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ABSTRACT

This paper proposed N fertilizer recommendation
method for wheat grown in West Nile Delta, Egypt in
order to obtain optimum yield at increased use efficiency
of the applied fertilizer. The proposed method relies on
target N uptake, indigenous soil N supply (ISN) and
recovery efficiency of the applied N fertilizer (REN). The
first season experiments (2015/2016) were conducted at
five locations (El-Khatatba, South El-Tahrir, El-Bostan,
North El-Tahrir and El-Nobaria). In these experiments, an
increasing rate of N fertilizer from zero to 285 kg N ha*
was applied in the tested plots. The maximum grain yield
of wheat as computed from the generated quadratic
function was 7286 kg ha™ for maximum uptake of 268 kg
N hal From the data of the first season, prediction
equations of the ISN and REN were developed depending
on soil organic matter, clay content and soil available N.
The second season experiments (2016/2017) were
conducted at four different locations (El-Khatatba, South
El-Tahrir, El-Bostan and North El-Tahrir) in order to
validate the established prescriptive equation (PE) against
the general recommendation (GR) and farmer practice
(FP). The PE successfully regulated the N fertilizer
requirements according to soil test and target yield. For
instance, the application rate at El-Bostan location as
guided by the PE was 185 kg ha™ gave a grain yield of
4423 kg ha™* with a REN of 46.8 %. However, with 285 kg
N fertilizer ha as GR, the obtained grain yield was 5100
kg ha® with a REN of 35.6 %. On the other hand, the
application rate at North El-Tahrir location as guided by
the PE was 330 kg N fertilizer ha™* resulted in 7490 kg ha™
grain yield and 66.4 % REN. However, the GR gave 7100
kg ha grain yield and 51.1 % REN. These results proved
the inadequacy of the GR in getting high grain yield along
with high use efficiency, and then consider able wastage of
the applied N fertilizer are predicted. Unexpectedly,
farmers showed a remarkable ability to increase or
decrease N fertilizer rates according to soil status and
projected yield due to experience. Nonetheless, the PE that
developed in this study gives a scientific and reasonable
basis to adjust N fertilizer rate depending on soil
properties, and hence plant response to the applied N
fertilizer.
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Nitrogen is the nutrient that most limits growth of
cerealsand N fertilizer is the key input in production. It
is typically required in larger quantities than any other
nutrient if farmers are to reap high yield. In Egypt, it is
estimated that 247000 tons N were applied to wheat
crop only in 2010/2011, representing 21.3 % of Egypt’s
N fertilizer consumption (Heffer, 2013). Although it is
the determinant factor in cereal crop yield, N involves
high energy-production costs and is, because of its
mobility in the soil-plant-atmosphere system, easily
dissipated in the environment if not properly applied
(Mahler et d., 1994; Guillard et al., 1995; Ali, 2014; Ali
et al., 2015). The inappropriate N management has
detrimental effects on crop yield and the environment,
and can aggravate disease and pest incidence (Bijay-
Singh and Y advinder-Singh, 2003; Fageria and Baligar,
2005). The N fertilizer recovery efficiency (REN) has
been found to be around 44 % for wheat based on
worldwide evaluation (Krupink et al., 2004). It means
large quantity of N fertilizer is lost from the soil to the
environment.

