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ORIGINAL RESEARCH 

 

Abstract— As population increases, and cost of providing water and fertilizer for crop production increases, profitability in agricultural 

practices becomes threatened. The urgent need to understand the response of plant to water supply and fertilizer applications in order to 
drastically minimize wastages, using crop models becomes inevitable. Fertilizer application for crop growth cannot be overemphasized, 
hence, the development of crop models for the evaluation of both water-yield relationships which can also be applied for fertilizer-yield 
relationships is important. The objective of this study was to develop an empirical equation used in predicting fertilizer use comparable to crop 
models used in evaluating crop yield under deficit and adequate water supply regimes. The field experiment was carried out using Split plot 
design replicated thrice on a Sandy loam soil at Crop Garden of the Department of Crop protection and Environmental Biology, University of 
Ibadan, during the dry season of 2018 and 2019. The result showed that Yield-ET response factor was significant (R² = 0.9863), Nutrient 
Uptake-ET (R² = 0.4025), and Nutrient Uptake-Yield (R² = 0.5793), respectively. The ET-Yield response factor equation in crop production 
can be successfully used in evaluating crop Nutrient Uptake-Yield relationships. 

Keywords— Nutrient uptake, yield, Evapotranspiration, models, Fertilizer use 

——————————      —————————— 

1 INTRODUCTION 

s human population increases, in most cases farmers 

experience poor yield with the negative impact of 

intensive agriculture as major challenges witnessed 

during crop cultivation (Hall et al., 2017). Nitrogen is an 

important mineral taken in large quantity for plant 

growth and therefore, the most limiting (Leghari et al., 

2016). Over the years, the amount of inorganic N applied 

to soil for improving plant growth has risen drastically, 

resulting in increased yield with a considerable negative 

impacts on the environment (Akter et al., 2017; Tyagi et al., 

2020). The mineral N fertilizer adds significantly to cost of 

crop production and in most cases pose serious 

environment challenges (Matheus et al., 2016; Prabhu et 

al., 2023). Nitrogen aids plant greenness, enhance yield 

quality, resistance to environmental stresses and CO2 

assimilation rate. Among essential nutrients needed for 

successful plant growth nitrogen is the most important, 

thereby making its excessive application a common 

practice during crop cultivation (Muhammad et al., 2020; 

Wenjie et al., 2023). Only half of the applied N are 

effectively utilized during crop cultivation, while the rest 

are lost to the environment as pollutants. Therefore, 

Nitrogen Use Efficiency (NUE) is critical for improving 

agronomic management practices. Improving NUE with 

the help of modern technological methods is expected to 

reduce the need for excessive N application. Hence 

minimizing its negative impact which is hazardous to the  
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environment (Prabhu et al., 2023; Sharma et al., 2023). The 

potential yield of crops can only be attained if crop 

growth variables such as environmental factors, genetic 

potential of the crop, cultural management practices like 

soil fertility are set at optimal levels for the entire crop 

growing cycle. When soil water storage decreases 

significantly it impacts crop water availability which 

affects the actual crop evapotranspiration. This ultimately 

affects the crop actual yield (Moutonnet, 2000).  

The dynamics of soil-crop water syntax gives an insight 

into how proper agricultural management practices at 

different phenological levels lead to yield improvement 

(Ghiberto et al., 2011). However, the level of damage or 

otherwise to which the crop experiences depend on 

whether the water supplied to the crop meets the crop 

physical and biological needs for its metabolism. 

Therefore, proper planning, design and well monitored 

operations involving both water supply and distribution 

are used for optimizing available water for cost effective 

crop production. The relationships existing among water, 

climate, soil and crops are complex with a lot of 

uncertainties involving numerous physical, 

physiological, chemical and biological processes (Kassam 

and Smith, 2001). Wilting due to moisture depletions 

cause significant decline in the vegetative growth of 

various plant species. Water stress occurring at critical 

growth stages causes significant reduction in crop yield. 

For instance, reproductive stage in crops is a critical 

phenological stage which has direct impact on yield. It is 

against this back drop that adequate knowledge of water 

conservation mechanism that will juxtapose irrigation 

with critical crop phenology needs to be developed for 

optimizing crop growth necessary for improving yield 

(Bauder et al., 2006).  

