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ABSTRACT 
  
 Field experiment was conducted on a farm at South El- Hossinia Res. Farm Station, El-Sharkia 
Governorate, Agric. Res. Center (ARC), Egypt, during the winter season 2012. The effect of rice straw, humic 
acid as organic fertilizer and with the inoculation some bacterial strains as biofertilizer (Pseudomonas putida, 
Bacillus megatherium, Azospirillum brasilense (PGPR)) separately or together in the with or without rice straw 
on barley plants c.v. Giza 123 grown on a saline soil. Results revealed rice straw treatments enhanced 
significantly soil organic matter compared with the rest of the transactions under study. Also, all treatments 
transactions with add of humic acid with PGPR either rice straw or without led to a lower degree of pH and EC 
of the soil compared with other treatments achieved pH 7.28 to 7.08 and 7.11 to 7.08 while EC was 5.15 to 4.20 
and 4.50 to 3.11 dS/m respectively, during period from 50 to 90 day. In addition, PGPR with humic acid (T4 
and T8) increased nitrogen content of the soil compared with the rest of the transactions, as well as control. The 
treatment of spraying mixed of PGPR and humic acid in the presence of rice straw resulted in significant 
increase for barley crop and N., P. and K. content of the grain and straw comparison with control. Generally, it 
could be drawn that the use of the treatment of spraying mixed of bacterial strains (PGPR) and humic acid in the 
presence of rice straw was useful for the barley crop and its cause prevent the deleterious effects of soil salinity 
stress and enhancement of soil chemical and biological properties. 
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Introduction 
 
 Increasing soil salinity in Egypt and in many other parts of the world is a serious land degradation issue 
around the world. Both salinity and sodicity decrease plant productivity and consequently, the contribution of 
plant biomass carbon to organic carbon content in soil. As a result, salt-affected soils are generally low in 
organic matter. The addition of organic materials such as farmyard manure, green manure, crop straw or 
compost is a common practice to alleviate the adverse effects of salinity and sodicity in agro-ecosystems 
through beneficial physico-chemical changes in salt-affected soils, thereby improving soil productivity 
(Yadvinder et al. 2005). Salinity and sodicity may alter soil pH and other physicochemical properties, thereby 
affecting biochemical transformations of added plant and native carbon in soil. Contradictory results of salinity 
and sodicity stresses on soil biological processes are often reported. For example, many studies reported that 
salinity decreased and sodicity increased organic carbon mineralization in soil. (Pathak and Rao 1998).  
  In the rhizosphere, the synergism between various bacterial genera, such as between Bacillus, 
Pseudomonas, and Rhizobium has been demonstrated to promote plant growth and development (Halverson et 
al., 1993). Mechanisms by which bacteria can promote plant growth include mobilization of nutrients and 
production of phytohormones (Lugtenberg and Kamilova 2004). The microbial synthesis of plant growth 
regulators is an important factor in soil fertility. Plant growth -promoting bacteria can prevent the deleterious 
effects of stressors from the environment (Egamberdieva, 2009). Hasnain and Sabri (1996) reported that 
inoculation of plants with Pseudomonas sp. stimulated plant growth by reduction of toxic ion uptake and 
increases in auxin contents. Plant stress can be reduced by 1-aminocyclopropane-carboxylate (ACC) deaminase 
producing bacteria (Glick et al., 1997). The plant hormone ethylene has previously been found to be an inhibitor 
of plant root elongation (Abeles et al., 1992), and its production in plants is highly dependent on the endogenous 
levels of ACC. The ACC deaminase enzyme can cleave the ethylene precursor ACC to α ketobutyrate and 
ammonium and thereby lower the level of ethylene in developing or stressed plants (Glick et al., 1998). Thus, 
plant growth-promoting bacteria contain the enzyme ACC deaminase and colonize the seed coat of a developing 
seedling, and may decrease the ethylene level so that it does not become too high to limit root growth (Hontzeas 
et al., 2004). Furthermore, by removing ACC, the bacteria reduce the deleterious effect of ethylene, 
ameliorating plant stress and promoting plant growth (Glick et al., 2007). These bacteria may enhance the 
survival of some seedlings, especially during the first few days after the seeds are planted. In our previous study, 
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only strain pseudomonas species could utilize ACC as the sole N source (Egamberdieva and Kucharova, 2009) 
and showed high stimulatory effect on the growth of plants in saline soils. 
 The major functional groups of humic acid include carboxyl, phenolic hydroxyl, alcoholic hydroxyl, ketone 
and quinoid give it many properties, (Russo and Berlyn, 1990). Also, they reported that the mechanism of humic 
acid in promoting plant growth is not completely known. In addition, increasing cell membrane permeability, 
oxygen uptake, respiration, photosynthesis, phosphate uptake and root cell elongation of plant growth factors 
have been proposed by some authors to explain positive effect of humic acid. Other organic materials like rice 
straw, wheat straw, rice husk and chopped salt grass also improved these physical properties of a saline sodic 
soil. The tillering, plant height, biomass and paddy yield were significantly increased (Hussain et al., 1998). Soil 
organic matter encourages granulation, increases cation exchange capacity (CEC) and is responsible for up to 
90% adsorbing power of the soils. Cations such as Ca+2, Mg+2 and K+ are produced during decomposition Brady 
and Weil (2005). The aim of study effect of integrated biofertilizers combination with organic fertilizers on 
barley plants in saline soil. 
 
