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Abstract: Under salinity conditions, growth and productivity of grain crops decrease, leading to 20 

inhibition and limited absorption of water and elements necessary for plant growth, osmotic im- 21 

balance, ionic stress, and oxidative stress. Microorganisms in bio-fertilizers have several mecha- 22 

nisms to provide benefits to crop plants and reduce the harmful effect of salinity. They can be ef- 23 

fective in dissolving phosphate, fixing nitrogen, promoting plant growth, and can have a combi- 24 

nation of all these qualities. During two successful agricultural seasons, two field experiments were 25 

conducted to evaluate the effect of bio-fertilizer application include phosphate solubilizing bacteria 26 

(PSB), nitrogen fixation bacteria and mixed of phosphate solubilizing bacteria and nitrogen fixation 27 

bacteria with three rates; 50, 75 and 100% NPK, of recommended dose of minimal fertilizer on ag- 28 

ronomic traits, yield and nutrient uptake of barley (Hordeum vulgare) under saline condition at 29 

Village 13, Farafra Oasis, New Valley Governorate, Egypt, during the two successive seasons. The 30 

results showed that, the applied of Mycrobein + 75% NPK recorded the highest values of plant 31 

height, spike length, number of spikes/m2, grain yield (Ton ha-1), straw yield (Ton ha-1), biological 32 

yield (Ton ha-1), protein content %, uptake nitrogen (N), phosphorus (P), potassium (K) in grain 33 

and straw (kg ha−1), available nitrogen (mg/kg soil), available phosphorus (mg/kg soil), total mi- 34 

crobial count of soil, antioxidant activity of soil (AOA), dehydrogenase, nitrogen fixers, and PSB 35 

counts. The application of bio-fertilizers led to an increase in grain yield and productivity, increase 36 

plant tolerance to salt stress, and an increase in various traits with applied the treatments that in- 37 

clude bio-fertilizers and a 25% saving in the cost of mineral fertilizers used in barley production. 38 

Keywords: biofertilizers; salinity; NPK fertilizers; microbial activity; soil antioxidant; barley 39 

(Hordeum vulgare). 40 

 41 

1. Introduction 42 

Barley (Hordeum vulgare L.) is one of the most important cereal crops. It is a du- 43 
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al-purpose crop as it can be used as fodder and also one of the most important cover 44 

crops to enhance soil fertility. From a nutritional standpoint, its importance is because it 45 

is high in essential nutrients, protein, carbohydrates, fats and fiber [1]. Barley is a mod- 46 

erately salt-tolerant crop and has the ability to cultivate in a broad range of ecological 47 

stresses, including saline, drought, heating conditions [2,3]. In arid and semi-arid regions, 48 

salinity is one of the main abiotic stresses that negatively influence crop productivity and 49 

quality [4,5]. In Egypt the total salt affected area are about 0.9 M ha [6-8]. In Egypt, as a 50 

result of the prevailing environmental and climatic conditions, especially in reclamation 51 

areas, plants are showing to harsh climatic factors, such as high temperatures and 52 

drought. As a result of these conditions, dissolved salts often accumulate in the soil due 53 

to insufficient filtration of ions and because most of these areas are primarily affected by 54 

salinity [9,10]. Salinity stress lead to many effects, whether direct or indirect, on the 55 

physiological state of the plant by causing changes in metabolism, growth and devel- 56 

opment, and thus leads to decrease in productivity of crops [5,11-13].  57 

Microbial activities and soil populations are negatively affected by high salinity, as it 58 

generally poses environmental stress on rhizospheric bacteria [12-14]. High salinity pre- 59 

vents and hampers various physiological processes, from nutrient absorption to inhibi- 60 

tion of DNA replication and the biosynthesis of macromolecules [16,17]. In addition, high 61 

salinity leads to changes in the proteins concerned in the preliminary attachment steps of 62 

bacteria to plant roots, and it also works to inhibit the activity of bacterial nodules and fix 63 

nitrogen. It also prevents and reduces the movement of bacteria and their chemical at- 64 

traction to plant roots [18-20].  65 

In recent years the use of chemical fertilizers in agriculture has led to increase the 66 

rate of self-sufficiency in food production in the world, but this has been at the expense of 67 

the ecosystem and the safety of all living organisms [21-23]. Excessive use of chemical 68 

fertilizers over the past few decades has led to numerous negative impacts on soil quality 69 

and fertility and increased suitability of agricultural resources, such as increased soil sa- 70 

linity and negative impacts on the ecosystem and human health [24,25]. Environmental 71 

difficulties resulting from unbalanced applications of chemical fertilizers have had det- 72 

rimental effects on biological cycles. Therefore, reducing the use of chemicals fertilizers in 73 

agricultural areas is of huge importance in order to protect plant health, reduce envi- 74 

ronmental pollution, and reduce production costs. To meet agricultural production re- 75 

quirements, beneficial microorganisms are the best alternatives to traditional farming 76 

methods. Microorganisms in the soil are very essential for the growth and development 77 

of plants. They play a major role in soil fertility, increasing the content and biodiversity of 78 

the soil, and facilitating nutrients for the plant [21-23]. Therefore, the importance of using 79 

bio-fertilizer with microorganisms such as phosphate-dissolving bacteria, fixing nitro- 80 

gen, and plant growth-promoting rhizobacteria (PGPR) appears in order to increase 81 

productivity and preserve the environment. The use of these microorganisms represents 82 

environmentally friendly alternatives, and plant growth-promoting rhizobacteria (PGPR) 83 

are free-living bacteria in the roots of soil-borne plants that colonize them. They em- 84 

ployment to improve plant growth and productivity either directly, by providing plants 85 

with nutrients they lack in the soil as an alternative to the use of chemical fertilizers, or 86 

indirectly by plant protection from plant pathogens through soil is widely used as an al- 87 

ternative to mineral fertilizers and chemical pesticides due to its environmentally 88 

friendly nature [26,27]. Moreover, they are incorporated into many bioactivities of the 89 

soil system and synthetic pesticides to make them active for nutrient movement and vi- 90 

able for crop production [28]. In addition, through its ability to fix N2, it works to en- 91 

hance promote plant growth, soluble mineral phosphate and other nutrients, regulate 92 

soil nutrients, synthesize various plant growth hormones, protect plants from plant 93 

pathogens, improve soil structure, and mitigate the effect of abiotic stress e.g. salinity, 94 

drought, acidity, humidity, bioremediation of different classes of toxic heavy metals and 95 

degradation of synthetic chemical compounds [29-35]. In addition to the previously 96 

mentioned functions of PGPRs, it also play a major role in plant defense in various ways 97 
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by producing antibiotics, volatiles, bio-surfactants, siderophores, and enzymes that de- 98 

nature the cell wall and bring systemic resistance [36,37]. Biologically, Azotobacter and 99 

Azospirillum are aerobic heterotrophs that have the ability to fix atmospheric nitrogen 100 

and make it available to plants. Azotobacter also secretes some hormones such as gib- 101 

berellin, thiamine, indole acid, and some sugars that work to improve soil properties 102 

[38-42]. Some previous studies reported that the use of fertilizers containing Azotobacter 103 

bacteria led to a reduction in the recommendation for nitrogen fertilizers for barley by 104 

20% [43-45].  105 

Biofertilizers are distinguished from chemical fertilizers in that they are considered 106 

safer than chemical fertilizers for some reasons, including that they are less expensive, 107 

that they cause less environmental damage, that their activity is more concentrated, and 108 

that they are more efficient when used in smaller quantities [23,37,46]. Moreover, they 109 

also have the ability to reproduce while being simultaneously regulated by the plant and 110 

local microbes. Furthermore, microbial inoculants have faster decomposition processes 111 

and do not cause an increase in pathogens and pests to develop tolerance [23,37,47,48].  112 

An additional advantage of bio-inoculants is that they do not show any harmful ef- 113 

fect on plant and animal life in the soil. Therefore, they are considered environmentally 114 

friendly and highly efficient. They can also be used many times as biocides that do not 115 

have any damaging effect on plant productivity. In the direction of increase organic 116 

carbon in the soil, support sustainability in agricultural production, and meet the plant’s 117 

need for mineral nutrients, which can only be provided when using chemical fertilizers 118 

directly or indirectly, you also need in addition to organic fertilizer and bio-fertilizers 119 

[37,48-50]. The expression bio-fertilizers refers to a broad range of products that contain 120 

live or inactive microorganisms, including bacteria, algae, fungi, and actinomycetes. 121 

These products are used and applied for many purposes. They work to fix atmospheric 122 

nitrogen, dissolve and mobilize soil nutrients, or one of these processes, in addition to it 123 

secretes substances that promote plant growth [51-54]. Currently, biofertilizers are 124 

available as alternatives to traditional chemical fertilizers or are used to reduce the 125 

amounts of chemical fertilizers used [55,56].  126 

The production of biofertilizers is increasing year after year, and the size of the bio- 127 

fertilizer market is expected to increase and expand to include larger areas. The world’s 128 

biofertilizer market value reached 3.14 billion US dollars in 2022, and its value is expected 129 

to reach 5.2 billion US dollars by 2032, at a compound annual growth rate (CAGR) is 130 

