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ABSTRACT

A field experiment was carried out on a newly reclaimed saline soil at Sahl El-Tina, Sinai, Egypt,
cultivated with wheat plants (Triticum aestivum L. cv. Sakha 93), during the winter growing season of
2009/2010 .To study the effect of soil inoculation with Azotobacter chroococum (NB) and amendment of soil
with farm yard manure (FYM), at a rate of 10 ton/fed, individually or dually in combination with foliar spray
of organic acids (i.e., salicylic acid, ascorbic acid, and proline), at a rate of 150 mg /L. The studied plant
parameters were taken after 90 and 120 days from planting to define the changes in vegetative growth
parameter (plant height, number of spikes, leaf area, dry weight), Harvest index and chemical constituents
(chlorophyll a & b, carotene, total sugar, reducing contents , protein, and contents of N,P and K of leaves ).
Results obtained revealed that applying of FYM and Azotobacter chroococum (NB) led to improve many of
soil variables such as organic matter content, soil pH, soil salinity, EC and available NPK, with superiority
for the combined treatment of (FYM+NB). The combination of (FYM+NB) under proline application exhibited
the best results of vegetative growth parameters, wheat yield and its components. Foliar application of proline
significantly increased the nutrient content of nitrogen, phosphorus and potassium in wheat leaves.

From the aforementioned results, it can be concluded that, the application of FYM and NB as soil
application in combination with foliar application of organic acid (i.e., salicylic acid, ascorbic acid, and proline)
increased wheat yield and its components as well as improved the nutritional status and quality of wheat grain
grown on a newly reclaimed soil under salt stress condition, with relatively higher ability for increasing
available micronutrients. 

FYM, NB solely or in combinations and foliar spray of organic compounds after 90 and 120 days from
planting resulted in a highest number of bacterial cells than that recorded by the other treatments at two
physiological stages of growth. On the other hand, the bacterial counts were significantly higher at the first
period (after 90 days) than those of the second one (after 120 days from sowing).
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Introduction

Egypt faces a noticed reduction in fertile cultivated soils in the old Nile Valley and Delta, which represent
about 3-4 % of the total area of Egypt. So, great attention to the newly reclaimed soil is an urgent target, to
meet the demands of the increasing Egyptian population. Wheat crop is considered the first strategic food crop
in Egypt, since it constitutes the major part of the Egyptian diet. It has maintained its position as the basic
staple food in urban areas and mixed with maize in rural areas for bread making. In addition, wheat straw is
an important fodder Gomma (1999) Gaballah and Mandour, (2000). In Egypt, wheat plants are sometimes
exposed to drought at different periods of growth. A possible approach to minimize drought that induces crop
losses is the foliar application with chemical desiccant on wheat plants Gaballah and Mandour, (2000),
Application of FYM combined with bacterial inoculation improved growth and N-content of plants Abo-Taleb
et al. (2003), significantly increased total N-content in wheat shoot, total P-content in soil and total K-content
in wheat shoot and soil Iqbal et al. (2005). Joint application of rhizobacteria and compost led to significant
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increases in N-content and yield of peanut grown in sandy soil Abdel-Wahab et al. (2006).
Environmental stresses such as salt (NaCl) and drought are among the factors most limiting to plant

productivity; Liu et al (1997). Salt stress is known to perturb a multitude of physiological processes including
photosynthesis. For example,a significant reduction in photosynthesis was found in wheat Gobinathan et al.
(2009). However, degree of salt induced reduction in photosynthetic capacity depends on amount of
photosynthesizing tissue (leaf area), photosynthetic pigments, stomata and non-stomata factors that affect the
CO2 assimilation (gas exchange and metabolism) Gobinathan et al. (2009). Salt-induced osmotic stress as well
as sodium toxicity trigger to the formation of reactive oxygen species (ROS) such as superoxide (O2

-),
hydrogen peroxide (H2O2), hydroxyl radical (OH), and singlet oxygen (1O2), which can damage mitochondria
and chloroplasts by disrupting cellular structures Desingh (2007). To scavenge ROS, plants synthesize different
types of antioxidant compounds or activate key antioxidant enzymes Desingh, (2007).

Salicylic acid (SA) is water-soluble antioxidant compound that can also regulate plant growth Amin et al.,
(2008) It also has a role in a biotic stress tolerance such as drought tolerance in wheat Singh and Usha,
(2003), and salt tolerance in wheat Shakirova et al, (2003).Ameliorative effect of salicylic acid on growth of
crop plants under a biotic stress conditions may have been due to its role in nutrient uptake, water relations
Azooz (2009) stomatal regulation, photosynthesis and growth Arfan et al (2007). Salicylic acid-induced stress
tolerance, since it was shown to bind Salicylic acid in vitro Chen et al. (1993) and inhibited by SA in several
plant species Conrath et al. (1995). Salicylic acid induces flowering, increase flower life, retards senescence
and increases cell metabolic rate. The sustained level of salicylic acid may be a prerequisite for the synthesis
of auxin and/or cytokinin Metwally et al. (2003).

On the other hand, ascorbic acid is an organic compound required in trace amount to maintain normal
growth in higher plants Podh, (1990). Ascorbic acid influences mitosis and cell growth in plants Smirnoff and
Wheeler, (2000). Ascorbic acid affects nutritional cycle’s activity in higher plants and plays an important role
in the electron transport system Liu et al. (1997). It is also important as a cofactor for a large number of key
enzymes in plants Arrigoni and de Tullio, (2000).

