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DEMONSTRATION OF YIELD COMPONENTS IMPROVEMENT AND TOTAL NUTRIENTS CONTENTS USING ORGANIC ACIDS ENRICHED WITH CYANOBACTERIA AND FOLIAR APPLICATION OF MICRONUTRIENTS UNDER SALINE CONDITIONS
Gehan H .Youssef ; Wafaa T. El-Etr ; Wafaa M. A. Seddik 
and Atef  M. El-Melegy 
Soils, Water and Environ. Res. Inst., Agric. Res. Center (ARC), Giza, Egypt
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ABSTRACT
A  field experiment was conducted in sandy soil at El-Ariash Agric. Res. Station in North Sinaa Governorate (latitude, 31o 7' 9.659" N and longitude, 33o 43' 52.539" E) for winter season (2009-2010) to investigate the effect of different organic acids as soil conditioners such as humic acid (HA) and fulvic acid (FA) with or without enrichment with cyanobactaria along with different micronutrients chelated on organic acids on improving soil chemical characteristics, productivity of both barley and faba bean and total content of mineral nutrients. Results indicated that the saturation percent (SP) did not show any obvious trend at both tested soil of crops, moreover, the values of EC and pH in soil at first and second crops have significantly decrease affected by studied treatments as compared to control. 
Application of humic acid enriched with cyanobacteria and foliar spray with micronutrients chelated on fulvic acid either the previously treatments individually or in combination, significantly superior for decreased values of EC in soils and increased values of both organic matter and available macronutrients in the soil. On the other hand, the application of fulvic acid without cyanobacteria and foliar spray with micronutrients chelated on fulvic acid either the previous treatments were applied individually or in combination, had decreased pH values of the soil as compared to control and other treatments. 
Data also showed that the highest significant yield components of barley and faba bean crops as well as their total contents of macro and micro nutrients were reported for application of humic acid enriched with cyanobacteria combined with foliar spray with fulvic acid and micronutrients as compared to other treatments.

In addition, the results showed that protein and proline contents for either grains of barley or seeds of faba bean had increased due to the application of tested treatments as compared to control. ِAlso, data indicated that the application of the tested treatments increased the proline concentration and decreased the sodium concentration in grains of barley and seeds of faba bean, these effects dependent on forms of organic acids.
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In conclusion, the application of organic acids enriched with cyanobacteria and foliar spray of micronutrients chelated on organic acid may be helpful to improve the soil properties and reflected that on yield components along with uptake of nutrients.
INTRODUCTION
Excessive amounts of salts have adverse effects on the physical and chemical properties of soil, microbiological processes and plant growth. Nearly 20 % of the world's cultivated area and nearly half of the world's irrigated lands are affected by salinity (Zhu, 2001). Processes such as seed germination, growth are adversely affected by high salt concentration, ultimately causing diminished economic yield and quality of production. The tissues of plants growing in saline media generally exhibit an accumulation of Na+ and Cl- and /or the inhibited tomato uptake of mineral nutrients, especially Ca2+, K+, N and P (Kaya et al., 2001). Zaki et al. (2009) found differences among cultivars in vegetative growth, green yield and chemical content, which decreased with increasing salinity of irrigation water. 

The fertility of soils is related to soil organic matter content. Humic substances (humic and fulvic acids) are the major components of soil organic matter and its the final component of organic matter decomposition, and its benefits in agricultural system due to its ability to capture more moisture content, which will increase water use efficiency in sandy soil.  Otherwise, humic substances are able to make complex metal ions which will decrease nutrients leaching with irrigation water and increase fertilizers use efficiency. (Suganya and Sivasamy, 2006).

 The humic substances in the soil have multiple effects that can greatly benefit plant growth (Sangeetha et al., 2006). It may have both direct and indirect effects on plant growth. Direct effects are those, which require uptake of humic substances into the plant tissue resulting in various biochemical effects. Indirect effect involve improvements of the soil properties such as aggregation, aeration, permeability, water holding capacity, micronutrient transport and availability. Recent studies by Eyheraguibel et al. (2008) summarized that the effects of humic substances on plant growth and mineral nutrition, above all positive effects on seed germination, seedling growth, root initiation, root growth, shoot development and the uptake of some macro and micro elements. The positive effects of the humic substances were also observed on the studies such as dry matter yield increases on corn seedlings (Celik et al., 2008). Kadam and Wadje (2011) performed studies the effect of potassium humate on growth and yield of soybean and black gram. Results obtained showed that, potassium humate treated plants were significantly increased growth and yield characters of two plants than control plants. Humic acid is a commercial product contains many elements which improve the soil fertility and increase the availability of nutrients and consequently increase plant growth and yield. It particularly is used to ameliorate or reduce the negative effect of salt stress. 
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Various organic amendments such as manures and composts have been investigated for their effectiveness in soil remediation. It has been demonstrated that the application of organic matter to saline soils can accelerate Na+ leaching, decrease the exchangeable sodium percentage and electrical conductivity and increase water infiltration, water-holding capacity and aggregate stability (El-Shakweer et al., 1998). Furthermore, the organic matter added to saline soils plays an important role in the positive effect observed in microbial activity and enzymatic activities such as urease, alkaline phosphatase and dehydrogenase. Also, Tejada et al. (2006) found that the increased more significantly in the cottongin crushed compost amended soils (23 %) and the exchangeable sodium percentage (ESP) decreased more significantly in the compost amended soils (50 %) as compared to the un-amended soil. Recently, Gulser et al. (2010) reported that the application of 1000 and 2000 mg Kg-1 humic acid increased fresh and dry leaf weight, fresh and dry root weight, stem diameter, root length and shoot length. On the other hand, the highest rates of humic acid 4000 mg Kg-1decreased these criteria of pepper seedling under the saline soil condition. 
Previously studied, Turkmen et al. (2004) similarly reported that 1000 g Kg-1 of HA application positively affected plant growth under saline soil conditions, but higher doses of HA was habited plant growth. Also, Asik et al. (2009) confirmed that under salt stress, the lowest doses of both soil and foliar application of humic substances increased the nutrient uptake of wheat. Furthermore, Paksoy et al. (2010) studied that the effect of different levels of humic acid (1, 500, 1000 and 1500 mg Kg-1) on growth and nutrient contents of okra in saline soil conditions. They found that humic acid increased macro and micro-nutrient contents of the plant organs. The study assumes that humic substances play a major role in plant nutrient uptake and growth parameters in plant seedlings. Also, El-Hefny (2010) revealed that significant increase the vegetative growth of cowpea plant i.e. plant height, number of branches, fresh weight, leaf area/plant, total pods yield, N, P, K uptake and K/Na, Ca/Na ratio as well as N,P, K, protein and carbohydrate content in cowpea seeds with increasing the rate of humic acid application from 1, 3, 4.5 up to 6 Kg/fed. Besides, Abdel-Mawgoud et al. (2010) investigated that the mitigation effects of potassium humate and compost applications on salinity negative effects on green bean plant  grown under Egyptian conditions. Plants were irrigated with three levels of saline water namely 0.5, 2.0 and 3.0 dS/m. All plants were fed with standard fertilization. Treatments were control, potassium humate at rates of 2 and 4 g/L and compost at rates of 10 and 20 m3/feddan. Data recorded after 45 days showed that increasing salinity reduced all plant growth parameters including yield and pod quality with the reduction in yield reaching 20 and 47 % for EC of 2 and 3 dS/m, respectively, as compared to the lowest level of salinity. The effect of potassium humate and compost application have a positive effect and increased yield component as compared to control (no addition of compost or potassium humate) by 20 % and 41 % with the application of high rates of potassium humate and compost respectively. The interaction effect significantly reduced plant growth particularly with the high level of salinity. High levels of potassium humate and compost mitigated the negative effects of salinity on plant growth and production. The data indicated that there might be another factor such as apecific ion effect that reduced the effects of potassium humate or compost. Recently, Khaled and Fawy (2011) studied that the effects of salinity at 20 and 60 mM, soil and foliar application of humic substances at dose of 0,2 and 4 g Kg-1  to the soil one month before planting and sprayed with 0,0.1 and 0.2 % on the leaves twice on 20th and 40th day after seedling on the growth and mineral nutrients uptake of corn (Hagein, Fardy 10), and the comparison was carried out of the soil and foliar applications of humic acid treatments at different NaCL levels. Salinity negatively affected the growth of corn; it also decreased the dry weight and the uptake of nutrient elements except for Na and Mn. Soil application of humus increased the N uptake of corn while foliar application of humic acids increased the uptake of P, K, Mg, Na, Cu and Zn. Although the effect of interaction between salt and soil humus application was found statistically significant, the interaction effect between salt and foliar humic acids treatment was not found significant. Under salt stress, the first doses of both soil and foliar application of humic substances increased the uptake of nutrients.
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With regard to the effect of cyanobacteria on growth of plant, Aziz and Hashem (2004) found that the plant height, panicle length, number of tillers hill, grain yield, 1000- grain weight and straw yield of rice plant were highest when applied of cyanobacteria to some treatments. Recently, Aref et al. (2009) revealed that all tested biofertilizer (azolla and cyanobacteria) treatments decreased both EC and pH compared to control treatment. Foliar spray by cyanobacteria gave the highest soil available N, P and K values.Results also exhibited a favorite influence of foliar application for azolla and cyanobacteria, since it gave significantly higher barely yield, yield components and N, P and K contents of both grains and straw compared to the other biofertilizer treatments and control.  
Therefore, the main objective of this study is to evaluate the role of organic acids enrichment with or without cyanobacteria to:-

