



[bookmark: _GoBack]Comparing the Role of Mineral Fertilizer, Organic Fertilizer and Rhizobacteria as Bio-fertilizers in Increasing the Tolerance of Maize Plants (Zea mays L.) to Water Stress

Abstract :
The research aimed to study the possibility of reducing the effect of water stress (1200, 800, 400 mbar) as Ѱ1, Ѱ2, Ѱ3, drought on yellow corn plants by using PGPR 8- rhizobacteria (B8) as biofertilizers (B8 Ѱ 1, B8 Ѱ 2, B8 Ѱ 3) at three levels of water stress (1200, 800, 400) mbar, and to compare it with mineral (M Ѱ 1, M Ѱ 2, M Ѱ 3) and organic fertilizers (O Ѱ 1, O Ѱ 2, O Ѱ 3). fertilization in the presence of a control without adding the biofertilizer by measuring some Growth and productivity indicators and estimation of leaf content of some antioxidant compounds, peroxidase, phenols and proline. The research was carried out during the year 2021-2022 in the village of Al-Hanadi in Latakia Governorate. Yellow corn, Ghouta 82, was planted in experimental plots according to a randomized complete block design (RCBD) with three replications.	Comment by MR.Mamdouh: Use corn or maize along the text
The results showed a decrease in the growth and production of yellow corn plants in all treatments with increasing moisture water stress, accompanied by an increase in the leaf content of total phenolics, proline and peroxidase activity. The plants treated with the B8 biofertilizer maintained the best growth and production with significant differences compared to mineral, organic and control fertilization. At the highest level of moisture water stress Ѱ3, they B8 biofertilizer achieved a production of 6.35 tons/ha compared to (2.1, 3.5, 4.8 tons/ha) for mineral fertilization, organic fertilization and control fertilization, respectively, i.e. an increase of 32.3% over the control, 81.4%  increase over organic fertilization and 202.4% increase over mineral fertilization.
Maize plants treated with B8 biofertilizer significantly outperformed the other treatments and the control in leaf phenolics content and peroxidase activity at the applied moisture water stress levels, and maintained a balanced proline content between 1.7-2.06 μg/g wet fresh weight and less than the control. The highest leaf phenolics content was 65.5 mg/100 g wet fresh weight and peroxidase activity was 0.321 μmol/g due to in treatment B8Ѱ3 treatment. compared to mineral fertilizer 28.2 mg/100 g wet fresh and 0.086 μmol/g at the same level of moisture stress.
We conclude that B8 biofertilizers increased phenolic content and peroxidase enzyme activity in maize leaves and consequently stimulated systemic resistance and reduced the effect of water stress, which was positively reflected on plant growth and productivity. enhancing thus, the possibility of using rhizobacteria as effective B8 biofertilizers in stimulating the resistance of maize (Ghota 82) to water stress, stimulating growth and increasing production.
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Introduction	Comment by MR.Mamdouh: You must mention to mineral fertilizer and organic fertilizer
    Yellow corn (Zea mays L.) is one of the most important strategic and economic crops in the world. It comes in the rank of third after wheat and rice, it is called king Crops. Yellow corn is used in human and animal nutrition, and has various uses in treatment and production of dyes. It is recently used as a biofuel as an alternative to automobile fuel. The importance of the crop has rapidly increased due to the increase in world population, the expansion of livestock projects, and the increasing demand it for biofuel production (Abdul-Hamed and Abood, 2021).Although the Green Revolution has dramatically increased food production over the past 50 years, drought and salinity threaten more than 50% of cultivated land. The 2003 continental-wide drought reduced overall productivity in Europe by 30% (Ciais et al., 2005), and the severe drought in 2012 reduced corn yields in the USA by 25% (Rosenzweig et al., 2014). Drought increases the demand for irrigation by up to 70% of global water consumption (Shiklomanov and Rodda, 2003). It is expected that by 2050, climate change alone will cause the demand for irrigation water to rise by 10% (Wada et al., 2013). The climate change observed in recent years plays a major role in increasing water stress on crops, leading to a decrease in crop productivity (Liu et al., 2017).Thus, simply increasing irrigation infrastructure will not be sufficient to combat drought, so various strategies have been used in the scientific and practical environment as alternatives to mitigate water stress and its negative effects to ensure production in agricultural systems, such as using microbial fertilizers made from plant growth-promoting rhizobacteria (PGPR). ) (Poudel et al., 2021), these microorganisms can provide protection to plants against water deficiency by maintaining moisture levels and providing better root growth and nutrient supply (Niu et al., 2018), and therefore biofertilizers could be one of the available solutions to address water stress conditions, The results of treating yellow corn with biofertilizers under the influence of water stress showed a significant increase in plant height from 92 cm to 97.44 cm, and leaf area from 334.47 cm2 to reach 398.19 cm2 (Castelo Sousa et al., 2023).The study showed an increase in plant productivity when applying biofertilizers under conditions of water stress, (at irrigation 100, 85, 65)% of the field capacity amounting to (11.42, 8.99, 5.22) tons/ha, respectively, compared to the control (9.93, 7.45, 4.14). tons/ha, respectively (Eliaspour et al., 2020a). Exposing yellow corn plants treated with a biofertilizer to severe water stress led to an increase in the leaf content of the peroxidase enzyme by (92.47)%, and the content of phenolics by 57.59% compared to the control under the same stress conditions, which enhances indicating the role of biofertilizers in increasing the drought tolerance (Begum et al. , 2019).The agricultural sector is one of the most important sectors that make up the national income in Syria. It is responsible for meeting the population’s food needs and providing raw materials for most food and manufacturing industries. Since water resources are among the most important main factors determining agricultural production, this justifies the necessity of searching for appropriate means that help the plant withstand water stress in order to exploit the largest possible area under conditions of water scarcity. Therefore, the research aimed to study the effect of types of mineral fertilizer, organic fertilizer and rhizobacteria as biofertilizers on some growth characteristics, and productivity . Production of yellow corn plant grown under  and enhancing its resistance to water stress at different levels of moisture stress.	Comment by MR.Mamdouh: This reference deals with sunflower not corn	Comment by MR.Mamdouh: maize


