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ABSTRACT

The use of organic acids, calcium humate (Ca-H) and cyanobacteria are among the soil conditioners
which may be regarded a specific management strategy for enhancing saline soil properties, which can
negatively impact crop yield. A field experiment was conducted in saline soil of Sahl EL-Hussynia
farm, Agric. Res. Station in EL-Sharkia Governorate, Egypt. Rice crop (Oryza sativa Giza 178) was
cultivated during summer season and wheat crop (Triticum sativa cv Giza 168) during winter season to
study the effectiveness of different organic acids (salicylic, citric, ascorbic, and tartaric) and Ca-H as
well as inoculation with or without cyanobacteria to enhance the chemical properties of salt-affected
soil and the productivity of the rice and wheat crops system, as well as the total nutrient content. Results
indicated that electric conductivity (EC) and soil reaction (pH) decreased inversely to organic matter
content (OM) and yield components as well as their nitrogen and potassium (NK) content application
of the studied treatments as compared to control at two seasons. Moreover, sodium adsorption ratios
(SAR) decreased with the application of the applied treatments. However, salicylic acid (SA) was
superior in the presence of calcium humate as compared to other organic acids or control treatments. In
contrast, rice and wheat yields (straw and grains) as well as their total content of macronutrients (N and
K) increased considerably in response to applied SA and Ca-H and inoculation with cyanobacteria in
comparison to other treatments and/or the control treatment during both seasons studied. In conclusion,
application of organic acids, especially SA in combination with Ca-H and inoculation with
cyanobacteria improved the chemical properties of saline soil, which were reflected in the yield
components of rice and wheat crops as well as the total macronutrient content under experimental
conditions.
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1. Introduction

In arid and semi-arid regions, salinity is one of the main abiotic stresses that negatively influence
crop productivity and quality. In Egypt the total salt affected area are about 0.9 Mg ha (Bayoumi, 2019).
The majority of Egypt's salt-affected soils are in the northern-central Nile Delta and on its eastern and
western sides (El- Bordiny and El- Dewiny, 2008). Crop development and production are negatively
impacted by abiotic factors like salinity on a worldwide scale. These conditions limit physiological and
biochemical processes in plants and cause an ion imbalance (Munns and Tester, 2008; Hafez and Abou
El- Hassan, 2015). Plant development, morphology and survival are all impacted by salt stress because
of the way it disrupts the cellular ion balance, leading to ion toxicity, osmotic stress and the generation
of reactive oxygen species (ROS) (El-Beltagi and Mohamed, 2013). Salt - impacted soils cause to
absorb greater rates of Na and exclude K in plants, resulting in poor K/ Na" discrimination under salt
stress which diminish yield- associated features and eventually grain yield (Shabala and Munns, 2012).

Reclamation of saline-sodic soils may be possible with different methods which include physical
and chemical amelioration. Removal and replacement of soluble sodium (Na*) by altering the ionic
composition of soil solution are crucial to the success of any approach. Moreover, the application of
soil conditioner such as organic acids, humic substances, sodic and saline-sodic soils may have their
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physical and chemical properties enhanced by adding polyamine carboxylic acid and hydrolytic
polymeric anhydrate (i.e., pH, EC, and SAR), physical characteristics such as water retention,
infiltration rate and bulk density (Yan et al., 2005). In addition, growers have increasingly turned to
humic substances rather than other substances because of the good impact these compounds have on
the outward development of plants.

Salicylic acid (SA) has been studied extensively in recent years owing to its role as an endogenous
signal directing local and systemic plant defense responses against pathogens and abiotic stresses.
Because of its significance in the defense system against biotic and abiotic stressors, the plant phenol
salicylic acid (SA) is now used as an internal regulator hormone as has been confirmed by Kobeasy et
al. (2011). Abdul Qudos (2015) added that the application of SA as a foliar spray substantially mitigated
the deleterious effects of salinity stress and increased chlorophyll content, soluble carbohydrates,
proline, and free amino acids, according to the study. Salicylic acid resulted in an increase in plants'
ability to withstand dryness by decreasing their generation of reactive oxygen species (ROS) thanks to
the actions of antioxidant enzymes. It also promoted plant development by increasing the transport of
soluble carbohydrates to developing cells which led to enhancement plant growth. (Metwally et al.,
2003).

Citric acid (CA) is a natural substance; some studies indicate that it may be beneficial to plants
when used in lower concentrations. (Paliyath ef al., 2008). It is worth noting that citric acid, tartaric
acid, and oxalic acid, when applied to soil at various concentrations, can enhance the concentration of
available nutrients. When the concentration of acids was lowered to 1 mmol/L, both the total and
maximal discharge of soil nutrients decreased significantly, with citric acid having the greatest effect
(Lv et al., 2015).