1- improve chemical properties of the studied soil under saline irrigated water.

2-responses of both barley and faba bean plants and total content of nutrients to different micronutrients chelated on the same organic acids as foliar spray and their interaction.
MATERIALS AND METHODS
A field experiment was conducted in sandy soil at El-Ariash Agric. Res. Station, Agric. Res. Center, Giza, Egypt, (ARC) for winter season (2009-2010) to study the effect of using different organic acids as soil conditioners such as humic acid (HA) and fulvic acid (FA) with or without enrichment with cyanobactaria along with different micronutrient chelated on organic acids on improving soil chemical characteristics and barley c.v. Giza 123 and faba bean, c.v. Giza 843 productivity. 

Some physical and chemical characteristics of the experimental soil sites soil are shown in (Table1,a), while the analysis of water is described in (Table 1,b) and humic and fulvic acids constituents are described in Table (2) (Page et al.,1982). 

Table (1,a): Some physical and chemical properties of the experimental soil 

	Soil characteristics
	Values



	Particle size distribution %

Sand

Silt

Clay

Texture class 

SP 
	99.04

0.48

0.48

Sandy 

26

	Chemical properties

pH (suspension 1:2.5)

EC dSm-1 (saturated soil paste extract)

Organic matter %
	8.25
11.39
0.40

	Soluble cations and anions (Ceq Kg-1)

Ca++
Mg++
Na+
K+
CO3--

HCO3-
Cl-
SO4--
	34.5
53.8

81.7
1.03

-

8.67

78.3

84.06

	Available nutrients (mg Kg-1)

N

P
K
	85
15

109


Table (1, b):-  Chemical analysis of irrigation water 
	Water analysis
	Values

	Chemical properties

pH (suspension 1:2.5)

EC dSm-1 (saturated soil paste extract)
	7.70

6.80

	Soluble cations and anions (Ceq Kg-1)

Ca++
Mg++
Na+
K+
CO3--

HCO3-
Cl-
SO4--
	19.3

11.4

50.5

0.40

-

5.78

33.8

42.02

	SAR
	12.9


Table (2):- Some characteristics of humic and Fulvic acids
	Determination
	Humic acid
	Fulvic acid

	EC dS m-1
	61.0
	59.0

	pH
	5.00
	2.00

	Available nutrients (mg L-1)

	Fe
	0.44
	0.33

	Mn
	0.058
	0.048

	Zn
	0.94
	0.64

	Cu
	0.03
	0.09


Preparation of humic and fulvic acids enriched with cyanobacteria:- 
Three cyanobacteria strains viz. Nostoc muscorum, Anabaena oryzae and Microchate tenera were kindly supplied by Dr. F. M. Ghazal Agric. Microbiol. Res. Dept., Soils Water & Environ. Res. Inst., Agric. Res. center, Giza, Egypt. The cyanbacteria strains were maintained and propagated on BG11 medium (Allen and Stanier, 1968) under continuous illumination (5000 Lux) and temp. of 28 + 2 0C in a growth chamber up to log phase. The developed cyanbacteria were mixed together at the ratio of 1:1:1 (v/v) and then added to either humic or fulvic acids as a carries to ensure 109 Cell ml-1. Both humic and fulvic acids that enriched with cyanbacteria (plate 1) are used in the current study as  soil conditioner added to the soil  for both barely and faba bean cultivated plants.
The experiment was laid out in spilt plot design with three replications for each unit. The main treatments were assigned to organic acid either humic acid (HA) or fulvic acid (FA) enriched with or without cyanobacteria mixed culture  that applied at a rate of 2 %, each treatment was sprayed over plots into the surface soil layer, before cultivation and every 15 days from cultivation until flowering stage of each stage for plant growth. The sub main treatments included the micronutrients solution containing 45, 2.25, 30, 3, 6 and 1.5 mg L-1 for Fe, Cu, Mn, Zn, B and Mo, respectively, as chelating form on the three organic acids treatments of humic acid , fulvic acid and Humic substances. These diluted chelated micronutrients were applied as foliar spraying for both barely and faba bean plants every 15 days from sowing. 

All plots received superphosphate (15 % P2O5) at a rate of 200 Kg fed-1 basically before sowing. Nitrogen and potassium were added in the form of ammonium nitrate (33.5 % N) and potassium sulfate (48 % K2O) at rates of 194 and 100 Kg fed. -1, respectively, for barely and 60 and 50 Kg fed. -1 for Faba bean, respectively. Ammonium nitrate was added four split equal doses after 2, 4, 6 and 8 weeks from sowing. While potassium was divided into two equal doses, the first was added at sowing and the second after 35 days from sowing of both crops. 

