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ABSTRACT

Two field experiments were conducted on a clayey soil at the experimental farm of Gemmeiza Research Station, Al-
Gharbia Governorate, Egypt (region Egypt 30 43 latitude and 31 07 longitude ) during winter seasan of 2013/2014 and
2014/2015, to study the response of wheat plants (Triticum aestivum cv. Sakha 93) to application of nitrogen fertilizer from two
sources i.e. Anhydrous Ammonia, (AA) at different rates i.e., 0, 50, 75 and 100 kg N fed.™ and compost (CO) at rates of, 0, 3 and
6 mega gram,( Mg fed.™) in presence or absence of bio inoculation with Azotobacter chroccocum on wheat productivity and
macronutrient contents. Also, some soil properties after harvest were taken into consideration. The obtained results could be
summarized as follows: 1) Straw, grain and biological yields were significantly increased as a result of  different treatments
application . The corresponding highest values of biological yield (8.86 Mg fed™) and (3.96 Mg fed™) for grain yield,
respectively were obtained due to the applied treatment of (anhydrous ammonia at 100 kg N fed.” + 6 Mg fed.™ compost +
bio). The same treatment led to a significant increase in 1000-grain weight. 2) Content of N, P & K by wheat straw was
significantly affected by the addition of different treatments. The highest values (76.9 and 128.4 kg fed.™) for N and K content,
respectively were obtained due to the addition treatment of (100kg N fed.™ as AA + 6 Mg fed.™ compost + bio) while, (26.8
kg fed.™) for P- content was observed owing to (anhydrous ammonia at 100 kg N fed.™ + 6 Mg fed.” compost). 3) Content of N,
P & K by wheat grain was clearly affected by the addition of different treatments. The highest values (87.1, 26.9 and 80.0 kg
fed.™), respectively were obtained due to the same treatment of grain yield. 4) Highest protein content and protein yield for
grains were obtained due to the addition treatment of (anhydrous ammonia at 100 kg N fed.™ + 6 Mg fed.™ compost + bio). 5)
Maximum harvest index and yield efficiency were obtained due to (50 kg N fed.™ as anhydrous ammonia + biofertilization)
treatment. 6) The electrical conductivity (EC dSm™) and soil pH values decreased due to the Addition of treatments as compared
with the non-treated plots. 7) Soil available N, P and K were increased due to application of different treatments relative to
untreated plots. The highest values were observed due to (anhydrous ammonia at 100 kg N fed. + 6 Mg fed.™ compost +

biofertilization) treatment.
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INTRODUCTION

Wheat (Triticum aestavium L.) is one of the most
important cereal crops in Egypt and has a high
importance worldwide, measured either by cultivated
area or production (Jagshoran et al., 2004). Wheat
provides 37% of the total calories and 40% of the
protein in the Egyptian people diet. Total production of
wheat in Egypt reached 8.407 million tons in 2011,
produced from an area of 3.058 million feddan, (FAO,
2011).

Biofertilizers are applied to seeds, plant surfaces,
or soil; they colonize the rhizosphere or the interior of
the plant, promoting growth by increasing the supply or
availability of primary nutrients to the host plant
,Biofertilizers add nutrients through the natural
processes of fixing atmospheric nitrogen, solubilizing
phosphorus, and stimulating plant growth through the
synthesis of growth promoting substances (Bharathi et
al 2013).

The addition of compost to agricultural soils has
beneficial effects on crop development and yields by
improving soil physical , chemical and biological
properties (Zheljazkov & Warman, 2004).

Application of compost and bio-fertilizers to
improve soil structure, fertility and consequently
development and productivity of wheat plants has
received little attention. Thus, inoculation of wheat
plants with PGPRs and compost at early stage of
development results in positive impact on biomass
production by improving soil physical and biological
properties, directly affecting root growth, production of
phytohormones by bacteria, enhancement mineral

uptake and transfer of nitrogen to the plant. Gharib et al
(2008) and Abdel-Fattah and Merwad (2015) suggested
that increase of N, P, K and protein content in straw and
grain as affected by bio-fertilizer inoculation and
compost compared with control.

Anhydrous ammonia (82%N) is a liquid under
high pressure and must be injected at least six inches
deep into a moist soil because it becomes a gas once it is
released from the tank. In soil, ammonia reacts with
water to form the ammonium (NH,") ion, which is held
on clay and organic matter. Anhydrous ammonia is
generally the cheapest source of N however; the method
of application is less convenient and requires more
power to apply than most other liquid or dry materials.
(Osman et al., 2013). Ismail et al (2013) reported that
the application of high rate of anhydrous ammonia alone
led to increase of plant characters.

The current investigation aimed to assessing the
effect of different anhydrous ammonia injection rates
and compost addition as well as inoculation of wheat
grains with Azotobacter chroccocum strain (PGPR) on
some plant characteristics, yield and yield component of
wheat grown on a clayey soil. Also, some soil properties
which were taken into consideration after harvest in this
study.

MATERIALS AND METHODS

Two field experiments were conducted on a
clayey soil at the Experimental Farm of Gemmeiza
Research Station, Al-Gharbia Governorate, Egypt
during winter season of 2013/2014 and 2014/2015
,seasons to study the response of wheat plants (Triticum
aestivum cv. Sakha 93) to application of nitrogen
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fertilizer from two sources i.e., Anhydrous Ammonia,
(AA) at different rates i.e., 0, 50, 75 and 100 kg N fed.™
and compost (CO) at rates of, 0, 3 and 6 mega gram, Mg
fed.™ in presence or absence of bio inoculation with
Azotobacter chroccocum on wheat productivity and
macronutrient contents. Also, some soil properties after
harvest were taken into consideration. A representative
soil sample of the field was taken from 0 — 30 cm layer
and used for determining some physical and chemical
properties of the studied soil according to Page et al.