11.3% between 2023 and 2032 [45,57]. Therefore, many researchers have attempted to 131 

reduce the doses used for chemical fertilizers by using bio-fertilizers in different treat- 132 

ments containing both in gradual and varied proportions [51,58]. It was found that the 133 

use of bacteria alone or in combination with mineral fertilizers enhanced the growth of 134 

roots and shoots of corn seedlings in sodium saline soil [59]. In another study, sunflower 135 

plant productivity was enhanced by reducing the use of chemical fertilizers and their 136 

harmful effects on soil health and the environment by combining PGPR with half the 137 

recommended dose of chemical fertilizers [60,61]. 138 

Nitrogen is one of the important nutrients for plants, as they need it in different 139 

stages of growth. It is also an important part of amino acids, proteins, enzymes, and 140 

protoplasm. In addition, N is part of a cofactor such as NAD and NADH in amino acid 141 

formation reactions in cells [23,62-65]. Phosphorus, it is an essential and main element in 142 

plant nutrition, as it plays an important role in the processes of growth, formation and 143 

division of cells, the formation and development of seeds, and in the synthesis of energy 144 

compounds such as CTP, ATP, and GTP, [64-67]. As for potassium, it plays a major role 145 

in the processes of plant growth and development, as it is of great importance in the 146 

process of photosynthesis. It also works to increase cell division and the plant’s resistance 147 

to abiotic and biotic stresses [68-71].  148 

Thus the present study was conducted with the objective of studying the impact of 149 

bio-fertilizer treatments and three diverse levels of mineral fertilizer (50, 75 and 100%) of 150 

the recommended dose on the growth, grain yield, productivity and chemical composi- 151 
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tion of barley (Hordeum vulgare L) under salinity conditions in newly reclaimed lands and 152 

attainment a treatment to reduce the amounts of mineral fertilization used and thus re- 153 

duce the expenditure of production and improve the environment. 154 

2. Materials and Methods 155 

2.1. The experiment site: 156 

During the two successive seasons in 2019 and 2020 years in new reclaimed sandy 157 

salt affected soil at Village 13, Farafra Oasis (Latitude: 27° 3' 24" N; Longitude: 27° 58' 11" 158 

E), New Valley Governorate, Egypt, two field experiments were conducted to study the 159 

response of barley plant (Hordeum vulgare, L. c.v. Giza-123) to three levels of recom- 160 

mended of mineral fertilizer NPK (50, 75 and 100%) and inoculation by Azotobacter 161 

chrococcum (in the form of a commercial biofertilizer compound for nitrogen fixation, 162 

Rhizobacterien), Bacillus subtilis as phosphate-solubilizing bacteria (PDB) (in the form of 163 

a commercial biofertilizer compound to fix nitrogen, Phosphorene), mixture of Pseudo- 164 

monas, Azotobacter, Bacillus and Rhizobium (in the form of a commercial biofertilizer 165 

compound for nitrogen fixation, Mycrobein), and without inoculation as control. The 166 

three biofertilizers was used at the rate of Rhizobacterien 2.4 kg, Phosphorien 1.4 kg, 167 

Mycrobein 1 kg per 143 kg barley grains ha−1. Inoculation of barley grains with Rhizo- 168 

bacterien, Phosphorien, and Mycrobein was carried out after coating the grains with an 169 

adhesive material (gum arabic 5%), then planting and irrigating them immediately after 170 

inoculation. The soil and irrigation water analysis for the experiment are described in 171 

Table 1. 172 

Table 1. Physical and Chemical Analysis of Pre-cultivated Soil and Irrigated Water for the exper- 173 
iment site. 174 

Sample Depth (cm)  Physical properties %    Soil texture 

0-30  Sand  Silt  Clay    Sandy silt loam 

    51.95  25.73 22.32       
Chemical analysis 

Cation meq/l  Anion meq/l 

pH E.C 

ds.m-1 

Ca-

Co3% 

O.M% T.N% Ca+2 Mg+2 Na+ K+ Co3-2 HCo3 Cl- So4-2 

8.67  8.24 4.29  0.56  0.09  25.2  7.83  44.35  5.34  0.92  15.67  48.9  5.92 

Chemical analysis of irrigation water 
Cation meq./l Anion meq./l 

pH E.C 

ds.m-1 

Ca+2 Mg+2 Na+ K+  CO3-2 HCO3- Cl- SO4-2 

7.62  2.34 5.37  3.12  5.43  0.25   1.63  12.37 4.23 6.18 

 175 

2.2. Experimental design and management: 176 

Over two years, two field experiments with 12 treatments were conducted in three 177 

replications in a randomized complete block design (RCBD). The treatments included 178 

Without bio-fertilizer + 50% NPK (T1), Phosphorin + 50% NPK (T2), Rhizobacterien + 50% 179 

NPK (T3), Mycrobein + 50% NPK (T4), Without bio-fertilizer + 75% NPK (T5), Phosphorin 180 

+ 75% NPK (T6), Rhizobacterien + 75% NPK (T7), Mycrobein+ 75% NPK (T8), Without 181 

bio-fertilizer + 100% NPK (T9), Phosphorin + 100% NPK (T10), Rhizobacterien + 100% 182 

NPK (T11), Mycrobein + 100% NPK (T12).  183 

According to agricultural practices for growing barley in Egypt, the recommended 184 

dose of mineral fertilizers was as follows: nitrogen fertilizers were applied at a rate of 180 185 

kg N ha−1 added in the form of ammonium nitrate fertilizer (33.5 % N) in three equivalent 186 

parts, the first part was fertilized 21 days after planting (DAS), the second was at 35 DAS, 187 

and the third part was added at 50 DAS. As for phosphorus, it was fertilized at a rate of 188 
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62 kg P2O5 ha−1, in the form of calcium superphosphate fertilizer (15.5 % P2O5) at a rate of 189 

400 kg per hectare. As for potassium fertilizer, it was added at a rate of 71 kg K2O ha−1 in 190 

the form of potassium sulfate (48 % K2O) in one dose with the first dose of nitrogen ferti- 191 

lizer. The seed rate used was 154.76 kg ha-1 of barley grain and sowing was done on 1st 192 

December for both seasons following all other cultural practices recommended for 193 

planting barley fields. Each plot had 4 ridges, where, the length of the ridge was 3.50 m 194 

and its width was 70 cm. thus, the area of the piece was 11.2 m2. 195 

 196 

2.3. Data Recoded 197 

2.3.1. Agronomic traits 198 

At harvest, ten plants were randomly selected from each plot to evaluate plant 199 

height (cm), spike Length (cm), spikes weight (g), number of grains spike−1, number of 200 

spikes/m2, 1000-grain weight, grain yield (Ton ha-1), straw yield (Ton ha-1), and biological 201 

yield (Ton ha-1). 202 

2.3.2. Chemical composition  203 

According to AOAC [72], the micro-Kjeldahl method was followed and used to 204 

evaluate total N in grains and straw. The protein content of grain and straw was esti- 205 

mated by multiplying the total nitrogen by 4.64 [73]. The reduced chlorostannous re- 206 

duced molybdophosphoric blue color method as according to Chapman and Parker [74], 207 

was used to determine the phosphorus content (P%) colorimetrically. The flame photo- 208 

metric method according to Page et al [75], was used to determine the potassium content 209 

(K%) in digested plant materials. The uptake of N, P, and K (kg ha−1) in grains and straw 210 

was determined and estimated by multiplying the yield of grains or straw by their N%, 211 

P%, and K% content, respectively. 212 

 213 

2.3.4. Soil bio-activity  214 

The method of Allen [76], was followed to estimate the total microbial counts. While 215 

the activity of dehydrogenase (DHA) enzyme in the rhizosphere soil was measured ac- 216 

cording to the method Casida et al [77], to estimate microbial activity, the antioxidant 217 

activity in the rhizosphere soil was also evaluated after the extraction procedure carried 218 

out by Rimmer and Abbott [78].  219 

 220 

2.4. Statistical Analysis  221 

The Casella method [79], was followed to analyze the data statistically using analy- 222 

sis of variance (ANOVA) for a randomized complete block design using Costat version 223 

6.303 [80]. Treatment means were compared by performing Duncan's multiple range test 224 

at 0.05 probability level by Waller and Duncan [81]. 225 

3. Results 226 

The treatment by bio-fertilizers with rates of the recommended dose of mineral fer- 227 

tilizers under salinity stress conditions gave the highest values of PH, Sp L, Sp W, G/Sp, 228 

