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ABSTRACT

Wheat is one of the most important strategic crops needed for food and feeding. Due to its importance, this work aimed to
demonstrate the role of organic/mineral N sources in collaboration with bio-fertilizer inoculation in enhancement of wheat growth and
yield under low fertile sand soil with special emphasis to economical and environmental impacts. Field experiment was conducted on sand
clay loam soil using wheat (Triticum aestivum L., Sakha 93) exposed to different rates of mineral nitrogen fertilizer either solely or in
combination with different rates of organic compost. Fertilization treatments were applied with or without Azospirillum brasilinese as a
representative of plant growth promoting rhizobacteria (PGPR). Tested treatments were completely randomly distributed in statistical
factorial block design. Application of nitrogen fertilizer at full dose (120 kg N fed™®), induced higher grain yield and nutrient uptake (NPK)
than those recorded with other low mineral-N levels. Both plants fully treated with organic compost or in combination with levels of
mineral nitrogen achieved grain yield and nutrient acquisition nearly closed to those of moderate mineral-N level. Relatively, inoculation
with Azospirillum brasilense resulted in higher grain yield by about 25% over an un-inoculated plants. Nitrogen uptake by grains and straw
significantly increased by increasing nitrogen fertilizer rates and inoculation treatment. Phosphorus and potassium contents not responded
to Azospirillum inoculation but enhanced with increasing nitrogen fertilizer rates and application of organic compost. Combined treatments
had enhanced nitrogen portion derived by either grains or straw from mineral-N form. Inoculated plants compensated remarkable amounts
of nitrogen via N-fixation. Low amounts of nitrogen released from compost were derived to grains of inoculated and uninoculated plants
but it increases with increase of compost component in the combined treatments. Nitrogen use efficiency (NUE) by either grains or straw
of the inoculated plants was tended to increase with decreasing N fertilizer rates either individually or in combination with compost.
Application of medium to low mineral N in combination with organic compost lowered the portion of N losses and achieved positive N
balance. This phenomenon was more vigorous with combined treatment of 75% mineral plus 25% organic compost under the
uninoculated treatment. Negative N balances were observed with sole addition of mineral nitrogen and tended to decline with reduction in

nitrogen fertilizer rates. These trends were lower in case of the uninoculated plants than inoculated one.
Keywords: Azospirillum, compost, fertilizer, °N, N-balance, NUE, wheat.

INTRODUCTION

It is well established the importance of nitrogen
nutrient as a limiting factor for wheat production especially
under low to poor fertile soils. Integrated nutrients
management, therefor, is the most important recent approach
applied in cereal crop production rotation. Similarly, wheat is
considered the key of cereal crops (Suwara et al., 2007).
Thus, it dependent on the soil fertility and hence on the
availability of nutrients to plants, via fertilizers (Filipek and
Skowronska, 2009). Appropriate and adequate soil conditions
may help in reserving optimal crop yields (Kaczor and
Laszcz-Zakorczmenna, 2009). The application of organic and
mineral fertilizers changes the chemical, physical, and
biological soil properties. Amended soil with organic
fertilizers could be physically and chemically improved more
than that with sole nitrogen fertilizer (Stowinska-Jurkiewicz
et al, 2013). In addition, mineral, organic, and bio-
fertilization also stimulates the development of biological
excretion of enzymes responsible for  nutrients
transformations in soils (Kramer and Green, 2000; George et
al., 2002; Bielinska and Mocek-Ptociniak, 2012).

As reviewed by Naiman et al., (2009), Azospirillum
genus is considered one of the most genera used of plant
growth promoting rhizobacteria (PGPR). The potential of this
bacterium-plant association to increase crop production was
reported earlier. Positive impacts on plant growth through
several mechanisms include enhancement of root
development, production of growth regulators and nitrogen
fixation. In addition, Azospirillum inoculation led to enhance
nitrogen, phosphorus, potassium and various micronutrients
uptake by inoculated plants (Naiman et al., 2007). Several
years ago, a publication compiled data from different
countries showing the state-of-the-art in the Azospirillum
inoculation responses (Cassan and Garcia de Salamone,

2008). Plant growth promotion was positively affected by co-
inoculation with Azospirillum spp. and several changes in
plant growth parameters may affect the crop production
(Creus et al., 2004;Askary, et al., 2008; 2009).

