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ABSTRACT 

The effect of deficit irrigation, mulch practices, crop growth and water use parameters on the Onion yield was 

modelled using multiple linear regression model. The crop evapotranspiration, number of leaves, leaf height 

and canopy cover of the Onion were used as the independent variables. Onion bulb yield was the dependent 

variable under four mulching materials (rice straw, RM; wood shaving, WM; white synthetic plastic, SM and 

no mulch, NM) in the semi-arid region, of Nigeria. The regression analysis revealed that the independent 

variables in the model predicted the Onion bulb yield significantly (p < 0.05) under mulching conditions, while 

no mulch plots yielded no significance as indicated by the ANOVA statistic. The overall model degree of 

determination (r2) of the dependent variable of 0.97, 0.97, 0.98, and 0.81 were obtained under SM, WM, RM, 

and NM respectively indicating that the multiple regression model predicted the dependent variable 

satisfactorily. The co-efficient values show that the highest coefficient was obtained at the number of leaves 

(0.56) followed by crop evapotranspiration (0.33). It was observed that among the four multiple regression 

models developed, the model obtained with white synthetic plastic mulch produce a better yield. Thus, white 

synthetic plastic mulch conserved soil moisture thereby improving Onion bulb yield. When the models were 

tested, a slight overestimation of the Onion bulb yield at both mulched and no mulched regression models was 

observed as compared with the yield obtained from the field. Therefore, the model obtained with white synthetic 

plastic mulch produces a better yield.  
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INTRODUCTION 

Improving crop water use productivity is an issue with global 

concern for sustainable crop production, particularly in the 

water-stressed region of the world. The water use productivity 

is a strategy by which the yield per unit of water applied can 

be maximized (Shanono et al., 2012; Zakari et al., 2012). For 

example, the concept of deficit irrigation (DI) coupled with 

mulching has been considered one of the most affordable 

agricultural management practices in water-stressed regions 

(Sabo et al., 2022). By applying DI, the crop is exposed to a 

certain level of water stress but significant water savings 

could be attained (Fereres & Soriano 2007; Shanono & 

Ndiritu, 2020). The reduction of soil evaporation, when the 

soil surface is covered with mulches, more water remains 

potentially available for the crop and consequently, irrigation 

requirements could be decreased. Moreover, using a 

sufficient mulching layer could control both weed growth and 

soil temperature fluctuations. Yield can also increase under 

mulching by improving soil’s physical properties and fertility 

(Khaledian et al. 2010; Zakari et al., 2022a).  

Mulch material can be synthetic black/white polythene or 

biological products such as plant residues such as rice straw 

and millet chaps (Zakari et al., 2022b). Depending on the type 

of mulch and the fraction of the soil surface covered by 

mulch, the reduction in soil evaporation might be more or less 

considerable. Many studies have been carried out regarding 

Onion water requirements and the effects of DI and mulch on 

yield (Igbadun et al. 2012; Patel & Rajput 2013; Shanono et 

al., 2015; Zakari et al., 2015; Tsegaye et al. 2016). For 

instance, Tsegaye et al. (2016) found that DI given at 75% of 

crop water requirement was economically recommended in 

southern Ethiopia. Patel and Rajput (2013) reported that with 

40% DI throughout the growing season, crop water 

productivity (WP) can be significantly ameliorated with a 

saving which may be used to irrigate the additional cropped 

areas. Nagaz et al., (2012) observed that applying 60% of crop 

evapotranspiration (ETc) caused significant decreases in 

fresh yield, dry matter, bulbs per hectare, and bulb weight of 

Onion, compared to those under full irrigation (100% ETc) 

and DI (80% ETc). Igbadun et al., (2012) determined the 

Onion yield response under DI and different mulch covers in 

north-western Nigeria. The study revealed that the water 

consumption of the Onion crop was reduced by about 20% 

when a DI of 50% was applied. Also, they reported that the 

proportional decrease in yield under the mulch condition was 

much lower than under the no-mulching condition. For 

different covers cover, the proportional reduction in yield in 

the polyethene materials was found to be 10% lower than the 

rice straw.  

