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ABSTRACT

Two winter wheat field experiments were designed in El-Gabeal at Tocr Sinai,
south Sinai during (2002-2C03) and (2003-2004) seasons, to study the possible
amelicration for some physical, biclogical and nutritional status of saline calcareous
soils and its productivity using biotechnologies. Wheat {Sakha 8) was sown as a test
crop for soil productivity. The treatments comprised (1) halotolerant No-fixers
biofertilizers as inoculation with (Azospinfflum sp.+ Klebsiella sp.), Na-fixing
cyanobacteria (Nostoc sp.+ Anabaena sp.) and uninoculated. (2) applied N-levels, as
20, 40, 80, 80 and 100 kg Nffed. (3) methods of biofertilization as soaking grains,
grain inocuiation and (scaking+ grain inoculation).

Results showed improvements for several soil physical parameters. Bulk
density, saturated hydraulic conductivity (SHC) and total porosity were areliorated as
a result of biofertilization referring to uninoculated and control (20 kg Nffed.)
treatments. Nx-fixers cyanobacteria (Nostoc sp.+ Anabaena sp.) by (soaking + grain
inoculation) method was the best supporters in certain suitable soil structure,
particuiarly in the presence of 80 kg N/fed treatment.

A positive effect of either grain or (soaking + grain inoculation} method was
noticed by with hoth (Azospirilium sp. + Klebsiella sp.) and cyanobacteria {Nostoc sp.
+ Anabaena sp.) inoculation on thelr densities and dehydrogenase activity in wheat
rhizosphere plants, particularly at 75™ day of sowing in the presence of 100 kg N/fed
Klebsiella sp. gave high densities compared with Azospirifflum sp., While nitrogenase
activity and available N in scil considerably lncreased in comparisen to uninoculated
and control (20 kg N/fed) treatments, particularly at 75™ day of sowing in the presence
of 80 kg Nffed and incculation with (Azospm!fum sp.+ Klebsieffa sp.) treatments.

Wheat grains and straw yields as well as N-fertilizer use efficiency were
enhanced in response to different methods of biofertilization and N-fevels, especially
with soaking + grain inoculation method in the presence of 80 kg N/fed achieving
relatively high increases compared to uninoculated treatments amended with 80 or
100 kg Nffed. Similar trends were also observed for the content of nitregen, total
amino acids and crude protein in grains and straw in response to ineculation with
(Azospirifium sp.+ Klebsiella sp.) which in turn was more effective.

This means that (scaking+ grain inoculation} method with halotolerant No-fixing
ie.. Azospirflum sp.+ Klebsiella sp.) and cyanobacteria (Nostoc sp. and Anabaena
sp.) may save (20-40) kg N/fed.

Keywords: Nitrogen fertilizer, saline soil, calcarecus soil, biofertilization, N -fixng
bacteria, cyanobacteria, soaking, grains inoculation, wheat production and
South Sinai.

INTRODUCTION

Toor Sinai soil suffers from two main problems, high content of CaCO4
and high salinity of both soil and irrigation water. Sustainable development of



Reda, M.M. et al.

such soils means creating desirable characteristics, i.e., physical, biological
and nutritional in one side and maintaining these characters as long as
possible.

In an attempt to develop productive profitable and sustainable
agriculture systems, several agriculturists tumn to farming methods, which, are
a base on Dbiotechnologies, le.., Azospirilum sp., Klepsiella and
cyanobacteria (Nostoc sp. and Anabaena sp.).

Regarding the effect of halotolerant N,-fixing microbes on a possible
amelioration for some physical properties, Rogers and Burns (1994)
observed significant increase in the values of soil aggregates stability due to
an increase in polysaccharide content of soils, when inoculated with Na-fixing
cyancbacteria. Also, due toc the mucilaginous and fragile thalli of
cyanobacteria, which, formed a compact grey substratum firmly holding the
soil particles together which checked both wind- and water mediated soil
erosion, particularly in light and sandy soils, resulting in an improvement in
the water-holding capacity and aeration status of soil (Tiwari et al., 1991).
Such polysaccharide or extracellular mucilages of cyanobacteria can account
for as much as 44% of their dry weight (Mandal et al., 1999). Though, Omar
and Hammouda (1998) added that the increases of both organic matter and
exopolysaccharide, which, reached to 400 mg/days after planting are due to
free nitrogen fixers inoculation (Azospirilum sp., Klebsiella sp. and
Azotobacter sp.).

