadrats, with four representative plants sampled per 

treatment plot. Microclimate was monitored by measuring plot temperature using a digital 

thermometer. The influence of the propagation method on arthropod diversity and abundance was 

assessed using counts from pitfall traps installed across the treatments. 

2.8 Training Farmers for Agroforestry Integration  

A total of five training workshops were conducted to build capacity of farmers for management of 

push-pull and to receive feedback on the performance of the integration. A summary of the workshops 

and their details are outlined below. 

Workshop 1: Training farmers on push-pull management 

The first workshop was held in 11-15 October 2021 at the homesteads of lead farmers in Vihiga, 

Kisumu, and Siaya. Farmers were equipped with knowledge on the importance, implementation, and 

management of push-pull technology. With support from ICIPE technicians, farmers were trained and 

shown practical ways to manage the push-pull system to maximize benefits and minimize negative 

effects e.g., prevent colonisation of unintended farm sections. Farmers were also taught how to 

harvest Desmodium to ensure continued effectiveness of the push-pull system while providing of 

quality fodder for livestock.  

Workshop 2: Feedback and learning exchange with farmers 

This workshop was held between 24-28 July 2023 in the homesteads of lead farmer in Vihiga (1 lead 

farmer), Kisumu (2 lead farmers), and Siaya (1 lead farmer). A total of 22 farmers received feedback 

on soil analysis results and provided their experiences on integration of pigeon pea into push-pull 

systems. Farmers received individualized recommendations for soil amendments. Future activities 

under the UPSCALE project were explained. Major outcomes of this workshop were increased farmer 

commitment to manure preparation in Season IV, enhanced knowledge of soil fertility management, 

and sustained engagement with project activities. 

Workshop 3: Induction of new farmers for push–pull integrated in agroforestry 

This workshop was conducted on 13th September 2023 at Kenya Forestry Research Institute (KEFRI) 

regional office at Maseno, Kisumu. Thirteen (13) newly recruited farmers were introduced to the 

principles, benefits, and management of push–pull technology. Farmers learned about land 

preparation, timely planting, manure use, weeding, and harvesting techniques for Desmodium and 

Brachiaria. Farmers were also oriented on project timelines and encouraged to participate in 

monitoring activities. Farmers also shared experiences. The workshop allowed farmers to share 

experiences, and enhanced farmer awareness of best practices, improved alignment with project 

expectations, and ensured smooth onboarding of new participants. 
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Workshop 4: Capacity building of farmers with push–pull integrated in agroforestry 

This workshop took place from 8th to 10th October 2024 in two villages in Vihiga (Ebusamba village) 

and Kisumu (Maliera village). Forty-eight (48) farmers discussed how to integrate push-pull with 

agroforestry. The training included practical sessions on the benefits of agroforestry, interactive Q&A 

discussions, and farmer-led sharing of integration experiences. Farmers were also sensitized on 

maintaining the integrity of experimental plots for data continuity. A major outcome is that farmers 

gained integration skills, owned the project, and committed to promoting sustainable intensification 

practices. 

2.9 Statistical Analyses  

All data collected on soil fertility, pest infestation, crop growth, and maize productivity were cleaned 

and checked for completeness. The Shapiro–Wilk test was used to assess normality assumptions 

before proceeding with further analysis. Means and standard deviations were computed for all key 

parameters (i.e., fall armyworm infestation and severity, plant height, leaf length, leaf width, stover 

yield, and grain yield) and their categories (i.e., treatment, season, site). Data were subjected to 

analysis of variance (ANOVA) to evaluate the effects of treatment, site, and season. Where significant 

differences were observed, Tukey’s Honestly Significant Difference (HSD) test was used for mean 

separation at a 5% significance level (p ≤ 0.05). 

In cases comparing classical push–pull systems with intensified systems (e.g., with pigeon pea 

integration), independent t-tests were conducted to assess differences in maize yield and pest 

incidence. For pest monitoring and crop growth data in pigeon pea integration, linear models were 

used to examine treatment and site interactions across seasons. All statistical analyses were 

performed using R software (version 3.2.2). Microsoft Excel was used for data entry, preliminary 

summaries, and visualization. 

2.10 Socioeconomic and Market Impact Assessment 

To evaluate the socioeconomic and market impacts of vegetable integration within the push–pull 

system, household-level survey data were collected from 404 respondents in Kenya and 336 

respondents in Uganda. These data were obtained under the DYNADOPT project, a complementary 

initiative to the UPSCALE project. Results are reported in detail in Deliverable 6.5 (July 2025). 

A financial feasibility assessment of the push–pull technology was conducted using a cost–benefit 

analysis framework based on the same dataset. The study utilized a three-stage sampling design 

comprising 740 households managing a total of 1,680 maize plots across Western Kenya and Eastern 

Uganda. The analysis was restricted to maize plots, as maize was the predominant crop cultivated by 

the surveyed households; other cereal crops were therefore excluded. 

To complement the quantitative survey data, in-depth case studies were conducted with a subset of 

farmers to provide a more comprehensive evaluation of the costs and benefits associated with the 

push–pull farming system. 
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3 Results 

Farmers identified several options to further intensify push–pull systems. The most preferred 

sustainable intensification practices were legume intercropping, crop rotation, crop–livestock 

integration, and agroforestry. The following sections present the effects of integrating push–pull with 

pigeon pea and embedding push–pull in farms with mature Grevillea trees. 

3.1 Soil Characteristics and Changes After Pigeon pea Integration 

3.1.1 Baseline conditions 

Soils across the study sites were classified as sandy (<20% clay), loam (20–32% clay), and clay (>32% 

clay) based on their sand, silt, and clay fractions (Table 2). Soils in Vihiga and Kisumu ranged from loam 

to clay loam, while those in Siaya were predominantly sandy clay loam. This is consistent with existing 

reports, which show that soils in Vihiga are light textured while those in Kisumu and Siaya are course 

textured (NAAIAP and KARI 2014). Baseline properties varied considerably across counties. Soils on 

farms in Vihiga were strongly acidic, with low electrical conductivity, low to moderate SOC, and low 

bulk density. Those on farms in Kisumu were also acidic with low electrical conductivity but had 

medium to high SOC. By contrast, soils in Siaya were less acidic, with higher electrical conductivity, 

better bulk density, and relatively higher phosphorus and SOC. About half of the farms in both Vihiga 

and Kisumu had pH below 5.5, the threshold below which maize growth is constrained. 

Table 2.  Initial soil properties of selected farms in Kisumu, Siaya and Vihiga in western Kenya. The 
values represent the means and standard error soil texture classes 

County Clay (%) Silt (%) Sand (%) 

Vihiga 24.9±1.4 42.1±1.1 33.0±1.8 

Kisumu 26.5±0.7 40.1±0.8 33.5±0.5 

Siaya 30.7±1.6 20.0±1.6 49.3±1.2 

Soil organic carbon levels from baseline and post-experiment analyses were interpreted using the 

guidelines of Okalebo et al. (2002), which classify SOC as very low (<0.5%), low (0.5–1.5%), moderate 

(1.5–3%), and high (>3%). Consequently, SOC in farms in Vihiga were generally low to moderate, with 

all farms recording values below 2.7%. Soils in Kisumu ranged from medium to high, although nine 

farms also recorded SOC below 2.7%. Siaya soils had consistently high SOC, with values above 3.29%. 

According to national guidelines for soil suitability, 2.7% SOC is considered adequate for maize 

production. The low levels in Vihiga and parts of Kisumu suggest soils with poor infiltration, low water 

holding capacity, and reduced microbial diversity. By contrast, higher SOC in Siaya is likely to 

contribute to greater resilience to drought and heavy rainfall. 

Nitrogen and phosphorus were the most limiting nutrients, particularly in Vihiga and Kisumu. At 

baseline, nitrogen was below adequate levels in five farms in Vihiga, three farms in Kisumu, and one 

farm in Siaya. According to the guidelines of Okalebo et al. (2002), soil nitrogen is classified as very 

low (<0.05%), low (0.05–0.12%), moderate (0.12–0.25%), and high (>0.25%). Phosphorus was below 

adequate levels on all farms in Vihiga and in 14 farms in Kisumu but above the adequate levels in all 

farms sampled in Siaya. The carbon:nitrogen ratio was significantly higher in Siaya, suggesting active 

nutrient cycling, which coincided with relatively higher crop yields in the County. Micronutrients were 

generally adequate, although calcium and zinc deficiencies were observed in some farms (Table 3). 
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Table 3. Initial soil characteristics within the region. Soil fertility was variable across the counties. meq = milliequivalents. 

