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Abstract
Field trials were conducted in 2023 and 2024 planting cropping seasons to evaluate the potency of different planting
configurations in cucumber and maize intercrop on the insect-pests and yield of cucumber in Calabar, Cross River
State, Nigeria. The trials involved different intercropping configurations (patterns) in Cucumber and maize intercrop to
evaluate their efficacies on the insect pest of cucumber; Melon lady beetle (Epilachna chrysomelina) and Pumpkin
beetle (Aulacophora spp). Four varieties of cucumber (Mona Lisa, Murano 2, Nandini 732 and cucumber marketer)
and one maize variety (ART -98-SWI) were used in the experiment. The planting configurations used in each of the
trials were; 1: 1, 2: 2 and 3:2. The experiment had 13 treatments with sole cucumber cropping as control. The planting
of each of the four varieties of cucumber in any of the three planting configurations with maize served as a treatment.
The experiment in each year, was laid out in a randomized complete block design and treatments replicated 4 times.
The insect pests assessed in the field were; Epilachna chrysomelina and Aulacophora spp. Data were collected from
the field on insect population (E. chrysomelina and Aulacophora spp), vine length, number of leaves per plant and fruit
yield of cucumber and thereafter were subjected to Analysis of Variance using Genstat 8.0 statistical software. The
results indicated that cucumber-maize intercropping configuration at 1: 1 as well as 2:2 had lower population density
of insect pests of cucumber than that of 3:2 configuration and cucumber sole-cropping. Similarly, in both experiments,
cucumber-maize row intercropping configuration at 1:1 (13.92, 13.6 t/ha) as well as 2: 2 (13.27, 13.46 t/ha) had higher
yield than that of 3:2 (11.76, 11.26 t/ha) row configuration. These results suggest that intercropping of Cucumber and
maize at 1:1 as well as 2:2 is most effective in the management of insect pests of cucumber. Therefore, planting of
cucumber and maize using 1:1 as well as 2:2 cropping pattern could be recommended for better control of insect pests
and fruit yield of cucumber.

Intercropping can increase cropping system productivity by
Introduction enhancing land-use efficiency (Li et al., 2020) and can
Intercropping is the simultaneous cultivation of two or more  strengthen farm resilience by stabilizing yield against insect
crops with different cycles and architectures in the same area,  pests (Saleem et al, 2025). Natural enemy diversity can
with the development accompanying all or part for the main  increase up to 50% in heterogeneous cropping systems in
crop’s cycle (Bakshi et al., 2019). The use of some species ~ comparison to simpler ones (Saleem et al., 2025). Maize and
in intercropping can provide farmers with additional income, = Cucumber have dissimilar insect pests, diseases and
contributing to the phytosociological and entomofauna  architecture, thus making them good components of
balance of crops, reducing costs and environmental damage  intercropping in a system (Pitan and Filani, 2014).
caused by the excessive use of pesticides (Oliveria et al., Intercropping  promotes resource  complementation
2018; Ashishi et al., 2022; Sun et al., 2022). Many /supplementation when diverse flowering species are used
researchers have posited that the sum of the relative yields of  and this tend to increase resource availability to natural
intercrop is often greater than one (Yu ef al., 2015; Martin-  enemies which increase their density and richness (Huang et
Guay et al., 2018). As the world population is soaring at an  al., 2019; Saleem et al., 2025). It leads to the reduction of the
alarming rate and is bound to exceed 10 billion by 2050  energy-free space but also competition for resources, which
(Raza et al., 2024), there is urgent need for increase in the  tend to increase pest suppression (Alhadidi et al., 2018,
production capacity and quality of all food produce including ~ Gontijo et al., 2015). One of the major limiting factor to the
cucumber in order to meet up with the growing nutritional ~ profitable production of cucumber is the extensive crop
demand for food (Saleem et al., 2025). Intercropping is one  devastation owing to increase insect infestation (Umeh and
of the approaches that enhance integrative pest management  Ojiako, 2018; Abo-Elmaged et al., 2020; Awadalla et al.,
efforts with farming practices in order to sustain soil ~ 2020; Pongen et al., 2021) which may even result in 100
productivity and crop health while guaranteeing food  percent yield loss due to the fact that some of them serve also
security and economic viability (Hatt and Doring, 2023). as vectors of viral diseases (Ammar et al., 2016; Shinde et
The approach enhances the efficient use of available al., 2018; Zahedi et al., 2019; Mondal et al., 2020; Subr et
resources to promote ecosystem services towards reducing  al., 2020). Some of the major insect pests of the cucumber
pest pressure and harms of pesticides without reducing yield  included the following: Pumpkin beetles, Aulacophora spp
(Saleem et al., 2025). Ecological intensification involves  (Aulacophora foveicollis Lucas, Aulacophora hilaris
moving away from a simple method of targeting individual — Boisduval,  Aulacophora  nigripennis ~ Motschulsky),
pests towards developing an ecological network involving  Cucumber beetles (Acalymma  vittatum  Fabricius,
insect pests, their natural enemies and various crop  Diabrotica undecimpunctata Howardi Barber), Epilachna
diversification plans (Hatt and Doring, 2025; Saleem et al.,  beetles (Epilachna chrysomelina Fabricius, E. elaterii), Fruit
2025). flies (Bactrocera cucurbitae Coquillet, B. invadens Drew,
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Tsuruta & White, Dacus ciliatus LW), Melon Aphids (4phis
gossypii Glover) etc. (Jaharlal ez al., 2016; Odewole et al.,
2018; Mondal et al., 2020; Adeoti et al., 2023; Adeoti et al.,
2024; Ukatu et al., 2025). Some of the major insect pests of
maize included; Fall armyworm (Spodoptera frugiperda J. S.
Smith), stem borer (Sesamia calamistis Hampson), Corn
worm/earworm or African ball worm (Helicoverpa armigera
Hubner), Maize aphid (Rhapalosiphium maidis Fitch), maize
shoot fly (Atherigona spp) etc (Regan et al., 2020; Urge et
al., 2020; Shinde et al., 2021; Sudarma et al., 2023).
Therefore, intercropping of cucumber with maize provide an
opportunity to evaluate their effect on the insect pests of
cucumber and its fruit yield.

