
Journal of King Saud University – Science 34 (2022) 101904
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Feasibility of variable rate application of diammonium phosphate
fertilizer to wheat crop under center pivot irrigation system
https://doi.org/10.1016/j.jksus.2022.101904
1018-3647/� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

⇑ Corresponding author.
E-mail address: azeyada@ksu.edu.sa (A.M. Zeyada).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Ahmed M. Zeyada a,⇑, Khalid A. Al-Gaadi a,b, ElKamil Tola b, Ali S. Amrir c, Rangaswamy Madugundu b,
Samy A. Marey d,e, Ahmed A. Alameen b

aDepartment of Agricultural Engineering, College of Food and Agriculture Sciences, King Saud University, Riyadh 11451, Saudi Arabia
b Precision Agriculture Research Chair, Deanship of Scientific Research, King Saud University, Riyadh 11451, Saudi Arabia
cDepartment of Soil and Reclamation, Faculty of Agriculture, Al-Furat University, Syria
d Science, Technology and Innovation Unit, King Saud University, Riyadh, Saudi Arabia
eAgricultural Engineering Research Institute (AENRI), Agricultural Research Center, P.O. Box 256, Giza, Egypt

a r t i c l e i n f o
Article history:
Received 30 November 2021
Revised 28 December 2021
Accepted 7 February 2022
Available online 12 February 2022

Keywords:
Soil Phosphorus
DAP
Variable rate application
Wheat
NDVI
Sentinel-2
Yield
a b s t r a c t

A study was conducted, on a 30 ha wheat field under a solar energy powered center pivot irrigation sys-
tem in a commercial farm located 400 km north of Khartoum, Sudan, to evaluate the feasibility of variable
rate fertilizer application of Diammonium Phosphate (DAP) on wheat crop based on variable soil phos-
phorus content. Soil phosphorus content was divided into three categories (low: 3.75 to 4.50 ppm, med-
ium: 4.51 to 5.25 ppm and high: 5.26 to 6.00 ppm) and a GIS soil phosphorus content map of the
experimental field was generated. Three variable application rates (200 kg ha�1, 160 kg ha�1 and
120 kg ha�1) of granular DAP fertilizer were determined to fit the low, medium and high soil phosphorus
contents, respectively. The the DAP fertilizer rate of 200 kg ha�1 was the rate practiced for wheat produc-
tion in the experimental farm.
The normalized Difference Vegetation Index (NDVI), measured at different wheat growth stages using

sentinel-2 satellite images, and wheat grain yield were used to evaluate the response of wheat crop to the
variable DAP fertilizer application rates. Excluding the tillering stage, the results showed significant dif-
ferences in the NDVI values among different soil phosphorus levels and DAP fertilizer application rates at
other growth stages, including stem elongation, grain filling and maturity stages. Moreover, wheat yield
results showed significant differences among different soil phosphorus contents (P > F = 0.0001) and DAP
fertilizer application rates (P > F = 0.0457). On the average, the highest yield of 2.449 t ha�1 was recorded
in the field areas treated with the high DAP fertilizer application rate (200 kg ha�1), where the second
highest yield of 2.441 t ha�1 was observed in field areas under the medium DAP fertilizer application rate
(160 kg ha�1); however, no significant differences between these two yield values. Based on these results,
the total savings of the DAP fertilizer was estimated to be 792 kg (equivalent to 475.2 $) in the experi-
mental field (30 ha), only when the medium DAP fertilizer rate (160 kg ha�1) was used in the medium
and high soil phosphorus zones, saving 15.84 $ ha�1 without affecting production.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Conventional agricultural practices do not take into considera-
tion the spatial variations existing in the fields, but rather treat
them as homogeneous units. Ignoring the spatial field variability
can result in over-application of agricultural inputs or practices
in some areas of the field and under-application in others, which
will lead to poor application of inputs and/or practices (Ghosh
and Mandal, 2000). Precision agriculture (PA) is an ever-evolving
technology that aims at avoiding the poor application of agricul-
tural inputs and practices by using geo-referenced data for better
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management of agricultural inputs through the application of
accurate amounts in the right locations and at the optimum time
(Dong et al., 2012; Mulla 2013).

