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Abstract. The demand for cucumber has risen globally due to its nutraceutical properties and positive
health effects. Recently, cucumber has been grown as an associate crop to maximize land-use efficiency.
Therefore, this research aimed to find the maximum cucumber yield and economic feasibility under Albizia
lebbeck, Melia azedarach, and Leucaena leucocephala woodlots-based agroforestry with mulching. The
results revealed that the highest cucumber fruit yield (9.15 tons/ha) was attained by growing under Albizia
lebbeck with dry water hyacinth mulch. Similarly, the benefit-cost ratio (BCR) was the highest (2.89)
cucumber Albizia lebbeck woodlot agroforestry, twice as much as mono-cropping production. Thus, it
would be concluded that cucumber grown under Albizia lebbeck woodlot agroforestry with dry water
hyacinth mulch can be a cost-effective production practice for securing higher yields.

Keywords: mulching, multi-production approach, yield potentiality, benefit-cost ratio, trellis vegetable

Introduction

The Cucumber (Cucumis sativus L.) is an annual trailing vine vegetable belonging to
the Cucurbitaceae family. This vegetable is highly offered in the low-fat diet due to its
minimum cholesterol content, saturated fat and calories with a higher amount of vitamin-
A, vitamin-C, vitamin-K and potassium (Mukherjee et al., 2013). These green fruits
produce (0.6 g) protein, (2.6 g) fibre (12 calories) energy, (18 mg) Ca, (0.2 mg) Fe, (0.02
mg) thiamin, (0.02 mg) riboflavin, (0.01 mg) niacin, and (10 mg) vitamin C per 100 g
(Rashid, 1999). Additionally, this trellis vegetable frequently produces a higher amount
of phytochemicals such as alkaloids, flavonoids, steroids, and tannins commonly used in
the cosmetic and pharmaceutical industries (Rajasree et al., 2016). The daily intake of
plant-based foods has been well demonstrated to fulfil an essential part in reducing
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chronic and degenerative diseases (Hu, 2003; Trichopoulou et al., 2014). However, in
recent years, in Bangladesh, people have been intake vegetables 112 g/day/capita (23 g
green vegetables, 89 g non-leafy plants), less than the lowest demand of 400 g/day/capita
(WHO, 2003). The crop is grown in Bangladesh around 9,593 ha of land and the
production 65,499 metric tons, with an average yield of 6.83 tha™ (Anonymous, 2018).
This production potential is very poor compare to other cucumber growing countries
(Hossain et al., 2018), and their average yield is more than 30 tha. Therefore, a
significant gap between vegetable demand and supply has been identified to be a critical
problem.

The conventional land-use schemes would become more fragile due to enhanced
ambient temperature, amounts of CO, and other greenhouse gases. The consequence
reduced the productive capacity of the system (FAO, 2013). Moreover, the depletion and
destruction of forests worsen food insecurity both explicitly and indirectly: directly, by
influencing the availability of fruits and timber- and tree-based food items, and indirectly
by changing ecological factors important for crop and livestock. (Van Noordwijk et al.,
2014). In the last three decades, agroforestry has been actively advocated in tropical and
sub-tropical countries as a natural resource conservation technique (Izac and Sanchez,
2001). These multi-production strategies are becoming very popular nowadays due to the
diversified production approach (Garrit, 2004). Significant advantages of adopting the
strategies are - increased soil fertility, water availability, minimized soil degradation and
improved bio-diversity (Chakraborty et al., 2015).

Agroforestry can be attributed to being a multi-functional system that can be
ecologically and economically sensitive and addresses socio-economic needs (Sharmin
and Rabbi, 2016). The benefits are manifold - compensated losses due to destructions on
agriculture and forestry property by natural calamities, enhanced daily-life benefits,
tackled rural socio-economic demands, mitigated the problem of climate change and so
on (Amin et al., 2017a; Reppin et al., 2020). The harvested products from agroforestry
practices (human food, cattle fodder, timber, gum, and construction materials) assist the
basic needs (Rahman et al., 2012). Poverty is further alleviated by increasing incomes
and involving women in development activities (Rahman et al., 2017).

Multipurpose tree plantations alone or paired with crops may be a successful land
rehabilitation method (Maikhuri et al., 2000). The fast-growing small crowns of
deciduous nitrogen-fixing trees are the critical factors for sustainable and effective
agroforestry practices. In agroforestry practice (Albizia Lebbeck L.), the woody perennial
contributes to economic aspects (Amin et al.,, 2017b). As an alternative, (Leucaena
leucocephala Lam.) is frequently grown in tropical and sub-tropical countries that offer
a vast timber, fodder, and healthy food source. The leaves, seeds and fruits extracts of
(Melia azedarach L.) have been shown a wide choice of therapeutic and pesticide actions
against different pathogenic and pest species. These also have anti-inflammatory activity,
analgesic, antimalarial activity (Vishnukanta and Rana, 2010), and anticancer (Ntalli et
al., 2010).

Teame et al. (2017) stated that organic mulching had a substantial influence on soil
moisture content that contributes to the sound development of crops compared to no
mulching. Farming with organic mulching eradicated the growth of weed vegetation,
lesser crop evaporation rate and created a channel for rainwater infiltration (Yang et al.,
2003). Sinkevicien¢ et al. (2009) reported that organic mulches have plentiful advantages
for crop farming by improving the soil chemical, physical, and biological conditions.
Sensteby et al. (2004) found significant potassium and phosphorus percentages in crop
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leaves due to the used sawdust. The organic straw mulch also served as a great source of
micronutrients in the soil (Sensteby et al., 2004). Organic grass mulch had the same
potentiality (Cadavid et al., 1998). The application of organic mulching on crop
production improved plant development, fruit settings and quality yield (Singh et al.,
2007; Sharma et al., 2008). Organic material mulching had given some advantages to the
root growth, fruit yield, and total soluble solids content (Olfati et al., 2008). Microbial
behaviour, which depends on organic material supply, performs a vital role in controlling
soil fertility and the transfer of organic matter (Marinari et al., 2007). Soil microorganisms
interact quickly to enable the soil to break dormancy and increase mass and spread if
conditions are suitable (Xu et al., 2006).