Thus, the objective of this present study was undertaken to
evaluate the effect of planting patterns (configurations) of
cucumber — maize intercropping system for the management
of insect pests, growth and fruit yield of cucumber.
Materials and Methods

The experiments were carried out in 2023 and 2024 late and
early planting seasons respectively in Calabar, Cross River
State, Nigeria. Calabar is characterized by a bimodal annual
rainfall distribution pattern ranging from 3000-3500mm with
a mean annual temperature which ranges from 27°C to 35°C
and relative humidity of between 75 and 88%.

All the experimental plots used in this study were manually
cleared, stumped, raked and tilled with the aid of cutlass, rake
and hoe. Four varieties of cucumber (Mona —Lisa, cucumber
marketer, Murano 2, Nandini 732) and one variety of maize
were used in the experiment. The experiment was laid out in
a randomized complete block design with four replications.
The configuration or pattern on insect pests of Cucumis
sativus. The plant configuration (pattern) used in the
experiment included: (i) I row of cucumber: I row of maize
(1:1) (ii) 2 rows of cucumber: 2 rows of maize (2:2) (iii) 3
rows of cucumber: 2 rows of maize (3:2) (iv) Sole cucumber
(control).

The spacing used for the experiment was 75¢m x75cm. Each
variety of cucumber was intercropped with maize in each of
the above 3 planting patterns and control and any of the
above configuration constitutes a treatment plot. Thus, the
experiment had a total of 13 treatments combinations and this
included: (i) Va;M; -Mona-Lisa intercropped with maize at
1:1 (i1)) Vm;M;- Murano 2 variety intercropped with maize at
1:1 (iii))Vn;M; . Nandini 732 variety intercropped with maize
at 1:1 (iv) VoM -cucumber marketer intercropped with maize at
1:1 (v) VauM, Mona-Lisa variety intercropped at 2:2 (vi)
Vm;M; - Murano 2 variety intercropped with maize at 2: 2
(vii) Vn,M; - Nandini 732 variety intercropped with maize at
2:2 (viii)V02M2 _ Cucumber marketer variety intercropped
with maize at 2:2 (ix) Va3M2 - Mona-Lisa intercropped with
maize at 3:2 (x) Vm3M2- Murano 2 variety intercropped
with maize at 3: 2 (xi) Vn3M2 - Nandini 732 variety
intercropped with maize at 3:2 (xii) VO3M2 - Cucumber
marketer variety intercropped with maize at 3:2 (xiii) sole
cucumber- control.