1000-GW, GY (Ton ha-1), Straw Y (Ton ha-1), biological Y (Ton ha-1), N/Grain (Kg h-1), 229 

K/Grain (Kg h-1), P/Grain (Kg h-1), N/Straw (Kg h-1), K/Straw (Kg h-1) and P/Straw (Kg h-1) 230 

as well as studied traits at the second and first year, respectively. 231 

The combinations of Mycrobein + 75% NPK (T8) followed by Rhizobacterien + 75% 232 

NPK (T7) next by fertilization with Mycrobein + 100% NPK (T12), gave the highest values 233 

for most of the studied traits, (Table 1, Table 2 and Figure 1,2,3 and 4).    234 

The data showed that significant differences were obtained in plant height, spike 235 

length, and spikes weight of barley between the treatments in both studied seasons, Table 236 

1. In this trend, the tallest plants were obtained with treatments; Mycrobein + 75% NPK 237 

(T8), Mycrobein + 100% NPK (T12) and Rhizobacterien + 75% NPK (T7), followed by 238 

Mycrobein + 50% NPK (T4), and the increase percentage was by 32.70, 30.69, 23.22, and 239 

14.81% in the first year, while the increase in second was by 28.76, 24.76, 20.86 and 22.38% 240 

over recommended dose of mineral fertilizer. On the other hand, the increase over the 241 
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same dose of mineral fertilizer application treatments were; 34.29, 30.69, 24.70, 42.29 and 242 

33.82, 24.76, 25.62, 56.35%, in the first and second year, respectively. 243 

The highest values of spike length were recorded at harvest with the applied pa- 244 

rameters; Mycrobein + 75%NPK (T8), Mycrobein + 100% NPK (T12) and Rhizobacterien + 245 

75% NPK (T7), with an increase of 32.32, 30.30, 23.23 and 28.85, 25.00, 21.15% compared 246 

with the recommended dose of mineral fertilizers i.e. treatment : without bio-fertilizer + 247 

100% NPK (T9) in both seasons respectively. While, the increase over the same dose of 248 

mineral fertilizer application treatments without bio-fertilizer were; 33.67, 30.30, 24.49, 249 

and 34.00, 25.00, 26.00%, in the first and second year, respectively, (Table 1). 250 

Table 1. The effect of treatment with bio-fertilizers and reducing mineral fertilizers by percentages 251 
of the recommended dose of mineral fertilizers (RDP) on plant height, spike length, and spikes 252 
weight of barley variety Giza 123 in the years 2018/2019 and 2019/2020. 253 

Treatments  
Plant height (cm) Spike Length (cm) Spikes weight (g) 

2018/2019 2019/2020 2018/2019 2019/2020 18/2019 2019/2020 

Without bio-fert.+50% 

NPK 
68.1 ± 0.4 72.4 ± 1.3 8 ± 0.4 8.1 ± 0.2 1.6 ± 0.1 1.6 ± 0.1 

Phosphorin+50% NPK 82.1 ± 1.6 87.4 ± 1.6 9.6 ± 0.2 9.8 ± 0.2 2.2 ± 0.1 2.3 ± 0.1 

Rhizobacterien+50% NPK 92.4 ± 0.5 98.6 ± 1.8 10.8 ± 0.2 11.1 ± 0.5 2.4 ± 0.1 2.4 ± 0.1 

Mycrobein+50% NPK 96.9 ± 0.4 113.2 ± 1.6 10.2 ± 0.3 12.7 ± 0.4 2.4 ± 0.1 2.5 ± 0.1 

Without bio-fert.+75% 

NPK 
83.4 ± 1.5 89 ± 0.8 9.8 ± 0.3 10 ± 0.5 2.3 ± 0.1 2.3 ± 0.1 

Phosphorin +75% NPK 97.5 ± 1.7 105.3 ± 1.7 11.4 ± 0.5 11.8 ± 0.4 2.4 ± 0.1 2.6 ± 0.1 

Rhizobacterien +75% NPK 104 ± 0.8 111.8 ± 2 12.2 ± 0.6 12.6 ± 0.6 3.8 ± 0.2 4 ± 0.2 

Mycrobein+75% NPK 112 ± 1.8 119.1 ± 1.6 13.1 ± 0.6 13.4 ± 0.6 4 ± 0.2 4.1 ± 0.2 

Without bio-fert.+100% 

NPK 
84.4 ± 2.1 92.5 ± 1.4 9.9 ± 0.5 10.4 ± 0.5 3.1 ± 0.1 3.1 ± 0.1 

Phosphorin +100% NPK 93.3 ± 2 101.3 ± 1.8 10.9 ± 0.5 11.4 ± 0.5 3.7 ± 0.2 3.9 ± 0.2 

Rhizobacterien +100% 

NPK 
98.2 ± 1.9 103.1 ± 1.8 11.5 ± 0.5 11.6 ± 0.5 4.1 ± 0.2 4.2 ± 0.2 

Mycrobein+100% NPK 110.3 ± 1.7 115.4 ± 1.6 12.9 ± 0.6 13 ± 0.6 4.1 ± 0.2 4.2 ± 0.2 

Different letters next to the values point to significant differences at p ≤ 0.05 according to 254 
Duncan’s multiple range test. 255 

 256 

Rhizobacterien + 100% NPK (T11), Mycrobein + 100% NPK (T12), and Mycrobein + 257 

75% NPK (T8) Rhizobacterien + 75% NPK (T7) achieved the heaviest weight of spikes. 258 

The increase in the spike weight compared with recommended dose of mineral fertilizer 259 

without bio-fertilizer (T9), was by the percentage of 32.26, 32.26, 29.03, 22.58, and 35.48, 260 

35.48, 32.26, 29.03%, in the first and second year, while the percentage of increase com- 261 

pared with the same dose of mineral fertilizer without bio-fertilizer, was by 32.26, 32.26, 262 

73.91, 65.22, and 35.48, 35.48, 78.26, 73.91 % in the first and second year, respectively 263 

(Table 1). 264 

For number of grains spik-1, Mycrobein + 100% NPK (T12), Rhizobacterien +100% 265 

NPK (T11), Mycrobein + 75% NPK (T8) and Rhizobacterien + 75% NPK (T7), gave the 266 

highest values 68.5, 68.7, 63.9, 65.7, and 71.5, 71.6, 67.3, 69.2, at the first year and second 267 

year, respectively, Figure 1. With increase percentage over to the recommended dose of 268 
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mineral fertilizer without bio-fertilizer (T9); 34.97, 34.58, 76.98, and 72.12, 36.12, 35.93, 269 

29.08, 25.54%, at the first year and second year, respectively. Meanwhile, the increase 270 

percentage over the same dose of mineral fertilizer without bio-fertilizer were; 34.97, 271 

34.58, 74.27, 69.50, and 36.12, 35.93, 76.98, 72.12%, in the first year and second year, re- 272 

spectively, Figure 1. 273 

With regard to number of spiks m-2, the treatments Mycrobein +75% NPK (T8), My- 274 

crobein + 100% NPK (T12), Rhizobacterien + 75% NPK (T7), Rhizobacterien + 100% NPK 275 

(T11), and Phosphorin  + 75% NPK (T6), gave the highest values; 410.4, 395.4, 388.4, 276 

384.5, 376.1, and 509.1, 473.3, 463.7, 444.8, 436, at the first year and second year, respec- 277 

tively, Figure 1. With increase percentage over to the recommended dose of mineral fer- 278 

tilizer without bio-fertilizer (T9); 23.39, 18.88, 16.78, 15.60, 13.08, and 50.00, 39.45, 36.62, 279 

31.05, 28.46%, at the first year and second year, respectively. Meanwhile, the increase 280 

percentage compared the same dose of mineral fertilizer without bio-fertilizer were; 281 

19.51, 18.88, 15.60, 13.10, 11.09, and 59.04, 39.45, 31.05, 44.86, 23.57%, in the first year and 282 

second year, respectively, Figure 1. 283 

Concerning 1000-grain weight (g), Mycrobein + 100% NPK (T12), Rhizobacterien + 284 

100% NPK (T11), Mycrobein + 75% NPK (T8), Rhizobacterien  + 75% NPK (T7), and 285 

Phosphorin + 100% NPK (T10), gave the highest values 67.8, 67.3, 64.9, 63.1, 61, and 71.7, 286 

71.6, 69.3, 67.4, 65.4, at the first year and second year, respectively, Figure 1. The per- 287 

centage increase over the recommended dose (T9) were; 34.79, 33.80, 29.03, 25.45, 21.27, 288 

and 36.31, 36.12, 31.75, 28.14, 24.33%, in the first year and second year, respectively. 289 