Moreover, in the world food scenario, the food protection concept has to be addressed
in technological advancement regarding agricultural research. Direct physical and
affordable access to sufficient balanced food satisfying the daily nutritional requirements
and food preferences complimenting the wellbeing for everybody at every time can be
termed as food protection (World Food Summit, 1996).

The authors have an intriguing interest in addressing the issues mentioned above in
this study. In the most petite case, finding out the cheapest environmental-friendly way
of enhanced cucumber production pertaining to social, economic, and ecological aspects.
The field research aims to select a suitable cucumber production technique considering
the growth, yield, and economic potency.

Materials and methods
Research site with soil and climate

The study area was situated in the northern part of Bangladesh under the Agroforestry
and Environment Department of Hajee Mohammad Danesh Science and Technology
University, Dinajpur. The height of the experimental site was 37.5 metre from the mean
sea level (MSL). The research field was followed the old Himalayan Piedmont Plain Area
(AEZ No. 01), indicating medium-high land with no water logging condition (Brammer
et al., 1988). The soil physical and chemical properties of the experimental field are
presented in Table 1. The average air temperature (°C), relative humidity (%), rainfall
(mm), and sunshine (hrs) of the experimental site are presented in Fig. 1 from April to
July 2020. The maximum air temperature (31.5 °C) was recorded in May, and the
minimum air temperature (19.90 °C) was noted in April. The relative humidity was found
a minimum fluctuation from 83.00% to 92.00%. Instead, the highest monthly
precipitation (92.0 mm) was found in July, and the lowest (31.0 mm) was observed in
April. In the sunshine, the monthly average variation range from 220.12 hrs to 280.4 hrs.

Plant materials

The woodlots of sixteen (16) years old Albizia lebbeck, Melia azedarach, and
Leucaena leucocephala were the experimental fields for the present research work. The
trees were arranged in east-west geometry with a 3 metres plant to plant and 3 metres for
a row to row difference. At the time of experimentation, the woodlots tree characteristics
were showed in Table 2. Among the 3 (three) tree species, the mean (n = 12) the plant
height, clean bole height, base girth, bole girth, and diameter at breast height (15.0 m,
7.5m, 118.0 cm, 97 cm, and 31 cm) was recorded from Albizia lebbeck woodlot. On the
other hand, the Melia azedarach woodlot had (17.5 m) plant height, (10.5 m) clean bole
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height, (125.0 cm) base girth, (95.0 cm) bole girth, and (30.3 cm) diameter at breast
height. Moreover, the average plant height, clean bole height, base girth, bole girth, and
diameter at breast height (21.5 m, 15.5 m, 88 cm, 82 cm, and 26.0 cm) were observed
Leucaena leucocephala woodlot, respectively. The modern Hybrid Green Bird cucumber
variety was the research testing crop (Table 2).

Table 1. The soil physical and chemical properties of the experimental field

Soil characters Physical and chemical properties
Sand (%) 63
Silt (%) 32
Clay (%) 5
Textural class Sandy loam
CEC (meg/ 1009) 8.2
pH 5.2
Organic matter (%) 1.28
Total nitrogen (%) 0.11
Potassium (meg/ 100g) 0.26
Phosphorus (ug/g) 25.0
Magnesium (meg/ 100g) 0.42
Sodium (meg/ 100g) 0.05
Calcium (meg/ 100g) 1.32
Sulphur (ng/g) 3.2
Boron (ng/g) 0.27
Iron (ug/g) 5.32
Zinc (ug/g) 0.92

Source: Soil Resources Development Institute, Dinajpur, Bangladesh (2020)
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Figure 1. The experimental site weather data during the period from April to July 2020.
Source: Meteorological Station, Wheat Research Center, Noshipur, Dinajpur, Bangladesh
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Table 2. The status (mean value) of the woodlot tree species in the research field during the
study period (n = 12)

. . Diameter at
Wood_lots Plant height (m) Clgan bole Base girth Bole girth breast height
species height (m) (cm) (cm) (cm)
Albiza lebbeck 15.0 75 118 97 31.0
Melia azedarach 175 10.5 125 95 30.3
Leucaena 215 155 88 82 26.0
leucocephala

Design of research with treatments

The research was designed following two factors split plot and replicated (3) three
times of the treatments. Factor A, four production practice treatments, were arranged in
the main field, while factor B, three treatments of the organic mulches, were placed in the
sub-plot. So, there were twelve (12) treatment combinations. The total number of
experimental plots was 36, and all the plots were the same size, 6.25 m2. The treatments
were as follows- factor A: four production systems Ti= sole cropping of cucumber
(control), T>= cucumber Albizia lebbeck woodlot agroforestry, Ts= cucumber Melia
azedarach woodlot agroforestry, Ts= cucumber Leucaena leucocephala woodlot
agroforestry, while factor B: M= no mulch, M2= ash mulch, Ms= dry water hyacinth
mulch. So, the twelve treatment combinations were (T1M1) sole cropping cucumber
without mulch, (T1M2) sole cropping cucumber with ash mulch, (T:Ms) sole cropping
cucumber with dry water hyacinth mulch, (T2M1) cucumber Albizia lebbeck woodlot
agroforestry without mulch, (T2M2) cucumber Albizia lebbeck woodlot agroforestry with
ash mulch, (T2M3) cucumber Albizia lebbeck woodlot agroforestry with dry water
hyacinth mulch, (TsM3) cucumber Melia azedarach woodlot agroforestry without muich,
(TsM2) cucumber Melia azedarach woodlot agroforestry with ash mulch, (TsMa)
cucumber Melia azedarach woodlot agroforestry with dry water hyacinth mulch, (TsMy)
cucumber Leucaena leucocephala woodlot agroforestry without mulch, (TsM2) cucumber
Leucaena leucocephala woodlot agroforestry with ash mulch, and (T4Ms) cucumber
Leucaena leucocephala woodlot agroforestry with dry water hyacinth mulch.