In majority of the cereal growing areas in Egypt, N
recommendations are  practiced as  genera
recommendation (GR) for large areas. In this method,
high quantity of the nutrient is applied to compensate
for a possible low supply from the soil in any field and
thus ensuring high crop yields. High crop yields can be
obtained with the GR that involves fixed-rate method.
However, the uniform adoption of GR does not ensure
economy and efficiency of N fertilizer. In fact, the
variation in soil fertility is not taken into account in this
method, and there will be considerable wastage of
fertilizer. Despite many years of research efforts, an
accurate method for determining how much N fertilizer
can be applied to intensively managed cerea crops to
obtain high target yields, maintain adequate soil fertility
and minimize environmental risk is still a debatable
issue (Zhu, 2006; Robertson and Vitousek, 2009; Ali,
2014). Efficient N fertilizer management can be defined
as managing N fertilizer so crop uses as much of the
applied N as possible (Ferguson et a., 1994). The
concept of “spoon feeding” N to the crop on an “as
needed” basis (Schepers et al., 1995) is intended to
enhance the efficiency of N fertilization and reduce the
potential for environmental contamination.
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Decisions on N fertilizer applications require
knowledge of the expected crop yield response to N.
The latter is afunction of crop N demand, indigenous N
supply (ISN) from soil, and the fate of the N fertilizer
applied as an efficiency factor. Most N fertilizer
recommendations are based on empirical crop response
functions derived from factorial N fertilizer trials
conducted across different locations (Doberman et d.,
2003), but the great spatial and tempora variations
between and within fields in yield response to applied N
has limited use of this method in practica N
management (Schmidt et a., 2002; Mamo et a., 2003;
Scharf et al., 2005; Miao et a., 2006). The differencein
N responses is due to the variability of crop demand
(Fiez et al., 1995) and soil N supply and N losses (Délin
et al., 2005). The chalenge in site-specific N
management strategies is to develop methods that can
guantitatively yet simply estimate optimum N rates to
meet crop needs for specific locations. Yield-based
fertilizer N recommendation is a commonly used
method based on the mass balance approach. The
optimum N rate is estimated as the total N content of the
grain minus ISN (non-fertilizer sources) and adjusts for
efficienciesin the ability of the crop to recover fertilizer
N from the soil (Dobermann and Cassman, 2002). For
this approach to be successful, the ISN must be
estimated accurately on appropriate spatial scales
(Dobermann et al., 2003).

Keeping up these issues, a scientific, reasonable and
effective fertilizer recommendation method is necessary
for the requirements of both high yield and friendly
environment as well. Therefore, the present study was
undertaken i) to develop soil test-based prescriptive
technique that can be used to define N fertilizer
requirements for wheat grown at West Nile Delta, and
ii) to validate the developed equation at different
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locations compared with the genera N fertilizer
recommendation and farmer practice (FP).

MATERIALSAND METHODS
Experimental sites

Field experiments were conducted on wheat
(Triticum aestivum L.) variety Sakha 93 during
2015/2016 and 2016/2017 seasons at different locations
in West Nile Delta, Egypt. The first season experiments
were carried out at five different locations (El-Khatatba,
South El-Tahrir, El-Bostan, North El-Tahrir and El-
Nobaria). In these experiments, an increasing rate of N
fertilizer was applied in the tested plots in order to
establish a prescriptive equation (PE) for defining N
fertilizer rate for wheat. The second season experiments
were conducted at four different locations (El-Khatatba,
South El-Tahrir, El-Bostan and North El-Tahrir) in
order to validate the established PE against the GR and
FP. This area has relatively moderate temperatures, with
highs usually not surpassing 31° C as average in the
summer. Only 100-200 mm of rain falls during an
average year, and most of this falls in the winter
months. The maximum average of 34° C is recorded as
the hottest temperatures in July and August. Winter
temperatures are normally in the range of 9° C at nights
to 19° C at days.

Initial soil samples were collected from the
experimental plots, mixed, air-dried, ground, sieved
(through a 2 mm sieve) and analyzed for soil physica
and chemical characteristics and reported in Table (1).
Soil texture was determined using the pipette method
according to Page et a. (1982). The pH and electrical
conductivity (EC) were measured in saturated soil paste
and extract, respectively as described by Page et a.
(1982). Soil organic matter was determined using the
procedure of Walkely and Black as outlined by Page et
al. (1982).