County 

Critical 
levels 

No of farms below 
critical level 

Vihiga Kisumu Siaya 

Range Mean Range Mean Range Mean 

pH  5.50  8 4.93-5.76 5.48a 5.22-6.16 5.57a 5.81- 7.85 6.078b 

Electrical conductivity 4 All 0.028-0.082 0.046 0.036-0.062 0.049 0.039-0.05 0.044 

Bulk density (g/m3) 1.6 All 1.09-1.30 1.19 1.10-1.22 1.205 1.27-1.39 1.33 

Soil organic carbon (%) 2.70 9 0.983-1.93 1.77a 1.75-4.44 3.11b 3.40-3.64 3.54b 

Nitrogen (%) 0.20 1 0.22-0.389 0.298 0.187-1.06 0.39 0.268-0.338 0.29 

Available phosphorus (ppm) 30 13 6.11-11.2 10.64a 16.9-48.7 27.2b 44.9-52 44.95c 

Potassium (meq/100g) 0.04 none 0.09-0.984 0.34 0.298-0.86 0.59 0.83-0.98 0.89 

Calcium (meq/100g) 2.0 4 0.703-4.66 3.76a 17-35.8 31.1c 18.75-29.2 20.88b 

Magnesium (meq/100g) 1.0 none 2.97-4.2 3.87 3.92-4.38 4.22 3.62-3.90 3.845 

Iron (ppm) 10.0 none 215-399 340.3a 312-371 347.6a 356-360 358.2a 

Zinc (ppm) 5.0 1 5.67-24.5 17.1b 5.39-14.1 8.12a 4.39-18.83 6.35a 

Manganese (ppm) 20 none 185-190 188.4a 189-190 189.74a 188-190 189.71a 
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3.1.2 Post-experiment changes 

There were minimal detectable changes in the different soil parameters evaluated (Table 3-5). After 

the experiment, soil properties largely reflected the baseline differences, with Siaya recording the 

highest values for pH, electrical conductivity, and phosphorus, followed by Kisumu and Vihiga. 

Treatments that included pigeon pea tended to improve soil chemical properties relative to maize 

monocrops. In Siaya, the maize + pigeon pea intercrop had the highest pH (5.99), while in Vihiga the 

push–pull + pigeon pea treatment reached the highest pH (5.26). In Kisumu, phosphorus was lowest 

under maize monocrop (24.34 mg/kg) and highest in push–pull plots (30.87 mg/kg). 

Table 4 Post-experiment soil properties (pH, electrical conductivity [EC], soil organic carbon [%SOC], 
and available phosphorus [P]) across different treatments in Kisumu, Siaya and Vihiga 

Site and treatment pH EC %SOC (P)ACT. C 

Kisumu 5.44 0.051 1.62 28.62 

Push-pull 5.47 0.050 1.6 30.87 

Push-pull+pigeon pea 5.40 0.055 1.30 29.34 

Maize monocrop 5.59 0.049 2.43 24.67 

Maize+pigeon pea 5.36 0.043 1.59 26.34 

Siaya 5.88 0.061 1.53 37.12 

Push-pull 5.77 0.052 0.81 23.47 

Push-pull+pigeon pea 5.63 0.047 1.7 64.08 

Maize monocrop 5.86 0.082 1.89 27.78 

Maize + pigeon pea 5.99 0.057 1.72 24.47 

Vihiga 5.23 0.052 1.63 119.49 

Push-pull 5.23 0.057 1.67 26.95 

Push-pull+pigeon pea 5.26 0.047 1.49 28.96 

Maize monocrop 5.17 0.052 1.46 24.49 

Maize+pigeon pea 5.23 0.052 1.99 29.21 

Grand Mean 5.48 0.054 1.59 25.04338 

Nitrogen remained deficient across all sites (Table 5). The most severe shortages were observed in 

soils in Vihiga. Nitrogen levels were highest in push-pull + pigeon pea treatments, particularly in 

Kisumu, although these differences were not statistically significant. Phosphorus levels were 

significantly higher in push-pull and push-pull + pigeon pea treatments compared to maize monocrops, 

particularly in Kisumu and Siaya. Although potassium was generally adequate across all farms at 

baseline, after the experiment, levels were significantly higher in push-pull and push-pull + pigeon pea 

treatments in Vihiga, while in Kisumu and Siaya the increases were smaller but consistently higher in 

pigeon pea treatments. 

Micronutrient levels remained above critical thresholds across most farms. Iron concentrations were 

consistently higher than manganese, while magnesium and zinc were present at adequate levels in 

many farms. Exceptions included calcium, which was below adequate levels in ten farms in Vihiga and 

two farms in Kisumu, and zinc, which was deficient in a small number of farms in each county. 

Deficiencies in calcium and zinc in some farms may limit crop growth. Post-experiment analysis 

showed a slight decline in magnesium content in Vihiga.



16 
 

Table 5. Post-experiment soil properties (pH, electrical conductivity [EC], soil organic carbon [%SOC], and available phosphorus [P]) across different treatments in 
Kisumu Siaya and Vihiga 

County 
Critical 

levels 

No of farms below 

critical level 

Vihiga Kisumu Siaya 

Range Mean Range Mean Range Mean 

pH  5.50  5 4.62-5.8 5.22 4.73-6.17 5.46a 5.2-7.16 5.8 

Electrical conductivity 4 All 0.022-0.11 0.052 0.025-0.992 0.05 0.025-0.12 0.059 

Soil organic carbon (%) 2.70 9 0.679-3.21 1.631a 0.703-4.44 1.65 3.05-44 15.21 

Nitrogen (%) 0.20 All 0.01-0.19 0.1 0.013-0.15 0.1 0.01-0.09 0.061 

Available phosphorus (ppm) 30 9 19.6-59.6 27 19.2-48.7 27.2b 16.8-222 34.84 

Potassium (meq/100g) 0.04 none 0.05-0.32 0.16 0.04-0.24 0.12 0.06-0.29 0.14 

Calcium (meq/100g) 2.0 4 0.31-8.2 3.7a 3.03-6.34 4.32c 2.23-6.91 4.31 

Magnesium (meq/100g) 1.0 2 0.28-1.78 1.03 0.05-2.72 1.85 1.2-3.11 2.0 

Iron (ppm) 10.0 none 290-1060 212a 156-360 239 167-341 269.3 

Zinc (ppm) 5.0 none 94-516 282 6.9-20.5 12.49 7.79-29.73 14.22 
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These results highlight the need for integrated soil fertility management to improve soil health in the 

study area, particularly by enhancing pH, nitrogen, phosphorus, and potassium. Improvements in 

nitrogen and phosphorus are especially critical, given the widespread deficiencies of these nutrients 

in western Kenya. To address soil acidity, farmers are advised to avoid acidifying fertilizers such as 

DAP, urea, and ammonium sulphate, and instead apply neutral options such as Single Super Phosphate 

(SSP), Triple superphosphate (TSP), near neutral (e.g., CAN), or balanced NPK formulations. Liming can 

serve as a short-term corrective measure in severely acidic soils, though it may have long-term 

implications for greenhouse gas emissions (Hijbeek et al. 2021). Compost, manure, and diversified 

intercrops provide more sustainable long-term solutions. The observed decline in magnesium suggests 

a need for supplementation under continuous cultivation, while low calcium levels may increase plant 

susceptibility to pests, diseases, and extreme weather. Although SOC did not change significantly over 

the short experimental period, pigeon pea integration is expected to enhance SOC in the longer term 

through greater biomass inputs and organic matter accumulation. Longer-term studies are therefore 

recommended to assess cumulative effects on SOC and nutrient cycling. 

3.2 Effect of Pigeon pea Integration on Pests and Natural Enemies 

3.2.1 Effect on Striga 

Striga infestation was strongly influenced by site, treatment, and season, with strong interactions 

among these factors (p ≤ 0.05). The mean number of Striga plants per maize plant was highest in 

Kisumu (3.51±1.85), followed by Siaya (2.02±1.0), and lowest in Vihiga (1.07±0.5). Site-specific 

differences reflected underlying ecological conditions: Kisumu, with an elevation of 1134–1400 m and 

annual rainfall of 1000–1800 mm, provided highly favorable conditions for Striga growth, whereas 

Vihiga, with higher elevation (1300-1900 m) and greater rainfall variability, suppressed infestation 

levels. 

Across treatments, maize monocrop supported the highest mean Striga population (3.44), while maize 

+ pigeon pea recorded the lowest (1.87). Push-pull and push-pull + pigeon pea systems showed 

intermediate infestation, with 2.28 and 2.13 Striga plants per maize plant, respectively (Figure 4). This 

suggests that diversification of maize monoculture with pigeon pea or push–pull practices can 

contribute to reduced Striga density. 
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Figure 4. Effect of site (a) and treatment (b) on Striga density per maize plant. Treatments: MD = push–
pull, MDP = push–pull + pigeon pea, MM = maize monocrop, and MP = maize + pigeon pea 

Treatment and site effects were further modified by season. In 2021, Striga infestation did not differ 

significantly across treatments (Table 6). In the 2022 long rains, maize monocrop consistently had the 

highest infestation. It was also a season during which abnormally high rainfall was recorded in the 

region. Diversified systems, particularly maize + pigeon pea and push-pull + pigeon pea, consistently 

had lower Striga densities than maize monocrop; although a temporary increase in the diversified 

treatments was observed during the 2022 short rains (Table 6). The surge in Striga infestation in push-

pull systems during the third season was unexpected and may be attributed to seasonal conditions 

e.g., unusually high rainfall received in short rain season (2022) or incomplete system establishment.  