Land preparation and crop establishment

The soil of the research field was ploughed by a tractor three times to ensure good
tillage. A spade was used to plough the edge of the experimental area. Visibly larger clods
were pounded into tiny fragments after ploughing the soil, cleaning the debris and other
rubbish for the soil to attain a good cropping condition. The experimental concept was
followed in the development of the layout, which was then ready for planting. Every sub-
plot had two pits; three (3) cucumber seeds were sown on 14" April 2020 in each pit,
apart from 20 cm seed to seed distance. The distance between the pit to the pit was 1.8
metre, where the girth of the pit was 75 cm, and the depth was 10 cm. The seeds were
later coated in fine soil by hand. During the cropping season, necessary intercultural
operations were carried out to ensure proper growth and production. Just one stable
seedling was held to develop in each position five to six days after germination, and the
others were discarded. Seedlings that were dead, wounded, or frail were substituted with
fresh vigour seedlings from the stock stored. As cucumber is a climbing vegetable,
trellises were prepared with bamboo and rope fibre with a height of 150 cm all around in
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sub-plots. Weed was present in large quantities in the control treatment. In the plots where
weeding was needed, it was done three times. Light irrigation was applied just after
sowing the seeds. After 45 days of seed germination, organic mulching materials were
applied in the experimental sub-plots with 2.54 cm thickness. Green fruits were harvested
at 4-5 days intervals when they attained edible, started from 18" June and was continued
up to 16 July.

Data recording parameters

For the growth and production of cucumber, the data was collected in the following
heads plant height (cm), leaves plant™, leaf length & breadth (cm), petiole length (cm), stem
girth (cm), main stem internode length (cm), lateral shoots plant™, fruits plant?, fruit height
(cm), fruit girth (cm), average fruit weight (g), and fruit yield (ton/ha). Additionally, the
cost of production, gross and net returns per hectare and the benefit-cost ratio was
calculated for economic analysis of cucumber under Albizia lebbeck, Melia azedarach, and
Leucaena leucocephala woodlots agroforestry and sole cropping cultivation.

Statistical analysis

Two-factors “Analysis of Variance” (ANOVA) was done using the computer-based
MSTAT-C statistical data analysis software. The mean data of treatments and combined
effects were separated by the (DMRT) Duncan’s Multiple Range Test (Gomez and
Gomez, 1984).

Results

The effect of cucumber production systems on growth, yield contributing characters
and yield

Cucumber is grown excellently in association with Albizia lebbeck, Melia azedarach,
and Leucaena leucocephala woodlots compared to sole cropping (control treatment)
(Table 3). At the very initial stage (15 DAS), the tallest plant (38.11 cm) was observed in
cucumber under Leucaena leucocephala (T4) which was identical to (T>=35.67 cm) and
(T3=34.22 cm). The shortest plant (23.44 cm) was found in the sole cropping of cucumber
(T1). At 30 DAS, the tallest plant (171.60 cm) was recorded in (T4) cucumber under
Leucaena leucocephala, which was similar to (Ts= 169.70 cm), and the shortest plant
(138.70 cm) was originated in (T1) sole cropping of cucumber. Finally, the tallest plant
(310.40 cm) was noted in T4, and the shortest plant (260.00 cm) was recorded in Ty at 45
DAS. The leaves plant™ was perceived significantly maximum (7.33, 44.00, and 93.22 at
15, 30, and 45 DAS) in open field condition (T1) and the minimum number of leaf plant”
1 (5.89, 23.67, and 61.44 at 15, 30, and 45 DAS) in cucumber under Leucaena
leucocephala (T4). For leaf length of cucumber, the highest leaf length (8.12, 12.96, and
17.87 cm at 15, 30, and 45 DAS) was taken from (T2) cucumber under Albizia lebbeck
based agroforestry practice, besides the lowest leaf length (6.53, 12.10, and 15.97 cm at
15, 30 and 45 DAS) was measured from (T1) sole cropping of cucumber. The leaf breadth
was significantly varied due to different woodlots agroforestry practices along with
mono-cropping of cucumber. The leaf breadth was calculated the highest (8.83, 15.79,
and 22.58 cm at 15, 30, and 45 DAS) in (T3) cucumber under Melia azedarach. In
contrast, the lowest leaf breadth (6.63, 13.14, and 18.97 cm at 15, 30 and 45 DAS) in (T2)
cucumber under Albizia lebbeck.
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Table 3. The effect of cucumber production practices on plant height, number of leaf plant™,
leaf length, and breadth at different DAS

Plant height (cm) Leaf plant?! Leaf length (cm) |Leaf breadth (cm)
Treatments 15 30 45 15 30 45 | 15 30 45 | 15 | 30 45
DAS DAS DAS | DAS | DAS | DAS |DAS| DAS | DAS |DAS| DAS | DAS
T1 23.44b | 138.7c | 260.0d |7.33a|44.00a (93.22a/6.53b| 12.10b |15.97¢|6.83b(14.12b|20.07b
T2 35.67a | 153.8b | 289.3b |6.22ab|28.89b |71.44b(8.12a| 12.96a |17.87a|6.63b|13.14¢|18.87c
Ts 34.22a | 169.7a | 270.7c |5.94b |25.00bc|65.11c|7.86a(12.62ab|17.06b|8.83a|15.79a(22.58a
T4 38.11a | 171.6a | 310.4a |5.89 b|23.67c |61.44d(6.80b| 12.21b |16.00c|8.07a|14.40b(19.96b
CV% 14.65 9.72 25 [19.63| 15.08 | 2.63 |14.27| 4.59 | 3.12 [10.91| 6.64 | 2.53

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The results of petiole length, stem girth, main stem internode length, and the number
of lateral shoots plant™ varied significantly because of different production practices
presented in Table 4. Notably, the highest petiole length (19.23 cm) was found in
cucumber under Leucaena leucocephala (T4), and the lowest petiole length (14.74 cm)
was observed in (T1) sole cropping of cucumber. The stem girth (2.66 cm) was the
maximum recorded in (Ts4) cucumber under Leucaena leucocephala, followed by
(2.52 cm) in (T1). In contrast, the lowest stem girth (2.23 cm) was recorded in (T2)
cucumber under Albizia lebbeck, similar to (2.27 cm) in (T3). The sole cropping cucumber
(T1) gave the highest (5.43 cm) internode length, which was identical to T» and Ts, then
the lowest (4.31 cm) internode length was calculated in Ta. In the case of the number of
lateral shoots, the maximum (8.78) was counted in sole cropping of cucumber (T1), and
the lowest (4.67) was determined in (T3) cucumber under Melia azedarach.

