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cv. Pomegranate Transplants. 
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ABSTRACT 
Water and soil salinity were the biggest obstacles to achieving the world’s supply - demand 

ratio, so with the growing population there is no choice but to use salty soil and water in 
agriculture, and the need for environmentally friendly technologies has emerged to overcome the 
adverse effects. Therefore, the effect of the halotolerant plant growth-promoting rhizobacteria (HT- 
PGPR) with organic fertilizers and spirulina algae on the biochemical characters as chlorophyll 
content, NPK %, total carbohydrates, phenols, proline and antioxidant enzymes activities of 
pomegranate transplants (Wonderful cv.) under different irrigation water salinity levels (6000, 
7000 and 8000 ppm) were investigated. Pot experiment was conducted in Horticulture Research 
Institute (HRI) nursery, Agriculture research center (ARC), Giza governorate, Egypt, under the 
greenhouse conditions using compost, halotolerant PGPR (Azotobacter chroococcum, Azospirillum 
lipoferum, Bacillus megaterium var. phosphaticum and Bacillus circulans) in addition to, Spirulina 
platensis L. algae in 2019 and 2020. Results indicated that, the organic and biofertilizers reduced 
soil pH and EC and increased the soil enzymatic activity under saline water condition. The leaf 
contents of total chlorophyll, carbohydrates, phenols, proline of transplants were increased, in 
addition to a significant increase in the nutritional elements NPK % in dry leaves were recorded 
when transplants were treated using PGPR inoculations, excluding sodium and chlorine. The 
highest efficiency in alleviating irrigation water salinity stress on pomegranate transplants was 
obtained from treatment contents compost + biofertilizers + spirulina algae with 6000 ppm salinity 
level compared to the chemical fertilizer treatment. The results of the study indicated that organic 
fertilizers with halotolerant PGPR inoculations can alleviate the deleterious effects of salt stress 
conditions and improve the tolerance and healthy growth of pomegranate transplant under salt 
water irrigation. 
Keywords: Saline water, organic and biofertilizers, Wonderful pomegranate, proline and 

antioxidants enzymes. 

INTRODUCTION 
Soil and water salinity is considered one 

of the most important stress factors that limit 

agricultural production in the world, and the 

problem is constantly rising as about 20% of 

cultivated lands and about half of irrigated 

lands are affected by salinity in the world 

especially in arid and semi-arid climates 

(Binici et al., 2022). 

Pomegranate (Punica granatum L.) 

belong to the Punicacea family, which is 

familiar in tropical and subtropical areas 

(Khattab et al., 2011). The newly American 

cultivar “Wonderful” has proven a successful 

cultivation in Egypt and widespread in 

Middle East countries, it is characterized as a 

moderate tolerant variety to irrigation with 

saline water (Sun et al., 2018). Recently, 

pomegranate cultivation has expanded in arid 

and semiarid areas with limited good 

irrigation sources in addition to the wide 

spreading accumulation of salts that cause 

soil salinization (Al-Qasimi and Al-Salhi, 

2018). 

Compost is a natural source of fertilizers, 

it contains important plant nutrients such as 

N, P, K, Mg, S, Ca and micronutrients, and 

improves the soil chemical, physical and 

biological characteristics by increasing 

organic matter content, soil microbial 

population, soil enzymes activities, lowering 

the soil bulk density and increasing the soil 

porosity (El-Shaieny et al., 2022). 
PGPR including Azotobacter, 

Azospirillum, Bacillus that live in the 
rhizosphere acts as biostimulation, biocontrol 
and biofertilization, which improves plant 
growth under different environmental stress 
conditions by stimulating plant growth 
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hormones, antioxidant, enhances nutritional 
capacity of the plants, improving the 
absorption of nutrients, enhancing nitrogen 
fixation, producing hormones (auxin, 
cytokinins and gibberellins) and dissolving 
insoluble nutrients as phosphorus, potassium, 
zinc and silicon, also they are the cheap and 
available sources to relieve of different biotic 
and abiotic stresses (Numan, 2018; Samy and 
El- zohiri, 2021). 

Soils with high salinity become infertile 
due to poor nutrient content, microbial 
activity, biomass and organic matter. 
Halotolerant bacteria are a type of 
microorganisms that can live and survive 
around the root of plants creating a 
rhizosphere microbiome under high salt 
levels by maintaining osmotic balance. 
Halotolerant bacteria can be the key to using 
biofertilizer technology under salt stress; salt 
tolerant isolates that have the potential to be 
used as biofertilizer inoculants are one 
solution trying to use saline land in 
agriculture, and to boost the plant 
productivity under salt stress (Khumairah, et 
al., 2022). 

Application of halotolerant plant growth 
promoting rhizobacteria (HT-PGPR) has the 
potential to alleviate salt stress in plants, 
including modification of root systems, 
production of exopolysaccharides and 
siderophores, modulation of phytohormones, 
synthesis of osmolytes and mineral uptake 

(Arora et al., 2018). Several species of 
halotolerant bacteria such as Azotobacter, 
Azospirillum and Bacillus have been reported 
to ameliorate salt stress in crops, when used 
as bioinoculants to increase soil organic 
matter, improve soil structure and water 
holding capacity (Saghafi et al., 2019). So, 
using HT-PGPR in the form of bioinoculants 
is an eco-friendly and sustainable method of 
improve the productivity of saline agro- 
ecosystems (Arora et al., 2020). 