Salt stress can affect several physiological processes, from seed germination to plant development. The
complexity of the plant response to salt stress can be partially explained by the fact that salinity imposes both
an ionic and an osmotic stress Jahari et al. (2010). It has been shown that proline also have a key role in
stabilization of cellular proteins and membranes in presence of high concentrations of osmotic stress. Proline
accumulation in plants could be only useful as a possible drought injury sensor instead of its role in stress
tolerance mechanism Jahari et al. (2010). However, Vendruscolo et al. (2007) reported that proline is involved
in tolerance mechanisms against oxidative stress and this was the main strategy of plants to avoid detrimental
effects of water stress. Tatar and Gevrek, (2008) showed that wheat dry matter production, relative water
content decreased and proline content increased under drought stress. Higher proline content in wheat plants
after water stress has been reported by Vendruscolo et al. (2007). Stress conditions such as salinity caused an
increase in proline levels were also demonstrated by Poustini et al. (2007).

There has been a large body of literateure describing potential uses of plant associated bacteria as agents
stimulating plant growth and managing soil and plant health Bashan and Holguin, (1998). Plant growth-
promoting bacteria (PGPB) Kloepper et al., (1999) are associated with many, if not all, plant species and are
commonly present in many environments. The most widely studied group of PGPB are plant growth-promoting
rhizobacteria (PGPR) colonizing the root surfaces and the closely adhering soil interface, the rhizosphere
Kloepper et al. (1999). PGPR can contribute to plant growth by increasing nitrogen uptake, synthesis of
phytohormones (auxin, cytokinin), solubilization of minerals, and iron chelation Bowen and Rovira, (1999).
Much remains to be learned from nonsymbiotic bacteria that have unique associations and apparently a more
pronounced growth-enhancing effect on host plants Döbereiner and Pedroza (1987), Ping and Boland, (2004).
Most of the focus has been on free-living rhizobacterial strains, especially to Azotbacter. Of the several species
of azotobacter, A. chroococcum happens to be the dominant inhabitant in arable soils capable of fixing nitrogen
(2-15 mg N2 fixed g-1 of carbon source) in culture media. The bacterium produces abundant slime which helps
in soil aggregation Mishra and Dadhich, (2010). Significant increase in wheat grains quality and productivity
upon Azotobacter inoculation Abou-Zeid et al. (2003). Azotobacter may supply most of the fixed N required
for plant growth or produce several compounds: acetoacetyl-CoA, a precursor for poly-β-hydroxybutyrate (PHB)
synthesis, and in β-oxidation Mishra and sen, (1996), exopolysaccharide Meenakshi et al, (1995) pantothenic
acid and thiamine Martinez-Toledo et al. (1996), Fertility-promoting metabolites Fiorelli et al. (1996), alginates
Sabra and Zeng, (2009) and influences nitrogen transformation in the rhizosphere soils Das and Saha (2000),
leading to a greater crop yield Mishra and Sen, (1996). They also facilitate the mobility of heavy metals in
the soil and thus enhance bioremediation of soil from heavy metals, such as cadmium, mercury and lead Chen
et al. (1995). Use of Azotobacter as biofertilizer help crop plants' uptake of nutrients by their interactions in
the rhizosphere when applied through seed or to soil. They accelerate certain microbial processes in the soil
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which augment the extent of availability of nutrients in a form easily assimilated by plants Mishra, and
Dadhich, (2010).

The main target of this study is to maximizing wheat yield and quality under salinity stress at newly
reclaimed soil using different organic sources and organic acids. Azotbacter chroococum was used in a trial
to determine its capability to induce a beneficial effect (if can), individually or in association with FYM, in
a comparable study to organic compounds impact under same experimental conditions.
 
Materials and Methods

1. Experimental design:

A field experiment was conducted on a saline sandy clay soil at Gelbana village, Sahl El-Tina, Sinai,
Egypt, cultivated with wheat plants on 15 November 2009. A split plot design, with three replicates was used.
The studied treatments were carried out on plots of 3.5 x 3 m (10 m3). The main treatments were 10 ton/fed
of FYM, N-fixing bacteria (Azotobacter chroococum: NB), (FYM+NB) and control treatment. The sub-main
ones are represented by salicylic acid (SA), ascorbic acid (AA) and proline (Pro.), as foliar application.

2. Soil used:

The main soil properties of the experimental field were determined according to the methods described
by Black et al. (1982), Jackson (1973) and Page et al. (1982), as shown in Table (1). The main characters of
FYM are given in Table (2).

3. Grains used:

Wheat grains (Triticum aestivum L. cv. Sakha 93) were supplied by Wheat Research Dept., Field Crops
Research Institute, Agricultural Research Center (ARC), Giza, Egypt.

4. Inoculum used:

Azotobacter chroococum was kindly supplied by Dept. of Microbiology, Soils, Water and Environment
Research Institute, ARC, Giza, Egypt.

5. Preparation of bacterial inoculum:

Azotobacter strain was grown on maximum density (5×109 cfu/ml culture) in Difco nutrient broth medium
Difco Manual, (1984) incubated at 30oC for one day. Vermiculite supplemented with 10 % Iresh peat was
packed in polyethylene bags (300 g carrier per bag), then sealed and sterilized by gamma irradiation (5.0 ×
106 rads). Azotobacter culture was injected into the carrier to satisfy 60 % of the maximal water holding
capacity.

6. Enumeration of Azotobacter in wheat rhizosphere:

Counting of viable Azotobacter cells was carried out using N-free medium Doberiener, (1995) in wheat
rhizospere soil, at both 90 and 120 days of planting.