A 
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The relationship between the varying levels of water 

supplied and crops response with respect to yield can be 

described using crop water production functions at 

different water management regimes. Application of 

excess water or increase in frequency of irrigation will 

result to an increase in actual evapotranspiration (ETa) 

without necessarily resulting in an increase in yield, thus 

creating a nonlinear relationship (Liu, 2002). Maximizing 

scarce water resources requires sufficient ETa data for 

sustainable agricultural production. After precipitation, 

ETa is considered as surface water’s second largest 

component (Djaman et al., 2023; Ehumadu et al., 2024). 

According to Zhang et al. (2023) and Ehumadu et al, 

(2024), during hydrological cycle, ET has a significant 

effect on plant growth and development, it is also a 

critical component for water balance in agricultural 

production. 

Accurate estimations or availability of data on crop water 

use is critical for proper farm water management 

(Baldocchi et al., 2019; Hatfield et al., 2019; Ehumadu et al., 

2024). The relationship that exist between irrigation water 

and crop yield can be effectively determined when 

considering crop water deficits, crop water requirements, 

actual and maximum crop yield. Crop water deficits 

resulting to plants experiencing water stress effects 

evapotranspiration and yield. The relationship between 

actual and maximum evapotranspiration can be used to 

quantify water stress occurring in plants. When ETa = 

ETm, water requirements of the crop have been met; 

when crop water requirement are not met, ETa < ETm. 

Whenever, plant experiences water stress, crop water 

requirements have not been met, which affects crop 

growth and yield.  

The effect of water deficit on plant growth and yield is felt 

differently by diverse species and growth period (Kassam 

and Smith, 2001). Water helps in the absorption of 

nutrient into plant through the roots. When these 

nutrients are insoluble, it does not play any role in the 

growth and development of the plants. Nutrient uptake 

through the roots of the plant is dependent directly on the 

available water with the soils root zone.  

When the soil is well watered, the roots grow better, and 

the level of nutrient uptake increases. Fertilizer and 

irrigation cannot be considered separately or 

independently. Hence, the use of crop water production 

functions to describe the effects of water and fertilizer on 

crop yield. Fertilizer and water are critical inputs needed 

during crop production. The determination of the amount 

of water needed for plants to attain optimum fertilizer 

uptake is necessary. Adequate knowledge of water and 

fertilizer effect on crop growth and yield is needed under 

varying conditions (Erdal et al., 2006; Nehe et al., 2020). 

According to Peter et al. (2019) and Sharma et al., (2023), 

long-term trials have shown that inorganic N fertilizer 

application above certain threshold can lead to 

accumulation of total soil nitrogen (TSN). Excess TSN in 

the soil poses serious environmental threat which will 

cause harm to human health. TSN is a nonpoint source of 

pollution for surface and groundwater. Leaching and soil 

surface runoff of excess TSN constitute a major factor that 

leads to environmental pollution. According to Ertek 

(2014), similar studies were conducted with interest in 

Yield-ET response factor, Nutrient Uptake-ET response 

factor and Nutrient Uptake-Yield response factor. 

However, there are limited information on model 

applications used for determining irrigation and fertilizer 

use for crops so as to reduce unused inorganic fertilizer in 

the soil. The aim of this study was to develop an empirical 

equation that can be used in predicting fertilizer use 

comparable to crop models used in evaluating crop yield 

under deficit and adequate water supply regimes. 

 
2.0 MATERIALS AND METHODS 
2.1 STUDY SITE, EXPERIMENTAL DESIGN AND 
LAYOUT 

The study was carried out at the Crop Garden of the 

Department of Crop Protection and Environmental 

Biology located at 3º89' E and 7º45' N with elevation of 

223.5±12.0 m above sea level. The research was conducted 

during the dry seasons of 2018 and 2019. The 4 x 4 factorial 

experimental was laid out in a Split Plot and the 

treatments were arranged using a randomized complete 

block design in triplicates. The main plot effect was the 

irrigation depth 2, 4, 6 and 8 mm, while the sub-plot effect 

was the fertilizer rate comprising 0 (control), 100, 200, 300 

and 400 Kg/ha NPK 15-15-15.   

