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ABSTRACT

Efficient nitrogen fertilizer management is being critical for the improved
production of wheat and can be achieved through source and timing of N application.

In order to identify the effects of different N fertilizer sources and timing of
application on growth, yield and its components of wheat, a field experiment was
carried out at the Research Farm of El-Karada — Kafrelshiekh during 2012-2013 and
2013-2014 seasons. The experiment was conducted in saline sodic soil. The used
variety was Sakha 93 wheat Varity as salt tolerant verity. The experiment was
designed as a split-plot with four replications. The N sources; ammonium nitrate (AN),
ammonium sulpahte (AS), Urea (U) and calcium nitrate (CN) were assigned in the
main plots. The sub-plots consisted of three timing of N applications, T1= full N dose
at sowing, T2= 1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing +
1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.

Results indicated that:-

The differences traits of growth, yield components, grain yield and harvest
index (HI) in the both sources and timing of N application were significant. Ammonium
nitrate increased flag leaf area and chlorophyll content but urea increased dry matter
production. Ammonium sulphate increased yield components, grain yield and HI as
compared to the other N sources.

Split N application especially at sowing, 30 days after sowing and 60 days after
sowing had increased all parameters compared to full dose in 2012 and 2013
seasons.

The interaction between sources and timing of N application was significant for
flag leaf area, dry matter production, spike length, panicle weight, No. of grains/spike,
biological yield, grain yield and HlI.

It was concluded that split application of ammonium sulphate or ammonium
nitrate performed better than full dose application and the other N sources for
improved wheat productivity and thus, is recommended for general practice in saline
sodic soil conditions. Furthermore, the ammonium sulpahte application is better than
other N- sources under current conditions as chemical amendment since it sulfur
bearing fertilizer.

Keywords;wheat, N-sources, time of application, saline sodic soils.

INTRODUCTION

Wheat is strategic crop in Egypt, whereas it is grown under wide
varied spectrum areas. Wheat is grown under different environments and soil
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fertility. Wheat is characterized as salt moderately tolerant since its salinity
critical limit is 5.8 dSm™. Yield of wheat under salt affected soils is lower than
those under normal soil indicating more additional and special management
hast to be develop for wheat. Therefore, in soils affected by salts, increasing
yield of wheat is an option to decrease wheat grain import. In Salt affected
soils; the proper use of N fertilizers, particularly the N form and timing
application applied to plants may influence plant-nutrient-salinity relationships
(Martinez and Cerda, 1989) and increase wheat yield with low inputs. Plants
can take up N in two ionic forms, NH," or NO3~ (Traore and Maranville, 1999).
The N form taken up by plants depends on the available N form, soil
characteristics and plant species, variety and age. Nitrogen availability to
plants differs with N form as a result of differences in mobility of each form in
soil solution. Nitrogen form can also affect the availability of other nutrients
such as phosphorus. Addition of NH," increased the capacity of plant roots to
take up P from soils (Hofmann et al., 1994). Ammonium uptake by plants
decreases soil pH in the rhizosphere because of release of H* from roots
(Gahoonia et al.,, 1992). Nitrate nutrition can cause an increase in the
rhizosphere pH through OH™ and HCO; release which can enhance
mobilization of soil P in acidic soils (Gahoonia et al., 1992). Under non-saline
conditions, most plant species exhibit preference for NO; compared to NH,"
nutrition ,where Compared to NH,—N, NOs—N nutrition increased the uptake
of cations such as Ca*", Mg®* and K* (Mahmood and Kaiser, 2003) also, they
found that nitrogen uptake can therefore play an important role in enhancing
the availability of nutrients in soils and the uptake of nutrients, and hence the
salt tolerance of plants. Also, compared to NH,", NO;™ nutrition increased
plant uptake of Ca**, Mg®*, K" and N and plant biomass at EC 10 dS m™
induced using NaCl. Moreover, in a solution with EC 15 dS m™, NOs-N
uptake by barley increased with increasing concentration of Ca” salts (Ward
et al., 1986). Additionally with salinity induced by NaCl up to 150 mM,
equivalent to 15 dS m™!, with 2 mMN for wheat (Al-Mutawa and El-Katony,
2001) .Although most crops can grow on either N form, supPIying plants with
mixtures of NO;~ and NH," in hydroponics with EC 8 dS m™ (Ali et al., 2001)
and in a loamy sand soil with EC, 12.1 dS m™ (Irshad et al. 2002) often
results in better vegetative growth and enhanced nutrient accumulation than
either form alone. Mohammad and khan (2000) stated that types of N
fertilizer (ammonium sulphate and ammonium nitrate had no significant effect
on spike population, number of grains and 1000 grain weight.