This work aimed to recognize the best strategy of
nitrogen fertilization and evaluating the role of asymbiotic
bacteria in compensating a part of nitrogen required for wheat
production.

MATERIALS AND METHODS

A field experiment was conducted in the
Experimental Farm of Soil and Water Research Department,
Nuclear Research Center, Inshas area that belongs to
Shargeia Governorate, Egypt, during winter season of
2013/2014 to follow up the impact of chemical N fertilization
with different rates (100, 75, and 25% kg N fed-1, from the
recommended rate of ammonium sulfate), either solely or in
combination with organic compost in addition to treatment
fully fertilized with only organic compost, on yield, and
nutrients (NPK) uptake by grains and straw of wheat
(Triticum aestivum L., Sakha 93). Al fertilization treatments
were applied with or without bacterial (biofertilizer)
inoculation. In this respect, Azospirillum brasilense Sp. 245
strain inoculum was used as biofertilizer. After drying, seeds
were inoculated with cultural inoculants based on A.
brasilense. The experiment had a completely randomized
block design with three replicates with 10.5 m2 each, where
nitrogen fertilizer rates and forms were randomly distributed
in the main plot and inoculation treatments randomly
distributed in the subplot. Experimental soil was classified as
sandy clay loam texture. Some of physico-chemical
characteristics of the experimental soil are presented in Table
1. Soil physical and chemical analyses were carried out
according to Carter and Gregorich (2008).
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Table 1. Some of physico-chemical characteristics of the experimental soil.

Particle size distribution % Texture B. density F.C PWP
Sand Silt Clay class gmcm® % %
68.02 10.02 21.96 Sandy clay loam 1.35 275 13.8
pH CaCO;% O.M % EC (dS/m)at25°c  Soluble cations (meq / 100g soil)  Soluble anions (megq / 100g soil)
1:25 Ca"” Mg™ Na* K COy HCO; CI'I SOy
8.11 1 0.07 0.84 5.76 252 1.041 051 - 164 244 575
HW % EC(dsm™) N mg kg™ Pmgkg™”
1.58 0.84 1.6 53.6

Basal recommended rates of phosphorus and
potassium were applied and thoroughly mixed into the soil
in preparation stage before cultivation. Phosphorus was
applied at 100 kg P fed™ as super-phosphate while
potassium was added at 50 kg K fed™ as potassium sulfate.
Organic compost was added at different rates equal to
those of mineral fertilizer-N according to its contents of
nitrogen in the composted form. Compost chemical
constituents were determined according to Carter and
Gregorich (2008) and presented in Table 2.

Table 2. Some chemical characteristics of composted
organic materials.

Compost
Determinations Value
PH (1.5) 6.70
E.C (dS m™) (1:2.5) 12.70
CIN ratio 12.62
OM% 56.89
N% 2.83
P% 0.84
K % 0.692
Microelements pg g™
Fe 2897.50
Cu 212.25
Mn 137.83
Zn 155.08

Micro-plot with 1 m2 area was designed and
constructed in each treatment plot (10.5 m2, 3 m x 3.5 m) and
received the certain rates of mineral nitrogen in 15N labeled
ammonium sulfate form with 3% 15N atom excess. Rest of
the plot area was fertilized with ordinary ammonium sulfate
at rates of 120, 90 and 30 kg N fed-1 equal to percentages
mentioned above. Plants grown on micro-plots were used for
collection of 15N/14N ratio analysis. Determination of
15N/14N ratio was carried out using NOI-6PC emission
spectrometer and standard equations reported in training
TECDOC no. 14, IAEA (2001), were used to determine
nitrogen derived from fertilizer (Ndff), organic (Ndforg), air
(Ndfa), nitrogen use efficiency (NUE%) and fertilizer
nitrogen remained in soil after harvest (N rem. soil).
Equations used:

