APPLICATION OF HALOTOLERANCE OF PGPR CONSORTIUM TO INCREASING THE TOLERANCE OF RICE PLANTS TO SALINITY STRESS
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ABSTRACT

Salinity negatively affects rice growth and yield by causing nutritional imbalances, osmotic stress, and ion toxicity. This study aimed to examine the synergy between diazotrophic bacteria and P-solubilizing bacteria in increasing rice plant growth and yield in high salinity. The research was conducted at the Agronomy & Horticulture Laboratory and Experimental Farm, Faculty of Agriculture, Jenderal Soedirman University, Indonesia, from July to December 2024, using a floating raft hydroponic system with AB mix, and salinity was maintained at 6.5 dS m⁻¹ using NaCl. The research used a Randomized Block Design with four replications. The treatments include Diazotrophic bacteria, including Acinetobacter junii strain WR4 (A) and Bacillus tropicus strain CU96 (B), while the P-solubilizing bacteria used are Priestia megaterium strain NRRL B-350 (P). The results showed that the application of diazotrophic and phosphate-solubilizing bacteria significantly improved the agronomic and physiological performance of rice plants under high salinity stress. The consortium of diazotrophic and P-solubilizing bacteria increased resistance to salinity stress by increasing proline levels by 173.36% and increasing the K⁺/Na⁺ ratio. Inoculation of diazotrophic and P-solubilizing bacteria was able to increase yield by an average of 61.79%.
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1. INTRODUCTION
Rice is a significant food commodity and a staple food source for Indonesians. Rice is considered the primary food source by the Indonesian people, with 98 percent of the population relying on it (Wardani et al., 2019). This causes rice consumption to be very high, with per capita consumption reaching 1.539 kg capita-1 week-1 in the period 2019 to 2023 (Purnama et al., 2024). This makes it the country with the highest rice consumption above the world average consumption of only 53.3 kg capita-1 year-1 (Prasetyo et al., 2023). This trend is expected to persist, with rice demand rising in line with population growth. National rice demand is projected to reach 37.8 million tons by 2035, and increase to 39.80 million tons by 2045 (Arifin et al., 2021).
	The increasing need for rice must be met with domestic production as an effort to achieve food self-sufficiency. Current rice production reaches 53.14 million tons with a productivity level of only 5.29 tons ha-1 (BPS Indonesia, 2024). Efforts to fulfill production will face the constraint of the area of ​​productive agricultural land, which is always shrinking every year due to land conversion. The rate of conversion of irrigated rice fields in Indonesia reaches 150,000 to 200,000 ha year-1, and until 2018, the area of ​​productive rice fields was only 7.1 million ha (Angraini et al., 2020). It is estimated that every 1000 ha of rice fields that are converted will reduce rice production by 4370 tons, and every year, rice production is expected to decline by 174,800 tons year-1 (Kompas, 2023).
	Limited productive rice fields require extensification on marginal lands. One of the marginal lands that has not been optimally used for rice production is saline rice fields. Indonesia has 140,300 ha of potential saline land for agriculture (Oelviani et al., 2024). The biggest obstacle to saline soil is the high levels of dissolved salts such as NaCl, Na2CO3, Na2SO4, which adversely affect the growth and yield of paddy (Karolinoerita & Yusuf, 2020). High salinity in rice plants causes osmotic stress and toxicity due to the influence of ions or ionic poisoning, causing oxidative stress and decreased nutrition in cells, causing decreased cell turnover pressure and decreased cell growth (Liu et al., 2022). Salinity leads to ion toxicity, osmotic stress, and nutrient deficiencies, especially N, Ca, K, P, Fe, and Zn, decreased P separators as a result of P ions settling with Ca ions, and plants having difficulty in absorbing water (Shrivastava & Kumar, 2015). Plants experience nutrient deficiencies or nutritional imbalances as a result of an imbalance in the Na+/Ca2+ ratio or excessive absorption of Na+, Cl−, B+, and