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Key Message: Combining poultry manure with plastic 

mulching optimizes cucumber production in humid tropical 

regions by improving soil water retention, regulating soil 

temperature, and enhancing growth and yield. This 

approach increases fruit numbers, water use efficiency, and 

overall yield, offering a sustainable solution for cucumber 

farming. 

 

Abstract 

 

A field experiment was conducted during the 2022 dry 

season to investigate the effect of organic manure and 

plastic mulch on soil water and thermal regimes and 

cucumber growth, yield and water use efficiency at the 

Teaching and Research Farm, Ekiti State University, Ado-

Ekiti southwest Nigeria. The experiment was 2- factorial, 

laid out in randomized complete block design (RCBD) 

with four replications. The organic manure factor consisted 

of poultry, piggery and no manure while the mulching 

factor comprised black plastic mulch and no mulch. Soil 

water content and temperature of the 0 - 10 and 10 - 20 cm 

layers of the field were monitored while cucumber growth 

parameters, yield components and water use efficiency 

data were also collected. Soil temperature was significantly (p 

< 0.05) higher in mulch treatment compared to no mulch 

treatment in both 0 - 10 cm surface and 10 - 20 cm subsurface 

soil layers. Conversely, organic manure did not affect (p > 

0.05) soil temperature although it was highest in no manure 

treatment. Mulching significantly (p < 0.05) increased soil 

water content while poultry manure treatment had the highest 

soil water content during the growing cycle. Mulching 

significantly (p < 0.05) increased the number of leaves, leaf 

area and vine length of cucumber. Both organic manure and 

mulching significantly (p < 0.05) influenced leaf temperature, 

number of fruits but not fruit length, fruit diameter, yield and 

water use efficiency. Furthermore, the combined application of 

plastic mulch and poultry manure gave the highest yield and 

water use efficiency of cucumber. It showed that combined 

poultry manure and plastic mulch could be an ideal 

combination for soil and water management and conservation 

for sustainable cucumber production in this area. © 2024 The 

Author(s) 
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Introduction 
 

Cucumber (Cucumis sativus L.) belongs to Cucumis genus 

in Cucurbitaceae family and fruit vegetables which is 

cultivated in temperate and tropical regions throughout the 

world (Vora, 2014). The total production of cucumber was 

87,805,086 tons worldwide and Asia is the largest 

producer, accounting for 84.9% of the world’s total 

production in 2019 (FAOSTAT, 2019). Presently, 

cucumber is the fourth most widely cultivated vegetable 

after tomato, cabbage and onions (Jamir & Sharma, 2014). 

In Nigeria, cucumber is produced during both rainy and 

dry seasons however, production is always low during the 

dry season making it difficult to meet demand during the 

dry season. Cucumber has abundant water, nutrients and 

phytochemical composition, and it possesses versatile uses 

in culinary, therapeutic and cosmetic purposes (Mukherjee 

et al., 2013). Despite these advantages, cucumber plant is 

sensitive to water stress because the root system is shallow, 

concentrating in the surface layer (Kirnak & Demirtas, 2006; 

Hashem et al., 2011). Furthermore, cucumber is a heavy feeder 

of soil nutrients requiring well-drained and nutrient-rich soils. 

Okafor and Yaduma (2021) highlighted some factors limiting 

the cucumber production on Nigerian soils including low 

fertility, slope, poor effective depth, stoniness or high gravel 

content and low moisture retention. Therefore, strategies to 

conserve water in the surface layer where the cucumber root is 

concentrated as well as ensuring adequate supply of soil 

nutrients are needed. 

      Mulching is a soil management practice aimed at 

conserving water, increasing soil moisture regime by reducing 

evaporation loss from the soil surface (Abbas & Shafique, 

2019; Abbas, 2022). Mulching is any covering materials 

including organic (grass, sawdust or straw) or inorganic 
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materials (textile, films of metal or plastic) on the soil 

surface (Snyder et al., 2015). The modification of the soil 

microclimate by plastic mulching has been reported to 

favour seedling emergence by increasing or decreasing soil 

temperature, conserving soil water through reduced 

evaporation and suppressing weeds (Olabode et al., 2007; 

Snyder et al., 2015; Tegen et al., 2015; Zhang et al., 2017; 

Laulina & Hasan, 2018; Mkhabela et al., 2019; Mzabri et 

al., 2021; Shilpa et al., 2021). Soil nutrients management is 

an important aspect in crop production and ensuring 

balanced soil nutrients has become a major task for farmers 

(Ahmad & Aslam, 2018; Mehmood et al., 2022; Azam et 

al., 2023). Nitrogen, phosphorus and potassium are the 

essential micronutrients required for proper growth and 

development of crops and they have become yield-limiting 

factor in most agricultural fields especially in areas with 

low soil organic matter content (Liliane & Charles, 2020). 

Organic manure does not only supply nutrients, it also 

improves the soil structure by promoting aggregation and 

enhancing water retention through increased pore space 

(Mujdeci et al., 2019). 

      Soil water and nutrients availability are key factors for 

crop production. Several studies have evaluated the effects 

of different organic amendments and mulching on soil 

conditions, crop growth, yield and water use efficiency 

(Yaghi et al., 2013; Xiukang et al., 2015; Al-Amin et al., 

2017; Dong et al., 2018; Kumar et al., 2019; Adekiya et al., 

2021; Hague et al., 2021; Mak-Mensah et al., 2021; 

Sharma et al., 2021; Hossain et al., 2022; Liu et al., 2023)  

however only the studies of Al-Amin et al. (2017); Mak-

Mensah et al. (2021) considered the integration of the two 

factors while such study has not been documented in Ado 

Ekiti, southwest Nigeria as cucumber production is just 

gaining prominence in Ekiti state. Thus, optimizing 

organic manure and mulching is crucial for adopting them 

as a management tool for boosting cucumber yield, better 

nutrient and water use efficiencies as well as improving 

soil physical quality. The objective of this study therefore 

was to evaluate the effects of organic manure and plastic 

mulching on the performance of cucumber (Cucumis 

sativus L.), soil water content and thermal regimes under 

open-field conditions in Ado Ekiti, southwest Nigeria. 

