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Abstract
Crop diversification is associated with ecosystem services that can improve yield. We integrated tomatoes and kales within
the cereal push-pull technology (PPT), to form the vegetable integrated push-pull (VIPP), and explored the influence of
these cropping systems on pest and disease management, and subsequent yield of the vegetables. Aphids and diamondback
moths (DBM), the major pests in kale production, together with grasshoppers were consistently lower in the VIPP plots.
Low incidences and damage by leafminers, whiteflies and fruitflies on tomatoes were observed in VIPP plots compared
to plots of tomato intercropped with maize (control). The severity of black rot and leaf curl on kales and leaf spots on
tomatoes were less in VIPP compared to control. We recorded good quality and high yield of tomato and kale grown in
VIPP plots rather than control plots. We demonstrate that spatial crop diversification such as integrating vegetables such
as kale and tomato in a push-pull system can boost yield and maintain crop integrity.

Keywords Agroecology · Crop diversification · Ecosystem multifunctionality · Nutrition-sensitive agriculture ·
Plant-insect interactions · Sustainable intensification · Vegetable integrated push-pull

Introduction

The intensification of conventional agriculture is associated
with simplified agroecosystems and biodiversity loss. Of
major concern is how the reduced biodiversity leads to the
loss of key ecosystem services including pest and disease
regulation (Tooker and Frank 2012; Chidawanyika et al.
2023), soil fertility and nutrient cycling (Sun et al. 2022;
Liu et al. 2024; Ortega et al. 2024), weed management
(Midega et al. 2017; Cheruiyot et al. 2021), and moisture
conservation (Hu et al. 2017). In turn, the emanating chal-
lenges lead to a vicious cycle that is characterised by over-
reliance on external outputs such as pesticides, inorganic
fertilisers, and herbicides to support crop productivity but
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without biodiversity restoration. For resource-poor farm-
ers, such a production model is unsustainable due to the
scarcity of inputs and competing needs for capital invest-
ment. Thus, there have been growing calls for alternative
modes of production to meet desirable crop, environmental
and socioeconomic outcomes through sustainable intensifi-
cation (Tilman et al. 2011; Tscharntke et al. 2012; Struik
and Kuyper 2017; Weltin and Hüttel 2023).

Sustainable intensification, defined as a process or sys-
tem where agricultural yields are increased without adverse
environmental impact and the conversion of additional non-
agricultural land (Pretty and Bharucha 2014) has broad di-
mensions where resource use efficiency, whether economic,
environmental or social is at the core (Struik and Kuyper
2017). It can partly be achieved through crop diversifica-
tion by both temporal (rotation) and spatial (intercropping)
means (Struik and Kuyper 2017; Tooker and Frank 2012).
Literature is now replete with studies showing the advan-
tages of such crop diversification through both bottom-
up and top-down factors (Tooker and Frank 2012; Chi-
dawanyika et al. 2020). Belowground, intercropping can
enhance microbial activity (Adan et al. 2024; Jalloh et al.
2024) and improve both nutrient cycling (Drinkwater et al.
2021) and crop protection through overexpression of anti-
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herbivore metabolites that aid crop protection (Lang et al.
2024; Bass et al. 2024).

Aboveground, a diversified intercropping system sup-
presses pest infestations as specialist herbivorous insects
tend to favour where there are larger patches of host plants
(Stephens and Myers 2012). In what is now regarded as the
resource concentration hypothesis, the basis of pest sup-
pression is due to how crop diversity through intercropping
impedes host location and migration among specialist in-
sect herbivores (Grez and Gonzalez 1995). Other studies
have argued that crop diversification avails more resources
for insect diversity, including pest natural enemies (Brand-
meier et al. 2021; Rakotomalala et al. 2023), leading to
increased parasitism (Khan et al. 1997).

Originally developed to control Lepidopteran pests in
African smallholder cereal cropping systems, the push pull
technology (PPT) is a companion cropping method where
maize or sorghum are intercrops with leguminous plants
of the genus Desmodium [Fabaceae] whilst surrounded
by Napier grass (Pennisetum purpureum) or those of the
Brachiaria sp. [all Poaceae] (Cheruiyot et al. 2021, 2022)
The Desmodium in the intercrops serve as the push factor
by repelling pests (Cheruiyot et al. 2021; Odermatt et al.
2024) whilst attracting natural enemies (Sobhy et al. 2022).
The surrounding grasses provide the pull factor by luring
pests away from the crop for oviposition whilst arresting
larval development (Chidawanyika et al. 2014; Cheruiyot
et al. 2021). Together, the companion plants provide crop
protection against pests (Midega et al. 2018) in addition
to other ecosystem services including suppression of par-
asitic weeds (Hooper et al. 2015; Midega et al. 2017),
soil nitrogen fixation and improved organic content and
phosphorous content in the soil (Drinkwater et al. 2021).