7. Grains inoculation:

Wheat grains were inoculated with gamma irradiated vermiculite-based inoculants.Bacterial inoculant was
applied at the rate of 300g inoculants per 40 Kg grains before sowing using 16 % Arabic gum solution as a
sticking agent

Table 1: Some physical and chemical properties of the experimental soil
Soil characteristics Value Soil characteristics Value
Particle size distribution%: Soluble cations (soil paste, meq/l)
Sand 61.5 Ca2+ 27.00
Silt 12.8 Mg2+ 41.9
Clay 15.7 Na+ 66.2
Textural class SandyLoamy K+ 1.40
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Table 1: Continue
Soil chemical properties: Soluble anions (soil paste, meq/l):
pH (1.25 soil water suspention) 8.45 CO3

2- 0.00
CaCO3 % 7.9 HCO3

- 4.20
Organic matter % 0.58 Cl- 73.8
ECe (dS/m, soil paste extract) 13.67 SO4

2- 58.5
Available macro & micronutrients (mg/Kg)

N P K Fe Mn Zn Cu
2.4 5.4 176.42 3.83 0.86 0.58 0.49

Table 2: Chemical characteristics of farmyard manure (FYM)
Composition Value
Organic carbon % 25.26
Total nitrogen   % 1.34
C/N ratio 18.9
Total P % 0.85
Total K % 1.68
Available N (mg/kg) 320.0
Available P (mg/kg) 180.0
Available K (mg/kg) 1095.0
EC (1:5 water extract ) 8.30
pH (1:5water suspension) 7.30

8. Agricultural practice:

The recommended agricultural practices of growing wheat were applied and the nitrogen rate was 100 kg
N/fed of ammonium nitrate (33.5%N) which was applied before the first and third irrigation, calcium super-
phosphate (12.5% P2O5) at the rate of100 kg/fed and potassium sulfate (48% K2O) at the rate 100 kg/fed were
added during soil preparation. Irrigation was regularly carried out at 15 days intervals according to weather
conditions to keep the moisture content at a favorite condition.

9. Organic compounds applications:

Wheat plants were foliar sprayed twice with salicylic acid, ascorbic acid and proline, at the rates of 150
mg L-1.The plants were sprayed with salicylic acid after 21 and 30 days from sowing, while ascorbic acid and
proline were sprayed after 25 days and 45 days from sowing.

10. Determination of plant growth parameters:

Plant height, dry weight/plant, leaf area, number of spikes/plant and harvest index were determined
according to Bremner and Taha, (1966).

11. Yield components:

Yield and its attributes of wheat grains protein and contents of N, P and K of leaves were determined.
The chosen samples of leaves were dried, ground and wet digested and the digested product was used for
determining N with micro-Kjeldahl Chapman and Pratet, (1961). Phosphorus was determined colorimetrically
according to Watanabe and Olsen, (1965) and potassium using flame photometer according to AOAC, (2005).
Crude protein was calculated by multiplying total nitrogen N-content by 5.75 AOAC, (2005). Total soluble
sugars, reducing sugars, chlorophyll a & b and carotene in wheat leaves at 90 and 120 days age were
determined using the methods described by AOAC, (2005).

12. Soil properties as affected by different treatments:

Soil samples were collected, air-dried, ground and passed through a 2 mm sieve and by particle size
distribution were prepared for the determination of organic matter, water holding capacity, pH using electrodes
pH-meter. The electrical conductivity (EC) of saturated extract of soil paste, water soluble cations and anions
were determined in the extract of the saturated soil paste and available N, P and K were determined according
to Black et al. (1982). 
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13- Statistical analysis:

 All data were subjected to the analysis of variance (ANOVA) using least significant difference (LSD) at 0.05
according to Snedecor and Cochran, (1990). 

Results and Discussion

I- Soil properties as affected by applied FYM and NB inoculation (Table 3):
a. Organic matter content:

Soil organic matter content tended to increase, in the soil plots received FYM especially the combined
treatment (FYM+NB). Such beneficial effect was due to organic matter decomposition by Azotobacter bio-
fertilization.

b. Available water range:

Regarding soil available water range, it could be noticed that a pronounced increase occurred due to FYM
application, especially in case of (FMY+NB) which could be due to its ability to retain a relatively high
content of moisture. Also, the positive effect of (FMY+NB) may be associated with a favorable condition of
soil aggregation, and in turn increasing water holding pores that increasing the range of available water.

c. Soil pH:

The application of FYM reduced soil pH, as compared to the control treatment. The relative decrease in
soil pH was more pronounced in the soil treated with (FYM+NB). This is expected due to the released organic
acids from the composition of FYM by aiding N-fixating bacteria (Azotobacter chroococum). Therefore, such
added materials should be recommended for improving pH of soil media. Similar results were obtained by Abd
El Aziz et al. (1996).

d. Soil Salinity:

The values of soil salinity (SS) tended to decrease due to addition of FYM and NB and organic
compounds (salicylic acid, ascorbic acid, and proline) as compared to the untreated soil. The decrease in SS
may be related to salt removal due to creation of conductive pores associated with favorable soil aggregation.
Similar results were reported in other studies Mohamed et al. (1998).

e. Soil electrical conductivity (EC):

With respect to the values of (EC), the application of FYM led to a positive effect on EC, where its
values reached 12.41and 11.8 in case of applied FYM and (FYM+NB) as solely and combined treatments,
respectively. The increment in EC values may be due to the released organic acids from the decomposed FYM
by aiding N-fixating bacteria Azotobacter chroococum. These results are agreement with those reported by
Saharinen et al. (1996).

f. Available macronutrient status:

The positive effects of applied organic manures on available contents of N, P and K followed an ascending
order of (FYM+NB) <FYM <NB< control. It could be noticed that soil treated with (FYM+NB) gained N,
P and K specify for NB, the corresponding N, P& K values were 3.69,7.4 and 223 for FYM and 4.45, 8.0
& 234 for (FYM+NB), respectively. This may be due to decompositions activation of bacteria that increased
the released nutrients from organic substances in soil into available forms. These results are in accordance with
those obtained by Tomar et al. (1995), who found that grain and straw yield of wheat increased with increasing
NPK rate and only grain yield was increased by grain inoculation with A. chroococcum.