Materials and Methods 
 
Barley seeds:  
 
 Barley seeds cultivar Giza 123 (Hardeum vulgare) were kindly obtained from Crops Res. Institute, Agric. 
Res. Center (ARC), Giza,Egypt. 
 
Microorganisms: 
 
 The bacteria strains were found to be Pseudomonas putida, Bacillus megatherium, Azospirillum brasilense 
PGPR obtained from culture collection of Agric. Microbiology Dept., ARC, Giza, Egypt .The concentration of 
bacteria was adjusted to 1×108 (CFU/g) in all inoculants. The solution of bacterial PGPR was added at a rate 
20L/fed.  
 
Soil analysis: 
 
 The experimental field soil was sampled initially before conducting the experiment to determine its physical 
and chemical analyses according to Jackson (1973). The results of this analysis are shown in Table (1). 
 
Table 1: Physical and chemical properties of the experimental soil.  

Texture Coarse sand % Fine sand 
%

Silt 
%

Clay 
% 

Organic matter 
% 

Calcium 
carbonate % 

silt loam 8.1520.1052.5019.25 0.321.15 
pH 1:2.5EC( dS m-1) Cations (meq L-1)Anions (meq L-1) 

 
8.23 

 
23.5 

Ca++Mg++Na+K+HCO3
- Cl_ SO4

-- 
17.9420.161961.419.93 188 37.58 

Available nutrients (mg kg-1 soil) 
N P2O5 K2OFeMnZn Cu 
3811.25 2012.673.880.62 0.082 

 
Assay of soil biological activity: 
 
 CO2 evolution was determined according to (Gaur et al., 1971 ). determine total bacteria count (Allen, 
1959) , total Actinomycetes count ( Williams and Davis, 1965) and total fungi count (Martin, 1950) as index for 
soil biological activity. Soil enzymes i.e.,dehydrogenase activity (DHA) of the rhizosphere soil (Casida et al., 
1964), nitrogenase activity measured by acetylene reduction as described by ( Hardy et al .,1973).  
 
Rice straw:  
 
 Rice straw was collected from South El- Hossinia Res. farm Station, El-Sharkia Governorate. It was an 
aerobically dried. Rice straw was added before cultivate soil at the rate of 2500 Kg /fed and ploughing in soil, 
then the soil gave first irrigation. (Table 2). Rice straw analysis was determined as organic matter (OM), organic 
carbon and total N, P and K and microelements were determined according to standard methods of APHA 
(1989). 
 
