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ABSTRACT 

 

The unpredictable rainfall pattern due to climate change pose a major challenge to pepper 

production and its yield outcome in Southwest, Nigeria; therefore, prompting the need for 

supplementary irrigation practice. The field study assessed the influence of mulched-drip 

irrigation on yield and agronomic characteristics of three varieties of pepper. The experiment 

was arranged in a split-plot design with three replicates. The irrigation type; rainfed (RF), drip 

irrigation with plastic -film (DIP), and drip irrigation with biodegradable film (DIB) served as 

the main plot while the subplots included three Capsicum frutescens varieties: var. baccatum 

(var. A) var. abbreviatum (var. B), and var. acuminatum (var. C Although the total water 

supplied to the DIP and DIB increased by 51.7% and 60.3%, respectively compared with RF, 

the yield of Capsicum also significantly increased by 53.6% and 55.7% under DIP and DIB, 

respectively. The increased yield outcomes under mulched-drip irrigation were ascribed to the 

significant increase in chlorophyll content, leaf area and total biomass of Capsicum. Notably, 

DIP and DIB similarly influenced yield and agronomic attributes of Capsicum; however, DIP 

saved 13.3% of irrigated water more than DIB. The yield of the Capsicum frutescens varieties 

were comparable. In conclusion, mulched-drip irrigation irrespective of mulch type 

significantly increased the yield of pepper in Southwest, Nigeria and could serve as 

supplementary irrigation technique for the promotion of pepper.  
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INTRODUCTION 

 

Pepper (Capscicum frutescens) is a popular vegetable in West Africa, with economic, food and 

medicinal importance (Dagnoko et al., 2013). However, its production is heavily dependent on 

the availability of water, especially during the flowering and fruiting stages (Mackic et al., 

2023). Nigeria produces about 50% of the pepper consumed in Africa (Idowu-Agida et al., 

2010). Although pepper is widely cultivated throughout Nigeria, yields obtained by farmers 

are often very low (Idowu-Agida et al., 2010), as a result of the rainfed agricultural practice 

with unpredictable precipitation patterns. Due to high sensitivity of pepper to shortfall in water 

supply, plant growth and biomass production are restricted causing severe yield losses (Shama 

et al., 2019).  

 

Mulched-drip irrigation has become increasingly acceptable and practiced as a water-saving 

technique that involves the use of drip pipes for water application under a protective film cover 

(Fawibe et al., 2020; Wang et al., 2023). The technique has been reported as a climate-smart 

agricultural practice in different regions of the world- China (Wang et al., 2024); Italy (Sifola 

et al., 2024); India (Job et al., 2018); and Japan (Fawibe et al., 2019). Mulch directly prevents 

the exchange of water vapour between the soil surface and atmosphere thereby suppress weed 
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growth, reduce soil water evaporation, optimize soil temperature and promote plant growth and 

yield of high-quality crops (Lamont, 2017; Zhang et al., 2019). In recent years, varying mulch 

types have been developed with variation in colour and composition (Nithisha et al., 2022). 

Despite the diverse benefits of plastic films; its removal from the soil after harvest remains 

difficult and laborious due to the adhesion of the soil particles to the film; hence, resulting in 

fragmentation of the plastics (Qi et al., 2022). To ensure food security in a sustainable 

environment, biodegradable mulch (BDM) has been developed. Biodegradable film has shown 

to disintegrate into CO2 and H2O through the process of oxidation and microbial degradation 

(Amanna et al., 2021). However, it remains unknown if it could produce comparable results 

with the plastic film mulch. Hence, this study aimed to determine the yield and agronomic 

characteristics of pepper varieties under mulched drip irrigation techniques compared with 

conventional cropping practices. 

 

MATERIALS AND METHODS 

 

A field experiment was conducted at the experimental farm of the Department of Pure and 

Applied Botany, Federal University of Agriculture, Abeokuta (7.0728oN, 3,3367oE) from April 

to September 2023.  

 

Experimental Design and field management 

The experimental plots were arranged in a split-plot design (main plot: irrigation and mulching 

system; subplot: Capsicum varieties) with three replicates. The main plot consisted of three 

irrigation and mulching systems: rain-fed (RF), drip irrigation with plastic-film mulching (DIP) 

and drip irrigation with biodegradable film mulch (DIB). The subplots included three 

Capsicum frutescens varieties: var. baccatum (var A) var. abbreviatum (var. B), and var. 

acuminatum (var C). The RF plots depended on rainfall and the total amount of rainfall during 

the experimental period was recorded.  

 

In both DIB and DIP plots, drip tubes, each of 6 m long were laid beneath a black polyethylene 

plastic film and a biodegradable film, respectively. The drip pipes were connected to a source 

of water (reservoir) and irrigation water supplied to DIP and DIB was measured with an 

installed flow meter at 75% field capacity (Fawibe et al., 2020). Basal application of 100 kg/ha 

of NPK (15:15:15) was carried out, while weeding was done at intervals in all experimental 

plots when necessary. 

 

Plant Sampling and Analyses 

Chlorophyll content and leaf area were measured at vegetative and flowering stages using 

SPAD-502 (Konica Minolta Co., Ltd.) and leaf area meter (Portable Leaf Area Meter, 

Hangzhou Mindfull Technology Co. Ltd, China), respectively. Pepper plants covering an area 

of 1m2 were harvested at the maturity stage and oven-dried at 80℃ for 72 hours to determine 

the total biomass. At the fruiting stage, fruit of each variety covering an area of 2 m2 were 

harvested weekly for 4 weeks to determine the average yield per hectare. The harvest index 

and water use efficiency were also calculated.  

