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					ABSTRACT  

					ARTICLE INFO  

					Salinity is a major challenge to optimizing plant production worldwide. Plant growth-promoting  

					rhizobacteria (PGPR) and goat manure have been shown to alleviate the negative effects of salt  

					stress. This study aims to investigate the mechanism by which PGPR and goat manure mitigate  

					salt stress and enhance shallot yield. Conducted from July to November 2023 in Poncokusumo,  

					Malang, this study employed a randomized block- design (RBD) with three treatment factors:  

					salinity (0 and 150 mM NaCl), PGPR concentration (0, 10, and 20 ml L-1), and goat manure (0,  

					10, and 20 t ha-1). A combination of 20 ml L-1 PGPR and 20 t ha-1 goat manure was applied to  

					evaluate its effect on plant growth and yield components under both normal or salt stress  

					conditions. The results showed that 150 mM NaCl significantly reduced plant growth variables  

					(leaf number, leaf area, tiller number, biomass) and yield parameters (bulbs number, bulb  

					diameter, bulb fresh weight). The combination of 20 ml L-1 PGPR and 20 t ha-1 goat manure  

					treatment led to greater improvements in plant morphology compared to untreated plants, both  

					under normal and stressed conditions. This treatment also enhanced relative chlorophyll content  

					and relative water content (RWC). Additionally, salinity increased osmoprotectant levels, such as  

					proline and flavonoids. Moreover, the treatment of PGPR and goat manure under salinity  

					significantly boosted these compounds, which are crucial for salinity defense. Our findings  

					suggest that the combined use of rhizobacteria and biofertilizers as soil organic amendments under  

					salinity stress can improve crop resilience and yield, supporting sustainable agricultural practices.  
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					Under saline condition, PGPR alleviate stress by enhancing  

					photosynthetic pigments, biomass, and the absorption of water and  

					Introduction  

					In Indonesia, shallots (Allium cepa L.) are widely cultivated  

					by farmers due to their high economic value, making them an important  

					agricultural product worldwide. However, environmental stress  

					severely impact the sustainability of plant production. 1 Abiotic stresses  

					such as salinity, water deficit, and high temperatures significantly  

					reduce crop yields, negatively affecting sustainable agriculture. 2 Under  

					salt stress, plants undergo physiological, morphological, and  

					biochemical changes that progressively decrease crop productivity. 3  

					Excessive salt absorption and accumulation in plants lead to ion  

					toxicity, inhibiting mineral absorption and ion homeostasis. 4 Salinity  

					causes an extensive buildup of ions (Na+ and Cl−), reduces the uptake  

					of K+ and Ca2+, and results in an ionic imbalance, metabolic processes  

					minerals. 12 The reduced relative water content (RWC) and lowered  

					water and osmotic potentials are also associated with growth reduction  

					under salt stress. 7 Plant have developed various adaptive mechanisms  

					to cope with salinity, such as ion balance and transport, osmotic  

					adjustment, and the stimulation of enzymatic and non-enzymatic  

					8

					antioxidants. Plant Additionally, PGPR modulate phytohormone  

					levels, enhance mineral uptake, reduce the absorption of hazardous  

					ions, and upregulate stress-related genes. 13  

					PGPR also produce 1-aminocyclopropane-1-carboxylic acid (ACC)  

					deaminase, which breaks down the ACC into Ammonia and α-  

					ketobutyric acid, a precursor to ethylene, a hormone crucial for plants  

					tolerance to salinity. 14 The application of one or more PGPR can reduce  

					salt-induced plant damage by enhancing physiological features due to  

					enhanced antioxidant activities. 15 As a salt stress defense mechanism,  

					PGPR elevates the production of several antioxidants such as proline,  

					catalase, and superoxide dismutase, which help reduce ROS levels. 16  

					Goat manure, an organic soil amendment, plays a crucial role in  

					maintaining crop production sustainability. It enhances soil fertility by  

					increasing organic matter content, improving macronutrient  

					availability, and influencing plant protein and carbohydrate levels. 17  

					Previous studies have shown that goat manure application increases  

					proline content and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical  

					scavenging activity, thereby boosting plant biomass. 18 It also improves  

					organic matter, microbial biomass carbon, macronutrient availability,  

					and soil fertility. 19 Goat manure is a rich source of organic carbon and  

					macronutrients that support the growth of beneficial bacteria, which in  

					turn mitigate stress effects on plants. 20  

					disruptions within the plants, 5 and limited macro- and micronutrient  

					6

					absorption.  