Other than pests, diseases also negatively impact the pro-
ductivity of vegetables. In agricultural ecosystems, there has
been recent renewed interest in biodiversity to abate plant
diseases. Previous studies have demonstrated how crop di-
versification can contribute to mitigating pests, weeds and
diseases or their influence on natural enemies (Estrada-Car-
mona et al. 2022; Tobisch et al. 2023). However, evidence
of spatial crop diversification to mitigate plant diseases re-
mains scant even though diversified polycultures are gener-
ally thought to limit plant diseases (Smith et al. 2015; Wang
et al. 2021).

Apart from pest and disease control, sustainable inten-
sification of cropping systems offers opportunities for im-
proving nutritional diversity (Chidawanyika et al. 2023).
This is particularly important in sub-Saharan Africa where
crop production is largely dominated by cereals (de Graaff
et al. 2011; Noort et al. 2022). Hence, we recently inte-
grated vegetables and edible legumes within the PPT to
form the vegetable integrated push pull (VIPP). In this cur-
rent study, we investigated how integrating kales and toma-

toes within the VIPP can influence pests and diseases as
well as the productivity of these vegetables. We hypoth-
esised that the vegetables will be protected by the insect
behavioural manipulation of the PPT together with the re-
source-based population dynamics of plant-herbivore inter-
actions. We also hypothesised that disease incidences will
be lower, given that herbivore damage acts as a predisposing
factor for pathogen infection, leading to yield increment.

Materials andMethods

Study Area

The field experiments were conducted at the International
Centre of Insect Physiology and Ecology (icipe), Thomas
Odhiambo Campus, Mbita Point, Kenya (0°250S, 34°120E).
The experiment was undertaken during the short rain sea-
sons from October to December in 2020 and 2021, as well
as during the long rain seasons fromMarch to May and June
to August in 2020. This region is characterized by a semi-
arid climate, experiencing rainfall patterns that are also en-
dured by smallholder farmers in the region (1933mm p.a).
Mbita Point is situated along the shores of Lake Victoria,
which may influence its microclimate. The area typically
experiences two main rainy seasons: the long rains from
March to May and the short rains from October to Decem-
ber and soils are predominantly vertisol.

Plot Layout

We established a split-plot design of Push-Pull Technology
(maize+ silverleaf desmodium Desmodium uncinatum+
Brachiaria around the plot) and control (sole maize) (both
28× 15m). At two weeks post seedling emergence, two
vegetable types—kales (Collards variety), and tomatoes
(Riogrand variety) were planted in both the VIPP and
control plots alternating with maize (WH 505 variety) in
5.25× 5.25m subplots that were replicated 4 times for the
two treatments. The inter- and intra-row spacing between
maize was 75cm and 30cm, respectively, while desmodium
was planted at an inter-row spacing of 75cm. Kales and
tomatoes were planted with an intra-row spacing of 30cm
(Fig. 1).

Pest and Disease Infestation Levels and Severity of
Damage

Data collection commenced two weeks post planting of veg-
etables and continued weekly until the 7th week, conclud-
ing with the final harvest. A randomized sampling method
was employed by selecting 20 plants from the middle rows
of vegetables while excluding border plants. To minimize
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Fig. 1 Overview of experimental layout for vegetable integrated push-pull (VIPP) and control plots cultivated with kales, tomatoes and maize
crops

bias, 5 plants were chosen from either side of the middle
rows, totaling 20 plants per sampling plot. Pest populations
were monitored by inspecting individual plants within each
plot. For each plant, the species and abundance of each
pest were recorded. Pest damage and disease severity was
concurrently assessed by visual inspection.

A 7-point Likert scale (Dvorak et al. 2021) was used
to quantify the severity of pest and disease damage, where
each level represents the extent of damage observed on
the plants: 0 indicating no damage (clean), 1 for very low
damage, 2 for low damage, 3 for moderate damage, 4 for
high damage, 5 for very high damage, and 6 for complete
plant death. In both seasons, pest damage and disease rat-
ings commenced 2 weeks after germination and continued
weekly over a 4-week period.