SO42− ions (Van Tan & Thanh, 2021). This causes a decrease in several plant physiological variables, such as a decrease in leaf chlorophyll levels. This is in line with the results of previous research. Sassine et al., (2022) reported that chlorophyll a and b contents in tomato plants decreased drastically under salinity conditions, where chlorophyll contents decreased from 1.6 mg g-1 at a salinity of 2 dS m-1 down to 1.01 mg g-1 at a salinity level of 8 dS m-1. Therefore, it has a significant impact on metabolic processes, resulting in decreased plant growth and yield. Li et al., (2023) reported that salinity up to 0.2% had a significant impact on reducing rice yields by up to 50.14%. Yield decline as a result of declining yield components and photosynthetic ability of plants, and assimilate distribution (Zhang et al., 2022). Furthermore, Gerona et al., (2019) also stated that the decline in rice grain yield is the impact of a combination of various factors, namely a decrease in the rate of photosynthesis and a decrease in the partition of assimilates to the grain, thereby reducing filled grain and increasing flower sterility. Decreased photosynthetic activity as a result of leakage and damage to cell membranes as a result of accumulation of Cl- ions in cells, so that NaCl damages photosynthetic components (Karolinoerita & Yusuf, 2020).
	The development of technology to optimize saline land for rice production has been widely carried out through the cultivation of stress-resistant plant varieties, as well as the application of soil conditioners. Another alternative that is currently not widely used is the biological approach by utilizing beneficial microbes that are tolerant to salinity, so that they can encourage plant growth and increase plant resistance to salinity. The consortium technology of diazotrophic bacteria and P-solubilizing bacteria is an environmentally friendly and sustainable technological approach. Microbial inoculation can enhance the tolerance of rice plants in saline conditions through various mechanisms, such as increasing nutrient absorption, minimizing the harmful effects of salt stress, and enhancing plant growth and development (Yang et al., 2024). Purwanto et al., (2024) reported that inoculation of Bacillus subtilis on rice plants can increase resistance to salinity by decreasing the K/Na ratio by 113.31% compared to the control and increasing nutrient absorption
	P-solubilizing bacteria contribute significantly to the remediation of saline soil through the synthesis of organic acids that are effective in dissolving calcium phosphate compounds, so that P becomes more available (Zhang et al., 2023). In addition, the solubility of P by P-solubilizing bacteria is also through the mechanism of pH changes, and an increase in the microbial population in the soil, so that there is an increase in enzymatic activity, a change in P content in the soil, and an increase in the growth and yield of rice plants (Kalayu, 2019; Zhang et al., 2023). Phringpaen et al., (2023) reported that P. aryabhattai KNB6 is a saline-tolerant P-solubilizing bacterium, and inoculation of rice plants can increase P absorption by 121% and stimulate rice plant growth by 22%. Dat et al., (2024) also reported that inoculation of C. sphaeroides on rice plants was able to increase absorption by 19.2-30.1%, reduce Na+ in soil and plant tissue, and increase rice yields by 7.20-17.7%.
	The use of Diazotrophic and P-solubilizing bacteria together will provide a synergistic effect in increasing rice plant yields in saline conditions. This will increase the availability of nutrients, nutrient absorption, and increase rice yields in saline conditions where nutrient availability is limited. The inoculation of barley with Erwinia sp. (diazotrophic bacterium), Chryseobacterium arthrosphaerae (P-solubilizing bacterium), and Pseudomonas gessardii can increase the root/shoot ratio, biomass, chlorophyll content, other secondary metabolite compounds, and sugar levels compared to controls (Kaur et al., 2022). This study aims to examine the consortium between diazotrophic bacteria and P-solubilizing bacteria in increasing the growth and yield of rice plants under high salinity stress.
2. MATERIALS AND METHODS 