One of the most vital antioxidants in plant cells, ascorbic acid (AA), is produced in the
mitochondria and then shuttled to other parts of the cell. By directly scavenging reactive oxygen species,
ascorbic acid plays a powerful function in protecting cell membranes (Gill and Tuteja, 2010). In this
concern, Azzedine et al. (2011) reported the increased leaf area, improved pigment content and
stimulated proline accumulation were cited as mechanisms by which (AA) application ameliorated the
negative impact of salt stress on plant development.

Tartaric acid (TA) is the major last product of ascorbic acid (AA) degradation. As a result, it is
considered a "specialized primary metabolite," one that is produced during carbohydrate metabolism
but has no clear role in basic metabolic pathways and is found only in a small subset of plant species.
Tartaric acid is able to stimulate biosynthesis enzymes and other metabolic processes in fruits (Burbidge
et al., 2021). When applied to plants, humic acid boosts their antioxidant activity, yield and vegetative
development (Yasser et al., 2011). HA's adsorption of cations is multifaceted, including interactions
with Ca?* (humic acid aggregates or with amine groups) and other cations (Sharma et al., 2011).

In addition, humic substances have a strong affinity for weak acids containing a phenolic
hydroxyl, carboxyl group or amino sulfhydryl. The majority of alkaline cations (Na', K *, Ca*", Mg *")
are retained by simple cation exchange with COOH groups to form RCOONa, RCOOK (Zhang et al.,
2013). Results suggest that HA (K-Humate) might be a useful management tool for ensuring the long-
term health of the soil environment (Giimi and Seker, 2015). Furthermore, calcium is added to soil
raise its pH and when combined with humate, to provide a supply of chelated calcium and calcium
humate (Zein El-abdeen ef al., 2018).

Calcium is required by the plant during the growth stage due to its role as a second mediator in
signal conduction, one of the environmental factors and responses involved in plant growth and
development. Calcium ions are vital ions main walls, cell membranes, fruit growth and cellular
development, and they facilitated increased plant growth and nutrition absorption (Pilbeam and Morely,
2007; Shafeek et al., 2013).

Several species of cyanobacteria can acclimate to fluctuating salinity conditions when distributed
over a wide range of salt concentrations. Their use in agricultural soil salinization remediation has been
proven. In addition, voids regarding the extensive use of cyanobacteria in the remediation of salt-
affected soil are acknowledged (Francisco et al., 2020). Moreover, the use of biofertilizers resulted in
an increase in carbon, nitrogen, phosphate, potassium, magnesium, calcium, zinc, iron, copper, and
manganese, whereas the use of cyanobacteria resulted in a reduction in sodium ion, electrical
conductivity (EC) and pH. Improvements in plant growth indices and soil microbial activity were
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observed. Therefore, cyanobacteria species have potential for efficient exploitation in phytoremediation
and enhanced productivity of salty soils (Soniya ef al., 2021).

Therefore, the purpose of this study is to evaluate the efficacy of using organic acids, calcium
humate, and cyanobacteria in mitigating the negative effects of soil salinity properties as well as
improving some soil chemical properties and the availability of macronutrients (N and K) as reflected
in the productivity of both rice and wheat crops.

2. Materials and Methods

An experiment was conducted at the research field of Sahel El- Hussainiya, El-Sharkia
Governorate. This institute farm is located at 31 02, 50" N latitude and 32 00, 22.8 E longitude during
two successive growing seasons cultivated with rice crop (Oryza sativa L Giza 178) at summer season
2019 and wheat (Triticum aestivum L Giza 168) at winter season (2019 - 2020). This study was
conducted to evaluate the effectiveness of organic acids (salicylic, citric, ascorbic, tartaric) and calcium
humate (Ca-H) with incubation by cyanobacteria under saline soil conditions and to evaluate the
improvement of some chemical properties, nutritional value and yield characteristics of both rice and
wheat crops. Seven treatments and three replications were used in the split-split plot design of the field
experiment. A surface soil sample (0-15 cm) was collected, air- dried, pulverized, thoroughly mixed,
and sieved through a 2 mm mesh, kept and analyzed according to the methods described by Page et al.
(1982) and Cottenie et al. (1982). Some physical and chemical soil properties were recorded prior to
sowing in Table (1).

Table 1: Some physical and chemical properties of the experimental soil.