Variable rate technology (VRT) is a key component of PA, as it is
used to apply agricultural inputs (e.g. fertilizers, pesticides, irriga-
tion water, planting, and tillage) at the desired rates to meet the
requirements of different field locations based on spatial variability
in the field characteristics (Diacono et al., 2013). The major compo-
nents of VRT include Global Positioning System (GPS), computers
and software programs, and applicators (El Nahry et al., 2011). In
the conventional applications, fertilizers are commonly applied at
an average uniform rate across the whole field based on soil and
crop requirements. However, the application of fertilizers at con-
stant rates is ineffective and causes poor application of fertilizers
that fails to achieve the appropriate rates of fertilizers required
for soil and crop in some areas of the field (Chandel et al., 2016).
Therefore, using the spatial variability information to apply the
recommended nutrient amounts according to the requirements
of each field zone can maximize the economic return or profit
(Yang et al., 2001).

Phosphorus (P) is considered as the second largest limiting ele-
ment after nitrogen for crop growth, where unbalanced application
of phosphorus on agricultural fields can negatively affect the wheat
yield (Rowse and Stone, 1981). Also, Maqbool et al. (2012) reported
that application of the phosphorus fertilizer with the crop seeds at
the time of sowing produced higher number of fertile tillers and
taller plants, which was attributed to the fact that fertilizer was
in immediate contact with the emerging roots during seedling
growth.

The DAP is one of the most important sources of phosphorus (P)
fertilizers worldwide and accounts for most of the consumption of
P2O5 (Cedrez et al., 2020; Patel et al., 2020). It is commonly used as
a main source of phosphorus for crop production in Sudan (Fadul
et al., 2018). Mutar and Musleh (2020) also noted that phosphorus
element converted to the pre-cooked version of the DAP fertilizer
was better used by plants than other phosphate fertilizers.

Therefore, distributing fertilizers within agricultural fields
based on site-specific needs of soil and plants is essential to opti-
mize crop yields and reduce the cost of inputs (Fitzgerald et al.,
2010). The optimum application of DAP fertilizer is important eco-
nomically and environmentally to conserve the phosphate
resources in the world (Gokmen and Sencar, 1999).

Nowadays, the use of remote sensing technology to monitor the
crop growth and production has become essential for the manage-
ment of agricultural practices (Al-Gaadi et al., 2014). Therefore,
remote sensing applications based on the measurement and inter-
pretation of the spectral reflectance of agricultural crops are
among the most important tools for the assessment of crop growth
and yield performance (Aparicio et al., 2000). Several studies
demonstrated the potential for using vegetation indices as fast
and cost-effective tools for monitoring crop growth status and pre-
dicting crop yield (Becker et al., 2010; Nebiker et al., 2016). The
normalized difference vegetation index (NDVI) is one of vegetation
indices that has been widely and successfully used to monitor crop
growth and to estimate crop yield (Durgun et al., 2020). Ren et al.
(2008) reported that NDVI was one of the good vegetation indices
for crop growth monitoring, and was defined as being the combi-
nation of the measured reflectance in both, red and near infrared
parts of the spectrum. Moreover, NDVI is a highly sensitive indica-
tor that can detect variations in small scale fields (Wang et al.,
2004).

Based on the importance of variable rate applications of fertiliz-
ers, this study was conducted to assess the response of spring
wheat to variable rates of Diammonium Phosphate (DAP) fertiliz-
ers applied based on field soil phosphorus levels. The specific
objectives, however, include (i) generation of a map of soil phos-
2

phorous levels for the experimental field, (ii) application of vari-
able rates of DAP fertilizer using a variable rate applicator, (iii)
studying the performance and yield of wheat crop under different
DAP application rates and phosphorus levels, and (iv) assessment
of the economic feasibility of variable rate application of DAP
fertilizer.
2. Materials and methods