Regarding the effect of SA, AA, or Pro, it is noticed that the soil N, P and K contents followed an
ascending order of proline< ascorbic acid < salicylic acid< control. The aforementioned trend may be due to
proline, ascorbic acid and salicylic acid are protecting the plant membranes and proteins.These results are
agreement with those reported by Antoun and Besada, (1990) who showed that soil N, P and K increased with
the application of different organic manures and NB or organic acids.
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Table 3: Soil properties as affected by adding FYM and NB solely or in combinations with foliar treatments of organic compounds
Soil treatments Foliar spray Organic Available pH SS % ECd/S  m Available contents of macronutrients (mg/kg)
(ST) of (OC) matter % water % -----------------------------------------------------------------

N P K
FYM SA 0.864 16.8 7.9 0.80 12.5 3.62 6.9 220

AA 0.875 17.7 7.8 0.79 12.3 3.79 7.0 224
Pro 0.923 17.9 7.8 0.77 12.0 3.90 7.3 227
Cont. 0.840 16.0 8.0 0.81 12.7 3.44 6.7 220
Mean 0.876 17.1 7.9 0.79 12.4 3.69 7.0 223

NB SA 0.704 15.6 7.8 0.80 12.6 3.32 6.0 194
AA 0.708 15.9 7.7 0.79 12.4 3.40 6.2 198
Pro 0.719 16.0 7.6 0.78 12.2 3.44 6.4 200
Cont. 0.692 15.2 8.0 0.82 12.8 3.26 5.8 190
Mean 0.706 15.7 7.8 0.80 12.5 3.36 6.1 196

FYM + NB SA 0.912 18.8 7.8 0.76 11.9 4.20 7.6 232
AA 0.918 19.3 7.6 0.75 11.7 4.25 7.7 234
Pro 0.922 19.8 7.4 0.73 11.4 4.33 7.9 237
Cont. 0.935 18.4 8.0 0.77 12.0 4.10 7.4 230
Mean 0.915 19.1 7.7 0.75 11.8 4.22 7.7 234

Cont. SA 0.657 12.4 8.3 0.86 13.4 2.40 5.2 180
AA 0.654 12.7 8.2 0.84 13.2 2.46 5.5 184
Pro 0.666 13.2 8.0 0.83 13.0 2.50 5. 7 186
Cont. 0.655 12.0 8.4 0.88 13.8 2.33 5. 0 178
Mean 0.632 12.6 8.2 0.85 13.4 2.42 5.4 182

LSD at 0.05%
ST 0.22 0.03 0.12 0.01 0.22 1.9 0.33 0.35.9 NS
OC 0.35 ns 0.09 0.03 0.13 1.0 0.48 0.29.4 NS
ST×OC 0.14 0.11 0.10 0.08 0.10 1.7 0.17 0.13.6 NS
FYM=Farmyard Manure, NB= Azotobacter chroococum, SA= salicylic acid, AA= ascorbic acid, Pro = proline, SS= soil salinity, ST=Soil
Treatment, OC=Organic compounds.

II- Wheat characters as affected by FYM, NB solely or in combination and foliar spray of organic compounds
1. Vegetative growth characters:

Table (4) reveals that FYM caused a positive significant effect on plant height, number of spikes, leaf area
& dry weight after either 90 or 120 days from planting, as compared to the control. Such beneficial effects
were maximal in case of the combined treatments of (FYM and NB). Foliar spray of organic compounds
(salicylic acid, ascorbic acid, and proline) was also significantly increased these plant growth parameters at both
ages; proline caused the highest effect. (FYM+NB) recorded the highest values at the two ages as compared
to control.

Data of Table (4) cleared that applied FYM+NB with organics compounds (salicylic acid, ascorbic acid,
and proline) significantly increased the dry weights at both ages. On the other hand, proline surpassed the other
two organic acids at both ages. In this respect, many investigators found that, proline at 150 mg l-1 was more
effective than salicylic acid and ascorbic acid treatments for increasing vegetative growth of wheat plants at
two physiological stages of growth. The increase in dry weights of wheat plants by applying FYM+NB with
organics compounds might be attributed to an increase in leaf area as well as number of spikes, as a result
of increasing photosynthetic activity and improvement of wheat growth. These results are in agreement with
those reported by Amin et al. (2008), who found that a progressive increase in each of plant height, number
of spikes, leaf area, and dry weight by increasing ascorbic acid level up to 200 mg l-1 Photosynthetic pigments
in the leaves, Thuler et al. (2003), who found that N-forms released from FYM and NB application led to
significant increase in the dry weight of plants. 

Table (4): Effect of soil treatment with FYM and NB solely or in combinations with foliar spray of organic compounds on growth
characters of wheat

Period from Foliar spray Soil treatments (ST) Mean L.S.D at.0.05
planting of (OC)

----------------------------------------------------------------
FYM NB FYM +NB Cont.