The research was conducted at the Agronomy & Horticulture Laboratory and Experimental Farm, Faculty of Agriculture, Jenderal Soedirman University, Purwokerto, Central Java, Indonesia, from July to December 2024. This research used a floating raft hydroponic system method with liquid media with AB Mix nutrient sources. The rice variety used was Inpari Unsoed 79 Agritan. The AB Mix nutrient content consists of NO3: 9.90%, NH4; 0.48%, P2O5: 4.83% K2O: 16.50%, MgO: 2.83%, CaO: 11.48%, SO3: 3.81%, B: 0.013%, Mn: 0.025%, Zn: 0.015%, Cu: 0.002%, Mo: 0.003% Fe: 0.037%. Salinity medium was controlled by using NaCl until EC reached 6.5 mmhos cm-1, starting from 2 weeks after planting.
	This study used a Randomized Block Design with four replications, and the treatments were diazotrophic bacteria and P-solubilizing bacteria. Diazotrophic bacteria used include Acinetobacter junii strain WR4 (A) and Bacillus tropicus strain CU96 (B), while the P-solubilizing bacteria used are Priestia megaterium strains NRRL B-350 (P). The treatment arrangement was as follows P0 (control), P1 (Acinetobacter junii strain WR4), P2 (Bacillus tropicus strain CU96), P3 (Priestia megaterium strains NRRL B-350), P4 (Acinetobacter junii strain WR4+ Bacillus tropicus strain CU96), P5 (Acinetobacter junii strain WR4+ Priestia megaterium strains NRRL B-350), P6 (Bacillus tropicus strain CU96+Priestia megaterium strains NRRL B-350), P7 (Acinetobacter junii strain WR4+Bacillus tropicus strain CU96+Priestia megaterium strains NRRL B-350). Each experimental unit consists of 6 rice plants. Rice seeds are sown using rockwool, and transplanting is carried out at the age of 7 days after sowing.
The preparation of bacterial culture stock was carried out using NB medium for N2-fixing bacteria and liquid Pikovskaya medium for phosphate-solubilizing bacteria. Bacterial isolates were inoculated into as many as 3 tubes of 100 mL of liquid medium in Erlenmeyer flasks and shaken for 48 hours at 120 rpm. The total plate count technique was used to calculate the number of bacterial colonies present. The density of bacteria to be inoculated was above 107 CFU mL-1. The treatment was carried out by inoculating 2 mL L-1 of bacterial solution into the planting medium at the age of 2 weeks after planting. Plant maintenance and care are carried out by renewing the culture medium and administering bacterial isolates once a week. The nutrient levels of AB mix in the medium, EC, and pH are monitored weekly.
The variables observed included plant height, leaf area, plant dry weight, leaf chlorophyll content (Proklamasiningsih et al., 2012), width of stomatal opening, stomatal density, nutrient uptake (N, P, K, Na), and K/Na ratio (Balai Penelitian Tanah, 2005; Gharsallah et al., 2016), proline content (Pingle et al., 2022), and grain weight per hill. The data were analyzed using ANOVA, and if significantly different, continued with DMRT α: 5%.
3. RESULTS AND DISCUSSION
3.1 Agronomic Traits
	The use of diazotrophic and phosphorus-solubilizing bacteria, either as single inoculants or in combination (consortia), enhanced the vegetative growth of rice plants in high salinity. Total root length also increased significantly compared to the untreated plants. In conditions without bacterial inoculation, root growth was more suppressed compared to inoculation treatments, both single and consortium bacteria. Inoculation of the B+P consortium showed a higher root length, although not different from other treatments, of 6497.89 cm. In comparison, the root length of rice plants without treatment reached 4153.59 cm (Table 1).
	Plant height and leaf area showed a marked increase compared to the control. The consortium of diazotrophic and phosphorus-solubilizing bacteria (A+P) produced the highest leaf area, measured in cm2, achieved in the A+P consortium. The increase in plant vegetative variables was followed by an increase in rice plant canopy biomass in high salinity conditions. Plant biomass increased by bacterial inoculation, both single inoculants and the consortium, in comparison with the control. The consortia A+P, B+P, and A+B+P promoted higher plant growth than the control and other treatments.
Table 1. Agronomy traits of rice 
	Treatments
	Plant Height (cm)
	Leaf Area
(cm2)
	Total Root Length (cm)
	Plant Biomass (g)