Table 1. The main physical and chemical characteristics of the topsoil (0-30 cm) samplesin the experimental sites, West of

Nile Delta, Egypt

- Avail. Avail. .
. EC’, OM, CaCOs;, CEC, Sand, . Texture Avail. K,
pH 4 4 Silt,% Clay, % N,mg P,mg 4
dSm % % cmolc kg % class B . mgkg
kg kg
Establishment season
El-K hatatba 7.64 1.18 15 6.7 77 79.92 10.56 9.52 LS 23 3.50 50
South EI-Tahrir 7.55 1.35 1.7 7.6 85 7559 1252 11.89 SL 30 3.90 43
El-Bostan 7.97 0.48 0.4 18 0.5 98.05 1.23 0.72 S 9 2.86 17
North El-Tahrir 8.02 2.01 31 25.2 16.2 57.31 22.09 20.60 SCL 43 9.30 83
El-Nobaria 8.44 154 25 185 10.9 68.61 15.40 15.99 SL 40 8.40 80
Validation season
El-K hatatba 7.44 151 2.3 32 8.7 7895 11.63 9.42 SL 29 3.34 57
South EI-Tahrir 7.69 1.21 14 5.0 4.2 83.70 10.14 6.16 LS 28 4.37 43
El-Bostan 7.74 0.98 1.0 3.8 2.8 87.39 8.36 4.25 S 16 3.14 27
North El-Tahrir 7.92 2.80 25 49 18.2 5201 25.39 22.60 SCL 58 11.45 93

" pH in saturated soil paste. Electrical conductivity in saturated soil paste extract.
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Total calcium carbonate content was measured using
calcimeter according to Page et al. (1982). Available N
was extracted by 2 M KCI solution according to Dahnke
and Johnson (1990) and then determined by micro-
Kjeldahl according to Page et a. (1982). Available P
and K were extracted by 1 M NH4HCO; in 0.005 M
DTPA adjusted to a pH of 7.6 (Soltanpour, 1991) and P
was determined colorimetrically using ascorbic acid and
ammonium molybdate using spectrophotometer, and K
was measured using flamephotometer (Page et
al.,1982).

Experimental design

The experiments were laid out in a randomized
complete block design with three replicates. The
treatments in the first season consisted of N fertilizer
levels of 0, 95, 167, 285 kg N ha’ applied as
ammonium nitrate (33.5 % N) in three equal split doses.
The purpose of applying arange N fertilizer rate was to
establish plots with different yield potentials and thus
different total N uptake. The second season experiments
were conducted in order to vaidate the established PE
against the GR (285 kg N ha') and FP (at three
different parts in a farmer’s field alongside the
experiment).

Soil and crop management

Soil was ploughed twice, levelled and divided into
10 m? plots prior to sowing. The wheat seeds were sown
during November by hand. At the time of sowing,
phosphorus (as single superphosphate, 16 % P,Os) and
potassium (as potassum sulfate, 48 % K,0O) were
applied following the general recommendation. Weeds
and diseases were controlled as needed.

Plant sampling and analysis

At maturity, wheat crop was harvested manually.
Grain and straw were weighted from each plot in the
field and samples were collected and dried in hot air
oven at 70?C for three days and ground. For reporting,
grain yields were adjusted to 14% moisture to
standardize yield data (by multiplying oven dry grain
yield with 1.14). The samples were wet digested in
H,S0, — H,O, mixture and total N was determined by
micro-Kjeldahl method (Kalra, 1997).

Calculations and statistical analysis

Regression anadyses were performed using
Statistical Product and Service Solutions (SPSS 18.0).
The analysis of variance (ANOVA) was used to
determine the effects of N treatments on the generated
data. Least significant difference (LSD) was used to test
the differences between means at probability < 0.05 as
described by Gomez and Gomez (1984). The recovery

efficiency of the applied N fertilizer was calculated as
described by Cassman et al. (1998) as follows:

REN, 96 =NUf=Nuz 151
Nap

where N and Ny, are the total N uptake (total N
uptake is the sum of N uptake in grain and straw, and N
uptake in respective part is calculated by multiplying
dry weight of yield with N concentration in percent
divided by 100) in N fertilized and control plots (kg N
ha'), respectively; Ny is the amount of N fertilizer
applied (kg N ha).