(1982) and Klute, (1986). whose results are presented in
Table 1

Compost manure was prepared according to
Nasef et al.,( 2009) . The CO manure was mixed
thoroughly with the soil one month before sowing at
rate of 0, 3 and 6 mega gram, Mg fed.” (Mg = 10° g =
1000 Kkg). The final product was chemically analyzed
according to Brunner and Wasmer (1978). The chemical
compositions of the organic sources are shown in
Table 2.

Table (1) some physical and chemical properties of the experiment of soil

Particle size distribution Texture o.M CaCQO;
Coarse sand (%) Fine sand (%) Silt (%) Clay (%) (g kgh (g kg™
4.87 15.10 25.81 54.22 . Clayey 6.91 %1.9
. e Cations (mmolc L™) Anions (mmolc L™)
pH (1:2:5) EC, dS m~soil paste ex. ca™t Mg** Na* K* HCOs cr -
7.93 2.15 3.22 7.19 10.24 0.85 1.25 8.22 12.03
Available of Macronutrients (mg kg™)
N P K
42.0 5.20 189
Table (2). Chemical composition of the compost used in the experiment.
Moisture pH EC . O.M1 C/N Macro[’};trlents M'%Eﬁ;%ﬂgnts
0, . . - A
% (1:10) (dSm™) (g kg™) ratio N P K Fe Mn Zn
27.0 7.51 3.90 457 20.32 0.55 0.63 1.22 295 75.3 36.0

In both seasons, the treatments were arranged in a
3-factor split-split plot in a randomized complete block
design with three replications. The plot area was 50 m?
(5 X 10 m). The Main plots, were assigned to anhydrous
ammonia, AA, 0, 50, 75 and 100 kg N fed.” was
injected directly into the moderately moister (20 %
moisture content) soil at 15cm depth with 30 cm
spacing between points of injection before 5 days from
planting according to the injection technique previously
used by Farrag et al.,( 2011). Sub-plots were assigned to
compost (CO): 0, 3 and 6 Mg fed.™. Sub—sub plots were
assigned to bio fertilizers: without and with
Azotobacter chroccocum. Each plot was sown with
grains of wheat cultivar (Triticum aestivum cv. Sakha
93) on the 2" and 5" of November 2013 and 2014,
respectively. Grains were inoculated with Azotobacter
chroccocum strain (PGPR) biofertilizer supplement by
Bio-fertilizer ~ Production  Unit, Department of
Microbiology, Soils, Water and Environment Research
Institute, Agricultural Research Center, Giza, Egypt.
Grains of wheat were coated with the gum media
carrying the bacteria strain on the same day of sowing at
rate of 700g per 60 kg grains. More of bacteria strain
was added three times at 30, 45 and 55 days after
sowing (DAS) as liquid spray on soil and plant at a rate
of 20L per 400 L water fed.™.

All plots of the experiment were fertilized with
the recommended doses of P and K as follows: 6.54 kg
P fed." as single superphosphate (15%p205) during
seedbed preparation and potassium was added at 19.92
kg K fed.™ as potassium sulphate (48%k20),
Agricultural practices for growing wheat were carried
out as recommended by the Ministry of Agriculture.
harvested on the 15" and 20" of April 2014 and 2015

At harvest, ten plants were taken randomly from
each plot and tagged for yield assessment. No. spikes,
spikes weight, grain weight plant™, straw weight plant™
and 1000-grain weight were measured. In addition,
plants in an area of 2 m? of each plot were harvested, air

dried, then straw yield, grain yield, biological yield

were estimated.

» Grain protein contents were calculated by multiplying
grain N% by 5.7.

> Grain protein yield in kg fed.{protein content g kg™
x grain yield Mg fed.™'}.

» Harvest Index (HI): (grain yield / biological yield)
x100

» Yield efficiency: (grain yield / straw yield) x 100.

>N, P and K content and uptake by plant (straw and
grains).

Macronutrients content of grain and straw
samples were determined in aliquots of digested
solutions resulting from the digestion of grain and straw
samples by a mixture of H,SO, and HCIO, acids after
drying in an oven at 70° C as described by Ryan et al.
(1996).

Soil characteristics

After harvest, representative soil samples of the
field were taken (0 — 30 cm layer) from each plot.
Samples were analyzed for EC (in soil paste extract),
pH (in 1: 2.5 soil: water suspension) and available N, P
and K according to Page et al. (1982).

Statistical analysis

Data of the two seasons were subjected to
statistical analysis of variance (ANOVA), and the least
significant differences (L.S.D) at 5% level according to
Snedecor and Cochran, (1982).

RESULTS AND DISCUSSION

Effect of anhydrous ammonia, compost and bio-
fertilizer on some soil properties
Soil Salinity (EC,) and Soil pH

Data in Table 3 reveal that the value of soil
salinity EC decreased when the organic amendments
were applied in combination with N-fertilizer as
compare with the control treatment (no-N added).
Hence, the increase in N-rate led to the decrease in EC
especially in presence of bio addition. This may be due
to the acids produced from organic matter degradation
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and fertilizers reactions in the soil . Such products
reduce the deleterious effect of Na-salts, and improve
soil structure, increasing aggregate stability and
drainable pores. Consequently, these created conductive
pores enhancing the leaching process of soluble salts
through irrigation fractions.( Shaban and Omar 2006)
and Ashmaye et al., (2008). Also, compost addition
would improve soil conditions for plant growth.
Improvement in porosity and aggregation may have
occurred due to the applied compost and biofertilizer
and hence enhanced the leaching of salts Zaka et al.,
(2005). Organic acids must have provided a substantial
modification of soil physical properties, especially soil
structure as well as soil aggregation and drainable pores.
Consequently, these favorable conditions would
positively affect soil permeability and encourage
downward movement of water carrying Na-salts out of
the soil. These results are in agreement with those of
Bassiouny and Shaban (2010) and Rashed et al. (2011).