Plant neight (cm) 90 SA 87.34 85.90 90.0 80.42 85.89
AA 89.90 86.24 91.74 84.92 88.45 ST 2.4
Pro 95.0 93.25 98.0 90.0 93.82 OC 4.5
0.0 87.26 83.32 89.60 78.37 85.16 ST×OC 0.33
Mean 89.90 87.0 92.34 83.42

120 SA 118.4 110.4 102.0 88.94 102.5
AA 114.4 112.0 114.0 106.5 113.3 ST 5.2
Pro 116.2 114.0 117. 5 109.8 113.0 OC 4.9
0.0 110.3 105.2 115.0 95.63 106.5 ST×OC 4.8
Mean 114.8 110.4 112.0 100.0
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Table 4: Continue
Number of 90 SA 5.7 5.0 5.8 4.5 5.4
spikes/plant AA 5.9 5.4 6.0 5.0 5.6 ST Ns*

Pro 6.0 5.6 6.3 5.3 5.8 OC 0.47
0.0 4.4 4.2 4.8 3.8 4.3 ST×OC 0.36
Mean 5.5 5.0 5.5 4.4

120 SA 5.9 5.5 6.3 4.8 5.3
AA 6.4 5.7 6.4 5.0 5.5 ST 0.11
Pro 6.7 6.0 6.6 5.7 6.2 OC 0.13
0.0 5.6 5.0 5.8 5.5 5.2 ST×OC 0.15

Mean 6.2 5.6 5.9 5.3
leaf area cm +2 90 SA 27.5 28.7 30.5 27.0 28.4

AA 29.3 29.5 29.9 27.0 28.9 ST 1.30
Pro 30.0 30.5 31.5 29.0 30.3 OC 0.85
0.0 26.0 26.5 26.9 25.8 26.3 ST×OC 0.95
Mean 28.2 28.8 29.7 27.2

120 SA 28.0 29.5 30.0 27.7 28.7
AA 27.9 28.5 30.0 27.6 28.9 ST 0.62
Pro 30.0 30.2 30.4 29.5. 30.0 OC Ns
0.0 27.5 28.0 29.5 26.8 27.9 ST×OC 0.26
Mean 28.4 29.0 29.9 27.9

Dry weight 90 SA 10.8 11.5 11.9 10.5 11.2
g/plant AA 10.5 11.0 11.5 10.0 10.8 ST 0.30

Pro 12..7 13.0 13.5 12.0 12.8 OC 0.26
0.0 10.0 10.5 11.0 9.9 10.4 ST×OC 0.12
Mean 11.0 11.5 12.0 10.6

120 SA 15.8 16.0 16.5 15.5 16.0
AA 16.0 16.5 16.9 15.5 16.2 ST 0.52
Pro 17.0 17.5 17.8 16.8 17.3 OC 0.23
0.0 15.0 15.5 15.9 14.8 15.3 ST×OC 0.34
Mean 16.0 16.4 16.8 15.7

Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.

2. Biochemical constituents of leaves:

The effect of organic compounds, FYM and NB on chlorophyll a & b and carotene could be identified
from the data of Table (5 a & b) for the wheat plant of 90 and 120 days ages, respectively. The combined
treatment of (FYM+NB) was significantly higher as compared to FYM or NB as solely treatments, which was
also significantly over the control for increasing chlorophyll a and carotene contents in wheat leaves at both
ages (90 and 120 days), where as, (FYM+NB) and FYM were significantly increased chlorophyll b as
compared to the control.

Table 5 a: Effect of soil treatments with FYM, NB solely or in combinations and foliar spray of organic compounds on photosynthetic
pigments, sugars and protein contents of wheat plants at 90 days from sowing

Parameters Foliar spray Soil treatments (ST) Mean L.S.D.at 0.05
of (OC) ----------------------------------------------------------

FYM NB FYM +NB Cont.
Photosynthetic SA 0.74 0.69 0.79 0.65 0.72 ST Ns*
pigments mg/g AA 0.80 0.75 0.85 0.72 0.78 OC 0.15
(fresh weight) Pro 0.90 0.88 0.96 0.80 0.89 ST×OC 0.11
Chlorophyll  a 0.0 0.75 0.66 0.78 0.63 0.71

Mean 0.80 0.75 0.85 0.70
Chlorophyll  b SA 0.40 0.38 0.45 0.37 0.40 ST 0.16

AA 0.42 0.40 0.43 0.38 0.38 OC 0.12
Pro 0.44 0.42 0.47 0.40 0.43 ST×OC 0.14
0.0 0.38 0.39 0.40 0.37 0.39
Mean 0.41 0.40 0.44 0.38

Carotene SA 0.56 0.53 0.58 0.52 0.55 ST 0.10
AA 0.54 0.50 0.55 0.49 0.52 OC 0.12
Pro 0.58 0.56 0.59 0.55 0.57 ST×OC 0.14
0.0 0.50 0.48 0.53 0.47 0.50
Mean 0.54 0.52 0.56 0.51

Sugar % SA 11.7 10.9 11.0 11.4 11.3 ST 0.78
TSS AA 11.4 11.0 11.8 11.7 11.5 OC 0.33

Pro 12.5 12.0 13.9 13.0 12.7 ST×OC 0.21
0.0 10.5 10.7 10.9 10.2 10.6
Mean 11.5 11.4 11.9 11.3
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Table 5a: Continue
RS SA 2.3 2.0 2.4 1.8 2.1 ST 0.21

AA 2.6 2.4 2.8 2.3 2.5 OC 0.14
Pro 2.9 2.6 3.0 2.5 2.8 ST×OC 0.16
0.0 1.9 17 2.0 1.6 1.8
Mean 2.4 2.2 2.6 2.1

Crude protein % SA 6.10 5.95 6.88 5..76 6.2 ST 0.75
AA 6.75 6.70 7.0 6.44 6.7 OC 0.14
Pro 7.25 7.0 7.55 6.78 7.1 ST×OC 0.99
0.0 5.34 5.88 6.0 5.50 5.7
Mean 6.36 3.38 6.86 6.12

TSS=Total soluble sugars, RS=Reducing sugars, Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.