Research materials and methods:
Plant material, study site, cultivation method and service operations
    The research used yellow corn grains, Ghouta 82, obtained from the Center for Scientific Agricultural Research in Damascus. The research was carried out during the 2021-2022 agricultural season in one of the agricultural lands in the town of Al-Hanadi in Latakia Governorate, and in the laboratories of the Faculty of Agricultural Engineering at Tishreen University in Syria. Yellow maize grains, Ghouta 82, obtained from the Center for Scientific Agricultural Research in Damascus. The land was prepared with deep plowing and surface plowing with leveling the soil surface. It was divided into experimental plots with dimensions of (1.25*3.5) m2, with a plant density rate of 5.71 plants/m2. Planting was done in lines with a distance of 70 cm between the lines and 25 cm between the plants within the line. They were placed in a third. The upper line was in the valley at a depth of 3-5 cm. The well-known agricultural service operations of patching, hoeing and pest control were carried out according to the common and followed scientific methods.	Comment by MR.Mamdouh: I do not understand what do you mean? Rewrite these sentences
Activation and development of rhizobacteria isolates and preparation of biofertilizer
Eight isolates of plant growth-promoting rhizobacteria (Azotobacterchroococcum (AC), Azospirillum.spp, Bacillus megaterium, Pseudomonas fluorescens, Frateuria aurantia, Bacillus circulans, Rhizobium leguminosarum, Rhizobium phaseoli) were used in preparing the biofertilizer, isolated and characterized (Al-Maghrabi et al., 2015). ; Hammad and Al-Shami, 2017; Hammad, 2020).and preserved in the Soil and Water Sciences Research Laboratory. The bacterial isolates were activated by re-culturing them on specialized media to obtain new fresh and active cells. A bacterial suspension was prepared from each isolate using Tryptic Soy Broth (TSB) prepared in eight BIOGEN special development units with a capacity of 2 Lallows for stirring of the medium, incubated at a temperature of 28°C. For 48-72 hours, the bacterial density in the suspension was set at 910 cells/ml using a Burker counting slide. Prepare biofertilizer B8 by mixing equally the suspension of the eight isolates.	Comment by MR.Mamdouh: What do you mean?
-Irrigation scheduling and determining water stress level:
Soil samples were taken at a depth of 30 cm using cylinders to determine the gravimetric moisture and were converted to volumetric moisture. The moisture tension curve (water stress) was determined using a diaphragm pressure device, then the moisture measuring device (LUTRON-PMS-714) was calibrated based on different levels of Volumetric humidity (Figure 1).