% 5N atom excess of plant

% Ndff = x 100

% N atom excess of fertilizer
Nitrogen yield derived from fertilizer (kg fed™)
Nydff = %Ndff x total N uptake.
N% atom excess in organic treated sample

) X 100
N9 atom excess in untreated sample

Nydff

% Ndforg = (1-

% FUE = x 100

Rate of mineral fertilizer applied
15N9%b a.e. in soil sample

Fertilizer-N% remained in soil = X100
15N% a.e. in added fertilizer

Plant samples were collected at harvest time,
separated into straw and grains. Samples were oven dried and
straw dry matter and grain yields were recorded. Plant parts
were subjected to wet digestion and aliquot was prepared for
chemical analysis. Nitrogen was determined by micro-
Kjeldahl, P was determined by spectrophotometer and K by
flame photometer according to Estefan et al., (2013).

Analysis of variance (ANOVA) for the final data
obtained in the present study was carried out and Least
Significant Differences (LSD) among the means of various
treatments followed by Duncan’s multiple range test
(DMRT) was applied at 5% level according to SAS (2002).

RESULTS AND DISCUSSION

Grain and straw yield:-

Wheat grain and straw yields were significantly
affected by nitrogen fertilizer rates where grains showed
slight increase with application of 100% N rate comparing to
either 75% or 25% N rate. Similar trend was noticed with
straw yield of inoculated plants (Table 3). In this regard,
inoculated plants fully fertilized with organic compost
yielded grains and straw nearly closed to those treated with
75% mineral-N rate. Combined treatments of mineral and
organic-N reflected yield of grains and straw nearly closed to
those of 100% and 75% mineral-N rates or those of fully
fertilized with organic compost. The highest values of grains
and straw yields were recorded with application of 100%
mineral-N and combined of 25% mineral plus 75% organic
compost. In case of the un-inoculated plants, similar trends
were noticed but lower than those recorded with the
inoculated plants. In other turn, inoculation of wheat plants
enhanced the growth and grain yield. In general, the increase
of grain and straw yields as affected by bacterial inoculation
was around 20-25% higher than those of the un-inoculated
plants.

Table 3. Grain yield and straw dry matter (*Mg fed™)
of wheat plants treated with different rates of
mineral N fertilizer and organic compost
with or without Azospirillum inoculation.

Biofertilizer

Treatments Inoculated Un-inoculated
Grain Straw Grain Straw

Mineral-N % Dry weight Mg fed™

100 2169a 3.004a 1.778a 2525ab

75 2.002b 2.953ab 1.697 ab 2.461ab

25 1.792ab 2500b 1.433b 2.049Db

Organic compost 100% 1.919ab 2.757 ab 1.669 ab 2.356 ab
%Mineral+%compost

75M+25C 1.921ab 2.710ab 1562 ab 2.203 ab
25M+75C 2272a 2876ab 1.803a 2.632a

Means in the same column followed by the same letter are not
significantly different at p< 0.05. *Mg= ton

At maturity of wheat crop, Naiman et al., (2009)
noted that the dry weight of aerial parts did not increase with