Table 4. The effect of cucumber production practices on petiole length, stem girth, main stem
internode length, and the number of lateral shoots plant™

Petiole length Stem girth Main stem internode | Number of lateral
Treatments -1
(cm) (cm) length (cm) shoots plant
T 14.74 d 252 a 543 a 8.78 a
T, 18.83 b 2.23b 4.84 ab 6.67b
Ts 16.58 ¢ 2.27b 5.67 a 467c
Ty 19.23 a 2.66 a 431b 478 ¢
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The number of fruits plant™ was statistically significant by the effect of different
cucumber production systems (Table 5). Significantly, the highest number of fruits plant™
(10.33) was recorded in the open field, i.e. sole cropping of cucumber (T1) and the lowest
number of fruits plant™? (5.56) was discovered in (Ts) cucumber under Melia azedarach
based agroforestry practice. Moreover, cucumber fruit length was noted statistically
highest (20.02 cm) in (T2) cucumber under Albizia lebbeck based agroforestry practice
followed by (T1) and (T4) treatments. In contrast, the lowest (17.89 cm) was found in (T3)
cucumber under Melia azedarach. The same trend was found for fruit girth as well. The
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maximum fruit weight (361.9 g) was calculated in cucumber under Albizia lebbeck (T>)
followed by (335.8 g) in Ty treatment; the minimum (217.8 g) fruit weight was taken in
cucumber under Melia azedarach (Ts3). Furthermore, Fruit yield was measured as the
highest (3.56 kg/plot) in (T2) cucumber under Albizia lebbeck followed by Ti
(3.17 kg/plot) and the lowest (1.67 kg/plot) in (T3) cucumber under Melia azedarach. The
fruit yield (5.70 tons/ha) was the maximum among the different cucumber production
practices in the (T>) treatment showed in Fig. 2.

Table 5. The effect of cucumber production practices on fruits per plant, fruit length, fruit
weight, and fruit yield

Treatments Fruits per Fruit length | Fruit girth Aver_age fruit Fruit yield
plant (cm) (cm) weight (g) (kg/plot)
T1 10.33a 19.11 ab 14.32 ab 335.8ab 3.17ab
T 9.11b 20.02a 1557 a 361.9a 3.56 a
T3 556 ¢ 17.89b 12.03 b 217.8¢ 1.67c
T4 6.11c 18.07 ab 14.50 ab 312.7b 296 Db
CV% 14.99 10.44 12.88 11.32 13.77

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level

by DMRT
a
ab
b

4

3 Cc

1 I

0

3 (ton/ha)
L

Cucumber fruit vield
(o)

Sole cropping of Cucumber Albizia Cucumber Melia Cucumber
cucumber lebbeck azedarach Leucaena

agroforestry agroforestry leucocephala

agroforestry

Cucumber production practices

Figure 2. The effect of cucumber production practices on the fruit yield (ton/ha). In the bar,
figures with similar letters or without letters do not differ significantly at the P < 5% level by
DMRT

The effect of organic mulch on the cucumber growth, yield contributing characters and
yield

The effect of organic mulch on cucumber plant height, leaf plant?, leaf length, and
breadth was statistically significant; results were shown in Table 6. Numerically, the tallest
plant (35.33 cm) was recorded in M2 (ash mulch), and the shortest plant height (31.58 cm)
was observed in M1 (no mulch) control treatment at 15 DAS. At 30 DAS, significantly, the
tallest plant (178.8 cm) was noted in M3 (dry water hyacinth mulch) treatment followed by
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Mz (no mulch), while the shortest plant height (140.3 cm) was noticed in M2 (ash mulch)
treatment. Finally, at 45 DAS, considerably the tallest plant (343.6 cm) was recorded in M3
(dry water hyacinth mulch) treatment followed by M1 (no mulch), whereas the shortest
plant (228.5 cm) was taken in M, (ash mulch) treatment. The leaves plant® was showed
insignificant at 15 and 30 DAS. The maximum leaves plant™ (79.83) was counted in M
(ash mulch) treatment, and the minimum leaves plant™ (65.00) was taken in Mz (no mulch)
treatment at 45 DAS respectively. Cucumber leaf length was maximum (7.79 cm, 12.85
cm, and 19.03 at 15, 30 and 45 DAS) recorded in M3z (dry water hyacinth mulch) followed
by M> (ash mulch) treatment. On the other hand, minimum leaf length (6.44 cm, 11.89 cm,
and 15.83 at 15, 30 and 45 DAS) was found in M1 (no mulch) control treatment. The same
trend of results was observed for leaf breadth at 15, 30 and 45 DAS.

Table 6. The effect of organic mulch on cucumber plant height, leaf plant™, leaf length and
breadth at different DAS