The field was cleared and beds of 1 m x 1 m each were 

with a spacing of 1 m between each bed. Seeds of 

Corchorus olitorius were sown at the rate of 3 g per m2 

using broadcasting method. After emergence, the 

seedlings were thinned to a spacing of 30 cm x 10 cm to 

give a plant population of 300,000 plants per hectare. Drip 

irrigation method was adopted on a 2-day basis for 

supplying water at the pre-determined depth based on 

volume/unit area. 

 
2.2 DATA COLLECTION 
2.2.1 ET–YIELD RESPONSE FACTOR (KYET) 

The effect of water stress on yield was evaluated through 

proper quantification of its relative evapotranspiration 

(ETa/ETm), the determination of relative yield losses was 

actualized when adequate information on actual yield 

(Ya) and maximum yield (Ym) were made available under 

different irrigation regimes. The yield of the crop was 

obtained by weighing the fresh weight of the harvested 

crop (Ertek, 2014). Water stress effect was quantified and 

the relationship between deficit in relative 

evapotranspiration and yield was derived empirically. 

The relationship was referred to as yield response factor 

(Ky) (Kassam and Smith, 2001). The equation is shown as: 

KyET = [1 – Ya/Ym)]/ [1 – (ETa/ETm)]    (1) 

where Ya = actual yield,  

           Ym = maximum yield,  
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           KyET = evapotranspiration (ET) – yield response 

factor,  

           ETa = actual evapotranspiration, ETm = maximum 

evapotranspiration, 

           (1 – Ya/Ym) = relative yield decrease, and (1 – 

ETa/ETm) = relative evapotranspiration deficit. 

WUE = Ya/ ETa          (2) 

Where WUE = water use efficiency 
 
2.2.2 FERTILIZER–YIELD RESPONSE FACTOR 
(KYF) 

Crop yield increases as the amount of nutrients taken 

from the root zone of the soil increases. Crop nutritional 

requirement must be met using the application of 

fertilizer and an efficient supply of water. The idea of the 

yield response factor can be replicated in determining the 

amount of fertilizer consumed by the plant. This makes it 

possible to determine the yield loss due to decrease in 

fertilizer uptake. It is clear that the yield loss per unit of 

fertilizer decrease can be determined using developed 

model from the fertilizer-yield response factor. Studies by 

Erdal et al. (2006) has shown that fertilizer deficiencies 

which leads to yield reductions are usually greater than 

those occurring due to water deficit. Therefore, ET–yield 

response factor equation used for water deficit and yield 

deficit estimations could also be used for fertilizer uptake 

which will be referred to as fertilizer–yield response 

factor equation. The determination relative yield losses 

using relative yield reduction (Ya/Ym) at different fertilizer 

uptakes can be actualized.  The empirical derivation of 

fertilizer–yield response factor (KyF) can be expressed as: 

KyF = [1 – (Fupa/Fupm)]/ [1 – (Ya/Ym)]       (3) 

where Fupa = the actual fertilizer amount used by plants 

(kgha–1),  

           Fupm = the maximum fertilizer amount used by 

plants (kg ha–1),  

           KyF = the fertilizer–yield response factor 

          [1– (Fupa / Fupm)] = the relative fertilizer deficit. 

The fertilizer–yield response factor (KyF) helps to indicate 

if the crop can withstand stresses due to deficiencies in 

fertilizer uptake. When the fertilizer-yield response factor 

is greater than 1 it shows that the expected relative yield 

decrease for a given fertilizer uptake deficit is 

proportionately greater than the relative decrease in 

fertilizer uptake by the crop. Erdal et al. (2006), described 

nitrogen uptake method of determination. Nitrogen 

uptake of the crops biomass were oven dried at constant 

weight at 65 °C. Hence, Nitrogen uptake was determined 

by multiplying concentration (g/kg) of N by weight of the 

oven-dried matter (Scholberg et al., 2000)  

Nup = DM × NC  (4) 

Where Nup = Plant N uptake (kg ha–1), DM = the oven-

dried matter (kg ha–1), and NC = Nitrogen concentration 

(g/kg). 