Boutros ef al. (1987) and Reda et al. (2004) found that biofertilization
technique with No-fixers (Azofobacter chrococcum, Azospirillum sp. and Na-
fixing Bacilliy either as single or mixture led to maximize the counts and
activity of each of them in the new desert soil. El-Sheshtawy (2000) noticed
that low doses of chemical nitrogen ferilizer, promote the association of
microbes with plants. Although, El-Borollosy et al. (2000) and Mohamed
{2004) added that heavy doses of inorganic N-fertilizers inhibited N:-ase
activity in rhizospheric soil of wheat plants. It reached their maximai levels at
75" day of cultivation then markedly dropped. Milesev et al. (1998) and
Zaghnloul et al. {1996} reported that wheat inoculation with Azospiriflum sp.
increased soil population of Azospirillum sp. and consequently increased
dehydrogenase activity. Such enzyme is considered as an index for the
biological activity in soils (Ghaza!, 1980). While, Abd El-Rasoul et al. (2004)
added that wheat inoculation with Ny-fixing cyanobacteria (Nostoc sp.)
combined with 1/4 recornmended N-dose led to increase soil dehydrogenase
activity. They explained that inoculation with cyanobacteria increased the soil
microbial biomass which in furn increased dehydrogenase activity due to the
massive respiration process with increasing microorganisms population in
sail.

The stimulatory effect of dizotophes on increasing crop yield attributed
to not only to Nj-fixation activity or production of some compounds tike
polysaccharides, peptides, lipids during their growth in scils, but also to the
production of growth promoters. Aly (2003) reported that Azospiriflum sp.
produces some biological activity substances, which, help in greater
absorption of nutrients from soil. Also, Mandai ef ai, (1999) reported the effect
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of Nx-fixing cyanobacteria on growth and yield of crops in the presence of N-
fertilizers has commonly been described to the production of growth-
promoting substances, i.e.., gibberellins, cytokinin, auxin, abscisic acids,
vitamins, antibiotics and amino acids.

The main target of this study is to evaluate the improvement
parameters: physically, biologically and nutritionally for biotechnologies
treated soils under different leveis of inorganic N-fertilizer, as well as wheat
production under Toor Sinai conditions.

MATERIALS AND METHODS

Two winter field experiments were designed in El-Gabeal at Toor Sinai,
south Sinai during (2002-2003) and (2003-2004) seasons to study a possible
amelioration for some properties of saline caicareous soils and its productivity
using halotolerant N.-fixers bioferilizers. The previous crop was wheat
(Sakha 8). Soil analyses to 25 cm depth before planting at each season are
recorded in Table (1) and irrigation water analysis was presented in Table (2).

Table (1): Some physical and chemical properties of El-Gabeal soil.
A-Physical properties

Particle size distribution (%) Texture Bulk Hydraulic Total

Coarse |Fine silt |clay iclass Density conductivity porosity

sand sand y {g/fcm™) |(em/h) {%)
Loamy

18.1 62.1 123 |7.5 sand 1.55 206 428

B. Chemical properties
H Ece Soluble cations|Soluble anions
P (meq/L) meg/L

rd
(1:2.5)|dS/m |{Ca® 'Mg” Na"k* EO‘-" HCOs150,%lcr

CaCO; O.M.

SAR gy [(%)

8.1 10.9 [44.1 [6.21 [61.3{1.62]- [463 [20.9]68.7[11.8[51.3 [0.21 |

Table (2): Chemical composition of the saline well water used for

irrigation.
Ece Soluble cations (meg/L Solubie anions {meq/L) SAR
dS/m [ca” [Mg® [Na® K’ CO;” [HCOs (SO, [Cf
6.92 236 1510 32.0 046 — 4.86 1286 277 8.41

In a split-split plot design with four replicates, the plot consisted of 7
rows 3m long with 0.60 cm apart giving a plot area of 12.6 m°’. The
experimental soil ploughed twice and fertilized with 150 kg/fed of
superphosphate (15% P20Os) and 50 kg/fed potassium sulphate (48% K,O).
Five rates of mineral nitrogen fertilizer (20, 40, 60, 80 and 100 kg N/fed.)
were applied with the form of ammonjum nitrate 33.5%N, as the main piots.
nitrogen applied at five equal split doses (at sowing and then every 20 days)
before irrigation. Each main plot was divided into three subpiots having; i.e..
(Azospiriffum + Klepsiella), uninoculated treatment (Unino ), inocuiation with a
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mixture of Azospiriflum sp. and Klepsiella (Azo.+Kl.) as well as a mixture of
N--fixing cyanobacteria (blue green algae) i.e.. Nostoc sp. and Anabaena sp.
{Nos.+Ana.), which, isolated from the same location of the investigated soil to
be used as halotolerant inoculants. Each sub-main plot was divided into three
sub-subplot having, i.e.., soaking grains method (S), grain inoculation method
(G) and soaking + grain inoculation (S+G).

in soaking treatment, wheat grains were soaked before sowing in tap
water then divided into three portions, 1/3 soaked in a liquid culture without
bacteria, 1/3 soaked in a liquid culture of N,-fixing bacteria (Azo.+Kl.)) at rate
of 10° cellssmL without gum, 1/3 soaked in algae culture biofertilizers
{(exudates), which, obtained at the end of 30 days growth of algae, The period
of soaking was 4 hours.

In grain inoculation treatments N,-fi xm1g bacteria (Azo.+Kl) was
applied in a concentration of about 10° cells mL” liquid cultures. Arabic gum
(16%) was used as an adhesive agent. N.-fixing cyanobacteria (Nos.+Ana.)
was applied at rate of 200 g fresh algae/fed which harvested after the end of
30 days growth of algae.