Yield and Quality Assessment in Kales and Tomatoes

Harvesting was done weekly where yield and quality were
determined from the same plants where crop health was
assessed. The harvested leaves were sorted into 3 distinct
batches: the first batch included healthy leaves and those
exhibiting low to moderate damage, categorized as con-
sumable; whilst the third batch consisted of severely dam-
aged and diseased leaves, which were classified as non-
marketable (rejected). During the quality assessment, a 5-
member panel of local farmers was invited to categorise the
vegetables after each harvest. Thereafter, the leaves were
counted and weighed to determine the yield for each treat-
ment.

Data Analysis

The data for all the surveyed parameters were pooled ac-
cording to seasons; short rain seasons (October to Decem-

ber 2020 and October to December 2021) and short rain
seasons (June to August 2020 and March to May 2021).
Pest and disease damage (ratings) and incidences of kales
and tomatoes were subjected to a generalized linear model
(GLM) in R statistical software (R Core Team 2023).

The disease severity was converted into proportion. The
area under disease progress curve (AUDPC) was computed
for disease severity following Jeger and Viljanen-Rollinson
(2001):

AUDPC =
Xn−1

i=1

�yi + yi−1

2

�
.ti+1 − ti /

where:

n= total number of observations,
yi= proportion disease severity observed on kales or toma-

toes at the ith observation, and
t= time (expressed as weeks) at the ith observation.

The computed values of AUDPC for each disease type
were subjected to a two-way analysis of variance. In these
analyses, seasons and treatments were fixed factors. Post
hoc analyses were performed using Tukey’s HSD (Honestly
Significance Difference) test and the significance level was
set at α= 0.05.

Results

Pest Incidences and Damage Ratings On Kales and
Tomatoes

VIPP significantly influenced the incidences of aphids (χ2=
49.85, p< 0.001), diamondback moth (DBM) (χ2= 25.56,
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Fig. 2 Incidence of insect pests on kales grown in push-pull (VIPP) and control plots in two cropping seasons (Bars represent the means. Different
letters above the error bars denote significant differences between treatments)

Fig. 3 Incidence of insect pests on tomatoes grown in push-pull (VIPP) and control plots in two cropping seasons (Different letters above the error
bars denote significant differences)
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Fig. 4 Insect pests’ damage ratings observed on kales grown in push-pull (VIPP) and control plots in two cropping seasons (Different letters above
the error bars denote significant differences among treatments)

Fig. 5 Insect pests’ damage ratings observed on tomatoes grown in push-pull (VIPP) and control plots in two cropping seasons (Different letters
above the error bars denote significant differences between treatments)
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Fig. 6 Area under disease
progress curves for disease
severity caused by different
diseases recorded on kales cul-
tivated in push-pull (VIPP) and
control plots in two cropping
seasons (Different letters above
the error bars denote significant
differences between treatments)

Fig. 7 Area under disease
progress curves for disease
severity caused by different
diseases recorded on tomatoes
cultivated in push-pull (VIPP)
and control plots in two cropping
seasons (Different letters above
the error bars denote significant
differences between treatments)

p< 0.001), and grasshoppers (χ2= 11.83, p< 0.001) but not
cabbage looper (χ2= 0.25, p= 0.61) in kales. Only the inci-
dences of DBM and grasshopper varied between the sea-
sons (χ2= 25.56, p< 0.001, and χ2= 11.83, p< 0.001, respec-

tively). However, there were no significant interactions be-
tween treatments and seasons. Similarly, the severity of
damage followed similar trends in line with the pest infesta-
tion levels (Supplementary Table S1). Overall, the numbers
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Table 1 Statistical summary of generalized linear models for yield parameters of kales