The effect is more pronounced and gave the
lowest EC value (1.09 dSm™) in soil treated with 100 kg
N fed." (AA) + compost, 6 Mg fed.™ + biofertilization

causing decreases of 44.4% as compared to non-treated
plants. The used treatments could be arranged according
to their effects on reducing EC of soil in the following
descending order: AAO0 > AA50 > AA70 > AA100.
Ismail et al (2013) indicated that the EC soil decreased
with increasing rates of Anhydrous ammonium (110kgN
than 70 kg N).This trend was found true with CO.M (6
Mg fed.™) > CO.M (3 Mg fed.™) when added solely or
in combination with biofertilization. These results are in
agreement with those obtained by Nasef et al. (2009)
who found that beside of the improvement in soil
aggregation caused by compost, its decomposition when
combined with bio-fertilizers released acids therefore;
such conditions facilitated leaching of soluble salts and
decreased soil salinity.
Soil pH:

Data in Table 3 show the effect of AA and organic-
N fertilization on some chemical properties of the soil at
the end of the experiment. The values of pH were
slightly decreased as affected by all the studied
treatments for the combined data of two seasons.

Table (3). Effect of anhydrous ammonia, compost and bio fertilization on soil EC and pH after harvest.

Anhydrous Bio addition, (B)
Ammonia Com{)&s)t)rate, With Without Mean With Without
(rli‘;efve(g‘ﬁ)) (Mg fed. ) EC (dSm?) pH
0 1.87 1.96 1.92 7.88 7.91
0 3 144 1.57 151 7.87 7.88
6 1.29 1.33 1.31 7.83 7.85
Mean 153 1.62 1.62
0 1.83 1.92 1.88 7.88 7.90
50 3 1.35 141 1.38 7.81 7.84
6 1.22 1.30 1.26 7.80 7.82
Mean 147 1.54 154
0 1.77 1.85 1.81 7.85 7.89
75 3 1.28 1.33 1.31 7.80 7.82
6 117 1.20 1.19 7.78 7.80
Mean 141 1.46 1.46
0 1.65 1.66 1.66 7.85 7.86
100 3 1.18 1.21 1.20 7.79 7.80
6 1.09 1.13 111 17.77 7.78
Mean 131 1.33 1.33
Grand mean of bio 143b | 149a 149a
AA; ** CO: ** AA: CO:
F-test: B:* AAXCO: ns B: AAXCO:
: AAXB: ns COxB: ns AAXB: COxB:
AAXCOXB: ns AAXCOXB:
Means of compost
Whitout 18la
3 1.35b
6 1.22¢
Grand mean 1.46

These results are in agreement with those of
Siam et al. (2013) who reported that the decrease in
pH was marked particularly when N and compost
fertilization were combined. The highest decrease in
pH value (7.77) was achieved by treating the soil with
100 kg N fed.* (AA) + compost, 6 Mg fed.” +
biofertilization. Such decreases in soil pH might be
attributed to the effect of microorganisms on
decomposing organic matter releasing organic acids and
producing several phytohormones such as indole acetic
acid and cytokinins. The positive relationship between
soil and bio-fertilizers in reduces the hazards of soil
salinity and enriches nutrients in soil (Rashed, 2006).
These results are similar to those obtained by Abdel
Lattif (2007), Poraas et al. (2008) and Attia et al.
(2014).
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Available macronutrients (N, P and K)

Data presented in Table 4, show available N, P
and K (mg kg™?) as affected by the used treatments and
their combinations on the studied soil . Available N, P
and K significantly increased as affected by the
treatments and their combination. Available N ranged
between 42.7 to 59.0 mg kg™ in presence of bio-
inoculation and 41.0 to 57.2 mg kg™ in absence of bio-
inoculation. Available P ranged between 5.93 to 7.98
mg kg™ in combination with bio fertilization and 5.89 to
7.95 mg kgt without bio fertilization. Available K
ranged between 198 to 242 mg kg™ in presence of bio-
inoculation and 192 to 235 mg kg™ in absence of bio-
inoculation. The soil treated with 100 kg N fed.” from
AA + 6 Mg fed.™ compost gave the highest values of
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available N, P and K especially when combined with
biofertilization.

The positive effect of compost is partially due to
a slow release of N from manure, as suggested by
Bhandari et al. (2002). The P and K fractions added
through organic manures upon its decomposition with
time may account for the increases in both P and K.
(YYadvinder et al., 2004). Also the production of organic
and inorganic acids during the degradation of such
organic materials (as well as humates) as a result of the

microorganisms activities must have contributed to a
decrease in soil pH which would reduce P fixation and
produce more chelating ions, leading to an increase in
available forms of elements in the rhizosphere zone.
These results are in agreement with those obtained by
Ewees and Abdel Hafeez (2010).

Interaction effects of anhydrous ammonia rates,
compost and biofertilizer inoculation were in significant
for available N, P and K.

Table (4). Effect of anhydrous ammonia, compost and bio fertilization on N, P andK content in soil after

harvest.
Anhydrous Bio addition, (B)
Ammonia Co(ggc))s(t'\;ate, With Without Mean With Without Mean With Without Mean
rate, (AA) fed.) g Macronutrient contents (mg kg™) in soil
(kg fed.™) ) N P K
0 42.7 41.0 419 5.93 5.89 5.91 198 192 195
0 3 44.2 425 434 6.89 6.23 6.56 204 195 200
6 45.7 44.8 45.3 6.95 6.44 6.70 208 198 203
Mean 44.2 42.8 435d 6.59 6.19 6.39b 203 195 199 ¢
0 44.5 43.7 44.1 5.98 5.90 5.94 200 197 199
50 3 47.3 45.0 46.2 6.94 6.89 6.92 213 201 207
6 49.3 48.2 48.8 7.04 6.98 7.01 219 207 213
Mean 47.0 45.6 46.3 ¢ 6.65 6.59 6.62b 211 202 206 bc
0 46.1 45.0 45.6 6.12 5.92 6.02 206 198 202
75 3 52.1 48.9 50.5 7.22 7.12 7.17 215 208 212
6 54.0 53.7 53.9 7.78 7.48 7.63 221 214 218
Mean 50.7 49.2 50.0b 7.04 6.84 6.94b 214 207 210b
0 46.9 45.9 46.4 6.77 6.32 6.55 211 203 207
100 3 58.5 55.9 57.2 7.90 7.88 7.89 235 228 232
6 59.0 57.2 58.1 7.98 7.95 7.97 242 235 239
Mean 54.8 53.0 53.9a 7.55 7.38 7.47 a 229 222 226 a
Grand mean of bio 49.2a 47.7b 6.96 6.75 214 a 206 b
AA: ** CO: ** AA; ** CO: ** AA; ** CO: **
F-test: B: ** AAXCO: ** B:ns AAXCO: ns B: ** AAXCO: ns
: AAXB: ns COxB: * AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXB: ns AAXCOXB: ns AAXCOXB: ns
Means of compost
Whitout 445¢c 6.10 b 201b
3 49.3Db 7.13a 212 a
6 515a 7.33a 218 a
Grand mean 48.4 6.85 210
The maximum available N, P and K (59.0, 7.98 The highest increase in 1000-grain weight

