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ألزوت المثبتة بالبكتيريا الملقح القمح على المهام ملوحة تاثير ل ل خد ست با

ستفررزم الئظهر تقانة م .ال

صد صد سليمان ،١ سليمان السيد عدلي م ى محمود السيد ،إ سليمان م دي حدي ي ^،ال س م ي

جالدا مصد جالل

ضي بحوث اقسم ألرا مياه ا عبل أبو ،الذرية الطاقة هيئة ،الئووية البحوث مركز ،وال ،ل3759 ز
ضي قسم ألرا .المنصورة جامعة ،الزراعة كلية ،ا

الخصة

ص تجربة أجريت ص ت أ ح ف ت  والظقيح المالحة بالمياه الري أثر لئتبع الزجاجية البيوت ظرو

ص النمو مقاييس على البكتيري صا مت ت وا سطة المغذيا ت بوا ت .القمح نبا ضح أن النتائج أو

ص وكذلك والجذور للسوق الجاف الوزن مثل النمو مقاييس متصا صر ا ت العنا  بمياه بتفاوت تأثر

ت وكذلك الري ملوحة مستوى بزيادة تدريجيا للسوق الجاف الوزن ازداد .البكتيري التلقيح معامال  

ت وقد الري مياه ضوحا أكثر الظاهرة هذه كان حالة في عنها ديسسممسزام 6ملوحة مستويى عند و  

ن ٠دسدسدمإازمم 3 المستوى ل في هذا كا ت جميع ظ صة البكتيري التلقيح معامال  التلقيح وخا

سطة النيتروجين امئصادس تأثر ٠الجذور مع االتجاه نفس لوحظ وقد .المختلط  ايجابيا السوق بوا

ل وفى المياه ملوحة بمستويات ت ظ صة البكتيري التلقيح معامال ث المزدوج التلقيح معاملة خا حي  

ص اتجه صا مت ت زيادة مع التزايد إلى النيتروجين ا  الجذور حالة فى أما *الري مياه ملوحة مستويا

ص تأثر تحسن .العذبة بالمياه بالرى مقارنة المياه ملوحة بزيادة بشدة التينزوجين امتصا

ص صا سطة الثيتروجين امت ت السوق بوا ل في البكتيري التلقيح بمعامال ت ظ الملوحة مستويا



ص زاد .الملقحة غير الشاهد بمعاملة مقارنة المختلفة صا مت سطة النيتروجين ا متأثرا الجذور بوا

ل فى فقط البكتيري بالتلقيح .العذبة بالمياه الري ظ
 التلقيح مع وكذلك الري مياه ملوحة مبستويات السماد من المستمد النيرتوجني يتأثر

صل *البكنيري ح يح ى القم م عل ظ ع ن من احتياجاته م ما مقارنة الئيتروجيية األسمدة من النيتروم  ب

شته يتم ش وحيد كمصدر البكتيري بالتلقيح االعتداد يمكن ال ثم ومن .هوائيا ن و ر ئيت حيث لل

ح إعتمد ة العائلة من وهو ، القم جي ن ل صوله في ،ا ى ح صدرين من النيتروجين عل ألول م صدر ا الم

آلخر السماديى  التربة في المتبقي النيتروجين نسبة ارتفاع إلى بدوره أدى مما هوائيا المثبت وا

(15—ن) المستقر النظير تقنية استخدام بين وقد .لملقحة غير التربة فى عنها بكتيريا الملقحة

ص في التحسن ن امتصا جي رو كت ت ا ف تح ت الميكروبي التلقيح ظرو ويا ست الري ماء ملوحة و