Table 2: The analysis of the rice straw. 

Organic 
matter 
%O.M 

Organic 
carbon 
%O.C 

Carbon: 
Nitrogen 

(C/N) ratio 

T.N 
% 

T.P 
% 

T.K 
% 

Zn 
Ppm 

Mn 
ppm 

Fe 
ppm 

Cu 
ppm 

Ash 
% 

80.18 46.50 95:1 0.49 0.52 0.77 220 75 722 61 19.82
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Extraction of humic acid and determination N, P and K:  
 
  Extraction of humic acid was run from compost according to the method as described by Sanchez et al. 
(2002). The concentration of humic acid was 10% from 500 ppm (as 100%). Total phosphorus was determined 
as the method described by Murphy and Riley, (1962). Total potassium was determined by flame 
photometrically (Chapman and Pratt, 1961). Chemical parameters of organic matter (OM), organic carbon and, 
total nitrogen (TN) were determined according to standard methods of APHA ,(1989).total acidity, phenolic and 
carboxylic group described as Dragunova (1958) and Elemental analysis (C, H, N, S and O2 %) by Goh and 
Stevenson (1971) , characteristic of humic acid extracted from compost as show in (Table 3). 
 
Table 3: Characteristic of humic acid extracted from compost. 

C% N% H% S% O2% Total acidity mmol/100g Carboxyl groups 
mmol/100g 

Phenolic groups 
mmol/100g 

50.0 4.1 5.0 1.0 39.9 425 195 230 

 
Mineral fertilizers: 
 
 Nitrogen was applied as ammonium nitrate at a rate of 134 kg / Feddan (as a full dose as control) in four 
doses after 15, 30, 60 and 75 days for sowing. Phosphorus was added as super phosphate (15.5 % P) at a rate of 
150 kg / Feddan once before sowing. Potassium was added as potassium sulphate (48%) at a rate of 50 kg / Fed. 
once before flowering stage (60 days from sowing).while, N, P and K were added for all treatments as half 
recommended dose. 
 
Statistical analysis: 
 
 The randomized complete blocks design was used. Each experimental design has its previously mentioned 
replication. Data were transformed before subjection to analysis of variance using COSTAT Computer Program 
and zero values were replaced by minimum values before transforming the data. Means were compared using 
LSD at 0.05 level of significant method and multiple range tests according to Sendecor and Cochran (1980). 
 
Experimental design: 
 
 The experimental treatments were arranged in complete randomized plots design with three replicates as the 
following: 
T1: recommended dose (control). 
T2 : PGPR 
T3 : Humic acid 
T4 : PGPR +Humic acid 
T5 : Rice Straw 
T6: Rice Straw + PGPR 
T7: Rice Straw + Humic acid 
T8: rice Straw + Humic + PGPR 
 Each experimental plot was 30 m2 area (6 m in length 5 m in width) the distance between each line was 30 
cm. The samples of plant analyzed for total nitrogen, phosphorus and potassium contents in straw and grain. In 
addition, yield productivity / fed after harvesting. Meanwhile soil samples were determined EC , pH , organic 
matter percentages, total nitrogen , phosphorus and potassium beside, assay soil biological activity as total count 
of bacteria, fungi and actinomycetes, CO2 evaluation dehydrogenase (DHA) and nitrogenase enzymes activity 
after 50 and 90 days. 
 
Results and Discussion 
 
Soil chemical properties: 
 
 Data in Table (4) show some chemical properties of the saline soil after barley harvesting as affected by 
different applied treatments. 
 