After barely and faba bean maturity, both of them ear harvested and yield components (grains or seed, straw and weight of 1000- grains or 100- seeds) in respective to both barely and faba bean for each plot were recorded. 

Plant samples of both crops were collected from each plots, weighed, oven dried at 70 OC for 48 h up to a constant dry weight, ground and prepared for digestion using as described by Page et al. (1982). The digests were then subjected to measurement for macronutrients (N, P, K and Na) and micronutrients (Fe, Mn, Zn and Cu) using procedures described by Chapman and Pratt (1961). 
Surface soil samples (0-15 cm depth) were taken after harvesting stage to evaluate soil pH, EC, SP, organic matter and available macronutrients (N, P and K) were determined according to Page et al. (1982). 
Crude protein (CP) % was estimated by multiplying N content in seeds % by 6.25 for faba bean and in grains % by 5.75 for barley. 

Free praline concentration was colorimetrically measured in either grains or seeds for barley and faba bean, respectively using ninhydrin reagent according to Bates et al. (1973).
Obtained results were subjected to statistical analysis according to Snedecor and Cochran (1980) and the treatments were compared by using L.S.D. at 0.05 level of probability.

RESULTS AND DISCUSSION
1- Soil chemical properties 

Data in Table (3) show the changes of some soil chemical properties as affected by the studied treatments of organic acids enriched with cyanobacteria and foliar spray with micronutrients chelated on organic acids. 

A- Saturation percent (SP), electric conductivity (EC) and soil reaction (pH):   

Results revealed that the saturation percent (SP) did not show any obvious trend at both tested crops. Moreover, the values of EC and pH in soil have significantly decrease affected by studied treatments as compared to control. Application of humic acid enriched with cyanobacteria and foliar spray with micronutrients chelated on fulvic acid either of the previously treatments individually or in combination were significantly superior decreased values of soil EC. On the other hand, the application of fulvic acid without cyanobacteria decreased pH values as compared to control and other tested treatments. These results are confirmed by Aref et al. (2009) who found that the use of both cyanobacteria  and azolla applied by different methods plus 100 % N as urea improved the soil chemical characters through decreasing both pH and EC compared to the use of urea alone. Also both cyanobacteria and azolla have the ability to excrete extracellularly a number of compounds, like polysaccharides, peptides, lipids and organic acids leading to decrease the soil pH (El- Ayouty et al., 2004). In this concern, all the applied biofertilizer treatments reduced EC, according to Molnar and Ordog (2005) who noted that some plant growth promoting regulators are found to be released by cyanobacteria either in free living form and/or in symbioses as in azolla, these regulators represent the defense systems that encounters the salt stress leading to decrease the soil EC degree. Furthermore, fulvic acids contain more functional groups of an acidic nature, particularly COOH. 

Table (3): Responses of chemical properties of barley and faba bean soils to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Barley soil
	Faba bean soil

	Organic acids
	Micronutrients spray
	SP 
	EC 

dSm-1
	pH
	O.M

 %
	SP 


	EC

dSm-1
	pH
	O.M 

%

	Control
	27.0
	11.4
	8.30
	0.41
	27.0
	8.64
	8.15
	0.43

	Humic 

acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	26.7

27.7

28.0
	5.76

6.44

8.41
	8.02

7.89

7.89
	0.52

0.43

0.52
	27.0

27.5

28.0
	5.02

3.76

4.39
	7.94

8.07

7.94
	0.69

0.58

0.50

	Humic 

acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	28.0

28.7

28.3
	6.98

4.77

5.63
	7.87

8.11

8.05
	0.48

0.58

0.52
	28.0

27.5

27.0
	4.01

3.07

3.83
	7.82

7.92

7.90
	0.64

0.77

0.61

	Fulvic 

acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	28.3

27.0

26.3
	9.27

7.44

7.95
	7.69

8.13

7.88
	0.53

0.53

0.43
	26.5

27.0

25.5
	4.72

3.65

6.78
	6.99

7.83

7.57
	0.69

0.56

0.59

	Fulvic 

acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	26.7

28.0

25.0
	6.75

5.37

10.5
	8.03

7.89

8.01
	0.53

0.50

0.55
	25.5

26.5

24.0
	4.55

7.24

4.48
	8.01

7.93

7.94
	0.57

0.49

0.44

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	27.5

28.3

27.2

26.6
	6.87

5.79

8.22

7.54
	7.93

8.01

7.90

7.98
	0.49

0.53

0.49

0.53
	27.5

27.5

26.3

25.3
	4.39

3.64

5.05

5.42
	7.98

7.88

7.46

7.96
	0.59

0.67

0.61

0.50

	Mean values of micronutrients soray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	27.3

27.7

26.9
	8.03

7.08

8.78
	7.98

8.06

8.03
	0.49

0.49

0.49
	26.8

27.1

26.3
	5.39

5.27

5.62
	7.78

7.98

7.90
	0.60

0.56

0.51

	LSD. At 0.05% for

A

B

A*B
	2.08

0.94

2.11
	1.95

0.81

1.80
	0.07

0.06

0.14
	0.11

0.04

0.09
	1.13

0.56

1.24
	1.01

0.62

1.38
	0.34

0.18

0.41
	0.06

0.05

0.12


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance

B- Organic matter

Results in Table (3) indicated that, soil organic matter content generally, increased due to application of studied treatments as compared to control. The humic acid enriched with cyanobacteria and foliar spray with micronutrients chelating on fulvic acid either individually or in combination recorded a high significant soil organic matter percent of 0.58 and o.77 for barley soil and faba bean soil against o.41 and 0.43 for control treatment, respectively. 

C- Available macronutrients in soil
With regard to macronutrients availability in soil at both tested crops representing in Table (4), their values   increased due to the application of the treatments compared to the control treatment. However, the highest significant values of soil available N, P and K of 439, 36.7 and 99.3 mg Kg-1 in barley soil against 462, 43.5 and 104 mg Kg-1 in faba bean soil were due to applied humic acids enriched with cyanobacteria combined with foliar spray with micronutrients chelated on fulvic acid treatment compared to the other tested treatments including the values of 346, 23.7 and 54.0 mg Kg-1 in barley soil against 364, 24.0 and 59.3 mg Kg-1 in faba bean soil for N, P and K, respectively due to applied the control treatment. These findings were observed by Singh et al. (2008) who found that the cyanobacteria added to the soil either as free living and/or as azolla symbiont, under salt stress condition, led to increase the soil biological activity, which is consequently increased the soil fertility that in turn is reflected positively on the availability the macro and micro-nutrients in soil. Application of humic acids may produce ligands capable of complexing nutrient elements and the complexed elements remain more available to plant roots. 
Table (4): Responses of macronutrients availability (mg Kg-1) of barley and faba bean soils to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Barley soil 
	Faba bean soil 