Soil characteristics Value Soil characteristics Value
Particle size distribution (%) Soluble cations (soil paste mmolec')
Sand 25.05 Ca? 19.43
Silt 18.75 Mg?* 27.87
Clay 56.20 Na* 83.00
Textural class Clay K* 0.86
Soil chemical properties Soluble anions (soil paste, mmole ')
pH (1:2.5) Soil extract susp. 8.21 COs> 0.0
Organic matter % 0.62 HCOs" 6.79
ECe (dS/m, soil paste extract) 10.93 CI 80.9
SAR 17.10 SO4* 43.47

Soil available macro & micronutrients (mg Kg1)
N P K Fe Mn Zn Cu
42.2 4.9 182 3.66 0.92 0.54 0.94

Table 2: Some chemical properties of calcium humate applied in this study.

Parameters Values D(I::ltglznlt)s Values T::;lﬁlﬁgs Values
pH 7.40 P 14.6 Fe 2.90
0.C (%) 0.58 K 0.90 Mn 0.10
O.M (%) 1.00 Na 0.99 Zn -

N (%) 1.40 Ca 6000 Cu 0.10
C/N ratio 0.42 Mg 240

2.1. Treatments
The experiment involved the following treatments:
1- Control (untreated),

Organic acids treatments applied at rate of 0.3g L including:
2- Salicylic acid (SA)

3- Citric acid (CA)

4- Ascorbic acid (AA)

5- Tartaric acid (TA)

6- Calcium humate (Ca-H) was applied at a rate of 4% (v/v).

7- Cyanobacteria was applied at a rate of 200 g fed™.
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2.2. Organic acids application

Organic acids were applied at a rate of 300 mg L' as well as calcium humate (Ca-H) 40 L fed ™!
as sprayed on soil surface at three doses 30, 45 and 60 days from sowing also while Cyanobacteria was
applied to soil after one month from sowing.

2.3. Fertilizers application

Mineral fertilizers were applied at recommended doses for rice and wheat crops,
recommendations are based on the use of fertilizers in experiments carried out by the Ministry of
Agriculture of Egypt. During soil preparation calcium super phosphate (15% P.Os) was applied at a rate
of 100 Kg fed.”!, while potassium sulphate (48% K,O) was administered at a rate of 50 kg fed™! in two
equal divided portions prior to sowing and 45 days after sowing, at a rate of 50 kg fed™'. Nitrogen was
applied as ammonium nitrate (33.5% N) at a rate of 200-300 kg fed™, divided into four equal dosages
applied 15, 30, 45, and 60 days after sowing.

2.4. Examined parameters
I. Soil samples
After harvesting, samples of soil were taken from depths ranging from 0 to 15 cm then dried,

crushed and sieved through a 2 mm screen in order to examine specific chemical properties of the soil,
according to Cottenie ef al. (1982) as follows:
1- Electrical conductivity (EC, dSm™) in soil water extract at ratio of 1:5.
2- Soil pH was measured in 1:2.5 soil water suspensions.
3- Organic matter content (OM%).
4- Available N, P, K, Na Ca and Mg (mg Kg™").

The different criteria are currently recognized in the salinity index. Sodium Adsorption Ratio
(SAR) defined according to Sumner (1993); Rengasamy and Churchman (1999); Quirk (2001) as in the
following Equation:

SAR=Na'/,/Ca®*" + Mg**/2

Where:
SAR = Sodium adsorption ratio, (cmol kg™') **
Na’, Ca®", Mg** = Measured soluble Na*, Ca*" and Mg*", respectively, cmol kg™

I1. Plant samples

At harvest, samples were taken of the plants to analyze their nutritional and yield composition.
Nitrogen and potassium concentrations were determined by grinding and digesting oven-dried plant
samples with a combination of H.SO4 and H,O., according to Page ef al. (1982).

Statistical analysis
Obtained data 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.

3. Results and Discussion
3.1. Soil chemical properties
3.1.1. Effect of organic acids and calcium humate on soil chemical properties under inoculation
with cyanobacteria

Data in Table (3) displays the impact of the investigated treatment on the pH, EC, O.M, and N
and K availability of the soil.

3.1.2. Soil reaction

Concerning the effect of applying different organic acids on soil reaction (pH), obtained data
showed little decrease either in the presence or absence of Ca-H and inoculation. However, salicylic
acid shows some differences between treatments compared to control. These results agreed with those
obtained by Welch et al. (2002); Liu et al. (2012) and Monowara et al. (2019).
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Table 3: Effect of different organic acids and calcium humate on some chemical soil parameters without
or with inoculation by cyanobacteria at two cultivation seasons.