Soil organic matter (OM): 
 
 Soil organic matter after barley harvesting as affect by the tested PGPR treatments and/or rice straw is 
shown in Table (4). Results revealed that only the incorporation either with or without rice straw increased the 
soil organic matter throughout first 50 day, then decrease after this period. Treatments T4 (without rice straw) & 



5340 
J. Appl. Sci. Res., 9(8): 5337-5343, 2013 

 

T8 (with rice straw) achieved high result after 90 day recorded 0.29 and 1.21 % , respectively this may be due to 
T4 and T8 contain humic acid which contribute in stimulate activity of microorganisms. It was worthy to 
mention that T8 gave high result than T4 because its contents rice straw with humic acid. Dobermann and 
Fairhust. (2000) reported that incorporated of rice straw into salinity soil enhanced the organic matter contents 
of soil and reduced salinity /sodicity level of soil by chemical reactions. 
 
Soil electric conductivity (EC) and soil reaction (pH): 
 
 Data showed in Table (4), all treatments with or without rice straw decreased both EC and pH compared to 
the control treatment. However, the treatment received rice straw, humic acid with PGPR (T8) achieved the lees 
EC through 50 to 90 day recorded 4.50 and 3.11 dSm-1 respectively, this may be due to treatment of humic acid 
with PGPR has positive effects on salt tolerance at barely plant due to humic acid have many function group 
give it high ability to separated Na Cl compound cause reduce ameliorate the deleterious effects of salt stress on 
barely plants. Too, PGPRs are use humic as carbon source, thus may stimulate PGPR to produce phytohormons, 
which play important role in decline soil salinity. Beside, the Pseudomonas putida take ACC as nitrogen source 
and decrease level of ethylene inside the plant this due to reduce the deleterious effect of ethylene, ameliorating 
plant stress and promoting plant growth. 
 
Table 4: Some chemical properties of the experimental soil samples after 50,90 day as affected by PGPR, humic with or without rice straw. 

Treatments  
OM% 

E.C 
(dS m-1) 

pH Total N, P and K% 
N P K 

50 day 90 day 50 day 90 day 50 day 90 day 50 day 90 day 50 day 90 day 50 day 90 day 
T1 0.29 0.25 6.10 5.27 7.93 7.81 0.14 0.11 0.52 0.24 0.50 0.22 
T2 0.31 0.27 6.02 5.19 7.98 7.30 0.19 0.13 0.72 0.50 0.82 0.39 
T3 0.33 0.26 5.57 4.67 7.58 7.25 0.15 0.12 0.65 0.59 0.62 0.51 
T4 0.36 0.29 5.15 4.20 7.28 7.08 0.18 0.24 0.81 0.65 0.87 0.64 
T5 1.56 0.95 4.99 4.10 7.31 7.15 0.25 0.16 0.65 0.54 0.76 0.53 
T6 1.67 1.01 4.82 3.99 7.42 7.12 0.30 0.22 0.68 0.59 0.75 0.59 
T7 1.78 1.16 4.65 3.59 7.48 7.18 0.28 0.20 0.73 0.66 0.85 0.60 
T8 1.89 1.21 4.50 3.11 7.51 7.08 0.20 0.27 0.98 0.73 0.90 0.73 

LSD(0.05)  0.08 0.26 0.24 0.20 0.09 0.08 

 
 This agrees with Hasnain and Sabri (1996) reported that inoculation of plants with Pseudomonas sp. 
Stimulated plant growth by reduction of toxic ion uptake and increases in auxin contents. In addition, Glick et 
al. (1998) found that the ACC deaminase enzyme can cleave the ethylene precursor ACC to α ketobutyrate and 
ammonium and thereby lower the level of ethylene in developing or stressed plants. 
 The incorporation of rice straw into sandy, clay, and saline-sodic soil improved the physical properties 
significantly also soil EC, pH and SAR (sodium adsorption ratio ) also significantly decreased ( Hussain et al., 
1998 , Sadiq et al , 2002 , Xiaogang et al., 2006 and Mohamed , 2012). 
 