Each experimental plot was sampled for soil and plant analyses at
stages 45, 75 and 120 days after germination. Scil sampies were taken at 25
cm depth, air dried, ground, sieved through a 2 mm sieve and analyzed for
available N according to Jackson {1967). At harvest, the weight of grains and
straw yields were recorded, oven dried at 70 °C and recorded dry weight. The
dried samples of grains and straw were ground in Willy mill and digested with
H,80,; and H,O, according to Parkinsen and Allen (1975). The digested
samples were analyzed for nitrogen content according to Ling (1963). Total
amino acids content was estimated according to Lee and Takahashi {1968).
Protein content was estimated by multiplying N-content by 5.95 factor. Soil
bulk density was determined for root zone using the core method (Vomocit,
1986). Saturated hydraulic conductivily was determined wusing the
undisturbed soil column and total porosity were determined according to
Black (1965).

Biological analyses were carried out for determining densities of
Azospirillum sp., Klebsiella sp. and total count of cyanobacteria according to
Daébereniner et al. (1976), Yoch and Pengra {(1966) and Allen and Stanier
(1968), respectively, as well as nitrogenase (N;-ase) and dehydrogenase
activity (DHA) in rhizospheric s0il of wheat piants, after 45, 75 and 120 days
of sowing according to Hegazi ef al (1979) and Casida ef al. (1964),
respectively.

RESULTS AND DISCUSSION

1. Ameljoration of soil physical properties:
The experimental treatments affected physical condition of Toor Sinai
s0ils and the items, which, judged their effects were as follows:

1.1. Bulk density:
Data in Table (3} clarify that the moculahon with N.-fixing cyanobacteria
(Nostoc sp.+ Anabaena sp.) was more effective in improving soil bulk density
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than inoculation with Azospiriflum sp.+ Klebsiella sp., particuiarly by soaking+
grain inoculation method, in the presence of 60 kg N/fed) treatments. These
results are in consistent with those of Ei-Sersawy et al. (1997}, who observed
that improvement for soil bulk density were ameliorated and improved as a
result of biofertilization with Ns-fixing bacteria referring to control.
Biofertilization on both seeds and soil under 40 or 60 kg N/fed were the best
supporters in creating suitable soil structure. Also, similar effects were
observed by Mandal et al. (1999), using N-fixing cyanobacteria.

1.2. Saturated hydraulic conductivity {(SHC):

Toor Sinai soils are calcareous light texture (loamy sand} which cause
a great loss of water and nutrients by deep percolation because of their rapid
SHC. Thus the improvement these soils require adjusiment of their SHC to
optimum level suitable for plant demands. Table (3) revealed that the
application of (Azospirillum sp.+ Kiebsielfa sp.) and a mixture of Na-fixing
cyanobacteria (Nostoc sp.+ Anabaena sp.) as weil as soaking grains, grain
inoculation and (socaking+ grain inoculation) methods improved (SHC), since
it decreased at different levels of inorganic N-fertilizer compared with
uninoculated and control treatments. Cyanobacteria inoculation was more
effective particularly by (soaking+ grain inoculation) method, in t1e presence
of 60 kg N/fed treatment (17.2 cm/h). These resuills are in agreement with
those of reported by Khalil ef al, (1997), using Azospirillum spp. and Whitton
and Potts (2000) using No-fixing cyanobacteria.

1.3. Total porosity:

Results in Table (3) indicate that the percentage of total porosity
increased with different tested methods combined with both biofertilizers in
the presence of different doses of inorganic N-fertilizer. (Soaking+ grain
inoculation) method with N,-fixing cyanobacteria was more effective,
particularly in the presence of 60 kg Nffed treatment.

This increase in total soil porosity could be attributed to increasing the
soil stable aggregates percentage resulted from the binding materials
(polysaccharides, peptides and mucilegneous materials) secreted into soil by
the inoculated microorganisms such as cyanobacteria and Azosgirilium.
These results were confirmed by Rogers and Burns (1994) and Omar and
Hammouda (1998).

2. Amelioration of soil biological properties:
2.1. Growth of Nj-fixers in rhizosphere soil:-

Densities of some Nj-fixers namely Azospirifflum sp., Klebsiella sp. and
Cyanobacteria were traced periodically (after 45, 75 and 120 days of sowing)
in rhizosphee of wheat plants to study the influence of different methods of
biofertilization (soaking or grain inoculation) with (Azospiriffum sp. and
Klebsiella sp.) and (Nostoc sp. and Anabaena sp.) on their growth and
activities in the presence of different doses of chemical N-fertilizer (20, 40,.
60, 80 and 100 kg N/fed.).
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Table (3): Influence of N levels and biofertilization with dizotrophes by soaking and grain inoculaticn on soil butk

density, saturated hydraulic conductivity and total porosity after harvesting during two seasons

{combined analysis).

fericon

Bulk density (gfem3)

Saturated hydraulic conductivity

Total porosity (%)

* Controi treatment = Uninoculated with bacteria under 20 kg/fed of N-fertilizer.