Treatment Rice ‘Wheat
WD
= N K N K
Organic E 'E
wits 2 3 25 @) o (28 @) (%)
1 = Q ta. m” (3 tZ. m- ()
Wmeked F 2 (mg Kg") (mg Kg™)
Q
Cont. 8.20 9.10 0.72 42 288 8.23 8.40 0.65 75 265
SA - 8.02 8.74 0.82 52 409 8.22 8.36 0.75 98 385
CA E 8.18 9.04 0.77 49 395 8.21 8.38 0.68 95 365
AA = 8.14 9.02 0.75 44 393 8.18 8.34 0.71 94 378
TA = 8.16 9.06 0.78 47 392 8.20 8.36 0.69 88 375
Mean E 8.16 8.99 0.75 47 375 8.21 8.36 0.70 99 354
Cont. = 8.17 9.08 0.72 475 325 8.20 8.36 0.71 85 298
SA 2 8.09 9.12 0. 89 57 495 8.12 8.54 0.86 99 465
CA =} 8.20 9.06 0. 83 50.5 419 8.16 8.76 0.77 95 410
AA § 8.15 8.94 0. 87 495 402 8.10 8.84 0.74 94 389
TA 8.11 9.06 0. 87 49 409 8.11 8.70 0.73 91 395
Mean 8.14 9.05 0.84 50.5 410 8.14 8.62 0.76 93 391
Total Mean 8.15 9.02 0.75 49 393 8.17 8.48 0.73 93 373
Cont. 7.92 6.57 0.89 51 338 7.85 8.20 0.78 99 311
SA . 173 5.78 127 69 632 7.49 573 147 132 624
CA E 7.78 6.20 1.32 59 624 7.74 5.75 1.12 115 585
AA ; 7.89 6.25 1.05 54.2 593 7.80 6.53 094 112 558
TA 7.85 6.46 094 56 575 7.69 7.04 084 109 564
Mean g 7.83 6.25 1.09 58 552 7.71 6.65 1.03 113 528
Cont. = 7.88 6.17 0.96 56 493 7.91 6.52 0.84 115 463
SA 7.76 6.14 1.10 79 764 7.76 5.90 1.29 129 644
cA = 7.84 5.85 1.11 66 663 7.86 6.04 1.00 122 650
AA = 7.83 6.42 0.90 57.5 538 7.81 6.16 142 105 511
TA 7.88 6.07 113 59 585 7.84 616 101 115 524
Mean 7.84 6.07 1.04 635 609 7.84 6.16 .11 117 558
Total Mean 7.84 6.16 1.07 61 581 7.78 6.40 1.07 115 543
Without 7.99 7.62 092 255 464 7.96 7.51 0.87 102 441
With 7.99 7.56 0.94 57 510 7.99 7.39 094 105 475
L.S.D at 0.05 %
Organic acids (A) 0.17 0.22 0.06 0.70 16.44 0.12 0.13 0.06 144 1535
Calcuim Humate (B) 0.11 0.14 0.04 044 10.02 0.08 0.08 039 091 9.08
A*B 0.25 0.31 0.02 099 2249 0.17 0.18 0.09 2.03 21.71
Inoculation (C) 0.11 0.14 0.04 044 10.02 0.08 0.08 039 091 9.08
A*C 0.25 0.31 0.02 0.99 22.49 0.17 0.18 0.09 2.03 2171
B*C 0.16 0.02 0.06 0.63 14.17 0.11 0.12 0.05 129 13.73
ABC 0.35 0.43 0.13 141  31.07 0.24 0.26 0.12 2.87 30.70

3.1.3. Electric conductivity

With regard to soil electric conductivity (EC), results showed that there is no significant effect of
organic acids compared to control, under conditions of inoculation with/ without cyanobacteria. On the
other hand, the results showed some decreases in the EC values in all treatments, under conditions of
Ca-H. In addition, the effect of inoculation with cyanobacteria had a positive effect, as the values also
decreased compared to the absence of cyanobacteria, so were significant decreased soil EC from 9.10
to 5.78 dSm™ at the first season and from 8.23 to 5.73 dSm™ at the second season in the upper layer (0
to 15 cm). Furthermore, Buckau et al. (2000) suggested that different salts such as Ca-H, can be used
to increase soil fertility. In this concern, Ounia et al. (2014) added that apart from replacing/neutralizing
the Na', the addition of Ca-based compounds enhanced near-surface soil physical quality and decreased
surface sealing and crusting.
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3.1.4. Organic matter

Regarding to soil organic matter content (OM), data showed increases due to application of
organic acids, especially of salicylic acid compared to control. On the other hand, when adding Ca-H,
the values of organic matter increased significantly compared to the control. However, inoculation with
cyanobacteria did not show clear response to the effect of organic matter in the soil, but this effect was
due to addition of Ca-H, which is likely affect saline soil in improve its chemical properties. This means
that Ca-H has reduced the effect of salinity on organic matter because it is considered an organic
substance and therefore it benefits micro-organisms, as declared by Khaled and Fawy (2011).