822



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 9 (12), December, 2018

the addition of urea fertilizer, but did so with inoculation. It
was observed that Azospirillum produced significant (p <
0.05) increases of 20% when compared to the un-inoculated
plants. Also, they indicated that grain yield was increased at
range of 17 to 19%, according to Azospirillum ssp., relative
to the control without inoculation and fertilization. In the
same time, the N-fertilization (Control CF) had increased the
plant attributes by about 13%. Combination of N-fertilization
and inoculation resulted in an average increase with respect to
the chemical fertilizer control treatment (CF) by about 7%.
Yield increases due to N-fertilization and plant growth
promoting rhizobacteria (PGPR) inoculation were 13% and
14%, respectively. However, all these effects were not
significant at the p < 0.05 level. Consequently, they explained
that the increase in both aerial and root biomass due to
Azospirillum inoculation could have a significant effect on
soil quality. Although the grain yield increases were not
significant, they represent important earnings for the farmer
whom advised to use PGPR inoculation to obtain the same
yield increase reached with 45 kg ha™ of urea. Sometimes,
neither N-fertilization nor PGPR inoculation have the
expected responses. Therefore, they advised the necessary to
improve the efficiency level of such agricultural practices.

In accordance, Badr et al., (2016) found an increase
in wheat (Sakha 93) growth parameters, i.e. plant height
(cm), flag leaf area (cm), dry matter (g m?), number of spikes
m? , grain, straw, biological yield(ton fed™), and weight of
1000 grain, by increasing nitrogen fertilizer levels up to 100
kg N fed™. Also, they reported an enhancement of wheat
growth and grain yield of inoculated plants with cerialin
(commercial biofertilizer) by about 6% relative to the un-
inoculated one. In comparison with us, these increments in
grain yield were very low.

In contrast, Rodrigues et al., (2000) proved that
inoculation with Azospirillum brasilense strain 245 has no
effect on grain yield of wheat but attributed the increment in
yield to the amount of mineral nitrogen added.

Nitrogen uptake:-

Nitrogen uptake by inoculated or un-inoculated plants
was significantly varied according to nitrogen fertilizer levels
and forms (Table 4). Nitrogen uptake by grains and straw of
inoculated plants treated with 100% and 75% rates were
significantly higher than those recorded with 25% N rate.
Values induced by application of high rates were nearly closed
to each other. Application of 100% organic compost resulted
in N uptake values slightly higher than 100% mineral nitrogen
rate. Combined treatment of 75% M+25% C induced slight
decrease in N uptake by grains and straw as compared to high
rates of mineral nitrogen or fully organic fertilized plants. The
highest values of N uptake by grains or straw were detected
with combined treatment of 25% M+ 75% C, while the lowest
one was recorded with application of quarter N rate. Similar
trends but to lower extent were noticed with the un-inoculated
plants. Inoculation with Azospirillum brasilense induced an
enhancement of nitrogen uptake by plants. This proved the
synergistic effect of PGPR genera on plant growth and
consequently the nutritional status. In conclusion, combined
treatment with one quarter mineral N plus 3/4 organic
compost and the moderate rate of N mineral fertilizer as well
as fully organic treatment could be selected and recommended
as the best fertilization treatments.

Table 4. Nitrogen uptake by grain and straw (kg N fed™)
of wheat plants treated with different rates of
mineral N fertilizer and organic compost with
or without Azospirillum inoculation.

Biofertilizer

Treatments Inoculated  Un-inoculated
Grain  Straw Grain Straw

Mineral-N % N uptake kg fed™

100 174ab 1359b 13.9c 111.5b

75 18.0ab 136.0b 14.3c 114.3b

25 6.6c 50.8cd 5.2cd 41.3d

Organic compost 100%  19.8ab 159.5ab 16.2c  129.7b

%Mineral+%compost

75M+25C 149b 118.8c 11.8c 94.3bc

25M+75C 28.6a 230.5a 23.6a 188.9a

Means in the same column followed by the same letter are not
significantly different at p< 0.05.
Phosphorus uptake:-

Phosphorus uptake by either grains or straw doesn't
vary according to nitrogen fertilization levels or types (Table
5). Results proved that inoculation only has an effective role
in enhancing P uptake by organs of inoculated plats
comparable to the un-inoculated plants. Slight differences in
P uptake by straw as affected by N fertilization treatments
were noticed with both inoculated and un-inoculated plants.
In this respect, treatment of 3/4 mineral N dose plus quarter
of organic compost resulted in the best P value uptake by
inoculated or un-inoculated plants.