ABSTRACT
A pot experiment was carried out under greenhouse controlled 

conditions to investigate the effect o f water salinity and bacterial inoculation 
on growth parameters and nutrient uptake by wheat (Triticum aestivum, L. 
Seds 6). Dry matter yield o f shoots was gradually increased with increasing 
water salinity levels under dual inoculation (Rh+Az). This phenomenon was 
more pronounced with 6 dS m"* rather than 3 dS آآل’أ  water salinity level. 
This holds true with all inoculation treatments. Similar trend was noticed 
with root dry matter yield. N uptake by shoots was positively affected by 
water salinity levels under bacterial inoculation especially the dual 
treatments where N uptake tended to increase with increasing water salinity 
levels. N uptake by roots was severely affected by increasing water salinity 
levels as compared to fresh water treatment. N uptake by shoots was 
enhanced by inoculation under different water salinity levels as compared to 
the uninoculated treatment. Nitrogen uptake by roots was dramatically 
^fected by inoculation. It was only increased by inoculation when plants 
were irrigated with fresh water, ?ortions o f N dff were frequently affected by 
both water salinity levels and microbial inoculation. Wheat plant as 
representative o f  cereal crops was more dependent on the portion o f  
nitrogen uptaken from fertilizer rather than those fixed from the air. 
Therefore, the plant-bacteria association was not efficient enough. 
Inoculated treatments compensated considerable amounts o f its N demand 
from air beside those derived from fertilizer, therefore the remained N from 
fertilizer in soil was higher than those o f  uninoculated control which is more 
dependable on N dff as well as Ndfs. **N recovery by wheat plants was 
enhanced by bacterial inoculation as well as water salinity levels did.
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Introduction

Egypt is one 0؛  the arid countries of the region where the 
saline water, “the drainage water” is playing an important role in 
increasing the irrigated area to meet the population food 
req^rem ents؛^. According to Hamdy and Sardo ؛٩ , for the safe 
reuse of agricultural drainage water, the characteristics of the water, 
soil and intended crop plants should he well known and economically 
managed. Furthermore, it requires selecting crops with appropriate 
salt tolerance, improvements in water management and maintenance 
of soil structure and permeability (tilth and hydraulic conductivity).

Sofertilizer is a broad term used for products containing living or 
dormant micro-organisms such as bacteria, ؛'ungi, actinomycetes and 
algae alone or ط  combination, which on application help in fixing 
atmospheric N or solubilize/mobilize soil nutrients in addition to 
secreting growth-promoting substances ء ا  Bacteria of the genus 
Rhizobium are able to establish symbiotic relationships with many 
leguminous plants. Salinity is one of the most important stresses 
affecting legume development and symbiotic N2-fixation (see 
Z ahran, ا3ل , and refs, therein), being ^izobial-legum e symbiosis, 
including nodule development and nitrogen fixation more sensitive to 
salt than either symbiotic partner by itself

Azospirillum, a spiral-shaped N-fixing hacterium, is widely 
distributed in soils and grass roots. Major species of Azospirillum are 
Azospirillum brasilense and Azospirillum lipoferum. It can fix 20-50 
kg N/ha in association with roots. It also produces hormones such as 
indole acetic acid (IAA), gibberellic acid (GA), cytokinins and 
vitamins. Free-living nitrogen (N) fixation can be important for 
sustainable soil fertility, {^rticularly in extensively managed soils 
with low abundance of leguminous plant species. The activity of free- 
living N2-fixers is more important in soils having low active
microbial biomass and low N-mineralization rates ٣١.

Saatovieh ؛ ١  examined the tolerance of Azospirillum brasilense 
and Azospirillum lipoferum to salt stress and he found that Azospirilli 
strains displayed a varying salt resistance on potato medium



c©ntaining a range ofN aCl concentrations from 100 to 800 mM. The 
decrease in the nitrogen-fixing activity of azospirilli was detected 
starting from 200 mM 1ال م م .

The objective of this ١٧٠٢١، is to examine the response of wheat 
plant to bacterial inoculation under water salinity stress with special 
emphasis on g ro ^ h  parameters as well as nutrient availability to the 
host plant usingأل  tracer technique (isotope dilution)-

Materials and Methods

A pot experiment was installed under controlled greenhouse 
conditions using wheat (TriticumaestivumL.Seds6) as a tested crop. 
Light texture sandy soil collected from the area of Inshas located at 
Sharkeya Governorate. Some physical and chemical properties of soil 
samples are indicated in Table 1. Five kilograms o f sandy soil were 
packed in plastic pots. Soil was prepared and mixed with base doses 
of 120 kg K h a 1 as potassium sulfate and 360 kg p ha '، as 
superphosphate before planting.