Figure1. The graph of the volumetric humidity curve according to the device reading.


The quantities of irrigation water needed for each experimental plot were determined according to the levels of moisture stress required and maintained by adopting the surface irrigation method using irrigation with flexible pipes connected to a pump mounted on a tank and equipped with a meter to measure the amounts of water added to each experimental plot. Equal amounts of irrigation water were added upon planting until reaching field capacity to ensure germination, after that, we applied three levels of moisture tension (1400=Ѱ1, 800=Ѱ2, 1200=Ѱ3) millibars on four Treatments with three replicates are as follows:
1- control (C): without fertilizer additives (1CѰ, CѰ2, CѰ3)
2- Mineral fertilizer (M): Add 12 kg/dun of nitrogen fertilizer (N) in the form of urea 46%, 17 kg/dun of phosphorus (P) in the form of triple superphosphate 46%, 18 kg/dun of potassium in the form of potassium sulfate 50%. , (1MѰ, MѰ2, MѰ3)
3- Organic fertilizer (O): Add 3 m3/dun of fermented local fertilizer, (1OѰ, OѰ2, OѰ3)
4- Bio-Fertilizer (B8): Yellow corn seeds were inoculated, adding primed with Bio-Fertilizer B8 (bacterial suspension 910 cells/ml), by soaking method for 3 hours, and left in the shade until the excess moisture dried before planting, and adding 20 ml of Bio-Fertilizer B8 with water. Irrigation when planting, (1B8Ѱ, B8Ѱ2, B8Ѱ3).	Comment by MR.Mamdouh: maize grains	Comment by MR.Mamdouh: this method is priming not soaking
Studied indicators and analyses
Collected data	Comment by MR.Mamdouh: I had to say that the results are not sufficient
    Measurements of During vegetative growth stage, plant height was measured and leaf area were determined according to  taken (  El-sahookie (1985).  At harvest, productivity was calculated. 
Biochemical analysis
Peroxidase activity was estimated according to Behera et al., 2012). Total phenolic compounds was determined using the Folin-Ciocalto reagent method (Singleton and Rossi, 1965), and proline was estimated according to Bates et al. (1973).
Research design and statistical analysis
    The research included 12 treatments, with three replicates for each treatment and 16 plants for each replicate, distributed according to a complete random block system. The data was tabulated using the Excel application, and statistically analyzed using the Genstat-12 program, the One-way ANOVA test (without Blocking), and comparing the differences between the means. Using Duncan's test at 5% probability level.
Results and discussion:
1 The effect of biofertilizers at and different levels of water stress on some growth and productivity traits: 
    The results of the analysis in the Table (1) indicate that there are significant differences between the averages in plant height. The B8 biofertilizer achieved an increase in the average plant height in treatment B8Ѱ1, amounting to 173 cm, compared to the control (CѰ1) of 142.9 cm at the same level of water stress. It was observed in the mineral fertilization treatment (M) that the plant height increased under optimal irrigation conditions (Ѱ1), where the MѰ1 treatment gave an average of (182 cm), while the plant height decreased with increasing water stress level, where the MѰ3 treatment gave the lowest average plant height (71.1 cm), compared to with all transactions.
The results of the analysis of variance are shown in the Table (1) that the B8 biofertilizer achieved an increase in leaf surface area with significant differences compared to the control, as treatment B8 achieved the highest average leaf surface area (5084, 4683, 4301) cm2 per plant at water stress levels (1Ѱ, Ѱ2. , Ѱ3) respectively. A positive effect was also observed for both organic fertilizer O and mineral fertilizer M at the level of moisture stress Ѱ1 (optimal irrigation conditions) on the leaf area of the plant. The treatments OѰ1 and MѰ1 gave an average area of the leaf surface of the plant (4897, 4702) cm2, respectively, compared to the control treatment CѰ1 (4420) cm2.
The results of Table (1) show that increasing water stress reduced plant productivity, as the control treatment at (CѰ1, CѰ2, CѰ3) gave an average productivity of (6.35, 5.8, 4.8) tons/ha, respectively, while the mineral fertilization treatment MѰ3 gave less an average productivity of (2.1) tons/ha, and the OѰ3 organic fertilization treatment gave an average productivity of (4.5) tons/ha, with a significant difference from the OѰ3 treatment. The control is at the same level of water stress (Ѱ3).Table (1) also shows the role of the biofertilizer in reducing the effect of water stress, as it gave the average productivity in the two treatments B8Ѱ2 and B8Ѱ3 (6.4, 6.35), respectively, with an increase of (15.34, 9.5)% compared to the control treatments CѰ2 and CѰ3, respectively. When moisture was available, the average productivity in the mineral fertilization treatment MѰ1 reached (7.6) tons/ha, with a significant difference from the organic fertilization treatment OѰ1, which gave an average productivity of (6.71) tons/ha.