Levels Unino. Aza.+Kl. Nos.+Ana. Unino. Azc:f;:l Nos.+Ana. Unino. Azo.+Kl. Nos.tAna.
{kgifed.) S G $+G 8 G S+G S G S+G|S8 G S+G 8 G 5+G § GS+G|S G S+tG S G S+G 5 G S+G
20* | [1.531.521.531.511.491.50 1.521.501.50&0.120.320.4 20.420.320.120.320.020.143.243.643.444.146.147.1 44.646.847.3
40 1.521.521.521.511.481.47 1.501.481.47{19.820.020.2 18.817.517.519.318.017.6 43.543.543.6 44.747.048.045.147.448.7
%0 1.541.501.511.491.461.46 1,491.451.44[15.719.920.119.018.418.018.617.917.243.743.643.7 45.647 948.9 46.648.850.7
80 1.501.511.521.511.501.501.501.491.49/19.720.120.019.318.918.519.318.217.6 43.743.743.8 45.646.747.8 46.248.549.6
100 1.501.511.521.511.501.501.511.501.50

19.820.120.019.519.118.7 19.318.918.043.843.943.045.546.847.046.348.649.6
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2.1.1. Densities of Azespiriflum sp. and Klebsiella sp.:-

Data recorded in Tabile (4) showed that grain inoculated treatments of
wheat plants remarkably increased the densities of Azospiriflum sp. and
Klebsiella sp. in the rhizosphere of the inoculated plants. Stimulation of
microbial growth was more pronounced when {(Azo.+Kl.) biofedilizaer was the
source of nitrogen than in (Nos.+Ana.). These results are true in most of plant
growth stages and in the presence of all tested N-doses. Such resuits may be
because the nitrogenous materials released via nitrogen fixers
microorganisms (cyanobacteria and Azospirillum spp.) into soil, which in turn
enhanced the microbial growth. These explanations are in accordance with
those stated by Reda et al., {(2604).

In all cases, rhizospheric Klebsiella sp. were in high densities
compared with Azospiriflum sp. populations, since, their densities reached
80x10" cells/g dry rhizospheric soil at 75" day of sowing in mix, inoculated
treatments amended with 100 kg N/fed. Microbial densities of two groups
under different levels of N-fertilizer treatments gradually increased, reaching
their maximal levels at 75" day, then decreased thereafter. Although,
increasing N dose of ehemical N-fertilizer resulted in an increase in microbial
growth reaching its maximal in the presence of 100 kg Nffed. Aiso, it is not a
surprising result that uninoculated plots gave the lowest count >f all tested
No-fixers in wheat rhizosphere.

2.1.2. Total count of cyanobacteria:-

Regarding soaking and grain inoculation with (Azospiriffun sp.+
Klebsiella sp.) and/or cyancbacteria (Nosfoc sp.+ Anabaena sp.) and their
influence on total count of cyanobacleria, data in Table (4) indicated that
densities of cyanobacteria in wheat rhizosphere plants increased by soaking,
grain inoculation or (soaking+ grain inoculation) methods with a Mix; {Nostoc
sp.+ Anabaena sp.) and Mix, (Azospirifum sp. + Klebsiella sp.). These
results are true at the most of plant stages and in the presence of alf tested
N-doses compared with 20 kg N/fed treatment (control). Data also clarified
that the inoculation with N,-fixing cyanobacteria (Nostoc sp.+ Anabaena sp.)
was more effective in increasing total count cyanobacteria than that of
(Azospirillum sp.+ Klebsiella sp.) inoculation, particularly by (soaking + grain
inoculation) method, in the presence of 100 kg N/fed treatment, when their
densities reached (173x10° cfu/g dry rhizospheric soil.

It may be worthy to mention that total count cyanobacteria under
different methods and N-fertilization levels gradually increased in wheat
rhizosphere reaching their maximal levels at 75" day of cultivation and
decreased thereafter.

2.2. Nj;-ase activity in rhizospheric soil:-

In contrast to microbial densities in rhizosphere of wheat plants, when
they increased by increasing N-dose, giving their maximal in 100 kg N/fed,
Ns-ase activity showed an opposite trend up to 60 kg N/fed (Table 5).

Data also revealed that Nz-ase activity for inoculation with (Azo.+Ki.)
treatment was appreciably higher than that detected in inoculation with {(Nos.
sp+Ana. sp} in rhizosphere of tested plants.
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Table (4): influence of N-levels and biofeitilization with dizotrophes by soaking and grain inoculation on
Azospirillum sp., Klepsiella sp. and total count of Cyanobacteria under different growth stages
during two seasons {combined analysis).