All pots were seeded with wheat at rate of 10 seeds pot . After 
emergency the wheat seedlings were thinned to 5 seedling pot’1. 
Thirty-six pots were arranged in greenhouse according to the 
completely randomized block design. Seeds of wheat were coated 
with peat-based carrier of Rhizobium leguminosarum as described by 
Vincent ء6ل . While Azospirillum inoculum was added as liquid broth 
into the holes of each seedling. Uninoculated treatment was also 
included. After emergency, the wheat crop were fertilized with 
labeled ammonium sulfate ( 4 ال(د ه ( م  with 2% atom excess) at rate 
of 20 units o fN  for both inoculated and uninoculated plants.

The labeled ^-fertilizer was diluted in proper volume of 
bidistilled water according to calculated amounts of labeled N 
fertilizer needed for the experiments, then mixed thoroughly and 
applied carefully to the surface of each pot.

At harvest, the plants were picked up carefully from the soil and 
separated into shoots and roots. Roots were washed several times by 
tap water then air dried at room temperature and kept for analysis.



Irrigation water
Saline irrigation water was prepared by mixing sea water (35.5 ds 

m ) with fresh water to give the following salinity levels:
1- 50 ml of sea water + 1130 ml of fresh water to obtain 3 dS m-

1 salinity level.
2- 100 ml of sea water + 930 ml of fresh water to obtain 6 ds m-

1 salinity level.
3- Fresh water was also included as control treatment-

Table 1. Some fay^o-chem ical properties of the experimental soil 
samples.

Property ¥alue
Sand
70.5

Soil texture (%)
Sand
Clay

pH (1:2.5 H20 )
EC (ds m'■)
Organic matter (%) 
Total N (% )

72
7
0.35
0.03
0.08

15.0
2Available p (mg kg '1 soil) 

Available K (mg kg soil) 
Cations (meq 100 g soil)

0.32
0.09

Na+

21
0

0.00
0.53
1.20

880
soil) '؛Anions (meq 100 g

-H C O 3
'C O 3 2

SO•^
cr

The chemical analysis of saline water used in the present study is 
listed in Table (2).



Bacterial Inoculants
Rhizobium leguminosarum var viceae and Azospirillum brasilense 

NO 40 were provided by culture collection unit of biofertilizer$ 
production, Agricultural Research Center (ARC). It practically 
adapted to saline soil conditions. Rhizobium leguminosarum var 
viceae culture was maintained and multiplied on yeast extract 
mannitol medium (YEM) agar slops ؛6ل . Azospirillum brasilense was 
multiplied on NFb liquid medium containing 0.1%NH4C1 .

Table 2. Chemical analysis of saline water used for irrigation.
Pr©perty Value
pH 8.4
EC 35.5 d S m '1
cr 336.7 meq 1'
Mg 147.4 meq 1
Ca** 22.1 meql
B 4.35 meq 1
h c o 3- 3.4 meql

Determinations
All chemical analysis of soil samples were determined 
according to Carter and Gregorich ا*ل .
All chemical analysis of plant samples were determined 
according to ICARDA M anual[9]and[101.
HN /I5N ratio analysis was carried out using NOI-6PC 
emission spectrometer (Fischer model).

Statistical Analysis
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 was also applied at 5% level according to SAS, 
[11]



Results and Discussion

Dry m a tte r ا ا و ؛ا'ا
The uninoculated treatment indicated significant decrease in shoot 

dry weight with increasing water salinity up to 3 dS m"' then 
increased again with 6 dS m salinity level (Table 3). In this respect, 
the relative changes were -27.3% and 8 ل% for 3 and 6 dS m , 
respectively as compared to fresh water treatment. With Azospirillum 
inoculation, dry weight of shoots tended to decrease with increasing 
water salinity levels. Reversible trend was noticed with Rhizobium 
where the dry weight was increased due to increase of water salinity 
levels. Similar trend, but to somewhat high extent, was noticed with 
the dual inoculation treatment. Generally, the best values of dry 
weight were recorded with dual inoculation either applied under fresh 
water or saline ones.