Spirulina platensis is a biofertilizer rich 
in mineral nutrient, which stimulate 
establishment and elongation of roots and 
promote plant growth (Yassen et al., 2019). 
Cyanobacteria algae can live in highly 
salinity soil so they can be used to reclaim 
saline soils. In addition, it can play an 
important role in improving plant nutrients 
supply, increasing soil fertility and porosity, 
producing growth promoting hormones, 
reducing damage resulted by salt stress, 
increasing both water holding capacity and 
biomass of soil after its death and 
decomposition, Also, increasing nitrogen by 
nitrogen fixation and soil phosphate by 
secreting organic acids into the soil (Burjus, 
et al., 2020). 

This study aims to evaluate the effect of 
using organic, biofertilizers and spirulina 
algae to mitigate salinity stress for Wonderful 
cv. pomegranate transplants. 

 

- Study area 

MATERIALS AND METHODS 
contains 6 transplants). On the first of 

The present investigation was 

implemented during two successive growing 

seasons 2019 and 2020 respectively, on 

(one-year-old) Wonderful cultivar 

transplants under the greenhouse conditions 

located in the nursery of Horticulture 

Research Institute HRI, Agriculture 

Research Center ARC, Giza, Egypt. All the 

transplants were chosen to be healthy and 

symmetrical in vigor with height about 30- 

35 cm. and girth about 2- 2.5 cm. for the 

both seasons. (Koshkhooi, 2006). 

- Experiment preparation 

The selected 126 transplants of 

pomegranate Wonderful cv. were divided as 

seven treatments, 3 replicates (each replicate 

March, the transplants were planted 

individually into plastic pots (25 cm 

diameter) filled with 4 Kg of clay and sandy 

soil (2:1 v/v) with electrical conductivity 

(EC) 1.83 ds/m, field capacity (FC) 22.8 %. 

The treatments were arranged in a spilt-plot 

design with three replications, where the 

salinity levels (i.e. three levels) were 

occupied in the main plots, while the 

fertilization treatments (seven treatments) 

were randomly distributed in the sub- plots. 

Plants were irrigated twice a week using 500 

ml / transplant with artificial salt water 

(Hoagland solution) adding 6, 7 and 8 g 

sodium chloride at three salinity levels 

(6000, 7000 and 8000 ppm.) until September 
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(end of the experiment). Moisture content 

was maintained at field capacity % for all 

pots by weighing the pots every three days 

to minimize the harmful effect of saline 

irrigation water on both soil and biochemical 

components of transplants by treating them 

with various organic and biofertilizers 

- Materials used 

Mineral fertilizers: The recommended 

quantities of NPK fertilizers were added 

according to the recommendations of the 

Egyptian Ministry of Agriculture and Land 

reclamation. 

Compost: obtained from Horticulture 

Research Institute nursery, ARC. 100 g 

compost/pot was mixed with the soil before 

planting for the specified treatments (Hamdy 

et al., 2016). Table (1) Physical and 

chemical analysis of compost (Page et al., 

1982) 
Table (1): Physical and Chemical properties of the compost used 

Character  Value 

Physical properties 

Color 
Bulk density 
Moisture content 

kg m
-3

 
% 

Dark brown to gray 
716 

27.40 
Chemical properties 

pH 
EC 
Organic matter 
Organic carbon 
Ash 
Total nitrogen 
C: N ratio 
Total phosphorus 
Total potassium 
Available N NH4 
Available N NO3 
Nematode (worm) 
Total coliform 
Weed seed 

 

(ds/m) 
% 
% 
% 
% 
% 
% 
% 

ppm 
ppm 

-- 
(cfu /g) 

-- 

7.70 
2.43 
31.75 
18.42 
68.25 
1.28 
14: 1 
0.85 
3.80 
100 
250 

Not detected 
Not detected 
Not detected 

 

Biofertilizers: halotolerance isolates 

were previously isolated from El Moghra 

region saline soil, Minia governorate, Egypt. 

Two halotolerant N- fixer’s bacteria 

Azotobacter chroococcum and Azospirillum 

lipoferum also, phosphorus and potassium 

solubilizing bacteria as, Bacillus. megaterium 

var. phosphaticum and Bacillus circulans 

were activated on their specific media which 

adjusted to 6000, 7000 and 8000 ppm by 6, 7 

and 8 g NaCl/ L. media as, , modified Ashby 

s medium for Azotobacter spp., N- deficient 

semi solid malate medium for Azospirillum 

spp., Pikovskaya medium for B. megaterium 

and modified Aleksandrov medium for B. 

circulans. (Dobereiner and Day, 1976; 

Abdel- Malek and Ishac, 1968; Pikovskaya, 

1948 and Parmar and Sindhu, 2013) 

respectively. 

Isolates were identified according to 
standard microbiological methods as 

described in Bergy s Manual of Systematic 

Microbiology (Tan et al., 2009), then cultures 

mixed together in equal amounts for use as 

biofertilizers (10
8
/ ml), and added to the soil 

with irrigation water, once/ 15 day as 30 ml/ 

pot (Afifi et al., 2014). 

Cyanobacteria algae: (Spirulina 

platensis), kindly provided from Agric. Res. 

Microbiol. Dept. Soil, Water and Environ. 

