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ABSTRACT

Pollination is an important agro-ecological service, necessary for fruits and seed
production in 60-70% plant species. The purpose of this study was to demonstrate the
importance of artificial pollination on the fruit and seed yield of cucumber in the wake
of natural pollination decline. This research was conducted at Faculty of Agriculture
and Veterinary Medicine, University of Buea, Cameroon. The experimental design was
a randomized complete block design with four treatments and three replicates. The
treatments were; open for foraging insects, assisted-hand pollination, hand
emasculation, and caged with insect-proof net. Parameters such as number of bees and
ants, vegetative and reproductive growth, weight of fruits, number of misshaped fruits,
and weight of seeds were recorded. Data collected were subjected to ANOVA, P< 0.05
in SPSS package. Cucumber vegetative and reproductive parameters differed
significantly (P<0.05) with highest in Caged with insect-proof net, assisted-hand
pollination, and Caged with insect-proof net respectively. The highest number of honey
bees were observed in Open for foraging insects 13 and differed significantly (P<0.05)
across treatments. The highest weight of fruits and seeds yield was recorded in
assisted-hand pollination 81.93 t/ha and 138.23 kg/ha respectively and differed
significantly (P<0.05) across treatments. The number of misshaped fruits was highest
in hand emasculation 9 and differed significantly (P<0.05) across treatments. Fruit
yield correlated positively with number of honeybees (R? = 0.65). The study
demonstrates the significance of artificial pollination in increasing fruits and seed yield
of cucumber and the role of honey bees in open pollination.

Contribution/Originality: This works enables farmers to assist natural pollination due to honeybees’ decline by

using artificial methods like hands to pollinate cucumber plants, enhance pollination and increase yield. It alerts

farmers to protect honeybees whose role in pollination cannot be over emphasized. It is a new idea for open field

cultivation.

76

© 2022 Conscientia Beam. All Rights Reserved.


https://orcid.org/0000-0002-7070-1000
https://orcid.org/0000-0001-9433-7672
https://orcid.org/0000-0003-2316-8642
https://orcid.org/0000-0002-6636-9279
https://orcid.org/0000-0002-4971-2143
https://orcid.org/0000-0003-0070-9928
https://orcid.org/0000-0002-9461-6177
mailto:agbordavid@gmail.com
mailto:derickatemacha@gmail.com
mailto:kizitosone2@gmail.com
mailto:moraracalvin5@gmail.com
mailto:dohbilajohn@gmail.com
mailto:techelony2016@gmail.com
mailto:nrndip@yahoo.com
https://www.doi.org/10.18488/ijsar.v9i2.2975

International Journal of Sustainable Agricultural Research, 2022, 9(2): 76-86

1. INTRODUCTION

Cucumber is a climbing annual herbaceous vine that yields cylindrical fruits that are picked and consumed as
they develop as fresh vegetables (Abbey, Nwachoko, & Ikiroma, 2017; Tuo, Coulibaly, Kone, Kone, & Koua, 2019).
Cucumber originated in Northern India, in the Himalayan foothills, from which it was transported to secondary
centres in China and the Near East, before being widely dispersed around the world (Jiménez-Ballesta et al., 2018).
According to Atlas Big (2020), China is the world's top producer, producing 53,596.6 kg/ha, while Cameroon ranks
sixteenth, producing 942.7 kg/ha. Cucumber yields in Cameroon are quite low, with a potential yield of 15,000-
22,000kg/ha (Singh, Brar, & Dhall, 2016). Cucumber cultivation improves the livelihoods of those involved in the
production and distribution while providing health benefits to consumers as a rich source of vitamin C, thiamine,
niacin, iron, phosphorus (Abbey et al.,, 2017; Kaushik, Aeri, & Mir, 2015; Saboo, Thorat, Tapadiya, & Khadabadi,
2013). One of the causes of low cucumber yield is pollination. The pollination service provided by the cucumber's
ecological interaction with foraging insects is one of the most important factors in its fruit and seed production
(Abrol, 2012 ; Atibita, Djieto-Lordon, & Fohouo, 2020; Tuo et al., 2019). Pollination is essential for fertilization and
the generation of high-quality fruits and seeds in the life cycle of Cucurbits (Hossain, Yeasmin, Rahman, Akhtar, &
Hasnat, 2018; Inam, Shah, Khan, & Usman, 2015). Cucumber, like most cucurbit plants, produces male and female
inflorescence on the same plant, which is known as monoecious in botanical terms (Nicodemo, Malheiros, De Jong,
& Couto, 2012). Due to the flower's nature, pollination by wind, water, birds, and bats is not ideal for cucumber.
Male blooms are found lower on the vine, while female blossoms are found higher up. Coevolution with insects has
resulted in flower characteristics such as vivid yellow colour, fragrance, nectar, and sticky pollen grains (Agbagwa,
Ndukwu, & Mensah, 2007; Bomfim, Bezerra, Nunes, Freitas, & Aragdo, 2015). As a result, foraging insects are the
primary pollinators, flying from male to female flowers at random in quest of pollen and nectar stimulates
pollination leading to fruits and seeds production (Azo’o et al., 2010; Hossain et al., 2018).