Table 6. Interactive effects of season and treatment on Striga density per maize plant.  

a) Average Striga number per plant b) Average Striga number per sqm 

Season Push
-pull  

Push-pull + 
pigeon pea  

 

Maize 
monocrop 

Maize + 
pigeon pea  

 

Push-
pull  

Push-pull + 
pigeon pea  

 

Maize 
monocrop  

 

Maize +  
pigeon pea  

 

Season 1 
SR (2021) 

2.46a 2.96a 3.77a 3.31a 54.12a 65.12a 82.94a 72.82a 

Season 2 
LR (2022) 

1.72bc 2.61b 6.09a 1.01c 37.84bc 57.42b 133.98a 22.22c 

Season 3 
SR (2022)  

8.43a 3.2b 3.29b 3.29b 185.46a 70.4b 72.38b 72.38b 

Season 4 
LR (2023) 

0.47a 0.008b 0.388a 0.038b 10.34a 0.176b 8.536a 0.836b 

 

No significant differences in Striga vigor were detected, although a tendency toward increased Striga 

height was observed in push–pull and push–pull + pigeon pea treatments. A negative correlation was 
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found between Striga density per maize plant and maize height, confirming that infestation directly 

suppressed maize growth. This effect was most pronounced in the maize monocrop. 

3.2.2 Effect on fall armyworm, stem borers and natural enemies 

Fall armyworm infestation was strongly affected by site but not by treatment. Vihiga had the highest 

incidence, while Siaya had the lowest (Figure 5). In Kisumu, maize monocrop was most affected. On 

the contrary, push-pull and push–pull + pigeon pea had the lowest infestation. Similar trends were 

found in Siaya, but these patterns were reversed in Vihiga. Seasonal patterns showed fall armyworm 

peaking in 2023 (long rains), especially in maize monocrop. Maize + pigeon pea maintained low 

infestation levels across seasons. 

 

Figure 5. Effect of site (a), treatment (b), and their interaction (c-d) on fall armyworm density. 
Treatments: MD = push–pull, MDP = push–pull + pigeon pea, MM = maize monocrop, and MP = maize 
+ pigeon pea 

Stem borer densities varied across sites and treatments, although the differences were not statistically 

significant (Figure 6). Overall, infestation was highest in Vihiga and lowest in Siaya. The effect of 

treatments was weak, but there was a tendency toward higher infestation in maize monocrop and 

lower infestation in maize + pigeon pea. Infestation levels in push–pull and push–pull + pigeon pea 

declined markedly from the 2022 short rains to the 2023 long rains. The level of infestation by 

stemborers was generally lower than that in season I and II; fewer crops were observed to have the 

symptom of stem borer infestation. Farmers noted that when it rained plants recovered faster from 

the effect of the fall armyworm. 
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Figure 6. Effect of site (a), treatment (b), and their interaction (c) on stem borer. Treatments: MD = 
push–pull, MDP = push–pull + pigeon pea, MM = maize monocrop, and MP = maize + pigeon pea 

The abundance of natural enemies (i.e., beetles, ear wig, lady bird and ants) was moderately 

influenced by cropping system but not site. Maize monocrop supported the lowest diversity of 

beneficial insects, while push–pull + pigeon pea and pigeon pea intercrops had higher densities of 

beneficial insects (Figure 7). Additional unidentified beneficial species were also recorded in pigeon 

pea plots. This highlights the ecological advantage of diversification in conserving natural enemies 

critical for biological pest control. 

 

Figure 7. Effect of different treatments on natural enemies in Kisumu, Siaya, and Vihiga. Treatments: 
MD = push–pull, MDP = push–pull + pigeon pea, MM = maize monocrop, and MP = maize + pigeon pea 
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3.3 Productivity of Push-Pull Systems After Pigeon pea Integration 

3.3.1 Maize stover and grain yield 

Stover and grain yield varied across treatments, sites, and seasons, reflecting the influence of both 

management practices and environmental conditions. Across sites, push-pull and maize monocrop 

generally produced higher stover yields than their respective intercropping treatments with pigeon 

pea (Table 7). In Kisumu and Vihiga, push-pull produced the highest stover yield than the other 

treatments. In contrast, maize monocrop produced the highest stover yield in Siaya, where push-pull 

had the lowest. In all counties, push-pull + pigeon pea and maize + pigeon pea had lower stover 

production compared to their non-intercropped counterparts. 

Seasonal trends showed that push-pull maintained relatively stable and high stover yields across all 

four seasons. Push-pull + pigeon pea showed a noticeable increase in season III, where the highest 

stover yield was recorded, but this was followed by a decline in season IV. Maize monocrop remained 

relatively consistent across seasons, with the best performance in season II, while maize + pigeon pea 

declined in season IV, similar to the trend seen with push-pull + pigeon pea. 

Grain yield patterns followed those of stover yield. Push-pull and maize monocrop produced greater 

grain yields than pigeon pea-based intercropping systems across most sites and seasons. In Kisumu, 

push-pull achieved the highest grain yield. In Siaya, maize monocrop produced the greatest amount 

of yield, while in Vihiga, both push-pull and maize monocrop had comparable yields. 

Across seasons, push-pull had the most consistent grain yield, with its highest yield in season IV. Push-

pull + pigeon pea performed best in season III, suggesting some seasonal advantage of intensification, 

though yields were generally lower in other seasons. Maize monocrop also had the highest grain yield 

in season IV, whereas maize + pigeon pea consistently had the lowest grain yields, especially in the 

final season. 

These results highlight clear differences in treatment performance across sites and seasons. Push-pull 

consistently produced higher yields than push-pull integrated with pigeon pea, particularly in Kisumu 

and Vihiga, suggesting that the addition of pigeon pea may reduce productivity under certain 

conditions. In contrast, maize monocrop achieved the highest yields in Siaya, while maize + pigeon 

pea recorded the lowest overall yields, especially in later seasons. Although push-pull + pigeon pea 

showed yield improvements in season III, this was not sustained, with a sharp decline in season IV. 

These findings suggest that while intensification of push-pull with pigeon pea may offer some seasonal 

benefits, it can also lead to reduced yields overall unless further agronomic adjustments are made. 

Factors such as plant competition, soil fertility, and seasonal rainfall likely influenced these outcomes. 

To improve the performance of push-pull systems integrated with pigeon pea, future work should 

focus on optimizing planting arrangements, plant density, input use, and site-specific management 

practices to address the challenges observed in intercropped systems. 
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Table 7. Comparison of stover yield and grain yield from push-pull systems, push-pull integrated with pigeon pea, pigeon pea with maize and maize monocrop in across 
sites (Kisumu, Siaya and Vihiga) and seasons (short rain – SR, and long rain – LR) 

Treatment 
Stover yield (Kg/ha) Stover yield (Kg/ha) 

Kisumu Siaya Vihiga Season I Season II Season III  Season IV 

Push-pull 3428±1726 2411±1205 3788±1922 3258.3±1361 3360±1531 3444±2852 3308±1291 

Push-pull + pigeon pea 2451±1194 3258±2178 2891±1630 2794.4±1444 2877.4±891 3717±1746 1559±1208 

Maize monocrop 3231±1275 4446±1114 3354±1879 3162.1±1258 3818±1730 3312±1818 3592±1741 

Maize + pigeon pea 3164±1509 2667±2070 2652±1896 3011.0±2112 3539±1277 3250±2225 1205±490 

 Grain yield (Kg/ha) Grain yield (Kg/ha) 

Push-pull 3259±1797 1853±1056 2407±1610 2245±1245 2721±1863 2318±1562 3347±1895 

Push-pull + pigeon pea 1964±1389 2333±1565 1826±1138 1725±914 1799±1085 2779±1698 1639±1319 

Maize monocrop 2431±2068 3828±1019 2471±2014 1883±1266 2107±1716 2770±1844 3754±2275 

Maize + pigeon pea 2141±1729 2148±1890 1606±1057 1859±1266 2356±1445 2195±2162 1165±691 
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3.3.2 Growth of maize 

Maize growth parameters (leaf width, plant height, and leaf length) varied across treatments, sites, 

and seasons (Table 8). Overall, leaf width and length showed similar patterns across treatments and 

seasons. Leaf widths ranged from approximately 7.3 to 8.7 cm, with slightly wider leaves observed in 

push–pull + pigeon pea and maize monocrop treatments, particularly in Siaya. Leaf length followed 

the same trend, with longer leaves recorded under the same treatments in Siaya. Both traits were 

influenced by seasonal variation: leaf width was generally lowest in season II and peaked in seasons II 

and III, while leaf length remained relatively stable across seasons, with slight increases noted in 

seasons I and IV. 