Res. Inst. ARC. Egypt. Spirulina algae was 

grown in Zarrouk medium (Zarrouk, 1966), 

incubated 30 days in growth chamber, 

shaking at 150 rpm, illumination (2000 Lux) 

and a temperature of 32° C ± 2° C., well 

mixed to have a homogenized suspension 

then filtered and used as a soil drench with 

irrigation water as 30 ml/ pot (Makhlouf and 

Helmy, 2022). Chemical analysis of Spirulina 

platensis/ 100 g is shown in Table (2) 

according (Barron et al., 2008). 
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Table 2. Nutritional value of Spirulina platensis composi tion per 100 g. 
Chemical compositions (100g dry weight) Micronutrients (mg/100g dry matter) 

Moisture 
Crude protein 
Total Carbohydrates 
Total amino acids 
Sugars 
Fat 
Crude fiber 
Ash 

8.65 % 
48.69 % 
24.68 % 
55.70 g. 
13.80 % 
10.12 g. 
3.17 g. 
10.32 g 

Sodium (Na) 
Magnesium (Mg) 
Iron (Fe) 
Manganese (Mn) 
Calcium (Ca) 
Copper (Cu) 
Zinc (Zn) 
Chloride (Cl) 

698.80 
4.01 
11.03 
3.80 
31.90 
3.10 
2.00 
46.80 

Antioxidants Macronutrients % 

Total antioxidants 
Proline 
Total Flavonoids 
Total phenolic 

630.50 (mg/5 b. dry weight) 
4.28 (mg/100 g. dry weight) 
0.790 % 
1.65 % 

Total nitrogen 
Total phosphorus 
Total potassium 

6.77 % 
0.70 % 
1.77 % 

 

Both two experiments included seven 

treatments with three replicates as follows: 

(T1) Saline water (Control at 6000, 7000 and 

8000 ppm) 

(T2) Recommended dose of mineral NPK 

fertilizer as control 

(T3) Compost (100 g compost /pot) 

(T4) Compost + Biofertlizers (100 g compost 

/pot + 30 ml/ pot) 

(T5) Spirulina algae (30 ml. / pot) 

(T6) Spirulina algae + Biofertlizers (15 ml. / 
pot + 15 ml. / pot) 

(T7) Compost + Biofertlizers + Spirulina 
algae (100 g compost /pot + 30 ml/ pot). 

The influence of the treatments on some 

chemical compounds of transplants were 

determined: 

- The studied characteristics: 

a. Soil determinations: 

- Soil PH and EC were recorded in the end of 

the exp. /seasons according to (Page et al., 

1982). 

- Biological activities of the PGPRs used 
- Soil enzymatic activity: Nitrogenase activity 

(μ mole C2H4/g soil/h) in the rhizosphere 

according to (Somasegaran and Hoben, 

1994), Dehydrogenases activity (μg TPF/ 

soil) according to (Skujins, 1976) while, total 

phosphatase activity was determined 

according to (Tabatabai, 1982) were 

measured at 60, 120 and 150 days in both 
seasons. 

b. Biochemical compounds 
- Total chlorophyll content (SPAD): By using 

nondestructive chlorophyll–meter (Minolta 

SPAD502) in the fresh leaves at the end of 

both seasons (September) according to 

(Castelli et al., 2008). 

- Total N.P.K % in plant dry weight: leaves 

of the 5-7
th

 nodes were taken at the middle of 

both seasons to determine, N % described by 

(Piper, 1950), P, K, Na and Cl % were 

determined according to (Chapman and Pratt, 

1961). 

- Total phenol and carbohydrates content in 

plant dry weight were determined according 

to (A.O.A.C., 1990). 

- Proline content (%) in plant dry weight was 
determined according to (Bates et al., 1973). 

- Antioxidant enzymes: Peroxidase activity 

was determined according to (Kochba et al., 

1977) and catalase activity was determined 

according to (Aebi, 1974) 

Statistical analysis: the results were 

statistical analyzed by the analysis of 

variance (ANOVA) according to Snedecor 

and Cochran (1990). Comparisons between 

treatments were held using the new L.S.D. 

values at 5 % level. 

RESULTS AND DISCUSSION 

1- Effect of organic and biofertilizers treatments on some soil properties under different 
salinity levels: 

Soil pH and EC 
Fig. (1) Showed that the average soil pH and electrical conductivity EC increased with 

increasing water salinity level during the two seasons. The highest values were recorded at 8000 
ppm. While, pH and EC values were decreased when organic and biofertilizers were applied in 
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both seasons. The lowest values were recorded with T7 (compost + biofertilizers + Spirulina) in 
both seasons compare to the treatment mineral fertilizer. 

Concerning the interaction effect between the different salinity concentrations and different 
organic treatments, its clarifying that, organic and biofertilizers cause a noticeable reduction in the 
results of both pH and EC soil at all concentrations. T7 gave the lowest results being (7.55, 7.62 and 
7) pH, and (5.5, 6.6 and 7.64) EC, in the first season, while (7.6, 7.65 and 7.75) pH and (5.43, 6.67 
and 7.8) EC in the second season compare to mineral fertilizers treatment (T2) which record the 
highest values during the two seasons. 

Soil pH is the most important factor that reflect the general changes in soil chemical 

properties. The results were in harmony with those obtained by (El -Maaz and Ismail, 2016) found 

that, organic fertilizer reduced soil pH and EC values due to the activity of microorganisms in 

decomposing organic matter and releasing organic acids, dehydrogenase enzyme and production of 

moles of H2 in the rhizosphere that has positive effect on increasing hydrogen moles that react in 

root zone to form hydrocarbon acid that leads to a decrease in soil pH. Also, reduces soil salinity 

and improves soil structure by increasing drainable pores and aggregates thus improving irrigation 

water filtration. Recently, (Taha et al., 2023) confirmed that Spirulina algae has many advantages 

in increasing soil fertility by increasing K+ and N accumulation, which led to the accumulation of 

several elements because of its high binding ability and synthesis salt stress proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Effect of using organic and biofertilizers treatments on soil pH and EC soil under different levels of water salinity 

(T1) Saline water, (T2) Mineral NPK fertilizers (T3) Compost, (T4) Compost + Biofertlizers, (T5) Spirulina, (T6) Biofertlizers 

+ Spirulina and (T7) Compost + Biofertlizers + Spirulina 

- Biological activities of the PGPRs used 
Azotobacter chroococcum, 

Azospirillum lipoferum, Bacillus circulans 
and Bacillus megaterium were used 
throughout the current study. The used strains 
were tested biochemically to clear their 
capabilities to fixing atmospheric nitrogen, 
dissolving phosphourus and potassium, 
excretion of phytohormones and 
expolysaccharides (Table 3) according to 
Hebber et al. (1992). 