2.1. Experimental site

The study was conducted, in the period from November 2018 to
March 2019, on a 30 ha field (ID: S1-3) in Al-Kafaa commercial
farm of Al-Rajhi International Investment Company, located in
the Northern region of Sudan between the latitudes of
18�1008.50300 and 18�11037.83700 N and the longitudes of
34�0026.02100 and 34�11018.41500 E (Fig. 1). The experimental field
was planted with spring wheat (variety Imam) under a solar-
powered center pivot irrigation system. The wheat crop was
planted on November 10th, 2018 using a Calydon seed drill (T4.8
hybrid model) with a spacing of 11 cm between rows. The soil of
the experimental field, which was characterized as a sandy loam
soil, had an EC ranging between 0.37 and 0.47 dS cm�1, a pH values
between 7.64 and 8.78, soil nitrogen values ranging between 0.15%
and 0.20% and CaCo3 ranging between 14.10% and 25.10%.
Weather in the farm was very hot in the summer (44 ± 2 �C) and
cold to moderate in the spring (16 ± 2 �C) with an annual rainfall
of about 37 mm.
2.2. Description of the equipment

Implementation of variable rate DAP fertilizer was achieved
using an automatic control system developed by Ag Leader Tech-
nology (https://www.agleader.com). A New Holland tractor (140
hp, T7060 model) was used to pull a granular fertilizer spreader
(brand Sulky, XT100 model) of 24 m spreading width. The variable
rate fertilizer application system included: (a) RTK guidance sys-
tem that provided the geographical position and speed of the
spreader to the system with an accuracy of 2.5 cm, (b) variable-
rate module and auto shut-off installed directly into the spreader,
(c) 400 MHz RTK- GPS Base station for auto-correction of GPS sig-
nal to less than 2.5 cm and (d) AgFiniti for data exchange between
the base station and machines in the central office.

The variable rate applicator was designed to primarily operate
on the basis of a prescription GIS map (management map) pre-
pared using soil and plant parameters, along with GPS coordinates
and desired input rates. The GPS was used by the control system in
the applicator to determine, in real time, the location of the appli-
cator in the field, interrogate the GIS management map for the
desired application rate at the current location and automatically
change the application rate by changing the rotational speed of
the conveyor belt of the spreader to apply the desired rate at the
current spreader field location.
2.3. Soil parameters

Geo-referenced soil samples, from 36 locations across the
experimental field, were collected from the top soil layer at a depth
of 0–25 cm using an auto soil sampler (Model: Wintex 2000). The
soil samples were collected using a systematic grid sampling
approach with grids of 100 m � 100 m following the sampling
strategy described by Franzen (2011). The collected soil samples
were analyzed in the laboratory for soil phosphorus following
the procedure reported by Estefan et al (2013).

https://www.agleader.com


Fig. 1. Location map of the experimental site.
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2.4. Fertilizer type

The granular fertilizer used in this study was the diammonium
phosphate (DAP), which was the only source of phosphorus ele-
ment that was commonly used in the study farm. Therefore, vari-
able rates of DAP fertilizers were applied based on soil
phosphorus content; where, soil nitrogen in the experimental field
was found almost homogeneous (ranging from 0.15% to 0.20%). The
studied DAP fertilizer rates (120 and 160 kg ha�1) and the conven-
tional rate practiced in the farm (200 kg ha�1) were added at the
sowing stage of the wheat crop, based on the prescription map pre-
pared on the basis of the soil phosphorus variations. Mixing the
phosphate fertilizer with wheat seed at the time of planting
enhances the P element availability in soil, thus increases the total
dry matter and grain production, even in soils with medium to
high levels of available P (Alessi and Power, 1980).

2.5. Prescription map

Georeferenced grid data points (grid size of 2 m � 2 m) were
interpolated and mapped by using geostatistical procedures (i.e.
3

kriging) available in ArcGIS software program (ver. 10.7.1). Based
on soil phosphorus concentrations data from the 36 data points,
a prescription management map of the study field was developed
using the ArcGIS software. The developed prescription map was
divided into three equal interval classes based on soil phosphorus
content in the experimental field (low: 3.75 to 4.50 ppm, medium:
4.51 to 5.25 ppm and high: 5.26 to 6.00 ppm). Management zones
were delineated in the management map based on the soil phos-
phorus classes (categories).
2.6. Statistical analysis

Split plot design analysis was employed with the three soil
phosphorus levels as the main treatments and the three DAP fertil-
izer application rates as the sub-treatments with three replicates.
The ANOVA (analysis of variance) procedure, within the Statistical
Analysis System (SAS for Windows v. 9.4), was used to determine
the interaction effects of the management zones and the DAP
application rates on the yield of wheat crop.
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2.7. Wheat growth