N- Azospirilium sp. Klepsiella sp. Total count of Cyanobacteria
fertilizer E;zf x10* ¢ful/g dry rhizosphetic soil x10* cfulg dry rhizospheric soil x10° clu/g dry rhizospheric soil
levels sowing Unino. Azo.+KIL. Nos.+Ana. Unino. Azo.+KL Nos.+Ana. Unino, Azo.+KI. Nos.+Ana.
(kg/ted.) S GS8+G S G S+G S G S+G|S G S+G S G 5+6G S G S+G|S G S+G S G S+G S G S+G
oo+ 48 650 6.10 660 6.909.15 9.51 6.809.00 9.66 [15.1 148 145 156 18.7 19.0 153 12.3 182 [386 37.9 385 40.3436 42.3 396562 59.9
78 B8.158.21 8.10 8.79 224 261 824203 250 (235229 231 24,1280 286 241266 27.7 [47.142.4 420 45.151.3 52.0 458 68.7 70.3
control) 120 266241 260 270531 563 266 8.01 822|667 651 6.73 691 7.57 790 6.81 7.06 7.14 16,75 6.80 6.70 6,67 6.91 7.13 7.20 8.20 8.90
45 131142 138 151236 255 146206 21.4 [183 187 179 192269 29.7 194208 22.7 |48.3 486 48.1 48.652.1 529 48B4 70.1 76.2
1o 75 192 189 195 199298 323 19.628.7 296 (31.1 30.8 314 326376 2385 309345 351 |56.756.9 56.9 573706 705 572946 982
120 621 6.34 6.07 706 13.7 151 665126 13.0(9.169.07 8.99 529154 16.9 8.96 16.3 169 18.138.20 8.17 821891 888 817136 14.1
48 235239 24.1 24936.7 41,1 2052321 33.9 29.7 299 30.1 30.837.3 47.9 300327 342 [63653.0 534 540787 80.3 544 106 116
160 75 357336 360 396617 533 300581 587 446463 439 486695 710 473589 59.6 [69.4 689 69.7 69.0 89.6 89.8 69.7 138 146
120 891910 9.16 101 14.6 14,7 9.98 13.9 4.10 [153 16.0 157 15417.7 183 15.0 16.8 17.1 8,96 9.00 88.50 9.179.19 9.31 £99 18.7 203
45 316320 318 332567 611 336526 53.3 (38.939.3 386 40566.8 68.3 356623 62.8 698 70.2 706 6593866 90.0 69.8 129 135
80 75 40.1 404 416 421705 71,6 41.863.3 66.1 |50.0 496 50.3 53.1 ¥5.4 78.2 524660 692 |775756.8 77.0 780940 963 786 158 166
120 10.3 10.7 996 10.9 15.1 159 10.6 14.9 153 |16.9 166 17.0 17.3 17.9 189 17.417.3 17.6 |9.008.85 9.08 8.969.96 9.87 9.1 185 19.2
46 389395 385 40.1 64.6 652 39.8 54.7 59.1 (46.7 47.0 46.6 47.369.1 969 475682 689 (706699 709 7.1 96.0 98.0 70.8 140 137
100 T5 431436 435 452767 793 442681 69.3 [55.7 559 56.0 56.3 79.6 803 S56.076.9° 77.7 |83.6 83,1 83.9 842 108 113 B84.7 169 173
120 11.1 11,0 10.9 123 163 16.8 11.9 159 16.3 {17.3181 17.6 175183 189 171 15.0 18,5 {9.85 100 9.80 10.2 10.6 10.5 993 19.3 203

* conirol treatment = Uninoculated with bacteria under 20 kg/fed of N-fertilizer.
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The highest N;-ase activity value recorded in (soaking +grain inoculation)
methiod was only 10.62 umol CoM./g dry soil/h in treatments inoculated with
(Azo.+KI.) after 75" day of cultivation in the presence of 80 kg Nifed, in
comparison to 8.25 umol CyH:/g dry soil/h for same treatment in presence of
{Nos. sp+ Ana sp. inocuiation.

It was generally observed that N;-ase activities recorded in both
inoculated and uninoculated plants gradually increased reaching their
maximal levels at the 75" day of cultivation, then markedly dropped. These
resuits are in line with those of Mohamed (2000} and Alkasas (2002).

2.2. Dehydrogenase activity in rhizospheric soil:-

Data in Table (5) revealed that similar to microbial densities,
dehydrogenase activity in rhizosphere of wheat plants was more affected by
{soaking+grain inoculation) method than that using in soaking or grain
inocuiation separately, particularly in the case of incculation with a mixture of
{Azospiriiium sp.+ Klebsiella sp.) in the presence of 100 kg N/ted treatment,
inoculation with any of the tested N-fixers microorganisms to wheat plants
increased the microbial population in wheat rhizosphere area which in turn
increased the rate of respiration in this area and resuited in increasing the
dehydrogenase activity. Dehydrogenase enzyme is one of the er zyme group
that shares in the respiration process. This explanations in line +ith those of
Zaghloul ef al. (1998} and Abd El-Rasoul &f al. (2004).

With respect to supplementation with graded levels of chemical N-
fertilizer, dala revealed ihat higher dose of N-fertilizer (100 kg Nffed)
improved dehydrogenase activity in rhizosphere of wheat plants compared to
lower ones in uninoculated treatment.