Soil microbes cooperate with each other 
as well as with plant roots in many ways for 

maintaining the ecological balance in soil, Soil 
fertility is closely related to the balance of 
microorganisms and plants (Kumar et al., 
2021c). There are diverse mechanisms of Salt- 
tolerant bacterial strains which support the 
plant growth under salinity stress through N2 
fixation and phosphate, potassium, 
micronutrient mineralization from the soil 
(such as Zn, P, Fe, K and other essential 
mineral nutrients), exopolysaccharides 
secretion, phytohormone production, proline, 
siderophore, vitamins, enzymes, antibiotics and 
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support the restriction of Na+ uptake by the 
roots in salinity conditions (Shilev, 2020). Also, 
biofertilizers act as phytostimulators or plant 
growth regulators can produce phytohormons 
as cytokinin, gibberellins, abscisic acid, and 
indole-3-acetic acids IAA under environmental 
stress conditions as salinity to protect the plants 

Table (3). Biological activities of the used strains 

by modifying the phytohormone level within 
plants (Lopes et al., 2021) and increasing plant 
growth, root length and the formation of root 
hairs, which increases water absorption from 
soil. Also, reduction of ethylene levels in plants 
through produce ACC (1-aminocyclopropane- 
1-carboxylate) deaminase (Bhat et al., 2022). 

Strain Auxin (IAA) (mg/L) Gibbereilic acid (GA) (mg/L) Proline % Exopolysacharide 

Azospirillum spp 69.8 130.8 2.3 1.2 

Azotobacter spp 68.1 127.7 2.1 1.1 

B. megaterium 59.4 123.3 1.5 0.46 

B. circulans 58.4 121.6 1.6 -- 

Spirolina 72.6 150.4 3.7 -- 
 

- Soil enzymes activity: 

Dehydrogenase (DHA) is a guide for 

respiration rate and total microbial activity in 

soil. While, the activities of phosphatase (PA) 

and nitrogenase (NA) are guides for 

mineralization processes of organo- 

phosphorus substrates and as an indication of 

N2-fixer’s activity, respectively. Fig. 2 shows 

that, higher salt concentration leads to 

decrease the enzymes activity in the soil, this 

may be due to a decrease in the number of 

bacteria populations. While, the use of 

organic and biofertilizers under salinity stress 

increased microbial enzymes activities as 

DHA, PA and NA in the rhizosphere 

compare to the control (mineral fertilizer). 

Where, the activity of these enzymes, PGPR 

plays a vital role in promoting plant growth. 

Results are harmony with Abdel–Latef et 

al. (2021) they recorded that plant inoculation 

with PGPR as Azotobacter chroococcum 

could mitigate the negative impact of salinity 

by increasing soil enzymes activity that will 

serve as indicator for the microbial activity in 

the rhizosphere. In addition to, the combined 

biofertilizers with Azospirillum sp. and 

Bacillus sp. increased the enzymes activities 

at all plant growth stages. So, plant growth- 

promoting rhizobacteria can enhance plants 

tolerance to various abiotic stresses including 

salinity (Kumari et al., 2017). 

The application of Spirulina platensis 

algae could be stimulating the antioxidant 

enzyme activities, increasing the 

manufacturing of photoprotective substances 

like scytonemin (mycosporine-like amino 

acids) and enhancing the synthesis of various 

proteins, as well as boosted DNA damage 

repair (Salem and Ismail, 2021). 
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Fig. (2). Effect of using organic and biofertilizers treatments on soil enzymes activity under different levels of water salinity. 

(T1) Saline water, (T2) Mineral NPK fertilizers (T3) Compost, (T4) Compost + Biofertlizers, (T5) Spirulina, (T6) Biofertlizers 

+ Spirulina and (T7) Compost + Biofertlizers + Spirulina 

2- Effect of organic and biofertilizers 
treatments on biochemical properties of 
Wonderful cv. pomegranate transplants 
under different salinity levels 

- Total chlorophyll 
Salinity decreased the total chlorophyll 

content, as Fig. 3 showed that total chlorophyll 
in wonderful cv. transplant leaves were 
decreased with increasing salinity, the lowest 
values were recorded with the saline water 
8000 ppm, While, adding organic and 
biofertilizers increased the total chlorophyll 
content in leaves. Concerning the interaction, 
data showed that T7 (compost + biofertilizers 
+ Spirulina) gave the highest values in the 
first and second seasons with 6000, 7000 and 
8000 ppm respectively. Followed by T6 
(Biofertilizers + Spirulina) then other 
treatments which 

received the organic and biofertilizers 
compare to mineral fertilizers treatment. 