In this study, regression analysis is a statistical technique for 

estimating the relationship between two or more variables 

having correlations to make predictions among the variables 

for the existing relations. The regression analysis using one 

independent variable is called single regression analysis, 

while the analysis using more than one independent variable 

is called multiple regression analysis (Buyukozturk, 2002; 

Moore et al., 2013). Multiple regression analysis was first 

used by Karl Pearson in 1908 and is a useful extension of 

simple linear regression that use several quantitative variables 

in combination rather than just one to predict the value of the 

quantitative dependent variable. Most researchers believe that 

using more than one variable can give more details on how 

the model can work effectively than is permitted by single 

linear regression. Behavioural scientists believe that 

behaviour and feelings are determined by multiple variables 

rather than just one (Shanono, 2019). Through multiple 

regression analysis, the relationship between a dependent 

variable and the independent variable can be analyzed and an 

equation representing the linear relation is formulated. The 

regression model with one dependent variable and more than 
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one independent variable is known as the multiple regression 

model. In multiple analyses, an attempt is made to account for 

the variation of independent variables in the dependent 

variable synchronically (Crossman and Ashley, 2021). 

Therefore, the main objective of this research is to determine 

the impact of deficit irrigation and mulch management on 

Onion bulb yield using a multiple linear regression model. 

The independent variables used include actual crop 

evapotranspiration, number of leaves, leaf height, and canopy 

cover of the Onion whereas  Onion bulb yield was used as the 

dependent variable under four mulching materials (rice straw 

mulch, RM; wood shaving mulch, WM; white synthetic 

plastic mulch, SM and no mulch, NM).   

 

MATERIALS AND METHODS 

Site location and experimental design 

This study was conducted at Dala Alamderi Irrigation Project, 

Maiduguri, Borno State, north-eastern Nigeria. Dala 

Alamderi Irrigation Project is located between Latitudes 

11o05` and 11o55’N, Longitudes 13o02` and 13o16’E and 

altitude 345 m above mean sea level. The mean annual 

rainfall of the study location is about 625 mm and the 

temperature range of 28.5 oC – 40.5 oC (Adeniji et al., 2013). 

The climate of Maiduguri is generally semi-arid with 

moderate variation in temperatures. The soils in the study 

location are predominantly sand to sandy loam having low 

moisture retention and high permeability, and few places with 

clay to clay loam. The field experiments consisted of two 

factors (water application depth and mulch practice) each at 

four levels.  The four levels of water application depths are 

100, 85, 70, and 55% of weekly reference evapotranspiration 

(WRET), while the four levels of mulch practice consisted of 

no mulch (NM), rice straw (RM), Wood shaving mulch (WM) 

and white synthetic plastic mulch (SM). The treatments were 

replicated 3 times making 4 × 4 × 3 = 48 experimental plots. 

The experiment was lout aid using a split-plot design (SPD). 

The block was separated by a distance of 0.5 m and the basins 

in each block were also separated by a distance of 0.5 m. Such 

separation aims to minimize the lateral movement of water 

from one basin to another.   

 

Land preparation, agronomic operations and water 

application 

A land area of 36 m by 15 m was cleared and prepared into 

levelled basins of 2.0 m x 2.0 m and Onion seedlings were 

transplanted on 1st December 2020. The variety of Onion used 

was a Red Creole, which is commonly grown in the study 

area. Transplanting was done at crop spacing of 20 cm 

between plants and 25 cm between rows resulting in a crop 

density of 80 plants per plot. The mulch materials were placed 

two weeks after transplanting. All other operations were 

conducted according to the standard agronomic procedure 

(Igbadun et al., 2012; Sen et al., 2006). The surface irrigation 

method which is not uncommon in the study location was 

used. The major source of water in the study area is tube 

wells. During the early growth stage, all experimental plots 

were irrigated at full irrigation to ensure proper plant 

establishment. Different irrigation water levels were applied 

to the developmental, mid and late growth stages. The amount 

of water applied at every irrigation event was observed 

throughout the crop growing season and was based on the 

reference evapotranspiration amount for the days of irrigation 

and the experimental treatment plots. The average weekly 

reference evapotranspiration for December, January, 

February and March were 25 mm, 37 mm, 53 mm and 58 mm, 

for treatment Irrigated at 100% respectively. The seasonal 

water applied for the treatments irrigated at 100%, 85%, 70%, 

and 55% WRET were 577, 490, 404, and 317 mm 

respectively throughout the crop growing season. Reference 

evapotranspiration (ETo) of the site was computed using the 

FAO-Penman-Monteith method incorporated in the 

CROPWAT model (FAO, 1977). The weather data for the 

calculation of ETo was obtained from Meteorological Station 

(NIMET) situated in Maiduguri International Airport, 

Maiduguri. The crop consumptive use (CWU) of the 

treatments irrigated at 100% WRET (I100), was regarded as 

actual consumptive use (ACWU) while the CWU of the 

deficit irrigated treatments (I85, I70, I55) was regarded as deficit 

consumptive use (DCWU). 