Again, and similar 1o the recorded N,-ase activities, dehydrogenase
activities in both inoculated and uninoculated plants gradually increased
reaching their maximal levels at the 75™ day of cultivation, then markedly
dropped. These results are in line with those of Alkasas (2002).

3. Available N in soil:

The availability of soil nitrogen was affected by different methods of
bicfertilization, inocuiation and inorganic N-fertilizer treatments (Table 5).
Available N was increased with application of N-doses, inoculation with
(Azospiriltum sp.+ Kiebsiella sp.) or {Nostoc sp.+ Anabaena sp.) as weil as
grain of (soaking+grain inoculation) methods compared with control (20 kg
N/fed) and uninoculated treatments. (Soaking+ grain inoculation) method was
more pronounced particularly with inoculation treatments than scaking or
grain inoculation individually.

The effect of inoculants on the availability of N in soil was more obvious
with the mixture of Azospirillum sp. and Klebsielfa sp. than the mixture of
Cyanobacteria (Nosfoc sp.+ Anabaena sp.) inoculanis. Also, data showed
that application of 60 kg N/fed increased N available in soil. However,
application of inorganic-N beyond this level was slightly increased N
available, particularly inoculation with (Azospirifium sp.+ Klebsiella sp.) at the
75" day from sowWing.
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Table (5): Influence of N- levels and biofertilization with dizotrophes by soaking and grain inocujation on

nitrogenase activity, dehydrogenase activity and available nitro
stages during two seasos (combined analysis).

gen in soils under different growth

i;.x- Dehydrogenase activity {(ug TPF/g
ertilizer Days _ _Ny-ase activity (umole C;Hd/g soil/h) soil/day Avatiable Nitrogen {ppm)
levels after Unino. Azo.+KL Nos.+Ana. Unino. Azo.+Kl Nos.+Ana. Unino, Azo.+Kl, Nos.+Ana.
(kgifed.) sowing S G S+G 8 G S+G 8 G S#+G| S G S+G S G S5+G S G S+G|S G S+G 8§ G S+G S G S5+G
b o 45 1.001.091.101.061.36 1.45 1.001.221.26{8.048168.118.158.188.218.138.168.18(98.796.3 97.9 91.0 126 130 90.1 115 125
78 1.161.131161.191.46 1.58 1.131.301.31[11.412.012111.914617.112113.914.2]120 123 119 112 137 139 115 129 134
{control) 120 0.810.730.790.961.30 1.39 0.831.11 1.20/4.054.71 4.71 4.336.20 7.03 4.91 5.56 6.23|83.0 81.0 80.9 77.6 101 109 78.951.699.0
45 1.751.801.791.782.86 2.99 1.70255 260[20.319.8 20.021.227.6 32.520.625.1 20.9]113 111 112 106 138 147 110 125 131
40 76  3.953.903.863.996.04 6.30 3.934.88 493/36,335.637.1 36.942,1 48.0 36.1 39.3 40.2]135 135 133 129 159 168 132 145 152
120 1.101.141.121.16266 2.71 1.162.01 2.18/17.617.017.317.926.8 26.917.021.6 22.9/89.789.1 98.989.0 113 11989.3 106 110
45 2963.072993.114.81 513 2.984.36 4.9332,132.732.032.940.1 47.6 32.438.3 41.7|148 146 142 140 153 166 146 150 161
60 75 5.755685.715769.7419.625.737.96 8.25/49.048.2 4.6 43.356.5 62.4 49.052,3 59.6) 169 164 165 170 190 199 168 184 189
120 2132192122.1698.21 4,37 213298 3.56/20.7 19.9 20.6 20.925.8 30.1 20.223.4 27.0[{ 101 98.3 106 98.1 119 125 98.7 112 119
45 2642702662.703.06 3,33 268296 3.01]41.641.942.142.548.955.942.244.6 48,31156 150 153 150 156 170 152 154 169
B0 76 2.994.064.004.114.53 4.81 4.104,39 456/60.960.360.062469.573.961.866.573.1|174 168 176 176 197 203 170 193 199
120 0.760.790.800.831.18 1.32 0.840.96 1.17|38.434.6 35.035.939.9 45.3 35.338.7 42.5|109 92.2 100 99.3 122 126 101 118 123
45 1.891.921.901.801.93 1.93 1.881.89 1.90[54.354.9 54.054.960.6 68.354.659.264.4/158 149 156 156 159 176 155 159 171
100 75 3.253.273.303.30331 330 3.283.303.29172171.971.572478.485.872.076.481.9{179 175 177 180 199 207 176 199 201
120 1.880,86 0.820.900.71 0.69 0.580.70 0.70/44.6 42.2 43.344.046.349.542.642,948.0{110 104 111 108 124 125 113 121 126

* Control treatment = Uninoculated with bacteria under 20 kg/fed of N-ferfitizer.
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These results are harmony with those reported by Mohamed (2004) using a
mixture of (Azospirillum sp.+Klebsiella sp.) and Abd Ei-Rasoul of al. (2004),
using cyanobacteria.