	Organic acids
	Micronutrients spray
	N
	P
	K
	N
	P
	K

	Control
	346
	23.7
	54.0
	364
	24.0
	59.3

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	383

411

429
	30.3

33.3

26.0
	81.3

83.7

95.3
	411

420

434
	29.0

30.5

31.5
	89.0

103

89.0

	Humic acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	420

439

411
	26.7

36.7

33.3
	93.0

99.3

76.7
	434

462

420
	30.5

43.5

29.0
	94.7

104

88.3

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	383

401

364
	25.3

32.3

26.0
	79.0

79.0

83.7
	420

448

434
	29.0

34.5

27.0
	63.0

74.0

70.5

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	401

401

392
	25.7

31.7

28.7
	88.3

97.0

74.3
	420

448

334
	29.0

35.5

27.0
	77.5

74.0

74.0

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	408

423

383

398
	29.9

32.2

27.9

28.7
	86.8

89.7

80.6

86.5
	422

439

434

401
	30.3

34.3

30.2

30.5
	94.8

95.7

69.2

75.2

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	387

399

388
	26.3

31.5

27.5
	79.1

82.6

76.8
	410

428

397
	28.3

33.6

27.7
	77.4

82.9

76.2

	LSD. At 0.05% for

A

B

A*B
	21.6

16.5

36.9
	4.22

2.86

6.39
	7.76

6.74

15.1
	31.5

13.5

30.2
	1.86

2.19

4.89
	8.19

6.39

14.3


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance

Also, inhibition of urease activity led to reduce losses of N by volatilization, as described by Flaig (1984) could have also contributed to increased availability of nitrogen. Furthermore, the slow and continuous dissolution of phosphate minerals in soil by humic acid may account for its increased availability as well as the release of fixed P by humic acid may explain its increased availability (Vaughan and Ord, 1991 and Pal and Sengupta, 1985).  In this concern, Palaniappan et al. (2010) reported that the use of the aqueous extract of the cyanobacteria as foliar spray for cow pea plants increased significantly all the yield parameters. They explained that cyanobacterial extract is known to improve the soil stability due it contains polysaccarides and lipids, which add organic matter to the soil and hence, led to enhancing soil aggregation that improved the nutrients availability, preventing them from loss from soil. 

2- Yield and its components at harvest stage

Individual effects

With respect to yield of grains or seeds, yield of straw and weight of 1000- grains or 100- seeds for barley and faba bean crops, respectively, data representing in Table (5) show that any of the tested treatments increased significantly the yield  components for both of barley and faba bean compared to the control treatments. Obtained data revealed more positive responses for components of both crops to application of the humic acid enriched with cyanobacteria compared to those recorded by other treatments. These results are similar to those obtained by Turkmen et al. (2004) who reported that 1000 mg Kg-1 of humic acid application had positively affected plant growth under saline soil conditions, but higher doses of humic acid inhibited plant growth.  Asik et al. (2009) determined that under salt stress, the lowest doses of both soil and foliar application of humic substances increased the nutrient uptake of wheat. Recently, the effect of potassium humate was positive and increased yield compared to control by 20% with the application of high rates (4g L-1) of potassium humate. High levels of potassium humate mitigated the negative effects of salinity on plant growth and production; however, there were some observable effects of salinity (Abdel-Mawgoud et al., 2010).

Treatments of organic acids enriched with cyanobacteria may be arranged as follows: humic acid enriched with cyanobacteria (HA+) > falvic acid enriched with cyanobacteria (FA+) > falvic acid without cyanobacteria (FA) > humic acid without cyanobacteria (HA). Also, foliar spray with micronutrients chelated on falvic acid gave the highest values of yield components for both tested crops. Treatments of micronutrients chelated on organic acids may be arranged as follows: micronutrients chelating on falvic acid (FA + Mic) > micronutrients chelating on humic substance (HS + Mic) > micronutrients chelating on humic acid (HA + Mic) for both the crops.

Table (5):- Yield components of barley and faba bean as affected by application organic acids enriched with or without cyanobacteria and and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Barley yield
	Faba bean yield

	Organic acids
	Micronutrients spray
	Straw 

(Kg fed.-1)
	Grain 

(Kg fed.-1)
	1000 grains (g)
	Straw 

(Kg fed.-1)
	Seeds

(Kg fed.-1)
	100 seeds

(g)

	Control
	1794
	1658
	47.0
	1595
	1626
	74.0

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	2768

2489

2972
	2220

2036

2156
	52.7

52.0

49.0
	2024

2246

2171
	2224

2792

2539
	81.7

78.7

78.2

	Humic acid (HA)+ 
	Mic + HA 

Mic + FA 

Mic + HS 
	2918

4295

3253
	2542

2974

2863
	55.0

59.3

54.7
	2943

3747

3040
	2864

3503

3067
	80.7

89.1

82.3

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	3563

3015

3502
	2081

2333

2351
	50.3

52.3

58.0
	2347

2839

2570
	2624

2837

2397
	80.3

83.7

79.8

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	3049

3706

3344
	2305

2807

2312
	54.7

59.3

54.7
	2249

2588

3615
	2632

3495

2972
	81.7

80.5

87.3

	Mean values of organic acids(A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	2743

3489

3360

3366
	2475

2793

2255

2138
	51.2

56.3

53.5

55.1
	2147

3244

2585

2817
	2519

3145

2619

3033
	79.5

84.0

81.3

83.2

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	2819

3059

2937
	2173

2362

2268
	51.9

53.9

52.7
	2232

2603

2598
	2394

2851

2520
	79.7

81.2

80.3

	LSD. At 0.05% for

A

B

A*B
	530

401

897
	680

373

833
	7.75

2.03

4.54
	371

263

587
	600

289

219
	4.36

4.35

9.73


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance

Interaction effect


Data in Table (5) also showed that the highest significant yield components of barley and faba been crops were reported for the application of humic acid enriched with cyanobacteria combined with foliar spray fulvic acid chelating with micronutrients as compared to other tested treatments. Increases in yield components of barley plants, as compared to control, recorded 139%, 79.4% and 26.2% for straw, grains and 1000-grains, respectively; the corresponding increases in straw, seed and 100-deeds of faba bean plants recorded 135%, 115% and 20.4%, respectively. On the other hand, the most inferior treatments for both yield components were recorded for the application of humic acid without cyanobacteria combined with any of the foliar spray organic acid chelated with micronutrients. In this concern, plants normally take up nutrients from soil through their roots although nutrients can be supplied to plants as fertilizers by foliar sprays. Foliar feeding is a relatively new and controversial technique of feeding plants by applying liquid fertilizer directly to their leaves (Baloch et al., 2008). Micronutrients, especially Fe and Zn, act either as metal components of various enzymes or as functional, structural or regulatory cofactors. Thus, they are associated with saccharide metabolism, photosynthesis, and protein synthesis (Shao et al., 2007). Foliar application of micronutrient mixture significantly improved the 1000-grain weight, grain yield and straw yield at different growth stages of wheat plants (Khan et al., 2010). They explained that increase in plant height due to the foliar spray of micronutrient mixture might be due to the involvement of micronutrients in different physiological process like enzyme activation, electron transport, chlorophyll formation and stomatal regulation etc., which ultimately resulted in greater dry matter. Thus the increase of wheat grain yield is a direct result of improvement in yield components. Many reports indicate the positive correlation of foliar spray of micronutrients with grain yield in wheat. Foliar application of micronutrients mixture at reproductive growth stages increase grain and straw yield significantly in wheat (Habib, 2009 and Wroble, 2009).