Plant height showed more pronounced variation than leaf traits. In Kisumu and Siaya, push–pull + 

pigeon pea and maize monocrop treatments had taller plants, often above 170 cm. In Vihiga, plants 

were shorter plants across all treatments. Height also varied with season, tending to be lower in 

season III but higher in seasons I and IV. The tallest plants were observed under push–pull and maize 

monocrop systems. 

Taken together, maize grown under push–pull + pigeon pea and maize monocrop systems had 

stronger vegetative growth, particularly in Siaya and Kisumu. Maize grown in Vihiga showed lower 

growth performance. Seasonal effects were evident for all parameters, underscoring the influence of 

temporal environmental conditions on maize development. 
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Table 8: Growth parameters (leaf width, plant height, and leaf length) of maize grown under different treatments (push-pull, push-pull + pigeon pea, maize monocrop, 
and maize + pigeon pea) across sites (Kisumu, Siaya, and Vihiga) and seasons (short rain – SR, and long rain - LR).  

Treatment Kisumu Siaya Vihiga 
Season I 
(2021SR) 

Season II 
(2022LR) 

Season III 
(2022SR) 

Season IV 
(2023LR) 

a) Leaf width (cm) 

Push-pull  7.99±1.78 7.29±2.1 7.25±2.5 7.81±2.0 6.53±2.5 8.15±1.4 7.88±1.9 

Push-pull + pigeon pea  7.73±1.96 8.75±1.5 7.46±2.3 8.21±2.0 6.74±2.4 8.68±1.3 7.27±1.64 

Maize monocrop  7.59±2.10 8.76±1.7 7.66±2.5 8.18±2.1 6.65±2.8 8.22±1.5 7.98±2.1 

Maize + pigeon pea  7.42±1.82 7.21±2.1 7.32±2.5 8.18±2.1 6.55±2.3 7.66±2.0 6.3±1.59 

b) Plant height (cm) 

Push-pull  189.2±50 143.7±52 161.2±52 172.6±47 181.9±44 139.1±48 179.8±69 

push-pull + pigeon pea 172.9±45 195.1±53 156.4±46 176.6±42 175.7±35 146.6±42 173.4±66 

Maize monocrop 156.4±54 201.4±45 160.4±58 170.7±43 175.8±52 129.4±47 181.9±73 

Maize + pigeon pea 163.8±36 155±57 163.8±47 179±32 186.3±33 123.1±48 140.2±56 

c) Leaf length (cm) 

Push-pull 90.4±17 79.5±22 85.2±20 87.6±20 81.8±21.7 85±21 90.3±15.8 

Push-pull + pigeon pea 87±22 94.3±12 88.1±18.7 87.8±24 83.9±17 92±14.3 91.2±16.8 

Maize monocrop 80.8±20 95±10 90.2±14.2 90.1±16.9 81.7±20 85.1±14.5 90.4±16 

Maize + pigeon pea 86.6±20 82.5±23 88.9±13 90.7±13 84.9±15 81.1±24 86.0±18 

Values represent means ± standard deviation. Differences reflect the influence of site conditions, seasonal variability, and cropping systems on vegetative growth. 

 

 



25 
 

3.3.3 Pigeon pea growth and yield 

The results suggest that pigeon pea performs better when integrated into push–pull systems, 

particularly in favorable environments such as Siaya and Kisumu. Pod fresh weights were highest 

under push–pull + pigeon pea (600 ± 300 g), while maize + pigeon pea recorded lower yields (200 ± 

100 g). Across sites, productivity was greatest in Kisumu (~750 ± 300 g), moderate in Siaya (~250 ± 150 

g), and lowest in Vihiga (~125 ± 100 g). Fresh leaf and twig weights did not show significant differences 

between treatments. However, mean values were higher under the push-pull + pigeon pea system, 

pointing to potential biomass advantages even in the absence of statistical significance. 

Significant differences in pigeon pea growth were observed across seasons, treatments, and sites 

(Table 8). Plants grown in season 2 were taller (2.52 m) and had thicker stems compared to those in 

season I (2.13 m), although plants in season 1 had higher dry matter production. Treatment effects 

showed that pigeon pea integrated into push-pull systems achieved better vegetative growth than 

when intercropped with maize alone. Plants in the push-pull + pigeon pea system were significantly 

taller (2.43 m) and had larger stem diameter than those in the maize + pigeon pea system (2.17 m). 

Dry matter production in the two treatments did not differ statistically. Site differences were also 

notable. Plants in Siaya had the tallest plants (2.72 m), largest root collar diameter (21.1 cm), and the 

highest dry matter yield (2257 g), followed by Kisumu. Plants in Vihiga had the poorest performance 

across all parameters. Root-to-shoot ratio showed minor variation.  

Table 9. Growth performance of pigeon pea (stem diameters = D), root collar diameter (RCD), root-to-
shoot ratio (RS), and dry matter and grain yield across seasons, treatments, and sites (Kisumu, Siaya, 
Vihiga). 

 Height (m) D1 (cm) D2 (cm) RCD (cm) RS Dry matter (g) 

Season 1 2.13b 0.49b 12.8ns 15.7ns 0.23ns 1626.2 a 

Season 2 2.52a 16a 13.44ns 16.7ns 0.26ns 1408.2 b 

Push-pull + pigeon pea 2.43a 6.24ns 14.1a 18.1a 0.23ns 1563ns 

Maize + pigeon pea 2.17b 4.89ns 11.8b 14.1b 0.263ns 1487ns 

Kisumu 2.48 b 7.36ns 13.9b 16.7b 0.24ab 1932a 

Siaya 2.72 a 6.65ns 16.6a 21.1a 0.31b 2257a 

Vihiga 1.73 c 3.14ns 9.02c 11.8c 0.202a 655b 

Season*treatment P< 0.01 P<0.01 Ns P<0.001 p<0.05 P< 0.01 

County*treatment P<0.001 ns Ns P<0.001 P<0.001 ns 

Values followed by different letters within each column indicate significant differences (P ≤ 0.05). 

3.3.4 Fodder production 

The productivity of Brachiaria and Desmodium was evaluated in terms of fresh biomass production 

because of their contribution to fodder. Together with pigeon pea twigs and leaves, these species 

form important components of livestock feed in mixed crop-livestock systems. This study found  8.3 

t/ha of Brachiaria and 4.64 t/ha of Desmodium in push-pull systems and 6.3 t/ha of Brachiaria and 6.5 

t/ha of Desmodium in push-pull intensified with pigeon pea. This contribution to fodder production 

has potential to increase milk production, diversify income and improve livelihoods. Biomass 

production varied across sites and treatments. Brachiaria and Desmodium biomass were significantly 

higher in Kisumu 12.6 t/ha  and 9.43 t/ha, respectively) compared to Siaya and Vihiga, where yields 

were considerably lower. Brachiaria biomass did not differ significantly between treatments. There 

were comparable yields in push-pull 8.5 t/ha and push-pull + pigeon pea (7.5 t/ha) systems. However, 
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Desmodium biomass was higher under the push-pull + pigeon pea treatment across all three counties. 

The results suggests that pigeon pea integration has a positive influence on legume fodder yield. 

Brachiaria tended to perform better under the standard push-pull system. However, the difference 

was not significant, except in Vihiga, where push-pull alone produced more Brachiaria. In contrast, 

Desmodium had more biomass in the intensified system. Considering the additional biomass 

contribution from pigeon pea twigs and leaves, particularly during dry seasons when Desmodium 

productivity may decline, the intensified push-pull system offers enhanced forage value and resilience 

for livestock feeding. 

3.4 Soil Characteristics and Changes in Push-Pull with Mature Grevillea Trees 

Soil across all zones and sites was acidic  at both the start and end of the experiment (Table 10). Soil 

pH showed a slight decline from 2023 to 2025 at both sites, although the changes were not statistically 

significant (p > 0.05). In Vihiga, mean pH decreased marginally from 5.7 to 5.6 across all zones. In 

Kisumu, pH declined from 5.4 to 5.2, remaining below the critical threshold of 5.5. Electrical 

conductivity also decreased slightly at both sites, although the changes were not significant. Available 

phosphorus declined significantly over time (p = 0.005). In Vihiga, mean P decreased from 70.5 mg/kg 

in 2023 to 26.5 mg/kg in 2025, while in Kisumu it declined from 47.9 mg/kg to 16.0 mg/kg. Despite 

this reduction, phosphorus levels were above the critical threshold of 12 mg/kg at both sites. No 

significant differences were observed among zones for pH, EC, or P. 