Data of root clearly showed that the root dry weight did not 
affected by increasing water salinity levels. This was the case under 
uninoculated, inoculation with Rhizobium and mixed treatment while 
a sharp decrease was noticed with 3 dS m under Azospirillum
inoculation

In general, inoculation treatments enhanced the rooting system as 
compared to the uninoculated control. In this respect, the highest 
increments in root dry weight were obtained with Rhizobium 
inoculation. This trend was noticed under all water salinity levels. In 
this treatment, the root dry matter yield was relatively increased by 
about 68%, 37 ا% and 105% over the uninoculated control for fresh 
water, 3 and 6 dS m salinity levels, respectively. Rhizobium solely 
resulted in relative increase over Azospirillum by about 6%, 1ل ل % 
and 16% for fresh water, 3 and 6 dS m salinity levels, respectively.

These results are also in harmony with findings obtained by Galal 
ء12ل  who found that the dry matter accumulation of shoots and the 

grain yield of wheat plants were positively affected by inoculation 
comparable to those recorded in uninoculated treatments. In this 
respect, the highest significant values were detected with dual 
inoculation followed by individual Rhizobium and Azospirillum Sp 
245, respectively. He also added that Rhizobium-wheat relation 
resulted in higher dry matter accumulation and N uptake than those 
recorded with Azospirillum brasilense. Rhizobium induced relative



increase acc©unt 52.5 ة ل آ % an،! 65% ©ver A. brasilense, for dry 
matter and N uptake by shoot, respectively.

M er et al. إ found that ofthe four crop plants tested "Hordeum 
vulgare, barley Triticum aestivum, wheat Cicer arietinum, gram and 
Brassica juncea, mustard, barley appeared to be the most tolerant to 
salinity with regard to seed germination and early gro^rth o f the 
plants. Wheat, gram and mustard were tolerant only to low soil 
salinity. However, high salt concentrations in the soil reduced the 
absorption of nitrogen and phosphorus by the young plants. The 
imbalance of mineral nutrients resulted in a reduction or an inhibition 
of plant growth. High salinity also caused burning symptoms on the 
leaves and shoot apices ofbarley.

Table 3. Effect of irrigation water salinity combined with bacterial 
inoculation on dry weight of wheat shoots and roots (g pot j
Inoculation Shoot Root
treatments Irrigation water salinity dS m'1

F. water 3 6 F. water 3 6
Uninoculated 4.4 EF 3.2 F 5.2 CDE 1.9 B 1.6B 1.8 B

AzospiriNum (Az) 6.8 ABC 4.8 EF 5.8 ABCD 3.0 A 1.8 B 3.2 A
Rhizobium (Rh) 4.8 DEF 5.6BCDE 6.1 ABCD 3.2 A 3.8 A 3.7 A
Az + Rh 6.5 ABCD 7.2 AB 7.4 A 2.9 A 2.9 A 3.3 A
LSD (0.05)
Inoculation I 1.384 0.7934
Salinity s 1.182 0.6776
I x S 1.574 0.9024

the same column followed by the same letter are not significantly different at ؛١١ Means
0.05 >p

Bashan et a l . أل4ل  reviewed Azospirillum impact as an inoculant on 
several crops and noted that it could stimulate root hair proliferation 
through auxin production and enhance the nitrogen supply through 
the nitrogenase activity ofthis free N-fixer.

Nitrogen uptake
Nitrogen uptake by shoots was negatively affected by 3 ds m '1 

water salinity level but increased with 6 ds m salinity level under 
uninoculated treatment (Table 4). Similar trend was noticed with 
Azospirillum inoculation but the N uptake continued to decrease with 
increasing water salinity levels up to 6 dS m . When plants were 
inoculated with Rhizobium either alone or in combination with



^ا ل  Azospirillum, the N uptake by shoots tended to inerease آاا
 increasing water salinity levels. Sometimes, there was no significan؛

difference between treatments irrigated with fresh water and 3 dS m'' 
saline water. The highest value o fN  uptake by shoots was recorded 
with 6 dS m’' water salinity level and inoculation with dual inocula of 
Rhizobium and Azospirillum. These findings indicated that the 
bacterial inoculation may have synergistic effects that encourage the 
plant to tolerate such levels of salinity of irrigation water used. Data 
showed no significant difference between inoculated and 
uninoculated treatments under fresh water. Whereas, the N uptake by 
shoots was enhanced by inoculation comparable to uninoculated
treatments irrigated with 3 and 6 dS m saline water.