These results are in good agreement with those obtained by Khaled and Fawy (2011). They found that the soil applications of humus had high significantly effect on the dry weight and mineral nutrients uptake of corn at application either soil or foliar. Moreover, the positive effects of humic acid on plant growth and productivity, which seem to be concentration related, could mainly be due to hormone-like activities of the humic acid through their involvement in cell respiration, photosynthesis, oxidative phosphorylation, protein synthesis, antioxidant and various enzymatic reactions (Zhang and Schmidt, 2000 and Zhang et al., 2003). With respect to effect of cyanobacteria, obtained results had confirmed by the findings observed by Aref et al. (2009) who found that the use of cyanobacteria extract plus azolla extract as foliar spraying leads to increase significantly barley yield and its components under salt stress condition. Furthermore, cyanobacteria is characterized by their cytokinins, gibberellins and auxins content that enhance the plant growth and furthermore these materials is proved to overcome the adverse effect of salinity in saline soil (Strik and Staden, 2003).
3- Total contents of macronutrients in plants 

Individual effects


With respect to total content of macronutrients for barley and faba bean plants, generally, results revealed that the application of humic acid enriched with both cyanobacteria and foliar spray with micronutrients chelated on falvic acid gave more favorable total content of macronutrients in straw and grains or seeds  for  barley and faba bean plants (Tables 6 & 7). Also, the behavior of macronutrients uptake followed the same trend of those recorded by yield components. 
Generally, organic acids enriched with cyanobacteria  treatments can be generally arranged as follows: HA+ > HA > FA > FA+ for the both two yield components (straw and grains), in spite of that for seeds of faba bean plants  can be arranged as follows HA+ > FA+ > FA > HA. In terms of HA application. The study’s results are in agreement with those reported on tomato by Chen and Aviad (1990) and Tattini et al. (1991). It is possible that the enhancement in growth of okra seedlings, after incorporation of HA and K into the plant growth medium, could be attributed at least partially to the increased nutrient uptake of plants. HA have been reported to enhance mineral nutrient uptake by plants, increasing the permeability of membranes of root cells (Valdrighi et al., 1996). 

On the other hand, micronutrients spray treatments can be arranged as follows: FA + Mic > HA + Mic > HS + Mic for straw of barley plant, while they arranged as follows FA + Mic > HS + Mic > HA + Mic for either straw and seeds of faba bean or straw and grains of barley plants. 

Table (6):- Responses total contents of macronutrients for barley straw and grains to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance 
	Treatments
	Total contents (Kg fed.-1)

in straw
	Total contents (Kg fed.-1)

in grains

	Organic acids
	Micronutrients spray
	N
	P
	K
	Na
	Na/K ratio
	N
	P
	K
	Na
	Na/K ratio

	Control
	46.3
	7.90
	47.4
	16.5
	0.35
	54.7
	12.2
	33.3
	4.31
	0.13

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	81.1

91.3

70.2
	15.0

17.8

13.7
	85.0

96.2

88.9
	35.7

38.7

26.3
	0.41

0.39

0.30
	82.6

82.8

99.1
	16.9

20.9

15.5
	59.6

59.2

66.2
	4.66

5.78

5.56
	0.08

0.09

0.09

	Humic acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	76.1

100

68.9
	14.9

19.2

13.7
	86.4

113

89.7
	31.0

49.8

29.2
	0.36

0.44

0.33
	76.7

102

97.8
	16.2

26.0

25.4
	53.5

73.2

67.7
	6.05

6.11

6.03
	0.09

0.12

0.10

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	81.6

60.8

90.9
	16.6

12.6

16.8
	92.2

73.9

95.1
	29.7

19.9

32.3
	0.32

0.28

0.34
	83.0

69.9

87.1
	18.9

8.80

23.5
	57.5

52.8

73.3
	4.62

4.39

5.61
	0.08

0.08

0.08

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	71.5

78.3

68.0
	13.0

14.6

13.6
	75.9

75.6

67.5
	22.9

24.9

24.7
	0.30

0.33

0.36
	58.9

102

61.5
	11.9

17.0

5.13
	43.6

64.5

42.3
	3.72

7.07

3.43
	0.09

0.09

0.08

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	80.9

81.9

77.8

72.6
	15.5

15.9

15.3

13.7
	90.0

96.2

87.0

73.0
	33.6

36.7

27.3

24.2
	0.37

0.38

0.31

0.33
	88.2

92.2

80.0

74.1
	17.8

22.5

17.1

11.3
	61.7

64.8

61.2

50.1
	5.33

6.08

4.87

4.74
	0.09

0.10

0.08

0.09

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic +  HS 
	71.3

75.5

68.9
	13.5

14.4

13.1
	77.4

81.1

77.7
	27.1

29.9

25.8
	0.35

0.36

0.34
	71.2

82.3

80.0
	15.2

16.9

16.3
	49.5

56.6

56.6
	4.67

5.54

4.98
	0.09

0.10

0.09

	LSD. At 0.05% for

A

B

A*B
	14.7

10.0

22.4
	2.94

1.96

4.38
	12.9

11.2

24.9
	4.69

6.17

13.8
	0.034

0.034

0.076
	20.2

10.3

23.0
	4.72

2.92

6.53
	14.8

7.75

17.3
	1.61

0.76

1.70
	0.034

0.024

0.054


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance

Table (7):- Responses total content of macronutrients for faba bean straw and grains to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Total contents (Kg fed.-1)

in straw
	Total contents (Kg fed.-1)

in seeds

	Organic acids
	Micronutrients spray
	N
	P
	K
	Na
	Na/K ratio
	N
	P
	K
	Na
	Na/K ratio