The effects of foliar spray with salicylic acid, ascorbic acid and proline on the photosynthetic pigments
in wheat leaves at 90 and 120 days from planting are shown in Table (5 a & b). Generally, ascorbic acid was
more effective than both salicylic acid and proline for increasing the different photosynthetic pigment, where
a gradual increase in chlorophyll a & b and carotenoids was recorded with increasing applied concentration
of ascorbic acid up to 150 mg l-1 over control at both stages of growth. Similarly, Abdel-Wahed et al. (2006),
Hanna et al. (2001) and El-Gabas (2006) found that ascorbic acid increased chlorophyll a&b, and total
chlorophylls; they attributed this to stimulation of chlorophylls biosynthesis and delay leaf senescence.
Moreover, salicylic acid significantly increased chl. a & b and carotenoids recording maximum values at 150
mg L-1 Shakirova et al. (2003), Iqbal et al. (2006), Abdel-Wahed et al. (2006) and El-Mergawi et al (2007).

Table 5b: Effect of soil treatments with FYM, NB solely or in combinations and foliar spray of organic compounds on photosynthetic
pigments, sugars and protein contents of wheat plants at 120 days from sowing 

parameters Foliar spray Soil treatments (ST) Mean L.S.D.at 0.05
of (OC) ----------------------------------------------------------

FYM NB FYM +NB Cont.
Photosynthetic pigments
mg/g (fresh weight) SA 0.68 0.66 0.70 0.64 0.67
Chlorophyll  a AA 0.78 0.74 0.80 0.72 0.76 ST 0.09

Pro 0.82 0.80 0.86 0.79 0.82 OC 0.05
0.0 0.67 0.69 0.70 0.64 0.68 ST×OC 0.04
Mean 0.74 0.72 0.77 0.70

Chlorophyll  b SA 0.34 0.32 0.36 0.29 0.34
AA 0.36 0.33 0.39 0.30 0.35 ST 0.02
Pro 0.39 0.35 0.40 0.34 0.37 OC 0.03
0.0 0.29 0.27 0.30 0.26 0.28 ST×OC 0.01
Mean 0.35 0.32 0.36 0.30

Carotene SA 0.47 0.45 0.49 0.42 0.46
AA 0.48 0.46 0.50 0.44 0.47 ST 0.02
Pro 0.49 0.47 0.52 0.45 0.48 OC 0.03
0.0 0.40 0.38 0.43 0.37 0.40 ST×OC Ns*
Mean 0.46 0.44 0.49 0.42

Sugar % SA 13.0 12.8 13.4 12.6 13.0
TSS AA 13.6 13.4 13.8 12.9 13.4 ST 0.33

Pro 14.9 14.7 15.0 14.5 14.8 OC 0.24
0.0 12.4 12.2 12.6 11.7 12.2 ST×OC 0.44
Mean 13.5 13.3 13.7 12.9

RS SA 3. 4 3.2 3.5 2.9 3.3
AA 3.9 3.7 4.0 3.5 3.8 ST 0.22
Pro 4.0 3.9 4.3 3.7 4.0 OC 0.14
0.0 3.2 3.0 3.4 2.8 3.1 ST×OC 0.34
Mean 3.6 3.5 3.8 3.2

Crude  protein SA 5.75 5.70 5.99 5.50 5.7
% AA 6.40 6.0 6.60 5.77 6.2 ST 0.12

Pro 7.35 6.90 7.55 6.30 7.0 OC 0.30
0.0 530 5.20 5.44 5.0 5.2 ST×OC 0.24
Mean 6.2 6.0 6.4 5.6

Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.

The treatments of salicylic acid, ascorbic acid and proline show a slight increase in each of chlorophyll
a & b and total carotenoids in the leaves of wheat plants as compared with their controls at 90 and 120 days
after sowing (Table 5 a & b). However, the highest recorded values of chl a & b and carotenoid content were
obtained in leaves of wheat plants treated with salicylic acid and ascorbic acid at 150 mg L-1 as compared to
other treatments and control plants at two stages of growth. The accumulation of photosynthetic pigments as
a result these treatments may be due to the increase in photosynthetic efficiency as reflected by increasing in
both chl a & b and carotenoids content in the leaves of wheat plants.
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Concerning total soluble sugars (TSS), reducing sugars (RS) concentration and crud protein (Tables 5 a
& b), it is obvious that, only the treatment of (FYM+NB) caused a significant increase in TSS % over control,
while the differences between (FYM+NB), FYM, NB and control were significant in the case of RS %. The
organic compounds treatments caused a significant increases over control, where ascorbic acid and proline
treatment being an exception, where it showed significant difference over the control in case of TSS %. The
effect of (FYM+NB) on photosynthetic pigments and nutritional status of wheat leaves could be attributed to
the role of symbiotic N2-fixing bacteria, the availability of nutrients, the modification of root morphology and
physiology by hormonal excretions of NB which result in efficient absorption of available nutrients. The
aforementioned results are coinciding with those of (Zahera and Okon, 1993 and Shehata et al. 2001).