Table 10 Soil pH, electrical conductivity (EC), and available phosphorus (P) across concentric zones 

around Grevillea trees under push–pull systems at the start (2023 short rains) and end (2025 long 

rains) of the experiment in Vihiga and Kisumu, western Kenya 

Site Zone pH 
2023 

pH 
2025 

EC (dS/m) 
2023  

EC (dS/m) 
 2025 

P (mg/kg) 
2023 

P (mg/kg) 
2025 

Vihiga A 5.7±0.4a 5.6±0.6a 0.11±0.04a 0.05±0.01a 70.7±14.7a 35.3±14.7a 
 B 5.7±0.4a 5.6±0.5a 0.09±0.02a 0.05±0.01a 73.1±13.8a   22.0±6.3b 
 C 5.7±0.3a 5.6±0.5a 0.08±0.03a 0.04±0.01a 65.5±12.5a 27.6±10.3b 
 D 5.7±0.5a 5.7±0.7a 0.07±0.03a 0.05±0.01a 72.8±26.5a   20.9±5.7b 
Range  5.3-6.3 5.0-6.6 0.05-0.17 0.04-0.07 49-106.5 15.2-92 
Mean  5.7±0.4 5.6±0.5 0.09±0.03 0.05±0.01 70.5±16.6 26.5±10.8 

Kisumu A 5.5±0.4a 5.2±0.4a 0.09±0.04a 0.04±0.01a 47.1±8.5a 17.5±6.3c 
 B 5.5±0.5a 5.2±0.3a 0.09±0.02a 0.04±0.01a 50.5±9.7a 17.0±2.7c 
 C 5.4±0.5a 5.2±0.3a 0.09±0.02a 0.04±0.01a 47.9±5.3a 17.4±1.8c 
 D 5.4±0.5a 5.3±0.3a 0.07±0.03a 0.04±0.03a 46.2±5.5a 12.3±1.8d 
Range  4.9-5.9 4.7-5.6 0.04-0.13 0.03-0.06  38.2-69.4  10.8-26.7 
Mean  5.4±0.4 5.2±0.4 0.08±0.03 0.04±0.01 47.9±9.5 16.0±3.9 

Critical 
value 

 5.5 5.5 >4 >4 <12 <12 

P value  0.859 0.492 0.663 0.37 0.985 0.005 

Values represent means and standard deviation; means with the same letters within the same column 
are not significantly different at (p≤ 0.05) by Tukey’s HSD. Critical values are critical nutrient levels for 
maize growth in Kenya based on recommendations by the National Accelerated Agricultural Inputs 
Access Program (NAAIAP) and Kenya Agricultural and Livestock Research Organization (KARLO) 
(Nyuma, 2025). 
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Soil organic carbon and soil organic matter increased significantly from 2023 to 2025 (p = 0.0001), 

while total nitrogen showed no statistically significant change (p > 0.05). In Vihiga, mean SOC increased 

from 1.0% to 1.8%, and SOM from 1.8% to 3.1%. In Kisumu, SOC increased from 1.7% to 2.9%, and 

SOM from 2.9% to 4.9%. Total nitrogen increased slightly at both sites, from 0.24% to 0.30% in Vihiga 

and from 0.17% to 0.23% in Kisumu, although these changes were not statistically significant. In 

Kisumu, SOC and SOM values in 2025 exceeded the critical thresholds (2.7% and 3.4%, respectively), 

whereas in Vihiga they remained below these thresholds despite the observed increases. No 

significant differences were detected among zones for these parameters. 

Table 11 Soil organic carbon (SOC), soil organic matter (SOM), and total nitrogen (N) across concentric 
zones around Grevillea trees under push–pull systems at the start (2023 short rains) and end (2025 
long rains) of the experiment in Vihiga and Kisumu, western Kenya. 

Site Zone SOC (%) 
2023 

SOC (%) 
2025 

SOM (%) 
2023 

SOM (%) 
2025 

Total N % 
2023 

Total N (%) 
2025 

Vihiga A 1.3±0.4a 2.0±0.4c 2.2±0.7a 3.4±0.9c 0.26±0.05a 0.29±0.05a 
 B 1.0±0.6a 1.9±0.4c 1.7±0.9a 3.2±0.7c 0.22±0.03a 0.34±0.03a 
 C 0.9±0.4a 1.7±0.6c 1.6±0.8a 3.0±0.9c 0.26±0.08a 0.30±0.08a 
 D 1.0±0.7a 1.6±0.6d 1.6±0.9a 2.8±0.9d 0.22±0.04a 0.28±0.04a 
Range  0.2-1.9 0.8-2.7 0.4-3.2 1.3-4.6 0.16-0.35 0.15-0.52 
Mean  1.0±0.5 1.8±0.5 1.8±0.9 3.1±0.9 0.24±0.05 0.3±0.1 

Kisumu A 1.8±0.6a 2.7±0.5b 3.1±1.0a 4.6±0.9b 0.25±0.08a 0.26±0.05a 
 B 1.7±0.5a 3.0±0.3a 3.0±0.9a 5.3±0.6a 0.11±0.04a 0.23±0.03a 
 C 1.7±0.4a 2.8±0.6b 2.9±0.7a 4.8±0.9b 0.20±0.15a 0.25±0.08a 
 D 1.5±0.8a 2.9±0.6b 2.7±0.9a 4.9±0.9b 0.12±0.09a 0.20±0.11a 
Range  0.6-2.3 2.0-3.8 1.0-4.0 3.4-6.5 0.05-0.42 0.15-0.37 
Mean  1.7±0.5 2.9±0.5 2.9±0.9 4.9±0.8 0.17±0.1 0.23±0.5 

Critical 
value 

 <2.7 <2.7 <3.4 <3.4 <0.2 <0.2 

P value  0.1 0.0001 0.1 0.0001 0.163 0.548 

Values represent means and standard deviation; means with the same letters within the same column 
are not significantly different at (p≤ 0.05) by Tukey’s HSD. Critical values are critical nutrient levels for 
maize growth in Kenya based on recommendations by the National Accelerated Agricultural Inputs 
Access Program (NAAIAP) and Kenya Agricultural and Livestock Research Organization (KARLO) 
(Nyuma, 2025) 

Exchangeable potassium declined slightly from 2023 to 2025 at both sites, although the changes were 

not statistically significant (p > 0.05). Mean potassium decreased from 0.9 to 0.7 Meq/100 g in Vihiga 

and from 2.0 to 1.1 Meq/100 g in Kisumu, but remained above the critical level of 0.4 Meq/100 g at 

both sites. Calcium increased slightly across all zones at both sites, with mean values rising from 6.2 

to 8.4 Meq/100 g in Vihiga and from 5.4 to 6.2 Meq/100 g in Kisumu, although these increases were 

not statistically significant. Magnesium (Mg) remained relatively stable, with mean values around 1.0 

Meq/100 g in Vihiga and slightly decreasing from 1.0 to 0.9 Meq/100 g in Kisumu. Across all 

parameters, no significant differences were observed among zones. 

Table 12 Exchangeable potassium (K), calcium (Ca), and magnesium (Mg) across concentric zones 
around Grevillea trees under push–pull systems at the start (2023 short rains) and end (2025 long 
rains) of the experiment in Vihiga and Kisumu, western Kenya 

Site Zone 
Potassium (Meq/100g) Calcium (Meq/100g) Magnesium (Meq/100g) 

2023 2025 2023 2025 2023 2025 

Vihiga A 1.1±0.6a 0.9±0.8a 6.1±1.7a 8.9±3.4a 1.0±0.2a 0.9±0.3a 
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B 1.0±0.4a 0.7±0.2a 6.2±2.4a 8.6±2.0a 1.0±0.2a 1.0±0.3a 

C 0.9±0.5a 0.6±0.3a 6.1±2.6a 8.4±1.4a 1.0±0.3a 1.0±0.2a 

D 0.7±0.4a 0.6±0.4a 6.2±2.3a 7.9±2.4a 1.0±0.4a 1.0±0.2a 

Range  0.3-1.9 0.3-2.3 3.1-9.7 3.9-12.9 0.7-1.2 0.6-1.3 

Mean  0.9±0.5 0.7±0.5 6.2±2.3 8.4±2.2 1.0±0.2 1.0±0.2 

Kisumu 

A 2.2±0.9a 1.3±0.8a 5.7±1.7a 6.6±2.5a 1.1±0.2a 0.9±0.3a 

B 
C 

2.1±0.9a 
2.2±1.1a 

1.2±0.9a 
1.0±0.4a 

5.2±1.7a 
5.6±1.8a 

6.6±2.4a 
5.8±1.5a 

1.0±0.2a 
1.0±0.2a 

0.9±0.7a 
0.9±0.3a 

D 1.4±0.4a 0.8±0.4a 5.3±2.0a 5.6±1.4a 1.0±0.2a 1.0±0.3a 

Range  0.7-3.6 0.5-2.6 3.3-8.2 4.0-9.8 0.7-1.2 0.6-1.2 

Mean  2.0±0.9 1.1±0.6 5.4±1.7 6.2±1.8 1.0±0.2 0.9±0.2 

Critical value <0.4 <0.4 <2 <2 <1                       <1 

P value  0.568 0.463 0.993 0.974 0.999 0.999 

Values represent means and standard deviation; means with the same letters within the same 
column are not significantly different at (p≤ 0.05) by Tukey’s HSD. Critical values are critical nutrient 
levels for maize growth in Kenya based on recommendations by the National Accelerated 
Agricultural Inputs Access Program (NAAIAP) and Kenya Agricultural and Livestock Research 
Organization (KARLO) (Nyuma, 2025). 