Meanwhile, the increase over the same dose of mineral fertilizer without bio-fertilizer 290 

were; 34.79, 33.80, 74.93, 70.08, and 36.31, 36.12, 77.24, 72.38%, in the first year and second 291 

year, respectively, Figure 1. 292 
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Figure 1. Effect of bio-fertilizers and reduction of the recommended dose of mineral fertilizers 304 
(RDP) on number of grains spike−1, no. of spikes/m2 and 1000-grain weight (g) of barley under sa- 305 
line conditions during 2018/2019 and 2019/2020 seasons. Different letters next to the values point to 306 
significant differences at p ≤ 0.05 according to Duncan’s multiple range test. 307 
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Regarding grain yield (Ton ha-1), Mycrobein + 75% NPK (T8), Rhizobacterien + 75% 309 

NPK (T7), Mycrobein + 100% NPK (T12), gave the highest values 5.9, 5.6, 5.7, and 6.5, 6.2, 310 

6.1 Ton ha-1, at the first year and second year, respectively, followed by Mycrobein + 50% 311 

NPK (T4), Rhizobacterien + 100% NPK (T11), Phosphorin + 100% NPK (T10), Phosphorin 312 

+ 75% NPK (T6), Rhizobacterien + 50% NPK (T3), and Phosphorin + 50%  NPK (T2), 313 

which gave the values 5.4, 5.4, 5.3, 5.3, 5.2, 5.1, and 5.5, 5.7, 5.4, 5.5, 5.4, 5.2 Ton ha-1, at the 314 

first year and second year, respectively, Figure 2. The percentage increase compared with 315 

the recommended dose (T9) were; 51.28, 46.15, 43.59, 38.46, 38.46, 35.90, 35.90, 33.33, 316 

30.77, and 62.50, 52.50, 55.00, 37.50, 42.50, 37.50, 35.00, 35.00, 30.00%, in the first year and 317 

second year, respectively. Meanwhile, the increase compared with the same dose of 318 

mineral fertilizer without bio-fertilizer were; 47.50, 40.00, 46.15, 58.82, 38.46, 35.90, 32.50, 319 

52.94, 50.00, and 58.54, 51.22, 52.50, 48.65, 42.50, 35.00, 34.15, 45.95, 40.54%, in the first 320 

year and second year, respectively, Figure 2. 321 
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Figure 2. Effect of bio-fertilizers and reduction of the recommended dose of mineral fertilizers 331 
(RDP) on grain yield (Ton ha-1), straw yield (Ton ha-1) and biological yield (Ton ha-1) of barley un- 332 
der saline conditions during 2018/2019 and 2019/2020 seasons. Different letters next to the values 333 
point to significant differences at p ≤ 0.05 according to Duncan’s multiple range test. 334 
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 335 

For straw yield (Ton ha-1), Mycrobein + 75% NPK (T8), Mycrobein + 100% NPK 336 

(T12), Rhizobacterien + 75% NPK (T7), Mycrobein + 50% NPK (T4), Rhizobacterien + 337 

100% NPK (T11), Phosphorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), Rhizo- 338 

bacterien + 50% NPK (T3), Phosphorin + 50% NPK (T2), and Without bio-fertilizer + 75% 339 

NPK (T5), gave the highest values 8, 7.7, 7.5, 7.3, 7.3, 7.2, 7.1, 6.9, 6.8, 5.3, and 8.6, 8.1, 8.3, 340 

7.4, 7.6, 7.4, 7.2, 7.2, 6.9, 5.5 Ton ha-1, at the first year and second year, respectively, Figure 341 

2. The percentage increase compared with the recommended dose (T9) were; 53.85, 48.08, 342 

44.23, 40.38, 40.38, 38.46, 36.54, 32.69, 30.77, and 59.26, 50.00, 53.70, 37.04, 40.74, 37.04, 343 

33.33, 33.33, 27.78%, in the first year and second year, respectively. Meanwhile, the in- 344 

crease over the same dose of mineral fertilizer without bio-fertilizer were;  50.94, 48.08, 345 

41.51, 62.22, 40.38, 35.85, 36.54, 53.33, 51.11, and 56.36, 50.00, 50.91, 51.02, 40.74, 34.55, 346 

33.33, 46.94, 40.82%, in the first year and second year, respectively, Figure 2. 347 

Concerning biological yield (Ton ha-1), Mycrobein + 75% NPK (T8), Mycrobein + 348 

100% NPK (T12), Rhizobacterien + 75% NPK (T7), Mycrobein + 50% NPK (T4), Rhizo- 349 

bacterien + 100% NPK (T11), Phosphorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), 350 

Rhizobacterien + 50% NPK (T3), Phosphorin + 50% NPK (T2), and W+75%NPK (T5), gave 351 

the highest values 13.9, 13.5, 13, 12.7, 12.7, 12.5, 12.3, 12.1, 11.9, 9.3, and 15.1, 14.2, 14.4, 352 

12.9, 13.3, 12.9, 12.6, 12.6, 12.1, 9.7 Ton ha-1, at the first year and second year, respectively, 353 

Figure 2. The percentage increase compared with the recommended dose (T9) were; 354 

52.75, 48.35, 42.86, 39.56, 39.56, 37.36, 35.16, 32.97, 30.77, 2.20, and 60.64, 51.06, 53.19, 355 

37.23, 41.49, 37.23, 34.04, 34.04, 28.72, 3.19%, in the first year and second year, respec- 356 

tively. In the meantime, the increase over the same dose of mineral fertilizer without 357 

bio-fertilizer were; 49.46, 48.35, 39.78, 60.76, 39.56, 34.41, 35.16, 53.16, 50.63, 55.67, 51.06, 358 

48.45, 50.00, 41.49, 32.99, 34.04, 46.51, 40.70%, in the first year and second year, respec- 359 

tively, Figure 2. 360 

In relation to protein content %, Mycrobein + 100% NPK (T12), Rhizobacterien + 361 

100% NPK (T11), Mycrobein + 75% NPK (T8), Rhizobacterien + 75% NPK (T7), Phos- 362 

phorin + 100% NPK (T10), gave the highest values 15.5, 15.3, 14.3, 13.9, 13.5, and 15.7, 363 

15.5, 14.7, 14.2, 13.8%, at the first year and second year, respectively, Figure 3. The per- 364 

centage increase compared with the recommended dose (T9) were; 39.64, 37.84, 28.83, 365 

25.23, 21.62, and 41.44, 39.64, 32.43, 27.93, 24.32%, in the first year and second year, re- 366 

spectively. In the interim, the increase compared with the same dose of mineral fertilizer 367 

without bio-fertilizer were; 39.64, 37.84, 74.39, 69.51, 21.62, and 41.44, 39.64, 77.11, 71.08, 368 

24.32%, in the first year and second year, respectively, Figure 3. 369 

Concerning grain N uptake (kg ha-1), Mycrobein + 100% NPK (T12), Rhizobacterien + 370 

100% NPK (T11), Mycrobein + 75% NPK (T8), Rhizobacterien + 75% NPK (T7), Phos- 371 

phorin + 100% NPK (T10), gave the highest values 131.4, 129.1, 121.2, 117.8, 114, and 372 

136.4, 135, 127.4, 123.8, 120.2 kg ha-1, at the first year and second year, respectively, Figure 373 

3. The percentage increase compared with the recommended dose (T9) were; 40.99, 38.52, 374 

30.04, 26.39, 22.32, and 41.05, 39.61, 31.75, 28.02, 24.30 %, in the first year and second year, 375 

respectively. While, the increase over the same dose of mineral fertilizer without 376 

bio-fertilizer were; 40.99, 38.52, 74.64, 69.74, 22.32, and 41.05, 39.61, 77.19, 72.18, 24.30%, in 377 

the first year and second year, respectively, Figure 3. 378 

For grain K uptake (kg ha-1), Mycrobein + 75% NPK (T8), Mycrobein + 100% NPK 379 

(T12), Phosphorin + 75% NPK (T6), Rhizobacterien + 75% NPK (T7), Phosphorin + 100% 380 

NPK (T10), Rhizobacterien + 100% NPK (T11), Mycrobein + 50% NPK (T4), and Rhizo- 381 

bacterien + 50% NPK (T3), gave the highest values 41.6, 40, 38.5, 37.7, 37.7, 36.9, 33, 28.3, 382 

and 54.2, 53.4, 44, 42.9, 42.1, 41.4, 34.6, 31.6 kg ha-1, at the first year and second year, re- 383 

spectively, Figure 3. The percentage increase compared with the recommended dose (T9) 384 

were; 51.27, 45.45, 40.00, 37.09, 37.09, 34.18, 20.00, 2.91, and 89.51, 86.71, 53.85, 50.00, 47.20, 385 

44.76, 20.98, 10.49%, in the first year and second year, respectively. Meanwhile, the in- 386 

crease compare with the same dose of mineral fertilizer without bio-fertilizer were; 60.62, 387 
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45.45, 48.65, 45.56, 37.09, 34.18, 55.66, 33.49, and 94.96, 86.71, 58.27, 54.32, 47.20, 44.76, 388 