Photosynthetic pigment is an essential 
physiological feature related to photosynthetic 
ability under abiotic stresses. Similar results 
obtained from (Enebe and Babalola, 2018) 
proved that, enhancement in photosynthetic 
pigments was recorded in plants that inoculated 
with PGPR under different saline conditions, 
these increases may be due to the efficacy of 
bacterial inoculation in nullifying the harmful 
effect of salinity stress by improving the 
activities of electron transporters associated 
with photosynthesis, as well as, biosynthesis of 
pigment- related proteins and enzymes. 

Spirulina algae is responsible for reducing 
chlorophyll degradation and delaying leaf aging 
due to its great importance as a plant growth 
promoter, as it contains higher levels of 
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bioactive components such as cytokinins 
content, auxin, gibberellin, organic matter, 
microelements, vitamins and fatty acids also, 
enhancing the efficiency of plant absorption of 
several nutrients and thus act as a growth 

regulators by promoting the permeability of the 
cell membrane associated with the 
concentration of leaf chlorophyll and increasing 
the photosynthetic rate (Mohy El. Din, 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Effect of using organic and biofertilizers treatments on total chlorophyll content in dry leaves of Wonderful cv. 
Pomegranate transplants grown under different levels of water salinity. 

(T1) Saline water, (T2) Mineral NPK fertilizers (T3) Compost, (T4) Compost + Biofertlizers, (T5) Spirulina, (T6) Biofertlizers 
+ Spirulina and (T7) Compost + Biofertlizers + Spirulina 

- Total N, P and K (%) in dry leaves. 
Table 4 showed a gradual decrease in 

total N, P and K % in dry leaves with 
increasing salinity levels in irrigation water. 
The lowest results were recorded when 
irrigating transplants with 8000 ppm followed 
by 7000 ppm in both seasons compare to 
control T1 (Saline water). While, T7 (compost 
+ biofertilizers + Spirulina) recorded the 

higher results, followed by T6 (biofertilizers + 
Spirulina), compare to T2 (mineral 
fertilizers). As the interaction of irrigation 
salinity levels x organic, biofertilizers, T7 
recorded the highest results especially at 
6000 ppm followed by 7000 then 8000 ppm 
compare to the control T2 (mineral fertilizers) 
that recorded the lowest results in the two 
seasons. 

Table (4). Effect of organic and biofertilizers on total N. P. K. % in dry leaves of Wonderful cv. 

Pomegranate transplants grown under different levels of water salinity 
Treatments  Total Nitrogen %  Total Phosphorus %  Total Potassium % 
  First season   First season   First season  

 6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

T1 1.10 1.03 0.90 1.01 0.10 0.08 0.04 0.07 1.03 0.90 0.73 0.89 

T2 2.20 1.54 1.08 1.61 0.20 0.20 0.14 0.18 1.84 1.72 1.20 1.59 

T3 1.50 1.30 1.18 1.33 0.16 0.15 0.14 0.15 2.11 1.70 1.28 1.70 

T4 1.70 1.50 1.20 1.47 0.20 0.18 0.16 0.18 2.26 1.76 1.38 1.80 

T5 2.05 1.08 1.31 1.48 0.26 0.25 0.17 0.23 2.31 1.82 1.55 1.89 

T6 2.10 1.95 1.45 1.83 0.30 0.28 0.18 0.25 2.45 2.05 1.70 2.07 

T7 2.16 2.00 1.53 1.90 0.33 0.30 0.20 0.28 2.54 2.20 1.90 2.21 

Mean (A) 1.83 1.49 1.24  0.22 0.21 0.15  2.08 1.74 1.39  

LSD 0.05 (A)=0.05, (B)=0.03, (AxB) =0.09 (A)=0.02, (B)=0.01, (AxB) =0.04 (A)=0.02, (B)=0.01, (AxB) =0.04 
  Second season   Second season   Second season  

T1 1.20 1.03 0.92 1.05 0.11 0.08 0.04 0.08 0.94 0.91 0.70 0.85 

T2 2.40 1.60 1.08 1.69 0.24 0.22 0.13 0.20 1.80 1.60 1.10 1.50 

T3 1.80 1.50 1.20 1.50 0.22 0.21 0.15 0.19 2.27 1.64 1.40 1.77 

T4 1.90 1.75 1.15 1.60 0.25 0.23 0.17 0.22 2.12 1.50 1.20 1.61 

T5 2.08 1.80 1.32 1.73 0.28 0.26 0.19 0.24 2.27 1.64 1.40 1.77 

T6 2.17 2.00 1.46 1.88 0.32 0.29 0.20 0.27 2.33 1.74 1.54 1.87 

T7 2.26 2.08 1.55 1.96 0.35 0.31 0.23 0.30 2.50 2.08 1.63 2.07 

Mean (A) 1.97 1.68 1.24  0.25 0.23 0.16  2.08 1.67 1.33  

LSD 0.05 (A)=0.04, (B)=0.02,(AxB) =0.06 (A)=0.02, (B)=0.01, (AxB) =0.03 (A)=0.05, (B)=0.03, (AxB) =0.08 
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- Total Na (%) and total Cl (%) in dry 
leaves: 

Table 5 indicated that, the lowest values of 
Na and Cl % were found in transplants irrigated 
with 6000 followed by 7000, while 8000 ppm 
gave the highest values in both seasons. 
Whereas, applied organic and biofertilizers 
decreased the effect of salinity on plant, T7 
(compost + biofertilizers + Spirulina) recorded 
the lowest content of total sodium and chloride 
% followed by T6 (biofertilizers + Spirulina) 
compare to T2 (mineral fertilizers). With 
respect of the interaction, data showed that, T7 
recorded the lowest values at 6000 ppm 
followed by 7000, then 8000 ppm., then T6 in 
the same way, in contrary the highest results 
were recorded in T2 (mineral fertilizers) in both 
experimental seasons. 