Plant height (cm) Leaf plant? Leaf length (cm) | Leaf breadth (cm)
Treatments 15 30 45 15 | 30 | 45 | 15 | 30 45 | 15 | 30 45
DAS | DAS DAS |DAS|DAS| DAS |DAS| DAS | DAS |DAS| DAS | DAS
M3 31.58 | 156.2b | 275.8b | 6.75 |30.92|65.00c|6.44b|11.89h|15.83b|6.13b{13.13b|19.01b
M, 35.33 | 140.3c | 228.5c |6.50 |32.00(79.83a|7.75a|12.85a|15.30c|8.03a(14.98a|18.15¢
M3 31.67 | 178.8a | 343.6a |5.75|28.25(73.58b|7.79a|12.68a|19.03a(8.61a|14.88a|23.94a
CV% 1465 | 9.72 2.5 |19.63|15.08| 2.63 (14.27| 4.59 | 3.12 |10.91| 6.64 | 2.53
In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The effect of organic mulch on cucumber petiole length, stem girth, main stem
internode length, and the number of lateral shoot plant™* was statistically meaningful, and
the results are provided in Table 7. The highest petiole length (19.38 cm) was noted in
M3 (dry water hyacinth mulch) followed by (16.48 cm) in M1 (no mulch) treatment, and
the lowest petiole length (16.18 cm) was detected in M2 (ash mulch) treatment. The result
of cucumber stem girth was analyzed statistically insignificant because of different
organic mulches. The main stem internode length was calculated (5.54 cm), the maximum
in M2 (ash mulch) treatment and the minimum (4.78 cm) in Mz (dry water hyacinth
mulch) treatment similar to M1 (4.87 cm), respectively. Organic mulch affected the lateral
shoot plant™ as such, the highest lateral shoot plant? (7.17) was recorded in M, (ash
mulch) treatment which was identical (6.75) in M treatment. Then again, the lowest
number of lateral shoot plant™ (4.75) was observed in M3 (dry water hyacinth mulch).

Table 7. The effect of organic mulch on cucumber petiole length, stem girth, main stem
internode length and number of lateral shoots plant™

T Petiole length Stem girth Main stem internode | Number of lateral
reatments 1
(cm) (cm) length (cm) shoots plant
M1 16.48 b 2.43 4.87b 6.75a
M; 16.18¢ 2.37 554 a 7.17 a
M3 19.38a 2.47 4.78b 475b
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level

by DMRT
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The cucumber fruits per plant were varied as influenced by organic mulch (Table 8).
Significantly the highest fruits per plant (11.75) was found in M3 (dry water hyacinth
mulch) treatment which was statistically identical to (11.17) M. (ash mulch). Instead, the
lowest fruits per plant (4.17) was observed in M1 (no mulch) control treatment. The fruit
length of cucumber was also varied significantly as directly influenced by organic mulch.
Substantially, the most extended fruit (21.78 cm) was found in M3 (dry water hyacinth
mulch) treatment, and the shortest fruit length (17.09 cm) was observed in M1 (no mulch)
control treatment which was followed by M2 (ash mulch) treatment. Fruit girth of
cucumber was also varied significantly, the highest fruit girth (16.22 cm) was measured
in M3 (dry water hyacinth mulch) treatment, and the lowest (13.14 cm) fruit girth was
taken from Mz (no mulch) control treatment similar to M2 (ash mulch). The highest
average fruit weight (377.1 g) was recorded in M3 (dry water hyacinth mulch) treatment,
and the lowest average fruit weight (303.6 g) was recorded in M1 (no mulch) control
treatment which was followed by M2 (ash mulch). The highest cucumber fruit yield
(4.38 kg/plot) was observed in Ms (dry water hyacinth mulch) treatment followed by
(3.53 kg/plot) in M2 (ash mulch) treatment whereas, the lowest fruit yield (2.65 kg/plot)
was detected in M1 (no mulch) control treatment. The fruit yield (7.01 tons/ha) was the
highest found in M3 (dry water hyacinth mulch) treatment compared to other treatments,
and the lowest (4.24 tons/ha) was observed in M1 (no mulch) control treatment (Fig. 3).

Table 8. The effect of organic mulch on the number of cucumber fruits per plant, fruit length,
fruit weight and fruit yield

Treatments Fruits per Fruit Fruit girth Average Fruit yield
plant length (cm) (cm) fruit weight (g) (kg/plot)
M3 4.17b 17.09b 13.14b 303.6 b 2.65b
M, 11.17a 17.44 b 13.21b 322.7b 3.53ab
M; 11.75a 21.78 a 16.22 a 377.1a 4.38a
CV% 14.99 10.44 12.88 11.32 13.77
In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT
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Figure 3. The effect of organic mulch on the cucumber fruit yield (ton/ha). In the bar, figures
with similar letters or without letters do not differ significantly at the P < 5% level by DMRT
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The combined effect of cucumber production systems and organic mulch on the
growth, yield contributing characters and yield

The combined effect of cucumber production practices and organic mulch on the
plant height, leaves plant?, leaf length, and breadth cucumber was significantly
different at 15, 30 and 45 DAS (Table 9). The tallest plant (42.33 cm) was observed in
TsM treatment combination followed by T4M: treatment combination, and the shortest
plant (20.67 cm) was recorded in T2Ms treatment combination at 15 DAS. In the next,
at 30 and 45 DAS, the tallest plant (195.00 cm and 441.70 cm) was noted in T1Ms
treatment combination, whereas the shortest plant (117.30 cm) at 30 DAS in T2M>
treatment combination and (204.3 cm) at 45 DAS in T4M; treatment combination. The
leaves plant™ at 15 DAS significantly the maximum (7.67) was documented in T:M;
and T1 M treatment combinations and the minimum (5.00) in TsMs3 and T4Ms3 treatment
combinations. After that, at 30 DAS, the maximum leaves plant™ (47.33) was calculated
in T1Ms treatment combination followed by T:M; and Ti1M2 and the minimum leaves
plant™ (16.00) TsMs treatment combination. Finally, at 45 DAS, the maximum leaves
plant™? (93.70) was observed in T1Ms treatment combination, and the minimum leaves
plant™ (55.33) was taken in T4Ms treatment combination. Leaf length (9.75 and 13.30
cm at 15 and 30 DAS) the highest was noted in TsM: treatment combination, and the
lowest leaf length (6.00 and 11.73 cm at 15 and 30 DAS) was found in TzM;z and T1M>
treatment combination. Finally, at 45 DAS, the highest leaf length (22.60 cm) was
collected in T1Ms treatment combination, and the lowest leaf length (13.70 cm) was
detected in T1Mz treatment combination. In the initial stage at 15 DAS, significantly,
the highest leaf breadth (10.00 cm) was recorded in T4M3 treatment combination, and
the lowest leaf breadth (5.37 cm) was measured in TzM; treatment combination.
Moreover, at 30 DAS, the highest leaf breadth (16.60 cm) was observed in T3M>
treatment combination, whereas the lowest leaf breadth (11.97 cm) was found in T:My
treatment combination. At 45 DAS, the highest leaf breadth (26.47 cm) was calculated
in T:Ms treatment combination, and the lowest leaf breadth (16.77 cm) was measured
in T:M; treatment combination.