 

Materials and Methods 
 

Study area 

 

The study was carried out at the Teaching and Research 

Farm, Ekiti State University, Ado-Ekiti, Southwest Nigeria 

during the 2022 dry season. The site is located on 

Longitude 4°45’ to 5°45’ E and Latitude 7°15’ to 8°5’ N at 

434 m above sea mean level in the humid, tropical climate 

distinguished by dry and wet seasons with a total annual 

rainfall of about 1367.7 mm. The average daily 

temperature is almost uniform throughout the year with 

little deviations from 27 °C. The Soil of the study site 

belongs to the broad group of Alfisol, classified as Typic 

Kandipludalf (Soil Survey Staff, 2014) with top sandy-loam to 

clay texture (Fasina et al., 2005). Pepper, maize, tomato, 

amaranth, and garden egg have been grown on the site and left 

to fallow for two years before the installation of the 

experiment. Some soil physico-chemical properties of the 0-30 

cm layer are presented in Table 1. The loamy sand texture 

meets the soil requirement for cucumber production in this 

region. 

 

Experimental design and treatments 

 

The study was 2- factorial experiment, laid out in randomized 

complete block design (RCBD), replicated four times. The two 

factors are: organic manure at three levels namely: poultry 

(Po), piggery (Pi) and no manure (control (Co) and mulching at 

two levels namely: plastic mulch (M) and no mulch (NM). 

 

Land preparation, field layout and installation of drip 

irrigation and plastic mulch 
 

The site was cleared of existing vegetation and the packing of 

debris before the marking out into plots. Tilling of soil and 

making of ridges were done with the use of hoe and spade. 

Poultry manure (Po) and piggery manure (Pi) at the rate of 10 

tons/ha (Odeleye et al., 2008) were spread evenly to the soil 

surface, mixed and incorporated manually within the 10 cm 

soil depth. There were four (4) blocks and each block was 

divided into six (6) plots, each plot was a ridge, 4 m long. The 

field layout is shown in Fig. 1. The drip irrigation system, 

adopted from Awe et al. (2017), consisted of Netafim drip 

tapes (pressure-compensating type, 4 L/h discharge rate and 30 

cm interval between drip points). Non pre-perforated plastic 

mulch, cut to 4 m long and 1.5 m wide, was placed to cover the 

ridges, designated as mulched. To create planting points on the 

covered ridges, the plastic mulch was perforated at each drip 

emitter point using scissors.  

 

Planting and field management 
 

Prior to planting, the field was adequately irrigated for two (2) 

days. Cucumber seed (Variety: African Giant, CU 999) was 

obtained from a government accredited seed company. One (1) 

seed of cucumber was planted at a spacing of 30 cm along the 

drip line on the ridges spaced 1-m apart, giving a plant 

population of about 33,333 plants per ha. After planting, the 

field was irrigated uniformly for 10 days for crop 

establishment after which the irrigation treatments were 

imposed. Weeding was done manually by uprooting and 

hoeing. At two (2) weeks after planting, soluble fertilizer, 

KNO3, at the rate of 50 g KNO3/ 25 L H2O was applied via the 

irrigation water. Foliar fertilizer, Agrovert (NPK 20-20-20 + 

TE) was also applied at the rate of 50 g/16 L H2O on weekly 

basis. Insecticide (Laraforce Gold) and fungicide (Red Force 

(metalaxyl + Copper Oxide) + Ridomil) were applied to 

combat insect pests and control fungal attack, respectively. 

Staking and training of the cucumber were done from three 

weeks after planting to protect the fruits from contact with the 
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soil, ensure good aeration within the crop canopy and 

ensure a good yield (Modupeola et al., 2016). 

 

Soil sampling and laboratory analysis 

 

Shortly after seedbed preparation, a mini profile, about 40 

cm deep, was dug at the center of the experimental site for 

soil sampling. Structured soil samples was collected from 

the center of soil layers 0 - 10, 10 - 20, and 20 - 30 cm 

layers using core samplers 57 mm diameter and 40 mm 

high. Disturbed soil samples were collected from same soil 

layers and transported to the laboratory for routine analysis 

of soil physical and chemical properties. In the laboratory, 

the disturbed soil samples was air-dried, crushed and 

sieved to remove materials larger than 2 mm with the aid 

of 2-mm sieve while the structured samples was trimmed 

to remove excess soil. The samples were analyzed for soil 

physical and chemical properties following standard 

laboratory procedures. 

 

Data collection 
 

Soil temperature  

 

Soil temperature of the 0 - 10 and 10 - 20 cm layers was 

monitored in the morning (08:00 - 10:00 h) using digital-

type, 4-in-1 soil thermometer. A 12 h by 1-hr interval leaf 

temperature was measured in a day during the growing 

cycle to evaluate the diurnal changes in soil temperature. 

Air temperature was also measured alongside the leaf 

temperature. 

 

Soil moisture content  

 

Soil water content of the 0 - 10 and 10 - 20 cm layers was 

monitored using a digital soil moisture meter (Model: PY 

1005, China).  

 

Plant growth parameters 

 

Vine length was measured using a flexible tape rule from 

the soil surface to the tip of the vine. Stem girth was 

determined using a digital-type vernier caliper while the 

leaf area was obtained as 0.75 × leaf length × leaf breadth 

(Abegunrin et al., 2013). 

 

Yield and yield components 

 

All the cucumber plant stands in each experimental unit 

was used for the yield analysis. Cucumber harvesting 

started at about 40 days after planting and this was done 

every 3 days interval for 40 days. Number of fruits was the 

sum of fruits harvested during the harvest period. Fruit 

length and fruit diameter were obtained using flexible steel 

tape and vernier caliper, respectively. Fruit weight was 

obtained as the average weight of fruits from each plant 

using a sensitive, digital-type weighing scale. Fruit yield 

was the sum of all fruits harvested in an experimental unit 

during the harvest period. The fruit yield was converted to 

ton/ha. 