On the contrary, organic compounds (salicylic acid, ascorbic acid, and proline) caused a significant effects
in RS %, as shown in the descending order of (FYM+NB) < NB < FYM < Control. The results indicated that
the usage of FYM significantly enhanced leaf chlorophyll, carotene, total carbohydrates and crud protein over
the control treatment at both ages. Haroun et al. (1998) found that low dose of salicylic acid (2.5 mM)
significantly increased total carbohydrates content in lupine seed. While, higher doses (5 and 10 mM)
significantly decreased total carbohydrates contents in maize grains Abdel-Wahed et al (2006). Similarly, the
highest values of total carbohydrates and crude protein contents of wheat grains were obtained by foliar
application of ascorbic acid at 500 ppm as compared with plants treated with 1000 ppm ascorbic acid Hanna
et al. (2001).

Yield and its components:

Data presented in Table (6) showed that foliar application of proline at 150 mg l-1 resulted in the highest
increases in wheat yield and its components (i.e., plant height, leaf area, dry weight of plant, number of spikes
and grain and straw yields). On the other hand, salicylic acid recorded usefulness values of yield and its
components as compared to their corresponding controls. In this concept, foliar application of salicylic acid
significantly increased yield and its components of maize Abdel-Wahed et al. (2006) and wheat plants Iqbal
et al, (2006). Proline significantly increased yield and its components of wheat plants i.e., plant height, number
of spikes, harvest index and grain and straw yield as compared to the other treatments (Table 6). Abdel-
Hameed (2004) on wheat; El-Greadly (2002) on cucumber and El-Gabas (2006) on sunflower, found that
spraying ascorbic acid had favorable effects on growth characters and yield particularly at higher
concentrations.Furthermore, yield of wheat plants was positively affected to proline and ascorbic acid
treatments, recording the highest increase in plant height and grain and straw yields compared to their relative
controls and other treatments (Table 6). In this connection, ascorbic acid increased main stem length and
recorded the highest early yield of cucumber plants El-Greadly, (2002).

Table 6: Effect of soil treatments with FYM, NB solely or in combinations and foliar spray of organic compounds on grain, straw yields
and harvest index of wheat plants

parameters Foliar spray of (OC) Soil treatments (ST) L.S.D at 0.05
-----------------------------------------------------------------
FYM NB FYM +NB Cont. Mean

Straw yield kg/fed SA 2418 2420 2422 2316 2394
AA 2388 2378 2393 2369 2382 ST 40.8
Pro 2426 2420 2428 2387 2415 OC 46.4
0.0 2329 2324 2338 2324 2328 ST×OC 28.5
Mean 2390 2386 2395 2349

Relatively increase % SA 3.8 4.0 3.6 4.4 4.0
AA 2.6 2.3 2.4 2.4 2.4
Pro 4.2 4.1 3.9 3.2 3.9

Grain yield kg/fed SA 2070 2068 2075 2062 2069
AA 2099 2085 2089 2069 2086 ST 18.5
Pro 2164 2168 2170 2133 2159 OC 27.8
0.0 2034 2039 2045 2025 2035 ST×OC 22.9
Mean 2092 2090 2094 2072

Relatively increase % SA 1.8 1.5 1.6 1.8 1.7
AA 3.0 2.3 2.2 2.1 2.4
Pro 6.0 6.3 6.1 5.3 5.9

Harvest Index SA 85 85 86 88 86 ST Ns*
AA 87 88 87 86 87 OC Ns*
Pro 89 90 89 89 89 ST×OC Ns*
0.0 87 88 87 87

Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.
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Regarding the effect of Azotbacter fertilization, Various authors have proposed the following direct
promoting mechanisms in addition to biological nitrogen fixation: (a) production of phytohormones such as
indole 3-acetic acid (IAA), gibberellic acid (GA3) and ethylene Bashan et al. (2004), zeatin and abscisic acid
(ABA) Tien et al. (1979), (b) production of plant growth regulatory substances such as polyamines Thuler et
al. (2003), particularly cadaverine (CAD), which may be correlated with root growth promotion Niemi et al.
(2002) and osmotic stress response in plants Aziz et al. (1997); (c) phosphate solubilization Bashan and
Levanony (1998); (d)Siderophore production  Saxena et al. (1986). Today, the most common explanation for
the effect of rhizobacteria on plants is based on the production of phytohormones that alter plant metabolism
and morphology, leading to improved mineral and water absorption. The Additive Hypothesis of Bashan and
Levanony, (1990) propose that multiple mechanisms operate simultaneously or in succession to promote plant
growth.

Chemical Constituents:

Data of Table (7) showed that foliar application of proline significantly increased the nutrient contents in
wheat leaves, i.e., nitrogen, phosphorus and potassium up to 150 mg l-1, compared to the control. Data revealed
that maximum values of N, P and K contents of wheat grains were obtained by 150 mg L-1 of proline and
salicylic acid. These results are agreement with those obtained by Shakivora et al (2003) and Rashad (2003).
Sarang and Singh (2003), who found that the N content, proteins and nitrate reductase activity were, increased
in Phaseolus vulgaris by foliar application of salicylic acid at 0.1%. Application of Salicylic acid at 150 mg
l-1 increased the uptake of N, P and K in wheat grains over the control. Similarly, in tomato, a significant
increase in the nutrient uptake was obtained at 10-4 M and 10-5 M salicylaldehyde Kord and Hathout, (1992).
In addition, foliar application of ascorbic acid significantly increased N, P and K contents in wheat grains at
150 mg l-1 relative to their untreated controls. Also, ascorbic acid significantly increased N, P and K contents
in leaves and grains of  Rajpal et al. (2001), wheat Abdel-Hameed et al. (2004) and sunflower plants El-Gabas,
(2006) compared with their controls.