The combined effect of cucumber production systems and organic mulch was
significantly varied for petiole length, stem girth, main stem internode length, and the
number of lateral shoots plant™; the results epitomized in Table 10. The highest petiole
length (23.70 cm) was recorded in T2Ms treatment combination, and the lowest petiole
length (12.93 cm) was calculated in the T3Ms treatment combination. The stem girth
(2.80 cm) was the maximum collected from T4Ms treatment combination, and the
minimum (1.97 cm) stem girth was obtained from T>M: treatment combination. The
main stem internode length influenced the combined effect of cucumber production
systems and organic mulch. The most extended main stem internode length (7.00 cm)
was found in T3M> treatment combination followed by (6.03 cm) and observed in the
T1M3 treatment combination. The shortest main stem internode length (3.87 cm) was
recorded in T4Mz3 treatment combination, which was statistically identical to (4.27 cm)
found in T4M; treatment combination, respectively. The number of lateral shoots plant”
! was the maximum (10.33) was recorded in T1:M; treatment combination whereas, the
lowest number of lateral shoots plant? (2.67) was noted in both TsMs; and TsMs
treatment combinations.
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Table 9. The combined effect of cucumber production practices and organic mulch on plant height, number of leaf plant™, leaf length, and breadth at

different DAS

Plant height (cm) Number of leaf plant* Leaf length (cm) Leaf breadth (cm)
Treatment 15 30 45 15 30 5 | 15 30 45 30
combinations DAS DAS DAS DAS DAS DAS DAS DAS DAS 15DAS DAS 45 DAS
TiMy 32.00 a-d 154.0cd 267.3de 7.67a | 40.67ab | 88.67b | 7.00b-d | 11.97b 13.70h | 6.53bc 11.97f 16.77f
TiM; 40.67ab 165.7bc 222.3h 7.67a 44.00a | 57.33f | 6.27d 11.73b 14.87g | 6.37bc 12.70ef 16.97f
TiM3 34.33a-d 195.0a 441.7a 6.67ab | 47.33a | 93.7a |7.13b-d| 12.60ab | 22.60a | 7.60b | 14.77b-d | 26.47a
T2My 25.33b-d 151.7c-e 279.0d 6.67ab | 35.00bc | 85.67b | 6.07d | 11.93b | 17.23cd | 5.77c | 13.53c-f | 21.43c
ToM; 24.33cd 117.3f 235.0g 5.67ab | 22.33e-g | 62.33e | 6.67cd | 12.83ab | 16.17ef | 6.57bc | 15.60ab | 20.13d
ToMs 20.67d 192.3ab 354.0b 6.33ab | 29.33c-e | 66.33d | 6.87b-d | 11.87b | 20.20b | 7.57b | 13.23d-f | 26.17a
TsM; 28.00 a-d 126.7d-f 295.0c 6.33ab | 23.33d-g | 78.33c | 6.00d | 11.83b | 17.00de | 5.37c | 14.20b-e | 18.10e
TsM; 42.33a 154.0cd 252.3f 6.33ab | 31.67cd | 78.00c | 9.57a | 13.30a | 15.50fg | 9.57a 16.60a 17.97e
TsMs 32.33a-d 135.3d-f 232.7gh 5.00b | 16.00g | 39.00g | 8.80ab | 12.73ab | 15.40fg | 9.27a 16.57a 20.53d
TsMy 41.00ab 192.3ab 261.7¢f 6.33ab | 24.67d-f | 66.67d | 6.70cd | 11.83b | 15.40fg | 6.87bc | 12.83ef | 19.73d
T4M> 34.00a-d 124.0ef 204.3i 6.33ab | 30.00c-e | 62.33e | 8.50a-c | 13.53a 14.67g | 9.63a | 15.03abc | 17.53ef
TsMs3 39.33a-c 192.7ab 346.0b 5.00b | 20.33fg | 55.33f | 8.37a-c | 13.50a | 17.93c | 10.00a | 15.33ab | 22.60b
CV% 14.65 9.72 25 19.63 15.08 2.63 14.27 459 3.12 10.91 6.64 2.53

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level by DMRT
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Table 10. The combined effect of cucumber production practices and organic mulch on petiole
length, stem girth, main stem internode length and number of lateral shoots plant™

Treatment Petiole Stem Main stem internode Number of
combinations length (cm) | girth (cm) length (cm) lateral shoots plant?
TiM; 1587 ¢ 2.50 a-c 4.97 ab 10.33 a
TiM; 17.70c 2.57 a-c 5.30 ab 8.00b
TiM3 22.93b 2.50 a-c 6.03 ab 8.00b
TM; 17.93¢ 2.40 a-c 4.83 ab 7.67b
T2M: 16.07 e 1.97d 5.07 ab 6.67c
ToM3 23.70 a 2.33 b-d 4.63b 5.67c
TsM; 14.33 f 2.17 cd 5.40 ab 533¢
TsM; 16.97d 2.40 a-c 7.00a 6.00 c
TsM3 12.93¢g 2.23b-d 4.60b 2.67d
TsM1 17.80 ¢ 2.63ab 4.27h 3.67d
TsM2 14.00 f 2.53a-c 4.80 ab 8.00b
TsM3 17.93 ¢ 2.80a 3.87b 2.67d
CV% 2.01 8.97 13.67 14.38