Table 5. Phosphorus uptake by grain and straw (kg P
fed™) of wheat plants treated with different rates
of mineral N fertilizer and organic compost with
or without Azospirillum inoculation.

Biofertilizer

Treatments Inoculated  Un-inoculated
Grain Straw Grain Straw

Mineral-N % P uptake kg fed™

100 26b 206b 24b 19.3a

75 22b 17.7bc 21b 16.9b

25 19b 15.4bc 1.8b 14.6bc

Organic compost 100%  2.1b 16.7bc  2.0b 15.6b

%Mineral+%compost

75M+25C 25b 214b 24b 19.5a

25M+75C 23b 187bc 22b 17.2b

Means in the same column followed by the same letter are not
significantly different at p< 0.05.

Potassium uptake:-

It seems that nitrogen fertilizer levels added in
mineral or organic form was significantly affected the
changes of potassium uptake by grains and straw of wheat
plants either inoculated or un-inoculated with Azospirillum
strain (Table 6). Potassium uptake by grains and straw tended
to increase with increasing nitrogen fertilizer levels. This
phenomenon was true under inoculated and the un-inoculated
plants. In this respect, there was no significant difference
between inoculated and the un-inoculated plants. Plants fully
treated with organic compost achieved K uptake values
nearly closed to those induced by application of 75% of
mineral nitrogen rate. Similar results, but to somewhat low
extent were detected with application of combined treatment
of 75% mineral-N plus 25% compost. On the other hand, the
highest values of K uptake by grains and straw were induced
by combined treatment of 25% mineral-N plus 75% compost.
Generally, potassium uptake was significantly positively
affected by increasing nitrogen fertilizer rates and organic
compost combined with low level of mineral nitrogen
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fertilizer. On the other hand, bacterial inoculation has no
significant effect in this subject.

Table 6. Potassium uptake by grain and straw (kg K
fed™) of wheat plants treated with different rates
of mineral N fertilizer and organic compost with
or without Azospirillum inoculation.

Biofertilizer

Treatments Inoculated Un-inoculated
Grain Straw Grain Straw

Mineral-N % Dry weight kg fed™

100 26.8ab 214.1b 255b 203.9b

75 2390 187.9bc 22.8b 182.4bc

25 141c 1144c 13.6¢c 108.4cd

Organic compost 100% 22.6b  180.3bc 22.0b 176.4bc
%M ineral+%compost

75M+25C 19.3bc 156.4bc 18.4bc 147.1c

25M+75C 351a 2723a 333a 266.1a

Means in the same column followed by the same letter are not
significantly different at p< 0.05.

Nitrogen, phosphorus and potassium uptake by grains
of wheat (Sakha 93) were significantly increased by
increasing nitrogen fertilizer levels up to 100 kg N fed™ and
also, positively affected by inoculation with Azospirillum
lipoferum (cerialin biofertilizer) under calcareous light soil
conditions (EI-Wakil et al., 2004; Wu et al., 2005; Badr et al.
2016). Synergistic effect of Azospirillum inoculation on
nutrient uptake may be attributed to nitrogen supplemented
via free N2-fixation and improvement of release of sparingly
soluble elements in soil through excretion of organic acids
and hormones like gibberellins, indole acetic acid and
cytokinins (Hussein and Radwan 2001;Badr et al., 2015).
These hormones could modify root morphology and
physiology resulting in more efficient absorption of available
nutrients from the soil as affected by fertilization levels and
bacterial inoculation (Hussein and Radwan 2001; Ali, et al.,
2002; Wu et al., 2005; Koocheki, et al., 2008). In the same
direction, Askary et al., (2009) recorded similar effect of
single inoculation with Azospirillum that produced
significantly higher grain yield by about 29% which contains
more N (22.8%), P (59.5%) and K (34%) comparable to
those of the un-inoculated wheat plants. Reversible trend was
noticed by Rodrigues et al., (2000) who indicated no
significant difference in nitrogen content between inoculated
and the un-inoculated wheat plants. They attributed increases
in grain and straw nitrogen content only to changes in
nitrogen rates added to plants.