The plant population density used was 17,778 plants/ha (ie
8,889 plants of cucumber and maize each). The total land
area used for this experiment was 85m x 29m (2,465m?).
Each experimental plot measured 6m x 6m (36m?). Two
seeds each of cucumber and maize, respectively were sowed
per hole were later thinned to one plant per stand, two weeks
after sowing (WAS). Manual weeding was carried out at two
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weeks after planting (WAP) and subsequently once in every
two weeks. There was no herbicide or pesticide application
throughout the duration of the trial.

Data collection

The population densities of cucumber beetles, pumpkin
beetles and Epilachna beetles were obtained by visual
counting of the insects on 6 randomly selected plants per plot
in the middle rows of the plot. Sampling was done at four
weeks after planting (24 days) and subsequently at 2 weekly
intervals till fruits attained maturing between 7:00- 9:00am
when insects were relatively inactive.

Vine length: One cucumber vine length was randomly
measured from each of the six sampled plants using
measuring tape and then the average was recorded.

Number of leaves per plant: Determined by counting the
leaves in six sampled plants and the average recorded.

Fruit yield: Undamaged fruits harvested from each of the six
plants at the middle of each plot were weighed and recorded
as weight per plot and the data was later expressed as tonnes
per hectare (t/ha).

Data analysis

All data on insect population were transformed using square
root transformation (\x+0.5) before they were subjected to
analysis of variance (ANOVA) using Genstat 8.0 statistical
software. Significant mean values were separated using
Tukey Honest significant difference at 5% level of
probability.

Results

The effect of cucumber — maize intercropping configuration
(pattern) on the population of Epilachna chrysomelina and
Aulacophora spp is presented in Table 1. Results indicated
that the different planting pattern of cucumber-maize
intercrop had significant (P<0.05) effect on the population of
E. chrysomelina and Aulacophora spp (A. foveicollis, A.
hilaris and A. nigripennis) in both years (2023 and 2024).
The intercropping of various cucumber varieties with maize
at various row ratio (configuration) namely; 1:1, one row of
cucumber and one row of maize (Va;M;, Vm;M,;, VnM,,
VoiM,), 2:2; two rows of cucumber and two rows of maize
(VaaM,, VmuM,, VoM, VoM,), 3:2; three rows of
cucumber and 2 rows of maize (Va3M2, Vm3M2, Vn3M2,
V03M2) had varied population of E. chyrsomelina and
Aulacophora spp.

In both years (2023 and 2024), the intercropping of
cucumber with maize at the ratio of 1:1 and 2:2 had
significant (P<0.05) reduction in the population of E.
chrysomelina and Aulacophora spp respectively, when
compared with that of 3:2 irrespective of the variety of
cucumber used in the experiment. The intercropping of
cucumber with maize irrespective of the planting
configuration used had significantly (P<0.05) lower
population density of E. chysomelina and Aulacophora spp
respectively, when compared with the sole-cropping of
cucumber. All the intercropping systems of cucumber with
maize at 1:1 was statistically (P>0.05) at par with that of 2:2
in terms of the population density of E. chysomelina and
Aulacophora spp respectively.

The effect of cucumber — maize row intercropping
configuration on the vine length and number of leaves /plants
is presented in Table 2.

The result indicated that row configuration in intercropping
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of all varieties of cucumber used with maize had significant
(P<0.05) impact on the cucumber vine length and number
of leaves in 2023 and 2024 planting seasons, respectively.
The vine length of all the cucumber varieties intercropped at
the configuration of 3: 2 were significantly (P<0.05) longer
than their respective configuration at 1:1 and 2:2 in both
2023 and 2024 planting seasons but the vine length of all the
intercropped cucumber varieties was significantly (P<0.05)
lower than that of cucumber-sole cropping.