3.1.5. Available nutrients

Regarding nitrogen and potassium availability in soil after harvested, data shows in Table (3)
declared significant increase for all treatments in the values of nitrogen and potassium compared to
control. Also, preference was given to the treatment with salicylic acid, as mentioned previously as
salicylic acid is resistant to salinity and therefore has a clear effect on availability of elements in soil.
These results coincided with those obtained by Seddik et al. (2016). As far as the treatment with Ca-H
was also better than without Ca- H for the same reasons previously mentioned, as it had an effect on
ground solution and therefore on reducing salinity so that sodium is not the dominant ion as explained
by Monowara et al. (2019) who reported that the addition of organic amendments can increase the
concentration of Ca®" in soil solution, thereby displacing Na" and reducing salinity.

The results also showed a relative increase of inoculation with cyanobacteria compared to absence
of inoculation and the effect was clear in soil cultivated with the rice crop, due to the presence of a
relationship between cyanobacteria and rice crop, where cyanobacteria are used as biological
fertilization when cultivating rice may be can adapt to fluctuating salinity conditions (Francisco et al.,
2020). Moreover, cyanobacteria can increase the levels of carbon, nitrogen, phosphate, potassium,
magnesium, calcium, zinc, iron, copper, and manganese in soil, whereas sodium ion, electrical
conductivity, and pH levels decrease. (Soniya et al., 2021).

3.1.6. Sodium adsorption ratio

From the aforementioned, in order to complete the picture, sodium adsorption ratio (SAR) was
estimated, which is considered among parameters that express salinity of soil to study and reflection of
added treatments on SAR, as shown in Fig. (1). It shows in general that the values of SAR were
decreased as compared to control treatment. However, applied treatments caused also, decreased in
SAR values especially salicylic acid. The effect of organic acids and Ca-H on soil SAR under without/
with inoculation by cyanobacteria in two seasons. The results showed clear effect on the soil SAR
values, as it decreased compared to control in all treatments. This agreed with Hussain et a/. (2001) who
reported that which was that using organic products reduced SAR in salty and acidic soils. Also, Fig.
1 showed that the treatments, such as Ca-H, organic acids, and cyanobacteria injection, worked well
together to lower the salinity of the soil, which reflected on the SAR values of the soil. Amer and
Hashem (2018) and Zaka et al. (2018) who found that the significant effect of gypsum addition on soil
salinity for SAR and ESP may be caused by the release of calcium from gypsum, which increases the
concentration of Ca*? in the soil solution, this replaces exchangeable sodium and improves the chemical
and physical properties of the soil. El-Kamar (2020) added that the used of bio-fertilizer lowered SAR
in the upper layer (0-20 cm) from 15.90 to 12.10 and from 16.90 to 13.20 in the first and second seasons,
respectively. The useful effect of bio-fertilizer on SAR may be because adding bio-fertilizer changes
the physical and chemical properties of the soil.

Based on the previously mentioned, the information of percentages increases in decrease of the
SAR ratio for each of the control and salicylic acid, relative to the initial soil with the treatments in both
crops. The percentages were 44.5% (without Ca-H) and 49.7% (with Ca-H) for control treatments,
56.6% (without Ca-H) and 58.2% (with Ca-H) for each of the control and salicylic acid, respectively,
in the rice crop. But in the wheat crop, the ratios were 53.4% (without Ca-H) and 55.9% (without Ca-
H) 63.1% (without Ca-H) and 63 .6% (with Ca-H) for each of the control and salicylic acid, respectively.
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Fig. 1: Effect of applied organic acids and calcium humate on soil SAR under without or with

inoculation by cyanobacteria at the two seasons.

3.2. Plant parameters

From the previously discussed the effects of the treatments on chemical properties of soil, it was
found necessary to see their reflection on some plant parameters such as yield, grain and straw, as well
as the status of micronutrients elements.