The determination of nitrogen is done using the micro 

Kjeldahl N digestion method (Kacar and İnal, 2008). 

The determination of the effect of varying fertilizer 

application on yield at different crop growth stages was 

achieved by using the equation. The equation can only be 

used for the fertilizer for which it was developed. The 

developed fertilizer use efficiency which is similar to 

water use efficiency equations shown: 

FUE = (Ya/Fupa) × 100           (5) 

Where FUE = fertilizer use efficiency (t kg–1) 

          Ya = actual yield  

An increase in fertilizer–yield response factor (KyF) can 

lead to a decrease in crop FUE, which means that 

benefiting from fertilizer uptake deficit is not likely. 

Crops having fertilizer–yield response factor less than 1 

(KyF < 1.0) are tolerant and can significantly save fertilizer 

during deficit fertilization. 
 
2.2.3 ET–FERTILIZER RESPONSE FACTOR (KF–ET) 

The effect of irrigation and fertilization on crop 

production are more compared to their individual 

impacts. Water availability brings about/or better crop 

fertilizer uptake. However, excessive watering can lead to 

leaching of fertilizers below the soil root zone. It is very 

important to control the amount of fertilization and 

irrigation taking place to increase yield. Water shortage 

can lead to decrease in yield but the impact can be 

reduced with the help of fertilization (Li et al., 2004).  

When water supply is not enough for plant fertilizer 

uptake, fertilizers remaining in the soil will lead to soil 

pollution. Therefore, adequate knowledge of the right 

amount of water needed for the plants to absorb fertilizer 

is necessary. The ET–fertilizer response factor developed 

from the yield–response was used to determine the right 

amount of water and fertilizer to apply. This was derived 

using the equation below: 

 

KF–ET = [1 – (Fupa/Fupm)]/ [1 – (ETa/ETm)]               (6) 

Where KF–ET = the ET– fertilizer response factor. 

 

2.2.4 Relationship between response factors 

Determination of the relationships of the above 

mentioned factors was actualized by considering the crop 

yield to water and fertilizer consumption as stipulated by 

Ertek (2014): 

KyET = KyF × KF–ET         (7) 

 

2.3 STATISTICAL ANALYSIS  

A two factorial-based, Randomized Complete Design was 

used to sort out the experimental data. Each treatment 

was analyzed statistically with the aid of MS Excel 2019 

and STATISTICS 8.1. The values were reported as means 

of the three replication using the analysis of variance 

(ANOVA) technique.  

 

3.0 RESULTS AND DISCUSSIONS 
Table 1 showed the response factor values and indicated 

that plant water consumptive use (ET) have a greater 

effect on yield of Corchorus olitorus than the application of 
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fertilizer. Considering the response factor of ET-fertilizer 

on the nutrient uptake due to application of irrigation 

water, a significant effect was noticed. Increase in 

irrigation water applied to C.  olitorus directly leads to a 

yield increase. This is perhaps due to ease at which 

moisture was made available to dissolve the applied 

fertilizer thereby making nutrient available absorption by 

the crop. It was observed that an increase in irrigation 

water and increase in fertilizer applied caused an 

increased yield of C.  olitorus till a threshold was attained. 

Beyond this threshold, an increase in irrigation water and 

quantity of fertilizer applied led to a reduction in yield of 

the crop. This adverse effect of increase in fertilizer and 

irrigation water was not well noticed during the planting 

period in field trials. 

Table 1: Actual evapo-transpiration, Yield, Nitrogen uptake, Water use efficiency, Fertilizer use efficiency of Corchorus 

olitorus  

Irrigation 

(mm) 

NPK 

(kg) 

ETc 

(mm) Y(t/ha) N Nup 1-Nup/Nma 1-(ETa/ETm) 1-Ya/Ym WUE FUE 

WUE/FU

E 

2.0 0.0 7.97 0.73 0.00 14.71 0.00 0.80 0.95 0.09 0.05 1.85 

2.0 100.0 8.47 0.73 33.30 10.72 0.68 0.79 0.95 0.09 0.07 1.27 

2.0 200.0 8.97 0.80 66.70 10.11 0.85 0.77 0.95 0.09 0.08 1.13 

2.0 300.0 9.47 0.87 100.00 10.24 0.90 0.76 0.94 0.09 0.09 1.08 

2.0 400.0 9.97 0.80 133.30 10.45 0.92 0.75 0.95 0.08 0.08 1.05 

            