	Control
	47.5
	6.60
	45.5
	13.6
	0.27
	91.0
	9.39
	36.1
	4.71
	0.13

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	56.2

75.3

51.4
	8.23

11.2

8.23
	57.2

69.9

59.4
	18.2

18.4

14.9
	0.32

0.27

0.26
	111

146

139
	10.3

13.4

12.1
	50.1

62.7

57.9
	5.60

6.87

7.00
	0.11

0.11

0.12

	Humic acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	72.7

78.4

70.7
	9.60

13.4

9.20
	66.0

88.1

69.7
	17.3

23.6

18.7
	0.28

0.27

0.27
	156

197

168
	13.1

21.7

16.9
	64.3

80.7

69.5
	8.03

10.5

8.80
	0.13

0.13

0.13

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	48.9

50.3

69.9
	7.17

7.93

12.8
	59.4
61.8

84.3
	14.4
15.6

22.3
	0.26

0.25

0.32
	141

150

132
	13.3

16.7

12.6
	60.3

66.5

54.8
	6.47

7.17

6.07
	0.11

0.11

0.11

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	54.3

60.2

52.8
	7.83

9.70

8.33
	47.7
51.3

51.1
	17.0
15.2

15.8
	0.27

0.29

0.36
	146

194

142
	14.8

19.1

16.5
	58.8

78.7

67.3
	7.37

10.1

9.20
	0.13

0.13

0.14

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	60.9

73.9

56.4

55.8
	9.22

10.7

9.30

8.62
	62.2

74.6

68.5
50.0
	17.2

19.9

17.4

16.0
	0.29

0.27

0.28

0.31
	132

173

141

160
	11.9

17.3

14.2

16.8
	56.9

71.5

60.5

68.3
	6.49

9.12

6.57

8.90
	0.11

0.13

0.11

0.13

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	55.9

62.3

58.5
	7.88

9.77

9.03
	60.8

63.3

56.3
	17.4

17.3

15.7
	0.28

0.27

0.30
	129

156

134
	12.2

16.1

13.5
	53.9

64.9

57.1
	6.44

7.87

7.15
	0.12

0.12

0.13

	LSD. At 0.05% for

A

B

A*B
	12.7

8.01

17.9
	2.13

1.72

3.84
	8.99

6.77

15.1
	3.44

2.23

4.99
	0.097

0.048

0.108
	25.7

14.0

31.3
	5.68

1.66

3.72
	14.9

6.74

15.1
	1.98

1.02

2.29
	0.011

0.007

0.017


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance

Results indicated that micronutrients foliar application enhanced plant absorption of  N, P through increasing their concentrations in the flag leaves of wheat plants. The highest N % in flag leaves were recorded when plant treated with Zn. While, foliar application with other micronutrients gave similar effects on P %. Similar results were reported by Ziaeian and Malakouti (2001). Also, Potarzycki and Grzebisz (2009) reported that zinc exerts a great influence on basic plant life processes, such as nitrogen metabolism – uptake of nitrogen (Zeidan et al., 2010).

Interaction effect

The statistical interaction analyses showed that all applied treatments increased significantly the total content of macronutrients over the control treatment; this trend was true for both straw and grains or seeds of barley and faba bean crops. Application of humic acid enriched with cyanobacteria combined with foliar spray micronutrients chelated on fulvic acid was superior to either straw and grains or seeds. The corresponding increases as compared to control for the N, P, K and Na were 116, 143, 138 and 202 % for straw of barley plants as well as 86.5, 113, 120 and 41.8 % for grains against 65.1, 103, 93.6 and 73.5 % for straw of faba bean as well as 116, 131, 124 and 123 % for seeds as compared to control, respectively. In spite of that application of fulvic acid either with or without cyanobacteria generally was inferior. The present results are supported by El- Ghamry et al. (2009) who stated that humic acid and fulvic acid are excellent foliar fertilizer carriers and activators. Application of humic acids or fulvic acids in combination with trace elements and other plant nutrients, as foliar spray, can improve the growth of plant foliage, roots and fruits, by increasing plant growth processes.
Moreover, results showed that the total content of sodium in straw for both barley and faba bean plants was progressively increased compared to both grains and seeds. This may indicate that the accumulation of salts in plants resulted from high salts in soil, which reflected on nutrients uptake by plants especially for sodium. Salinity had negatively affected the growth of corn; it is also decreased the dry weight and the uptake of nutrients except for Na and Mn. Soil application of humus increased the N uptake of corn, while foliar application of humic acids increased the uptake of P, K, Mg, Na, Cu and Zn. Although the interaction effect between salt and soil humus application was found statistically significant, the interaction effect between salt and foliar humic acids treatment was found not to be significant. Under salt stress, the first doses (2 g Kg-1 and 0.1 %) of both the soil and foliar application humic substances increased the uptake of nutrients (Khaled and Fawy, 2011). Therefore, the humic substances may interact with the phospholipids structures of the cell membranes and react as carriers of nutrients through them. The features discussed were negatively affected along with the application of 2 g humus/ Kg level.
4- Total content of micronutrients in plants 

Individual effects


Regarding the effect of organic acid enriched with cyanobacteria and foliar spray with micronutrients chelating on organic acid on total contents of micronutrients in both straw and grains or seeds of barley and faba been plants growth showed in Tables (8 & 9).  Application humic acid enriched with cyanobacteria, increased total contents of micronutrients over other treatments. These results could be attributed to the improvement of the moisture retention, nutrient supply potential and increasing of sandy soil aggregates due to high content of organic matter achieved due to the humic substances application. This could be attributed to the increasing of nutrients retention in the rhizosphere, which led to a continuous supply of plant nutrients and improving of plants (Suganya and Sivasamy, 2006, Fortun et al., 2006 and Selim et al., 2009).
Cyanobacteria are used to promote plant growth and were found to enhance crop yield and plays a roles in agriculture. Also, cyanobacterial biofertilizer add nutrients to soil, release growth promoting substances, increase soil organic content, improve soil structure and improve buffering capacity against fluctuations in pH levels of soil. The release of macro and micro- nutrients from the cyanobacteria supports the plant growth and improves the quality and quantity of the crop yield (Palaniappan et al., 2010).  Also, results showed that this parameter was increase with foliar spray with micronutrients chelating on falvic acid. Many reports indicate the positive correlation of foliar spray of micronutrients with grain yield in wheat. Foliar application of iron, zinc and boron at reproductive growth stages increased grain and straw yield significantly in wheat. Increase in this attribute by foliar spray might be due to the involvement of the sprayed micronutrients in enzyme activation, membrane integrity, chlorophyll formation and stomatal regulation. All these may be led to enhanced micronutrients uptake (Khan et al., 2010).

Table (8):- Responses total content of micronutrients for barley straw and grains to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Total contents (g fed.-1)

in straw
	Total contents (g fed.-1)