NPK in the soil content: 
 
 Data in Table (4) showed that all treatments increased soil available nitrogen comparison with T1 just as 
mineral fertilization. Data indicated that treatments which contain PGPR gave suitable increases in percentage 
of nitrogen; this may be due to nitrogen fixers (Azospirillum brasilense) of PGPR. The best treatments were T4 
& T8 recorded 0.18 to 0.24 and 0.20 to 0.27 %, respectively. On the other hand, soil potassium and phosphorus 
valuses were decrease during period 50 to 90 days in all treatments. Dobermann and Fairhust (2000) reported 
that incorporation of rice straw into the soil , returns most of the nutrients and helps to conserve soil nutrient 
reserves in the long term and its effect on grain yield is also significant. 
 
Soil biological activity: 
 
 Results revealed that all tested parameters of soil biological activity (Table 5) under different treatments of 
PGPR and humic acid mixed or alone, with or without rice straw showed that total count bacteria, total fungi 
and actinomycetes were highest than those of control treatment (T1). However the treatment (T8) of PGPR and 
humic applied as foliar spray with rice straw gave the highest values of all soil biological activity parameters 
treatment. i.e., total bacteria count 110 x 107 and 54 x 107 cfu g-1 dry soil, total fungi 40.10 x 104 and 24 x 104 
cfu g-1 dry soil and total actinomycetes 15.80 x103 and 5.50 x103 cfu g-1 dry at 50 and 90 day, respectively.  
 Also, data revealed that the treatment mix with rice straw (T8) achieved highest values of CO2 evolution 
was 117.14, 60.88 mg CO2/ 100g dry soil day-1. the result obtained change in dehydrogenase enzyme activity 
199.89 and 111.91g TPF g-1 dry soil while, nitrogenase activity was 91.23 and 67.11 mmole C2H4 g

-1 dry soil 
h-1 at 50 and 90 day respectively. Treatment No. 4 followed the previous treatment which recorded total bacteria 
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count 56 and 30 x 107 cfu g-1 dry soil. Total fungi was 27 and 15.24 x 104 cfu g-1 dry soil, while total 
actinomycetes 3.3 and 1.8 x 103 cfu g-1 dry soil, CO2 achieved 86.5, 40.25 mg 100 g-1 dry soil day-1 (CO2 
evolution) 98.65 and 87.33 g TPF g-1 dry soil dehydrogenase enzyme activity and 83.25 and 42.19 mmole 
C2H4 g

-1 dry soil h-1 nitrogenase enzyme activity, at 50 and 90 day, respectively. Huck et al., (1991) reported 
that the humates are known to stimulate microbial activity. In soil, the microbial activity increased up to 400 or 
5000 times.with the introduction of humate (300 ppm) into the soil. Beneficial bacteria and fungi were increased 
in the presence of humic acid and subsequently increased plant growth. It seems that the microorganisms 
produced excellent root stimulators. The increased CO2 evolution could possibly be related to a shift in 
microbial community towards the dominance of salt tolerable micro-organisms. These micro-organisms would 
likely have low substrate use efficiency, i.e. a high metabolic quotient (microbial respiration per unit of 
microbial carbon formed per hour). Thus, by directing organic substrate utilization for the maintenance of 
metabolic activity, micro-organisms could overcome temporary salinity stress these substrates could then be 
easily accessible by soil micro-organisms. The addition of straw to the soil Further, increasing sodicity in soil 
could cause solubilization of organic matter into colloidal form at high pH Thus , a sudden increase in labile 
organic substrates would also likely result in high microbial metabolic quotient (Xiaogang et al 2006) .  
 
Table 5: Effect of PGPR, humic with or without rice straw on soil biological characters after barley harvesting. 