Pollinator decline is globally a decline in the abundance of insects and other pollinators in various ecosystems
that began at the end of the twentieth century, and recent research shows that it is increasingly becoming a threat
to agricultural productivity due to improper farm maintenance operations, with uncontrolled use of synthetic
pesticides, which harms natural cucumber pollinators (Huang & Giray, 2012; Kluser & Peduzzi, 2007; Okolle,
Ngosong, Nanganoa, & Dopgima, 2020). For successful pollination of many cucurbits, around twenty bees must
visit each female flower (Inam et al.,, 2015). There will be no fruit set if no pollen is placed on the gynoecium. Fruit
that is malformed and tiny in size is produced when pollination is insufficient (Tuo et al., 2019). Insufficient
pollination in any cucumber crop would result in a reduction in the potential production per unit area of seeds
sowed (Bauer & Wing, 2010; Okolle et al., 2020; Reyes, Gergely, & Paul, 2013). As a result, artificial pollination is
crucial to supplement natural pollination to increase cucumber fruit and seed output (Atibita et al., 2020; Motzke,
Tscharntke, Wanger, & Klein, 2015). The usage of seeds is the cornerstone of agricultural output. Cucumber seeds
include important genetic information that allows the crop to adapt to a variety of growth environments and yield
preferences (Singh et al., 2016). As a result, the volume of the crop, economic returns, and possibility for continuity
will be determined to a considerable measure by the quality and quantity of seed that is readily available to farmers
at a reasonable cost. This research was done to demonstrate the role of artificial pollination and to generate more
seeds locally to increase cumber output and lower production costs by reducing seed purchases and pollinator

losses. Assisted pollination was thought to boost cucumber pollination and yield more fruits and seeds.

2. MATERIALS AND METHODS
2.1. Experimental Site

The research was carried out at the University of Buea's Faculty of Agriculture and Veterinary Medicine's
teaching and research farm. The location lies at the foot of Mount Cameroon in the Southwest Region, between the

equator's latitudes of 4°3'N and 4°12'N, and longitudes of 9°12'E and 9°20'E. Buea has a mono-modal rainfall
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pattern with a less apparent dry season, 86 % relative humidity, and 900 to 12000 hours of sunlight each year. The
dry season lasts from October to March, whereas the wet season lasts from March to September, with an average
annual rainfall of 2800 mm. With an increasing elevation from 200 m to 2200 m above sea level, the mean monthly
air temperature ranges from 19 °C to 30 °C, and the soil temperature at 10 cm depth decreases from 25 °C to 15 °C.
Weathered volcanic rocks dominate the soil, which is dominated by silt and clay (Fraser, Hall, & Healing, 1998;
John, Edwards, Payton, & Nagy, 2007; Manga, Agyingi, & Suh, 2014).