53.10, 39.82%, in the first year and second year, respectively, Figure 3. 389 

Concerning grain P uptake (kg ha-1), Mycrobein + 75% NPK (T8), Mycrobein + 100% 390 

NPK (T12), Phosphorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), Rhizobacterien + 391 

75% NPK (T7), Rhizobacterien + 100% NPK (T11), Mycrobein + 50% NPK (T4), and Rhi- 392 

zobacterien + 50% NPK (T3), gave the highest values 16.1, 15.9, 15.5, 15, 14.6, 14.2, 12.7, 393 

10.9, and 16.5, 16.2, 16, 15.2, 15.1, 14.7, 13.1, 12.2 kg ha -1, at the first year and second year, 394 

respectively, Figure 3. The percentage increase compared with the recommended dose 395 

(T9) were; 51.89, 50.00, 46.23, 41.51, 37.74, 33.96, 19.81, 2.83, and 50.00, 47.27, 45.45, 38.18, 396 

37.27, 33.64, 19.09, 10.91%, in the first year and second year, respectively. While, the in- 397 

crease over the same dose of mineral fertilizer without bio-fertilizer were; 61.00, 50.00, 398 

55.00, 41.51, 46.00, 33.96, 54.88, 32.93, and 58.65, 47.27, 53.85, 38.18, 45.19, 33.64, 50.57, 399 

40.23%, in the first year and second year, respectively, Figure 3. 400 
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 409 

Figure 3. Effect of bio-fertilizers and reduction of the recommended dose of mineral fertilizers 410 
(RDP) on protein content %, Grain N, P, and K uptake (kg ha−1) of barley under saline conditions 411 
during 2018/2019 and 2019/2020 seasons. Different letters next to the values point to significant 412 
differences at p ≤ 0.05 according to Duncan’s multiple range test. 413 

 414 

Regarding straw N uptake (kg ha-1), Mycrobein + 100% NPK (T12), Rhizobacterien + 415 

100% NPK (T11), Mycrobein + 75% NPK (T8), Rhizobacterien + 75% NPK (T7), Phos- 416 

phorin + 100% NPK (T10), gave the highest values 83.9, 82.5, 77.5, 75.4, 72.9, and 88, 87.1, 417 

82.3, 80, 77.7 kg ha-1, at the first and second year, respectively, Table 2. The percentage 418 

increase compared with the recommended dose (T9) were; 39.14, 36.82, 28.52, 25.04, 419 

20.90, and 40.13, 38.69, 31.05, 27.39, 23.73%, in the first year and second year, respectively. 420 

In the same time, the percentage increase compared with the same dose of mineral ferti- 421 

lizer without bio-fertilizer were; 39.14, 36.82, 72.61, 67.93, 20.90, and 40.13, 38.69, 75.11, 422 

70.21, 23.73 %, in the first year and second year, respectively, Table 2. 423 

Regarding straw K uptake (kg ha-1), Mycrobein + 50% NPK (T4), Mycrobein + 100% 424 

NPK (T12), Mycrobein + 75% NPK (T8), Phosphorin + 100% NPK (T10), Rhizobacterien + 425 

100% NPK (T11), and Rhizobacterien + 75% NPK (T7), gave the highest values 31.9, 31.3, 426 

28.7, 28.3, 27.5, 26.8, and 33.2, 32.6, 29.9, 29.5, 28.6, 27.9 kg ha-1, at the first year and second 427 

year, respectively, Table 2. The percentage increase compared with the recommended 428 

dose (T9) were; 19.92, 39.14, 28.52, 20.90, 36.82, 25.04, and 19.86, 40.13, 31.05, 23.73, 38.69, 429 

27.39%, in the first year and second year, respectively. In the interim, the increase over 430 

the same dose of mineral fertilizer without bio-fertilizer were; 58.71, 17.67, 15.26, 6.39, 431 

3.38, 7.63, and 58.85, 17.69, 15.00, 6.50, 3.25, 7.31%, in the first year and second year, re- 432 

spectively, Table 2. 433 

For straw P uptake (kg ha-1), Mycrobein + 75% NPK (T8), Mycrobein + 100% NPK 434 

(T12), Phosphorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), Rhizobacterien + 75% 435 

NPK (T7), Rhizobacterien + 100% NPK (T11), Mycrobein + 50% NPK (T4), Phosphorin + 436 

50% NPK (T2), and Rhizobacterien + 50% NPK (T3), gave the highest values 17.1, 16.8, 437 

16.7, 16, 15.6, 15.3, 13.4, 12.1, 11.2, and 17.4, 16.8, 16.8, 15.8, 15.8, 15.1, 13.7, 12.6, 12.1 kg 438 

ha-1, at the first year and second year, respectively, Table 2. The percentage increase 439 

compared with the recommended dose (T9) were; 52.68, 50.00, 49.11, 42.86, 39.29, 36.61, 440 

19.64, 8.04, 0.00, and 50.00, 44.83, 44.83, 36.21, 36.21, 30.17, 18.10, 8.62, 4.31%, in the first 441 
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year and second year, respectively. In the meantime, the increase compared with the 442 

same dose of mineral fertilizer without bio-fertilizer were; 64.42, 50.00, 60.58, 42.86, 50.00, 443 

36.61, 55.81, 40.70, 30.23, and 58.18, 44.83, 52.73, 36.21, 43.64, 30.17, 53.93, 41.57, 35.96%, in 444 

the first year and second year, respectively, Table 2. 445 

 446 

Table 2. The effect of treatment with bio-fertilizers and reducing mineral fertilizers by percentages 447 
of the recommended dose of mineral fertilizers (RDP) on nitrogen, phosphorus, and potassium 448 
uptake of straw of Giza 123 barley cultivar in the 2018/2019 and 2019/2020 seasons. 449 

Treatments 
N/Straw K/Straw P/Straw 

2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020 

W+50% NPK 30.9 ± 1.5 33.3 ± 1 20.1 ± 1 20.9 ± 1 8.6 ± 0.4 8.9 ± 0.4 

Phosphorin +50% NPK 43.3 ± 2.1 46.6 ± 0.8 25.6 ± 1.2 26.6 ± 1.2 12.2 ± 0.6 12.6 ± 0.6 

Rhizobacterien +50% NPK 46.6 ± 2.2 49.4 ± 0.6 25.6 ± 1.2 26.8 ± 1.2 11.2 ± 0.5 12.1 ± 0.6 

Mycrobein +50% NPK 47.1 ± 2.2 50.6 ± 0.8 31.9 ± 1.5 33.2 ± 1.5 13.4 ± 0.6 13.7 ± 0.6 

W+75% NPK 44.9 ± 2.1 47 ± 1.2 24.9 ± 1.2 26 ± 1.2 10.5 ± 0.5 11 ± 0.5 

Phosphorin +75% NPK 47.7 ± 2.3 51.6 ± 1.6 25.8 ± 1.2 26.9 ± 1.3 16.7 ± 0.8 16.8 ± 0.8 

Rhizobacterien +75% NPK 75.3 ± 3.5 80 ± 2.9 26.8 ± 1.3 27.9 ± 1.3 15.6 ± 0.7 15.8 ± 0.7 

Mycrobein +75% NPK 85.7 ± 2.9 86.9 ± 2.8 32.1 ± 1.6 32.8 ± 1.5 17.1 ± 0.8 17.4 ± 0.8 

W+100% NPK 60.3 ± 2.9 62.8 ± 2.9 26.6 ± 1.3 27.7 ± 1.3 11.2 ± 0.5 11.6 ± 0.5 

Phosphorin +100% NPK 72.9 ± 3.5 77.7 ± 3.6 28.3 ± 1.4 29.5 ± 1.4 16 ± 0.8 15.8 ± 0.7 

Rhizobacterien +100% NPK 82.5 ± 3.9 85.5 ± 3.2 27.5 ± 1.3 28.6 ± 1.3 15.3 ± 0.7 15.1 ± 0.7 

Mycrobein +100% NPK 83.9 ± 4 85.6 ± 2.9 31.3 ± 1.5 31.3 ± 0.9 16.8 ± 0.8 16.8 ± 0.8 
Different letters next to the values point to significant differences at p ≤ 0.05 according to Duncan’s 450 
multiple range test. 451 

 452 

Regarding available nitrogen (mg/kg soil), application of bio-fertilizer combined 453 

with rates of mineral fertilizer significantly improved the availability of nitrogen in soil, 454 

the treatments;  Mycrobein + 75% NPK (T8), Mycrobein + 100% NPK (T12), Phosphorin + 455 

75% NPK (T6), Phosphorin + 100% NPK (T10), Rhizobacterien + 75% NPK (T7), Rhizo- 456 

bacterien + 100% NPK (T11), Mycrobein + 50% NPK (T4), Phosphorin + 50% NPK (T2), 457 

and Rhizobacterien + 50% NPK (T3), gave the highest values 27.3, 26.7, 24.1, 24.1, 21.3, 458 