Most studies of N form affect on plant growth under saline conditions
have been conducted in hydroponics (Ali et al., 2001), where nutrients and
Na" salts are in solution and completely available to plants. . Elgharably et
al.(2009) indicated that soil salinity was highest with N addition as NO3-N
and decreased in the following order: NO3-N > NH4-N > NH4NO3-N.
Addition of greater than N50 as NO3-N, compared to NH4-N or NH4-NO3,
increased soil salinity and reduced micronutrient uptake both of which likely
limited plant growth. It can be concluded that in saline soils addition of 100
mg Nkg™ as NH4-N or NH4NO3-N is beneficial for wheat growth yield
components and yield, whereas NO3—-N can cause growth depression.
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Applying the recommended nitrogen in proper dose at certain wheat
growth under saline soil might be improved yield and overcame the nutrient
problem under salt stress. Ayoub et al.(1994) stated that split N application
had little effect on yield, but decreased lodging and spikes population, while
grain weight increased. Split dose of fertilizer at sowing and vegetative stages
or at vegetative and booting stage significantly increased grain weight,
number of grains per spikes. Tariq et al. (2007)found that nitrogen splitting
significantly increased the 1000 grain weight than those of single application.
Also, yield and No. of grains per spike and were increased by split
application. They also indicated that both types of N fertilizers were
comparable in yield and its components. Mohammad et al. (2010) found that
Split N at sowing, tillering and booting stage had increased the biological
yield.

Therefore, the aim of the present study was to assess the effect of N
added as NH,", NO;~ or NH,NO; and application time on wheat growth in a
saline clay soil.

MATERIALS AND METHODS

Tow field experiments were performed at El Karada Water Research
Station, water management and research station, Sakha - Kafr EI-Shiekh
Egypt during 2012-2013 and 2013-2014 seasons. The salinity and pH levels
of experiment sites were 9.5 and 9.0 dSm?&8.53 and 8.61 in the first and
second seasons, respectively (Table 1).

Tablel: Chemical analysis of experimental site during 2012-2013 and
2013-2014 seasons.

Season pH | ECdS/m | ESP | OM% |Bulk density t/m°|Soil texture
2012-2013 | 8.53 9.5 23.7 | 0.73 1.62 Clayey
2013-2014 | 8.60 9.0 23.3] 0.81 1.66 Clayey

Sakha 93 wheat Varity as salt tolerant verity was used. The
experiment was conducted to find out the optimum nitrogen sources and
application timing for wheat under saline sodic soils. The statically design of
the trials was split plot design with four replications. The tested nitrogen
sources were ammonium nitrate (AN)33%, ammonium sulphate(AS) 20%,
urea(U) 46%and calcium nitrare (15.5%), whereas, they were distributed in
the main plots. The sub- plots were occupied by timing of application, T1= full
N dose at sowing, T2= 1/2 N at sowing + 1/2 N at 30 days from sowing, T3=
1/3 N at sowing + 1/3 N at 30 days from sowing + 1/3 N at 60 days from
sowing. The recommended phosphorus and potassium was applied in the
form of calcium super phosphate (15.5KgP205) and potassium
sulphate(24kg K20), respectively. The above-mentioned nitrogen sources
were applied in the rates of 75 kg N. The phosphorous in the form of calcium
super phosphate was applied in the rate of 15 kg P,Osfed™. The seed was
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drilled in rows with spacing of 20cm between rows each other. The plot area
was 1.2m wide and 4.5m length (5.4m?).