2.2. Experimental Design and Application of Treatments

The experimental field was measured with meter tape across a surface area of 143 m?. The area was cleared and
treated with GLYCOT (Glyphosate 42 % SL), a systemic herbicide. The experimental design was a randomized
complete block design with four treatments, replicated three times. With the use of hoes, twelve plots of 2 m x 2 m
were delineated and elevated 20 cm high. Plots within a replicate are separated by 1 m and one replicate is separated
from the other by 1.5 m. Figure 1, shows the field representation of the experimental design. The planting distance
was 50 cm X 75 cm. A digger was used to dig a hole at the centre of each plot, and a 2.2 m long central pole was
installed for tying ropes and allowing cucumbers to climb on it. Each plot featured three inter-row plants and four
intra-row plants, all of which were pecked to make climbing to the centre pole easier. The treatments were;
T': Open for foraging insects.
T:: Assisted-Hand Pollination
T:: Here, hand emasculation was done, where the male flowers are detached before anthesis.

T': Caged with insect-proof net.

B 1lm
T i 1m «2m
- 1.5m > 2m
T3 T4 T3
$ 1m
13m {m
T2 T1 T4
T1 T3 T2
T4 T2 T1
v Block One Block Two Block Three

Fertility Gradient

v

Figure 1. Field layout of the experiment.

2.3. Crop Management
i Characteristics of Seeds Used
MURANO FI1'is a tropical slicing cultivar for outdoor and indoor cultivation. It produces high-quality fruits
that are dark green in colour, cylindrical in shape, and consistent in size. After seeding, the fruit matures 40-45 days

later. It's mostly disease-resistant and may be cultivated all year.
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. Prenursery

With the use of hoe, black polybags measuring 15 cm x 10 cm were filled with top 15 cm soil. Stones were
removed, soil lumps were broken, and polybags were placed in a nursery made of palm fronds for 14 days.
Transparent nylon was used to shade the nursery area 50 cm around and above the polybags. The seedlings
benefited from the shade since it protected them from sunburn and direct rainfall. Before seeding, the polybags were
watered to field capacity, and two seeds per polybag were sowed at a depth of 38 cm and covered with 1-2 c¢m soil

above. The seedlings were transplanted two per stand in the field after 14 days in the nursery.

2.8.1. Maintenance of Main Plot after Transplanting
1. Cultural Control

Watering was done once every two days in the nursery. The field was irrigated to field capacity before
transplanting. Seedlings with soil attached were taken from polybags and transplanted into 10 cm X 10 cm
excavated holes, which were subsequently filled. Watering was done every morning for 8 days after transplanting,
and every 3 days thereafter until harvest.

Trellising and Trailing; Within the third week following seeding, trailing began. To make an equilateral
triangle, garden ropes were strung to short hard sticks of 30 cm and hammered in front of each stand, then hauled
over the 2.2 m central trellis frame to the opposite side of the plot. This was done for all of the field's plants and
plots. Tendrils gripped the ropes once they were placed, and vines climbed upwards.

Weeding and Earthing Up; After transplanting, weeding was done once a week with the aid of a hoe, earthing
up was done after the second fertilizer application by pulling nearby topsoil to the root zone of the plants.

Caging; All three replicates of the treatment T4 were individually caged two weeks following transplanting
using mosquito-proof nets measuring 2 x 2 x 2.5 m. The net had a hole width of 5 mm, which prevented bees and
other pollinators from entering.

Hand Pollination and Tagging; Daily, male flowers from the third treatment (T8) were emasculated and used
for assisted-hand pollination every morning. The pollen area of each emasculated male flower was carefully
removed and rubbed on the stigma surface of the female bloom. Each female flower was pollinated with one male

bloom, and each fertilized flower was labelled with a paper ribbon that included the pollination date.

2. Chemical Control

For outdoor cucumber production, blanket fertilization comprising nitrogen, phosphorous, and potassium in
the ratio 0.85kg N:0.65kg P205:1.35kg K20 was applied in line with the prescribed fertilizer rates of 170kg N/ha,
130kg P205/ha, and 270kg K20/ha. At transplanting, 1 kg of NPK was applied for the first time. The second of
1.85kg NPK at blooming and fruiting when the plants were 28 days old. This was accomplished by wrapping a band
around each stand at a distance of 10 cm and covering the fertilizer with soil.