Table 1. Effect of mineral fertilizer, organic fertilizer and rhizobacteria as biofertilizer on morphological characteristics and productivity of maize plant grown under water stress Some morphological and productive characteristics of yellow corn plants at different levels of water stress according to the study treatments.
	Treatments
	Plant height(cm)
	Surface area of paper (cm2)	Comment by MR.Mamdouh: leaf
	Productivity (tons/ha)

	C Ѱ 1
	142.9 f
	4420e
	6.35c

	C Ѱ 2
	122.5i
	4210h
	5.80e

	C Ѱ 3
	90.8j
	3252k
	4.80f

	M Ѱ 1
	182.0a
	4702 c
	7.90 a

	M Ѱ 2
	125.9h
	4065i
	6.05d

	M Ѱ 3
	071.1k
	1991l
	2.10h

	O Ѱ 1
	177.3 b
	4897 b
	6.71b

	O Ѱ 2
	150.0e
	4323f
	6.30c

	O Ѱ 3
	122.5i
	4019j
	3.50g

	B8 Ѱ 1
	.0c173
	5084a
	6.62b

	B8 Ѱ 2
	168.0d
	4683d
	6.40c

	B8 Ѱ 3
	135.4g
	4301g
	6.35c

	LSD0.05
	1.075
	1.685
	0.129


Values followed by the same letters in the same column are not significantly different at P=0.05 according to Duncan’s multiple range test.
The decrease in plant height with a decrease in water content in the soil is attributed to the acceleration of physiological processes, which contributes to early flowering, to complete its life cycle before being exposed to more effective water stress, which leads to a decrease in the number of days from planting until male and female flowering, which is the period during which the stem elongates ( Abdulameer and Ahmed, 2019).The decrease in leaf surface is explained by water stress reduces the rate of photosynthesis indirectly by closing the stomata or directly by reducing the ability and efficiency of photosynthesis of leaves, through reducing the leaf area, which is one of the mechanisms that the plant resorts to confront water stress to reduce the loss of leaves. Water is extracted from plants through transpiration (Prasad et al., 2008).This is accompanied by a decrease in productivity when exposed to water stress due to the imbalance between the formation of male and female inflorescences during the flowering period and the failure of the fertilization process as a result of the pollen losing its vitality (Parvaneh et al., 2014).Water stress can lead to the formation of small, atrophied, and wrinkled seeds due to accelerated maturation and shortened seed filling time, as drought shortens growth stages, forcing plants to complete their life cycle and form seeds within a shorter period of time (Sehgal et al., 2018). In addition to the effect of water stress in reducing the absorption of water and nutrients, which play an important role in growth and production processes (Al-Salmani and Al-Aqidi, 2015).
We note from Table (1) that the use of biofertilizers led to reduce ing the effect of water stress on the plant through its mechanisms of action in increasing the processing of biologically fixed nitrogen and thus increasing the soil content of available nitrogen and then stimulating the roots to absorb it (Abd El-Fattah et al ., 2013). Nitrogen that is biologically fixed by bacterial species is available in the form of ammonium, and is directly assimilated by the plant after it is absorbed without expending vital energy, unlike nitrate, which cannot be assimilated except after being reduced, which requires the expenditure of vital energy. It can be used in other vital fields that help the plants resist drought (Taj Al-Deen and AL-Barakat, 2017), In addition to the role of the biofertilizer in securing the elements phosphorus and potassium and increasing the readiness of some nutrients such as Fe and Mn through the production of siderophores by bacteria. It contributes to meeting part of the plant’s growth needs, which is reflected in the process of photosynthesis and increased cell division by the bacteria secreting plant growth hormones such as indole acetic acid and gibberellic acid, which are among the most important mechanisms of their action, increasing cell division and elongation and thus increasing the height and area of the plant leaves, and this is in line with what he indicated. (Yasmin et al., 2017). It is believed that changes in the content of growth hormones during seed development and grain filling encourage increased