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ABSTRACT

Slow release fertilizer has become a new trend for saving chemical fertilizer consumption and to minimize
environmental pollution. This study was aimed to use neem cake as a natural material for coating urea for improving fertilizer
efficiency and reduce N-losses. Also to investigate the application of neem cake coated urea with or without foliar nano iron on
wheat productivity. Neem cake coated urea and nano iron were prepared. Two experiments (incubation and field) were carried
out. Incubation experiment was conducted using soil samples to study the efficiency of the use neem cake coated urea on NH4"
release under conditions of saturated and field capacity for nine weeks. A field experiments was carried out to study the effect of
neem coated urea with or without nano iron as foliar spray on N-use efficiency, wheat yield, components and nitrate leaching.
The results of incubation experiment showed that, the release of NH," was the highest under saturated conditions as compared
with field capacity. The release of NH," from neem coated urea was slow for a long period of time compared to uncoated urea.
The data of the field experiment showed that the application of neem coated urea fertilizers led to a lower concentration of nitrate
in drainage water. A highest increase in the grain yield of wheat was recorded by application of neem coated urea fertilizers with
foliar nano iron compared to uncoated urea as a control. Results illustrated that controlled released urea fertilizer improved yield
by 24% and enhanced N uptake up to 77% as compared to uncoated urea as control treatment. Applied of neem coated urea and
nano iron foliar has increased nitrogen uptake and recovery efficiency of wheat. From the results obtained, it could be concluded
that, the possibility of using neem coated urea as well as foliar spraying with nano iron for rationalize the use of nitrogen

chemical fertilizers, thereby reducing the pollution as well as reducing the costs of agricultural production.
Keywords: Neem coated urea, nano iron, nitrogen use efficiency, nitrate leaching, wheat, and yield.

INTRODUCTION

Poor nutrient utilization and nitrogen losses from
urea applications have been reported for many years
(Khalil et al., 2009). The N losses from applied urea
were estimated at 30 to 60% in tropical soil due to
different losses i.e., volatilization, leaching ...etc,
reducing the use efficiency of applied fertilizers
(Ramesh et al., 2010). This reduces the productivity and
increases the cost of cultivation besides polluting the
environment (Khalil et al., 2003; Zhang et al., 2010).

Recently, the use of slow release fertilizers is a
new trend to save fertilizer consumption and to
minimize environmental pollution (Jarosiewicz and
Tomaszewska 2003 and Li ef al., 2016). Slow release
fertilizers are made to release their nutrient contents
gradually and to coincide with the nutrient requirement
of a plant (Tyliszczak et al. 2009). These fertilizers can
be physically prepared by coating granules of
conventional fertilizers with various materials that
reduce their dissolution rate (Tomaszewska et al. 2002).
The release and dissolution rates of water-soluble
fertilizers depend on the coating materials. The
membrane materials developed can be divided into two
main varieties, inorganic mineral and organic polymer
(Zou et al. 2009). In this context, the controlled release
technology by coating urea with different materials such
as phosphogypsum, sulphur, resin polymers, Dicyclo
pentadiene (DCPD), pine tree Kraft lignin and neem
using different techniques of rotating drum, fluidized
bed and spouted bed to increase the efficiency of urea
fertilizer has been investigated (Susherman and
Anggoro, 2011).

Neem cake has an adequate quantity of NPK in
organic form for plant growth. Being a totally botanical

product it contains 100% natural NPK content and other
essential micro nutrients as N (2-5%), P (0.5 -1.0%), K
(1-2%), Ca (0.5-3.0%), Mg (0.3-1.0%), S (0.2- 3.0%),
Zn (15 - 60 ppm), Cu (4 - 20 ppm), Fe (500 -1200 ppm),
Mn (20 - 60 ppm). It is rich in both sulphur compounds
and bitter limonoids. According to research calculations,
neem cake seems to make soil more fertile due to an
ingredient that blocks soil bacteria from converting
nitrogenous compounds into nitrogen gas. It is a
nitrification inhibitor and prolongs the availability of
nitrogen to both short duration and long duration crops
(Schmutterer, 2002).

Neem and its parts are being used to manufacture
urea coating agent to improve and maintain the fertility
of soil. Use of neem urea coating agent helps to retard
the activity and growth of the bacteria responsible for
denitrification (Susherman and Anggoro, 2011). It
prevents the loss of urea in soil. Urea coating is
generally available either in liquid form or powder
form.