and 242 mg kg™ soil, respectively) were achieved due to
application of AA100 + 6 Mg fed." compost when
inoculated with Azotobacter and the corresponding
increments over the non-treatment plants were 43.9,
34.9 and 26.0%, respectively.
Yield and yield components

Table 5 reveals that 1000-grain weight significantly
increased due to anhydrous ammonia, compost and
biofertilization solely or in combinations. Namvar and
Khandan (2013) reported that 1000-grain weight of
wheat increased significantly by N-fertilization and
biofertilizer inoculation. These results are in agreement
with those of Sary et al. (2009) and Kandil et al. (2011).
As for N effect, there was a significant difference
between the AA rates of 100, 75 and 50 kg N fed.™ and
following the descending order: AA100 > AAT75 >
AA50 > AAOQ for 1000-grain weight. Regarding the
response to compost addition, the main effect followed
a descending of: 6 Mg fed.” > 3Mg fed.™ > none. In this
regard, Ashoub et al. (2005) found that the rate of 80 kg
N fed™ as anhydrous ammonia produced the increase of
1000 grains weight. Salem et al. (2004) reported that straw
weight, number of spikes/m?, number of spikes/ spiklets,
grain weight, 1000 grain weight and grain (ardab) were
significantly increased as the addition of N fertilization.
These results are in agreement with Abedi et al. (2010) and
Daneshmand et al. (2012).

(17.7%) was recorded in plants treated with AA100 + 6
Mg fed.™ compost + biofertilization.
Straw, grain and biological yields

The data of straw, grain and biological yields
of wheat plants are presented in Tables 5 and 6. The
obtained results exhibited significant increases due to
application of AA and compost while, biofertilization
had in significant effect as compared to the non-treated
plants.

The favorable effect of nitrogen fertilizer may be
due to N stimulation of plant growth, which would
increase the amount of light energy intercepted by
leaves and increase photosynthetic pigments and
photosynthesis, and in turn increase synthesized
metabolites and consequently leaves and seeds
(Wortman et al., 2011). Growth promoting substances
(phytohormones) which would be produced by these
organisms play a key role in plant growth and promote
seed germination and root elongation. Root
development and proliferation of plants in response to
biofertilizer activities enhance water and nutrients
uptake (Kandil et al., 2011) and Joshi et al., 2012).
These results agree with those obtained by, Siam et al.
(2013) and Piccinin et al. (2013).

Interaction effects of anhydrous ammonia rates
and compost addition were significant for yields of
straw, grains and grains + straw (biological). A
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descending order characterized the effects of N
fertilization on straw, grain and biological yields as
follows: AA100 > AA75 > AAS50 > AAO. As for the
main effect of compost addition; the order was: 6 Mg

fed.? > 3 Mg fed.” > without. Awad et al. (2011)
indicated that the increase rate of N fertilizer from 60 to
80 kg N fed® combined with anhydrous ammonia
resulting in an increase the grain yield of wheat.

Table (5). Effect of anhydrous ammonia, compost and bio fertilization on 1000-grain weight, straw and grain

yields
Anhydrous Bio addition, (B)
Ammonia C(E@g()’s(tﬁte’ With Without Mean With Without Mean With Without Mean
I(’Iigt]ef’e((?%) fed.™) 1000-grain weight Straw yield Grain yield
0 41.7 40.7 41.2 3.12 2.93 3.03 2.89 2.25 2.57
0 3 43.0 42.6 42.8 3.69 3.45 3.57 3.13 2.75 2.94
6 43.9 43.0 435 3.88 3.77 3.83 3.28 2.95 3.12
Mean 42.9 42.1 425d 3.56 3.38 347b 3.10 2.65 2.88b
0 41.9 40.9 41.4 3.18 2.98 3.08 2.95 2.70 2.83
50 3 45.2 43.1 44.2 3.97 3.88 3.93 3.25 3.00 3.13
6 45.6 435 44.6 412 4.05 4.09 3.33 3.15 3.24
Mean 44.2 425 43.4¢c 3.76 3.64 3.70b 3.18 2.95 3.06b
0 42.2 41.0 41.6 3.77 3.94 3.86 3.10 3.00 3.05
75 3 46.2 44.8 455 4.60 4.37 4.49 3.55 3.30 3.43
6 47.0 45.0 46.0 4.88 4.49 4.69 3.80 3.60 3.70
Mean 45.1 43.6 44410 4.42 4.27 4.34a 3.48 3.30 3.39ab
0 42.7 41.7 42.2 4.30 4.25 4.28 3.40 3.38 3.39
100 3 47.3 45.0 46.2 4,75 4.85 4.80 3.87 3.72 3.80
6 47.9 47.0 475 4.90 4.97 4.94 3.96 3.84 3.90
Mean 46.0 44.6 453a 4.65 4.69 467 a 3.74 3.65 3.70a
Grand mean of bio 446 a 43.2b 4.10 3.99 3.38 3.14
AA: ** CO: ** AA: ** CO: ** AA: ** CO: *
F-test: B: ** AAXCO: ** B:ns AAXCO: ns B:n AAXCO: ns
' AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOxB: ns AAXCOxB: ns AAXCOxB: ns
Means of compost
Whitout 416¢c 3.56b 296b
3 447D 4.20a 3.32ab
6 454 a 4.38a 349a
Grand mean 43.9 4.04 3.26