nutrient polarization and thus increase the rate of grain filling (Kong et al., 2015), In addition to the role of hormones in increasing cell division and proliferation in the cob, thus increasing the diameter of the cob, which is reflected in the increasing the number of rows with cobwebs and thus increasing productivity (Ehteshami et al., 2007).In addition to the role of the biofertilizer in increasing the efficiency of water use by improving the physical properties of the soil, including improving the porosity of the soil on the one hand, and its contribution to increasing the root system and then the efficiency of the amount of water absorbed on the other hand, this result is consistent with (Taj Al-Deen and AL- Barakat, (2017).
The reason for the increased productivity of mineral and organic fertilizers is that at low water stress, may be attributed to the role of nutrients (NPK) are available to the plant, which increases their absorption, which in turn leads to in increasing increased cell growth and division, regularization of the process of photosynthesis, and increasing accumulation of dry matter in the plant. These results are consistent with (Wuhaib et al., 2009). The positive effect of mineral fertilizer and its superiority over organic fertilizer in increasing productivity is due to the fact that mineral fertilizer prepares nutrients (NPK) for the plant faster and more than those prepared by organic fertilizer, whose preparation is slow and limited and may not be sufficient to secure the plant’s need for them until the end of the season . These results are consistent with (Al-Khafaji, 2012).
The sharp decline in growth and productivity in the MѰ3 mineral fertilization treatment could be due to the effect of osmotic stress resulting from drought and salt stress, which causes an imbalance in the hormonal balance and in the enzymatic activity of the plant, which negatively affects the metabolic processes and their products, which negatively affects the growth of the seedlings and thus a decrease in its productivity. (Gowtham et al., 2022).
The effect of biofertilizers on some indicators of stimulating resistance of yellow maize plants to water stress at different levels of moisture stress
The results of the Table (2) show an increase in the content of total phenolics in the leaves of yellow corn maize plants with an increase in the level of moisture tension in the B8 biofertilizer treatments, where the two control treatments, CѰ1 and CѰ2, gave an average of (33.1, 40.6) mg/100 g wet fresh weight, respectively. The highest average values of total phenolics content were achieved compared to the rest of the treatments, reaching (50.1, 56.6, 63.5) mg/100g wet fresh weight at water stress levels of 1Ѱ, 2Ѱ, and 3Ѱ, respectively. The highest value was at the third level of moisture tension. While it was observed in the other treatments (mineral fertilization M, organic O and control C) a decrease in the content of total phenolics at the third level of moisture tension Ѱ3 after increasing at the second level 2Ѱ compared to the first level, as it reached (21.9, 38.4, 28.2) mg/100 g wet fresh weight. Table (2) indicates an increase in the activity of the peroxidase enzyme with an increase in the level of moisture tension, as it reached (0.086 µmol/mg) in treatment CѰ3, with a significant difference from treatment CѰ1 (0.053 µmol/mg). When comparing the effect of B8 biofertilizer with mineral M and organic O fertilization, it was observed that B8 biofertilizer was superior with significant differences over mineral and organic fertilization, and the highest value of peroxidase enzyme activity in the B8Ѱ3 treatment was 0.321 μmol/mg. The Table (2) shows an increase in the proline content of yellow corn plants leaves with an increase in the level of water stress, with significant differences between the treatments. The average proline content of leaves in the control treatment reached (1.71, 1.9, 2.14) micrograms/gram wet  fresh weight at moisture stress levels (Ѱ1). , Ѱ2, Ѱ3),  respectively. It is also observed that under ideal irrigation conditions at the first moisture tension level (Ѱ1),