 

Weather data 

 

The daily minimum and maximum temperature as well as daily 

mean relative humidity was measured using a mini-weather 

station installed about 10 m from the experimental plot. A 

raingauge, with about 200 cm
2
 collecting surface was installed 

to record rainfall amount while the evaporative demand of the 

atmosphere was measured at 08:00 h everyday using a small 

pan evaporimeter. The description of the small pan 

evaporimeter can be found in Awe et al. (2020).      

 

Statistical analysis  

 

Data collection was subjected to analysis of variance 

(ANOVA) where F value was significant. Means were 

separated using Turkey Test at 5% level of significance. All 

statistics were done in SPSS software (IBM v.20).  

 

Results and Discussion 
 

Weather conditions during the growing cycle 

 

The temporal distribution of the daily minimum and maximum 

temperature, daily mean relative humidity, rainfall and 

evaporative demand of the atmosphere during the cucumber 

growing cycle is presented in Fig. 2. The daily minimum 

temperature ranged between 12 and 24 
o
C (mean = 20 

o
C) 

while the daily maximum temperature had values between 23 

and 49 
o
C (mean = 39 

o
C). The daily mean relative humidity 

ranged from 32% to 72%, with mean = 47%. The evaporative 

demand of the atmosphere (ETo) had values between 3 and 11 

mm/day, with a total of 412 mm during the growing cycle. The 

total rainfall amount received during the period was 75.2 mm, 

indicating the crop water requirement was not met. To make up 

for the deficit and avoid crop physiological stress, 

supplemental irrigation (drip irrigation system) of about 400 

mm was applied during the growing period. The daily 

minimum and maximum temperatures as well as daily mean 

relative humidity showed increasing trend while the ETo 

decreased during the growing cycle. The daily mean minimum 

(20 
o
C) and maximum (39 

o
C) temperatures showed that the 

cucumber crop was grown under the recommended daily 

minimum and maximum temperatures 18-21 
o
C and 30 

o
C, 

respectively for tropical regions (Okafor & Yaduma, 2021).  

 

Soil water content 

 

The results of the effect of plastic mulch and organic manure 

on soil water content (SWC) of the cucumber field measured at 

the 0 - 10 and 10 - 20 cm layers are shown in Fig. 3. It was 

found in the experimental result that mulched treatment had 

higher SWC than unmulched treatment in both 0 - 10 and 10 - 

20 cm layers although the difference was significant (p < 0.05) 
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at the early stage of crop development (Fig. 3a). The higher 

SWC from mulched treatment is attributed to the beneficial 

effect of the plastic mulch in reducing evaporation. The use 

of plastic mulch has been reported to conserve soil 

moisture under different crops (Anikwe et al., 2007; 

Mahadeen, 2014; Ma et al., 2018; Mkhabela et al., 2019). 

At the 0 - 10 cm surface layer, organic manure had no 

significant effect (p > 0.05) on SWC although poultry 

manure appeared having the highest SWC during the initial 

stage of crop growth while at later crop growth stages, 

piggery manure appeared having the highest SWC but did 

not differ significantly (p > 0.05) from Po and control. At 

the 10 - 20 cm subsurface layer, organic manure 

significantly (p < 0.05) influenced SWC at the initial stage 

of crop growth with the control soil having the lowest 

SWC compare to both poultry and piggery manure treated 

soil. At later growth stages, there were no significant 

differences (p > 0.05) in SWC due to organic manure, with 

the control appeared having the highest SWC (Fig. 3b). 

Generally, the 10 - 20 cm subsurface layer had higher 

SWC compared to the 0 - 10 cm surface layer. The higher 

SWC in organic amended soil could be due to the fact that 

the organic manure provided organic matter characterized 

by higher surface area, thus increased water holding 

capacity of the soil and this is in line with (Liu et al., 

2013). However, the results contradicted the findings of 

Zhang et al. (2014) who found significant effect of farm 

yard manure on SWC in the 0 - 10 cm surface layer 

although they found that SWC increased with increasing 

soil depth.  

 

Soil temperature 

 

The results of the soil temperature measured at morning 

time (08:00 h) of 0 - 10 cm and 10 - 20 cm soil layers are 

presented in Fig. 4. At the 0 - 10 cm layer, there were no 

significant differences (p > 0.05) in soil temperature due to 

plastic mulching except at the 3 WAP, with mulched plots 

having the higher soil temperature, between 0.13 and 0.87 

o
C, compared to no mulch. In the 10 - 20 cm subsurface layer, 

there was significant effect (p < 0.05) of plastic mulching on 

soil temperature at 2 WAP and 3 WAP after which there was 

no significant effect (p > 0.05) till the end of the growing 

period.  Soil temperature in mulched treatment was also higher 

(between 0.31 and 0.78 
o
C) than that of no mulch (Fig. 4a). In 

both soil layers, mulched soil had lower standard deviation 

compared to no mulch soil. Organic manure had no significant 

effect (p > 0.05) on soil temperature in both soil layers 

although the control (no manure) and poultry manure appeared 

having the highest and lowest soil temperature, respectively, 

especially in the 0 - 10 cm surface layer (Fig. 4b). For the 12 h 

soil temperature monitored during the day (Fig. 5), plastic 

mulch had significant higher (p < 0.05) soil temperature 

compared to no mulch treatment in both 0 - 10 and 10 - 20 cm 

layers (Fig. 5a). On the other hand organic manure did not 

significantly influence (p > 0.05) the 12 h soil temperature 

except at 08:00 h in both soil layers (Fig. 5b). 

      Generally, soil temperature increased with time, reaching 

maximum at 3:00 pm, and then decreased but the decrease in 

soil temperature was not as abrupt in the 10 - 20 cm layer as 

that of 0 - 10 cm surface layer, indicating some degree of 

stability in the subsurface layer. In all cases, the soil 

temperature on the 0 - 10 cm surface layer was higher than that 

of the10 - 20 cm subsurface layer. Singh and Kamal (2012) 

found that plastic mulch increased the temperature of mulched 

soil between 2.2 to 3.4 
o
C compared to bare soil under tomato. 

Black polythene mulch was also found superior for vegetables 

such as lettuce (Sultana et al., 2011) by increasing soil 

temperature as black material is a good conductor of heat. 