4.0 0.0 14.78 1.27 0.00 12.77 0.00 0.62 0.92 0.09 0.10 0.86 

4.0 100.0 15.28 1.30 33.30 6.32 0.81 0.61 0.92 0.09 0.21 0.41 

4.0 200.0 16.78 1.33 66.70 18.65 0.72 0.57 0.92 0.08 0.07 1.11 

4.0 300.0 17.28 1.43 100.00 15.21 0.85 0.56 0.91 0.08 0.09 0.88 

4.0 400.0 18.78 1.47 133.30 15.22 0.89 0.52 0.91 0.08 0.10 0.81 

            

6.0 0.0 21.82 2.63 0.00 27.03 0.00 0.45 0.83 0.12 0.10 1.24 

6.0 100.0 22.32 2.87 33.30 25.76 0.23 0.43 0.82 0.13 0.11 1.15 

6.0 200.0 22.82 2.80 66.70 30.28 0.55 0.42 0.82 0.12 0.09 1.33 

6.0 300.0 23.32 2.80 100.00 31.63 0.68 0.41 0.82 0.12 0.09 1.36 

6.0 400.0 24.82 2.97 133.30 29.93 0.78 0.37 0.81 0.12 0.10 1.21 

            

8.0 0.0 26.14 3.53 0.00 28.15 0.00 0.34 0.77 0.14 0.13 1.08 

8.0 100.0 26.64 3.87 33.30 23.33 0.30 0.32 0.75 0.15 0.17 0.88 

8.0 200.0 27.14 3.77 66.70 46.80 0.20 0.31 0.76 0.14 0.08 1.72 

8.0 300.0 27.64 4.23 100.00 28.43 0.72 0.30 0.73 0.15 0.15 1.03 

8.0 400.0 28.14 4.03 133.30 31.10 0.77 0.29 0.74 0.14 0.13 1.11 

Data from figure 1, shows a model generated with the aim 

of predicting yield reduction with respect to 

evapotranspiration reduction. The model, y =28.263x5-

69.51x4+65.037x3-29.477x2+7.1939x-0.0219, R² = 0.9863, 

shows the relationship between yield and evaporation. 

The model indicates that the crop yield reduces due to 

evapotranspiration loss. The obtained R2 value is seen to 

be greater than 0.9 indicating that the model is highly 

reliable, implying a strong relationship exist between 

evapotranspiration reduction and nitrogen uptake 

reduction. The model aids in postulating the impact of a 

unit decrease of water depth applied to the nitrogen 

uptake of plants. Models were developed with the aim of 

predicting evapotranspiration reduction with respect to 

yield reduction as shown in Figure 2. The developed 

model from Figure 2 indicates that the equation can be 

relied upon. Equation, y = -15948x6 + 48465x5 - 59430x4 + 

37511x3 - 12809x2 + 2236.9x - 155.19, R² = 0.3726, simulates 
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relationship between nitrogen uptake reduction and 

evapotranspiration reduction, which is similar to what 

was generated by Ertek (2014). 

 

Figure 1: Relationship between yield reduction and evapotranspiration reduction 

Figure 2: Relationship between nitrogen uptake reduction and evapotranspiration reduction 

The results in Figure 3, showed the equation y = -1169.2x6 

+ 4097.7x5 - 5741.5x4 + 4087.1x3 - 1545.6x2 + 291.97x - 20.688. 

The R² = 0.5793 units which indicates how the fertilizer 

uptake decreases when crop water needed decreased by 

1 unit. This implies that deficit in water supplied will lead 

to a corresponding yield reduction in the crop. The 

usefulness of the fertilizer applied to the plant through 

the soil can be assessed with the aid of the applied water. 