3.2.1. Yield components

Data in Table (4) showed clear increases in the yield components (biological yield, grain, and
straw) under influence of organic acid treatments compared to the control, whether without Ca-H or in
the presence of Ca-H on rice and wheat crops under conditions of inoculation with cyanobacteria. In
general, salicylic acid (SA) treatment was higher than anther organic acids. This confirms the effect of
(SA) on plant behavior under salinity conditions, where it acts as a salinity resistor through the plant's
absorption in the form of silicate, which gives the plant hardness to resist conditions of external
environment and this has a direct effect on plant, thus the plant's resistance to salinity this was evident
in both rice and wheat crops. This agreed with the result of Srivastava and Dwivedi (2000) who
explanted that application of salicylic acid has been reported to increase plant tolerance to numerous
abiotic stresses. salicylic acid modifies some physiological functions of plants, it also agreed with
results of Seddik et al. (2016) who declared that salicylic acid is more efficient than other organic acids
which was reflected on the growth behavior of plant. This may have an effect on plant physiology and
enzymes, which give the plant resistance to salinity and external conditions, and thus give a better effect
on the plant compared to its counterpart. In addition to this, SA enhanced the activities of antioxidant
enzymes and proline accumulation that confer tolerance to plants and enhanced the yield characteristics

(Alyemeni et al., 2014).

176




Middle East J. Appl. Sci., 13(1): 170-183, 2023
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2023.13.1.14

Table 4: Responses of rice and wheat yields to applied organic acids and calcium humate under with
inoculation with cyanobacteria.

Treatment Rice ‘Wheat
8
g 5 g = z 2 G = E] 2
Organic acids E 13 %D E E g %D E 'S g
300 (mg kg™ g g = o =
2 =
&)
(Ton fed™!)
Cont. 4.45 1.75 2.70 347 1.37 1.69
SA - 7.41 2.56 4.85 5.20 2.93 227
CA _§ 6.01 2.18 3.82 4.59 1.93 2.66
TA ; 5.05 1.90 3.15 4.83 2.04 2.79
AA - 5.11 1.89 3.22 4.76 2.48 2.28
Mean _§ 5.61 2.06 3.55 4.57 1.95 2.54
Cont. = 496 1.85 3.11 3.81 1.49 232
SA = 8.29 2.69 5.60 7.06 2.47 459
CA = 6.59 2.41 4.18 5.66 2.28 3.38
TA = 5.66 2.20 3.46 5.40 2.34 3.06
AA 5.91 2.39 3.51 5.29 2.40 2.89
Mean 6.28 231 3.97 5.45 2.20 3.25
Total mean 5.94 2.18 3.76 5.01 2.07 2.89
Cont. 4.81 1.82 2.99 3.53 1.55 1.98
SA - 9.93 2.77 7.15 7.45 2.94 451
CA E 6.57 2.27 4.30 6.59 232 427
TA § 6.17 2.46 3.71 6.75 2.65 4.10
AA 6.19 2.25 3.93 6.33 2.21 4.12
Mean £ 6.73 2.32 4.42 6.13 233 3.80
Cont. = 5.36 1.99 3.37 3.55 1.65 1.89
SA 10.96 2.80 8.16 8.06 3.24 4.82
cA = 713 251 462 7.11 273 438
TA = 7.39 2.75 4.63 7.22 2.88 435
AA 7.11 2.48 4.63 7.00 2.61 439
Mean 7.59 2.50 5.08 6.59 2.62 3.97
Total mean 7.16 2.41 7.16 6.36 2.48 3.88
Without 6.17 2.19 3.99 535 2.14 3.17
With 6.94 2.41 4.53 6.02 241 3.61
L.S.D at 0.05 %
Organic acids (A) 0.97 0.42 0.81 0.27 0.30 0.18
Calcuim Humate (B) 0.62 0.27 0.51 0.17 0.12 0.19
A*B 1.38 0.60 1.15 0.38 0.26 0.24
Inoculation © 0.62 0.27 0.51 0.17 0.12 0.19
A*C 1.38 0.60 1.15 0.38 0.26 0.24
B*C 0.87 0.38 0.73 0.24 0.16 0.27
ABC 1.95 0.85 1.63 0.54 0.37 0.60

The effect of Ca-H was also clear in increasing yield components as it may acts as a support for
plant to improve plant’s physiological condition and thus resistance to salinity. These agreed with the
results of Canellas et al. (2008) who found that increased crop growth and production are likely the
result of better nutrient absorption, which is facilitated by HA's ability to drive root development and
modify root shape through organic acid exudation. The favorable effect on rice and wheat yield, its
components grown on this salt-affected soil may be attributable to the application of Ca-H, which
increased Ca* and replaced absorbed Na', thereby improving the soil's chemical and physical
characteristics and leading to the favorable effect on plant growth and yield, Ghafoor et al. (2008) and
Amer and Hashem (2018). Increased crop yields may also result from the use of humic compounds
having auxin-like actions, which encourage cell elongation, apical dominance, and roots (Atiyeh et al.,
2002 and Nardi et al., 2002). Also, the stimulatory impact of HA on plant yield and quality may be due,
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in part, to the fact that humic compounds improved absorption of mineral nutrients by increasing cell
permeability (Dursun ef al., 2002 and Zandonadi et al., 2007). Moreover, the influence of HA, Ca-H on
respiration and photosynthesis, the stimulation of nucleic acid metabolism and the hormonal activity of
HA are among the factors that have been used to describe the effect of HA on plant growth parameters
and the formation of a complex between HA, Ca-H and mineral ions, the catalysis of HA, Ca-H by the
enzymes in the plant. (Tiirkmen et al., 2004). These results agreed with those of Zein El-abdeen ef al.
(2018) who reported that the growth of fava beans was greatly stimulated by either Ca-H alone or in
combination with mineral nitrogen fertilizer.