Dealing with phosphorus, Lemanowicz et al., (2014)
reported that the highest content of available phosphorus
(91.58 mg P kg™) was reported in the soil amended with
farmyard manure at the rate of 60 t ha’, where it means that
the mobility of phosphorus was increased with farmyard
manure applied at the rate of 60 t ha™ and mineral nitrogen at
the rate of 120 kg N ha™. This also, reflected the increase of
acid phosphatase activity with increasing mineral nitrogen
rates. Absence of proper crop rotation and mineral nitrogen
and organic fertilization may lead to a decrease in the soil
organic matter content due to the predominance of
mineralization processes (Slowinska-Jurkiewicz et al., 2013),
and this may delayed the biological activity and passively
affect the dynamics of nutrients in the soil. Concerning
inoculation effect, EI-Komy (2005) found both phosphorus
and potassium uptake by wheat plants inoculated with
Azospirillum lipoferum either solely or in combination with
Bacillus megaterium was higher than those of the un-
inoculated plants. These results are in contrast with those we

have. They attributed increments in nitrogen, phosphorus and
potassium contents in wheat grain and biomass to
enhancement of solubilization activities and other
mechanisms like nitrogen fixation, hormonal effects and
enhancement of soil nutrients uptake. Similar explanations
were pointed out earlier (EI-Komy et al., 2003).

Nitrogen derived from fertilizer (Ndff):-

Amounts of nitrogen derived from fertilizer by grains
of inoculated plants tended to decrease with reduction in N
fertilizer rates. Similar trend, but to somewhat higher values
was detected with Ndff by straw (Table 7). Percentages of
Ndff were higher with grains than straw. Addition of compost
in combination with mineral fertilizer seems to be act as
enhancer for nitrogen portion derived by either grains or
straw from mineral-N form. This was more obvious with
application of 25% mineral plus 75% compost in case of
Ndff by grains while reverse was noticed in case of Ndff by
straw where combination of 75% mineral nitrogen plus 25%
compost was the best. Nitrogen derived by grains and straw
of the uninoculated plants were slightly different but still near
close to those recorded with the inoculated plants.

Nitrogen derived from air (Ndfa):-

Inoculated plants compensated remarkable amounts
of nitrogen via N,-fixation. This phenomenon was more
obvious with Ndfa by straw. Ndfa values were severely
negatively affected by reduction in nitrogen fertilizer rates.
Combined treatments of compost and mineral fertilizer
achieved moderate amounts of nitrogen fixed and released to
the inoculated plants. Low amounts of nitrogen released from
compost were derived to grains of inoculated and
uninoculated plants but it increases with increase of compost
component in the combined treatments. The Ndforg values
were nearly similar in grains of both inoculated and the
uninoculated plants. Similar trend, but to higher extent, was
noticed with Ndforg derived to straw.

Similar contributions to BNF by wheat was earlier
observed by et al., Aradjo et al., (2015) whom reported
that Azospirillum brasilense inoculated corn achieved
higher BNF values than those recorded with Herpspirillum
seropedicae strain accounted for 19.4% and 9.5%,
respectively. It seems that BNF contributions were related
to corn cultivars where it ranged from 12 up to 33% with
series of commercial corn cultivars using °N isotope
dilution technique (Montanez et al., 2009).

Nitrogen use efficiency (YoNUE):-

As indicator to benefits from mineral fertilizer, NUE
by either grains or straw of the inoculated plants were tended
to increase with decreasing N fertilizer rates either
individually or in combination with compost. The highest
NUE was recorded with combined treatment of 25%
mineral-N plus 75% compost indicating the synergistic effect
of organic compost on enhancement of NUE by grains. This
holds true with both inoculated and the uninoculated plants
with slight differences.  Similar trends but in higher
percentages were observed with NUE by straw of either
inoculated or the uninoculated plants.