in grains

	Organic acids
	Micronutrients spray
	Fe
	Mn
	Zn
	Cu
	Fe
	Mn
	Zn
	Cu

	Control
	466
	28.7
	84.0
	16.1
	680
	38.6
	63.5
	13.8

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	761

817

569
	53.7

53.2

50.8
	174

172

144
	30.2

40.8

29.5
	1172

989

1216
	46.2

78.2

51.0
	121

134

94.7
	14.6

22.7

15.4

	Humic acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	694

854

688
	49.2

64.2

59.8
	153

196

179
	31.5

43.9

43.9
	846

1451

1266
	58.2

89.8

82.2
	89.8

156

108
	21.9

23.5

16.7

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	707

567

851
	52.8

54.6

50.3
	153

129

163
	33.8

27.8

42.3
	918

1076

1279
	44.3

78.3

48.9
	80.3

149

89.7
	14.1

14.8

22.2

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	622

796

549
	46.1

55.1

46.7
	119

132

114
	31.5

34.9

28.0
	774

1286

987
	54.7

48.9

64.8
	73.3

98.5

78.3
	14.1

16.9

18.6

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	716

745

708

656
	52.6

57.7

52.5

49.3
	163

176

148

122
	33.5

39.8

34.7

31.5
	1112

1188

1091

1016
	58.5

76.7

57.2

54.8
	117

118

106

83.4
	17.6

20.7

17.0

16.5

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	650

700

625
	46.1

51.2

47.3
	137

143

137
	28.6

32.7

31.9
	878

1096

1086
	48.4

66.8

57.1
	85.6

120

86.8
	15.7

18.3

17.3

	LSD. At 0.05% for

A

B

A*B
	128

74.2

165
	10.0

7.02

15.7
	19.7

14.6

32.7
	3.64

4.05

9.06
	113

98.2

219
	6.11

5.11

11.4
	19.3

9.22

20.6
	5.07

2.63

5.88


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance.
Treatments of organic acids enriched with cyanobacteria may be generally arranged as the same trend of those obtained for total contents of macronutrients at two yield, exception for total content of Cu in straw of barley and total content of Zn in seeds of faba been which arranged were as follows: HA+ > FA > HA > FA+  . The role of humic substances application is mainly related to the enrichment of nutrients uptake. Humic substances increases soil’s cation exchange capacity (ability to hold and release cation such as K+, Ca2+, or NH4+) and can also form aqueous complex as with micronutrients (Aiken et al., 1985). These effects were associated with increasing nutrients concentration in plants. 
Table (9):- Responses total content of micronutrients for faba bean straw and seeds to application of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelated on different sources of humic substance
	Treatments
	Total contents (g fed.-1)

in straw
	Total contents (g fed.-1)

in seeds

	Organic acids
	Micronutrients spray
	Fe
	Mn
	Zn
	Cu
	Fe
	Mn
	Zn
	Cu

	Control
	2482
	131
	91.0
	20.8
	977
	36.3
	60.3
	39.0

	Humic acid (HA)
	Mic + HA 

Mic + FA 

Mic + HS 
	2747

3576

4138
	148

191

210
	183

178

137
	47.2

54.0

48.5
	1596

2056

1670
	50.6

66.7

56.8
	85.6

153

92.1
	68.3

101

82.7

	Humic acid (HA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	4617

5996

3939
	202

274

194
	186

241

156
	42.7

62.2

48.5
	1869

2475

1922
	64.3

74.1

71.3
	112

160

117
	67.1

117

84.9

	Fulvic acid (FA)
	Mic + HA 

Mic + FA 

Mic + HS 
	3144

3497

3195
	148

223

152
	101

137

208
	38.7

51.6

44.1
	1772

1892

1564
	55.0

59.7

57.5
	104

146

127
	51.1

55.9

52.1

	Fulvic acid (FA)+
	Mic + HA 

Mic + FA 

Mic + HS 
	2841

4034

2774
	142

152

147
	121

130

122
	42.5

47.1

44.1
	1584

1840

1701
	48.3

55.9

54.9
	89.8

113

100
	30.3

48.1

45.4

	Mean values of organic acids (A)

Humic acid (HA)

Humic acid (HA)+
Fulvic acid (FA)

Fulvic acid (FA)+
	3487

4851

3279

3216
	183

224

174

147
	166

194

149

124
	49.9

51.1

44.8

44.5
	1774

2089

1743

1708
	58.0

69.9

57.4

53.1
	110

130

126

101
	84.0

89.6

53.0

41.3

	Mean values of micronutrients spray (B)

Mic + HA 

Mic + FA 

Mic + HS 
	3166

3917

3306
	154

194

167
	136

155

143
	38.4

47.1

41.2
	1560

1848

1567
	50.9

58.5

55.4
	90.3

126

99.3
	51.2

70.2

60.8

	LSD. At 0.05% for

A

B

A*B
	911

699

1564
	50.3

35.2

78.8
	33.7

28.7

64.1
	11.3

7.24

16.2
	610

280

627
	14.7

9.08

20.3
	46.8

20.2

45.1
	19.4

9.21

20.6


(HA)+: Humic acid enriched with cyanobacteria, (FA)+: Fulvic acid enriched with cyanobacteria, Mic + HA: Micronutrients chelated on humic acid, Mic + FA: Micronutrients chelated on fuvic acid, Mic + HS: Micronutrients chelated on humic substance.
On the other hand, treatments of spray with micronutrients chelating on organic acids may be generally, arranged as follows: Mic + FA > Mic + HS > Mic + HA for total contents of micronutrients in straw and grains or seeds for both two studied yield. These results are in similar trend with those of total contents of macronutrients and yield components. According to several researches, the result change are due to the treatments, growing media and origin of humic substances (Arancon et al., 2006). Fernandez et al. (1996) pointed out that under field conditions, foliar application of leonardite extracts stimulated the shoot growth and promoted the accumulation of K, B, Mg, Ca and Fe in leaves. Also, Liu (1998) found out that the foliar application in 0.1 % humic acid treatment increased the macro and micro-nutrients in plants.  
Interaction effect

The statistical interaction analyses showed that the application of treatments ,generally, increase significantly the total content of micronutrients for both straw and grains or seeds of barley and faba been crops as compared to the control treatment. 

Furthermore, obtained results revealed that the micronutrients total contents of both barley and faba been (straw and grains or seeds) were significantly higher when humic acid enriched with cyanobacteria combined with foliar spray micronutrients chelating on fulvic acid was used. Obtained results are being confirmed these findings that humic acid can increase certain elements as N, Na, K, Mg, Fe, Cu, Zn and Mn uptake of maize plant. The plants take more mineral elements due to the better- developed root systems. Besides, the stimulation of ion uptake by treatments with humic materials led many investigators to propose that these materials effect to membrane permeability (Celik et al., 2008 and Katkat et al., 2009). The corresponding increases as compared to control for Fe, Mn, Zn and Cu were recorded, 83.3, 124, 133 and 173 % for straw of barley plants as well as 113, 133, 146 and 70.3 %  for grains, against for faba been were recorded 142, 109, 165 and 199 % for straw as well as 153, 104, 165 and 200 % for seeds, respectively. In spite of that application of FA either with or without cyanobacteria generally was inferior. 

Moreover, results showed that the total content of micronutrients in straw and seeds of faba been crop were generally progressively increased compared to those of barley crop. Also, total content of both the Fe and Mn in grains of barley recorded high values as compared in straw, in spite of that the total content of both the Zn and Cu in straw recorded high values as compared in grains. These results are in harmony with those obtained by Zeidan et al. (2010), they reported that the effect of micronutrient foliar application on wheat yield and Fe, Mn and Zn concentration in flag leaves and grains increased significantly by the application of these elements.  An opposite trend was encountered for faba been crops, especially for total content of Fe, Mn and Cu, whose values of Fe and Mn in straw were highest than those in seeds, in spite of that the total content of Cu in seeds being highest than these in straw.  
5- Some chemical components in plants

Data of some chemical components (protein and proline) are presented in Fig. (1). The results showed that protein and proline for either grains of barley or seeds of faba bean had increased due to the application of tested treatments as compared to control. The effect of humic acid on increasing some organic compounds, i.e., total sugars, total free amino acids, total soluble phenols and proline in snap bean plants might be directly related to their role in increase plant tolerance against the biotic stress or indirectly through improvement of soil properties such as aggregation, aeration, permeability, water holding capacity and hence increased the activity of immune plant system, i.e. total soluble phenols against stress conditions (Hanafy et al., 2010).