	Control
	71.00 b
	643.64 c
	4153.59 c
	31.63 a

	A
	86.13 a
	799.37 b
	6317.63 a
	38.49 b

	B
	88.63 a
	791.17 b
	6669.26 a
	41.80 b

	P
	83.94 a
	802.55 b
	5317.14 abc
	43.94 b

	A+B
	85.00 a
	784.31 b
	5724.37 abc
	43.51 b

	A+P
	87.63 a
	907.65 a
	5907.85 ab
	58.37 c

	B+P
	85.88 a
	806.81 b
	6497.89 a
	57.77 c

	A+B+P
	90.88 a
	760.07 b
	4478.80 bc
	58.37 c


Note: The numbers followed by the same letter in the same column are not significantly different according to DMRT α: 5%.
Vegetative growth of rice plants in salinity conditions will be suppressed due to the negative impact of increasing salt stress. This decrease in growth is caused by osmotic stress, which reduces plant growth, including decreasing leaf area and photosynthetic apparatus, so that it decreases the rate of photosynthesis and accumulation of assimilates in the form of dry plant weight (Nadeem et al., 2025). Furthermore, Gaur & Kamakshi, (2025) stated that increasing salinity causes osmotic stress, which disrupts ion balance and water absorption, thus causing slowing of moth bean growth, such as decreasing root length, plant height, and growth of secondary roots.
The use of diazotrophic and P-solubilizing bacteria showed a positive impact by increasing the growth of integrated plants in saline conditions. Isolate diazotrophic and P-solubilizing bacteria also act as growth promoters with the ability to produce IAA, which can encourage root growth. Acinetobacter junii strain WR4 and Bacillus tropicus strain CU96 are bacteria with nitrogen-fixing abilities and are also able to produce IAA (Purwanto et al., 2022). Habibi et al., (2023) found that the use of single inoculants or a combination of PGPR can increase rice plant growth parameters such as root length, root dry weight, and shoots. Increasing the root length variable will increase the surface area of ​​the roots that interact in the soil clod so that they can absorb more water and nutrients, thus having an impact on increasing plant metabolism and vegetative growth of rice plants.
Chlorophyll Contents
[bookmark: _Hlk214993465]	The results showed that inoculating rice plants with diazotrophic bacteria and phosphorus-solubilizing bacteria, either individually or in combination as a consortium, significantly increased the levels of chlorophyll a, chlorophyll b, and total chlorophyll compared to the control treatment (Fig. 1). On average, chlorophyll a level increased by 77.96%, chlorophyll b by 102.38%, and total chlorophyll by 86.29% compared to the control treatment. Chlorophyll is a pigment involved in photosynthesis that functions to capture sunlight for energy conversion in plants. Chlorophyll a is the predominant type present in most plants. It has a chemical structure consisting of a porphyrin ring with a magnesium ion (Mg²⁺) in the center, and a long hydrocarbon chain known as phytol. This porphyrin ring consists of four pyrrole groups that bind magnesium ions, while the phytol tail functions to anchor the chlorophyll molecule to the thylakoid membrane within the chloroplast (Martins et al., 2023). The functional groups affixed to the porphyrin ring are the main difference between chlorophyll a and chlorophyll b; chlorophyll a has a methyl group (-CH₃), whereas chlorophyll b contains a formyl group (-CHO).
Nitrogen is a crucial macronutrient for rice plants and is a component of chlorophyll molecules. The availability of nitrogen will directly affect chlorophyll synthesis, which will affect the efficiency of photosynthesis. The increase in chlorophyll levels in rice plants under saline conditions is strongly associated with nitrogen availability and the plant's capacity to uptake nitrogen. The combination of diazotrophic and phosphorus-solubilizing bacteria will increase the availability of nitrogen and phosphorus, and the ability as a growth stimulant will increase growth, so that root growth increases and increases the root surface area, thereby increasing nutrient absorption. P nutrients play a role in stimulating root growth, especially young roots, and can increase the length and number of roots (Rahmawati et al., 2019; Yama et al., 2021).