Other researchers such as Gheshm and Brown (2020); Kirigiah 

et al. (2021) found higher soil temperature in black plastic 

mulch plot compared to no mulch. Ghuman and Lal (1982) 

stated that plastic mulch may impede ventilation, and result in 

a higher average soil temperature under the cover. According 

to Streak et al. (1994), black plastic mulches are more effective 

in increasing soil temperature due to a greater net radiation 

under the mulch compared to bare soil. As a result, the soil 

heat flux is substantially greater under mulch. 

 

Table 1 Some soil physical and chemical properties of the 0 - 30 cm soil layer of the experimental site 

Soil chemical properties 

Soil pHH2O OM TN      Av.P Ca Mg K Na 

Depth (cm) 1: 2 % g/kg mg/kg --------------------------Cmol/kg------------------- 

0 - 10 7.14 0.950 0.09 9.8 1.86 0.82 0.24 0.026 

10 - 20 7.05 0.365 0.09 9.6 1.96 0.82 0.18 0.04 

20 - 30 6.99 0.656 0.26 71.1 3.20 1.20 0.28 0.04 

Soil physical properties 

Soil BD Pd Pt Ksat Sand Clay Silt Texture 

depth, cm ------g/cm
3
----- % cm/h -----------------%----------------        - 

0 - 10 1.52 2.30 34.0 19.3 62.1 6.7 31.1 SL 

10 - 20 1.57 2.40 34.5 17.6 57.8 4.5 37.7 SL 

20 - 30 1.84 2.32 20.8 5.1 58.3 4.6 37.1 SL 

OM: Organic matter; TN: Total nitrogen; Av.P: Available phosphorus; Ca: Calcium; Mg: Magnesium; K: Potassium; Na: Sodium; BD: Bulk 

density; Pd: Particle density; Pt: Total porosity; Ksat: Saturated hydraulic conductivity: SL: Sandy loam 
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Fig. 1 Field layout showing the treatments in one block of the experimental site Po = Poultry manure; Pi = Piggery manure 

 

 
                                    Fig. 2 Daily minimum and maximum temperature, mean relative humidity, 

                                    Evaporative demand of the atmosphere (ETo) and rainfall during the cucumber growing cycle  
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Fig. 3 Effect of (a) plastic mulch and (b) manure on soil water content of the (i) 0 - 10 cm and (ii) 10 - 20 cm layers of the 

cucumber field. s: Significant, ns: Not significant at 5% level of probability by Tukey test. The capped vertical lines are the 

standard error of the mean  

 

Growth parameters 

 

The effect of manure, and mulching and their interaction 

on stem girth, number of leaves, leaf area and vine length 

are presented in Tables 2 and 3. At 4 WAP, organic 

manure did not significantly influence (p > 0.05) stem 

girth, vine length and number of leaves while leaf area 

differed significantly (p < 0.05) among the organic 

manures, with poultry manure having plants with the 

highest leaf area (about 250 cm
2
). Plastic mulch had 

significantly higher vine length (79.1 cm), number of 

leaves (24) and leaf area (230 cm
2
) than no mulch while 

the effect on stem girth was not significant with the 

average value of stem girth at par. At 6 WAP, organic manure 

had significant effect (p < 0.05) on leaf area but not stem girth, 

vine length and number of leaves, with poultry manure having 

the highest values of the parameters. The number of leaves and 

leaf area significantly differed (p < 0.05) due to mulching with 

mulch treatment having higher values compared to no mulch 

while stem girth and vine length did not differ (p > 0.05) due to 

mulch treatment. At 8 WAP, similar results as for 6WAP were 

obtained for both mulching and organic manure treatments. 

The interaction effect of organic manure and mulching was not 

significant (p > 0.05) on the measured growth parameters 

during the growing period (Tables 2 and 3). 

aii) 

bii) 

ai) 

bi) 
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 Fig. 4 Effect of (a) plastic mulch and (b) organic manure on soil temperature of the (i) 0 - 10 cm and (ii) 10 - 20 cm layers of    

 the cucumber field. s: significant, ns: not significant at 5% level of probability by Tukey test. Vertical bars are the standard    

 error of the mean. 

 

aii) 

bii) 

ai) 

bi) 
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Fig. 5 Diurnal variation of soil temperature of the (i) 0 - 10 cm and (ii) 10 - 20 cm layers of the cucumber field under (a) 

plastic mulch and (b) manure treatments. s: Significant, ns: Not significant at 5% level of probability by Tukey test. Vertical 

bars are the standard error of the mean 

 

Yield, yield components and water use efficiency 

 

The results of the effect of manure, mulching and their 

interaction on yield components and water use efficiency 

(WUE) of the cucumber are presented in Table 4. The 

number of fruits differed significantly (p < 0.05) due to 

organic manure, with poultry manure having the highest 

(22) number of fruits while the control (no manure) had the 

lowest value (12). Fruit length, fruit diameter, yield and 

WUE did not differ significantly (p > 0.05) due to organic 

manure treatment although poultry manure treatment had 

the highest values of the parameters. Mulching significantly 

affected (p < 0.05) the number of fruits of cucumber with 

mulch treatment having the higher value (22) compared to no 

mulch (13). Similarly, fruit length, fruit diameter, yield and 

WUE did not differ significantly (p > 0.05) due to mulching 

but the yield and WUE were higher in mulched plots compared 

to no mulch. The interaction effect between organic manure 

and mulching was not significant (p > 0.05) on the yield 

components and WUE nevertheless the treatment combination 

of poultry manure and plastic mulch gave the highest number 

of fruits, yield and WUE. The result obtained for poultry 

aii) ai) 

bii) bi) 
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manure application was similar to the findings of Agu et al. 

(2015) who reported significant increase in cucumber plant 

growth parameters under various mulching conditions 

which provides better yield compared to plant grown 

without mulch. Across all mulches, black polythene mulch 

produced the highest early yield and yield per plant 

(Soleymani et al., 2015). Adinde et al. (2021) reported that 

poultry manure significantly (p < 0.05) gave higher vine 

length, number of branches per plant, number of leaves per 

plant, leaf area index, number of fruits per plant, fruit yield per 

plant and fruit yield per hectare compared to control. The 

higher yield from mulched treatment is also linked with higher 

soil temperature, soil water availability, and reduced 

competition with weeds (Singh et al., 2005; Mehta et al., 

2010). 