In plant, micronutrients play an important role in
the production and productivity. Among micronutrients,
Iron is a cofactor for approximately 140 enzymes that
catalyze unique biochemical reactions (Brittenham,
1994). Iron is required at several steps in the
biosynthetic pathways (Miller et al., 1995). Singh and
Dayal, (1992) concluded that spraying iron would cause
a 38-42% increase in the peanut yield in alkaline soils.
Zareie et al., (2011) with study effect of nitrogen and
iron fertilizers on seed yield and yield components of
safflower genotypes was reported that, use of foliar
spraying of iron fertilizer had significant effect on seeds
per head and seed yield of safflower genotypes. The
present investigation was conducted to find out how far
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natural material coated urea products were able to save
fertilizer consumption and to minimize environmental
pollution and to study the effect of foliar spraying of
nano iron on wheat yield and yield components.

MATERIALS AND METHODS

This Work was divided into three steps:
1) Preparation of neem cake coated urea and Nano iron.
2) Experimental of soil incubation was conducted to
study the efficiency of the use neem cake coated on

Urea before coated with Neem cake

NH, -Release. 3) Field experiment was carried out to
study the effect of neem cake coated urea and foliar
application of nano iron on N-use efficiency, wheat
yield, components and nitrate leaching.
Synthesis of neem cake coated urea

A solution containing 5 g of wax in 10 ml of
hexan was prepared and mixed with 1 kg urea and kept
aside for 30 minutes for proper soaking of urea; then 50
g of finely powdered and sieved neem cake was mixed
thoroughly with urea for their uniform coating Fig. (A).

Urea after coated with Neem cake

Fig. A. Urea before and after coated with Neem cake

Synthesis of Nano iron:

Three steps preparation scheme for iron
nanoparticles according to Sun et al., (2006) starts with
a solution of NaBH,; (0.8 M) in deionized water was
prepared as a reducing agent and mixing with
FeCl3.6H,0 (0.2 M) for 5 min at 25°C. Next, solution
was filtrated and washed the Precipitate with deionize
water for removal the excessive amount borohydrate.
Nano iron particles were dried under N, gas and were
saved from the oxidation by adding a thin layer of
ethanol.

Incubation of soil samples with coated urea:

This experiment was conducted to study the
controlling release technology by coating urea with
neem coated to reduce nitrogen fertilizer losses and
reduce the environmental pollution. One kg of soil
samples that collected from the farm of Agriculture
Research Centre was weighted. Urea fertilizer in this
experiment was applied at four treatments, (1) 100%
urea (U) as a control, (2) Neem cake coated 100% urea
(NCCU100), (3) 80% Urea, and (4) Neem cake coated
80% urea (NCCUS80). Each treatment from urea
fertilizer was added to be the final concentration of the
urea fertilizer was 1000 mg urea/ kg. The soil and
fertilizer was mixed well. 20 g of soil samples were
weighted and transferred to separate foil cups and
moisture content was added to bring the soil samples to
field capacity (FC) and saturated (ST), respectively. At
regular intervals, the cups were weighted and the
moisture content was maintained constant at FC and ST.
The cups were incubated at the room temperature (20-

25 °C) for 9 weeks. Samples of soil were taken after 1,
2,3, 4,5, 6, 7, 8 and 9 weeks of incubation for
determination the release of NH,".

Field experiment:

This experiment was carried out to evaluate the
use of neem cake coated urea and foliar nano iron to
improve the efficiency of nitrogen fertilizer and increase
wheat yield. In winter season (2016/2017) wheat grains
(Triticum aestivum L.) cultivar Sakha 93 were grown
the farm of Agricultural Genetic Engineering Research
Institute, Agriculture Research Centre - Giza
Governorate, Egypt. The experiment was carried out in
a complete randomized blocks with three repetitions
with plot area 1.5m? (1x1.5m). The treatments were
eight treatments; (1) 100% urea (U) as a control, (2)
100% urea + Fe, (U100 + Fe, (3) Neem cake coated
100% Urea (NCCU100), (4) Neem cake coated 100%
urea + Fe (NCCU100 + Fe), (5) 80% urea (U 80), (6)
80% urea + Fe (U 80 + Fe), (7) Neem cake coated 80%
urea (NCCUS80), (8) Neem cake coated 80% urea + Fe
(NCCUSO0 + Fe).

Some characteristics of the studied soil before
sowing are presented in Table (1). Wheat was fertilized
with P and K according to the recommended rates (200
kg P,Os fed' and 24 Kg K,O fed"). Nano iron was
applied at a rate of 100 ppm as foliar spray. Three times
of foliar application was carried out, the first time was
after 90 days (booting stage) and 105 days (heading
stage) and 120 days (milking stage).
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Analytical methods

Some characteristics of the studied soil were
analysed according to Page et al., (1982). Soluble and
available ammonium and nitrate were determined
according to Chapman and Pratt., (1961) using Micro
Kiedahel.