RERSULTSAND DISCUSSION
Establishment of target N uptake

The increasing rate of N fertilizer treatments pooled
from all sites generated a high degree quadratic function
between grain yield and total N uptake (Fig. 1). By
setting the first derivative of the quadratic equation to
zero, the maximum grain yield was computed to be
7286 kg ha' for maximum uptake of 268 kg N ha™.
Therefore, the target uptake of N (TUN) for which N
fertilizer application level can be worked out to achieve
the maximum yield in the algorithm being developed in
this study is 268 kg N uptake ha™. This figure will be
modified later according to target grain yields for
economic considerations of the application rate of N
fertilizer.

Prediction of the indigenous soil supply and recovery
efficiency of N

Knowledge of the ISN can reflect the supply of N
from the soil and can be used as guideline for fertilizer
recommendation. In other words, the higher ISN means
higher grain yield in control plots is attainable and
consequently lower fertilizer is required to obtain
maximum yield. Multiple regression was performed
between N uptake in control plots and soil prosperities
in order to predict the ISN. Data showed that the ISN
can be predicted satisfactorily by soil organic matter,
clay and available N contents in soil with R? value of
0.83 (Table2). Several studiesindicated that ISN was an
indicator of soil fertility and could be used to estimate
fertilizer recommendation (Dobermann and Cassman,
2002; Dobermann et a., 2003; Cui et al., 2008). Sail
organic matter playing a critical role in predicting 1SN
in this study, and has also been used previously for
making fertilizer recommendations (Galvis-Spinola et
al.,1998). For example, Soltanpour (1979) assumed that
about 34 kg of available N would be mineralized per
hectare for every 1 % soil organic matter. Likewise, the
REN from N fertilized plots was regressed against soil
properties, and data showed that soil organic matter and
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Fig. 1. Relationship between total N uptake and wheat grain yields

Table 2. Prediction regression equations of indigenous supply of N (1SN) and recovery efficiency of N (REN)

for wheat grown at West Nile Delta

Regression equation R?
ISN (N kg ha)) = 10.674 + 4.217 x OM + 0.918x Clay + 0.212x Available- N 0.83
REN (%) = 27.261+ 3.248x OM +1.309x Clay 0.72

The overall findings of this research indicate that the
differentiated yield response of wheat to N rateis linked
directly to each crop’svarying N total uptake and its use
efficiency. The difference between TUN and ISN can
reflect N requirement to be compensated to attain target
yield. However, the difference in N uptake must be
divided by REN as an efficiency factor under the
assumption that some of the applied fertilizer will be
lost (after dividing the percent value by 100). Summing
up these findings, we can propose the PE that can be
used to define the optimum N fertilizer rate using soil
dataas:

TUN - ISN
REN

In other words, if the target grain yield is 7286 kg
ha,this means the TUN is 268 kg N uptake ha®, and in
such case the PE can be written as:

N fertilizer rate (kg N ha) =
268 (10.674+ 4.217x OM + 0.918x Clay + 0.212x Available- N)
- [(27.261+ 3.248 x OM +1.309 x Clay) + 100]

N fertilizer rate (kg N ha') =

clay contents were the best predictors under the
conditions of this study with R2 value of 0.72 (Table 2).

It is pertinent to mention here that in case of low
REN, the recommended rate of N fertilizer can be high
in order to achieve maximum vyield. Therefore,
following the developed equation without modifying

the target grain yield and then TUN can result in an
uneconomical application rate. Accordingly, a criterion
for defining target grain yield depending on the REN
was proposed by the authors (Table 3). Subsequently,
the TUN would be modified using Figure 1. Thus, the
developed PE should be powerful because it shows that
response to added N, which can differ from location to
location, can be realized depending on soil data.