 

Table 2 Effect of manure, mulching and their interaction on stem girth (SG, cm) and vine length (VL, cm)  

of the cucumber 

  
SG VL SG VL SG VL 

Manure 
 

4 WAP 6 WAP 8 WAP 

 
Poultry 6.7 81.4 13.9 157.1 16.9 160.4 

 
Piggery 5.4 67.1 13.7 137.0 15.8 140.4 

 
Control 5.5 59.5 11.3 118.5 12.1 120.3 

 
SEM 0.4 6.9 1.1 10.8 1.3 10.8 

 
Sig 0.05 0.11 0.21 0.07 0.06 0.05 

Mulch 
   

  
  

 
Mulch 5.9 79.1 14.0 143.3 16.4 146.9 

 
No mulch 5.9 59.6 11.9 131.8 13.5 133.8 

 
SEM 0.3 5.6 0.9 8.9 1.1 8.8 

 
Sig 0.99 0.03 0.11 0.38 0.08 0.31 

Manure × Mulch 

Poultry Mulch 6.8 92.0 15.7 151.5 20.5 155.8 

 
No mulch 6.7 70.8 12.1 162.8 13.3 165.0 

Piggery Mulch 5.3 73.8 14.0 148.8 15.7 153.3 

 
No mulch 5.4 60.5 13.4 125.3 15.9 127.5 

Control Mulch 5.5 71.5 12.4 129.5 13.0 131.8 

 
No mulch 5.5 47.5 10.3 107.5 11.2 108.8 

 
SEM 0.6 9.7 1.5 15.3 1.9 15.3 

 
Sig 0.98 0.85 0.63 0.46 0.16 0.46 

WAP: weeks after planting; SEM: standard error of the mean; Sig: significant level at 5% level of probability 

 

Table 3 Effect of manure, mulching and their interaction on number of leaves (NOL) and leaf area (LA, cm
2
)  

of the cucumber  

  
NOL LA NOL LA NOL LA 

Manure 
 

4 WAP 6 WAP 8 WAP 

 
Poultry 22 249.7 39 287.7 44 334.6 

 
Piggery 18 196.4 33 221.1 38 254.4 

 
Control 16 163.7 31 178.4 37 243.3 

 
SEM 2.2 19.5 2.7 20.0 2.4 13.2 

 
Sig 0.16 0.02 0.17 0.01 0.13 0.00 

Mulch 
       

 
Mulch 24 230.4 40 264.6 45.4 306.4 

 
No mulch 14 176.1 29 193.6 33.2 248.5 

 
SEM 1.8 15.9 2.2 16.3 2.0 10.8 

 
Sig 0.001 0.03 0.00 0.01 0.001 0.002 

Manure × Mulch 

Poultry Mulch 28 283.2 42 337.4 49.0 383.1 

 
No mulch 16 216.3 33 238.0 38.0 286.0 

Piggery Mulch 22 206.0 38 235.5 43.3 276.4 

 
No mulch 114 186.7 28 206.7 32.5 232.5 

Control Mulch 20 202.1 38 220.9 44.0 259.6 

 
No mulch 12 125.3 24 135.9 29.0 227.1 

 
SEM 3.1 27.6 3.8 28.3 3.4 18.6 

 
Sig 0.84 0.55 0.79 0.44 0.79 0.21 

WAP: weeks after planting; SEM: standard error of the mean; Sig: significant level at 5% level of probability by Tukey test 
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Table 4 Effect of manure, mulching and their interaction on yield and water use efficiency of the cucumber 

  
NoFrt FrtLngth FrtDia Yield WUE 

Manure 
 

- cm cm kg/m
2
 kg/m²/mm 

 
Poultry 22a 53.0 29.0 3.39 0.032 

 
Piggery 18ab 53.5 27.5 1.84 0.017 

 
Control 12b 51.1 29.2 1.16 0.011 

 
SEM 2.33 1.49 1.95 0.80 0.007 

 
Sig 0.03 0.51 0.79 0.18 0.18 

Mulch 
      

 
Mulch 22a 52.9 28.1 2.936 0.027 

 
No mulch 13b 52.2 29.0 1.324 0.012 

 
SEM 1.90 1.22 1.59 0.65 0.006 

 
Sig 0.01 0.68 0.70 0.11 0.11 

Manure × Mulch 
     

Poultry Mulch 27 52.8 28.4 5.02 0.047 

 
No mulch 17 53.2 29.7 1.75 0.016 

Piggery Mulch 23 52.4 28.1 2.33 0.022 

 
No mulch 14 54.6 26.9 1.36 0.013 

Control Mulch 15 53.5 27.9 1.46 0.014 

 
No mulch 9 48.8 30.5 0.86 0.008 

 
SEM 3.30 2.11 2.76 1.13 0.011 

 
Sig 0.79 0.28 0.78 0.46 0.46 

NoFrt: number of fruits; FrtLngth: fruit length; FrtDia: fruit diameter; WUE: water use efficiency; SEM: standard error of the mean; Sig: 

significant level at 5% level of probability by Tukey test 

 

Conclusion and Recommendation 
 

Plastic mulching and poultry manure increased the soil 

water content. While plastic mulching increased the soil 

temperature, it was reduced by poultry manure application. 

Cucumber grown with poultry manure had the best growth 

parameters, yield components and water use efficiency 

compared to piggery manure and the control. Mulching 

enhanced the cucumber growth parameters, yield 

components and water use efficiency compared to no 

mulch. The results showed that planting of cucumber using 

poultry manure and plastic mulch was superior on the 

parameters tested. It is recommended that farmers in the 

study area could combine poultry manure with plastic 

mulch for better soil conditions and increased growth and 

yield of cucumber and similar vegetables in the region. 

 
Conflict of Interest: The authors declare no conflict of interest. 

 

Acknowledgements: We thank the following people, Ajayi 

Bukola Perpetual, Fadugbagbe Vincent and Ogunsola Jumoke for 

their help during field procedures and data collection. 