At heading date, chlorophyll leaf content was assessed using SPAD

value meter. Flag leaf area and dry matter production m? were also
estimated at heading stage. Ten spikes were randomly taken at harvest to
determined spike characteristics. The four inner rows were harvested, dried,
and threshed, biological and grain yield of wheat were determined.
The obtained data were statically analyses according to Gomez and Gomez
(1984). Least significant of difference (LSD) method was used to test the
difference between treatment means at 5% level of probability as described
by Snedecor and Cochran (1980).

RESULTS

Growth characters:-

Chlorophyll content (SPAD value), flag leaf area (cm'z), and dry
matter production (gm™) were affected by sources of nitrogen, however were
increased with split applications of N sources (Table2). Differences in
chlorophyll content, flag leaf area and dry matter production were significant
for nitrogen sources and timing of N application. Application of ammonium
nitrate (AN) had the highest chlorophyll content and flag leaf area compared
to the other N sources in 2012-2013 and 2013-2014 seasons. While, the
highest dry matter production was obtained with urea application in both
seasons of study. Data in (Table 2) revealed that the split application of N
had increased chlorophyll content, flag leaf area and dry matter production
compared to full dose, however, two split application of N had increased flag
leaf area, but three split of nitrogen application gave the highest values of
chlorophyll content and dry matter production in 2012-2013 and 2013-2014
seasons.

The interaction between N sources and timing of nitrogen application
was significant for flag leaf area and dry matter production (Table 2). The split
application of N i.e. 1/2 at the first irrigation and other 1/2 at second irrigation
had higher flag leaf area than all other N application with ammonium nitrate
(AN) in 2012-2013 and 2013-2014 seasons. Meanwhile, the highest value of
dry matter production was produced with AN when it is added on three equal
doses in the first season, while the highest dry matter production was
obtained with the combination of urea and three split application without any
significant differences with AN in 2013-2014 season.
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Table 2: chlorophyll content (SPAD value), flag leaf area (cm'z) and dry
matter production (gm'z) as affected by sources and timing of
nitrogen application during 2012-2013 and 2013-2014 seasons.

Characters Chlorophyll content Flag leaf area Dry matter production
(SPAD value) (cm? (g m?
Treatments 2012-2013 | 2013-2014 | 2012-2013 | 2013-2014 | 2012-2013 | 2013-2014
N source
AN 50.58 50.32 34.62 33.10 1870.8 1796.3
AS 49.18 49.25 33.15 31.57 1831.9 1945.0
U 50.43 48.67 34.13 31.54 1879.9 1955.0
CN 50.67 49.20 30.40 32.81 1649.1 1752.9
F test * ** *% *% ** *%*
LSD at 0.05 1.19 0.82 1.72 0.56 115.8 41.6
N time
T1 49.76 48.85 31.72 30.41 1684.3 1778.4
T2 50.23 49.31 34.59 33.43 1831.0 1874.1
T3 50.64 49.91 32.92 32.92 1885.7 1934.4
F test * * *% *k *k *k
LSD at 0.05 0.75 0.66 1.36 0.47 114.7 65.7
Interaction NS NS ** ** ** **

NS, * and **: Non significant, significant at the 5% and 1% probability level, respectively.
AN=ammonium nitrate, AS= ammonium sulphate, U= Urea, CN= calcium nitrate, T1= full N
dose at sowing, T2=1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing +
1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.

Yield components:-

spike length, spike weight, number of grains spike'l and 1000-grain
weight as affected by N sources and timing of application showed in Table 3.
The N sources and timing of application had a significant effect on all yield
components parameters, also, the interaction between N sources and timing
of application had significant effect on all yield components except 1000-grain
weight in Table 3.

Ammonium sulphate (AS) had the highest values of spike length, spike
weight, number of grains/spike and 1000-grain weight as compared to the
other N sources in both seasons of study.

The split application of N i.e. 1/3 at the first irrigation, 1/3 at 30 days from
sowing and 1/3 at 60 days from sowing had higher spike length, spike weight,
number of grains/spike and 1000-grain weight than all other N application
strategies. However, N split application at sowing and 30 days after sowing
increased these parameters as compared to full N application at sowing
(Table 3).