Table (6). Effect of anhydrous ammonia, compost and bio fertilization on biological Yield, harvest index and

yield efficiency

Anhydrous Bio addition, (B)
Ammonia Cczggc))s(tl\;fate, With Without Mean With Without Mean With Without Mean
I(rlilgt;ef’e(c?%) fed.™) Biological yield Harvest index (HI) Yield efficiency (YE)
0 6.01 5.18 5.60 48.0 43.4 45.8 92.6 76.8 84.7
0 3 6.82 6.20 6.51 45.9 44.4 45.2 84.8 79.7 82.3
6 7.16 6.72 6.94 45.8 43.9 44.9 84.5 78.2 81.4
Mean 6.66 6.03 6.35b 46.6 43.9 45.3 87.3 78.2 82.8
0 6.13 5.68 591 48.1 475 47.8 92.8 90.6 91.7
50 3 7.22 6.88 7.05 45.0 43.6 44.3 81.9 77.3 79.6
6 7.45 7.20 7.33 44.7 43.8 44.3 80.8 77.8 79.3
Mean 6.94 6.59 6.76 b 45.9 45.0 45,5 85.2 81.9 83.5
0 6.87 6.94 6.91 45.1 43.2 44.2 82.2 76.1 79.2
75 3 8.15 7.67 791 43.6 43.0 43.3 77.2 75.5 76.4
6 8.68 8.09 8.39 43.8 445 44.2 77.9 80.2 79.1
Mean 7.90 7.57 7.73a 44.2 43.6 43.9 79.1 77.3 78.2
0 7.70 7.63 7.67 44.2 44.3 44.3 79.1 79.5 79.3
100 3 8.62 8.57 8.60 44.9 43.4 44.2 81.5 76.7 79.1
6 8.86 8.81 8.84 44.7 43.6 44.2 80.8 77.3 79.1
Mean 8.39 8.34 8.37a 44.6 43.8 44.2 80.5 77.8 79.2
Grand mean of bio 7.47 7.13 45.3 441 83.0 78.8
AA: ** CO: ** AA:ns CO: ns AA:ns CO: ns
F-test: B:ns AAXCO: ns B: ns AAXCO: ns B:ns AAXCO: ns
’ AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXB: ns AAXCOXB: ns AAXCOXB: ns
Means of compost
Whitout 6.52b 45,5 83.7
3 752a 44.2 79.3
6 7.87a 44.4 79.7
Grand mean 7.30 44.7 80.9

Harvest Index (HI): (grain yield / biological yield) x100
Yield efficiency: (grain yield / straw yield) x 100.

The maximum grain and biological yields (3.96
and 8.86 Mg fed.™, respectively) were achieved due to
application of AA100 + 6 Mg fed.” + bio and the
corresponding increments over the non-treatment plants
were 76.0 and 71.0%, respectively. With respect to
straw yield, the greatest value (4.97 Mg fed.™) was
observed due to addition of AA100 + 6 Mg fed.”
without bio inoculation giving increases of 69.6% over
the non-treated.
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Harvest index and Grain yield efficiency

Values of harvest index and yield efficiency as
affected by AA rates, compost and biofertilization when
applied solely or in combinations are shown in Table 6.
Harvest index of wheat increased due to the addition
treatments. Harvest index of plants treated with 50 kg N
fed. as AA + bio was the highest giving increase of
10.8% as compared to the non-treated plants. The
favorable effect of mineral N- fertilization is due to N
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being essential for plant growth. Therefore, the increase
in  N-fertilization rate would increase metabolic
processes and physiological activities rate, and thus,
increased yield with good quality of grains would occur
(Russel, 1973). These results are in a harmony with that
obtained by Sugar and Berzsenyi, (2012).

Grain yield efficiency, which is the ratio of grain
yield to straw yield at maturity varied between 77.2% to
92.8% in the plants treated with biofertilization and
76.1% to 90.6% in absence of biofertilization. The
plants treated with 50 kg N fed.™ as AA + bio gave the
highest yield efficiency value 92.8 giving increases of
20.8%, as compared to the non-treated plants. Abdel
Aziz et al. (2010) stated that the highest value of wheat
grain was obtained by the application of 50 kg fed.™
anhydrous ammonia + 10m® fed.” compost with
Bacillus polymyxa.

Grain proteinpercent and protein yield (Kg / Fed )

It can be seen from results presented in Table 7
that the grain protein % of wheat is significantly
increased as affected by the treatments of AA rates,
compost addition and biofertilization. These results are
in accordance with those reported by Abbas et al.
(2011) and Joshi et al. (2012). In this regard, Namvar

and Khandan (2013) reported that inoculation with
Azotobacter sp. and Azospirillium sp. increased wheat
grains protein content by 10%. Increasing N rate was
associated with increases grain protein content and grain
protein yield.

The highest value of protein % (13.8 %) was
obtained due to the treatment 100 kg N fed.™ as AA + 6
Mg fed.® compost + biofertilization representing
increase percentage of 30.2% as compared to the non-
treated plants. These results are in agreement by Abdel-
Fattah and Merwad (2015) who indicated that the
application of biofertilizer inoculation and compost had
significant effects on protein content of wheat grains.
Rana et al (2012) showed that the increase of protein
content 18.6 % in grain wheat as affected by bio-
fertilizer inoculation. Regarding the grain protein yield,
results given in Table 7 reflected significant increases in
the grain protein yield as affected by application of the
treatments and the effect followed a trend rather similar to
that of protein % . The increase in protein yield could be
attributed to the increases in wheat grain yield and the
increases in protein percent, due to added treatments .
(Ewees and abdel Hafeez, 2010).