Table 2. Effect of mineral fertilizer, organic fertilizer and rhizobacteria as biofertilizer on total phenolic content, peroxidase activity and proline in fresh leaf tissues of maize plant grown under water stress Content of yellow corn leaves of total phenols, proline, and peroxidase activity at different levels of moisture stress according to the study treatments.
	Treatments
	Total phenolic content (mg/100g wet weight)	Comment by MR.Mamdouh: fresh
	Peroxidase activity
(μmol/mg fresh weight)
	Proline
(µg/g wet weight)	Comment by MR.Mamdouh: fresh

	C Ѱ 1
	j33.1
	l0.053
	g1.71

	C Ѱ 2
	40.6f
	0.072k
	1.90f

	C Ѱ 3
	28.2k	Comment by MR.Mamdouh: Please, return to raw data, I think there is mistake in these values. 
	0.086j
	2.14d

	M Ѱ 1
	i35.8
	h0.121
	f1.88

	M Ѱ 2
	43.5e
	0.155e
	2.65b

	M Ѱ 3
	21.9l	Comment by MR.Mamdouh: 
	0.173d
	3.04a

	O Ѱ 1
	g40.2
	i0.103
	f1.90

	O Ѱ 2
	45.1d
	0.125g
	2.03e

	O Ѱ 3
	38.4h	Comment by MR.Mamdouh: 
	0.144f
	2.32c

	B8 Ѱ 1
	c50.1
	c0.183
	g1.70

	B8 Ѱ 2
	56.5b
	0.267b
	1.80fg

	B8 Ѱ 3
	63.5a
	0.321a
	2.06de

	LSD0.05
	0.168
	0.001
	0.098


Values followed by the same letters in the same column are not significantly different at P=0.05 according to Duncan’s multiple range test.
The biofertilizer had no effect on the proline content compared to the control. On the other hand, the amount of proline in the leaves increased, reaching an average of (1.7, 1.8, 2.06) micrograms/gram wet weight in treatments B8Ѱ1, B8Ѱ2, and B8Ѱ3, respectively, compared to the control. The effects of water stress include many chemical, molecular and physiological changes, including non-enzymatic oxidation compounds such as total phenolics, and enzymatic oxidation compounds such as the peroxidase enzyme. The values of these indicators increase with the increase in the level of water stress up to a certain limit.
This increase can be attributed to a natural reaction of the plant by activating protective mechanisms against stresses, as phenolic compounds play an important role in protecting the photosynthesis process from excessive radiation by absorbing short-wave, high-energy rays that are harmful to the cellular structures of the leaf (Hura et al., 2008).Phenolic compounds also help in scavenging free radicals (ROS) and protecting plants from the harmful effects of oxidative stress caused by drought (Akram et al., 2018), so water deficiency in leaf tissue can stimulate protective mechanisms involving the synthesis of phenolic compounds. This explains why increased synthesis of phenolic compounds during drought is an indicator of resistance to drought stress (Petridis et al., 2012). As for the biofertilizer treatment, the increase in the amount of total phenolics by increasing the level of water stress is attributed to the induction of systemic resistance within the plant by growth-stimulating bacteria. Many studies have shown that biofertilizers increase the amount of total phenolics within the plants treated with them, as the bacteria secrete hormones that encourage the plant . on the to synthesis of phenolic compounds (Chiapperoet al., 2019; Ibrahim et al., 2020).We note from Table (2) a significant decrease in total phenolics in the control treatment (C) under the influence of high water stress (Ѱ3). The decrease in the total contents of total phenolics with increasing stress may be due to the deterioration of photosynthetic pigments under severe drought and insufficient phenolic compounds in reducing the damage of excess radiation and energy absorbed during the photosynthesis process, which leads to the breakdown of chlorophyll and phenolic pigments while increasing the severity of drought (Hura et al., 2008).	Comment by MR.Mamdouh: This MS deal with water stress not radiation