Concerning the N uptake by roots (Table 4), a little bit difference 
between water salinity levels was noticed under the uninoculated 
control, whereas an increase in N uptake with increasing water 
salinity levels was recorded in inoculation with individual 
Azospirillum or Rhizobium especially under 3 dS m"1 saline water. 
The dual inoculation reflected declines of N uptake with increasing
water salinity levels as compared to fresh water treatment.

Table 4. £ffe؛،t ٥٢ ا'لل؛'إ،؛؛ا؛ا)اا water salinity combined with bacterial ال؛اااساال؛ا>اآ ،١١،
nitrogen uptake by wheat shoots and roots (g pot'1)
Inoculation treatments Shoot Root

Irrigation water salinity dS in’
F. Water 3 6 F. Water 3 6

Uninoculated 7.163 ABC 6.03 c 8.795 AB 1.696 CD 1.465 D 1.967 CD
Azospil'illum (Az) 7.138 BC 6.567 c 5.857 c 1.779 CD 2.485 ABC 2.397 ABC
Rhizobium (1آ ا ا ) 6.463 BC 7.872ABC 7.046ABC 2.245 BCD 2.871 AB 1.888 CD
A z + R h 7.236ABC 7.179 ABC 9.299 A 3.064 A 1.884 CD 1.738 CD
LSD (0.05)
inoculation 1 1.762 0.5573
Salinity s 2.063 0.6525
I x S 2.346 0.7422
Means in the same column followed by the same letter are not significantly different at p<  0.05

In this respect, root colonization and mitigation ofNaCl stress on 
wheat seedlings were studied by inoculating seeds with Azospirillum 
lipoferum JA4: : ngfp\5 tagged with the green fluorescent protein 
gene (gfp) ؛ . Colonization of wheat roots under 80 and 160 mM 
NaCI stress was similar to root colonization with this bacterial species 
under nonsaline conditions, that is, single cells and small aggregates



were mainly located ؛٨  the root ha؛r zone. These salt concentrations 
had significant inhibitory effects on development of seedlings, but not 
on growth in culture of gfp-A. lipoferum JA4 ngfp 15. Reduced plant 
growth (height and dry weight of leaves and roots) under continuous 
irrigation with 160 mM NaCI was ameliorated by bacterial 
inoculation with gfp-A. lipoferum JA4 ngfp 15. Inoculation of plants 
subjected to continuous irrigation with 80 mM NaCI or to a single 
application of either NaCI concentration (80 or 160 mM NaCI) did 
not mitigate salt stress. This study indicates that, under high NaCI 
concentration, inoculation with modified A. lipoferum reduced the 
deleterious effects of NaCI؛ colonization patterns on roots were 
unaffected and the genetic marker did not induce undesirable effects 
on the interaction between the bacterium and the plants.

N /15N ratio analysis 
Nitrogen derived from fertilizer (Ndff)

As shown in Table (5), the portion o fN  derived from fertilizer and 
utilized by either shoot or root was dramatically affected by water 
salinity levels and bacterial inoculation. %Ndff in shoots tended to 
decrease with increasing water salinity up to 3 ds m and then 
increased with 6 ds m"' in uninoculated treatment, whereas the root- 
Ndff under the same treatment reflected gradual increase with 
increasing water salinity levels. Concerning the effect o f inoculation, 
the portions of Ndff in shoots were tended to decrease with 
Azospirillum inoculation comparing to uninoculated treatment. This 
holds true under all water salinity levels in different extent. Similar 
trend was noticed with root-Ndff. When plants were inoculated with 
sole Rhizobium, %Ndff in shoots tended to decrease only under fresh 
water but increased with 3 and 6 dS m saline water as compared to 
the uninoculated treatment. In this regard, the highest percentage of 
Ndff was recorded with 3 ds m (74.6%) as compared to other 
treatments. In case of dual inoculation the portions Ndff in shoots 
tended to decrease with increasing water salinity levels. Similar trend 
was recorded with root Ndff but to lower extent.
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nitrogen derived from fertilizer (%Ndff) by 0؛ Table 5. Portions 
shoot and root of wheat as affeeted by water salinity levels and
bacterial inoculation
li!oculation treatments Shoot Root

١٢٣؛ nation water salinity dS أ'آأل
F.