3.5 Effect of Push-Pull Under Mature Trees on Pests  

Fall armyworm infestation was lower in maize grown under the push-pull system integrated with 

mature Grevillea trees compared to the maize monocrop control plots (Figure 8; see statistics in Table 

13). This finding demonstrates the potential of agroecological intensification using push-pull and 

agroforestry to suppress fall armyworm pressure and enhance maize resilience across diverse growing 

conditions. Zones closest to the trees (Zones A and B) showed significantly reduced proportion of 

plants damaged by fall armyworms in all seasons and sites, suggesting a possible combined effect of 

tree-mediated microclimate moderation and the functional biodiversity provided by Desmodium and 

Brachiaria. Conversely, Zone D, located away from any tree influence and planted with maize only, 
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consistently recorded the highest fall armyworm infestation, reinforcing the vulnerability of monocrop 

systems to pest outbreaks. 

 

Figure 8 Proportion of maize plants damaged by fall armyworms (FAW) in Vihiga and Kisumu during 
the four cropping seasons across the short rain and long rains (2023-2025). 

Across the four cropping seasons, severity of fall armyworm infestation was consistently lower in 

push–pull zones (A, B, and C) compared to the maize monocrop control (Table 13), with statistically 

significant differences observed across zones and seasons (df = 31; F = 3.968; p < 0.0001). These 

findings support the effectiveness of integrating push–pull with mature agroforestry systems as a 

sustainable strategy for reducing pest pressure in smallholder maize systems. 

In Vihiga, the severity scores in Zone A were low and stable across all four cropping seasons (2.0±0.0 

in 2023 short rain, 2024 long rain, and 2024 short rain, and 1.8±0.5 in 2025 long rain). Zone B had a 

similar pattern with slightly higher but still moderate severity (ranging from 2.0±0.0 to 2.2±0.5). Zone 

C, which lies just outside the tree canopy, had slightly higher severity (2.6±0.6 to 2.2±0.5), while Zone 

D had the highest values (3.2±0.8 in 2023 short rain and 3.0±0.7 in 2025 long rain).  

A similar trend was observed in Kisumu. Zone A had the lowest severity levels, dropping to 1.5 ± 0.6 

in the 2025 long rain, and consistently low values across seasons (e.g., 1.8 ± 0.5 in 2024 long rain).  

Zone D had the highest severity throughout, reaching at 3.6±0.6 in 2023 short rain and remaining 

above 2.8 in subsequent seasons. Statistical analysis confirmed these observations, with highly 

significant differences in severity across zones and seasons (df = 31; F = 3.968; p < 0.0001).  

Table 13 Mean (±SD) severity scores of fall armyworm infestation (scale: 1–5) across concentric zones 
(A–D) in Vihiga and Kisumu during four cropping seasons from 2023 to 2025. 

Zone  2023 Short rains 2024 Long rains 2024 Short rains 2025 Long rains 

Vihiga 

Zone A 2.0±0.0c 2.0±0.0c 2.0±0.0c 1.8±0.5d 

Zone B 2.0±0.0c 2.2±0.5bc 2.2±0.4bc 2.2±0.5bc 

Zone C 2.6±0.6b 2.4±0.6bc 2.3±0.5bc 2.2±0.5bc 

Zone D 3.2±0.8ab 3.0±0.7ab 3.2±0.4ab 3.0±0.7ab 
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Kisumu 

Zone A 2.2±0.5bc 1.8±0.5d 2.0±0.0c 1.5±0.6e 

Zone B 2.4±0.6bc 2.2±0.5bc 2.3±0.5bc 2.0±0.8c 

Zone C 2.6±0.9b 2.0±0.0c 2.8±0.5b 2.3±0.9bc 

Zone D 3.6±0.6a 2.6±0.6b 2.8±0.5b 3.0±0.8ab 
P value 0.0001    

Values in the same column with the same superscript letters are not significantly different 
(Tukey’s HSD, p ≤ 0.05). 

3.6 Productivity of Push-Pull Integrated in Mature Trees 

Maize productivity improved with distance from the tree and peaked in the intermediate zones (B and 

especially C), and then reduced in the open field (Zone D) (Table 14). Proximity to Grevillea trees 

reduced maize performance, with the lowest growth and yields observed in Zone A, directly under the 

trees. Across sites and seasons, both grain and stover yields were highest in Zone C, suggesting that 

mid-distance planting provides an optimal balance between competition and potential facilitative 

effects of tree presence.  

Table 14: Growth and yield of maize grown under push-pull integrated with mature Grevillea trees 
across concentric zones (A-D) in Kisumu and Vihiga during the 2023-2025 seasons (SR = short rain, LR 
= long rain).  

Season Site Zone 
Plant height 
(cm) 

Leaf length 
(cm) 

Leaf 
width 
(cm) 

Stover 
yield 
(t/ha) 

Grain 
yield 
(t/ha) 

2023SR 

Kisumu 

A 242.9±35.4ab 99.6±11.6bc 8.6±1.2ab 4.5±1.2ab 3.9±06ab 

B 246.6±52.5a 96.7±11.8bc 8.7±1.2ab 4.2±1.1ab 4.0±2.0ab 

C 244.3±41.5ab 96.9±12.3bc 8.8±1.2ab 4.7±1.2ab 4.6±0.8a 

D 223.6±45.2b 93.7±13.9c 8.4±1.3ab 3.6±1.1c 4.2±1.1ab 

Vihiga 

A 229.0±22.5b 107.8±5.6a 9.0±0.8a 5.3±0.8ab 3.5±0.6ab 

B 228.5±21.6b 105.5±5.7ab 9.1±1.3a 5.7±21.1a 3.7±0.3ab 

C 216.2±27.8bc 104.6±6.2ab 8.9±1.1ab 6.0±0.9a 3.8±0.2ab 

D 197.7±39.4cd 101.0±8.9ab 8.2±0.9b 4.4±0.7b 3.2±0.4b 

2024LR 

Kisumu 

A 187.2±48.6d 84.7±15.0e 7.8±1.3c   3.2±0.7c 3.0±1.1b 

B 208.6±38.2c 89.6±13.9d 7.9±1.2c  2.9±0.6d 3.1±0.6b 

C 211.5±37.7bc 90.4±12.5c 8.2±1.0b 3.2±0.4c 3.4±0.5ab 

D 222.7±36.8b 90.7±16.9c 7.9±1.1c 3.1±1.4c 3.6±0.7ab 

Vihiga 

A 208.9±36.2c 101.0±13.4b 8.8±1.1ab 4.5±1.5b 3.1±0.5b 

B 224.4±38.2b  102.8±8.5ab 8.7±1.1ab 4.6±1.3b 3.3±0.7ab 

C 220.3±39.3b 103.4±12.0ab 8.8±1.0ab 5.8±1.4a 3.9±0.8ab 

D 227.4±44.8b 101.5±.11.7ab 8.7±1.2ab 5.4±1.7ab 4.2±0.9ab 

2024SR 

Kisumu 

A 204.9±34.5c 95.4±12.8bc 8.5±1.2ab 4.8±0.9b 3.5±0.9ab 

B 218.6±26.8bc 98.1±9.1bc 8.8±1.2ab 5.1±0.2ab 3.6±0.9ab 

C 234.1±27.1ab 100.9±12.0b 9.2±1.3a 6.2±0.7a 4.5±1.0a 

D 214.2±40.4bc 96.9±13.3bc 8.6±1.0ab 5.4±1.7ab 4.0±1.6ab 

Vihiga 

A 231.2±29.5ab 100.3±8.3b 8.3±1.1ab 4.0±0.4b 2.5±0.9c 

B 246.7±26.5a 101.8±8.7ab 8.5±0.9ab 4.4±0.7b 2.8±0.4b 

C 242.7±25.3ab 98.9±9.1bc 8.6±1.1ab 3.8±0.4c 2.6±0.3b 

D 229.5±30.4ab 99.2±7.3bc 8.5±0.8ab 4.8±1.3b 3.2±1.1ab 

2025LR Kisumu 
A 196.9±25.6cd 107.9±6.8a 8.7±1.0ab 3.6±0.21c 3.5±0.4ab 

B 206.1±22.1c 106.1±6.7ab 8.8±0.9ab 4.2±0.59b 3.9±0.4ab 
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C 220.0±22.3b 108.6±7.3a 9.3±0.7ab 6.1±1.4a 5.5±0.7a 

D 219±20.4b 105.9±5.8ab 9.1±0.8a 3.8±0.7c 3.5±0.7ab 

 Vihiga 

A 214.6±29.6bc 105.7±11.9ab 8.2±1.1b 5.2±0.9ab 3.8±0.9ab 

B 216.8±31.7bc 107.0±6.6a 8.4±0.9ab 6.6±1.3a 4.3±0.9ab 

C 226.9±23.0b 107.5±6.3a 8.9±0.8ab 7.4±1.3a 5.2±1.1a 

D 223.3±29.0b 107.13±6.6a 8.9±1.1ab 5.3±1.1ab 3.6±0.7ab 

P value   0.0001 0.0001 0.0001 0.004 0.013  

Zone A = closest to tree base, Zone D = open field away from tree influence. 