Treatments Total Bact. counts 
(107 cfu/g soil) 

Total Fungi (104 
cfu /g soil) 

Total Actinon. (103

cfu/ g soil) 
CO2 evolution 
(mg100/g soil 

Dehydrogenase 
activity Ug TPF 
100g soil. Day 

Nitrogenase 
activity U mel C2 
H4 g dry soil /hr 

50 day 90 day 50 day 90 day 50 day 90 day 50day 90 day 50day 90day 50day 90 day 
T1 15 5.1 10.0 2.9 1.8 0.99 12.61 8 .5 43.22 30.52 29.34 11.67 
T2 53 16 25 13.10 2.4 1.6 65.18 26.20 97.52 83.43 77.14 39.91 
T3 28 19 16 11.50 4.0 1.4 73.50 33.14 82.34 67.77 70.22 25.31 
T4 56 30 27 15.24 3.3 1.8 86.50 40.25 98.65 87.33 83.25 42.19 
T5 66 14 28.10 13.20 6.20 2.0 99.00 45.36 62.83 48.15 41.33 19.33 
T6 75 33 30.28 19.20 8.10 3.20 110.12 52.47 183.66 109.81 87.14 61.57 
T7 83 20 34.10 15.28 9.23 4.1 105.20 46.14 151.11 99.83 79.11 50.12 
T8 110 54 40.10 24 15.80 5.50 117.14 60.88 199.89 111.91 91.23 67.11 

  
Grain and straw yield and NPK contents:  
 
 Results in Table (6) revealed that treatments without rice straw (T4) achieved best significant result 
comparison with control recorded 2.27 yield and 3.25 straw ton/ fed., followed by T2 and T3. On the other hand, 
treatment rice straw and PGPR with humic acid (T8) obtained highest significant result in barley yield and straw 
recorded (3.11 and 4.15 ton/ fed., respectively), followed by (T7) rice straw and humic acid which enhancement 
plant yield and growth conversely, the increase of up take macro and micro elements. This result agree with 
Afifi (2010) reported that the treatment bean plants by humic and fulvic acids gave positive effect in both 
growth and yield when, used humic extracted from compost concentration 5 ppm with nitrogen concentration 50 
ppm was superior to all treatment in increases productivity / fed. Rice straw incorporation enhanced the organic 
matted contents of soil and reduced salinity /sodicity level of soil by chemical reactions resulting into improved 
productivity of soil due to which yield increased .(Hussain et al. 1998., Sadiq et al , 2002 and Mohamed , 2012). 
 Also, data obtained that the treatments either rice straw or without rice straw mix with humic acid and 
PGPR gave the best result highest values of N., P. and K. content in barley grains and straw compared with the 
control. Generally, the barley plants grown on salinity soil that received rice straw with PGPR and humic acid, 
treatment could be enhanced physical, chemical and biological soil properties consequently improved plant 
growth and yield. As well as barley grain yield and straw contents of N., P. and K. Mesut et al. (2010) reported 
that humic acid application significantly increased N, P, K, Ca, Mg, S, Mn and Cu contents of shoot of pepper 
seedling. Also, Na contents of both shoot and root of pepper decreased with increased humic acid doses. It can 
be concluded that high humic acid doses has positive effects on salt tolerance based on the plant growth 
parameters and nutrient contents. 
 
Table 6: Barley yield and NPK component as affected by all treatments. 

Yield (Ton/Fed) K% P% N% Treatments 
Straw Grain Straw grain Straw grain straw grain 
2.02 1.73 0.9 1.19 0.09 0.13 1.99 1.11 T1 
3.14 2.11 1.93 1.88 0.27 0.42 2.31 2.01 T2 
2.90 1.99 1.80 1.68 0.17 0.23 2.12 1.76 T3 
3.25 2.27 2.22 1.95 0.40 0.51 2.43 2.10 T4 
3.11 1.98 2.36 2.35 0.29 0.45 2.13 2.23 T5 
3.50 2.51 2.59 2.41 0.43 0.65 2.29 2.56 T6 
3.90 2.71 2.48 2.40 0.39 0.55 2.45 2.45 T7 
4.15 3.11 2.72 2.55 0.58 0.72 2.50 2.73 T8 
0.79 0.65 0.69 0.63 0.22 0.30 0.54 0.40 LSD (0.05) 
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