Table 1. Some physical and chemical properties of
the studied soil

Physical Value
Coarse sand% 6.1
Fine sand% 19.9
Silt% 38.5
Clay% 35.5
Texture class loamy clay
Chemical properties

pH (1: 2.5, soil suspension) 7.72
Organic matter (%) 1.19
ECe dS m™, soil paste extract 1.74
Soluble cations (meq/L)

Ca™ 8.2
Mg 4.1
Na’ 35
K" 1.6
Soluble anions (meq/L)

CO3~ -
HCO3" 5.1
Cr 5.3
S04~ 7.0

At the harvest all plants were harvested and
collected per plot then yield per feddan was calculated.
Phosphorus content in plant sample, was estimated by vana
domolybdate yellow method spectrophotometrically and
K by flame photometer (Jackson, 1973). Total nitrogen
was estimated by micro-Kjeldahl method according to
(AOAC.,1990). Total -carbohydrate was extracted
according to (Smith, et al. 1964) and determined using
spectrophotometer according to (Murphy, 1958). Protein
was calculated by multiplying the values of total nitrogen
in 5.75. All data were statistically analyzed using
MSTATC computer program according to procedures
outlined by Freed and Scott, (1986).

Calculate Nitrogen Use Efficiency:

Nitrogen Use Efficiency (NUE) (%) = [(N uptake
of N treatment — N uptake of N deficiency treatment) /
N unit application] x100.

Agronomic N efficiency (kg/kg) = (yield N treatment —
yield N deficiency treatment)/ N unit applied.
Economic Evaluation:

The yield components were calculated and
economical analysis performed using the following
equation out lined by FAO (2000).
1)Total return = yield x price (grain + straw)
2)Net return (NR) = Total return — Total cost of

production
3)Investment factor (IF) = Net return (NR) / Total cost
of production

RESULTS AND DISCUSSIONS

1. Incubation experiment:
NH,"-N release:

Neem coated urea fertilizers were applied to soil
to study the release of NH,'-N at different times of
incubation under saturated percentage and field capacity
compared to Urea as a control. The results showed that,
the release of NH," -N was the highest under saturated
conditions than field capacity (Figs. 1 and 2). Data
showed that the uncoated urea has rapid hydrolysis;
releasing the highest NH," at the first week. The values
of ammonia reached 415 and 388 ppm for saturated and
field capacity, respectively. Data also showed a
decrease of NH,' release with increase the time of
incubation reaching to 15 and 16 ppm at nine week for
saturated and field capacity, respectively. Regarding the
neem coated urea, the results revealed that the value of
releasing NH," at the first week was reached 286 and
210 ppm for saturated and field capacity compared to
control. Data also showed an increase in the release of
ammonia with increase the time of incubation. The
highest values of NH," -N reached to 330 and 286 ppm
for saturated and field capacity, respectively. Generally,
the release of NH," has increased rapidly in uncoated
urea compared to coated urea. The slow release of
NH,"-N using neem coated urea was due to the resistant
coating provided by the neem cake to the entry of water
into the urea granule, and also might be due to the
inhibition of urease activity in the soil as a result to the
action of neem cake (Singh et al., 1996; Purakayastha et
al., 1997). Neem coated urea also released NH, -N for a
longer period without conversion to NO;™ because of
nitrification inhibition phenomenon due to presence of
neem cake coating.

2. Field experiment:
Nitrate leaching:

Sampling of water was collected from through the
pezometer after soil irrigation (six times irrigation) to
determination the release of nitrate in water sample. The
release of NO; (Fig. 3) was faster at uncoated urea
treated soil than neem coated urea, which ranged from
152 to 22 mg kg for uncoated and ranged from 19 to
24 mg kg at 15 to 105 day for neem coated urea,
respectively. The nitrification inhibition (NO;" release)
was slow in neem cake coated urea as compared to
uncoated urea during the trial period. Generally, the
release of NO;™ has increased rapidly in uncoated urea
compared to coated urea which is due to quick
nitrification of the released NH,'. Neem cake coated
urea decreased the release of nitrate for a long period as
a result to nitrification inhibition phenomenon. Due to
its slow release property by coated urea with neem cake;
it consequently reduces the leaching of nitrogen and
then environmental pollution as compared to
conventional urea fertilizer.
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The application of neem coated urea fertilizers
with or without foliar nano iron led to significantly
increase in the grain yield of wheat (Fig. 4) compared to
uncoated urea at two rates (100 or 80% from
recommended) as a control. It is evident that the yield
under different treatments was in the following
increasing order: U100+Fe (10%) < NCCU100 (18%)
< NCCUI100+Fe (24%) compared to U100 while
U80+Fe (10%) < NCCUS80 (19%) < NCCUS80+Fe
(26%) compared to Urea80. Also the results showed a
decrease in wheat yield using urea 80% treatment, this
decrease reached to 16% compared with urea 100. Also,