20.4, 18.4, 17.3, 16.3, and 28.8, 26.9, 25.6, 24.3, 21.6, 20.9, 19.4, 17.5, 16.7 mg/kg soil, at the 459 

first year and second year, respectively, Figure 4. The percentage increase compared with 460 

the recommended dose (T9) were; 71.70, 67.92, 51.57, 51.57, 33.96, 28.30, 15.72, 8.81, 2.52, 461 

and 72.46, 61.08, 53.29, 45.51, 29.34, 25.15, 16.17, 4.79, 0.00%, in the first year and second 462 

year, respectively. Meanwhile, the increase compared with the same dose of mineral fer- 463 

tilizer without bio-fertilizer were; 76.13, 67.92, 55.48, 51.57, 37.42, 28.30, 84.00, 73.00, 63.00, 464 

and 78.88, 61.08, 59.01, 45.51, 34.16, 25.15, 81.31, 63.55, 56.07 %, in the first year and sec- 465 

ond year, respectively, Figure 4. 466 

For available phosphorus (mg/kg soil), application of treatments of bio-fertilizer 467 

combined with rates of mineral fertilizer significantly improved the availability of 468 

phosphorus in soil, the treatments Mycrobein + 75% NPK (T8), Mycrobein + 100% NPK 469 

(T12), Rhizobacterien + 75% NPK (T7), Phosphorin + 75% NPK (T6), Rhizobacterien + 470 

100% NPK (T11), Phosphorin + 100% NPK (T10), Mycrobein + 50% NPK (T4), and Phos- 471 

phorin + 50% NPK (T2), gave the highest values 10.3, 10.1, 9.7, 9.6, 9.1, 8.9, 7.9, 7, and 11, 472 

10.7, 9.3, 10.2, 9.4, 9.4, 8.4, 7.4 mg/kg soil, at the first year and second year, respectively, 473 

Figure 4. The percentage increase compared with the recommended dose (T9) were; 474 

53.73, 50.75, 44.78, 43.28, 35.82, 32.84, 17.91, 4.48, and 52.78, 48.61, 29.17, 41.67, 30.56, 475 

30.56, 16.67, 2.78%, in the first year and second year, respectively. In the same direction, 476 

the increase over the same dose of mineral fertilizer without bio-fertilizer were; 58.46, 477 
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50.75, 49.23, 47.69, 35.82, 32.84, 51.92, 34.62, and 59.42, 48.61, 34.78, 47.83, 30.56, 30.56, 478 

52.73, 34.55%, in the first year and second year, respectively, Figure 4. 479 

Concerning total microbial count (×105 cfu /g dry soil) was greatly affected by the 480 

application of biofertilizer, the treatments; Mycrobein + 75% NPK (T8), Rhizobacterien + 481 

75% NPK (T7), Mycrobein +100% NPK (T12), Rhizobacterien + 100% NPK (T11), Phos- 482 

phorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), Mycrobein + 50% NPK (T4), 483 

Rhizobacterien + 50% NPK (T3), and Phosphorin + 50% NPK (T2), gave the highest values 484 

201.8, 194.7, 175.9, 158.6, 124.9, 117.6, 90.6, 78.1, 61.4, and 207.3, 197.1, 180.7, 160.6, 126.6, 485 

118.4, 93.9, 80.7, 63.3, 105 cfu /g dry soil, at the first year and second year, respectively, 486 

Figure 4. The percentage increase compared with the recommended dose (T9) were; 487 

361.78, 345.54, 302.52, 262.93, 185.81, 169.11, 107.32, 78.72, 40.50, and 394.75, 370.41, 488 

331.26, 283.29, 202.15, 182.58, 124.11, 92.60, 51.07%, in the first year and second year, re- 489 

spectively. Meanwhile, the increase compared with the same dose of mineral fertilizer 490 

without bio-fertilizer were; 350.45, 334.60, 302.52, 262.93, 178.79, 169.11, 135.32, 102.86, 491 

59.48, and 341.06, 319.36, 331.26, 283.29, 169.36, 182.58, 135.93, 102.76, 59.05%, in the first 492 

year and second year, respectively, Figure 4. 493 

Regarding antioxidant activity of soil ug ascorbic acid /g dry soil (AOA), Mycrobein 494 

+ 75% NPK (T8), Rhizobacterien + 75% NPK (T7), Mycrobein + 100% NPK (T12), Rhizo- 495 

bacterien + 100% NPK (T11), Phosphorin + 75% NPK (T6), Phosphorin + 100% NPK (T10), 496 

Mycrobein + 50% NPK (T4), Rhizobacterien + 50% NPK (T3), and Phosphorin + 50% NPK 497 

(T2), have the maximum impact on increasing the antioxidant activity of soil in both 498 

seasons with values 4.4, 4.2, 4, 3.6, 2.7, 2.5, 2.3, 2.2, 1.9, and 4.6, 4.4, 4.3, 4.1, 2.8, 2.6, 2.4, 2.3, 499 

2.2 ug ascorbic acid /g dry soil, in the first year and second year, respectively, Figure 4. 500 

The percentage increase compared with the recommended dose (T9) were; 144.44, 133.33, 501 

122.22, 100.00, 50.00, 38.89, 27.78, 22.22, 5.56, and 142.11, 131.58, 126.32, 115.79, 47.37, 502 

36.84, 26.32, 21.05, 15.79%, in the first year and second year, respectively. Meanwhile, the 503 

increase compared with the same dose of mineral fertilizer without bio-fertilizer were; 504 

193.33, 180.00, 122.22, 100.00, 80.00, 38.89, 91.67, 83.33, 58.33, and 187.50, 175.00, 126.32, 505 

115.79, 75.00, 36.84, 84.62, 76.92, 69.23%, in the first year and second year, respectively, 506 

Figure 2.   507 

Concerning dehydrogenase (enzyme μg TPF/g dry soil/24h), results indicated that 508 

the treatments; Rhizobacterien + 75% NPK (T7), Mycrobein + 75% NPK (T8), Rhizobac- 509 

terien + 100% NPK (T11), Mycrobein + 100% NPK (T12), Rhizobacterien + 50% NPK (T3), 510 

Phosphorin + 75% NPK (T6), Mycrobein + 50% NPK (T4), Phosphorin + 100% NPK (T10), 511 

and Phosphorin + 50% NPK (T2), obtained the highest values 29.5, 27.3, 26.7, 23.8, 22.5, 512 

20.7, 20.4, 19.6, 16.3, and 30.3, 28, 27.4, 24.4, 23.1, 21.2, 20.9, 20.1, 16.7 μg TPF/g dry 513 

soil/24h, at the first year and second year, respectively, Figure 4. The percentage increase 514 

compared with the recommended dose (T9) were; 383.61, 347.54, 337.70, 290.16, 268.85, 515 

239.34, 234.43, 221.31, 167.21, and 380.95, 344.44, 334.92, 287.30, 266.67, 236.51, 231.75, 516 

219.05, 165.08%, in the first year and second year, respectively. While, the increase com- 517 

pared with the same dose of mineral fertilizer without bio-fertilizer were; 383.61, 347.54, 518 

337.70, 290.16, 341.18, 239.34, 300.00, 221.31, 219.61, and 380.95, 344.44, 334.92, 287.30, 519 

344.23, 236.51, 301.92, 219.05, 221.15%, in the first year and second year, respectively, 520 

Figure 4.  521 

Regarding nitrogen fixers (MPN/gm dry soil) 103, application of treatments of; My- 522 

crobein + 75% NPK (T8), Rhizobacterien + 75% NPK (T7), Mycrobein +100% NPK (T12), 523 

Phosphorin + 100% NPK (T10), Rhizobacterien +100% NPK (T11), Phosphorin + 75% NPK 524 

(T6), Mycrobein + 50% NPK (T4), Rhizobacterien + 50% NPK (T3), and Phosphorin + 50% 525 

NPK (T2), showed the highest values 177.7, 176.7, 143, 129.7, 126.6, 123.6, 73.5, 70.5, 61.3, 526 

and 177.7, 177.7, 145, 130.7, 128.7, 125.6, 75.6, 71.5, 63.3 (MPN/gm dry soil) 10^3, at the 527 

first year and second year, respectively, Figure 4. The percentage increase compared with 528 

the recommended dose (T9) were; 412.10, 409.22, 312.10, 273.78, 264.84, 256.20, 111.82, 529 

103.17, 76.66, and 382.88, 382.88, 294.02, 255.16, 249.73, 241.30, 105.43, 94.29, 72.01%, in the 530 

first year and second year, respectively. In the same time, the increase over the same dose 531 
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of mineral fertilizer without bio-fertilizer were; 427.30, 424.33, 312.10, 273.78, 264.84, 532 