In harmony, Ahmad et al., (2017) concluded that
impregnation of diammonium phosphate (DAP) and urea
granules with plant growth promoting bacteria (PGPB)
(Bacillus sp. strain KAP6)-inoculated compost or humic acid
(powdered) is very effective in enhancing nutrient use
efficiency of wheat. They indicated the best NUE with the
application of DAP and urea coated with 2 g inoculated
compost 100 g mineral fertilizer. In the study of Araljo et
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al., (2015) with corn plants, the highest NUE were achieved
by application of 30 kg N ha' and inoculated with
Azospirillum brasilense and Herbaspirillum seropedicae.
They found that NUE was decreased with increasing nitrogen
fertilizer rates. It was found that NUE was varied among

cereal crops due to soil and climate change, type of fertilizer,
management cultivation practices and losses mechanisms
(Duete et al., 2008; Lara-Cabezas et al., 2004; Figueiredo et
al., 2005).

Table 7. Portions, values of nitrogen derived from fertilizer (Ndff), air (Ndfa), organic compost (Ndforg) and nitrogen
use efficiency (YoNUE) by barley organs as affected by organic/mineral-N, rates and bacterial inoculation.

Biofertilizer
Inoculated
Treatments Grain Straw
Ndff Ndfa Ndforg NUE Ndff Ndfa Ndforg NUE
% kg % kg % kg % kg % Kg % kg %
% Mineral-N
100 546 95 128 22 - - 7.9 176 239 380 516 - - 19.9
75 433 78 334 6.0 - - 8.7 202 275 280 381 - - 30.6
25 546 36 182 1.2 - - 12.0 278 141 146 7.4 - - 47.0
% Mineral-N + % Compost
75:25 502 75 376 56 8.1 1.2 8.3 303 36.0 220 261 332 394 400
25:75 16.8 4.8 9.7 28 129 37 733 119 225 123 283 226 520 750
Un-inoculated
% Mineral-N
100 496 59 - - - - 49 285 318 - - - - 26.5
75 819 117 - - - - 13.0 280 320 - - - - 35.6
25 66.8 3.5 - - - - 11.7 325 134 - - - - 447
% Mineral-N + % Compost
75:25 804 95 - - 8.3 1.0 106 38.8 36.6 - - 277 261 407
25:75 25.1 59 - - 126 3.0 197 108 204 - - 23.1 436 68.0

Nitrogen remained in soil (Nyem. soir):-

Nitrogen remained in soil after harvest was severely
decreased with decreasing N fertilizer rate from 100% to
25% of the recommended rate (Fig. 1). Comparing to sole
addition of 75% and 25% mineral nitrogen, the combination
with compost resulted in more nitrogen was residue in soil
after harvest. This may be attributed to the priming effect of
organic additions. Also, some of mineral nitrogen may be
cohered with organic compost then released in soil later on.
In general, nitrogen fertilizer remained in soil was to some
extent higher under the uninoculated treatment than those of
inoculated ones except the treatment of 25% mineral-N plus
75% compost where values of inoculated and the
uninoculated treatments were nearly the same.

Tinoculated ™ uninoculated

144143

™ fertilzer remained in soil kg
P
n
o
—
o
oo
[r

100 7 25 75M=25C 25M+75C

Fertilization Treatments

Figure 1. Effact of fertilization treatments and bacterial inoculation

on nitrogen (kz fed™!) remained in soil after wheat harvest,

Fertilizer nitrogen balance:-

Fertilizer added as mineral form was divided into
different portions, i.e. those derived from fertilizer, residue in
soil after harvest and those lost from media by any loss
mechanism (Table 8). Portion of nitrogen derived by whole