Parameters Independent variables χ2 Df p-value

Number of marketable leaves Season 25.51 1 <0.001

Treatment 31.44 1 <0.001

Weeks after transplanting 5.77 3 0.12

Season× Treatment 0.09 1 0.76

Number of non-marketable leaves Season 1.02 1 0.31

Treatment 54.09 1 <0.001

Weeks after transplanting 6.99 3 0.072

Season× Treatment 4.29 1 0.038

Weight of marketable leaves Season 27.44 1 <0.001

Treatment 87.21 1 <0.001

Weeks after transplanting 23.26 3 <0.001

Season× Treatment 0.23 1 0.63

Weight of non-marketable leaves Season 0.36 1 0.54

Treatment 52.95 1 <0.001

Weeks after transplanting 5.37 3 0.15

Season× Treatment 2.08 1 0.15

The treatment consisted of vegetable integrated push-pull (VIPP) and control plots where experiments were conducted during long and short rain
seasons
Yield data were assessed weekly at physiological maturity

of aphids and DBM together with the severity of damage
were consistently lower in VIPP plots compared to control
plots (maize+ kale). However, the incidence (Figs. 2 and 3)
and damage (Figs. 4 and 5) levels of cabbage loopers and
grasshoppers were not affected by treatments.

In tomatoes, the VIPP significantly influenced infes-
tations by leafminers Tuta absoluta (χ2= 3.05, p= 0.004),
whiteflies (χ2= 5.94, p= 0.014) and fruit flies (χ2= 9.94, p=
0.023) but not thrips (χ2= 1.43, p= 0.23) and bollworms
(χ2= 0.92, p= 0.33). There was seasonal variation in the in-
cidences of thrips, bollworms, whiteflies and fruit flies (p<
0.001). Only incidences of bollworm and whiteflies were
significantly influenced by the interactions of treatments
and seasons. The same trends were followed in the damage
ratings (Supplementary Table S2).

Low incidences of and damage by leafminers, whiteflies
and fruit flies on tomatoes were observed in push-pull plots
compared to plots of tomato as a sole crop. No signifi-
cant variations of the incidences of and damage by thrips
and bollworms were recorded between the two treatments
(Figs. 4 and 5).

Disease Severity On Kales and Tomatoes

In kales, early and late blight, black rot, leaf curl and leaf
spot were observed during long rain season. While in the
short rain season, late blight, black rot, leaf curl, mildew and
anthracnose were observed (Fig. 6). Unlike other diseases
observed on kales, the AUDPC for black rot and leaf curl
showed significant variations between treatments (black rot:
F= 4.39, p= 0.044, leaf curl: F= 6.16, p= 0.018) and sea-

sons (black rot: F= 22.17, p< 0.001, leaf curl: F= 4.11, p=
0.048).

Early and late blight, leaf curl and leaf spot were the dis-
eases that were observed on tomatoes (Fig. 7). High sever-
ity of late blight and leaf spot were observed in short rain
season compared to the long rain season (late blight: F=
19.56, p< 0.001, leaf spot: F= 11.39, p= 0.004). Tomatoes
in control plots had higher severity of leaf spot compared to
tomatoes grown in push-pull plots during long rain season
(F= 9.61, p= 0.021). The AUDPCs for the other diseases
were not statistically different between treatments.

Kale and Tomato Yield

The summary of GLM for yield parameters including
the number and weight of marketable and non-marketable
leaves is provided in Table 1. The treatments resulted in sig-
nificant differences in the yield parameters (χ2 > 31.44, p<
0.001). Here, we considered clean and undamaged leaves as
marketable (suitable for human consumption). The number
and weight of marketable leaves were consistently higher in
push-pull plots compared to control plots during both long
and short rain seasons (Fig. 7). In contrast, lower numbers
and less weight of no-marketable leaves were observed in
push-pull plots compared to control plots. Overall, 3.01±
0.17 and 1.54± 0.41 leaves/plant/week and 0.107± 0.011
and 0.013± 0.004kg of leaves/plant/week were recorded
in VIPP and control plots, respectively during short rain
season. In the short rain season, 4.25± 0.51 and 2.92± 0.38
leaves/plant/week and 3.01± 0.17 and 1.54± 0.41kg of
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Fig. 8 Yield of kales (harvestable leaves) collected at different harvesting stages and seasons in push-pull (VIPP) and control plots as (a) number
of marketable leaves, (b) number of non-marketable leaves, (c) weight of marketable leaves, (d) weight of non-marketable leaves. Different letters
above the error bars denote significant differences between treatments

leaves/plant/week were recorded in push-pull and control
plots, respectively (Fig. 8).