The intercrop of cucumber varieties at various configurations
did not have significant (P>0.05) impact within a variety of
cucumber on number of leaves except the intercrop of
Nandini 732 at the intercropping configuration of 3:2 that
had significantly (P<0.05) lower number of leaves when
compared with its 1:1 configuration. All the intercropped
cucumbers had significantly (P<0.05) higher number of
leaves than the sole-cucumber cropping at both years.
Similarly, in 2024, all the cucumber intercropped at 3:2
configuration had significantly (P<0.05) lower number of
leaves when compared with 1:1 and 2:2. The effect of
cucumber — maize row intercropping configuration on the
yield of cucumber fruits is presented in Table 3.

In both 2023 and 2024 cropping seasons, the cucumber
intercrops at 1:1 had significantly (P<0.05) higher fruit yield
(t/ha) than that of its 3:2 within all the cucumber varieties
intercrop except the intercrop of Mona Lisa and Murano
variety in 2023 that were statistically (P>0.05) at par. The
fruit yield (t/ha) of Nandini 732 of all the cucumber intercrop
in 2023 was significantly (P<0.05) higher than that of
cucumber marketer within all intercropping configurations.
In 2024, the Nandini 732 and Mona Lisa variety had
significantly (P<0.05) higher fruit yield (t/ha) when
compared with cucumber marketer variety except at the
intercropping configuration of 3:2 when Nandini 732 was
significantly (P<0.05) higher than that of cucumber
marketer variety.

Discussion

The study had revealed that cucumber-maize intercropping
configuration had depressive effect on the population density
of insect pests of cucumber. Cucumber-maize intercropping
configuration planted at 3:2 had higher population densities
of the insect pests than those planted at the ratio of 1:1 and
2:2 and that of sole cucumber. This situation is in conformity
with the work of Abad ef al. (2020) that reported significant
reduction in the population of Helicoverpa armigera
(Hubner) on tomato crop in the planting pattern of 2:2 of
tomato- clover intercropping system than that at the planting
configuration of 3:2. That position was also supported by the
work of Zarei et al (2019) that reported reduction in the
population density of Tuta absoluta when tomatoes was
intercrop with Sainfoin at 1: 2 and 2:2 when compared with
that of 3:2 configuration and tomatoes monoculture.

These findings indicated that reducing the ratio of cucumber
—maize rows in intercrop had an impact on the host finding
and colonization of cucumber plants by the insect pests of the
crop. This finding is also in conformitywith the study of
Tajmiri et al. (2017) that indicated that intercropping
increased the efficiency of natural enemies.

Intercropping of cucumber-maize in the ratio of 1:1 and 2:2
also had longer vine length and number of leaves than that of
the 3:2. This could be a result of favourable conditions
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provided by the intercropping pattern due to higher
population density of natural enemies in 1:1 as well as 2:2
than that of 3:2 (Abad et al., 2020). The cucumber-maize
intercropping at the row ratio of 1:1 and 2:2 also had higher
cucumber fruit yield than that of the yield from 3:2 but were
at par with cucumber sole cropping aside the additional yield
obtained from maize as component crop in the intercropping.
This indicates the intercropping advantage of cucumber fruit
yield in an intercropping system than that of sole cropping of
cucumber. This is in conformity with the findings of Zarei et
al. (2019), and Abad et al. (2020), that intercropping of crops
at 2:2 gave significantly higher yield of crops than that of
3:2.

Conclusion

Intercropping of cucumber-maize system is an effective
means of protecting cucumber crops against insect pests of
cucumber for greater productivity of the crop. Epilachna
chyrsomelina and Aulacophora spp population densities
were effectively reduced with the 1:1 and 2:2 cucumber-
maize intercropping system when compared to 3:2 and
cucumber monoculture. Intercropping of cucumber-maize at
1:1 as well as 2:2 had overall advantage of higher
productivity than 3:2 intercropping pattern. Planting of
cucumber-maize at the ratio of 1:1 as well as 2:2 had better
protection of cucumber crops against the

infestation of cucumber by the insect pest of cucumber.
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Table 1: Effect of cucumber-maize intercropping configuration on the population of Epilachna chrysomelina and