Wheat growth status was monitored using the Normalized Dif-
ference Vegetation Index (NDVI) extracted from periodic sets of
Sentinel-2 satellite images (10 m � 10 m pixel size). The NDVI,
as an indicator of crop growth performance, was calculated using
Equation (1) (Rouse et al., 1974). Four Sentinel -2 satellite images
were downloaded at different growth stages of the wheat crop (til-
lering stage, stem elongation, grain filling and maturity stages).
NDVI was selected as an indicator of crop growth performance
because it was efficient in crop analysis for crops with unclear
flowers and simply ‘‘green-up” and then ‘‘green-down” after enter-
ing the reproductive growth stages, such as wheat and maize
(Vallentin et al., 2021). In addition, Ren et al. (2008) reported a con-
siderable linear correlation between spatial accumulation of NDVI
and wheat yield at different growth stages with R2 values ranging
between 0.61 and 0.86.

NDVIðB4;B8Þ ¼ NIR� Red
NIRþ Red

: ð1Þ
2.8. Wheat yield

The wheat crop of the experimental field (S1-3) was harvested
on March 24th, 2019 (134 days after sowing) using a New Holland
combine harvester (TC5.70 model). To estimate wheat yield, 81
wheat samples were randomly collected from the experimental
field (3 samples � 3 phosphorus levels � 3 DAP rates � 3 repli-
cates). The collected samples were weighed and converted into t
ha�1. Subsequently, the collected yield data was used to generate
wheat yield map for the experimental field.
Fig. 2. Soil phosphorus zones and variable DAP fertilizer rates in the study field.
3. Results and discussion

3.1. System accuracy

The static calibration of the variable rate applicator was carried
out by measuring the density of the DAP fertilizer (kg m�3), adjust-
ing the feed gate opening (cm) and weighing the actual output fer-
tilizer (kg). The calibration results indicated that setting the gate
opening at 2.0 cm, using a DAP fertilizer with a density of
984.1 kg m�3, produced a fertilizer flow rate of 4.12 kg rev-1. The
response time of the spreader to change between two fertilizer
application rates was determined in the field. Results revealed that
the average response time and the signal lag time was � 2.63 s.

3.2. Soil phosphorus

Analysis of soil samples showed significant spatial variations in
phosphorus concentrations across the study field that ranged
between 3.75 ppm and 6.00 ppm. Using the ArcGIS software pro-
gram, concentrations of soil phosphorus for the 36 collected sam-
ples were tagged to the corresponding coordinates to generate a
map of soil phosphorus spatial variability across the experimental
field. The generated soil phosphorus map was classified into three
zones, namely, (a) a low soil phosphorus zone (3.75 to 4.50 ppm)
that occupied an area of 10.2 ha, (b) a medium soil phosphorus
zone (4.51 to 5.25 ppm) that occupied an area of 14.7 ha, and (c)
a high soil phosphorus zone (5.26 to 6.00 ppm) that occupied an
area of 5.1 ha. The classified soil phosphorus map was used as a
base for the experimental design utilized for the implementation
of the proposed treatments of variable rate DAP fertilizer. Three
DAP fertilizer rates (120, 160 and 200 kg ha�1) were applied on
the experimental field. Soil phosphorus levels and layout of the
applied variable DAP fertilizer rates are shown in Fig. 2.
4

3.3. Wheat growth performance

3.3.1. NDVI measured at 50 days after sowing
Table 1 summarized the NDVI values calculated from Sentinel-2

satellite data at a crop age of 50 days (tillering stage). At this stage,
a maximum NDVI value of 0.345 was recorded under medium
phosphorus and high DAP fertilizer application rate (200 kg ha�1).
On the other hand, the minimumNDVI value of 0.333 was recorded
for the low DAP fertilizer application rate (120 kg ha�1) in the low
and the medium phosphorus zones. The difference between the
maximum and minimum recorded NDVI values was 0.012 (not sig-
nificant). The ANOVA results showed no significant differences in
the NDVI values at this stage of wheat growth (at age of 50 days)
resulted neither from different DAP application rates nor due to
different soil phosphorus concentrations. This may be due to the
balance between the availability of DAP fertilizer in the soil and
the small needs of wheat in the early stage, which made the NDVI
values seem to be homogeneous. The same has been reported by
Khan et al. (2010), where plants at the first stage depended mainly
on their seed reserves, with little effect from external supply on
plant growth.
3.3.2. NDVI measured at 75 days after sowing
Table 2 summarizes the recorded NDVI values at 75 days after