it was found that NCCUS80 and U80 +Fe treatments
recorded a decrease in yield compared to control 100,
but this decrease was observed to be less compared to
U80. The decrease percentage in yield reached to 0.4, 8
and 16% for NCCU80, U8B0 + Fe and U80 treatments,
respectively. This increase in grain yield was due to
availability of on nutrient mainly nitrogen by neem
coated urea was helped in reducing the leaching and
volatilization losses thereby accelerated the availability.
It was noted that the addition of iron as foliar spray gave
the highest value of yield of wheat plant as compared to
without iron as foliar spray. These results may be
related to the structure of the ionic compound and the
ability of urea to form stable complexes with Fe and
urea through a ligand-exchange reaction (Siam et al.,
2006). These results are in harmony with the findings of
Gagnon et al., 2012 and Joshi et al., 2014. Zeidan and
Nofal (2002) showed that application of micronutrients
only (Fe, Mn, Zn and Cu) or with adding 1% urea on
growth and yield of wheat caused significant increases
in wheat grain protein content, yield and quality of
wheat. Results of Seilsepour, 2007 showed that foliar
application of Fe and Zn increased grain yield and
protein content.

yeild (Ton/fed)

U100 U100 + Fe NCCU100 NCCU100 uso U80+Fe NCCU80 NCCUS80+
+Fe Fe

Fig. 4. Effect of neem coated urea and nano iron
spraying on wheat Yield (ton/fed)

Total Protein and carbohydrate contents of wheat:
Data as shown in Figs 5 and 6 demonstrated
that the application of neem coated urea and nano iron
foliar application caused significant increments in both
of total protein and total carbohydrate values in wheat
grain compared to uncoated urea as a control. The
highest values of carbohydrates and protein were
obtained in NCCU100+Fe. These results related to
availability of nitrogen by neem coated urea. These
results are in agreement with those of Shilpha et al.,
(2017). Use of neem urea coating agent helps to retard
the activity and growth of the bacteria responsible for
denitrification. It prevents the loss of urea in the soil.
Neem seed cake performs the dual function of both
fertilizer and pesticide, acts as a soil enricher, reduces
the growth of soil pest and bacteria, provides
macronutrients essential for all plant growth, and helps
to increase the yield of plants in the long run, bio
degradable and Eco friendly and excellent soil
conditioner (Lokanadhan et al., 2012). In this concern,
Liu, et al., (2012) reported that application of slow
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release fertilizers increased the percentage of crude
protein in grains of maize. Shao et al., (2013) found that
application of slow release fertilizers increased the
percentage of crude protein in grains of maize.
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U100 U100+Fe NCCU100 NCCU100 uso UB0+Fe  NCCUSO  NCCUSO+
+Fe Fe

Fig. 5. Effect of neem cake coated urea and nano iron spraying on
carbohydrates% of wheat
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Protein%

U100 U100 +Fe NCCU100 NCCU100 uso UB0+Fe NCCU80D NCCUBO+
+Fe Fe

Fig. 6. Effect of neem cake coated urea and nano iron spraying on
protein% of wheat

Wheat plant content of macronutrients:

Data in figs. 7, 8, and 9 showed that neem
coated urea with or without foliar application of nano Fe
caused significant increments in macronutrients of
wheat plant compared to the control values (uncoated
urea). The highest values were recorded in
NCCU100+Fe followed by NCCU100. This results due
to increase availability of macronutrients in soil due to
mobilization and release of nutrients from sources.
Coating urea with neem cake reduced the leaching and
volatilization losses and also inhibits the nitrification
process resulting in increased the availability of
nutrients in soil and its uptake by plant. These results
are in conformity with findings of Sujatha et al., (2007),
Singh, (2013) and Sanjaykumar et al., (2015). Pande et
al. (1993) observed that the foliar application of 3%
FeSO, to groundnut increased the uptake of N, K and
Fe. Modak and Chavan (1999) reported that application
of 20 ppm as FeSO, with NPK application significantly
increased rice grain uptake of N, P, K and Fe over NPK
application alone. The application of Fe increased NPK
uptake and their concentration in wheat significantly
over control (Abbas et al. 2012). Generally, application
of the neem coated urea to wheat plants caused an
increase in grain yield, crude protein %, total
carbohydrates and macronutrients. It is concluded from
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these results that controlled released urea fertilizer
improved dry matter yield by 14.7%; enhanced N
uptake up to 53.8% as compared to uncoated urea as
control treatment. The results may be due to the useful
effect coating material on plant which regulation of
nutrient release and increment the nitrogen use
efficiency by plant than uncoated fertilizers and
decreasing N leaching losses and provide a constant
supply of nutrients to the root.