So, many researchers said that, PGPR have 
a vital role in improving plant salt stress 
tolerance through several mechanisms; as 
producing antioxidants and growth regulators 
which reflecting in enhancement of plant 
nutrient content, increasing growth parameters 
and improve plant health under salt stress 
(Abbas et al., 2019). Salinity in the irrigation 
water reduces the leaf contents of the essential 
nutrient elements N, P, K while increasing Na 
and Cl content. So, organic and biofertilizers 
application increasing N, P and K uptake, and 
decreasing Na and Cl contents in plant leaves. 
these results agreed with Aini et al. (2021) 
which investigated that, Na uptake in the plants 

treated with biofertilizers is lower than that in 
plants treated without biofertilizers, bacteria 
can produce exopolysaccharide compounds that 
can bind sodium in plant tissue and thus reduce 
Na levels and alleviate salinity stress of 
plants. Additionally, application of 
biofertilizers under salinity stress leads to 
increase N, P and K uptake rates, stimulate the 
plant nutrient uptake by increasing nutrients 
movement in the rhizosphere, releases 
organic acids and enzymes that improve 
various nutrient cycles in soil and maintain 
beneficial microbial population in the 
rhizosphere. (Gao et al., 2022). 

Additionally, application of biofertilizers 
under salinity stress leads to increase N, P and 
K uptake rates, stimulate the plant nutrient 
uptake by increasing nutrients movement in the 
rhizosphere, releases organic acids and 
enzymes that improve various nutrient cycles in 
soil and maintain beneficial microbial 
population in the rhizosphere. (Gao et al., 
2022). 

While, Cyanobacteria algae has the ability 
to fixing the atmospheric N2 and the 
transformation into an accessible form of 
ammonia, mobilize insoluble inorganic 
phosphate forms, decrease Na

+
 levels and its 

strength in bioaccumulation of several micro 
elements which related to its high binding 
ability and synthesis salt stress proteins for 
many cultivated plants (Taha et al., 2023). 

Table (5). Effect of organic and biofertilizers on total Na and Cl % in dry leaves of Wonderful cv. Pomegranate 
transplants grown under different levels of water salinity 

Treatments  Total sodium %   Total chloride %  

  First season   First season  

 6000 ppm 7000 ppm 8000 ppm Mean (B) 6000 ppm 7000 ppm 8000 ppm Mean (B) 
T1 1.35 1.60 1.75 1.57 1.88 1.91 1.97 1.92 
T2 1.45 1.75 1.90 1.70 1.90 1.95 2.00 1.95 
T3 0.90 1.12 1.27 1.10 1.30 1.50 1.70 1.50 
T4 0.70 1.00 1.15 0.95 1.24 1.40 1.67 1.44 
T5 0.65 0.80 1.05 0.83 1.11 1.32 1.59 1.34 
T6 0.30 0.45 0.77 0.51 0.98 1.21 1.55 1.25 
T7 0.15 0.28 0.67 2.19 0.80 1.03 1.25 1.03 
Mean (A) 0.78 0.99 1.23  1.32 1.47 1.68  

LSD 0.05 (A)=0.04, (B)=0.03, (AxB) =0.09  (A)=0.05, (B)=0.03, (AxB) =0.09  

  Second season   Second season  

T1 1.47 1.70 1.80 1.66 1.90 2.00 2.12 2.01 
T2 1.55 1.80 1.95 1.77 1.98 2.06 2.16 2.07 
T3 0.80 1.09 1.33 1.07 1.27 1.40 1.73 1.47 
T4 0.60 0.97 1.27 0.95 1.18 1.37 1.71 1.42 
T5 0.50 0.74 1.09 0.78 1.06 1.30 1.70 1.35 
T6 0.28 0.32 0.88 0.49 0.90 1.25 1.60 1.25 
T7 0.12 0.18 0.70 0.33 0.66 1.10 1.27 1.01 
Mean (A) 0.76 0.97 1.29  1.28 1.50 1.76  

LSD 0.05 (A)=0.03, (B)=0.02, (AxB) =0.05  (A)=0.05, (B)=0.03, (AxB) =0.09  
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- Total carbohydrates, total phenols and 
proline content % in dry leaves: 

Table (6) shows that the contents of 
carbohydrate, phenols and proline % were 
increased with increasing salinity levels, the 
lowest results were recorded when irrigating 
the transplants with 6000 followed by 7000 and 
then 8000 ppm in both seasons compare to the 
controls T1 (Saline water). Results decreased 
when using organic and biofertilizers. So, 
transplants received compost + biofertilizers + 
spirulina algae recorded the lowest results 
compare to T2 (mineral fertilizers). Whereas, 
organic and biofertilizers under salinity levels 
shows the lowest results especially at 6000 
followed by 7000, while 8000 ppm came in the 
last position. The highest results were recorded 
in the mineral fertilizers in the two seasons. 

However, the response of proline content 
to biofertilizers under salinity stress were 
investigated, Abdallah et al. (2020) proved that 
there’s a great relationship between the 
regulatory role of proline and the activity or the 
function of superoxide dismutase, catalase, and 
peroxidase enzymes in plant cells as they 
strongly participate in metabolic response 
development and could be resist to the 
environmental factors and provides vital 
protection in stressed plant cells. 

While, (Malash et al., 2023) concluded 
that, the use of biofertilizers can reduce the 
severity of salinity stress and enhance salinity 
mitigation, this may result in reduce proline 
accumulation. 