The interaction between N sources and timing of nitrogen application
was significant for spike length, spike weight and number of grains spike™
(Table 3). Generally, the split application of N had increased the spike length
and spike weight as compared to full dose of N application. More specifically,
the application of N in three split doses had increased spike length and spike
weight especially with AS (Table5). The highest number of grains panicle'l
were observed with the combination of AS with the split application of N i.e.
1/3 N at sowing, 1/3 N at 30 days after sowing and 1/3 N at 60 days after
sowing (Table 6).
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Table3: Some yield components as effected by sources and timing of
nitrogen application during 2012-2013 and 2013-2014.

Characters spike length spike weight No. of grains  |1000-grain weight
cm™ g’ spike™ g’
Treatments 2012- 2013- 2012- | 2013- 2012- | 2013- | 2012- | 2013-
2013 2014 2013 2014 2013 2014 2013 2014
N sourse
AN 11.44 11.52 421 4.32 62.31 62.10 42.32 42.23
AS 11.99 12.02 4.38 4.42 65.56 65.20 42.36 42.20
U 11.38 11.47 4.06 4.38 61.21 61.00 41.53 42.13
CN 11.36 11.76 4.03 4.22 58.19 59.33 41.90 40.82
F test *% ** ** *% *% ** *% *%
LSD at 0.05 0.28 0.14 0.25 0.06 2.77 1.08 0.56 0.52
N time
T1 10.96 11.10 4.02 4.20 59.59 59.75 41.69 41.15
T2 11.62 11.77 4.04 4.34 60.07 61.65 42.19 42.18
T3 12.05 12.21 4.44 4.48 65.79 64.33 42.20 42.21
F test *% *k * *% *%k *k * *
LSD at 0.05 0.26 0.12 0.20 0.06 2.02 0.49 0.39 0.80
Interaction * ** ** ** ** ** NS NS

NS, * and **: Non significant, significant at the 5% and 1% probability level, respectively.
AN=ammonium nitrate, AS= ammonium sulphate, U= Urea, CN= calcium nitrate, T1= full N
dose at sowing, T2= 1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing +
1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.

Yield:-

Biological yield, grain vyield t fed and Harvest index (HI) are
presented in Table 4. N sources had significant effect on these parameters,
however, the nitrogen source of AN gave the highest biological yield t fed™ in
both seasons, while the highest grain yield t fed™ and HI were recorded with
Ammonium sulphate (AS), as well as, ammonium nitrate (AN) recorded the
second rank in grain yield without any significant differences with AS in 2012-
2013 and 2013-2014 seasons.

Biological yield and grain yield t fed™ and HI were affected by timing
of nitrogen application (Table 4). Split of N increased biological and grain
yield, however, split of nitrogen to three equal doses gave the highest
biological and grain yield t fed™ as compared with the other treatments in
2012-2013 and 2013-2014 seasons.

The interaction between N sources and timing of N application was
significant for biological yield, grain yield and HI (Table 4). The combination of
AS with three split application of nitrogen recorded the highest value of grain
yield without any significant differences with AN in two seasons of study as
compared with the other combinations.
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Table 4: Biological, grain yield (t fed'l) and harvest index (HI) as affected
by sources and timing of nitrogen application during 2012-2013
and 2013-2014 seasons.

characters Biological yield t fed™” Grain yield t fed™ HI
Treatments 2012-2013 | 2013-2014 | 2012-2013 | 2013-2014 | 2012-2013 | 2013-2014
N source

AN 2.75 2.73 1.065 1.090 0.388 0.399
AS 2.64 2.61 1.089 1.10 0.410 0.419
U 2.74 2.69 0.990 1.005 0.362 0.374
CN 2.74 2.72 1.014 1.047 0.371 0.385
F test *k *k *% *% *% *%
LSD at 0.05 0.06 0.02 0.041 0.012 0.014 0.015
N time

T1 2.46 2.50 0.973 1.015 0.395 0.406
T2 2.79 2.76 1.015 1.047 0.362 0.379
T3 2.90 2.82 1.134 1.120 0.391 0.397
F test *k *k *% *% *% *%
LSD at 0.05 0.08 0.06 0.021 0.008 0.014 0.013
Interactlon *k *k *% *% *% *%

NS, * and **: Non significant, significant at the 5% and 1% probability level, respectively.
AN=ammonium nitrate, AS= ammonium sulphate, U= Urea, CN= calcium nitrate, T1=full N
dose at sowing, T2= 1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing +
1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.