Water
3 6 F-

Water
3 6

ا[؛ااا(اأاااار؛ا،ال 62.9 D 52.01 63.9 c 36.9 E 59.0 A 48.3 B
Azospirillum (Az) 53.3 H 42.1 j 52.4 HI 30.7 1 48.1 B 39,5 D
Rhizobium (Rh) 58.9 E 74.6 A 66.4 B 28-1.1 32.2 H 2؟س
A z + R h 62.2 D 57.5 F 55.0 G 43.2 c 35.5 F 33.4 G
LSD (0.05)

1ارماا'اا1ااأ؛ا>اا ا 0.7053
0-8258
0.9392

0.5388
0.6309
0.7176

Salinity s
I x S

0.05 >the same column followed by the same letter are not significantly different at p ؛١١ Means

- Nitrogen derived from air (Ndfa)
Shoot-Ndfa percent was positively affected by Azospirillum 

inoculation and tended to increase with increasing water salinity 
levels up to 6 dS ١١١ level (Table 6). Similar trend was noticed with 
root-Ndfa. In this respect, the increments were not significantly 
varied between the shoot and root-Ndfa. It was surprised that the 
inoculation with Rhizobium induced much more %Ndfa in roots as 
compared to shoot-Ndfa in all treatmentsof saline water. 
Corresponding percentages were 23.8,45.4 and 47.8 aga؛nst 6.3,-43.3 
and -3.9 of shoots for fresh water, 3 and 6 dS m treatments, 
respectively.

Very low shoot-%Ndfe was noticed with dual inoculation under 
fresh water treatment. This percent contjnued to decrease with 
increasing water salinity level up to 3 dS m ,  then tended to increase 
with 6 dS m"' saline water. Root-Nd؛'a tended to increase with 
increasing water salinity levels when dual inoculation was considered. 
Some negative percentages indicated the under estimation of N 
derived from air. It seems that plants were more dependent on the 
portion of nitrogen derived from l'ertilizei' rather than those derived 
from air.

Previous researches done using dil'f'erent assays like acetylene 
reduction tests 15 , ء16ل N-based isotope dilution method ء17ل  and natural 
abundance of nitrogen isotope ratios (dl5N) أ18ل  indicated that the 
increased nitrogen uptake in inoculated plants is not derived from



BNF. Data obtained in the present work are to somewhat extent in 
harmony with those mentioned earlier.

Table 6. ?©rtions of nitrogen derived from air (%Ndfa) by shoot and 
root of wheat as affected by water salinity levels and bacterial
inoculation.
Inoculation treatnients Shoot Root

Irrigation water salinity (IS m'!
F. Water 3 6 F. Water 3 6

AzospiriHum (Az) 15.3 c 19.2 ٨ 18.1 B 16.7 ٠ 18.4 F 18-2 F
Rhizobium (Rh) 6.3 E -43.3 G -3.9 G 23,8 E 45.4 B 47.8 ٨
Az + Rh 1.2 F -10.4 G 13.9 D -17.0 H 39.8 c 30.8 D
LSD (0.05)
Inoculation 1 0.7441 0.8748
Salinity s 0.8712 1.042
I x S 0.9909 1.165

0.05 >the same column followed by the same letter are not significantly different at p ؛١١ Means

Nitrogen derived from soil (Ndfs)
Considerable portions of soil-N were uptaken by shoot and root of 

wheat plant treated with different bacterial inoculum and irrigated 
with saline water (Table, 7). Under uninoculated treatment, soil-N 
uptake by shoot was increased with increasing water salinity up to و 

dS m’1 level, then decreased with 6 ds m level. Similar trend was 
recorded with individual Azospirillum and dual inocula of Rhizbium + 
Azospirillum. Reversible trend was noticed with individual Rhizobium 
inoculation where the N uptake from soil pool was declined with 3 ds 
m '1 salinity level, then sharply increased with 6 ds m '1 level. These 
results indicated that N derived from soil by shoots as affected by 
water salinity levels was related to inoculation treatment.