Table (6). Effect of organic and biofertilizers on total Carbohydrates, Phenols and Proline % in dry leaves of 
Wonderful cv. Pomegranate transplants grown under different levels of water salinity. 

 Total Carbohydrates %  Total Phenols %   Total Proline %  

Treatments  First season   First season   First season  

 6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

6000 
ppm 

7000 
ppm 

8000 
ppm 

Mean 
(B) 

T1 5.50 6.56 8.11 6.72 9.70 10.00 11.5 10.40 14.30 16.00 20.00 16.77 

T2 5.80 7.50 8.60 7.30 10.00 10.75 11.90 10.88 14.44 16.50 20.60 17.18 

T3 4.33 6.00 6.85 5.73 8.62 8.85 10.75 9.41 12.32 14.40 16.50 14.41 

T4 4.30 5.89 6.60 5.60 8.70 8.90 10.80 9.47 12.28 14.30 16.30 14.29 

T5 4.10 4.90 6.00 5.00 8.20 8.46 10.20 8.95 11.50 14.00 16.00 13.83 

T6 3.60 4.30 5.77 4.56 7.44 8.89 9.69 8.67 11.00 13.51 15.50 13.35 

T7 3.30 4.00 5.60 4.30 6.60 7.19 9.50 7.76 10.50 13.00 15.00 12.83 

Mean (A) 4.42 5.59 6.79  8.47 9.01 10.62  12.34 14.53 17.13  

LSD 0.05 (A)=0.2, (B)=0.1, (AxB) =0.3  (A)=0.17, (B)=0.11, (AxB) =0.29 (A)=0.23, (B)=0.19, (AxB) =0.50 
  Second season   Second season   Second season  

T1 5.55 6.64 8.13 6.77 10.03 11.06 12.3 11.13 15.00 16.70 20.60 17.43 

T2 5.83 7.57 8.68 7.36 10.50 11.9 12.63 11.68 15.69 17.00 20.90 17.86 

T3 4.24 5.85 6.81 5.63 8.00 8.73 10.64 9.12 12.20 14.36 16.48 14.35 

T4 4.05 5.70 6.53 5.43 8.20 8.80 10.72 9.24 12.10 14.20 16.35 14.22 

T5 3.80 4.70 5.88 4.79 7.80 8.40 10.27 8.82 11.00 14.04 16.20 13.75 

T6 3.50 4.00 5.71 4.40 6.77 8.00 9.64 8.14 10.60 13.56 15.70 13.29 

T7 3.20 3.80 5.66 4.22 5.90 7.00 9.44 7.45 10.00 13.10 14.90 12.67 

Mean (A) 4.31 5.47 6.77  8.17 9.13 10.81  12.37 14.71 17.30  

LSD 0.05 (A)=0.1, (B)=0.05, (AxB) =0.12 (A)=0.12, (B)=0.08, (AxB) =0.21 (A)=0.39,(B)=0.25,(AxB) =0.67 

(T1) Saline water, (T2) Mineral NPK fertilizers (T3) Compost, (T4) Compost + Biofertlizers, (T5) Spirulina, (T6) Biofertlizers 

+ Spirulina and (T7) Compost + Biofertlizers + Spirulina 

- Antioxidant enzymes activity (Catalase 

and Peroxidase activity): 

Fig. 4 indicated that, the lowest 

results of the enzyme activities were recorded 

with 6000 ppm and increased gradually in 

7000 and then 8000 ppm compare to control 

T1 (Saline water), while, organic and 

biofertilizers increasing the values of enzyme 

activities compare to T2 (mineral fertilizers). 

Regarding to the interaction of irrigation 

salinity levels with organic and biofertilizers, 

figures showed that, T7 recorded the high 

activity values in all salinity levels especially 
at 6000 followed by 7000 then 8000 ppm. 

Compare to control in both seasons. 

The antioxidant enzymes systems are 

considered the first defense line against 

oxidative damage through scavenging the 

active oxygen species (O−, OH− and H2O2) 

and provides vital protection in stressed plant 

cells, in addition, there’s a great relationship 

between the regulatory role of proline and 

the activity or the function of catalase and 

peroxidase enzymes in plant cells as they 
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strongly participate in metabolic response 

development and could be resist to the 

environmental factors (Abdallah et al., 2020). 

While, Hoque et al. (2022) suggested that, 

under salt stress conditions, plants produce 

different types of antioxidants as plant 

defensive enzymes to relieve the stress as 

peroxidase, catalase. While, PGPR promotes 

plant growth and salt tolerance by improving 

plant physiological response and increasing 

levels of defensive enzymes that are essential 

components of salt tolerance in plants. In 

addition Fortt et al. (2022) emphasized that 

providing the protection to the plants under 

salt stress is related to the application of 

PGPR inoculations which have the ability to 

produce indole acetic acid (IAA) and 

antioxidant enzymes. 

 

Fig. (4). Effect of using organic and biofertilizers treatments on Peroxidase and catalase content of Wonderful cv. 

Pomegranate transplants grown under different levels of water salinity. 