Increasing N levels in plant tissue will stimulate chlorophyll synthesis, where in chlorophyll synthesis, there must be factors such as light intensity, nitrogen, magnesium, iron, water, and temperature, as well as several micronutrients (Setiawati et al., 2021). This is because the majority of chloroplasts contain nutrients, and leaf nitrogen levels are in chloroplasts for C3 plants (Purwanto & Suharti, 2021). Chinachanta et al., (2023) It was found that Rhizoactinobacteria inoculation increased chlorophyll levels in rice seedlings under salt stress conditions. The highest increase was achieved with Sinomonas sp.ORF15-23 inoculation, reaching 15.26 to 27.50% compared to the control. Hartatik et al., (2025) reported that increasing the dose of rhizobacteria consortium in saline conditions was able to increase the chlorophyll content of sugarcane plants, and a dose of 4 mL of rhizobacteria consortium had the highest increase in chlorophyll content compared to without the application of rhizobacteria consortium.
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Figure 2. Chlorophyll Content
3.2 Nutrient Uptake
	The results showed that the inoculation treatment of diazotrophic and phosphorus-solubilizing bacteria was effective in significantly enhancing the uptake of nitrogen, phosphorus, and potassium. Based on the findings of this study, the combination of diazotrophic and phosphorus-solubilizing bacteria was able to increase nutrient absorption greater than single inoculation or control treatment. Inoculation of diazotrophic and phosphorus-solubilizing bacteria in the form of a consortium was able to provide higher N absorption compared to control, single inoculant or a combination of bacteria A and B. Inoculation of the B+P consortium was able to provide the highest N absorption of 1.46 g plant-1 although this result did not show any difference with the A+P or A+B+P bacterial consortium of 1.31 and 1.39 g plant-1, respectively (Table 3). It indicates that inoculation of halotolerant diazotrophic bacteria and halotolerant P-solubilizing bacteria can enhance N absorption in comparison to the control, with an increase of 32.01%. The combination of diazotrophic and phosphorus-solubilizing bacteria was able to increase N uptake more than other treatments, with an average increase of 39.51%.
	The P uptake of rice plants with inoculation treatment of diazotrophic and phosphorus-solubilizing bacteria was seen to increase significantly in comparison to the control. The consortium of diazotrophic and phosphorus-solubilizing bacteria was seen to be able to increase uptake higher than the control treatment, single inoculant, or consortium of diazotrophic bacteria individually. The highest P uptake was achieved in the B+P treatment of 0.341 g plant-1, followed by the A+B+P and A+P treatments of 0.298 and 0.210 g plant-1, respectively (Table 3). Similar results were seen in K uptake, where the consortium of diazotrophic and phosphorus-solubilizing bacteria was able to increase K uptake higher than the control or other treatments. Based on Table 3, it can be seen that the A+B+P consortium was able to provide the highest K uptake of 3.04 g plant-1, although it was not different from the A+P and B+P consortia of 3.04 and 3.01 g plant-1, respectively.
Table 3. Nutrient uptake
	Treatments
	N (g plant-1)
	P (g plant-1)
	K (g plant-1)