4. Grains, straw yield and N-fertilizer use efficiency by wheat plants:

Stress conditions of directly reflected on grain, straw yield and N-
fertilizer use efficiency by wheat plants (Table 6) In general, very iow yield
components and N-fertilizer use efficiency were attributed to 20 kg N/fed
particularly with uninoculated treatments whereas (1.88, 1.78 and 1.81
ard./fed), (¢.91, 0.95 and 0.93 ton/fed) and (13.6, 12.9 and 13.1 kg grains/N
fertilizer unity were recorded for grain yield, straw yield and N-fertilizer use
efficiency in soaking, grain inoculation and {(soaking+ grain inoculation)
methods, respectively, while leveling the N-dose to 100 kg N/fed increased
yield components and N-fertilizer use efficiency. Different methods of
biofertilization with halctolerant diazotrophs namly {(Azospirillum sp. +
Klebsiella sp.) and cyanobacteria (Nosfoc sp.+ Anabaena sp.) had a
significant influence on grain, straw yields and N-fertilizer use efficiency,
particularly (soaking+ grain inoculation) method with {Azospiriffum sp.+
Kiebsiella sp.) treatment in the presence of 60 kg N/ifed compared with
uninoculated freatments amended with 80 or 100 kg N/fed wirereas (13.0,
13.3 and 13.9), 2.59, 2.62 and 2.73) and 31.4, 32.1 and 33.6). This means
that (soaking+ grain inoculation) methods with diazotrophs can o2 save (20-
40) kg N/fed.

The stimulatory effect of N.-fixers on increasing crop yield clearly
appeared in this work can be attributed not only to N-fixation activity of both
inoculated diazotrophs, bul also to the production of promoters and number
of components like polysaccharides, peptides, lipids during their growth in
soils. Aly (2003) revealed that Azospiriffum spp. has the ability to produce
some biological active substances which help in greater absorption of
nutrients from soil, which positively affect the plant growth. Also, Mandal ef af.
{1999) reported the effect of N--fixing cyancbactaria on growth and yield of
crops in the presence of N-fertilizers has commonly been described to the
production of growth-promoting substances, ie.., gibbereilins, cylokinin,
auxin, abscisic acids, vitamins, antibiotics and amino acids. Studies carried
out by Pachpande (1990) and Abd-Alla et al (1994) reported that soaking
grains of wheat with extract of N»-fixing cyanobacterium promoted
germination and their subsequent growth and development. Also, Abd-Alla et
al. (1994) added that inoculation of wheat with N;-fixing cyanobacteria either
a live or killed lead to a significant increase in dry matter accumulation over
controis. Mandal et af (1999) reported that the effect of N-fixing
cyanobacteria on growth and yield of crops in the presence of N-fertilizers
has commonly been described to the production of growth-promoting
substances ie.. gibberellins, cytckinin, auxin, abscisic acids, vitamins,
antibiotics and amino acids.
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Table (6): Influence of N-levels and biofertilization with dizotrophes by soaking and grain inoculation on grains
and straw yield of wheat plants as well as the fertilizer use efficiency during two seasons (combined

analysis).

fl\'le-rtmzer Grain yield (ard.ffed.) Straw yield (tonffed.) Fertilizer use efficiency**

levels Unino. Arzo+Kl. Nos.+Ana. Unino. Azo+Kl. Nos.+Ana. Unino. Azo.+Kl., Nos.+Ana.
Kkglfed.)) S G StG S G S+G S G S+E S GS+G S G S+G S GS+G S G S+G S G S+G S8 G S+G
20* 4.881.781.811.992.042.211.901.972.11[0.910.950.931.161.181.28 1.001.041.19[13.612.913.114.414.816.0 13.8 14.315.3
40 3.853.883.835.305.525.664.804.874.91(1.161.201.191.271.341.47 1.211.281,36[14.014.114.0 19.220.020.6 17.417.717.8
60 5.426.466.4013.013.313.911.211.912.8[1.541.5621.56 2.592.622.732.332.402.55/15.515.615.531.432.133.6 27.128.830.9
80 10.710.610.713.313.614.112.412.913.7(1.982.002.022.612.682.76 2.462.522.66|19.419.219.924.124.725.6 22.523.424.8
100 14.214.214.313.914.014.6 13.813.814.3[2.702.632.652.732.692.78 2.682.692.74[20.620.6 20.7 20.220.321.220.020.020.7

* Control treatment = Uninoculated with bacteria under 20 kg/fed of N-fertilizer.