wheat sowing (stem elongation stage). A maximum mean NDVI
value of 0.487 recorded under high soil phosphorus zone was sig-
nificantly higher than that under both the medium (0.465) and low
(0.453) soil phosphorus zones. However, there was no significant
differences in the NDVI values between low and medium soil phos-
phorus zones. The ANOVA results showed significant differences in
the NDVI values as a result of variable DAP fertilizer rates. The
highest mean NDVI value of 0.478 was recorded at a DAP fertilizer
rate of 200 kg ha�1, which was not statistically significant com-
pared to the medium DAP level of 160 kg ha�1 with a maximum
NDVI value of 0.477. However, significant differences were
recorded in the NDVI mean values between the low (120 kg ha�1)
and medium (160 kg ha�1) DAP fertilizer application rates. An
NDVI map at 75 days after wheat sowing was generated to illus-
trate the spatial variations in NDVI values within the experimental
field (Fig. 3).
3.3.3. NDVI measured at 95 days after wheat sowing
Table 3 summarizes the recorded NDVI values at 95 days after

wheat sowing (grain filling stage). A maximum mean NDVI value



Table 1
NDVI measured at 50 days after sowing for variable DAP fertilizer rates under
different soil phosphorus zones.

Phosphorus zone DAP fertilizer rate Mean

120 160 200

Low 0.333 0.336 0.337 0.335
Medium 0.333 0.340 0.345 0.339
High 0.338 0.340 0.344 0.341
Mean 0.335 0.339 0.342 0.339
Statistical Analysis P > F LSD0.05

Phosphorus (P) 0.310 NS
Fertilizer Rate (F) 0.157 NS
F at same P 0.926 NS

Table 2
NDVI measured at 75 days after sowing for variable DAP rates under different soil
phosphorus zones.

Phosphorus zone DAP fertilizer rate Mean

120 160 200

Low 0.428 0.459 0.472 0.453
Medium 0.461 0.475 0.459 0.465
High 0.460 0.497 0.504 0.487
Mean 0.449 0.477 0.478 0.468
Statistical Analysis P > F LSD0.05

Phosphorus (P) 0.008 0.017 S
Fertilizer Rate (F) 0.011 0.019 S
F at same P 0.260 NS

Fig. 3. NDVI measured at 75 days after sowing.

Table 3
NDVI measured at 95 days after sowing for variable DAP rates under different soil
phosphorus zones.

Phosphorus zone DAP fertilizer rate Mean

120 160 200

Low 0.295 0.306 0.315 0.305
Medium 0.301 0.313 0.327 0.314
High 0.345 0.498 0.419 0.420
Mean 0.313 0.372 0.354 0.346
Statistical Analysis P > F LSD0.05

Phosphorus (P) <0.0001 0.017 S
Fertilizer Rate (F) 0.0035 0.030 S
F at same P 0.0071 0.052 S
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of 0.420 was recorded in the high soil phosphorus zone, which was
significantly higher than that in both, the low (0.305) and medium
(0.314) soil phosphorus zones. However, no significant differences
were observed in the NDVI between the low and medium soil
phosphorus zones. Also, the results showed significant differences
in the NDVI values resulted from the applied variable DAP applica-
tion rates. The highest mean NDVI value of 0.372 was recorded at
the medium DAP fertilizer application rate of 160 kg ha�1, which
was significantly different compared to the value at the low DAP
fertilizer application rate of 120 kg ha�1 (0.3134). However, there
was no significant differences in the NDVI values between the
medium (160 kg ha�1) and the high (200 kg ha�1) DAP fertilizer
application rates.