Fig. (1): Effect of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelating on different sources of humic substance on biochemical parameters (protein and proline) in either grain or seeds for barley and faba bean plants, respectively.

Regarding the effect of foliar spray with micronutrients chelated on organic acids, there were, general, no significantly effect on concentrations of protein and proline in grains and seeds of barley and faba bean plants, respectively. 

Humic acid with or without cyanobacteria were no significantly increased protein and proline concentrations in grains of barley plants. These results were in harmony with those obtained by Vaughan and Ord (1991) who reported that the inhibition of urease activity by humic acid led to reduce loss of N by volatilization thus could increase availability of nitrogen  to plants, leading to the enhancement of free amino acids and protein synthesis.

However, relatively different trend was obtained with those concentrations in seeds of faba bean whose responses to applied fulvic acid with or without cyanobacteria. 

The application of humic acid and fulvic acids without cyanobacteria combined with foliar spray with micronutrients chelated on fulvic acid and application of humic acid with cyanobacteria combined with foliar spray with micronutrients chelated on fulvic acid showed significant superiority in concentration of protein and 
proline in grains of barley, respectively. On the other hand, application of fulvic acid with or without cyanobacteria combined with foliar spray with micronutrients chelated on humic substance recorded high values of protein and 
proline concentrations in seeds of faba bean.
In conclusion, the application of organic acids either humic acid or fulvic acid improved the concentration of protein and proline in either grains or seeds, these may be due to the role of the used water irrigation , which possess high salinity as shown in Table (1, b). This is true, in spite of the unexpected increase  of proline  that is in reverse  to many studies noted that the application of humic acid  led to decrease  proline content in plant due to the role of humic acid in increasing the soil content of organic matter. This increase in soil organic matter remove the negative effect of salts, also proline increase with increasing salinity as reaction to resist salinity (Slama et al., 2008 and El- Hefny, 2010). 


To make the picture clear to express the obtained results as relationship between the concentration of proline and sodium in plants, such the relationship are shown in Fig. (2). Data indicated that the application of the tested treatments increased the proline concentration and decreased the sodium concentration in grains of barley and seeds of faba bean, these effects dependent on forms of organic acids. Generally, the pattern showed the inverse relationship between concentration of proline and sodium in both grains and seeds of barley and faba bean plants. These results are in the same line with those obtained by Hanafy  et al. (2010) who found that the application of humic acid decreased sodium and chloride concentration in both shoots and pods of snap bean plants, on the other hand , who found increased some organic compounds, i.e., protein, total free amino acids and proline concentrations. 






Fig (2): Effect of organic acids enriched with or without cyanobacteria and foliar spray with micronutrients chelating on different sources of humic substance on concentration of proline and sodium in either grains or seeds for barley and faba bean plants, respectively.

CONCLUSION

In conclusion, the application of organic acids enriched with cyanobacteria and foliar spray of micronutrients chelated on organic acid may be helpful to improve the soil properties and the positively reflected that on yield components along with total content of nutrients. Also, the application of organic acids either humic or fulvic acids improved the concentration of protein and proline in both grains and seeds for barley and faba bean, respectively. More studies needed on some other crops to confirm and recommend the obtained results for the current studying. 
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اظهار التحسن فى مكونات المحصول و المحتوى الكلى للعناصر باستخدام الإحماض العضوية المحملة بالسيانوبكتريا مع إضافة العناصر الصغرى رشا تحت الظروف الملحية
جيهان حسنى يوسف  ،   وفاء طه العتر  ،   وفاء محمد أحمد صديق   و  عاطف محمد المليجى

معهد بحوث الآراضى و المياه و البيئة – مركز البحوث الزراعية – الجيزة - مصر
فى هذه الدراسة، تم اجراء تجربة حقلية فى اراضى رملية بمحطة البحوث الزراعية بالعريش- مركز البحوث الزراعية للموسم الشتوى (2009-2010) لبحث تأثير إضافة الأحماض العضوية مثل أحماض الهيوميك و الفالفيك و المحملان بالسيانوبكتريا أو بدونها كمحسنات تربة مع إضافة  العناصر الصغرى المحملة على الأحماض العضوية رشا على النبات و تأثير ماسبق على تحسين الخواص الكيميائية للتربة و انتاجية محصولى الشعير و الفول البلدى و المحتوى الكلى من العناصر بهما.  ولقد دلت النتائج على ان السعة التشبعية للتربة لم تأخذ اتجاه واضحا، فضلا عن ذلك، فإن قيم الـ EC  و الـ pH  فى التربة للمحصولين أعطت انخفاضا معنويا متأثرة بالمعاملات المدروسة مقارنة بالكنترول. 
وجد أن إضافة حمض الهيوميك الغنى بالسيانوبكتريا و كذلك رش النباتات بالعناصر الصغرى المحملة على حمض الفالفيك سواء منفردة أو مجتمعة أعطت انخفاضا معنويا لقيم الـ EC  و أيضا زيادة فى قيم كل من المادة العضوية و العناصر الكبرى الميسرة فى التربة. و من ناحية أخرى، فإن إضافة حمض الفالفيك بدون السيانوبكتريا منفردا او مع اضافة العناصر الصغرى المحملة على حمض الفالفيك رشا على النبات أدت الى انخفاض قيم الـ pH  مقارنة بالكنترول و المعاملات الاخرى. 

و لقد أوضحت النتائج ان مكونات محصولى الشعير و الفول البلدى بالاضافة الى محتواهما من  العناصر الكبرى و الصغرى أظهرت معنوية عالية باضافة حمض الهيوميك الغنى بالسيانوبكتريا مع رش النباتات بالعناصر الصغرى المحملة على حمض الفالفيك مقارنة بالكنترول و المعاملات الاخرى. 
بالاضافة الى ذلك ، أظهرت النتائج زيادة محتوى كل من البروتين و البرولين لبذور الشعير و حبوب الفول السودانى بسبب إضافة المعاملات تحت الإختبار مقارنة بالكنترول. أيضا دلت النتائج إن إضافة المعاملات أدت الى زيادة تركيز البرولين و انخفاض تركيز الصوديوم فى بذور الشعير و حبوب الفول السودانى وهذا يتوقف على صورة الأحماض العضوية.

فى الختام، فإن إضافة الأحماض العضوية الغنية بالسيانوبكتريا و رش النباتات بالعناصر الصغرى المحملة على الأحماض العضوية ربما يساعد على تحسين خواص التربة مما ينعكس على مكونات المحصول و امتصاص العناصر الغذائية.    
Egypt . J. of Appl. Sci., 26 (12B) 2011                                                    549-575





550                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           551





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           553





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           555





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           557





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           559





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           561





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           563





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           565





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           567





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           569





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           571





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           573





Egypt . J. of Appl. Sci., 26 (12B) 2011                                                           575





552                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





554                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





556                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





558                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





560                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





562                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





564                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





566                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





568                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





570                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





572                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011





574                                                            Egypt . J. of Appl. Sci., 26 (12B) 2011