Concerning the effect of inoculation type, data revealed that the 
portion of N derived from soil by shoots was negatively affected by 
inoculation treatments. This holds true under all water salinity levels. 
These results confirmed the above mentioned data of Ndff and Ndfa. 
since the inoculated plants were more dependable on them rather than 
Ndfs portions.

With root, the portion of Ndfs was declined with increasing water 
salinity level up to 3 ds m '1, then increased again with 6 ds m level 
but both of them were lower than those of fresh water treatment- This 
holds true with all inoculation treatments. On the other hand, the 
effects of inoculation, in general, behave like that recorded with
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shoot-N derived from soil. The portions of Ndfs by shoots ه س  roots 
were nearly closed to each other.

Table 7. ?ortions of nitrogen derived from soil (%Ndfs) by shoot and root of wheat
as^fected الط water salinity levels and bacterial inoculation.
Inoculation Shoot Root

treatment؛؛ Irrigation water salinity dS IT1-1
F. Water 3 6 F. Water 3 6

Uninoculated 37.ID 48.0 A 36.1 D 63.1 A 41.0 F S1.7C
Azospirillum (Az) 31.4 F 39.7 c 29.5 G 52.6C 33.4H 42.3 E
Rldzobium (Rh) 34.6E 25,4 H 48.0E 48.0 D 22.3K 27.01
Az + Rh 36.6 D 42.5 B 31.IF 56.8B 24.7J 35.8G
LSD (0.05)
Inoculation I 0-867 0.79^4
Salinity s 1.015 0.9278
I x S 1.155 1.055
Means in the same column followed by the same letter are not s^nifieantly different at p< 0.05

Fertilizer-N remained in soil
Fertilizer-N remained ط  soil after wheat was presented in Table 

(8). It is obvious that considerable percentages of fertilizer-N were 
remained in soil. These percentages werc higher in uninoculatcd 
treatment than those recorded with inoculated ones. It should be taken 
into account that the uninoculated treatment have received high rate 
of fertilizer nitrogen (100 kg N ha ) {hat doubled those applied to the 
inoculated treatments (50 kg N ha ). This may be the reason for 
increasing the remained N percentages in uninoculated control 
comparing to the inoculated one. Under uninoculated control, the 
fertilizer-N percent was increased with increasing water salinity level 
up to 3 dS m '1, then decreased with 6 dS m  salinity level. In this ؛'
regard, the level 3 dS m induced higher % fertilizer-N remained in 
soil than fresh water and 6 dS m"' salinity level.

Concerning the inoculated treatments, data showed, in general, 
decline in % fertilizer-N remained in soil with increasing water 
salinity levels. Significant variation was noticed between the 
inoculum types. In this respect, Azospirillum inoculation was superior 
over dual inocula and Rhizobium, under fresh water treatment. While, 
the pots irrigated with 3 dS m"' water salinity level reflected 
superiority of Azospirillum inoculation over Rhizobium and dual 
inocula. Similar trend was noticed under 6 dS m water salinity level
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When recalling the data of Ndff and Ndfa, we can conclude that 
the inoculated treatments compensated considerable amounts of its N 
demand from air beside those derived from fertilizer, therefore the 
remained N from fertilizer in soil was higher than those of 
uninoculated control which is more dependable on Ndff as well as
Ndfs.

Our results, in this section, are nearly closed to those obtained
At maize harvest an average of 58% of the applied .ا1ول elsewhere

fertilizer-N was recovered in the 0-60 cm layer أل9ل. Khanif et al. ؛ ١
reported that more than 85% of the total N recovered in the soil at
harvest was below 30 cm. The distribution that we have are different
from that found in a range of studies conducted elsewhere with wheat

[21]

wheat harvest ']'؛٨ ،>؛الر ؛ال'اا amounts of fertilizer-N remained ؛اااال Table 8. Portions
as affected by water salinity levels and bacterial inoculation.
Inoculation treatments Irrigation water salinity dS ا m؛'

F. Water 3 6
% mg % mg % mg

ا؛ااا)(،الء1الءاو 66.6 B 33.3 70س 35.0 62-8 c 31.4
Azospirillum (Az) 34.0 D 85.0 32.6 E 81.5 31.2 F 78م0
Rhizobiuin (Rh) 30.1 G 75.3 25.1 H 62,8 28.9 H 72.3
OAz + Rh 32.9 E 82.3 15.8 j 39.5 18.31 45.8
LSD (0.05)
Inoculation ا 0.6826
Salinity S 0.7992
I x S 0.9090
Means in the same column followed by the same letter are not significantly different at p< 0.05