** Fertilizers use efficiency = Grain yield (ardebifed.) x 145

N-fertilizer level
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5. Chemical composition of grains and straw of wheat plants:
5.1. Total nitrogen content:

Data in Table {7) indicated that total nitrogen content in grains and
straw of wheat plants, foilowed the same trend of microbiai densities and
activities, in the presence of different doses of N-fertilizer together with the
three methods of grain treatments. Thus their N contents increased with
increasing N-dose in soaking, grain inoculation and (soaking + grain
inoculation) treatments, till they reached their maximum (1.94, 1.94 and
2.00%) in grains and (0.66, 0.68 and 0.70%) in straw at soaking, grain
inoculation and (soaking + grain inoculation) methods treatments with
(Azospirilum sp.+ Klebsiella sp.) respectively, amended with the 100 kg
N/fed. These results are in agreement with Amara and Dahdoh (1997) who
stated that indol-3-acetic acid (IAA) and cytokinin are excreated by
Azospirilum spp. Such hormones induced the proliferation of lateral roots and
root hairs which increase nutrient absorbing surfaces. Also, Mussa el al
(2003) added that the nitrogen fixing cyanobacteria inoculation to wheat is
recently established to substitute partially or entirely the mineral nitrogen
utilization. .

Concerning the response to N-biofertilization, data indicated that N-
content in shoots of wheat plants considerably increased in the case of
(soaking+ grain inoculationy method with {(Azospirillum sp. + Klebsiella sp.)
rather than N-fixing cyanobacteria (Nostoc sp. + Anabaena sp.). Diazotrophs
application with 860 kg N/fed in all methods gave slightly less total N figures in
comparisen to treatments amended with the 100 kg N/fed without inoculation.
Also, EI-Sawah (2000) reported a significant increase in N content of maize
plants when grains were soaked with Azospirillum brasilense and Bacillus
megatherium.

5.2. Total amino acids and crude protein:

Data in Table {7) revealed that the content of amino acids and crude
protein in wheat grains and straw increased by different methods of
biofertilizers compared with uninoculated treatmenlt. Responses were more
pronounced in the presence of N-fertilizer, reducing its maximal, particularly
in the presence of 100 kg N/fed.. Again, and similar to total N content, amino
acids and crude protein contents in grains and straw were more affected by
(soaking + grain inoculation) method than other methods, partticularly
inoculation with (Azospiriffum sp.+ Klebsiella sp.) compared with Nj-fixing
cyanobacteria. Diazotrophs together with 80 kg Nffed in all methods, maostly
gave nearly similar development obtained by the application of 80 or 100 kg
N/fed together without inoculation treatment.
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Table (7): Influence of N- levels and biofertilization with dizotrophes by soaking and grain inoculation on total
nitrogen, total amino acids and crud protein in grain and straw of wheat plants at harvesting during two

seasons (combined analysis).
x

'f" Total N (%) Total amino acids (mg/100 g) Crud protein (%)
fertilizer
levels Unino. Azo.+Kl. Nos.+Ana. Unino. Azo.+Kl, Nos.+Ana. Unino. Azo.+Ki. Nos.,+Ana.
(ka/fed.)| § G S+G § G S+G S G S+G| S8 G S+G S G 884G § G S+G| S G S+G 8§ G S+G S G S+G
y Grains
20 134 140 141 1.42 1.44 1.46 140 1.41 144|558 583 587 552 6.00 608 583 5587 6.00|7.97 833 839 845 857 869 8.33 839 857
40 153 1.56 155 1.66 1.70 1.76 1.58 1.62 1.69 (655 668 B.64 711 7.27 749 677 694 7271910 928 922 988 10.1 104 9.40 964 10.1
60 168 1.70 1,70 1.80 1.87 1.90 1.73 1.75 180750 7.58 7.58 803 8.33 848 7.73 780 8.03[10.0 10.1 10.1 10.7 111 11.3 103 104 10.7
80 1,77 1.75 1,76 1.86 1.90 196 1.79 1.82 188|767 7.59 7.67 8.10 8.25 854 7.81 7.88 8.18]105 104 105 111 11.3 11.7 10.7 108 11.2
100 [1.84 1.83 1.86 1.84 194 200 191 195 1.99(8.03 7.88 8.10 840 840 8.76 8.32 8.47 8.61[11.0 108 11.1 115 115 120 114 116 118
Straw
20 {023 024 022 026 029 0.33 026 0.29 031 096 1.00 0.92 1.09 1.21 137 1.09 1.21 129 137 143 131 155 1.73 1.96 155 1.73 1.84
40 |027 0.30 0.26 0.39 048 053 036 042 046 1.16 1.20 1.13 1.67 2.06 227 154 1.80 1.97 161 1.79 155 2.32 286 3.15|2.14 250 2.74
50 0,36 035 0.38 050 058 062 043 050 057 161 156 1.70 2.24 259 2,77 192 224 254 214 2.08 226 298 345 369|256 298 339
80 0.48 050 046 060 063 068 0.55 059 064 209 218 2.00 261 2.74 296 239 256 2.78 2.86 2.98 2.74 357 3,75 4.05(3.27 3.51 351
100 0.64 066 065 066 068 070 0.64 0.65 068 2.78 2,87 2.83 2.87 293 304 232 283 296 3.81 3.93 387 393 4.01 4.17 |3.81 387 405

* Control treatment = Uninoculated with bacteria under 20 kg/fed of N-fertilizer
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