The summary of GLM for yield parameters including
the number and weight of marketable and non-marketable
tomato fruits is provided in Table 2. The treatments re-
sulted in significant differences in the yield parameters (χ2>
39.75, p< 0.001). VIPP plots gave higher yield (number
and weight of marketable fruits) and reduced yield loss in
terms of the number and weight of non-marketable fruits
of tomatoes than control plots during both long and short
rain seasons (Fig. 9). Numerically, 5.44± 0.68 and 3.68±
0.06 fruits/plant/week and 0.49± 0.09 and 0.23± 0.04kg of
fruits/plant/week were recorded in push-pull and control
plots, respectively during long rain season. While in short
rain season, 6.32± 0.89 and 3.45± 0.60 fruits/plant/week
and 0.33± 0.06 and 0.18± 0.03kg of fruits/plant/week were
recorded in push-pull and control plots, respectively.

Discussion

Pest Incidences and Damage Ratings On Kales

Our results show that a VIPP system differentially influ-
ences pest incidences and their damage in both kales and
tomatoes. Aphids and DBM, the major pests in kale produc-
tion, together with grasshoppers were consistently lower in
the VIPP plots compared to the control underlying the im-
portance of in-situ crop diversification in pest management.
These findings corroborate several studies, which have as-
sociated habitat complexity in crop fields with reduced pest
infestation. For example, companion cropping of cabbage
with non-host vegetables resulted in reduced DBM infesta-
tions (Asare-Bediako et al. 2010). Similarly, such compan-
ion cropping has been widely associated with the suppres-
sion of aphids in various cropping systems (Lai et al. 2011;
Ben-Issa et al. 2017a, b).
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Table 2 Statistical summary of generalized linear models for yield parameters of tomato

Parameter Independent variables χ2 Df p-value

Number of marketable fruits Season 0.286 1 0.59

Treatment 39.75 1 <0.001

Weeks after transplanting 10.79 3 0.013

Season× Treatment 0.18 1 0.67

Number of non-marketable fruits Season 0.01 1 0.92

Treatment 38.60 1 <0.001

Weeks after transplanting 17.60 3 <0.001

Season× Treatment 4.34 1 0.037

Weight of marketable fruits Season 22.52 1 <0.001

Treatment 81.05 1 <0.001

Weeks after transplanting 8.65 3 0.034

Season× Treatment 5.69 1 0.017

Weight of non-marketable fruits Season 2.99 1 0.084

Treatment 57.74 1 <0.001

Weeks after transplanting 15.62 3 0.001

Season× Treatment 12.63 1 <0.001

The treatment consisted of vegetable integrated push-pull (VIPP) and control plots where experiments were conducted during long and short rain
seasons
Yield data were assessed weekly at physiological maturity

The mechanisms for such pest suppression in companion
cropping systems are broad. For example, non-host plants
are known to disrupt the olfactory-guided location of hosts
leading to lower infestations (Broad et al. 2008; Gurr et al.
2017). Alternatively, the complex habitats wrought by com-
panion cropping can also lead to enhanced natural enemy
diversity by either volatile mediated attraction (e.g. Khan
et al. 1997; Mutua et al. 2024) or increased resources such
as flowers and nectar availability (Sigsgaard et al. 2013;
Straser et al. 2024) leading to increased pest parasitism. In
our study system, the PPT has long been known to sup-
press pests by both volatile mediated insect behavioural
manipulation where pests are repelled and lured away from
the crop whilst parasitoids are recruited (Khan et al. 1997;
Chidawanyika et al. 2014; Lang et al. 2022; Sobhy et al.
2022). Furthermore, the PPT has been linked with the con-
ditioning of the soil where crop anti-herbivore secondary
metabolites are activated to improve thereby reducing pest
damage (Mutyambai et al. 2019, 2024; Bass et al. 2024;
Lang et al. 2024). It is therefore plausible that vegetables
introduced to form the VIPP benefit from a suite of these
ecosystem services, in part or in full, leading to decreased
pest activity.

Although the VIPP in our study showed efficacy against
aphids, grasshoppers and DBM in kales, it did not influ-
ence the incidences of cabbage loopers suggesting that the
impact of our model companion cropping system is not
universally effective against all pests. Nevertheless, the oc-
currence of the loopers was relatively lower compared to
the more devastating pests. In tomatoes, the VIPP did not
influence incidences of thrips and bollworms underlying

how the impact of such companion cropping may be spe-
cies-specific. Taken together, our studies suggest the more
generalist pests are less affected by the VIPP companion
cropping. This is expected because, in nature, the behaviour
of generalist insects tends to be modulated by a more com-
plex integration of multiple cues (Bruce et al. 2010) to
locate perfect hosts where feeding on alternatives due to
chance encounters is often exploratory due to anti-herbi-
vore feedback from plants including tactile and gustatory
cues (Gols 2014; Ali and Agrawal 2012; Chakraborty et al.
2023). Such may have been the case in our study as the gen-
eralists tended to damage the crops relatively less compared
to the specialist pests.