Table 5: Effect of the interaction between sources and timing of
nitrogen application on flag leaf area, dray matter production,
spike length and spike weight during 2012-2013 and 2013-2014

seasons.
Flag leaf area Dry matter spike length spike weight
(cm?) production (g m?) (cm) ()

2012- 2013- 2012- 2013- 2012- 2013- 2012- 2013-

2013 2014 2013 2014 2013 2014 2013 2014
AN*T1 29.98 29.18 1516.4 | 1637.5 10.78 10.90 4.01 4.12
AN*T2 37.43 35.50 1799.0 | 1688.8 11.53 11.72 4.14 4.30
AN*T3 36.46 34.62 | 2297.2 | 2062.5 | 12.03 11.95 4.49 4,55
AS*T1 34.84 30.08 1815.1 | 1807.5 11.78 11.88 4.41 4.20
AS*T2 33.83 33.06 | 1865.3 | 1965.0 | 11.98 11.87 4.00 4.39
AS*T3 30.79 31.53 | 1814.0 | 2062.5 | 12.24 12.30 4,71 4.66
U*T1 32.14 30.06 | 1860.6 | 1975.0 | 10.55 10.75 3.49 4.20
U*T2 34.99 32.10 2000.1 | 2087.5 11.35 11.36 4.21 4.35
U*T3 35.28 32.46 | 1689.2 | 1802.5 | 12.24 12.30 4.49 4.60
CN*T1 29.92 32.30 1545.1 | 1693.8 10.75 10.88 4.20 4.26
CN*T2 32.14 33.06 1659.8 | 1755.0 11.64 12.11 3.83 4.30
CN*T3 29.15 33.08 | 17425 | 1810.0 | 11.70 12.30 4.05 4.10
LSD 0.05 2.72 0.93 229.5 131.3 0.52 0.23 0.40 0.11

AN=ammonium nitrate, AS= ammonium sulphate, U= Urea, CN= calcium nitrate, T1=full N
dose at sowing, T2= 1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing +
1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.
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Table 6: Effect of the interaction between sources and timing of
nitrogen application on no. of grains spike"l, biological yield,
grain yield and harvest index during 2012-2013 and 2013-2014

seasons.
No. of grains Biological yield Grain yield Harvest index
spike™ (t fed™) (t fed™) (H1)

2012- 2013- 2012- 2013- 2012- | 2013- | 2012- | 2013-

2013 2014 2013 2014 2013 2014 2013 2014

AN*T1 56.97 58.80 2.46 2.49 0.978 | 1.043 | 0.398 | 0.419
AN*T2 63.40 64.00 2.90 2.87 1.058 1.080 0.365 0.376
AN*T3 66.58 63.50 2.89 2.84 1.121 | 1.148 | 0.402 | 0.397
AS*T1 68.64 63.50 2.32 2.38 1.017 | 1.042 | 0.439 | 0.437
AS*T2 58.04 65.20 2.99 2.76 1.064 1.083 0.356 0.392
AS*T3 69.98 66.90 2.60 2.70 1.159 | 1.157 | 0.438 | 0.428
U*T1 55.08 57.50 251 2.53 0.891 | 0.957 | 0.355 | 0.377
U*T2 59.45 58.90 2.62 2.67 0.929 0.987 0.354 0.369
U*T3 69.10 66.60 3.09 2.86 1.149 | 1.071 | 0.378 | 0.374
CN*T1 57.69 59.20 2.56 2.58 0.995 | 1.016 | 0.388 | 0.393
CN*T2 59.39 58.50 2.65 2.73 0.996 1.029 0.375 0.377
CN*T3 57.50 60.30 3.02 2.84 1.050 | 1.097 | 0.348 | 0.385
LSD 0.05 4.04 0.99 0.16 0.12 0.042 0.016 0.028 0.017

AN= ammonium nitrate, AS= Ammonium sulphate, U= Urea, CN= calcium nitrate, T1= full
N dose at sowing, T2=1/2 N at sowing + 1/2 N at 30 days from sowing, T3= 1/3 N at sowing
+ 1/3 N at 30 days from sowing + 1/3 N at 60 days from sowing.