3.3.4. NDVI at 125 days after wheat sowing
Table 4 summarizes the recorded NDVI values at 125 days after

wheat sowing (maturity stage). A maximum mean NDVI value of
5

0.140 was recorded in the high soil phosphorus zone, which was
significantly higher than that in the low (0.128) and in the medium
(0.131) soil phosphorus zones. Results also showed significant dif-
ferences in NDVI values resulted from variable DAP application
rates. The highest mean NDVI value of 0.135 was recorded for
the high fertilizer application rate of 200 kg ha�1, which was not
statistically significant compared to that of the medium applica-
tion rate of 160 kg ha�1 (0.134). However, there was a significant
difference in the mean values of NDVI between the low
(120 kg ha�1) and the high (200 kg ha�1) application rates.
3.4. Wheat yield

Wheat yield (t ha�1) of the experimental study field was deter-
mined for the different soil phosphorus zones and variable DAP fer-
tilizer application rates (Fig. 4) and evaluated using the statistical
analysis presented in Table 5. Results revealed significant differ-
ences in wheat yield as a result of soil phosphorus levels and vari-
able DAP fertilizer application rates. Optimum wheat yield was
observed at high soil phosphorus level with a mean value of
2.541 t ha�1, which was statistically significant compared to that
under low soil phosphorus zone (2.332 t ha�1). However, no signif-
icant differences were observed in wheat yield between the high
(2.541 t ha�1) and the medium (2.425 t ha�1) phosphorus zones.
Wheat yield results under variable DAP fertilizer application rates
showed that thehighest yield was recorded at the high DAP fertil-
izer application rate (200 kg ha�1) with a mean value of
2.449 t ha�1, followed by that at the medium application rate
(160 kg ha�1) of 2.441 t ha�1, with no significant differences
between them. Significant differences were observed between
wheat yields under the low (2.407 t ha�1) and the high
(2.449 t ha�1) fertilizer application rates. The results were at the
same trend of the NDVI values of wheat at the tilliering, stem elon-
gation and maturity stages.

These results are in agreement with the findings of Sultana et al.
(2014) at the maturity stage. As illustrated in Table 5, the highest
wheat yield (2.560 t ha�1) was recorded at the medium application
rate in the medium soil phosphorus zone. Therefore, adding more
DAP fertilizer would not be useful in improving wheat yield
because only 20 to 30% of phosphorus fertilizers was effectively
used by crops, while the remaining would leach down to ground-
water, or get fixed within the soil (Rowse and Stone, 1981).

Results of this study was in agreement with the findings
reported by Rowse and Stone (1981), where the highest yield in
the low soil phosphorus zone was recorded at the high DAP fertil-
izer application rate; however, the highest yield in the high soil
phosphorus zone was obtained at the medium DAP fertilizer appli-
cation rate. However, the application of uniform DAP fertilizer
rates practiced in the study area would not improve the yield of
wheat crop, but would only increase the cost of production.



Table 4
NDVI measured at 125 days after sowing for variable DAP rates under different soil
phosphorus zones.

Phosphorus zone DAP fertilizer rate Mean

120 160 200

Low 0.126 0.128 0.131 0.128
Medium 0.129 0.131 0.132 0.131
High 0.138 0.141 0.142 0.140
Mean 0.131 0.134 0.135 0.133
Statistical Analysis P > F LSD0.05

Phosphorus (P) <0.0001 0.0014 S
Fertilizer Rate (F) 0.0002 0.0014 S
F at same P 0.4634 NS

Fig. 4. Wheat yield map of the experimental field.

Table 5
Wheat yield (t ha�1) Effect under different phosphorus zones and variable DAP rates.

Phosphorus Level DAP Rate (kg ha�1) Mean

120 160 200

Low 2.290 2.337 2.369 2.332
Medium 2.418 2.427 2.430 2.425
High 2.514 2.560 2.549 2.541
Mean 2.407 2.441 2.449 2.433
Statistical Analysis P > F LSD0.05

Phosphorus level (P) 0.0001 0.1249
DAP rate (F) 0.0457 0.0329

Table 6
Economic feasibility of variable rate application of DAP fertilizer.