Aulacophora spp

Treatment 2023 2024 2023 2024
E. chrysomelina E. chrysomelina Aulacophora spp Aulacophora spp

VaiM; 3.1740.03¢ 3.26+0.02¢ 4.50+0.07f 5.45+0.09¢de
Va:M> 3.2440.03¢ 3.324+0.02¢ 4.79+0.06¢F 5.65+0.06%
VasMz 3.74+0.05° 3.71+0.03P 5.78+0.06%° 6.09+0.10°
VmiM; 3.22+0.05°¢ 3.10+0.04<d 4.48+0.09f 5.12+0.09<f
VmaM:2 3.34+0.09¢ 3.17+0.06% 4.50+0.10f 5.31+0.14d<f
VmsM2 3.67+0.02° 3.68+0.04° 5.58+0.02b° 6.21+0.082%
VniMi 3.114+0.05¢ 3.06+0.044 4.76+0.22¢F 4.93+0.11f
VnoM2 3.2840.07°¢ 3.18+0.08¢ 5.01+0.074 5.16+0.06%
VnsM:2 3.80+0.03P 3.66+0.03P 5.93+0.07° 6.134+0.12°
VoiMi 3.114+0.03¢ 3.08+0.06¢ 4.40+0.08f 5.09+0.10¢
Vo:M2 3.15+0.03¢ 3.13+0.03<d 4.61+0.04¢f 5.08+0.07¢f
VosM2 3.65+0.05° 3.67+0.04° 5.37+0.03¢d 5.83+0.07b°
Sole cucumber 4.24+0.13? 4.20+0.052 6.61+0.15 6.59+0.04*
SED 0.08 0.07 0.13 0.12
COV (%) 3.4 2.7 3.7 3.0

Means along a column with the same alphabet(s) as superscript are not significantly different at P>0.05

1 row of cucumber marketer variety of cucumber: 1 row of
2 rows of cucumber marketer variety of cucumber: 2 rows of

3 rows of cucumber marketer variety of cucumber: 2 rows of

Keys VoM;:

VaM;: 1 row of Mona Lisa variety of cucumber: one row of maize maize

Va,M,: 2 rows of Mona Lisa variety of cucumber: 2 rows of maize Vo.M;:

VasM,: 3 rows of Mona Lisa variety of cucumber: 2 rows of maize maize

VmM;: 1 row of Murano variety of cucumber: 1 row of maize VosMz:

VmyM,: 2 rows of Murano variety of cucumber: 2 rows of maize maize

Vms;M,: 3 row of Murano variety of cucumber: 2 rows of maize Sole cucumber: Cucumber Monoculture

Vn;M;: 1 row of Nandini variety of cucumber: 1 row of maize SED: Standard Error of Difference of Means
Vn,M,: 2 rows of Nandini variety of cucumber: 2 rows of maize CV: Co-efficient of Variation.

Vn;M,: 3 rows of Nandini variety of cucumber: 2 rows of maize

Table 2: Effect of cucumber — maize intercropping configuration on Vine length and number of leaves/plants

Treatment Vine length (cm) 2023 Vine length (cm) 2024 Number of leaves 2023 Number of Leaves
2024

VaiMi 187.41+3.13¢ 185.75+3.41% 24.91+0.3220 25.3840.55%
Va:M: 183.87+3.202 184.35+2.50% 24.41+0.86%° 24.7140.43
VasM2 161.2142.47b 157.42+3.71¢ 23.91+0.892° 23.1340.62%
VmiM; 190.71+1.072 186.52+2.68 25.75+0.39% 25.46+0.60%
VmaM:2 190.58+1.73% 184.46+4.022 25.1240.44% 25.17+0.59%
VmsM:2 156.60+4.00° 150.9245.17¢ 23.1340.65° 21.2140.38°¢
VniMi 191.21+2.26* 193.39+0.86* 27.3340.552 26.13+0.53¢
VM2 191.60+48* 142.28+1.50° 25.91+1.14% 26.00+0.522
VnsMa 151.50+4.97¢ 147.38+2.84¢ 23.29+1.07° 21.1340.61¢
VoiMi 180.62+3.192 175.54+3.84b 25.54+0.56%° 24.92+0.29%
VoaMa 176.75+3.61% 175.12+4.16° 24.95+0.642 24.62+0.61
VosM:2 148.50+2.80¢ 143.38+2.60°¢ 23.16+0.50° 20.92+0.28¢
Sole cucumber ~ 123.83+3.16¢ 119.96+1.48¢ 18.25+1.03¢ 14.54+0.79¢
SED 4.48 4.39 1.07 0.71
CV (%) 3.7 3.7 6.2 4.3