266.77, 148.31, 138.18, 107.09, and 382.88, 382.88, 294.02, 255.16, 249.73, 241.30, 138.49, 533 

125.55, 99.68%, in the first year and second year, respectively, Figure 4. 534 

The phosphate solubilizing bacteria (PSB) count (CFU/gm of dry soil) was signifi- 535 

cantly affected by the use of biofertilizers as application of treatments; Phosphorin + 536 

100% NPK (T10), Phosphorin + 75% NPK (T6), Mycrobein + 75% NPK (T8), Rhizobacter- 537 

ien + 75% NPK (T7), Mycrobein + 100% NPK (T12), Rhizobacterien + 100% NPK (T11), 538 

Phosphorin + 50% NPK (T2), Mycrobein + 50% NPK (T4), and Rhizobacterien  + 50% 539 

NPK (T3), to obtain the highest values 49, 45.9, 44.9, 38.8, 36.8, 28.6, 22.5, 18.4, 15.3, and 540 

50, 48, 47, 39.8, 36.8, 29.6, 23.5, 20.4, 17.4 (CFU/gm dry soil), at the first year and second 541 

year, respectively, Figure 4. The percentage increase compared with the recommended 542 

dose (T9) were; 497.56, 459.76, 447.56, 373.17, 348.78, 248.78, 174.39, 124.39, 86.59, and 543 

443.48, 421.74, 410.87, 332.61, 300.00, 221.74, 155.43, 121.74, 89.13%, in the first year and 544 

second year, respectively. Meanwhile, the increase compared with the same dose of 545 

mineral fertilizer without bio-fertilizer were; 497.56, 546.48, 532.39, 446.48, 348.78, 248.78, 546 

268.85, 201.64, 150.82, and 443.48, 485.37, 473.17, 385.37, 300.00, 221.74, 230.99, 187.32, 547 

145.07 %, in the first year and second year, respectively, Figure 4.  548 
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 562 

 563 

 564 

 565 

 566 

Figure 4. Effect of bio-fertilizers and reduction of the recommended dose of mineral fertilizers 567 
(RDP) on available nitrogen (mg/kg soil), available phosphorus (mg/kg soil), total microbial count 568 
×105 cfu /g dry soil, antioxidant activity of soil ug ascorbic acid /g dry soil (AOA), dehydrogenase 569 
(enzyme μg TPF/g dry soil/24h), nitrogen fixers (MPN/gm dry soil) 103 and phosphate solubilizing 570 
bacteria (PDB) counts (CFU/gm dry soil) of barley under saline conditions during 2018/2019 and 571 
2019/2020 seasons. Different letters next to the values point to significant differences at p ≤ 0.05 572 
according to Duncan’s multiple range test. 573 
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4. Discussion 574 

Barley is considered a type of crop that tolerates salt, but barley productivity is af- 575 

fected by salinity stress and osmotic pressures. Salt stress leads to a decrease in the ger- 576 

mination rate and all growth parameters in barley. Treatment and inoculation with PGP 577 

bacteria led to enhancing and increasing plant growth under salinity conditions through 578 

the production of growth-promoting nutrients and growth regulators [82]. 579 

The results in Table 1, 2, and Figure 1, 2, 3, 4 showed that the application of combi- 580 

nation of bio-fertilizers with levels of mineral fertilizers led to a significant increase in 581 

productivity and yield contributed traits of barley plants growing under saline stress.  582 

The results of the current study showed that the most of studied traits showed the 583 

highest values when applying the treatments Mycrobein + 75% NPK (T8), Rhizobacterien 584 

+ 75% NPK (T7), Mycrobein + 100% NPK (T12), especially grain yield (Ton ha-1) and some 585 

related traits, or it may be assigned T12 higher than T8 with a little and insignificant dif- 586 

ference. This indicates the importance of applying bio-fertilizer in reducing NPK mineral 587 

fertilizers doses by 25% without affecting the yield and other characteristics or their de- 588 

crease (Table 1, 2, and Figure 1, 2, 3, 4). The inoculation by bio-fertilizer significantly im- 589 

proved agronomic traits and yield components than the recommended dose of mineral 590 

fertilizer without bio-fertilizer (T9 : without bio-fertilizer + 100% NPK) treatment, and 591 

compared with the same dose of mineral fertilizer without bio-fertilizer. Under saline 592 

conditions, bio-fertilizers promoted plant growth by facilitating enhanced nutrients and 593 

produce growth-promoting substances and growth regulators [37,83,84].  594 

The reason for the increase in yield and its components in treatments received with 595 

bio-fertilizers is mainly due to the beneficial effect of applying bio-fertilizers to the soil, as 596 

this improved the biological, chemical and physical properties of the soil. All of these 597 

effects resulted in an increase in the availability and release of more nutrients available to 598 

the roots plants [85-87].  599 

In the past and during the past years, the focus was on the use of chemical fertiliza- 600 

tion in agricultural production, but with the emergence of problems of environmental 601 

pollution and concern for environmental safety, the search began for alternative meth- 602 

ods, the most important of which, of course, is the use of microorganisms in the soil for 603 

bio-fertilization. Studies have continued around the world on bio-fertilization, where 604 

seeds or soil can be used to inoculate with PGPR, in which microorganisms can multiply 605 

their numbers and participate in nutrient cycling by increasing phosphate solubilization, 606 

nitrogen fixation, and secretion of plant hormones (gibberellins, indole acetic acid, cyto- 607 

kinin, and ethylene), which are necessary for growth and adaptation in a stressful envi- 608 

ronment, which is reflected in increasing the growth and productivity of plants and 609 

various crops for sustainable agriculture [61,88-91]. To increase productivity, plant 610 

growth and sustainable food production, inoculation is carried out with PGPR, which 611 

involves the use of a wide range of soil bacteria. As live, symbiotic rhizobacteria, they 612 

exert their function by colonizing the rhizosphere extracellularly and/or intracellular in 613 

search of a source of carbon [29,88,92].  614 

Microorganisms in bio-fertilizers provide benefits to crop plants in several ways and 615 

mechanisms. It can be effective in fixing nitrogen and dissolving soluble nutrients that 616 

plants need, such as phosphate, zinc, and potassium, in addition to secreting plant 617 

growth-promoting substances, including various hormones, all of which lead to en- 618 

hanced plant growth, or it can have a combination of all these qualities [37,88,93-95].  619 

Bio-fertilizer are distinguished from their chemical counterparts in that they have 620 

several advantages [96,97]. They are important for maintaining the health of the soil, its 621 

fertility and its biological content, as they are considered sound sources of renewable 622 

nutrients necessary for plant growth, in addition to being environmentally friendly and 623 

harmless to it [90,98]. Moreover, microorganisms in Bio-fertilizer show resistance and 624 

antigenic activity against many plant pathogens and combat abiotic stresses [99,100]. 625 

Many microbial strains and genera have been used commercially as effective 626 
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bio-fertilizers, based on their ability to stimulate the solubilization and uptake of nutri- 627 

ents in soil, fix nitrogen from the atmosphere, and act as bio-control agents [88,101,102].  628 

The results showed that bio-fertilizers have the ability to enhance plant growth, due 629 

to their ability to solubilize phosphate and produce organic acids, exopolysaccharides, 630 

and IAA. Therefore, microorganisms with PGP activities can lessen biotic and abiotic 631 

stresses, thus being useful in agricultural fields [103-105]. PGP microbes improve stress 632 

tolerance in plants through various mechanisms; such as the production of antioxidants 633 

that can detoxify reactive oxygen species, which leads to improved growth standards, the 634 

production of growth regulators, and most importantly, increased nutrient content 635 

through nitrogen fixation and dissolution of elements. All of these mechanisms lead to 636 

improving plant health under salt stress [82,106,107].  637 

 638 

Effect of Biofertilizers and Mineral Fertilizer Levels on NPK uptake and protein 639 

Contents:  640 

 641 

The results in (Figure 3 and Table 2) showed that the effects of applying the three 642 

bio-fertilizers containing N2-fixing and P- solubilizing PGPR strains led to a significant 643 

increase in the grain and straw contents of nitrogen, phosphorus, potassium, as well as 644 

protein in the barley plants under study. The highest values of  N, P, K and protein % 645 

contents were obtained from Mycrobein bio-fertilizer inoculation (mixed strains) com- 646 

bined with 75% of NPK level, which increased N contents of grain by 40.64 and 40.64%, P 647 

content by 54.72 and 50.91%, K content by 51.27 and 89.51% and protein content by 43.24 648 

and 42.34% compared with the recommended dose (control) T9 (without bio-fertilizer + 649 