Integrated Pest and Disease Management; Crushed eggshells were scattered against molluscs, certain insects
were picked and destroyed, and diseased leaves were pruned. 5 days after transplanting, a contact insecticide
cypercal with active ingredient cypermethrin at the rate of 26 ml and the fungicide cotzeb with active ingredient
mancozebe at the rate of 80 g were mixed in 15 1 water, sprayed on plants at 2 weeks’ interval and stopped at

flowering.

1. Harvesting and Seed Extraction

The first harvest was done 42 days after transplanting, with subsequent harvests taking place every three days.
Harvesting was accomplished by delicately removing matured fruits from the vine by hand. Picking the ripe fruits
that had been labelled as the fifth harvesting step. This was completed 70 days after the seedlings were

transplanted. Fruits were gently opened after harvesting to expose the seeds. Internal contents were scooped out
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with a tablespoon and deposited in separate dishes for each treatment, along with a litre of cool water. The seeds
were removed from the pulp and unhealthy seeds in suspension were discarded and while healthy seeds were stored

in a cool, shaded spot for two days. The seeds were then air-dried indoor to avoid damage from direct sunshine.

2.4. Data Collection
2.4.1. Growth Data
Beginning at 28 days old, growth parameters such as the number of leaves and the length of the main vine were

recorded weekly for three weeks from five tagged plants.

2.4.2. Reproductive Data

From the time the plants were 28 days until 56 days old, reproductive data was recorded weekly. The number
of honey bees, as well as the number of ants, were counted three times during the day (8:00-9:00 am, 12:00-1:00 pm,
and 4:00-5:00 pm). The number of open male flowers collected. Number of aborted female flowers were recognised
from pollinated ones by the premise that an aborted flower begins to dry as soon as the bloom closes and the bright

yellow petals fade away, but a pollinated flower remains fresh and elongates.

2.4.3. Vield Data

The fruit yield data was collected during the first, second, third, and fourth harvests, with the following
parameters: number of cucumbers per tagged plant, total harvest weight assessed using a weighing balance per
treatment, and number of misshaped/stunted fruits per treatment. Seed data was also collected for the weight of

seeds per treatment at fifth harvest for the ripe fruits.

2.5. Data Analysis

Data were collected and entered into a Microsoft Excel spreadsheet 2016, after which it was uploaded to IBM
SPSS Statistics for Windows (SPSS v26). To examine the influence of treatments (n 4) as categorical predictors,
variables were submitted to univariate analysis of variance (ANOVA, P<0.05). Duncan Multiple Range Test
(DMRT) P < 0.05 was used to differentiate significant data means.

3. RESULTS
3.1. Effect of Treatments on Vegetative and Reproductive Parameters of Cucumber

Table 1. Effect of treatments on cucumber vegetative and reproductive parameters.

Treatment Number Length of Number of open | Number of aborted
of leaves | the vine (cm) male flowers female flowers

Open for foraging insects 24+ 120 | 2147+ 5.8 20 * 6.1° 11+1.2°

Hand-assisted pollination 25+06° | 217.1%5.8° 22 + 5.12 3t21°

Hand emasculation of male flowers | 25 £ 0.6* | 217.6 & 11.2b 4+ 1.2b 14+ 1.5°

Caged with an insect-proof net 27 £0.9% | 244.4 * 5.0° 20 £ 1.7 26 + 3.0

Note: Values within the column with the same letters are not significantly different according to Duncan Multiple Range Test, P < 0.05.

From the result in Table 1, the number of leaves ranged from 24 to 27 and did not differ significantly (Fs s =
2.75, P = 0.112) across treatments, with the highest in Caged with insect-proof net treatment 27 and lowest in
Open for foraging insects 24. The vine length ranged from 214.7 to 244.4 cm and differed significantly (Fs s = 7.21,
P = 0.017) across treatments, with the highest in Caged with insect-proof net 244.4 cm and lowest in Open for
foraging insects 214.7 cm. The number of open male flowers ranged from 4 to 20 and differed significantly (Fs s =

12.76, P = 0.002) across treatments, with the highest in Open for foraging insects 20 and lowest in Hand
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emasculation of male flowers 4. The number of aborted female flowers ranged from 8 to 26 and differed significantly

(Fs s = 66.43, P = 0.000) across treatments, with the highest in Caged with insect-proof net 26.