 

Crop data collection 

To ascertain the Onion crop response to deficit irrigation and 

mulch, plant height and number of leaves per plant were 

measured at 2, 4, 6, 8 and 10 weeks after transplanting. The 

canopy cover, leaf area, crop biomass, and harvest index were 

computed at 2, 4, 6, 8 and 10 weeks after transplanting using 

equations 1, 2, 3 and 4 respectively. 

𝐶𝐶 =  
𝐿𝐴𝑚𝑁

𝐴
× 100                                                1 

𝐿𝐴 = 0.000199 + 1.277𝐿 × A25                         2 

𝐶𝐵 = 𝐵𝐵 + 𝐿𝐵                                                             3 

𝐻𝐼 =  
𝑌

𝐵
𝑥100%                                     4 

where; CC is the canopy cover in %, LAm is the average leaf 

area in m2, N is the number of leaves and A is the area 

occupied by crop in m2. L is total leaf length and A25 is leaf 

width taken from a distance of 25% from the leaf base. HI is 

the harvest index, Y is the onion yield in Kg/ha, CB is the 

crop biomass, BB is the bulb biomass, LB is the leaves 

biomass and B is the total onion biomass in Kg/ha. 

The Onion bulb yield was computed for each of the 

experimental plots using equation 5.  

Y =
𝑊

𝐴
                                                                     5 

where; Y = Onion bulb yield in kg/ha, W = crop weight in kg 

and A = experimental plot in ha.   

 

Multiple regression model description 

The regression equation representing the prediction model is 

the most straightforward expression of the general linear 

model that was introduced by Andrien Marie Legendrie in 

1805. In the model, a weighted linear composite of a set of 

variables is used to predict the value of some variables. In 

multiple regression analysis, what is predicted is a single 

variable (predict the value) which is a weighted linear 

composite of other sets of variables. In this study, multiple 

linear regression was used to produce a model that identifies 

the best weighted linear combination of independent variables 

(number of leaves, leaf height, canopy cover and actual crop 

evapotranspiration) to optimally predict the dependent 

variable (Onion bulb yield) for different mulch materials. 

Typically, the multiple regression analysis models take the 

form as expressed in equation 6. 

Yi= α+ β1X1 + β2X2 + β2X3 +……....+ βnXn                        6 

 

where;   Yi = dependent variable, α = intercept t, βi = 

co-efficient of variability and Xi = independent variables. 

 

Data analysis 

The data collected from the experimental field were subjected 

to regression analysis using a Microsoft Excel toolpak 2013 

software package. 
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RESULTS AND DISCUSSIONS 

Multiple regression analysis 

The regression analysis was performed with the data obtained 

from the experimental field at the Dala Irrigation Project 

during the 2020/2021 irrigation season and was subjected to 

multiple regression analysis using the Microsoft Excel 

Toolpak 2013 software package. The independent variables 

include actual crop evapotranspiration, the number of leaves, 

leaf height and canopy cover of the Onion crop and the yield 

of the Onion is the dependent variable under different 

mulching materials. The result obtained from the analysis of 

the independent variables in the model predicted significantly 

the dependent variable in the experimental plot under 

mulching conditions, while experimental plots with no mulch 

were not significantly predicted as shown in the ANOVA 

statistics (Table 1). This result contradicts the finding by 

Shanono et al (2022) that the Crop model has perfectly 

predicted both the Onion bulb yield and biomass at both full 

and deficit irrigation irrespective of the mulching conditions.  

Whereas the overall model degree of determination of the 

dependent variable was recorded as r2 = 0.97, 0.97, 0.98 and 

0.81 for SM, WM, RM and NM respectively. Thus, the 

multiple regression model predicted the dependent variable 

satisfactorily irrespective of mulching materials.  

 

Table 1: multiple linear regression results 

Regression co-efficient (β) 

Treatment/variables α LH CC NL ETC r2 f(4,3) P(0.05) 

SM -0.640 0.044 0.172 0.049 0.041 0.97 25.11 0.012 

WM -5.557 0.027 0.011 0.556 0.322 0.97 25.28 0.012 

RM -4.667 0.074 0.219 0.003 0.033 0.98 48.81 0.004 

NM -16.729 0.542 0.017 0.501 0.032 0.81 3.18 0.184 

Where; LH = leaf height, CC = canopy cover, NL = number of leaves and ETC = crop evapotranspiration;               no 

mulch (NM), rice straw (RM), Wood shaving mulch (WM) and white synthetic plastic mulch (SM) 

 