 

Statistical analysis  

Data were analyzed using Analysis of variance (ANOVA) and means were separated by 

Duncan’s multiple range test when the effects are significant at p<0.05. 
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RESULTS AND DISCUSSION 

 

The total water supplied to the Capsicum species through DIB and DIP systems were 60.2% 

and 51.7% higher than that of the RF (Table 1); however, commensurate quantities of yields 

were produced with an increased rate of 55.7% and 53.6%, respectively (Table 2). The 

increased yield outcomes could be attributed to the significant increase in photosynthetic-

associated parameters such as chlorophyll content and leaf area under both DIB and DIP. The 

significant increase in chlorophyll concentration and leaf area of Capsicum varieties under DIB 

and DIP compared to CF enabled both photosystem II and photosystem I to harvest light over 

a larger surface area thereby producing more assimilates for increased growth and development 

(Feng et al., 2015). The non-significant variation in the growth and yield parameters of the 

Capsicum varieties under varying treatments could be attributed to the similarity in their ability 

to adapt to mild water stress caused by intermittent rainfall during the period of plant growth.  

Our study shows that the use of either plastic-film or biodegradable film mulch similarly 

influenced the growth and yield of capsicum varieties; however, DIP saved 19% of irrigated 

water more than DIB. This is attributable to the texture, thickness, and composition of the 

materials used. The biodegradable film used in this study was composed of starch-based 

materials, cellulose acetate, and cellulose nitrate that gradually disintegrated into CO2 and H2O 

through the process of oxidation and microbial degradation (Amanna et al., 2021).  

 

CONCLUSION 

 

The use of drip irrigation with mulching practices (DIB and DIP) significantly increased the 

yield and agronomic attributes of capsicum varieties compared with the conventional rainfed 

method by alleviating mild drought stress because of dwindling rainfall pattern especially 

during the flowering and fruit formation stages.  

 

Table 1. Irrigation precipitation and total water input under rainfed and drip irrigation with 

different mulch types. 

 
 Irrigation (mm) Precipitation (mm) Total water supplied (mm) 

RF 35 720 755 

DIB 490 720 1210 

DIP 425 720 1145 

Total water supplied = Irrigation water + precipitation; RF, DIB, and DIP indicate rainfed, drip irrigation 

with biodegradable mulch, and drip irrigation with plastic film mulch, respectively. 
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Table 2. Yield, harvest index, and water-use efficiency of Capsicum varieties under varying 

irrigation and mulching practices. 

 
Irrigation Varieties Yield 

(t/ha)  

Fruit 

length 

(cm) 

Fruit 

width 

(cm) 

Fruit 

length- 

width ratio 

Total dry 

weight 

(t/ha) 

HI WUE 

(kg/m3) 

RF A 2.25a 2.70a 1.60a 1.66a 3.98b 0.56a 0.31a 

B 2.32a 2.76a 1.70a 1.57a 4.06b 0.50b 0.32a 

C 2.49a 2.83a 1.73a 1.63a 4.59a 0.61a 0.34a 

DIB A 3.54a 3.56a 2.30a 1.55a 6.11a 0.57a 0.29a 

B 3.75a 3.60a 2.26a 1.58a 6.88a 0.54a 0.31a 

C 3.69a 3.60a 2.43a 1.48a 6.48a 0.57a 0.30a 

DIP A 3.57a 3.46a 2.36a 1.46a 6.12b 0.58a 0.31a 

B 3.61a 3.46a 2.43a 1.42a 6.73a 0.53ab 0.31a 

C 3.66a 3.56a 2.53a 1.40a 6.99a 0.52b 0.31a 

Irrigation 

(I) 

 *** *** *** *** *** ns ns 

Varieties 

(V) 

 ns ns ns ns * * ns 

I X V  ns ns ns ns ns ns ns 

Values within a column for each irrigation type followed by different superscripts letters are significantly 

different at p<0.05 by Duncan’s multiple range test. * and *** are significant differences at p < 0.05 and p 

< 0.001 respectively; ns means non-significant by ANOVA. var. baccatum (var. A) var. abbreviatum (var. 

B), and var. acuminatum (var. C). 

 

Table 3. Chlorophyll content and leaf area of Capsicum varieties under varying irrigation and 

mulching practices 
Irrigation Varieties Chlorophyll content Leaf Area (cm2) 

Vegetative stage Flowering stage Vegetative stage Flowering stage 

RF A 26.83a 25.96a 10.26a 27.26b 

B 27.80a 26.93a 11.43a 30.03a 

C 27.63a 27.73a 12.03a 30.53a 

DIB A 38.23a 38.23a 19.03b 60.36b 

B 39.50a 38.33a 19.26b 69.63a 

C 37.66a 38.73a 21.63a 74.23a 

DIP A 38.56a 39.40a 13.70b 53.53b 

B 39.30a 38.00a 15.63b 58.73b 

C 38.86a 40.80a 18.46a 68.96a 

Irrigation (I)  *** *** *** *** 

Varieties (V)  ns ns *** *** 

I X V  ns ns ns ns 

Values within a column for each irrigation type followed by different superscripts letters are significantly 

different at p<0.05 by Duncan’s multiple range test. *** indicates significant differences at p < 0.001 while 

ns means non-significant by ANOVA. var. baccatum (var. A) var. abbreviatum (var. B), and var. 

acuminatum (var. C). 
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