	Control
	0.88 a
	0.13 a
	1.65 a

	A
	0.95 a
	0.17 b
	2.01 b

	B
	0.93 a
	0.15 ab
	2.18 b

	P
	0.95 a
	0.14 a
	2.29 b

	A+B
	1.16 b
	0.15 ab
	2.27 b

	A+P
	1.32 c
	0.21 c
	3.04 c

	B+P
	1.46 c
	0.34 e
	3.01 c

	A+B+P
	1.39 c
	0.29 d
	3.04 c


Note: The numbers followed by the same letter in the same column are not significantly different according to DMRT α: 5%.
	These results indicate a synergistic effect so that the consortium of diazotrophic and phosphorus-solubilizing bacteria can increase nutrient absorption of N, P, and K. In addition, the bacterial consortium has the ability as a growth promoter, namely as an IAA producer, that can increase root growth, thereby increasing nutrient absorption (Purwanto et al., 2022; Khoso et al., 2024). This aligns with de Andrade et al., (2023), where the direct influence of rhizobacteria through root growth promoters can directly influence the plant's metabolic process by enhancing the uptake of water and mineral nutrients. Under salt stress conditions, microbes are able to increase plant tolerance through key mechanisms, namely by facilitating nutrient acquisition through processes such as nitrogen fixation, phosphate solubilization, and iron chelation (Waheed et al., 2024).
	The synergy between diazotrophic and phosphorus-solubilizing bacteria on nutrient absorption is supported by the ability of these bacteria to increase the availability of N and P nutrients in the soil under saline conditions, where there is an imbalance of nutrients and decreased microbial activity due to increased salt levels (Jiang et al., 2021). In saline conditions, P is in a fixed condition, so it is not available. With the presence of P-solubilizing bacteria, it will produce organic acids and enzymes, so that it will be released from the form of insoluble compounds, making it available and can be absorbed by plants under salinity (Ibarra-galeana et al., 2017). Teles et al., (2024) reported that Kushneria sp. and Enterobacter sp. originating from the rhizosphere of Salicornia fruticosa can dissolve P in salinity. Fitriatin et al., (2022) reported that the combination of Burkholderia sp. and Penicillium sp. can increase P levels in rice plant tissue.
	Application of diazotrophic bacteria will increase their activity and increase the population in the rice rhizosphere, so that this interaction will allow increased N-fixing activity that can provide N for plants. Purwanto et al., (2024) reported that halotolerant strains effectively increased nitrogen and potassium uptake in rice plants grown under high salinity conditions. Mattos et al., (2023) also found that co-inoculating rice with Azospirillum brasilense and Pseudomonas fluorescens significantly enhanced nitrogen use efficiency.
	Inoculation of diazotrophic and phosphorus-solubilizing bacteria to rice plants under saline conditions showed significant results in increasing K uptake and increasing the K+/Na+ ratio. The results showed that the K+/Na+ ratio increased with inoculation of diazotrophic and phosphorus-solubilizing bacteria, both in single inoculants and in the form of consortia (Fig. 2). These results indicate that the consortium of diazotrophic and phosphorus-solubilizing bacteria can increase the resistance of rice plants to salt stress by maintaining ion homeostasis and reducing the adverse effects of salt stress (Siddika et al., 2024). Rhizobacteria increase K absorption and K+/Na+ ratio through the mechanisms of ion homeostasis regulation, organic acid production, and stress hormone modulation (Mehrabi et al., 2024). Siddika et al., (2024) reported that inoculation of Bacillus subtilis and B. aryabhattai significantly enhanced ion homeostasis in rice under salt stress, and application of B. subtilis reduced Na⁺ accumulation by 81% and increased K⁺ uptake by 67% under 100 mM NaCl stress, restoring the K⁺/Na⁺ ratio by approximately 89% compared to untreated stressed plants.
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Figure 2. K+/Na+ Ratio
3.3 Proline Content
[bookmark: _Hlk214993589]	The results showed that inoculation of diazotrophic and P-solubilizing bacteria increases proline accumulation in rice plant leaf tissue under salinity stress conditions. Proline content increased significantly in comparison to the control. Inoculation of diazotrophic and P-solubilizing bacteria, both single and combined, was able to increase proline levels by an average of 14.32 µmol g-1 or an increase of 173.36% compared to the control treatment, which was only 5.24 µmol g-1. The combination treatment of diazotrophic and P-solubilizing bacteria induced higher proline production than single inoculants. The combination of diazotrophic and P-solubilizing bacteria had an average proline content of 18.31 µmol g-1, and single inoculants had an average proline content of 9.01 µmol g-1. This indicates an increase in proline accumulation of 103.32%. The combination of Acinetobacter junii strain WR4 + Priestia megaterium strains NRRL B-350 (A + P) was able to induce the highest proline accumulation of 23.75 µmol g-1, followed by the treatment of Bacillus tropicus strain CU96 + Priestia megaterium strains NRRL B-350 (B + P) of 22.91 µmol g-1 (Fig. 2). The combination of diazotrophic bacteria with P-solubilizing bacteria was able to induce higher proline than the combination of diazotrophic bacteria alone, or the combination of the three bacteria.
	These results indicate synergy between diazotrophic bacteria and P-solubilizing bacteria in increasing resistance to salinity stress by increasing proline accumulation in plant tissue. Under salinity stress conditions, plants will respond by accumulating proline, which is a form of amino acid in the cell solution. High proline accumulation in plant tissue can increase plant tolerance to salt stress through osmotic adjustment in cell solution, stabilization of cellular structure, and neutralization of reactive oxygen species (ROS) (Mansour & Ali, 2017). El Moukhtari et al., (2020) stated that enhanced proline accumulation in plant tissues positively affects plants under salt stress by boosting antioxidant activity, limiting the uptake and movement of Na⁺ and Cl⁻, and promoting greater assimilation of K⁺.
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Fig 2. Proline content of rice in different treatments of consortium diazotrophic bacteria and P-solubilizing bacteria (The numbers followed by the same letter are not significantly different according to DMRT α: 5%).