In Kisumu, plant height and leaf dimensions were suppressed near the trees but improved with 

distance, with Zone C showing the best performance (Table 14). For example, during the 2025 long 

rains, Zone C achieved the tallest plants (220 cm), longest leaves (108.6 cm), and the highest grain 

yield (5.5 t ha⁻¹). In contrast, Zone A recorded shorter plants (196.9 cm) and lower yields (3.5 t ha⁻¹). 

A similar pattern was observed in Vihiga. During the 2025 long rains, stover yield in Zone C peaked at 

7.4 t ha⁻¹, compared with 5.2 t ha⁻¹ in Zone A, while grain yield reached 5.2 t ha⁻¹ in Zone C versus 3.8 

t ha⁻¹ in Zone A. Notably, even in seasons where overall yields were lower (e.g., 2024 short rains), Zone 

C still tended to outperform other zones. 

3.7 Performance of Desmodium Raised from Splits and Nursery  

Productivity of Desmodium is greatly influenced by the propagation method and shows that 

transplanting Desmodium either as seedlings or splits markedly improves establishment and biomass 

accumulation compared to direct seeding. Aboveground biomass was highest in vegetatively 

propagated plots (5.85 t/ha), followed by nursery-raised seedlings (3.41 t/ha), and lowest in directly 

seeded plots (2.13 t/ha). Similar trends were observed belowground, with means of 0.56 t/ha, 0.42 

t/ha, and 0.35 t/ha, respectively. Consequently, total biomass production was greatest under 

vegetative propagation (6.41 t/ha), intermediate under nursery-raised seedlings (3.83 t/ha), and 

lowest in directly seeded plots (2.48 t/ha). 

Propagation methods also influenced soil microclimate regulation, with moderate microclimate in 

propagation methods that had greater biomass production and therefore able to buffer against 

temperature fluctuations and moisture loss. Vegetatively propagated plots had the lowest mean soil 

temperature (28.9 °C) and the highest mean soil moisture (0.293 cm³/cm³). Nursery-raised 

Desmodium plots had lower soil temperature and higher soil moisture (29.3 °C; 0.280 cm³/cm³) as 

compared to the directly seeded plots (29.9 °C, 0.270 cm³/cm³). Maize monocrop plots consistently 

recorded the highest temperature and lowest amount of soil moisture 30.5 °C; 0.254 cm³/cm³). 

4 Socioeconomic and Market Impact 

4.1 Types of Vegetables Integrated in Push-Pull systems  

Table 15 shows the type of vegetables integrated in push-pull plots. In Kenya, cowpea was the most 

grown legume in push-pull plots, cultivated by 53.8% of farmers, with men (60.6%) showing a higher 

preference than women (49.6%). Kales were the second most popular vegetable, grown by 25.8% of 

farmers, with a slightly higher adoption among men (29.6%) than women (23.5%). Black nightshade 

(7.5%) and beans (2.7%) were also used, but to a lesser extent. Crops such as onions, tomatoes, and 

groundnuts had minimal representation, while cabbage, eggplant, and green pepper were not grown 

at all in the surveyed push-pull plots. 
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Table 15 Type of legume or vegetables on push-pull plot 

Type of legume/ 

vegetables 

Female Male Overall 

n % n % n % 

Kenya       

Cowpea 57 49.6 43 60.6 100 53.8 

Kales 27 23.5 21 29.6 48 25.8 

Black Night Shade 8 7.0 6 8.5 14 7.5 

Beans 3 2.6 2 2.8 5 2.7 

Onion 2 1.7 0 0.0 2 1.1 

Tomato 1 0.9 1 1.4 2 1.1 

Groundnuts 0 0 0 0.0 1 0.5 

Uganda       

Kales 16 44.4 25 54.3 41 50.0 

Tomato 4 11.1 11 23.9 15 18.3 

Cowpea 9 25.0 5 10.9 14 17.1 

Beans 8 22.2 5 10.9 13 15.9 

Black Night Shade 3 8.3 3 6.5 6 7.3 

Eggplants 3 8.3 2 4.3 5 6.1 

Groundnuts 0 0 4 8.7 4 4.9 

Cabbage 1 2.8 1 2.2 2 2.4 

Onion 1 2.8 1 2.2 2 2.4 

Green paper 0 0 1 2.2 1 1.2 

In Uganda, kales were the dominant vegetable incorporated into push-pull plots, cultivated by 50.0% 

of farmers, with men (54.3%) leading in adoption compared to women (44.4%). Unlike in Kenya, 

tomatoes had a higher presence (18.3%), followed by cowpea at 17.1%, with more female farmers 

(25.0%) growing it than males (10.9%). Beans (15.9%) and black nightshade (7.3%) were also utilized. 

Additionally, groundnuts (4.9%) were incorporated, mainly by male farmers, making Uganda's push-

pull plots more diverse in vegetable selection than Kenya’s, though legume adoption remained 

relatively low (Fehler! Verweisquelle konnte nicht gefunden werden.). 

The table above indicates that the incorporation of vegetables into the push-pull was limited, as only 

cow peas and kales were reported by slightly over half of the survey respondents in Kenya and Uganda, 

respectively. Qualitative data collected from the respondents showed that most households utilized 

these vegetables primarily for home consumption, with only a small number selling any surplus to 

their neighbors at the farm gate. 

4.2 Economic Viability of Push-Pull     

4.2.1 Revenues and costs on push-pull and non-push-pull plots  

The financial comparison summarized in Table 16 indicates that push–pull technology markedly 

enhances farm profitability in both Kenya and Uganda. In Kenya, farms implementing PPT generated 

more than twice the gross revenue of non-adopters (US$ 1,197 compared to 465) and realized over 

threefold higher net returns (US$ 789 versus 247). This advantage is largely driven by improved maize 

productivity, estimated at a 48% yield increase (Muriithi et al., 2022), as well as supplementary income 

from companion crops used as fodder. However, these outcomes should be interpreted with caution. 
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Where fodder values are estimated rather than derived from actual market transactions, the resulting 

income gains may not fully translate into cash earnings. Furthermore, the value of other crops, 

including vegetables as mentioned in Section 4.1, is also not included in the analysis. In addition, 

adopters of PPT may systematically differ from non-adopters in ways such as management capacity 

or resource endowment, which could inflate observed benefits. The analysis is also based on a single 

production season, limiting its ability to capture year-to-year variability. A similar pattern is observed 

in Uganda, where PPT plots recorded revenues of US$ 1,224 per acre compared to US$ 521 for 

conventional systems, translating into net incomes of US$ 1,040 and 461, respectively.  

Although push-pull systems involve higher seed costs due to the inclusion of Desmodium and border 

grass, these additional expenses are outweighed by the gains in productivity and diversified outputs, 

including fodder and intercrops. Overall, the findings suggest that despite higher initial input costs and 

modest increases in management requirements, push-pull can deliver superior financial returns. Its 

economic viability, however, depends on the presence of functional fodder markets or effective on-

farm utilization through livestock integration, which are key to fully capturing the benefits relative to 

conventional pest management approaches. 