Amount/Cost of DAP fertilizer

Variable rates

Soil Phosphorus Zones Area (ha) DAP Rate (kg ha�1) Amount (kg) Cost*

Low 10.2 200 2040 1224
Medium 14.7 160 2352 1411
High 5.1 160 816 489.6
Total 30 5208 3124

*1.0 kg DAP = 0.60 $ (https://www.indexmundi.com/commodities/?commodity=dap-fer

A.M. Zeyada, K.A. Al-Gaadi, E. Tola et al. Journal of King Saud University – Science 34 (2022) 101904

6

Based on the results of this study, wheat yield wasn’t signifi-
cantly improved, but the decrease in the amount of DAP fertilizer,
without affecting the yield, led to reduction in the total cost. More-
over, reduction in DAP would reduce the negative impacts on the
environment by applying only the required fertilizer rates on each
zone of the field. Excessive use of fertilization causes the accumu-
lation of heavy metals in the soil and plants, which leads to pollu-
tion of water, soil and air (Savci, 2012). This considered as one of
the advantages of variable rate technology that can provide farm-
ers with a better understanding of soil fertility variables within
the field to optimize fertilizer application rates; thus, reducing
the negative effects of excessive application, such as environment
degradation, crop damage and yield losses (Azhagesan and
Ravikumar, 2016). Results of this study can be extended to develop
reasonably fast and accurate models for predicting crop yields
using machine learning or deep learning techniques, such as that
described by Mudunuru et al. (2021).

3.5. Economic feasibility of variable rate application of DAP fertilizer

As indicated in Table 6, the economic feasibility of variable rate
application was studied based on the results of statistical analysis.
The analysis showed that there were no significant differences in
wheat yield between the DAP fertilizer rates of 160 and 200 kg ha�1

in high andmediumphosphorus zones. Therefore, the DAP fertilizer
rate of 160 kg ha�1 was considered as the optimum rate for wheat
production in the high and medium phosphorus zones of the study
area. However, the DAP fertilizer of 200 kg ha�1, which was signif-
icant with other rates, was considered as the optimum rate for the
low soil phosphorus zones. The total DAP amount for the conven-
tional rate (200 kg/ha), practiced in the study area, for the total area
of the experimental field (30 ha) was 6000 kg, at a cost of 3600 $.
Likewise, the total amount DAP fertilizer for the rate of 160 kg ha�1

in themedium and high phosphorus areas (19.8 ha) was 3168 kg, at
a cost of 1900.8 $. Also, the total DAP amount for the rate of
200 kg ha�1 in the low soil phosphorus zone (10.2 ha) was
2040 kg, at a cost of 1224 $. The total amount of 6000 kg of DAP fer-
tilizer was required for the uniform application rate in the experi-
mental field compared to 5208 kg when practicing variable rate
application. This results in savings of 792 kg of DAP fertilizer at a
cost of 475.2 $ for the experimental 30 ha field (i.e. 15.84 $ ha�1).

4. Conclusions

A field study was conducted to evaluate the feasibility of apply-
ing variable DAP fertilizer rates to wheat crop, under a solar energy
powered center pivot irrigation system, based on soil phosphorus
levels in the experimental field. The specific conclusions of this
study could be summarized as follows:

� There were no significant differences in the NDVI values
between the studied soil phosphorus levels and variable DAP
fertilizer application rates at the crop tillering stage.
Uniform Rate
(200 kg ha�1)

($) Amount (kg) Cost* ($) Savings in DAP (kg) Savings in DAP ($)

2040 1224
.2 2940 1764

1020 612
.8 6000 3600 792 475.2

tilizer&months=60).
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� Results showed high significant differences in the wheat yield
(P > F = 0.0001) and variable application rates. However, low
significant differences (P > F = 0.0457) were observed between
the soil phosphorus levels and the different fertilizer applica-
tion rates.

� High DAP fertilizer application rate of 200 kg ha�1 was found to
be optimum for the areas of low soil phosphorus level. How-
ever, the low application rate of 160 kg ha�1 was found to be
the optimum for the areas of high and medium soil phosphorus
levels.

� Savings in the DAP fertilizer of 792 kg can be achieved by apply-
ing the medium DAP fertilizer rate to the medium and high soil
phosphorus zones, resulting in equivalent savings of 475.2 $ for
the 30 ha experimental field (i.e. 15.84 $ ha�1).
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