3.2. Effect of Treatments on Honey Bees and Ants’ Cucumber Pollinators.

The number of honey bees observed on cucumber flowers ranged from 0 to 14 and differed significantly (F s =
17.05, P = 0.001) across treatments with the highest in Open for foraging insects 13 and the lowest in Caged with
insect-proof net 0 (Figure 2). The number of ants observed on cucumber flowers did not differ significantly (Fs s =
0.71, P = 0.573) across treatments with the highest in assisted-hand pollination 18 and the lowest in Hand

emasculation of males flowers 13 (Figure 3).
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Number of honey bees seen on
flowers

b

o N B O ®

Open for Assisted Hand Hand Caged with an
foraging insects  Pollination emasculation insect-proof net
Treatment

Figure 2. Effect of treatments on the number of honey bees observed. Different letter columns are
significantly different (P < 0.05), Duncan multiple range test.
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Figure 3. Effect of treatments on the number of ants observed. Different letter columns are
significantly different (P < 0.05), Duncan multiple range test.

3.8. Effect of Treatments on Cucumber Fruits, Misshaped Fruits, and Seeds Vield

The weight of cucumber fruits collected differed significantly (Fs s = 42.22, P = 0.000) across treatments with
the highest in assisted-hand pollination 81.93 t/ha and the lowest in Caged with insect-proof net 1.5 t/ha (Figure
4). The number of cucumber misshaped fruits collected ranged from 0 to 9 and diftered significantly (Fs s = 8.36, P
= 0.008) across treatments with the highest number of misshaped fruits in Hand emasculation 9 and the lowest in

Caged with insect-proof net 0 (Figure 5). The weight of cucumber seeds collected differed significantly (Fs s =
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128.55, P = 0.000) across treatments with the highest in assisted-hand pollination 13.28 kg/ha and the lowest in
Caged with insect-proof net 0.78 kg/ha (Figure 6).
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0  reweies |
Open for Assisted Hand Hand Caged with an
foraging insects Pollination emasculation insect-proof net

Treatment
Figure 4. Effect of treatments on the yield of cucumber. Different letter columns are significantly
different (P < 0.05), Duncan Multiple Range Test.
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Figure 5. Effect of treatments on the number of misshaped fruits. Different letter columns are
significantly different (P < 0.05), Duncan Multiple Range Test.
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Figure 6. Effect of treatments on seeds produced. Different letter columns are significantly different (P
< 0.05), Duncan Multiple Range Test.
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3.4. Correlation of F'ruit Vield with Number of Honey Bees.
From Figure 7, a strong positive correlation (R? = 0.65) exist between the fruit yield of cucumber and the
number of honey bees observed on flowers which implies that the more the honey bees land on flowers, the more

there is pollination and fruit production.

35

30

y = 1.6028x + 5.9072
25 R? = 0.6547 Les®’

20 oo’

15 oc®

Fruit yield (t/ha)
o
o)

10

2 4 6 8 10 12 14

Number of honey bees

Figure 7. Correlation of fruit yield with the number of honey bees observed on flowers.

4. DISCUSSION
4.1. Effect of Treatments on Cucumber Vegetative Growth Paramelers.

The number of cucumber leaves did not change across treatments, which might be explained by the fact that all
treatments received blanket fertilization. The high vine length in Caged with insect-proof net treatment Table 1 is
likely owing to no insect disturbance to cause infections that may slow development (Nicodemo, Malheiros, De
Jong, & Couto, 2018; Tuo et al., 2019). Also, due to the insect-proof net, which limited pollination, the assimilate
produced as a consequence of photosynthesis was primarily employed for the vigour with a bias towards
reproductive development. The high number of open male flowers in the Open foraging insects' treatment Table 1
is consistent with no obstacles to inhibit insect interactions with flowers promoting higher flower development as
compared to other treatments (Nicodemo et al., 2018; Tuo et al,, 2019). The low frequency of aborted female
flowers in cucumbers treated with manual pollination highlights the need for alternate pollination methods

(Nicodemo, Malheiros, De Jong, & Nogueira Couto, 2013).