Table 16 Revenues and costs incurred on push-pull and non-push-pull subplots in Kenya and Uganda 

Variable 

Kenya (USD$/acre)# Uganda (USD $/acre)# Pooled (USD$/acre)# 

With PPT 
(n=367) 

Non-PPT 
( n=475) 

With PPT 
(n=438) 

Non-PPT 
(n=400) 

With PPT 
(n=805) 

Non-PPT 
(n=875) 

Total revenue (TR) 1197.05ᵃ 465.25ᵇ 1223.49ᵃ 521.31ᵇ 1211.43ᵃ 490.88ᵇ 
Total variable costs (TVC) 407.88ᵃ 218.00ᵇ   182.94ᵃ   60.10ᵇ 285.49ᵃ 145.82ᵇ 
Net income 789.17ᵃ 247.25ᵇ 1040.55ᵃ   461.21ᵇ 925.94ᵃ 345.06ᵇ 

Material input cost 221.72 
(54 %) 

112.24 
(51 %) 

110.74 
(61 %) 

13.13  
(22 %) 

161.33 
(57%) 

66.93 
(46 %) 

Labour operation costs 186.16 
(46 %) 

105.76 
(49 %) 

72.20  
(39 %) 

46.97  
(78 %) 

124.16 
(43%) 

78.89 
(54 %) 

Material input cost 
Improves seeds 30.24 20.06 45.03 6.97 38.29 14.07 
Local seeds 0.34 1.12 0.50 0.65   0.42 0.90 
Brachiaria/desmodium seeds 50.34 0.00 34.50 0.00 41.72 0.00 
DAP 66.00 31.33 24.81 4.06 43.59 18.87 
CAN 74.80 59.73 5.90 1.45 37.31 33.09 
 Total input costs 221.72 112.24 110.74 13.13 161.33 66.93 

Labor cost 
Land preparation/acre 50.11 37.15 37.34  25.00 43.16 31.60 
Planting/acre 30.53 13.35 3.46 1.46 15.80 7.91 
Weeding, trimming 
Desmodium and cutting 
Brachiaria or Napier/acre 

55.69 18.08 7.46 3.20 29.45 11.28 

Harvesting/acre 44.92 33.24 20.74 16.02 31.77 25.37 
Postharvest/acre 4.91 3.93 3.20 1.29 3.98 2.72 

 Total labor costs 186.16 105.76 72.20 46.97 124.16 78.89 

Note: #Means marked by different letters (ᵃ, ᵇ) across the rows suggest they are significantly different for each 

country (p< 0.05); #1US dollar= 129 Kenyan shillings (KES) and 3680 Uganda shillings (UGX): Source: DYNADOPT 

project Synthesis report, 2026.  
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4.2.2 Gross margin analysis of PPT components in Kenya and Uganda 

The analysis results indicate that the gross margin (GM) from maize grown with fodder in Kenya is 

approximately US$ 910 per acre. In contrast, the GM for plots without fodder is about US$ 619, 

highlighting a significant difference (see Table 16). Furthermore, when comparing non-push-pull 

(conventional) maize-only plots to push-pull maize-only plots, the gross margins were also significantly 

different: US$ 238 for non-push-pull plots and US$ 619 for push-pull plots. Additionally, households 

that integrated crops and livestock benefited further from milk production, achieving a gross margin 

of US$ 30 and US$ 41 per cow per day from milk in Kenya and Uganda, respectively. 

Table 17 Gross margins (GM) of push-pull and non-push-pull plots in Kenya and Uganda 

Variable Gross margins (GM)# in USD 
  Kenya Uganda Pooled 

Push-pull plots       
Push-pull GM for maize with fodder (per 
acre) 

910.29ᵃ 1232.22ᵃ 1007.17ᵃ 

Push-pull GM of maize mono-cropping 
(without fodder) (per acre) 

619.19ᵃ   990.54ᵃ   83.66ᵇ 

Non- push-pull plots       
GM for maize monoculture (per acre) 237.62ᵇ  456.16ᵇ   337.52ᵃ 

Other       
Milk GM (per cow) 30 41 35.5 

Note: #Gross margin means marked by different letters down the columns are significantly different (p< 0.05) 
and #1US dollar= 129 Kenyan shillings (KES) and 3680 Uganda shillings (UGX): Source: DYNADOPT project 
Synthesis report, 2026 

Further economic margin and viability results of integrating push-pull with high-value vegetables are 

provided in Deliverable 6.5 (July 2025). 

5 Overall Conclusion and Recommendation 
5.1 Overall Conclusion 

Task 6.4 demonstrated that combining push-pull technology with complementary agroecological 

practices, such as integration with agroforestry systems, can provide both ecological and 

socioeconomic benefits for smallholder farmers. However, such integration should be addressed 

carefully due to differences observed in the benefits of different species combinations. Farmers who 

intensified push-pull with agroforestry (notably Grevillea-based systems) experienced reduced pest 

pressure (Striga and fall armyworm), improved soil quality, and higher maize yields compared to 

sections of the farm that had sole maize. While integration with pigeon pea provided benefits, these 

did not translate to higher maize yields. Push-pull intensification translated into higher farm incomes 

in complementary trials on vegetable-integrated push-pull systems in Kenya and Uganda. The results 

suggest that push-pull is an effective and flexible agroecological approach that can enhance 

productivity and resilience and is economically viable despite higher initial input and labour 

requirements. 

Integrating pigeon pea into push-pull systems and embedding the technology within agroforestry 

(e.g., Grevillea-based systems) diversified farm outputs, in addition to providing ecological benefits. 

Pigeon pea contributed biomass for manure and supported household firewood and feed needs. 
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Despite challenges from birds (attracted by pigeon pea) and damage from termites, farmers 

consistently reported higher yields and resilience of pigeon pea in push-pull integrated plots compared 

to plots without push-pull. However, benefits of pigeon pea integration for maize yield were mixed. 

In Grevillea-based systems, maize performance varied with distance from tree trunks, with the highest 

grain and stover yields observed at intermediate zones where reduced pest pressure, a moderated 

microclimate, and adequate light conditions were optimal. Fall armyworm infestation was lower 

under push-pull than in monocrop maize; the strongest suppression was observed near tree crowns 

where shading and increased of natural enemies were more. These findings highlight the potential of 

combining push-pull with tree-based systems to strengthen agroecological intensification. It also 

emphasizes the importance of proper management, such as pruning and spacing to minimize negative 

effects such as shading. 

Integrating vegetables into push-pull systems is a viable yet underutilized form of agricultural 

intensification in Kenya and Uganda. The practice has strong potential to enhance household nutrition 

and food security; however, it is currently largely subsistence-oriented and contributes little to income 

generation. In Kenya, push-pull systems are dominated by cowpea; in Uganda they incorporate kales 

and a mix of other vegetables. Both countries show low integration of legumes and other high-value 

crops within push-pull systems. In addition, the broader economic potential of diversification, for both 

vegetables and woody perennials, is not fully realized. This is due to weak market engagement for 

vegetables, fodder, and tree products, which limits the conversion of productivity gains into reliable 

income streams. Strengthening market linkages will therefore be essential to fully realize the 

economic benefits of push–pull systems and support their scaling. 

The study also highlights practical solutions to key adoption constraints. Alternative Desmodium 

establishment methods such as nursery raising and vegetative propagation improve system 

performance by enhancing biomass production and regulating soil microclimate. These innovations 

are particularly important for supporting wider adoption under conditions of climate variability, where 

resilience and adaptability are critical. 

The findings identified key trade-offs and management considerations. Tree-crop competition, 

particularly shading near tree trunks, can reduce maize yields if not properly managed through pruning 

or appropriate species selection. Similarly, reduced maize plant density in some push-pull 

configurations (e.g., with pigeon pea) may offset yield gains if not optimized. These insights emphasize 

that successful agroecological intensification depends on careful system design and context-specific 

management. A major outcome in Task 6.4 is that farmers gained knowledge from the integration and 

leveraged complementary practices to improve soil health and enhance livelihood outcomes. To fully 

realize its benefits, greater attention is needed on system management and strengthening market 

linkages so farmers can better convert increased production into reliable and sustained income. 

Future efforts should focus on optimizing system configurations, enhancing farmer capacity, and 

strengthening value chains to ensure that ecological benefits are matched by sustained economic 

gains. 

5.2 Recommendations  

1. Farmers require continued training on the management of Desmodium, Brachiaria, and 

pigeon pea, including weeding practices, harvest techniques, and the lag time before benefits 

are fully realized. 
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2. Promoting pigeon pea as a complementary crop within push-pull requires supporting farmers 

with strategies to manage bird and termite damage, ensuring access to certified (pigeon pea) 

seed, and adopting wider spacing or staking practices under extreme weather conditions. 

3. To maximize maize yields, farmers should prune Grevillea trees regularly or carefully select 

tree species that are suitable for the specific farming context, especially when other species 

are selected for integration. 

4. Establish demonstration plots in community hubs and institutions (e.g., schools and lead 

farmers) to accelerate farmer-to-farmer learning and adoption. 

5. Promote diversified, nutrition-sensitive crop integration in push-pull systems by encouraging 

a wider mix of vegetables and legumes tailored to local and gender contexts to improve 

nutrition, income opportunities, and system resilience. 

6. Develop and formalize fodder markets by supporting value chain development through 

quality standards, pricing systems, and stronger linkages between producers and buyers. 

7. Improve input supply systems by strengthening sustainable seed production for Desmodium 

and Napier grass through private sector engagement and farmer-led multiplication, while 

supporting initial adoption with time-bound subsidies or vouchers. 
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