As for cyanobacteria inoculation, its effect was clear on increasing yield compound by
cyanobacteria inoculation compared to without inoculation, which also confirms that cyanobacteria
influence soil salinity and plant resistance to salinity, as there is a direct effect of cyanobacteria on plant
as it is a nitrogen fixer and thus works to increase chlorophyll and thus excess dry matter. Because of
their ability to fix atmospheric nitrogen and enhance soil structure and water retention capacity,
cyanobacteria are among the most well-known photosynthetic microorganisms employed in agriculture
(Hegazi et al. 2010 and Sahu et al., 2012). The interaction between organic acids forms in combination
with Ca-H and the presence of inoculation with cyanobacteria were more significant as compared to the
control.

3.2.2. Total nutrients content

Data in Table (5) showed the effect of organic acids and Ca-H on total content of nutrient elements
in rice and wheat crops under with/ without cyanobacteria inoculation. Regarding the total content of
nitrogen and potassium obtained, results showed an increase in both under every treatment compared
to control. Where the treatment with organic acids gave significantly effects and increase in the total
content of nitrogen and potassium. The increase was as follows: Salicylic acid > citric acid > ascorbic
acid > tartaric acid. Also, the treatment with salicylic acid was more effective than the rest of organic
acids. This perhaps due to improvement of physiological processes within the plant that lead to
translocate from external elements in soil into the plant and translocate from roots to leaves, which
appears in the total content of nutrients.

Concerning the treatment with Ca-H, it has a clear effect on the total content of nitrogen and
potassium. This may be due to an improvement in plant physiology because of adding the treatments.
The increase in total content in response to Ca-H is likely attributable owing to the humic substances
ability to spark microbial activity (Mayhew, 2004), enhancing cell membrane permeability and
absorption of water and nutrients (Sibanda and Young, 1986; Valdrighi ef al., 1996). In this concern,
Selim and Mosa (2012) showed that the influence of humic substances, increasing the mineral
fertilization application rates increased the concentrations of nitrogen and potassium in broccoli crowns.
These effects are primarily attributable to soil nutrient availability increases. In addition, the stimulation
of N uptake by HA may be a result of HA's effect on nitrate carrier proteins and/or the modification of
certain kinetic parameters following HS application (Cacco et al., 2000). Also, some researchers
attributed the positive effects of Ca- H to its influence on plant roots (Atiyeh et al., 2002 and Tiirkmen
et al., 2004) and for metabolism of soil microbial population and soil physical conditions (Chen and
Aviad, 1990; Muscolo et al., 1999 and Zandonadi et al., 2007). Organic acid and Ca-H may also
facilitate faster root development and larger root volumes in hydroponic systems; this may be the
consequence of improved nutrient uptake and utilization. It seems to reason that if plants are able to
absorb more nutrients, their root systems would expand to accommodate the additional demand.
Because of its role as a second messenger, calcium is important in signaling nutrient availability and
fluctuations therein, which improves nutrient absorption by roots and their translocation throughout the
plant (Kudla et al., 2018).

Concerning, the inoculation with cyanobacteria, it gave an increase in the total content of both
nitrogen and potassium, and it was better than without inoculation. This confirms its effect on the plant
under salinity conditions, and also indicates that the plant is highly efficient in absorbing elements, as
well as improving plant metabolism, which is reflected in the total content of nutrients in plant. These
results agreed with those obtained by Mohsen et al. (2016). Data also indicated that there were
significant differences among all treatments in total nitrogen and potassium and dry matter contents in
plants. The treatment with cyanobacteria was superior one regarding total, N and K contents in plants.
Therefore, the effect of bio-fertilizer on N and K concentration may be attributable to the function of
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nitrogen bacteria in increasing endogenous phytohormones, which play a crucial role in the formation
of a highly active root system, the increase of nutrient assimilation and photosynthesis rate, and the
translocation of substances and their accumulation on different plant prates. These results are in
agreement with those found by Nisha ef al. (2017); Zaka et al. (2018) and Helmy et al. (2013). The
interaction between organic acid combined with Ca-H and the presence on inoculation with
cyanobacteria were highly significant on the N and K total content during the two seasons.