15N Ree©very by plants
Effect of inoculation treatments and irrigation water salinity levels 

on N recovery by wheat plants was demonstrated by Fig. (1). In this 
regard, the N recovery was enhanced by inoculation in general. This 
holds true under all water salinity levels. Dual inoculation induced 
higher 15N recovery than Rhizobium or Azospirillum under tape water 
treatment. Similar trend, without big significant difference, was 
noticed under 6 ds m"1 water salinity level. Under salinity level of 3 
dS m , the highest percent of N recovery was recorded with 
Rhizobium followed by dual then Azospirillum inoculation.

In conclusion, the Overall average indicated that the 15N recovery 
by wheat plants was enhanced by bacterial inoculation as well as 
water salinity levels did.
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Fillery and Mclnnes أ22ا  reviewed the fate of fertilizer N 
commonly applied to wheat in southern Australia which has largely 
been evaluat؛<؛؛l using budgeting procedures using '5N, a stable isotope
ofN. They indicated that between 10 and 40% of applied N can be 
lost irrespective of time of application to wheat. Denitrification is 
believed to be the chief cause of loss of N. Similar studies on yellow 
duplex soils in Western Australia have shown fertilizer N loss to 
range from 70% to no loss ofthe N applied.

In the majority of studies, recovery of N in aboveground biomass
exceeded 40% of that applied. In addition, between 17 and 48% of 
applied N, of which 10-15% may be in root material, has been 
recovered in the soil organic matter pool. The predominance of the 
denitrification process in south-eastern Australian soils, and the 
inability to improve the efficiency of utilization of 15N by delaying 
the time of application to wheat underscores the importance of 
controlling the nitrification process using inhibitors.

Galal showed that shoots of wheat gained more N from
fertilizer as compared to grain-N. Amounts of N derived from 
fertilizer were significantly increased by inoculation. Dual inoculation 
by Rhizobium and Azospirillum was the best treatment followed by 
Rhizobium and then Azospirillum alone. Similar trends were observed 
with 15N recovery. Our data of N recovery by wheat are ط  harmony 
with results which he has.

Fert؛l؛zer-N Balancc
Data graphically illustrated by Fig. (2) indicated that the N 

labeled fertilizer added to wheat plants was poorly utilized by plants 
comparing to the amounts of fertilizer-N that remained in soil after 
harvest or those lost from the ecosystem. A sharp losses of fertilizer- 
N was indicated in case of uninoculated treatment as compared to 
inoculated ones. This may be due to the high rate of fertilizer-N 
added to the uninoculated treatment (100 mg N kg'1 soil) comparing 
to inoculated treatments (50 mg N kg soil). This fact may explain 
the low values of N losses induced by inoculation and gave us the 
chance to confirm the need for proper management of nitrogen 
fertilizer under such coarse sand textured soils.

١؟
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Worldwide, nitrogen use efficiency (NUE) for cereal production 
(wheat. Tritium aestivum L.؛ corn, Zea mays L.; rice, Oryza sativa L. 
and ٠ . glaberrima Steud.؛ barley, Hordeum vulgare L.; sorghum, 
Sorghum bicolor (L.) Moench; millet, Pennisetum glaucum (L.) R. 
Br.; oat, Avena sativa L.; and rye, Secale cereale L.) is approximately 
33%. The unaccounted 67% represents a $15.9 billion annual loss of 
N fertilizer (assuming fertilizer-soil equilibrium). Loss of fertilizer N 
results from gaseous plant emission, soil denitrification, surface 
runoff volatilization, and leaching 2 .؛

Plant N losses have accounted for 52 to 73% ofthe unaccounted N
using 15N ط  corn research ء24ل , and between 21 ال/ه ا25ل  and 41% ةا  in
winter wheat. Gaseous plant N loss in excess of 45 kg N ha * yr has 
also been documented in soybean [Glycine max (L.) Merr.] ا27ل .
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