Table (7). Effect of anhydrous ammonia, compost and bio fertilizationon protein % and protein yield of

wheat grains.

Anhydrous Ammonia Compost rate,

Bio addition, (B)

rate, (AA) (CO) With Without Mean With Without Mean
(kg fed. ™) (Mg fed.™ Protein (%) Protein Yield (kg fed.™)
11.8 10.6 11.2 341 239 290
0 3 12.1 111 11.6 379 305 342
6 12.4 11.4 11.9 407 336 372
Mean 12.1 11.0 11.6 376 293 335D
0 12.1 10.8 115 357 292 325
50 3 12.4 11.6 12.0 403 348 376
6 12.7 12.1 12.4 423 381 402
Mean 124 115 12.0 394 340 367 b
0 12.2 10.9 11.6 378 327 353
75 3 12.4 12.2 12.3 440 403 422
6 131 12.8 13.0 498 461 480
Mean 12.6 12.0 12.3 439 397 418 ab
0 12.4 11.3 11.9 422 382 402
100 3 13.4 12.8 13.1 519 476 498
6 13.8 13.1 135 546 503 525
Mean 13.2 12.4 12.8 496 454 475a
Grand mean of bio 12.6 11.7 426 371
AA: ns CO: ns AA: ** CO: *
F-test: B:ns AAXCO: ns B: ns AAXCO: ns
’ AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXB: ns AAXCOxXB: ns
Means of compost
Whitout 115 342 Db
3 12.3 409 ab
6 12.7 444 a
Grand mean 12.2 398

Also, exudation of plant growth regulators such as
auxins, gibberellin and cytokinin by Azotobacter sp. and
Azospirillium sp. bacteria (Vessy, 2003) contribute to
such positive effect. The increases of protein yield
followed the sequence: AA100 > AA75 > AA50 > AAO
as for anhydrous ammonia addition rates and 6Mg fed.™
compost > 3Mg fed.? compost > without as for
compost.

The highest value of protein yield (546 kg fed.™)
was obtained due to the same treatment which resulted
in the highest protein % .

Macronutrients percent and content in Straw

Data in Tables (8 and 9) shows that N, P and K
percent and content in wheat straw were increased due
to addition of different rates of anhydrous ammonia,

compost addition and bio inoculation with Azotobacter
and their combinations. These increases were
insignificant for N, P and K % and significant for N, P
and K content.

The treatment of 100 kg N fed.™ AA + 6 Mg fed.”
! compost + bio was superior for increasing the percent
of N, P and K as compared to the non-treated plants.
These results may indicate the importance of nitrogen
application in clayey soil for maximum production of
wheat. The response of wheat to added N could be
attributed to the poor soil fertility level of available N in
the experimental field (42.0 mg kg™ soil) as shown in
Table 1. Highest N, P and K % in straw (1.57, 0.54 and
2.62%, respectively) were obtained due to the addition
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of 100 kg N fed.” as AA + 6 Mg fed.™ compost under
biofertilization.

For N, P and K content in straw results show a
significant response to anhydrous ammonia rates and
compost addition while it was insignificant response to
biofertilization. On the other hand, the main effect of
anhydrous ammonia rates shows descending order as
follow: AA100 > AA75 > AAS50 > AAO for N and P-
content and AA100 > AA75 > AA50 > AAQ for K-
content . The main effect of compost addition rate the
corresponding order was: 6Mg fed.™ > 3Mg fed." >
without compost for N, P and K-content . Highest N and
Table (8). Effect of anhydrous ammonia, compost

K contents in straw (76.9 and 128.4 kg fed.?
respectively) were obtained due to the addition of 100
kg N fed.™ as AA + 6Mg fed.” compost + bio causing
132 and 107% increases, respectively over the non-
treated plants. Ismail, (2004) pointed out that nitrogen
uptake increased significantly due to nitrogen addition
in different forms.

Angas et al., (2006) found that N uptake by
barley was increased by increasing N rate up to 63 Kg N
fed.™. Maximum value (26.8 kg fed.™) of P- content by
wheat straw was observed by the combination of 100 kg
N fed.™ as AA + 6Mg fed.™ compost.
and bio fertilization on N, P and K percent in