100% NPK) in the two seasons, respectively, Table 6. In the same time, The highest values 650 

of  N, P, and K, uptake were obtained from Mycrobein  bio-fertilizer + 75 % NPK (T8), 651 

which increased N contents of straw by 42.12 and 38.38%, P content by 52.68 and 50.00%, 652 

and K content by 20.68 and 18.41% compared with the same dose of mineral fertilizer 653 

without bio-fertilizer in the two seasons, respectively. 654 

A significant increase was recorded in the levels of nitrogen, phosphorus, and po- 655 

tassium when applying bio-fertilized to barley, corn and wheat plants compared with the 656 

recommended dose (control). A significant increase was also recorded and observed in 657 

the percentage of water- and salt-soluble protein fractions (albumin and globulin) when 658 

applying bio-fertilization [108-110].  659 

 660 

Presence of minerals available in the Rhizosphere of barley plants under saline 661 

conditions 662 

 663 

One of the negative effects of high salinity in natural conditions is that it greatly af- 664 

fects microbial communities in the soil and prevents the mineralization of organic matter 665 

in the soil. This leads to sharp changes in the process of turnover of organic substances 666 

[12,15,59], thus reducing the release of plant nutrients. Here comes the importance of 667 

applying bio-fertilizers are added to the soil under conditions of salinity stress to de- 668 

crease the damaging effects of salinity and increase the numbers of beneficial microbes in 669 

the soil. The data in Figure 4, revealed that application of Mycrobein + 75% NPK (T8) 670 

contained bio-fertilizer combined with 75% mineral fertilizer significantly improved the 671 

availability of nitrogen and phosphorus in soil under current study (Figure 4). Applica- 672 

tion of All treatments containing bio-fertilizers gave values of available nitrogen and 673 

phosphorus much higher than the control treatment (T9), which is the recommended rate 674 

of mineral fertilizers without adding bio-fertilizers. Application of Mycrobein + 75% NPK 675 

(T8) gave the highest values of available nitrogen and phosphorus with increased per- 676 

centage by 71.70, 72.46 for available nitrogen and by 53.73 and 52.78% for available 677 

phosphorus over the control at the studied season, respectively, Figure 4. On the hand, 678 

the application of bio-fertilizer gave values of available nitrogen and phosphorus much 679 

higher than the same dose of mineral fertilizer without bio-fertilizer, the increased per- 680 
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centage for T8 were; 76.13 and 78.88% for available nitrogen, and 58.46 and 59.42% for 681 

available phosphorus over the same dose of mineral fertilizer without bio-fertilizer at the 682 

studied season, respectively, Figure 4 . 683 

Bio-fertilizers containing PGPR bacteria play an necessary role in providing and cy- 684 

cling nutrients in the soil through several processes, including that they participate in 685 

processes such as nitrogen fixation, nitrification, oxidation, ammonification, and other 686 

processes that lead to the decomposition of organic matter in the soil and the release of 687 

vital inorganic plant nutrients in the soil [111-113]. Kurokura et al. [114], shown that the 688 

secretion of organic acids by PGPR contributes significantly to increasing the solubility of 689 

phosphorus and converting it from insoluble to soluble forms [115-117].  690 

The availability of essential nutrients in the soil is very important for plants, as they 691 

mainly depend on them for their development and growth, which serves as a main res- 692 

ervoir through which plants obtain the nutrients necessary for their growth and devel- 693 

opment. Though, the majority of nutrients in soil are in insoluble and un-absorbable 694 

forms, making the availability of these nutrients restricted for plants. Whereas mineral 695 

fertilization is considered an effective and quick method, it is not currently recommended 696 

due to its harmful effects on the ecosystem and soil [118,119]. On the other side, over 697 

time, bio-fertilizer has proven to be an effective means of providing the necessary nutri- 698 

ents to plants and maintaining their the sustainability of the agricultural system and the 699 

ecosystem in general. Bio-fertilizers consist of a variety of beneficial microorganisms that 700 

are able to decompose essential nutrients from insoluble compounds, making them 701 

available to plants. As a result of successive studies on this, there are a large number of 702 

microorganisms, including bacteria, fungi, and actinomycetes, that have properties that 703 

enhance the dissolution of metal ions through various mechanisms, such as changing the 704 

pH of the soil or direct heavy metal removal from metal cations [118-120].  705 

One of the useful indicators for knowing the biological condition and quality of the 706 

soil is to rely on the antioxidant system to determine this [121]. Increased antioxidant ac- 707 

tivity in the soil protects the plant from oxidative stress resulting from high salinity [11]. 708 

Many researchers have also confirmed that there is a close correlation between the total 709 

antioxidant capacity of soil and the number of microbes in different soil types. In addi- 710 

tion, enzymatic and non-enzymatic antioxidants play an vital function in development of 711 

plant and growth, especially in protection mechanisms. Protracted exposure to ecological 712 

stress led to oxidative stress, causing a pathological condition [122]. Several studies re- 713 

ported that peroxidases and phenolic compounds contributed to protecting the plant 714 

from oxidative stress [123,124]. High salinity affects the soil in many ways, including its 715 

effect on microbial communities and their growth in the soil. It also prevents the miner- 716 

alization of organic matter in the soil, this results in severe changes in the rate of organic 717 

matter turnover, thus reducing the release of plant nutrients [84,125]. The results of the 718 

current study showed that the application of bio-fertilizer farms mixed with mineral fer- 719 

tilizer levels led to a significant enhancement in the availability of nitrogen and phos- 720 

phorus in the soils examined (Figure 4).  721 

 722 

Biological activities in the Rhizosphere of barley plants under salinity-affected soil 723 

conditions  724 

 The numbers of microorganisms, or what is known as microbial density, in the soil 725 

are affected by the presence of mineral fertilizers levels, mainly NPK, as well as the levels 726 

of applied bio-fertilizers, as shown in Figure 4. Microbial density increases with the ad- 727 

dition of mineral fertilizers as well as bio-fertilizers, but it increases to a certain limit and 728 

is not a continuous increase. The high dose of mineral fertilizers used in agricultural 729 

systems may lead to restricting the growth of microbes and their activities in the soil 730 

[126,127]. In the same direction, with regard to the effect of bio-fertilizers, the results 731 

showed an increase in microbial density when adding bio-fertilizers in the presence of 732 

the same rate of mineral fertilizer, with a relative decrease in the greater rate of 100% 733 

NPK. The results indicated that the total number of microbes was higher when 75% 734 
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NPK/ha were applied than that obtained at 50% NPK/ha or 100% NPK/ha. Several stud- 735 

ies have revealed that microbial community structure, microbial activity, and soil micro- 736 

bial biomass are decreased by high salinity [128-130]. However, the use of halo tolerant 737 

bacteria with PGP properties enhanced soil microbial biomass through osmolyte pro- 738 

duction [131-133].  739 

The antioxidant system is a very useful indicator of soil quality and the biological 740 

condition of the soil [134-136]. The dehydrogenase enzyme increases with the addition of 741 

bio-fertilizers with the increase in the addition of mineral fertilizers, but it increases to a 742 

certain extent and not a continuous increase. In the same direction and with regard to the 743 

effect of bio-fertilizers, the results showed an increase in the dehydrogenase enzyme 744 

when adding bio-fertilizers in the presence of the same rate of mineral fertilizers, with a 745 

relative decrease in the rate greater than 100%. The results indicated that the dehydro- 746 

genase enzyme was higher when using 75% NPK/ha compared to that obtained at 50% 747 

NPK/ha or 100% NPK/ha, (Figure 4). Increased antioxidant activity in the soil protects the 748 

plant from oxidative stress resulting from high salinity [137,138]. Enzymatic and 749 

non-enzymatic antioxidants play an essential function in plant development and growth, 750 

especially in protection mechanisms [139-141]. Growth of plants under environmental 751 

stresses leads to oxidative stress, causing a pathological condition. Numerous studies 752 

have confirmed the existence of a strong relationship between the number of microbes 753 

and the total antioxidant capacity in soil and in different soil types [142,143].  754 

5. Conclusions 755 

Bio-fertilizers were applied to barley with three compounds. The first compound 756 

contains a various of phosphate solubilizing bacteria, the second compound contains a 757 

variety of bacteria that fixed nitrogen, and the third compound contains many species 758 

from both groups. This led to a significant improvement in all the characteristics under 759 

study, including productivity and grain yield. The results showed that the application of 760 

bio-fertilizers with the addition of 75% of the recommended dose of the mineral fertilizer 761 

was a higher production quantity than that obtained from applying 100% of the mineral 762 

fertilizer with the recommended dose of chemical fertilizers. This reduces the cost of 763 

mineral fertilizers used in barley production under saline stress and provides the nutri- 764 

tional requirements of the plant, which lead to an increase in the growth and productivity 765 

of the barley plant. The application of bio-fertilizers also increased uptake and content of 766 

nutrients in straw, grains and increased the number of microorganisms in the soil, which 767 

led to an increase in the enzyme dehydrogenase and antioxidants and increased availa- 768 

bility of nutrients. 769 
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