DISCUSSIONS

The form in which N is supplied to plants growing under osmotic
stress can be important (Martinez and Cerda, 1989). In the present study,
under saline conditions, chlorophyll content and flag leaf area were increased
with AS compared to other N sources. The positive effect of NH; compared to
NO; on plant growth under saline conditions could be due to the reduced
energy requirement for utilization of NH," in protein synthesis (Cox and
Reisennauer, 1973) and enhanced uptake of nutrients, particularly
micronutrients, and increased root growth. The greater dry matter production
with urea can be attributed to the adequate N availability (Malhi et al., 2006)
which resulted in increased photosynthetic activities (Habtegebrial et al.,
2007), vigorous plant growth (Kibe et al., 2006) and thus ultimately increased
the productive tillers. Nitrogen application at vegetative stage improved the
plant growth (Jan and Khan, 2000) and thereby increased productive tillers.
The split application might have fulfilled the plant N requirement due to
greater availability of nitrogen for prolonged time (Singh and Bhan, 1998) and
thus might increase the growth parameters.

The longest spike, heaviest spike weight, number of grains/spike and
heaviest 1000-grain weight due to ammonia N might be attributed the greater
availability of N due to NH4-N compared to NOs-N in cereals. In addition, the
application of NH,; SO4 might be acting as soil conditioner and reclamation.
Also, application of NH, SO, as N form was apparently improved chlorophyll
content and flag leaf area resulted in improving current photosynthesis lead
to improving spike characteristics. Our results are in agreement with finding
of Kelley and Sweeney (2005). Split application of N had increased the
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available N (Lopez-Bellido et al., 2006 and Huang et al., 2007) particularly at
sowing that enhanced the plant vegetative stage, or at boot stage that is
accountable for improving the reproductive stage and thus increased the
grains per spike since wheat had the longest period of grain filling and ensure
an adequate amount of N supply during this period resulted in an
improvement of yield components and ultimately wheat yield.

In the present study, sources of N had affected the grain yield, the
highest grain yield were obtained with AS without any significant differences
between AN in both seasons of study, the possible reason might be that both
NH4-N and NO3-N fulfilled the crop requirements in similar fashion and thus
might have resulted in non-significant differences for grain yield. Our results
were further confirmed by Westerman et al. (1994). Improved grain weight
might be associated with plant performance (Herrera et al., 2006), improved
plant photosynthetic capability (Benziger et al., 1994) or improved leaf area
(Kibe et al., 2006).

The split application of N had improved the N uptake efficiency
(Lopez-Bellido, 2006) or recovery efficiency (Davies et al., 1979) and thus
increased the grain weight. The other possible reason for improved crop yield
due to split N application might be the enhanced uptake of N (Limon-Ortega
et al., 2000) and thereby increased crop performance (Houles et al., 2007)
and ultimately grain yield. The findings were at the same line with those
reported by Ayoub et al. ( 1994), Mohammed and Khan ( 2000) Tariq et
al.(2007),and Mohammad et al.(2010).

CONCLUSIONS AND RECOMMENDATIONS

Application of Ammonium sulphate (AS) and Ammonium nitrate (AN)
had improved yield and yield components of wheat compared to Urea (U) and
Calcium nitrate (CN). In general, Ammonium sulphate (AS) performed better
than the other N sources. Split application of N had performed better than full
dose of N application. Keeping in view the above facts that productivity of
wheat can be increased by using AS or AN in three splits applications under
saline sodic soil conditions.
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