Table 5: Total contents of macronutrients in both straw and grains of rice and wheat plants as affected
by different organic acids and calcium humate under without or with inoculation with

cyanobacteria.
Treatment Rice Wheat
° Straw Grain Straw Grain
Organic E g N K N K N K N K
acids Z ¥
300 £z 1
(mg kg™) 2 g (Kg fed™)
Q
Cont. 35.74 47.67 95.55 19.85 4391 25.85 106.13 9.18
SA - 84.55 120.20 144.73 45.19 79.91 61.03 206.07 36.92
CA E 64.22 93.91 124.30 46.79 77.70 61.93 152.65 36.04
AA ; 51.60 76.73 123.10 38.24 7291 51.05 132.01 29.06

TA 50.04 66.28 114.30 38.09 57.98 39.29 127.79 29.06
Mean 56.34 79.44 120.67 37.32 66.09 45.07 144.94 28.06
Cont. 48.30 72.45 107.10 41.92 60.92 50.69 94.31 21.23

SA 115.25 129.36 221.28 57.58 155.25 107.04 151.31 33.22

Without

CA = 76.36 100.04 161.32 45.51 108.59 73.10 143.18 28.69
AA = 61.01 85.30 159.14 38.77 89.42 67.54 135.60 25.56
TA 57.56 73.63 147.36 36.20 75.87 63.74 131.17 26.23
Mean 70.22 92.09 157.27 44.18 95.93 72.05 131.10 26.99
Total mean 63.11 85.68 138.37 40.70 80.72 57.90 138.01 27.51
Cont. 93.41 95.91 148.76 43.60 52.86 58.28 120.94 22.11
SA - 191.73 309.48 278.25 101.28 156.09 187.32 272.56 61.80
CA E 148.03 155.25 222.45 77.15 135.49 135.49 231.38 44.84
AA ; 118.42 131.67 210.97 74.51 119.55 125.58 207.59 46.79
TA 122.26 116.49 194.54 62.48 113.40 120.33 185.77 35.22
Mean § 122.26 116.49 194.54 62.48 113.40 120.33 185.77 35.22
Cont. 98.49 121.86 173.82 55.02 55.19 59.18 139.99 26.40
SA = 23825 399.36 292.24 109.37 156.01 191.46 311.62 78.92
CA = 172.35 207.63 241.56 91.56 153.57 159.10 249.08 57.39
AA = 152.12 183.92 252.46 86.67 146.94 137.80 249.08 50.78
TA 168.76 157.42 213.89 71.82 137.36 122.62 218.69 43.85
Mean 163.11 207.10 233.58 82.03 128.27 132.43 233.69 51.47
Total mean 142.40 158.59 213.63 71.95 121.02 126.55 209.73 43.34
Without 89.29 97.97 157.61 49.90 89.73 82.70 165.35 31.63
With 127.16 149.58 195.43 64.05 112.10 102.23 182.41 39.23

L.S.D at 0.05 %
Organic acids  (A) 1.49 1.25 1.30 1.22 36.46 0.76 0.79 0.57
Calcuim Humate (B) 0.94 0.79 0.82 0.80 23.06 0.48 0.50 0.36
A*B 2.10 1.77 1.84 1.72 51.56 1.08 1.11 0.81
Inoculation © 0.94 0.79 0.82 0.80 23.06 0.48 0.50 0.36
A*C 2.10 1.77 1.84 1.72 51.56 1.08 1.11 0.81
B*C 1.33 1.12 1.16 1.09 32.61 0.68 0.71 1.15
ABC 2.97 2.50 2.60 243 7291 1.52 1.58 1.15
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4. Conclusion

Application of organic acids in combination with calcium humate and inoculation with
cyanobacteria was generally, helpful in improving the properties of saline soil, which was positively
reflected on the yield components as well as on their total content of macronutrients. Results also,
revealed that EC, pH values and SAR decreased as well as organic matter content in the soil, yield
components, NPK availability in soil and total content in both crops of macronutrients increased by
applied salicylic acid in combination with calcium humate and inoculation with cyanobacteria.
Accordingly, for saline clay soil, organic acids, calcium humate and inoculation with cyanobacteria can
be used as soil conditioners to improve the chemical properties of saline soil and reflected on the
productivity of rice and wheat crops.
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