The peroxidase enzyme is one of the redox enzymes that is are widespread in plant cell walls. The increase in the peroxidase enzyme with an increase in the level of water stress may be due to the induction of genes responsible for producing this enzyme under the influence of water stress (Das and Roychoudhury, 2014). This can explain the observed increase in the peroxidase enzyme. When applying the biofertilizer, PGPR bacteria play a role in suppressing oxidative stress by balancing the level of plant hormones and activating the antioxidant system. (Zhang et al., 2020).PGPR bacteria can directly affect the hormonal balance of plants by generating exogenous plant hormones in addition to their ability to activate endogenous hormones in the plant. These hormones enhance and increase the activity of antioxidant enzymes, including peroxidase, and as a result, it is believed that changes in hormonal signals, PGPR, which is mediated by interactions between plants and bacteria, is a potential mechanism to make plants tolerant to water stress and oxidative stress ( Hariprasad et al., 2021 ).The accumulation of amino acids, especially proline, is one of the defensive means that the plant uses to cope with water deficiency (Sinay et al., 2015). The accumulation of amino acids in plant cells and tissues under the influence of water stress is due to the plant’s inability to biosynthesise proteins, and water stress stimulates protein hydrolysis enzymes and thus produces amino acids and proline acid. This is a physiological mechanism that the plant uses to protect its cells and prevent damage from free radicals of oxygen (ROS), in addition to the positive role of proline in regulating the osmotic pressure of plant cells, which increases its ability to withdraw water and nutrients, maintain cell elongation and open stomata, and continue plant growth under conditions of water stress.
The reason for the noticeable increase in proline concentration in the mineral and organic fertilization treatments at the third level of 1200 mbar is attributed to the plants’ response to the effect of water stress and salinity caused by drought, as the concentration of proline increases within the vacuoles of the cell cytoplasm under conditions of salinity and drought (Gowtham et al., 2022). In contrast, (Eliaspour et al., 2020b) explained that the use of biofertilizers under conditions of water stress leads to a decrease in the amount of proline in the leaves, which indicates the positive effect of microorganisms in alleviating the negative effects of water stress on the plant. This was explained by directing the absorbed nitrogen to form chlorophyll and form proteins instead of forming proline, thus improving plant nutrition and its ability to resist drought stress.
We conclude from the above that when there is a The scarcity of water and water stress occurs, chemical and organic fertilization is an unacceptable risk (Liu et al., 2015), as a lack of water with fertilizers can cause burns on the leaves and damage the plant (Susan, 2023). ). Therefore, biofertilizers containing plant growth-promoting rhizobacteria (PGPR) can provide maize plants with the necessary nutrients for cellular metabolism and continued plant growth without any risks under water stress (drought) conditions (Koliai et al., 2012), as well as the using of fertilizers. Bio-fertilizers reduce the amount of chemical and organic fertilizers and thus save the price of these fertilizers, because the prices of bio-fertilizers are lower compared to the prices of other fertilizers (Lateifa, 2012), and based on that, 
It can be suggested to grow yellow corn maize plants while rationalizing a greater amount of irrigation water, or to plant in drier areas, by using biofertilizers containing plant growth-promoting rhizobacteria (PGPR) as stimulants for systemic resistance and increase the plant’s tolerance to water stress.
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