Insect population dynamics are known to be highly re-
sponsive to seasonality (Chidawanyika et al. 2020; Nya-
mukondiwa et al. 2022). In our study, there were differential
effects of seasonality on pest incidences in both tomatoes
and kales.

Disease Severity On Kale and Tomatoes

We observed early and late blight, black rot, leaf curl, leaf
spot, mildew and anthracnose were common diseases ob-
served on kales. In tomatoes, early and late blight, leaf curl
and leaf spot were common diseases. The severity of black
rot and leaf curl on kales and leaf spots on tomatoes were
less in VIPP compared to control plots, implying in situ
crop diversification can result in modification of host fac-
tors and reduce the susceptibility of crops to pests. Coupled
with other practices such as crop rotation and removal of
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Fig. 9 Harvestable tomato fruits collected at different harvesting stages and seasons in push-pull (VIPP) and control plots as (a) number of
marketable fruits, (b) number of non-marketable fruits, (c) weight of marketable fruits, (d) weight of non-marketable fruits. Different letters above
the error bars denote significant differences between treatments

weeds, farmers can disrupt the disease cycles (Krupinsky
et al. 2002).

Unlike other diseases, the severity of black rot and leaf
curl on kales as well as blight and leaf spot on tomatoes was
more pronounced during long rain than in short rain sea-
sons. This demonstrates that long rain stimulates the sever-
ity of plant diseases. This corroborates findings by Khaliq
et al. (2022) who reported a more apparent development of
Ascochyta blight on cowpeas during prolonged rains. These
further demonstrate the critical role of various components
of the disease triangle including the host (crop types and
cultivars), type of pathogens and environmental factors such
as soil fertility, moisture, temperature and temperature on
the development of diseases. Reportedly, cover crops can
have twice as suppressive effects against pests and diseases
when compared to intercropping or agroforestry (Beillouin

et al. 2021). Interestingly, the other diseases were not differ-
ent between vegetables planted in VIPP and control plots.
This further demonstrates the disease management role of
crop diversification may vary based on the number and
types of crops as well as the type of plant pathogens. For
instance, the practice of crop mixtures increases the disease
host resistance index thereby improving disease reduction
efficiency (Wang et al. 2021). Indeed, temporal and spa-
tial crop diversification confers a lot of benefits including
enhancing the regulation of pests, weeds and diseases and
reducing pesticide use including herbicides, fungicides and
insecticides (Struik and Kuyper 2017; Tooker and Frank
2012; Guinet et al. 2023).

K



Journal of Crop Health           (2025) 77:40    40 Page 11 of 13

Yield

In this study, we observed good quality and high yield
of tomatoes and kales grown in VIPP plots compared to
control plots. We attribute this gain in number and weight
of marketable leaves of kale and tomato fruits to lower pest
and disease pressure in VIPP plots compared to control
plots. Furthermore, the high yield of vegetables in VIPP
can be associated with the multifaceted benefits conferred
by this technology including the presence of Desmodium
which improves soil fertility through nitrogen fixation,
live mulch to conserve soil moisture and ground cover
to smother weeds. Indeed, PPT has been demonstrated to
offer these benefits in addition to pest and striga weed
management in cereal production (Khan et al. 2011).

Conclusions

Crop diversification such of the VIPP enhances crop pro-
tection, yield and quality of kales and tomatoes. Our results
suggest that sustainable intensification practices such as the
VIPP are viable alternatives for reducing the use of chem-
ical pesticides whilst maintaining crop quality and yield.
With further intensification options such as organic soil
amendments such as manure, farmers may further enhance
productivity whilst building a more bio-circular approach
to their farming system. Whilst we demonstrate these crop
protection benefits, there is need to investigate the mecha-
nisms surrounding the trophic interactions including natural
enemy responses and their efficacy in pest regulation. This
will enable optimized and wider application of these inter-
cropping approaches on the targeted pests.
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