(T1) Saline water, (T2) Mineral NPK fertilizers (T3) Compost, (T4) Compost + Biofertlizers, (T5) Spirulina, (T6) Biofertlizers 

+ Spirulina and (T7) Compost + Biofertlizers + Spirulina 

Conclusion 
In conclusion, the application of 

halotolerant microbial inoculants 

(biofertilizers), compost and Spirulina algae 

are a promising technology for future 

sustainable farming in the saline regions. It is 

considered an effective program to mitigate 

the effect of salinization for Wounderful cv. 

transplants till 6000 ppm by improving the 

soil nutrients and biological properties, 

increasing the number of beneficial bacteria 

in the soil, improving soil fertility which 

enhances the plant growth and quality even 

under saline condition. 
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 لخصائصاتخفيف التأثير الضار للاجهاد الملحى بمستويات مختلفة بإستخذام بعض التقنيات العضوية على  -ب

 لشتلات الرمان صنف الونذرفل ئيهياالكيم
 عبٛش يسًذ عًش شعٛب، ٚبسًٍٛ عُخش انسٛذ 

                                      انًعًم انًشكضٖ نهضساعت انعضٕٚت، يشكض انبسٕد انضساعٛت،اندٛضِ, يصش

يهٕزت يٛبِ انش٘ ٔانخشبت حعذ يٍ أكبش انعمببث نخسمٛك انخٕاصٌ بٍٛ َسبت انعشض ٔانطهب ٔيع حضاٚذ عذد انسكبٌ عهٗ  

خٛبس بذٚم لاسخخذاو انخشبت ٔانًٛبِ فٙ الاَخبج انضساعٙ، ٔنٓزا ٚهضو ٔخٕد حمُٛبث خذٚذة ٔصذٚمت نهبٛئت لا ٕٚخذ  يسخٕٖ انعبنى أصبر

 .هٗ انخأثٛشاث انضبسة نهًهٕزت ٔاَخبج شخلاث صسٛت أيُت بٛئٛبنهخغهب ع

يسبفظت  –يشكض انبسٕد انضساعٛت  -انصٕبت انضساعٛت بًعٓذ بسٕد انبسبحٍٛ  حسج ظشٔفنزنك أخشٚج حدشبت أصص 

انخسًٛذ  خذاوببسخ. ٔحٓذف انذساست لإَخبج شخلاث انشيبٌ )صُف انَٕذسفم( 9191ٔ 9102اندٛضة خلال يٕسًٍٛ صساعٍٛٛ يخخبنٍٛ 

ٚخكٌٕ يٍ سلالاث بكخٛشٚت يعضصة نًُٕ انُببث ٔيخسًهت نهًهٕزت  (بكخٛش٘نمبذ ) انسٕٛ٘انخسًٛذ يثم انكًبٕسج ٔ انعضٕ٘

Azotobacter chroococcum, Azospirillum lipoferum, Bacillus megaterium var. phosphaticum and 

Bacillus circulans  ،0111 – 0111يٛبِ يهسٛت راث يسخٕٚبث يهٕزت يخخهفت ) ببسخخذاو ٔانش٘ٔكزنك طسهب الإسبٛشٔنُٛب – 

الأٔساق، ٔيسخٕٖ انُببث يٍ  فٙانًهٌٕٛ( ٔدساست حأثٛشْب عهٗ انًكَٕبث انكًٛٛبئٛت نهشخلاث يثم يسخٕٖ انكهٕسٔفٛم  فٙخضء  0111

يسخٕٖ انُببث يٍ انكشبْٕٛذساث  ٔأٚضبٔانفٕسفٕس ٔانبٕحبسٕٛو ٔانصٕدٕٚو ٔانكهٕسٚذ %  انُٛخشٔخٍٛانعُبصش انًعذَٛت يثم 

 ٔانُشبط الإَضًٚٗ ببنخشبت.  انخشبتٔانفُٕٛلاث ٔانبشٔنٍٛ ٔالإَضًٚبث انًضبدة نلأكسذة، ٔكزنك حمذٚش دسخت زًٕضت ٔيهٕزت 

ٔصٚبدِ َشبط اَضًٚبث  انخشبت  pH ٔ EC بض   انٗ اَخف ادٖ ٔانسٕٛ٘ انعضٕ٘ٔأشبسث انُخبئح إنٗ أٌ إضبفت انخسًٛذ 

نشخلاث , شبْٕٛذساث ,انفُٕٛلاث ٔانبشٔنٍٛ فٙ اانكهٗ , انك مانكهٕسٔفٛيٍ  انٕسلتيسخٕٖ ٔصٚبدِ  انًبنستحسج ظشٔف انًٛبِ  انخشبت

 يخهٕط انهمبذ انسٕٛ٘ اوببسخخذ انشخلاث يعبيهت عُذ اندبفت الأٔساق فٙ% NPK انغزائٛت انعُبصش فٙ يعُٕٚت صٚبدة إنٗ ببلإضبفت

PGPR انصٕدٕٚو ببسخثُبء Na ٔانكهٕس Cl .ٔانشيبٌ  شخلاث عهٗ انش٘ يٛبِ يهٕزت إخٓبد حخفٛف فٙ كفبءة أعهٗ عهٗ انسصٕل حى

 فٙخضء  0111+ طسهب الأسبٛشٔنُٛب عُذ يسخٕٖ انًهٕزت  انسٕٛ٘حى حسًٛذْب ببنكًبٕسج + يخهٕط انهمبذ  انخٙٔ 0 انًعبيهتيٍ 

 (.  انكًٛٛبئٙيمبسَت بًعبيهت انكُخشٔل )انخسًٛذ انًهٌٕٛ 

ٔاَخبج شخلاث سيبٌ  انش٘ يٛبِيٍ انخأثٛش انضبس نًهٕزت  انخمهٛميخكبيم أدٖ إنٗ  ٔزٕٛ٘ عضٕ٘يًب ٚشٛش إنٗ أٌ اضبفت حسًٛذ 

  .صسٛت ٔيخسًهّ نهًهٕزت 

 