straw.
Anhydrous Bio addition, (B)
Ammonia Co(ggc))stl\zate, With Without Mean With Without Mean With Without Mean
rate, (AA) fed (1) g Macronutrient contents (%) in straw
(kg fed. ™ ) N P K
0 1.30 1.13 1.22 0.35 0.28 0.32 2.22 2.12 2.17
0 3 1.37 1.26 1.32 0.38 0.33 0.36 2.30 2.22 2.26
6 1.40 1.33 1.37 0.44 0.38 041 2.35 2.26 231
Mean 1.36 1.24 1.30 0.39 0.33 0.36 2.29 2.20 2.25
0 1.36 1.22 1.29 0.37 0.32 0.35 2.24 2.15 2.20
50 3 1.42 1.34 1.38 0.45 0.37 041 2.33 2.27 2.30
6 1.45 1.39 1.42 0.48 0.43 0.46 2.38 2.36 2.37
Mean 141 1.32 1.36 0.43 0.37 0.40 2.32 2.26 2.29
0 1.40 1.27 1.34 0.38 0.35 0.37 2.26 2.18 2.22
75 3 1.48 1.38 1.43 0.46 0.44 0.45 2.39 2.34 2.37
6 1.55 143 1.49 0.51 0.48 0.50 2.48 2.38 2.43
Mean 1.48 1.36 1.42 0.45 0.42 0.44 2.38 2.30 2.34
0 1.44 1.33 1.39 0.40 0.38 0.39 2.27 221 2.24
100 3 1.52 1.45 1.49 0.49 0.47 0.48 2.48 244 2.46
6 157 152 1.55 0.54 0.54 0.54 2.62 2.56 2.59
Mean 151 143 1.47 0.48 0.46 0.47 2.46 240 243
Grand mean of bio 1.44 1.34 0.44 0.40 2.36 2.29
AA: ns CO: ns AA: ns CO: ns AA: ns CO: ns
F-test: B:ns AAXCO: ns B: ns AAXCO: ns B:ns AAXCO: ns
: AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXxB:ns AAXCOXB: ns AAXCOXB: ns
Means of compost
Whitout 1.31 0.35 2.21
3 1.40 0.42 2.35
6 1.46 0.48 2.42
Grand mean 1.39 0.42 2.33
Table (9). Effect of anhydrous ammonia, compost and bio fertilization on N, P and K contents of
wheat straw
Anhydrous Bio addition, (B)
Ammonia C%ggc))st'\;ate, With Without Mean With Without Mean With Without Mean
rate, (AA) fed gl) g Macronutrient uptake (kg fed.™) by wheat straw
(kg fed.™) ’ N P K
0 40.6 33.1 36.9 10.9 8.20 9.55 69.3 62.1 65.7
0 3 50.6 435 47.1 14.0 11.4 12.7 84.9 76.6 80.8
6 54.3 50.1 52.2 17.1 14.3 15.7 91.2 85.2 88.2
Mean 48.5 42.2 454 ¢ 14.0 11.3 12.7¢ 81.8 74.6 78.2b
0 43.2 36.4 39.8 11.8 95 10.7 71.2 64.1 67.7
50 3 56.4 52.0 54.2 17.9 14.4 16.2 925 88.1 90.3
6 59.7 56.3 58.0 19.8 17.4 18.6 98.1 95.6 96.9
Mean 53.1 48.2 50.7 bc 16.5 13.8 15.1 bc 87.3 82.6 84.9b
0 52.8 50.0 51.4 14.3 13.8 14.1 85.2 85.9 85.6
75 3 68.1 60.3 64.2 21.2 19.2 20.2 109.9 102.3 106.1
6 75.6 64.2 69.9 24.9 21.6 23.3 121.0 106.9 114.0
Mean 65.5 58.2 61.8 ab 20.1 18.2 19.2 ab 105.4 98.4 1019a
0 61.9 56.5 59.2 17.2 16.2 16.7 97.6 93.9 95.8
100 3 72.2 70.3 71.3 23.3 22.8 23.1 117.8 118.3 118.1
6 76.9 75.5 76.2 26.5 26.8 26.7 128.4 127.2 127.8
Mean 70.3 67.4 68.9 a 22.3 21.9 22.1a 114.6 113.1 1139a
Grand mean of bio 59.4 54.0 18.2 16.3 97.3 92.2
AA: ** CO: * AA: ** CO: ** AA: ** CO: **
F-test: B:ns AAXCO: ns B:ns AAXCO: ns B:ns AAXCO: ns
: AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXB: ns AAXCOXB: ns AAXCOXB: ns
Means of compost
Whitout 46.8b 12.7b 78.7b
3 59.2 a 18.0a 98.8a
6 64.1a 21.1a 106.7 a
Grand mean 56.7 17.3 94.7
Macronutrients percent andcontent in Grains biofertilization  treatments  were increased the

Data in Tables 10 and 11 pointed out that
application of anhydrous ammonia, compost and

concentration and contents of N, P and K% wheat grains
as compared to the untreated treatment.
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Nitrogenpercent and content

Results given reflect significant increases in the N
content of wheat grains as affected by application of the.
The highest increase in nitrogen % 30.2% was recorded in
the plants treated AA100 + 6 Mg fed. compost + bio.
The highest N-content in grains (87.1 kg fed.™) was
given by AA100 + 6 Mg fed." compost under bio
inoculation with an increase of 129%. This may be
due to organic manure being a product which
contains many elements therefore improving soil
fertility as well as increasing availability of

nutrients and, consequently increasing plant growth,
yield and chemical composition (El-Sharkawy and
Abdel-Razzak, 2010). The obtained results support
other results obtained by Jhaa et al. (2011); Raissi et
al. (2012); Swetal et al. (2012) and Hassan and
Ali (2013). The main effects of anhydrous ammonia
and compost addition on grain-N content show the
following order: AA100> AA75 > AA50 > AAO and
6 Mg fed.™ compost > 3 Mg fed.™ compost > without
compost, respectively.

Table (10). Effect of anhydrous ammonia, compost and bio fertilization on N, P and K % in wheat grains.

Anhydrous Compost rate Bio addition, (B)
Ammonia (Cg) M ' With Without Mean With Without Mean With Without Mean
rate, (AA) fed.) g Macronutrient contents (%6) in grains
(kg fed.™) ) N P K
0 1.88 1.69 1.79 0.51 0.48 0.50 1.76 1.66 1.71
0 3 1.93 1.77 1.85 0.55 0.52 0.54 1.84 1.74 1.79
6 1.98 1.83 191 0.58 0.55 0.57 1.89 1.85 1.87
Mean 1.93 1.76 1.85 0.55 0.52 0.53 1.83 1.75 1.79
0 1.93 1.72 1.83 0.53 0.53 0.53 1.78 1.70 1.74
50 3 1.98 1.85 1.92 0.59 0.57 0.58 1.93 1.85 1.89
6 2.03 1.94 1.99 0.62 0.59 0.61 1.97 1.92 1.95
Mean 1.98 1.84 191 0.58 0.56 0.57 1.89 1.82 1.86
0 1.95 1.75 1.85 0.55 0.56 0.56 1.79 1.73 1.76
75 3 1.99 1.95 1.97 0.60 0.59 0.60 1.95 1.91 1.93
6 2.10 2.04 2.07 0.65 0.63 0.64 1.98 1.95 1.97
Mean 2.01 191 1.96 0.60 0.59 0.60 191 1.86 1.89
0 1.98 1.80 1.89 0.56 0.59 0.58 1.80 1.78 1.79
100 3 2.15 2.05 2.10 0.63 0.63 0.63 1.98 1.95 1.97
6 2.20 2.10 2.15 0.68 0.66 0.67 2.02 1.99 2.01
Mean 211 1.98 2.05 0.62 0.63 0.63 1.93 1.91 1.92
Grand mean of bio 2.01 1.87 0.59 0.58 1.89 1.84
AA: ns CO: ns AA: ns CO: ns AA: ns CO: **
F-test: B:ns AAXCO: ns B: ns AAXCO: ns B:ns AAXCO: ns
: AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOXB: ns AAXCOXB: ns AAXCOXB: ns
Means of compost
Whitout 1.84 0.54 175b
3 1.96 0.59 1.89a
6 2.03 0.62 195a
Grand mean 1.94 0.58 1.86