 

References 

 

Abbas, Q., & Shafique, A. (2019). Integrated use of 

organic and inorganic fertilizers improves soil health, 

growth and yield of wheat (Triticum aestivum L.). 

Advances in Agriculture and Biology, 2(1), 48-54. 

Abbas, Q. (2022). Current status, challenges and 

technological breakthrough of organic agriculture 

with a focus on Pakistan. Advances in Agriculture and 

Biology, 5(1), 1-7.  

Abegunrin, T. P., Awe, G. O., Idowu, D. O., Onigbogi, O. O., 

& Onofua, O. E. (2013). Effects of kitchen wastewater 

irrigation on soil properties and growth of cucumber 

(Cucumis sativus). Journal of Soil Science and 

Environmental Management, 4(7), 139-145. 

https://doi.org/10.5897/JSSEM2013.0412   

Adekiya, A. O., Ejue, W. S., Olayanju, A., Dunsin, O., 

Aboyeji, C. M. A., Aremu, C., Adegbite, K., & Akinpelu, 

O. (2021). Different organic manure sources and NPK 

fertilizer on soil chemical properties, growth, yield and 

quality of okra. Scientific Reports, 10, 16083. 

https://doi.org/10.1038/s41598-020-73291-x  

Adinde, J. O., Uche, O. J., Anieke, U. J., Odom, I. C., Igwe, J. 

A., & Akor, C. E. (2021). Profitability of the use of 

poultry manure for cucumber (Cucumis sativus L.) 

production in Iwollo, Southeastern Nigeria. Journal of 

Agricultural Science and Practice, 6(5), 165-173. 

https://doi.org/10.31248/JASP2021.315 

Agu, R. S., Ezema, R. A., Udegbunam, O. N., & Okoro, A. C. 

(2015). Effect of different rates of poultry manure on 

growth and yield of cucumber (Cucumis sativum L.) in 

Iwollo, Southeastern Nigeria. Agro-Science Journal of 

Tropical Agriculture, Food, Environment and Extension, 

14(3), 41-44. 

Ahmad, S., & Aslam, M. (2018). A discussion on integrated 

effect of compost and urea fertilizer on growth and yield 

of crops: An updated review. Advances in Agriculture 

and Biology, 1(1), 47-53. 

Al-Amin, M. A., Hasan, A. K., Ali, M. H., Nessa, S., & Islam, 

M. N. (2017). Effect of mulching and organic manure on 

https://doi.org/10.5897/JSSEM2013.0412
https://doi.org/10.1038/s41598-020-73291-x


https://aabinternational.com/                                                                     Advances in Agriculture and Biology (2024) 7(1): 8-20 

18 

 

growth and yield performance of wheat. Archives of 

Agriculture and Environmental Science, 2(3), 134-

140. 

Anikwe, M. A. N., Mbah, C. N., Ezeaku, P. I., & Onyia, V. 

N. (2007). Tillage and plastic mulch effects on soil 

properties and growth and yield of cocoyam 

(Colocasia esculenta) on an Ultisol in southeastern 

Nigeria. Soil and Tillage Research, 93, 264-272. 

https://doi.org/10.1016/j.still.2006.04-007 

Awe, G. O., Fasina, A. S., Shittu, O. S., & Omotoso, S. O. 

(2017). Irrigation and nutrient management for crop 

production: Maize (Zea mays L.) performance, 

resource use efficiency and temporal variability of 

some soil properties. Journal of Biology and 

Agriculture Healthcare, 7, 33-47. 

Awe, G. O., Akomolafe, T. N., & Umam, J. (2020). 

Efficiency of small pan evaporimeter in monitoring 

evapotranspiration under poly-covered house and 

open-field conditions in a hot, tropical region of 

Nigeria. Journal of Hydrology: Regional Studies, 

32(4), 100735. 

https://doi.org/10.1016/j.ejrh.2020.100735 

Azam, M., Saeed, B., Khan, S., & Zafar, D. (2023). 

Exploring the effect of nitrogen levels on yield and 

yield attributes of diverse open-pollinated varieties 

(OPVs) of maize (Zea mays). Advances in 

Agriculture and Biology, 6(1), 61-68. 

Dong, Q., Yang, Y., Yu, K., & Feng, H. (2018). Effects of 

straw mulching and plastic film mulching on 

improving soil organic carbon and nitrogen fractions, 

crop yield and water use efficiency in the Loess 

Plateau, China. Agricultural Water Management, 

201, 133-143. 

https://doi.org/10.1016/j.agwat.2018.01.021   

FAOSTAT. (2019). Food and Agriculture Organization of 

the United Nations (FAO). FAOSTAT Database. 

Available online at: 

https://www.fao.org/faostat/en/#data 

Fasina, A. S., Aruleba, J. O., Omolayo, F. O., Omotoso, S. 

O., Shittu, O. S., & Okusami, T. A. (2005). Properties 

and classification of five soils formed on granitic 

parent materials of Humid in Southwest, Nigeria. 

Nigerian Journal of Soil Science, 15(2), 21-29. 

Gheshm, R., & Brown, R. (2020). The effects of black and 

white plastic mulch on soil temperature and yield of 

crisphead lettuce in Southern New England. Hort. 

Technology hortte, 1-8. Retrieved Nov 15, 2020, 

https://doi.org/10.21273/HORTTECH04674-20  

Ghuman, B. S., & Lal, R. (1982). Temperature regime of a 

tropical soil in relation to surface condition and air 

temperature and its Fourier analysis. Soil Science, 

134(2), 133-140. 

Haque, A. N. A., Uddin, M. K., Sulaiman, M. F., Amin, A. 

M., Hossain, M., Aziz, A. A., & Mosharrof, M. 

(2021). Impact of organic amendment with alternate 

wetting and drying irrigation on rice yield, water use 

efficiency and physicochemical properties of soil. 

Agronomy, 11, 1529. 

https://doi.org/10.3390/agronomy11081529 

Hashem, F. A., Medany, M. A., Abd El-Moniem, E. M., & 

Abdallah, M. M. F. (2011). Influence of green-house 

cover on potential evapotranspiration and cucumber 

water requirement. Annals of Agricultural Sciences, 

56(1), 49-55. 