4.2. Effect of Treatments on Honey Bees and Ants’ Cucumber Pollinators

The high number of honeybees observed on cucumber flowers in the Open for foraging insects' treatment
(Figure 2) suggests that open pollination allows honeybees free access to pollinate, whereas no honeybees was
found in the Caged with insect-proof net treatment, which is consistent with other studies (Inam et al., 2015;
Nicodemo et al.,, 2018). As a result of no special control measures used for the different treatments, the number of
ants observed on cucumber flowers was not significant (Figure 3), indicating that ants are more interested in
teeding on the excreted sap generated by aphids. Therefore, it could be due to aphids excreting sap that attracts
ants, and there was likely even aphids’ distribution across the treatments. Though hand-aided pollination resulted
in the maximum number of ants (Figure 3), which might be due to pollen being moved from male to female,
allowing ants to thrive (Atibita et al., 2020; Motzke et al., 2015; Reyes et al., 2013). It's not a coincidence that there

are honeybees on the blossoms. Indeed, according to Corbet and colleagues, the number of honeybees on flowers is
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determined by the strength of the aroma generated as pollinators search for nectar as a food source (Corbet,
Williams, & Osborne, 1991). Delaplane and Mayer (2000) also discovered that nectar is the primary food source for
bees visiting cucumbers. The concentration of chemicals released by flowers during their blossoming is a factor in
pollinator attraction to inflorescences. Cucurbitaceae flowers have relatively high sugar content in nectar, which

honeybees enjoy (Corbet et al., 1991).

4.8. Effect of Treatments on Cucumber Fruils and Seeds Vield

The high weight of cucumber fruits reported in the Hand aided pollination treatment (Figure 4) suggests the
need for artificial pollination in cucumber pollination leading to high production. Huang and Giray (2012) and
Hossain et al. (2018), demonstrate similar results. The low weight of cucumber fruits in Caged with insect-proof net
treatment indicates how plants denied access to natural pollinators or artificial pollination may drastically lower
cucumber output. The variations in the amount of cucumber misshaped fruits found between treatments, with the
highest numbers reported in Hand emasculation (Figure 5) compared to other treatments, demonstrate the
relevance of male flowers in pollination and fruit development. Thus no or insufficient male flower pollen to
pollinate female flowers means no or misshaped fruits, drastically reducing productivity (Tuo et al., 2019). This
translates to the high weight of cucumber seeds observed in assisted-hand pollination treatment which is consistent
with the potential ability of artificial pollination in increasing fruit yield as well as seed yield (Hossain et al., 2018;
Singh et al., 2016). Also, poor seed yield was observed in Caged with insect-proof net treatment which is a reflection
of little or no pollination occurrence due to the net barrier hindering natural or artificial pollination (Abrol, 2012 ;
Motzke et al., 2015; Umeh & Ojiako, 2018). The increased weight of fruits produced by artificial pollination might
be explained by the fact that, just as honeybees' activity on flowers transporting pollen is critical for fruit set, so is
artificial pollination in the wake of natural pollination decline. It is clear that output is higher on plots with artificial
pollination, as indicated by Ndola et al. (2017), who found that introducing honeybee colonies into crops, in this
instance aided pollination, boosted the weight of fruits and seeds extracted (Ndola et al., 2017). Have also shown

similar improvements on colza and other Cucurbits.

5. CONCLUSION

The value of artificial or aided pollination in enhancing cucumber fruit and seed output, the involvement of
honeybees in open pollination, and the importance of male flowers in cucumber pollination were all proven in this
study. As a result, artificial pollination and open pollination, devoid of synthetic pesticides that may harm natural
pollinators, are the greatest ways to improve pollination and increase cucumber fruit and seed output. As a result,
the findings of this study support the premise that aided pollination will boost cucumber pollination and generate

more fruits and seeds.
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