Table 3. The estimated target yield and total uptake
of N (TUN) by wheat grown at West Nile Delta
according to the predicted recovery efficiency of N
(REN)

Target Target yield, TUN, kg

RE,%  \idd, % kg ha™ ha™
30-35 50 3643 87

35-40 60 4372 102
40-45 70 5100 129
45-50 80 5829 153
50-60 90 6557 190
> 60 100 7286 268

Validation of the established prescriptive equation

In order to validate the performance of the
developed PE, four different sites at West Delta have
been selected to perform on-farm evaluation against FP
and GR. The treatments consisted on the GR in the
region (285 kg N ha?), FP following their experience
and the PE as developed in this study. The datalisted in
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Table 4. The estimated N fertilizer recommendation rate for wheat grown at different locationsin West Nile

Delta according to soil test and target grain yield

ISN", kg N ha' REN" 05 & getyield, TUN™,kg N Fertilizer rate, kg
! ' 70 kgha' N ha™ N ha*
El-Khatatba 35.2 47.1 5829 153 2504
South El-Tahrir 28.2 39.9 4372 102 185.2
El-Bostan 22.2 36.1 4372 102 221.3
North El-Tahrir 54.1 64.8 7286 268 329.9

“ Indigenous supply of N. ~ Recovery efficiency of N.” Total uptake of N.

Table (4) show N fertilizer recommendation as
guided by the PE.

In the experiment conducted in El-Khatatba, a total
of 238 kg N ha' was applied by farmer, whereas 250 kg
N ha™ was applied as guided by the PE (Table 5). There
was statistically similar grain yield between GR and PE
treatments with values of 6267 and 6050 kg ha,
respectively. However, the FP gave grain yield
statistically lower than the GR with a value of 5850 kg
ha'. A similar trend was observed in total N uptake
between treatments with the highest value of 168.6 kg
N uptake ha' for GR, followed by PE treatment with a

value of 162.7 kg N uptake ha™ and FP treatment with a
value of 157.4 kg N uptake ha™. Pertaining to REN, its
values were 49.1, 48.3 and 49.3 % for GR, FP and PE
treatments, respectively without significant differences.

In the experiment conducted in South El-Tahrir, a
total of 190 kg N ha* was applied by farmer, whereas a
total of 185 kg N ha™ was applied as guided by the PE
(Table 5). Results of FP and PE treatments gave
statistically similar yield with values of 4423 and 4433
kg ha®, respectively. Both treatments were lower than
the GR treatment that gave a value of 5100 kg ha* grain
yield.

Table 5. Grain yield, total N uptake and recovery efficiency of N (REN) of wheat grown at different locations
at West Nile Delta as guided by the prescriptive equation (PE), the general recommendation (GR) and far mer

practice (FP)

Total applied N Grainyield, kg Total N uptake, REN. %
fertilizer, kg ha ha't kg ha' 70
El-K hatatba
Control 0 1060 ¢ 285¢ -
General recommendation 285 6267 a 168.6 a 49.1a
Farmer practice 238 5850 b 157.4b 48.3a
Prescriptive equation 250 6050 ab 162.7 ab 49.3a
LSD (p < 0.05) - 238.4 6.4 NS
South EI-Tahrir
Control 0 1333c 359c -
General recommendation 285 5100 a 137.2a 35.6b
Farmer practice 190 4423 b 119.0b 454 a
Prescriptive equation 185 4433 b 119.3b 46.8 a
LSD (p < 0.05) - 139.9 3.8 51
El-Bostan
Control 0 850d 229d -
General recommendation 285 4850 a 1305a 37.8ab
Farmer practice 180 3233 ¢ 86.9¢c 34.8b
Prescriptive equation 221 4117 b 110.7b 39.8a
LSD (p < 0.05) - 148.9 4.0 34
North EI-Tahrir
Control 1483 c 453c -
General recommendation 285 7100 b 191.0b 51.1b
Farmer practice 310 7350 a 253.3a 67.1a
Prescriptive equation 330 7490 a 260.0a 66.4 a
LSD (p < 0.05) - 173.9 13.3 6.5

" Means followed by the same letter are not significantly different within the same column at the 0.05 level of probability by least

significant difference test (LSD).
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A similar trend was observed in total N uptake between
treatments with the highest value of 137.2 kg N uptake
ha for GR, followed by PE treatment with a value of
119.3 kg N uptake ha™ and FP treatment with a value of
119.0 kg N uptake ha™*. However, FP and PE gave REN
higher than the GR with values of 45.4 and 46.8 %,
respectively compared with 35.6 % in GR.