plant from fertilizer and those remained in soil tended to
decrease with decline of addition rate when applied
individually. This was accompanied with high N losses
which behave similarly to Ndff and N remained in soil. At
medium (75%) to low (25%) nitrogen fertilizer rates, plant
derived more nitrogen from fertilizer and left less nitrogen in
the soil comparing to high N rate. Combined treatment of
mineral and organic compost showed higher Ndff and less N
losses as compared to the same mineral N rates applied
individually. These trends of inoculated and the uninoculated
treatments were almost the same. It was appeared that
application of medium to low mineral N in combination with
organic compost lowered the portion of N losses and
achieved positive N balance. This phenomenon was more
vigorous with combined treatment of 75% mineral plus 25%
organic compost under the uninoculated treatment. Negative
N balances were observed with sole addition of mineral
nitrogen and tended to decline with reduction in nitrogen
fertilizer rates. These trends were lower in case of the
uninoculated plants than inoculated one. This may be
attributed to portion of N derived from air by inoculated
plants while the uninoculated ones seems to be more
dependent on mineral fraction therefore it derives more
nitrogen from mineral N that decreases nitrogen loss.

In this regard, Sieling et al., (2006) indicated that
wheat significantly took up more N in the grain and left
less N in the system after harvest (residual N (Nres) = N
supply —N uptake in the grain) (64 kg Nha %) than barley
(96 kg Nha ) and oil seed rape (OSR) (92 kg Nha™). N
lost via leaching was lowest after barley under OSR and
highest after OSR under winter wheat. In addition, they
found an increase in N uptake by wheat grain of plants
treated with slurry, but also residual nitrogen (Nres) after
harvest and N leaching. Without slurry, N balance was
negative, whereas two slurry applications led to an N
surplus of 70 kg Nha *annually. Mineral N fertilization
induced increases in N uptake by grain from 67 kg N ha™*
without mineral N up to 141 kg N ha™ annually, if 240 kg
N ha® were applied each year. The corresponding N
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balance ranged between —28 and +98 kg N ha "annually.
The combination of slurry and mineral N revealed more
pronounced effects of mineral N fertilization on N uptake
by grain compared to individual slurry application,
whereas slurry led to higher N losses. These findings were
more or less in harmony with those obtained in our work.

Table 8. Fertilizer nitrogen balance under mineral-
organic fertilization and bacterial inoculation

treatment.
Biofertilizer
Inoculated
Treatments Whole plant (grain + straw)
Ndff Nrem. i, loss Nbalance
% Mineral-N
100 33.4 33.0 53.6 -20.6
75 35.3 16.7 38.0 -21.3
25 17.7 4.6 7.7 -31
% Mineral-N + % Compost
75:25 435 30.2 16.3 13.9
25:75 27.3 1.4 1.3 0.1
Un-inoculated
% Mineral-N
100 37.7 39.0 43.3 -4.3
75 43.7 19.8 26.5 -6.7
25 16.9 6.0 7.1 -11
% Mineral-N + % Compost
75:25 46.1 40.1 3.8 36.3
25:75 26.3 13 2.4 -11
CONCLUSION

Management of nitrogen nutrient is a limiting factor
in wheat production as one of the most strategic crops.
Moderate additions resulted in remarkable yield and in the
same time reduced nitrogen losses. Also, moderate to low
rates of nitrogen were efficiently used by grains and straw.
Bacterial inoculation compensated reasonable amounts of
nitrogen gained by wheat via biological nitrogen fixation.
Organic compost either applied solely or in combination with
mineral fertilizer supplemented the crop with amounts of
nitrogen nearly closed to those derived from air. In addition,
compost enhanced the use of low to moderate rates of
mineral nitrogen (NUE). Fertilizer nitrogen balance was
positively affected by combination of organic compost and
mineral-N. On the other hand, it was negatively affected by
sole additions of mineral nitrogen. Organic compost lowered
mineral nitrogen losses, enhanced NUE and increased the
portion of mineral n remained in soil after harvest which
reflected a positive N balance. We can conclude that
integrated management of mineral nitrogen and organic
additives in combination with biofertilizer may act as the
most proper strategy that achieved remarkable yield and
reducing the environmental risks.
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