These findings are consistent with earlier research, indicating that inoculation with plant growth-promoting rhizobacteria can positively influence salt stress by enhancing proline accumulation. Mahmoud et al., (2020) found that inoculation of Bacillus sp. on barley plants can increase proline levels in 100 mM NaCl salt stress. Halotolerant PGPR produces osmolytes that are suitable for helping plants during salt stress by accumulating proline, where plants lack organic osmolytes such as trehalose, and in this condition, proline as the main osmolyte will be formed as a result of protein hydrolysis to reduce osmotic stress (Abbas et al., 2019). Abulfaraj & Jalal, (2021) also reported that inoculation of P. fluorescens, P. putida, and Bacillus subtilis can increase proline levels in soybean plants experiencing salt stress.
3.4 Grain Yield
[bookmark: _Hlk214993532]	The results of the study showed that inoculation of Diazotrophic and P-solubilizing bacteria, both single inoculants and in the form of consortia, can increase grain yield per plant in comparison with the control. Consortium A+B was able to produce grain of 41.05 g plant-1, followed by consortium B+P and A+B+P of 34.64 and 37.50 g/plant, respectively (Fig. 3). Based on these results, inoculation of Diazotrophic and P-solubilizing bacteria was able to increase yield by an average of 61.79%, however, the consortium of diazotrophic and P-solubilizing bacteria was higher than the single inoculant, namely each was able to increase rice yield by 73.32 and 46.42% in high salinity conditions.
The application of a consortium of diazotrophic and P-solubilizing bacteria can increase effectiveness with synergistic effects between microbes. This is seen that the consortium of diazotrophic bacteria and P-solubilizing bacteria can increase plant growth, photosynthesis, and nutrient absorption, specifically N, P, and K, under salinity stress. N, P, and K are the main macronutrients that are needed for the growth and yield of rice plants. 
The combination of diazotrophic and PSBs can have a synergistic effect, where each type of bacteria enhances the activity of the other, leading to greater nutrient availability and plant growth. By enhancing the availability of nitrogen and phosphorus, these bacteria can boost rice growth, development, and yield, particularly under saline conditions. Dat et al., (2025) found that inoculation of C. sphaeroides ST16 and ST26 on rice plants under saline conditions was able to increase P availability and P uptake by 8.33-27.8% and 29.4-56.1%, respectively, and increase rice yields by 26.5-51.0%.
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Fig 2. Rice yield (The numbers followed by the same letter are not significantly different according to DMRT α: 5%).
4. CONCLUSIONS
The application of diazotrophic and phosphate-solubilizing bacteria significantly improved the agronomic and physiological performance of rice plants under high salinity stress. The application of diazotrophic and phosphate-solubilizing bacteria significantly improved the agronomic and physiological performance of rice plants under high salinity stress. The consortium of diazotrophic and P-solubilizing bacteria increased resistance to salinity stress by increasing proline levels by 173.36% and increasing the K⁺/Na⁺ ratio. Inoculation of diazotrophic and P-solubilizing bacteria was able to increase yield by an average of 61.79%.
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APPLICATION OF HALOTOLERANCE OF PGPR CONSORTIUM TO INCREASING THE  TOLERANCE OF RICE PLANTS TO SALINITY STRESS     Purwanto 1* , Aqilah Faizah Shafa 1 ,   Ni Wayan Anik Leana 1 , Lafi Na’imatul Bayyinah 1 , Risqa Naila  Khusna  Syarifah 1 , Hanim Rahayuani Ratnangsih 1     1 Department   of Agrotechnology, Faculty of Agriculture, Jenderal Soedirman University     Jl. Dr. Suparno KP 125 Purwokerto, Central Java, Indonesia 53122.   * Correspondence:   purwanto0401@unsoed.ac.id       ABSTRACT     Salinity negatively affects rice growth and yield by causing nutritional imbalances , osmotic stress, and ion toxicity. This study aimed  to examine the synergy between diazotrophic bacteria and P - solubilizing bacteria in increasing rice plant growth and yield in high  salinity. The research was conducted at the Agronomy & Horticulture Labo ratory and Experimental Farm, Faculty of Agriculture,  Jenderal Soedirman University, Indonesia, from July to December 2024, using a floating raft hydroponic system with AB m ix, and  salinity was maintained at 6.5 dS m⁻¹ using NaCl. The research used a Randomized Block Design with four replications. The tre atments  include Diazotrophic bacteria, including  Acinetobacter junii   strain WR4 (A) and  Bacillus tropicus   strain CU96 (B), while the P - solubilizing bacteria used are  Priestia megaterium   strain NRRL B - 350 (P).  The results showed that the application of diazotrophic and  phosphate - solubilizing bacteria significantly improved the agronomic and physiological performance of rice pla nts under high salinity  stress. The consortium of diazotrophic and P - solubilizing bacteria increased resistance to salinity stress by increasing proline levels by  173.36% and increasing the K⁺/Na⁺ ratio. Inoculation of diazotrophic and P - solubilizing bacte ria was able to increase yield by an average  of 61.79%.   Keywords :   diazotrophic bacteria, phosphate - solubilizing bacteria, rice yield, salinity stress.    