Hossain, Md. E., Zhang, Z., Dong, W., Wang, S., Liu, M., Liu, 

E., & Mei, X. (2022). Plastic film mulching improving 

maize yield, water use efficiency, and N use efficiency 

under dryland farming system in Northeast China. Plants 

(MDPI), 11(13), 1710. 

https://doi.org/10.3390/plants11131710  

Jamir, M., & Sharma, A. (2014). A Sustainable production and 

marketing of cucumber crop in the hilly zone of 

Nagaland. TECHNOFAME-A Journal of 

Multidisciplinary Advance Research, 3(1), 61-66.  

Kirigiah, R., Peter, M., & Erick, M. G. (2021). Effect of plastic 

mulch colour and transplanting stage on baby corn plant 

performance. European Journal of Agriculture and Food 

Sciences, 4(5), 103-111. 

http://dx.doi.org/10.24018/ejfood.2022.4.5.567  

Kirnak, H., & Demirtas, M. N. (2006). Effect of different 

irrigation regime and mulches on yield and macro-

nutrition levels of drip-irrigated cucumber under open 

field conditions. Journal of Plant Nutrition, 29, 1675-

1690 

Kumar, V., Sharma, J. C., Kumar, M., Singh, S. K., & Kumar, 

A. (2019). Mulches and nutrients affect the soil 

environment, crop performance and profitability of 

cauliflower. The Journal of Animal and Plant Sciences, 

29(1), 194-204. 

Laulina, K., & Hasan, M. (2018). Soil temperature variation 

for different plastic mulches for capsicum crop under 

greenhouse condition. International Journal of Chemical 

Studies, 6(5), 3339-3342. 

Liliane, T. N., & Charles, M. S. (2020). Factors affecting yield 

of crops. In: Amanullah (Ed.), Agronomy, Climate 

Change & Food Security, Chap 2, Intech Open. Available 

online at: https://www.intechopen.com/chapters/70658 

Liu, C-A., Li, F-R., Zhou, L-M., Zhang, R-H., Jia, Y., Lin, S-

L., Wang, L-J., Siddique, K.H.M., & Li, F-M. (2013). 

Effect of organic manure and fertilizer on soil water and 

crop yields in newly-built terraces with loess soil in a 

semi-arid environment. Agricultural Water Management, 

117, 123-132. 

https://doi.org/10.1016/j.agwat.2012.11.002 

Liu, Z., Zhao, C., Zhang, P., & Jia, Z. (2023). Long-term 

effects of plastic mulching on soil structure, organic 

carbon and yield of rainfed maize. Agricultural Water 

Management, 287, e108447. 

https://doi.org/10.1016/j.agwat.2023.108447  

Ma, D., Chen, L., Qu, H., Wang, Y., Misselbrook, T, & Jiang, 

R. (2018). Impacts of plastic film mulching on crop 

yields, soil water, nitrate, and organic carbon in 

Northwestern China: A meta-analysis. Agricultural Water 

https://doi.org/10.1016/j.ejrh.2020.100735
https://doi.org/10.1016/j.agwat.2018.01.021
https://www.fao.org/faostat/en/#data
https://doi.org/10.21273/HORTTECH04674-20
https://doi.org/10.3390/agronomy11081529
https://doi.org/10.3390/plants11131710
http://dx.doi.org/10.24018/ejfood.2022.4.5.567
https://www.intechopen.com/chapters/70658
https://doi.org/10.1016/j.agwat.2023.108447


https://aabinternational.com/                                                                     Advances in Agriculture and Biology (2024) 7(1): 8-20 

19 

 

Management, 202, 166-173. 

https://doi.org/10.1016/j.agwat.2018.02.001 

Mahadeen, A. Y. (2014). Effect of polyethylene black 

plastic mulch on growth and yield of two summer 

vegetable crops under rainfed conditions under semi-

arid region conditions. American Journal of 

Agriculture and Biological Sciences, 9(2): 202-207. 

https://doi.org/10.3844/ajabssp.2014.202.207  

Mak-Mensah, E., Obour, P. B., Essel, E., Wang, Q., & 

Ahiakpa, J. K. (2021). Influence of plastic film mulch 

with biochar application on crop yield, 

evapotranspiration, and water use efficiency in 

northern China: A meta-analysis. PeerJ, 9, e10967. 

https://doi.org/10.7717/peerj.10967  

Mehmood, K., Nasreen, S., Latif, A., & Shah, A. N. 

(2022). Growth of maize is improved by the 

combined use of natural and synthetic nutritional 

sources of potassium: A review. Advances in 

Agriculture and Biology, 5(1), 8-15. 

Mehta, D. K., Kaith, N. S., & Kanwar, H. S. (2010). Effect 

of training methods and mulching on growth, yield 

and fruit rot incidence in tomato (Solanum 

lycopersicum). Indian Journal of Agricultural  

Sciences, 80, 829–831. 

Mkhabela, K. T., Dlamini, M. V., & Manyatsi, A. M. 

(2019). The effects of mulching on soil moisture 

retention and yield of lettuce (Lactuuca sativa L.). 

International Journal of Environmental and 

Agricultural Research, 5(9), 47-50. 

Modupeola, T. O., Ajibola, A. T., Abdul-Rafiu, A. M., 

Dixon, H. G., & Akinleye, O. C. (2016). Effect of 

organic fertilizer and different staking methods on 

growth and yield of cucumber (Cucumis sativus). 

Proceedings of 34th Annual conference of 

Horticultural Society of Nigeria. Pp 420-427 

Mujdeci, M., Simsek, S., & Uygur, V. (2019). The effects 

of organic amendments on soil water retention 

characteristics under conventional tillage system. 

Fresenius Environmental Bulletin, 26(6), 4075-4081. 

Mukherjee, P. K., Nema, N. K., Maity, N., & Sarkar, B. K. 

(2013). Phytochemical and therapeutic potential of 

cucumber. Fitoterapia, 84, 227-236. 

Mzabri, I., Rimani, M., Charif, K., & Kouddane, N. 