Means along a column with the same alphabet(s) as superscript are not significantly different at P>0.05.

Keys

VaM;: 1 row of Mona Lisa variety of cucumber: one row of maize

Va,M,: 2 rows of Mona Lisa variety of cucumber: 2 rows of maize

Vas;M,: 3 rows of Mona Lisa variety of cucumber: 2 rows of maize

Vm;M;: 1 row of Murano variety of cucumber: 1 row of maize

VmyM,: 2 rows of Murano variety of cucumber: 2 rows of maize

VmsM,: 3 row of Murano variety of cucumber: 2 rows of maize

Vn M;: 1 row of Nandini variety of cucumber: 1 row of maize

Vn,M,: 2 rows of Nandini variety of cucumber: 2 rows of maize

VnsM,: 3 rows of Nandini variety of cucumber: 2 rows of maize

Vo M;: 1 row of cucumber marketer variety of cucumber: 1 row of maize

Vo,M,: 2 rows of cucumber marketer variety of cucumber: 2 rows of maize

VosM,: 3 rows of cucumber marketer variety of cucumber: 2 rows of maize

Sole cucumber: Cucumber Monoculture

SED:
COV:

Standard Error of Difference of Means
Co-efficient of Variation
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Table 3: Effect of cucumber — maize intercropping configuration on the yield of cucumber fruit

Treatmen Fruit Yield (t’/ha) Fruit Yield (t/ha)
2023 2024

VaiMi 12.77+0.242bed 12.62+0.24b¢
Va:Mz 12.56+0.092bed 12.21+40.19<d
VasMz 11.19+0.49bede 11.03+0.13¢f
VmiM, 12.95+0.052bed 12.1140.11¢<d
VmaM:2 12.50+0.302b<d 11.77+0.15¢de
VmsM>2 10.43+0.52df 10.69+0.22¢f
VniM; 13.924+0.47* 13.60+0.31°
VnoM2 13.27+0.412 13.46+0.31°
VnsM:2 11.06+0.17bcde 11.26+0.21%
VoiMi 10.76+0.28¢de 11.53+0.05%
VoM:2 10.23+0.14¢f 11.01+0.29¢f
VosM2 8.09+0.42f 10.16+0.07F
Sole cucumber 14.32+1.30¢2 17.26+0.342
SED 0.66 0.30
COV (%) 7.9 3.5

Means along a column with the same alphabet(s) as superscript are not significantly different at P>0.05

Keys

Val)i\/llz 1 row of Mona Lisa variety of cucumber: one row of maize

Va,M,: 2 rows of Mona Lisa variety of cucumber: 2 rows of maize
VasM,: 3 rows of Mona Lisa variety of cucumber: 2 rows of maize
Vm;M;: 1 row of Murano variety of cucumber: 1 row of maiz

VmyM,: 2 rows of Murano variety of cucumber: 2 rows of maize

Vms;M,: 3 row of Murano variety of cucumber: 2 rows of maize

Vn;M;: 1 row of Nandini variety of cucumber: 1 row of maize

Vn,M,: 2 rows of Nandini variety of cucumber: 2 rows of maize

Vn;M,: 3 rows of Nandini variety of cucumber: 2 rows of maize

VoM;: 1 row of cucumber marketer variety of cucumber: 1 row of maize
Vo,M,:2 rows of cucumber marketer variety of cucumber: 2 rows of maize
Vo3M,:3 rows of cucumber marketer variety of cucumber: 2 rows of maize
Sole cucumber: Cucumber Monoculture

SED: Standard Error of Difference of Means

CV: Co-efficient of Variation.
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