Table 7: Effect of soil treatments with FYM, NB solely or in combinations and foliar spray of organic compounds on N, P and K
contents of wheat plants after 90 and 120 days from planting

Period from planting Foliar spray of (OC) Soil treatments (ST) Mean L.S.D at 0.05
--------------------------------------------------
FYM NB FYM +NB Cont.

Nitrogen 90 days SA 3.86 3.60 4.0 3.64 3.8
AA 4.90 4.24 4.74 3.92 4.5 ST 1.24
Pro 5.0 5.25 5..66 4.5 4.4 OC 1.90
Cont 3.36 3.32 3.60 3.37 3.4 ST×OC 2.20
Mean 4.3 4.2 4.5 3.8

120 days SA 3.5 3.0 3.8 3.3 3.4
AA 4.0 3.8 4.3 3.5 3.9 ST 3.8
Pro 5.0 4.7 5.4 4.6 4.9 OC 2.4
Cont 3.4 3.3 3.5 3.0 3.3 ST×OC 8.8
Mean 5.0 3.7 4.3 3.6

Phosphors 90 days SA 0.25 0.27 0.29 0.24 0.26
AA 0.28 0.30 0.32 0.26 0.29 ST Ns*
Pro 0.33 0.37 0.40 0.32 0.26 OC Ns*
Cont 0.24 0.26 0.28 0.22 0.25 ST×OC Ns*
Mean 0.29 0.30 0.32 0.26

120 days SA 0.29 0.33 0.35 0.37 0.34
AA 0.34 0.35 0.37 0.30 0.35 ST 0.02
Pro 0.35 0.37 0.39 0.33 0.36 OC 0.01
Cont 0.27 0.29 0.30 0.35 0.30 ST×OC 0.15
Mean 0.31 0.34 0.35 0.34

Potassium 90 days SA 3.0 3.4 3.2 2.3 3.0
AA 3.4 3.9 3.5 2.3 3.3 ST 0.25
Pro 3.6 3.8 4.0 2.5 3.4 OC 0.14
Cont 2.8 3.2 3.3 2.0 2.8 ST×OC 0.24
Mean 3.2 3.6 3.2 2.3

120 days SA 3.3 3.5 3.7 3.2 3.4
AA 3.4 3.6 3.9 .3.2 3.6 ST 0.02
Pro 4.0 4.4 4.7 3..9 4.3 OC 0.01
Cont 3.1 3.3 3.5 3.0 3.2 ST×OC 0.02
Mean 3.5 3.7 4.0 3.4

Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.
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Enumeration of Azotobacter of wheat rhizosphere:

Table (8) showed counts of Azotobacter chroococum as Log No. in wheat rhizsphere soil at treatments
of FYM, NB solely or in combinations and foliar spray of organic compounds after 90 and 120 days from
planting. FYM, NB resulted in a highest number of bacterial cells than that recorded by the other treatments
at two physiological stages of growth. This is due to FYM supports NF by different organic substances
essential for bacterial growth and/or NF decomposition of organic compounds found in FYM, which encourage
bacterial intensity. These results are in harmony with those obtained by Uzma-Hassan et al. (1996), Al-Kasas,
(2002) and Difco Manual, (1984) they stated that high population of diazotrophic bacteria still existed, both
in association with roots of wheat and in the rhizosphere area as a result of wheat biofertilizer inoculation. On
the other hand, the bacterial counts were significantly higher at the first period (after 90 days) than those of
the second one (after 120 days from sowing). The numbers of A. chroococcum tends to decrease by age due
to lack of organic matter and the presence of antagonistic microorganisms in soil Mishra, and Dadhich, (2010).

Table 8: Counts of Azotobacter chroococum as Log No. in wheat rhizsphere soil at treatments of FYM, NB solely or in combinations
and foliar spray of organic compounds after 90 and 120 days from planting 

Period from planting Foliar spray of (OC) Soil treatments (ST) L.S.D at 0.05
--------------------------------------------------------------------
FYM NB FYM +NB Cont.

90 days SA 6.070 6.984 7.896 0.0068 ST 0.070
AA 6.008 6.952 7.924 0.0069 OC 0.172
Pro 6.015 6.951 7.942 0.0071 ST×OC 0.214
Cont 6.001 6.204 7.231 0.0038

120 days SA 5.015 5.864 6.528 0.0046 ST 0.070
AA 5.008 5.852 6.362 0.0058 OC 0.172
Pro 5.010 5.861 6.431 0.0061 ST×OC 0.211
Cont 5.003 5.396 6.057 0.0032

Ns*=Non significant, ST=Soil Treatment, OC=Organic compounds.

Conclusions

From the aforementioned results, it can be concluded that, the application of organic acids as (i.e., salicylic
acid, ascorbic acid, and proline) as foliar application increased wheat yield and its components at 150 mg l-1,
individually or in interactions with organic manure at elongation stage. Stimulating vegetative growth and yield
parameters of wheat plants via the enhancement of the biosynthesis of photosynthetic pigments was more as
well as improved as a result of the nutritional status of wheat plants grown on a newly reclaimed soil under
salt stress condition, as well as with relatively higher ability for increasing available micronutrients in the soil.
Higher impact was achieved via biofertilization with Azotobacter, either individually or in combinations with
organic manure and organic acids. FYM, NB solely or in combinations and foliar spray of organic compounds
after 90 and 120 days from planting resulted in a highest number of bacterial cells than that recorded by the
other treatments at two physiological stages of growth. On the other hand, the bacterial counts were
significantly higher at the first period (after 90 days) than those of the second one (after 120 days from
sowing).The beneficial effect of Azotbacter might due to the proposed hypothesis mentioned above or\and
analogous to organic compounds role, which need more investigations later.
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