This indicates that water and fertilizer are two 

inseparable factors in nutrient use uptake that cannot be 

discussed isolating one from the other. When considering 

water as a limiting factor, application of fertilizer alone 

cannot guarantee the desired level of plant development 

and yield. The data obtained shows that increased yield 

is usually obtained through the right quantity of fertilizer 

and water. However, fertilizer application exceeding the 

plants need will result in yield reduction which will lead 

to farmer incurring losses. Table 1 revealed that fertilizer 

application led to increase in crop development. The yield 

increased by 20% and 18.7% as a result of NPK 15-15-15 

application at different trials. However, optimum yield 

for profitability was achieved by applying approximate 

quantity of water i.e taking into consideration crop water 

requirement and quantity of fertilizer. The table also 

indicated that when the amount of fertilizer is more than 

the required proper crop development becomes impeded, 

which will result to loss of yield. The nutrient available in 

the soil for cultivation of the crop is proportional to the 

nutrient utilized by the crop. The nitrogen uptake 

increases as water applied increases. Thus, fertilizer 

uptake was lowest in plants where deficit water 

application occurred.  

Fertilizer use efficiency (FUE) increased as plant nitrogen 

uptake and crop water requirement increased.

y = 28.263x5 - 69.51x4 + 65.037x3 - 29.477x2 + 7.1939x - 0.0219
R² = 0.9863
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Figure 3: Relationship between nitrogen uptake reduction and yield reduction 

Plants where the same quantity of water was applied, but 

fertilizer applied at different rates experienced growth 

and development up to an optimum point where increase 

in fertilizer became harmful to the plant. Fertilizer use 

efficiency (FUE) and water use efficiency (WUE) values 

are critical determinants in ascertaining fertilizer quantity 

and water levels needed for optimum C. olitorus yield for 

profitability and environmental pollution control. High 

values obtained from the ratio of WUE and FUE signifies 

higher crop yield. Hence, the dynamics of water and 

fertilizer uptake on crop yield requires that WUE and FUE 

should not be evaluated distinctly.  

When depth of water applied was constant and the 

fertilizer quantity increased, an increase in yield was 

experienced. However, fertilizer and water rates increase 

produced a linear relationship which varied with changes 

in fertilizer or water levels. This produces an unfavorable 

effect on the yield at certain levels of water and fertilizer 

application. The dynamics showed the synergetic 

relationship between fertilizer application and irrigation 

during crop growth and development. The synergetic 

relationship of ET–yield response factor (KyET), fertilizer–

yield response factor (KyF), and ET–fertilizer response 

factor (KFET) can be decided by proper application. The 

relationship between response factors can be determined 

by considering one with the other. The relationship can be 

applied in analyzing the economic benefits or demerits 

derived from an increase or decrease in 1 unit of water or 

fertilizer. Figure 2 showed the ET–fertilizer response 

factor (KFET) where water and fertilizer requirements for 

maximum yield and profitability to prevent wastages 

during crop growth was generated.  

Wastages in plant growth and development could be 

monetary losses or an adverse environmental impact or 

both. The monetary consideration involves situations 

where huge amount of money is expended on water and 

fertilizer, this affects the sustenance of the process. 

Agriculture and its sustainability is a business, therefore 

profitability becomes paramount. Adverse 

environmental impact considers the effect of excessive 

application of inorganic fertilizer and water in the top-

soil. Leaching can occur due to excessive water 

application resulting to the washing down of soil 

nutrients. Erosion of the soil can also occur but it will 

affect the structure of the soil. Application of fertilizer 

beyond the recommended or optimum amount which 

could be deduced fom the generated response factors will 

lead to the washing down of nutrients and also result in 

the contamination of the groundwater leading to bacteria 

enrichment.  

 
4.0 CONCLUSION 
The study generated statistical models ET-Yield response 

factor, ET-Fertilizer use, and Nutrient Uptake-Yield. The 

relationship between response factors using models 

explains the dynamics of how plant water consumption 

(ET) had greater effect on yield of Corchorus olitorus than 

fertilizer application. Fertilizer application exceeding the 

optimum amount results in yield reduction. The study 

was designed to show how soil amendment can 

sustainably support cropping systems. However, the 

impact of inorganic N on crop yield vis-à-vis its possible 

environmental concerns can be checked with the help of 

statistical models thereby reducing TSN accumulation 

over time and its cost implications. Agriculture is a 

business, so profitability for sustainability of the venture 

is paramount. 
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