In the experiment conducted in El-Bostan, a total of
180 kg N ha* was applied by farmer, whereas a total of
221 kg N ha* was applied as guided by the PE (Table
5). The GR resulted in the highest grain yield, followed
by PE and FP with values of 4850, 3233 and 4117 kg
ha', respectively. The highest total N uptake was
recorded in GR treatment with a value of 130.5 kg N
uptake ha®, followed by PE and FP with vaues of
110.7 and 86.9 kg N uptake ha, respectively. However,
the highest REN was observed in PE treatment,
followed by GR and FP with values of 39.8, 37.8 and
34.8 %, respectively.

Finally, in the experiment carried out in North El-
Tahrir, atotal of 310 kg N ha' was applied by farmer,
and 330 kg N ha* as guided by PE (Table 5). The FP
and PE gave statigtically similar yield with values of
7350 and 7490 kg ha, respectively, and higher than the
yield obtained in the GR treatment with avalue of 7100
kg ha'. The highest total N uptake was recorded in PE
treatment with a vaue of 260 kg N uptake ha,
followed by FP treatment with a value of 253.3 kg N
uptake ha' and then GR with a value of 191 kg N
uptake ha®. However, FP and PE treatments gave
statistically similar REN with values of 67.1 and 66.4
%, respectively, and followed by GR with a value of
51.1 %.

As expected, the PE successfully regulated the N
fertilizer requirement according to soil test and target
yield. For instance, in El-Bostan area with a relatively
lower soil test, it was predicted that ISN is 22.2 kg N
ha' and REN is 36.1 %. These data favored target grain
yield to be 4372 kg ha' and thus TUN to be 102 kg N
uptake ha*. Under these circumstances, the N fertilizer
requirement was solved to be 221 kg N ha™. This is
agreed with the findings of Cui et al. (2008) who
reported that if the soil N pools are greatly low, it is
very difficult to achieve high target yield and hence
should be decreased. On the other hand, in North El-
Tahrir area with a relatively higher soil test, it was
predicted that 1SN and REN are 54.1 kg N ha' and 64.8
%, respectively. These data directed the target grain
yield to be 7286 kg ha* and then TUN to be 268 kg N
uptake ha®. Therefore, the N fertilizer requirement
turned out to be 323 kg N ha’. These findings are
consistent with the finding of Fawy (2003) who

reported that the attainable yield of wheat in coarse-
textured soils like South El-Tahrir can be 5600 kg ha™
with applying 260 kg N ha®, whereas in moderately
fine-textured soils like North EI-Tahrir the yield can be
as high as 8300 kg ha* with applying the same amount
of N fertilizer.

CONCLUSIONS

Foregoing results revealed that the existing GR of N
fertilizer for wheat leads to excessive amounts of
fertilizer that has an environmental impact and increase
the cost of production. In the present investigation, a PE
was developed based on TUN, ISN and REN. The first
parameter can be obtained based on target grain yield,
while the latters based on soil data. The developed
method takes into account the variation in soil
properties from location to location. The proposed
equation [N fertilizer rate (kg N ha') =

Target uptakeof N —indigenousNsupply
Recoveryefficiencyof N

was proved to be an effective and promising N
fertilizer recommendation method against the GR in
teems of REN and then the production costs.
Surprisingly, farmers showed high ability to judge the
optimum (or resemble) amounts of N fertilizer to be
applied in their fields according to target yield and soil
status based on experience. However, the PE that
developed in this study gives a scientific basis to
modify N fertilizer requirements for wheat grown at
West Nile Delta.
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