Phosphorus percent andcontent

Phosphorus % and content in wheat grains
increased insignificantly as a result of anhydrous
ammonia application, compost addition and bio
inoculation. The highest P content and uptake (0.68
% and 26.9 kg fed.™, respectively) in grains was

obtained owing to AA100 + 6 Mg fed.” compost
under biofertilization. The positive effect of organic
manure reflects the different characteristics of the
added chicken manure (chemical composition and
nutritional status).

Table (11). Effect of anhydrous ammonia, compost and bio fertilization on N, P and K content wheat grain.

Anhydrous Compost rate Bio addition, (B)
Ammonia (Cg) (M * With Without Mean With Without ~ Mean With Without Mean
rate, (AA) fed. ) g Macronutrient uptake (kg fed.™) by wheat grains
(kg fed.™ : N P K
0 54.3 38.0 46.2 14.7 10.8 12.8 50.9 374 442
0 3 60.4 48.7 54.6 17.2 14.3 15.8 57.6 47.9 52.8
6 64.9 54.0 59.5 19.0 16.2 17.6 62.0 54.6 58.3
Mean 59.9 46.9 53.4b 17.0 13.8 154 56.8 46.6 51.7b
0 56.9 46.4 51.7 15.6 14.3 15.0 52.5 459 49.2
50 3 64.4 55.5 60.0 19.2 17.1 18.2 62.7 55.5 59.1
6 67.6 61.1 64.4 20.6 18.6 19.6 65.6 60.5 63.1
Mean 63.0 54.3 58.7b 18.5 16.7 17.6 60.3 54.0 57.1ab
0 60.5 52.5 56.5 17.1 16.8 17.0 55.5 51.9 53.7
75 3 70.6 64.4 67.5 21.3 19.5 20.4 69.2 63.0 66.1
6 79.8 734 76.6 24.7 22.7 23.7 75.2 70.2 72.7
Mean 70.3 63.4 66.9 ab 21.0 19.7 20.4 66.6 61.7 64.2 ab
0 67.3 60.8 64.1 19.0 19.9 19.5 61.2 60.2 60.7
100 3 83.2 76.3 79.8 24.4 234 23.9 76.6 725 74.6
6 87.1 80.6 83.9 26.9 25.3 26.1 80.0 76.4 78.2
Mean 79.2 72.6 759a 234 22.9 23.2 72.6 69.7 712a
Grand mean of bio 68.1 59.3 20.0 18.2 64.1 58.0
AA: ** Co: * AA: ns CO: ns AA: ** CO: **
F-test: B:ns AAXCO: ns B: ns AAXCO: ns B:ns AAXCO: ns
’ AAXB: ns COxB: ns AAXB: ns COxB: ns AAXB: ns COxB: ns
AAXCOxB: ns AAXCOxB: ns AAXCOxB: ns
Means of compost
Whitout 54.6 b 16.0 51.9b
3 65.4 ab 19.6 63.1a
6 71.1a 21.8 68.1a
Grand mean 63.7 19.1 61.0
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The organic manures would create favorable soil
physical and chemical conditions, which favorably affect
the solubility and availability of nutrients and thus
increase the uptake of nutrient. The released N is essential
for plant growth and development involved in vital plant
functions such as photosynthesis, DNA synthesis, protein
formation and respiration (Diacono et al., 2013). These
results coincide with the results of Abbas et al. (2011)
and Namvar and Khandan (2013).

Potassium percent and content

As shown in Table 9, K % and content in grains
followed a rather similar trend as that of N and increased
significantly owing to application of the treatments. The
highest K % and content of wheat (2.02 % and 80.0 kg
fed.”, respectively) were obtained due to 100 kg N
fed. as AA and 6 Mg fed.™ compost treatment under
biofertilization. Increases were 21.7% and 114%,
respectively over the non-treated. This may contribute
much to the increase in dry matter accumulation at the
different growth periods and consequently increasing uptake
of nutrients. Mohammed, (2002) stated that the uptake of
N, P and K by all plant tissues grown, on both sandy
loam and sandy clay loan soils were increased
signifi(iantly with increasing N-application up to 120 kg
N fed.™.

As for the main effect of N application, the pattern
is AA100 > AA75 > AASO > AAOQ. The main effect of
compost shows: 6 Mg fed." compost > 3 Mg fed.”
compost > without compost. El- Mesalhy and Zahran,
(2003) pointed out that potassium percentage in barley was
signilficantly increased by increasing N rate up to 90 kg N
fed.™

CONCLUSION

Based on the foregoing results, it can be
concluded that the highest values of wheat yield, yield
components as well as N, P and K content and uptake
were obtained with the plants supplied with anhydrous
ammonia, 100kg N fed.* + 6 Mg fed." compost +
biofertilization which were superior to the other
treatments.

Biofertilizers application in agriculture will have
greater impact on organic agriculture and also on the
control of environmental pollution, soil health
improvement and reduction in input use. So, we
recommend using a mixture of selected effective
microorganisms active in nitrogen fixation, hormonal
production and enzyme production in combination with
compost in a cumulative manner in agriculture
production.

Finally, under the current experimental conditions,
it could be concluded that this work hand granted evidence
to the effective role of applied compost manure at the rate
of 6 Mg fed.™ in combination with anhydrous ammonia
under bio inoculation with Azotobacter chroccocum at the
rate of 100 kg N fed.™ to achieve the greatest growth
parameters, yield and quality of wheat plants.
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