The absolute co-efficient (β) values shown in Table 1 indicate 

the order of importance of the independent variables to the 

models. The variables with the highest co-efficient values are 

the most important variable in the model. The contribution 

made by the individual independent variables to the general 

model under mulching conditions indicates that wood shave 

mulch recorded the highest co-efficient values of 0.556 for 

the number of leaves, then followed by co-efficient values of 

0.322 recorded at crop evapotranspiration. While the least co-

efficient value of 0.003 was also observed for the number of 

leaves (NL) for rice straw mulch. The experimental plot with 

no mulch recorded the highest co-efficient value of 0.542 at 

leaf height and the lowest value of 0.017 at crop canopy 

cover. The generated multiple linear regression models for 

predicting Onion bulb yield (Yn) for SM, WM, RM and NM 

are presented in equations 7, 8, 9 and 10 respectively. It is 

observed that among the four multiple regression models, the 

model obtained with the independent variables with white 

synthetic plastic mulch produces a better yield. This was 

proved when the independent variables recorded at both 

mulched and no mulch plots were substituted into the 

regression equations and compared with the yield from the 

field. The yield recorded with white synthetic mulch gave a 

closer yield value to that from the field compared to the value 

recorded with other mulch materials. This is in assertion with 

a report by (Shanono et al, 2022) that irrespective of the 

irrigation level and mulch materials, the values recorded for 

both Onion bulb yield and biomass were underestimated by 

the Crop model except at 100% irrigation with white synthetic 

mulch.  It was also observed that the regression model with 

white synthetic mulch recorded the highest intercept value 

compared to the intercept values obtained with other mulched 

materials. 

 

YSM = −0.64 +  0.041ETc + 0.05Nl + 0.04LH + 0.17CC                                          7 

𝑌𝑊𝑀 =  −5.56 + 0.32𝐸𝑇𝐶 + 0.56𝑁𝑙  +  0.03𝐿𝐻  +  0.01𝐶𝐶                                        8 

YRM = −4.68 + 0.03ETC + 0.003NL + 0.07LH + 0.219CC                                       9 

𝑌𝑁𝑀 =  −16.73 + 0.03𝐸𝑇𝐶 +  0.50 𝑁𝐿 + 0.54𝐿𝐻 + 0.02𝐶𝐶                                        10 

 

The comparative analysis between the Onion bulb yields 

obtained from the field and that of regression models due to 

the effect of independent variables at both mulch and no 

mulch plots are presented in Figure 1. The result generally 

indicates that there was a slight overestimation of the Onion 

bulb yield at both mulched and no mulched by the regression 

models as compared with the yield obtained from the field, 

especially at 100% and 85% levels of irrigation (Shanono et 

al., 2022). This is in line with a report by (Agbemabiese et al 

2017) that Crop yield and biomass were overestimated for 

100 % irrigation water regime and underestimated for deficit 

irrigation regimes However, among the mulched materials, 

the highest overestimation value of Onion yield was recorded 

in regression models obtained at rice straw mulch with the 

corresponding overestimation value of 9.4%.  
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c) Rice straw mulch     d) No mulch  

Figure 1: Comparative effect of independent variables on Onion yield at different mulch materials for field and regression 

models               

 

CONCLUSIONS  

An analysis of whether or not the independent variables 

(number of leaves, leaf height, canopy cover and actual crop 

evapotranspiration) can optimally predict the dependent 

variable (Onion bulb yield) using the regression model was 

conducted. The dependent and independent variables were 

collected from the experimental field carried out at 

Maiduguri, semi-arid Nigeria. The result of regression 

analysis indicated that the independent variables predicted the 

dependent variable significantly under mulching conditions 

only. However, the overall model degree of determination (r2) 

of the dependent variable was recorded as 0.97, 0.97, 0.98 and 

0.81 for SM, WM, RM and NM respectively. Thus, the model 

predicted the dependent variable satisfactorily irrespective of 

mulching materials. The co-efficient values (the contribution 

made by each independent variable to the general model) 

shows that the highest co-efficient values of 0.556 of the 

number of leaves were recorded at wood shave mulch. While 

the least co-efficient values of 0.003 were also observed with 

the number of leaves (NL) in rice straw mulch. For the plots 

with no mulch, the highest co-efficient value of 0.542 was 

obtained at leaf height and the lowest value of 0.017 at crop 

canopy cover. Thus, among the 4 models developed, the 

model obtained with white synthetic plastic mulch produces 

a better yield which is similar to the yield obtained in the field. 

The yield recorded with white synthetic mulch gave a closer 

yield value to that from the field when compared to the yield 

value recorded with both mulch and no mulch plots on the 

Onion yield shows a slight overestimation as compared with 

the yield obtained from the field.  
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