(2021). Study of the effect of mulching materials on 

weed control in Saffon cultivation in Eastern 

Morocco. The Scientific World Journal, 2021, 1–9. 

https://doi.org/10.1155/2021/9727004  

Odeleye, O. M. O., Odeleye, F. O., Babatola, J. O., & 

Adelaja, B. A. (2008). Effects of different poultry 

manure on cucumber (Cucumis sativus) in 

Southwestern Nigeria. Proceedings of 26
th

 annual 

conference of Horticultural Society of Nigeria. pp 

186-189 

Okafor, B. N., & Yaduma, J. J. (2021). Soil and agronomic 

management for cucumber production in Nigeria. In: 

Wang, H. (Ed.), Cucumber economic values and its 

cultivation and breeding, Chap 7, IntechOpen, 

https://doi.org/10.5772/intechopen.96087  

Olabode, O. S., Ogunyemi, S., & Adesina, G. O. (2017). 

Response of okra (Abelmoschus esculentus (L.) Moench) 

to weed control by mulching. Journal of Food, 

Agriculture and Environment, 5, 324-326. 

Shilpa, Bijalwan, P., Singh, S., Shukla, Y. R., Thakur, K.S., 

Kansal, S., & Verma, M. L. (2021). Effect of planting 

methods, plastic mulches, and training systems on soil 

temperature, soil moisture and tomato yield under open-

field conditions. Journal of Pharmacognosy and 

Phytochemistry, 10(2), 1085-1093. 

Sharma, P., Abrol, V., Sharma, V., Chaddha, S., Rao, Ch. S., 

Ganie, A. Q., Hefft, D. I., El-Sheikh, M. A., & Mansoor, 

S. (2021). Effectiveness of biochar and compost on 

improving soil hydro-physical properties, crop yield and 

monetary returns in inceptisols subtropics. Saudi Journal 

of Biological Sciences, 28, 7539-7549. 

https://doi.org/10.1016/j.sjbs.2021.09.043  

Singh, I. S., Awasthi, O. P., Dhandar, D. G., & Meena, S. S. 

(2005). Plastic and organic mulching in brinjal. Paper 

Presented in International Conference on Plasticulture 

and Precision Farming, held during 17– 21 November. 

New Delhi, p. 501. 

Singh, A. K., & Kamal, S. (2012). Effect of black plastic 

mulch on soil temperature and tomato yield in mid hills 

of Garhwal Himalayas. Journal of Horticulture and 

Forestry, 4(4), 78-80. https://doi.org/10.5897/JHF11.023  

Snyder, K., Grant, A., & Murray, C. (2015). The effects of 

plastic mulch systems on soil temperature and moisture in 

Central Ontario. Horticultural Technology, 25(2), 162-

170. 

Soil Survey Staff (SSS) (2014). Keys to Soil Taxonomy. 12
th 

Edition, USDA-Natural Resource Conservation Service, 

Washington CD, 372 pp. 

Soleymani, R., Hassandokht, M. R., & Abdoosi, V. (2015). 

Mulch and planting method on quantitative traits of 

cucumber. International Journal of Agricultural 

Research, 6(1), 28-35. 

Streak, N. A., Schneider, F. M., & Buriol, G. A. (1994). 

Modificações físicas causadas pelo mulching. Revista 

Brasileira de Agrometeorologia, 2, 131-142.  

Sultana, S., Ahemd, N., Ali, M. A., Zubaer, H. M., & 

Asaduzzaman, M. (2011). Influence of Mulch Materials 

and Organic Manures on Lettuce. International Journal 

of Agriculture, Environment and Biotechnology, 4(1), 15-

19. 

Tegen, H., Mohammed, W., & Dessalegn, Y. (2015). Effects 

of mulching materials on soil temperature under 

polyhouse condition. Journal of Biology, Agriculture and 

Healthcare, 5(17), 164-168. 

Vora, J. D. (2014). Biochemical, Anti-microbial and 

organoleptic studies of cucumber (Cucumis sativus L.). 

International Journal of Science Research, 3(3), 662-664. 

Xiukang, W., Zhanbin, L., & Yingying, X. (2015). Effects of 

mulching and nutrient on soil temperature, water content, 

Nitrate-N content and maize yield in the Loess Plateau of 

https://doi.org/10.3844/ajabssp.2014.202.207
https://doi.org/10.7717/peerj.10967
https://doi.org/10.5772/intechopen.96087
https://doi.org/10.1016/j.sjbs.2021.09.043
https://doi.org/10.5897/JHF11.023


https://aabinternational.com/                                                                     Advances in Agriculture and Biology (2024) 7(1): 8-20 

20 

 

China. Agricultural Water Management, 161, 53-64. 

https://doi.org/10.1016/j.agwat.2015.07.019  

Yaghi, T., Arslan, A., & Naoum, F. (2013). Cucumber 

(Cucumis sativus L.) water use efficiency (WUE) 

under plastic mulch and drip irrigation. Agricultural 

Water Management, 128, 149-157. 

https://doi.org/10.1016/j.agwat.2013.06.012    

Zhang, J., Yang, J., Yao, R., Yu, S., Li, F., & Hou, X. 

(2014). The effects of farmyard manure and mulch on 

soil physical properties in a reclaimed Coastal Tidal Flat-

salt-afftected soil. Journal of Integrative Agriculture, 

13(8), 1782-1790. https://doi.org/10.1016/S2095-

3119(13)60530-4 

Zhang, P., Wei, T., Cai, T., Ali, S., Han, Q., Ren, X., & Jia, Z. 

(2017). Plastic film mulching for enhanced water use 

efficiency and economic returns from maize fields in 

semi-arid China. Frontiers in Plant Science, 8, 512. 

https://doi.org/10.3389/fpls.2017.00512

  

 
       Copyright: © 2024 by the author(s). This open access article is distributed under a Creative Commons 

                                  Attribution License (CC BY 4.0), https://creative- commons.org/licenses/by/4.0/ 
 

https://doi.org/10.1016/j.agwat.2015.07.019
https://doi.org/10.1016/j.agwat.2013.06.012
https://doi.org/10.3389/fpls.2017.00512