In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT

The number of cucumber fruits per plant was significantly influenced by the combined
effect of production practices and organic mulch (Table 11). Significantly the highest
number of fruits per plant (12.33) was recorded in T:M3 treatment combination, which
was followed by (11.67) in TaM3 and (11.33) in T1M> treatment combination. In contrast,
the lowest number of fruits per plant (4.33) was documented in T3M;: treatment
combination. The fruit length of cucumber was found significantly different, significantly
the most extended fruit length (23.33 cm) was found in ToMs treatment combination,
which was identical to T1Ms treatment combination (22.17 cm), and the shortest fruit
length (15.80 cm) was recorded in T3M; treatment combination. Similarly, the longest
fruit girth (15.83 cm) was found in both T1Ms, and T2Ms treatment combinations, which
was identical to T:M> treatment combination (14.87 cm) and the shortest fruit girth
(10.30 cm) was recorded in TsM; treatment combination. Average fruit weight was
significantly varied, the highest fruit weight (395.30 g) was measured in T.M3 treatment
combination, which was statistically identical to (373.30 cm) in T2M; treatment
combination and (364.70 cm) in T:Ms treatment combination and the lowest fruit weight
(212.70 g) was recorded in T3sM; treatment combination. The fruit yield of cucumber was
significantly different because of the combined effect of production systems and organic
mulch. Notably, the highest cucumber fruit yield (5.72 kg/plot) was found in T:Ms
treatment combination, which was indistinguishable from (5.25 kg/plot) in T:iM3
treatment combination, and the lowest cucumber fruit yield (1.86 kg/plot) was noted in
T3sM; treatment combination. Furthermore, Figure 4 provided the cucumber fruit yield
(ton/ha). The result showed that the highest cucumber fruit yield (9.15 ton/ha) was
observed in ToM3s followed by (8.40 tons/ha) in T:Ms treatment combination, and the
lowest cucumber fruit yield (2.98 tons/ha) was received in T3M; treatment combination

(Fig. 4).
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Table 11. The combined effect of cucumber production practices and organic mulch on fruits
per plant, fruit length, fruit weight and fruit yield

Treatment Fruits per Fruit length | Fruit girth | Average fruit Fruit yield
combinations plant (cm) (cm) weight (g) (kg/plot)
TiM; 6.67 cd 19.30 bc 13.60 b 294.1hc 2.93 cd
TiM; 11.33ab 1743 ¢ 14.87 ab 328.7b 4.85 ab
TiM3 12.33a 22.17ab 1583 a 364.7 ab 525a
T2M; 5.12d 1717 ¢ 11.98 cd 256.7 ¢ 33lc
T2M: 10.67 b 17.00 ¢ 14.21ab 373.3ab 431b
T2M3 11.67 ab 23.33a 15.83a 395.3a 5.72a
TsMy 4.33e 15.80d 10.30d 212.7d 1.86d
TaM; 5.43d 16.97 ¢ 11.37cd 271.2 bc 2.18 cd
TsM3 6.38 cd 19.73 bc 12.43¢ 285.4 be 2.47 cd
TsM; 6.33 cd 17.50 cd 12.83 ¢ 2469 ¢ 2.89 cd
TsM; 7.67cC 16.97 ¢ 13.37b 312.3b 3.77¢c
T4M3 9.33b 20.90 b 13.95b 3436b 3.88¢c
CV% 14.99 10.44 12.88 11.32 13.77
In the column, figures with similar letters or without letters do not differ significantly at the P < 5% level
by DMRT
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Figure 4. The combined effect of cucumber production practices and organic mulch on the fruit
yield (ton/ha). In the bar, figures with similar letters or without letters do not differ significantly
at the P < 5% level by DMRT

Cost and benefit analysis of cucumber production under Albizia lebbeck, Melia
azedarach, and Leucaena leucocephala woodlot-based agroforestry practices and sole
cropping

The cost of production, gross & net return, and benefit-cost ratio of cucumber grown
under Albizia lebbeck, Melia azedarach, Leucaena leucocephala woodlots agroforestry
practices and sole cropping cucumber were calculated according to market prices, and
results were displayed in Table 12 and Appendix 1. The values in Appendix 1 indicated
that the total cost of production was the highest (US$ 2342.00 per ha) found in (T>)
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cucumber under Albizia lebbeck based agroforestry practice followed by (T4) cucumber
under Leucaena leucocephala based agroforestry practice (US$ 2318.00 per ha). The
lowest cost of production was observed in (T1) cucumber sole cropping (US$ 1892.00 per
ha). The highest value of the gross return (US$ 6757.00 per ha) was obtained from (T>)
cucumber under Albizia lebbeck based agroforestry practice. In contrast, the lowest value
of the gross return (US$ 2095.00 per ha) was acquired from (T1) cucumber sole cropping.
The net return (US$ 4415.00 per ha) was comparatively the highest taken in (T>)
cucumber under Albizia lebbeck based agroforestry practice. Simultaneously, the lowest
net return (US$ 203.00 per ha) was received from (T1) cucumber sole cropping. The
highest benefit-cost ratio (2.89) was recorded in (T2) cucumber under Albizia lebbeck
based agroforestry practice, followed by (2.43) in (T3) cucumber under Melia azedarach
based agroforestry practice, and the lowest benefit-cost ratio (1.11) was noted in (T1)
cucumber sole cropping.

Table 12. The gross return, the net return, and benefit-cost ratio (BCR) of cucumber
production under Albizia lebbeck, Melia azedarach, Leucaena leucocephala woodlot-based
agroforestry systems and sole cropping

Return (US$/ha) Gross |Total cost of Net

Treatment Cucumber Albizia| Melia Leucaena | return | production return BCR
lebbeck | azedarach | leucocephala| ($/ha) ($/ha ($/ha

T1 2095.00 | .ioeieii| v | 2095.00 | 1892.00 203 1.11

T, 2345.00 |4412.00| .....ooo. | eienln. 6757.00 | 2342.00 4415 2.89

T3 1100.00 |......... 4471.00 5571.00 | 2289.00 3282 2.43

Ts 1950.00 | ..ot | ceeennnn. 3529.00 |5479.00| 2318.00 3161 2.36

Note: Market price of cucumber fruit (US$ 0.41/kg), Albizia lebbeck (US$ 4.71/Tree/Year), Melia
azedarach (US$ 5.29/Tree/Year), Leucaena leucocephala (US$ 4.11/Tree/Year)

Discussion

The research indicated that the commercial vegetable cucumber would perform
significantly as an intercrop under different woodlots-based agroforestry and sole
cropping influenced by organic mulch. The cucumber growth was found more prominent
under partially shaded conditions compared to open field conditions. The reason for the
outcome can be summarized as follows:

The Albizzia lebbeck tree provides adequate shade, which aids in retaining water in the
cucumber during harvesting. On the other hand, this tree acts as a soil binding agent,
which aids in preserving soil properties. Furthermore, the study shows that water hyacinth
has a synergistic interaction with Albizzia lebbeck. The water hyacinth combination was
apparent not only with Albizzia lebbeck but also with other trees. Such a result was not
observed with the control group. The reason for this is that in a scorching climate, the
water hyacinth dries up without shade and is thus unable to show its impact. Mainly the
vegetative growth was boosted in cucumber under Leucaena leucocephala based
agroforestry practice because the transpiration rate was lower. Chauhan et al. (2013)
found that regardless of the crop used in the experiment, the transpiration (E) intensity of
crops was lowest in the shade, resulting in higher water usage performance in the shade
than in the open condition. Furthermore, the dry water hyacinth mulch also enhanced the
growth of cucumber effectively. Vidya and Girish (2014) reported that water hyacinth

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(5):3409-3429.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1905_34093429
© 2021, ALOKI Kft., Budapest, Hungary



Amin et al.: Bio-economic performance of organic cucumber under woodlots-based agroforestry systems
- 3424 -

application in crop fields acted as a facilitator for the crop’s growth and development and
improved soil fertility.

Moreover, Yaghi et al. (2013) deduced that cucumber production could be enhanced
by applying plastic mulch and drip irrigation techniques, although plastic mulching is
harmful to the environment. Hence, it would be more environmentally sound to use
organic mulch for cucumber production.

For the cucumber reproductive growth, i.e. fruit length, girth, weight, and yield, we
found the highest outcome in cucumber under Albizia lebbeck based agroforestry practice.
Pervin et al. (2015) mentioned that mustard oil was cropped successfully with increased
production under the Albizia lebbeck wood producing tree agroforestry system.
According to Oyebamiji et al. (2017), Albizia lebbeck deciduous timber tree had a high
potential to improve annual vegetable yield. Lenhard et al. (2013) reported that plants
below 70% of shading had higher total rates of chlorophyll, leaf area and weight ratios.
The findings showed that both the ash mulch and dry water hyacinth mulch had performed
a crucial, active substantial function for cucumber production. According to Ranjan et al.
(2017), organic materials would raise soil nutrients, preserves optimal soil temperature,
and enhances the physical, chemical, and biological properties of soil.

The cucumber under Albizia lebbeck agroforestry practice with dry water hyacinth
mulch combinedly create a valuable production opportunity in the present research. As
compared to the conventional cucumber production practice with an average (6.83 ton/ha)
fruit yield production (Annon, 2018), our study finds a 25% higher cucumber fruit yield
(9.15 ton/ha) (Fig. 5).

—
=1

9.15

25% yield increase

Cucumber fruit yield (ton/ha)
O = kW s L OV -] S0 N\D

Traditional cucumber production Cucumber production under Albizia
lebbeck agroforestry with water hyacinth
mulching

Cucumber production practice

Figure 5. Cucumber fruit yield (ton/ha) comparison between conventional practice and the
present research practice

From the economic point of view, in the research findings, we found the benefit-cost
ratio of cucumber production under Albizia lebbeck agroforestry practice (2.89), which
was higher than Melia azedarach and Leucaena leucocephala agroforestry practice along
with sole cropping of cucumber. Thus, commercial cucumber production under Albizia
lebbeck woodlots could bring a considerable return to the cucumber cultivators being the
cost-effective solution. Amin et al. (2021) mentioned that the highest benefit-cost ratio
(2.14) was found in potato grown under a mango-based agroforestry production system
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that was 20% more than the mono-cropping of crop cultivation. Compared to current
farming strategies, this research would come up with a better cost-effective and
environmental strategy.

Conclusions

The experimental results reveal that cucumber can be grown successfully under Albizia
lebbeck, Melia azedarach, and Leucaena leucocephala woodlots-based agroforestry
practice to compare with conventional mono cropping cultivation. Cucumber production
was the highest in Albizia lebbeck agroforestry practice by applying the dry water
hyacinth mulch. This production practice increases yield performance to a higher state
than traditional cucumber cultivation. It can be concluded that the cucumber under Albizia
lebbeck agroforestry practice would enhance the benefit-cost ratio significantly. This
production practice is highly beneficial to cucumber cultivating farmers. Furthermore, it
is recommended to test cucumber in the vacant space of fruit and forestry tree-based
agroforestry practice in future assessment with other kinds of organic mulch.
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APPENDIX

Appendix 1. The production cost of cucumber under Albizia lebbeck, Melia azedarach, and Leucaena leucocephala woodlot-based agroforestry
systems along with sole cropping (average of one year)

Input cost

Overhead cost

Non-material cost . Interest
(US$/ha) Material cost (US$/ha) Total I_nterest of] of the value |- .. Total cost
input [input cost Miscellaneous| of
Treatment Total Initial P @ 8% for of land (US$ | ; @ 5% of -
duction
: : Total cost 3529/halyear)|,, - produ
Cucumber| non- Jute |Bamboo [Maintenance|plantation 1 (US$/h the crop the input cost US$ /h
Trees X .| Seed ; material|( a) @ 8% for the ( a)
production/material rope | stick |costof trees| cost of season (US$ /ha)
cost trees cost (US$/ha) crop season
(US$ /ha)
LET TP 945.00 | 954.00 [288.00|78.00| 105.00 | ......... | .eeeen... 471.00 | 1425.00 | 114.00 282.00 71.00 1892.00
T, 168.00 | 945.00 |1122.00|288.00|78.00| 105.00 59.00 171.00 | 701.00 | 1823.00 | 146.00 282.00 91.00 2342.00
Ts 169.00 | 945.00 |1123.00|288.00|78.00| 105.00 59.00 123.00 | 653.00 | 1776.00 | 142.00 282.00 89.00 2289.00
Ts 171.00 | 945.00 |1125.00|288.00|78.00| 105.00 59.00 147.00 | 677.00 | 1802.00 | 144.00 282.00 90.00 2318.00
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