Nitrogen Uptake and recovery efficiency of wheat
yield:

Data in table (2) show the nitrogen uptake and
recovery efficiency of wheat plant under different
treatments. Urea application at two rates (100 and 80%)
with nano iron foliar treatments increased the nitrogen
uptake of wheat by 21.86 and 30.82 % as compared to
U 100 and US80, respectively. Data showed that
application of neem coated urea (100 and 80%) without
or with nano iron foliar increased nitrogen uptake. This
increment reached to 53.84, 40.26, 77.16, 65.26%,
respectively. Recovery efficiency of nitrogen increased
with foliar spray of nano iron and application of neem
coated urea individually or combined at two rates of
urea (100 and 80%). These increases in wheat yield as a
result to application of neem coating urea may due to
increased N use efficiency.
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Table 2. Effect of neem coated urea and nano iron

foliar on nitrogen uptake and recovery
efficiency of wheat yield

J

N-
yield Nitrogen NUE AUE
Treatment (o redy 9% (‘lj(;tff‘:‘;) % (Kg/Kg)
U100 2.45 2.08 509 4971 31.00
U100 + Fe 2.70 23 62.1 6.085 3433
NCCU100 2.81 2.79 783 7.715 35.80
NCCU100 +Fe  3.05 2.96 90.2 8903 39.00
U80 2.05 1.74 356 4303 32.08
U 80 + Fe 2.31 2.02 46.6  5.677 36.42
NCCU80 2.36 2.12 50.0 6.098 37.25
NCCUS80 + Fe 2.53 2.33 58.9 7.212 40.08

NUE% Nitrogen use efficiency
AUE (Kg/Kg) Agrominic nitrogen efficiency
Economic Evaluation:

Data of the economical analysis for this study
were illustrated in table (3). It is useful to compare total
cost of production (TC), total return (TR), and the net
return (NR) under the different all treatments. Total
return of wheat is based on productivity of wheat grains
(Ton/fed). The cost of production included the cost of
agricultural practices, tillage, pesticides, fertilizers and
materials using for coated urea. It is evident from the
results that, generally, all treatments realized reasonable
profitability because their investment factor (IF) more
than 3 (FAO 2000).

Table 3. Economic evaluation of using of neem
coated urea and nano iron foliar

yield Ardab/ TR TC NR

Treatment (0 /fed) fed (LE)(LE)(LE) ¥

U100 245 163 6360 1135 5725 6.04
U100+Fe 27 18.0 7560 1155 6405 6.55
NCCU100 281 187 7868 1220 6648 6.45
NCUCI00+Fe  3.05  20.3 8540 1240 7300 6.89
U80 205 13.7 5740 1050 4690 5.47
USO+Fe 231 154 6468 1070 5398 6.04
NCUCS80 236 157 6608 1140 5468 5.80
NCUC80+Fe  2.53  16.9 7084 1148 59366.17

TR total return, TC total coast, NR net return, IF investment
factor

The maximum profitable or net return (7300 LE)
was obtained from the treatment of NCUC100+Fe
followed by the treatment of NCCU100 (6648 LE) then
U100 + Fe (6405 LE). The data also indicated that the

highest investment factor (IF) of 6.89 was recorded with
NCUC100+Fe treatment followed by the treatments of
U100 + Fe and NCCU100 which had net return (7300
and 6405 LE) respectively. These mean that the highest
investment factor (IF) does not always give the highest
profitable return. Thus it can be concluded that the
treatment of NCUC100+Fe achieved the highest income
for farmers.

CONCLUSION

This study recommends by using neem cake
used as a natural coated for chemical nitrogen fertilizer
to increase the efficiency of N application and minimize
the losses by leaching and to prevent the environmental
pollution, as well as the study recommends with foliar
application of nano iron to increase wheat yield and
reducing the costs of production.
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