					Additionally, salinity triggers oxidative stress and  

					increases plant cells' reactive oxygen species (ROS) levels, leading to  

					lipid peroxidation, membrane degradation, and protein damage. Growth  

					Promoting Rhizobacteria (PGPR) are beneficial microorganisms that  

					colonize plant roots and promote growth directly and indirectly by  

					mitigating stress.9 Recent studies have reported that PGPR help balance  

					nutrient equilibrium, promote plant growth and development, and  

					reduce the detrimental effects of salt stress. 10,11  
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					Therefore, it is evident that manure and PGPR function synergistically  

					to enhance plant growth under stressed conditions. In the context of salt  
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					stress, animal manure alleviates stress by reducing the Na+/K+  
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					concentration in plant cells.  

					Furthermore, flavonoids, secondary  

					metabolites in plants, play a critical role in reducing ROS under stress  

					conditions due to their redox properties. 22 This study investigates the  
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					synergistic mechanisms of PGPR and goat manure in alleviating salt  

					stress and improving growth and yield of shallots.  

					homogenized with a vortex for 30 seconds until two-layer phases were  

					formed. The absorbance of the red top layer containing proline was  

					quantified using a spectrophotometer with a wavelength of 520 nm. 24  

					Total Flavonoid Content  

					Materials and Methods  

					Flavonoid content was measured by grinding 1 g of dried leaf tissue and  

					extracting it with 10 ml of 70% ethanol for 1 hour. The mixture was  

					filtered, and 0.5 ml of the filtrate was reacted with 1 ml of 10%  

					aluminum chloride (AlCl3) and 0.1 ml of 1M sodium acetate  

					(CH3COONa). The solution was diluted with 1.5 ml of 70% ethanol and  

					2.8 ml of distilled water, homogenized with a vortex, and incubated for  

					30 minutes. The absorbance of the solution was measured using a UV-  

					Vis spectrophotometer at 430 nm. 25  

					Plant Materials and Treatments  

					The plant material used in this study was the Tajuk variety of shallots.  

					Shallot bulbs were soaked in PGPR solution for 2 hours before planting.  

					Goat manure was applied to the planting medium by mixing it directly  

					with the soil, and the incubation period was 2 weeks before planting.  

					NaCl was diluted in water according to the required concentration, and  

					the solution was poured into the soil medium at a rate of 1 L polybag-1  

					(approximately 10 kg polybag-1). PGPR application was carried out  

					weekly by adding 100 ml of the solution with a concentration of 1x108  

					CFU ml-1 to the media.  

					Statistical Analysis  

					The statistical analysis was performed using the Analysis of Variance  

					(ANOVA) with Statistix 8.0 to assess the significant differences among  

					treatments. Tukey’s Honestly Significant Difference (HSD) test at the  

					5% level was used to compare means, with significance established at  

					p < 0.05.  

					Bacterial Isolation and Production  

					The PGPR products were isolated and commercialized by the  

					Laboratory of Plant Pathology, Department of Plant Protection, Faculty  

					of Agriculture, Brawijaya University, Indonesia. The PGPR product  

					used in this study contained several rhizobacterial species, including  

					Pseudomonas fluorescens and Bacillus subtilis.  

					Results and Discussion  

					Plant growth  

					The results exhibited that soil salinity significantly reduced growth  

					variables such as leaf number, leaf area, and tiller number hill-1.  

					However, the application of PGPR and goat manure ameliorated the  

					effects of salt stress on shallot plants (Figure 1, Table 1). Under normal  

					conditions (S0), the application of PGPR 20 ml L-1 (P2) and goat  

					manure 20 t ha-1 (M2) significantly increased leaf number by 47%  

					compared to the untreated plants (PGPR (P0) and goat manure (M0)).  

					The P0M2 treatment showed a 33% increase in leaf number, while no  

					significant difference was observed between the P2M2 and P1M2  

					treatments. Furthermore, under salt stress condition, the application of  

					PGPR at 20 ml L-1 (P2) and goat manure at 20 tons ha-1 (M2) resulted  

					in significant increase in leaf number, 99% higher than untreated plants  

					(P0M0). The P2M2 treatment exhibited 42%, although there was no  

					significant difference observed between the P1M2 and P2M2  

					treatments.  

					Experimental Design  

					This research was conducted from July to November 2023 in  

					Poncokusumo Sub-District, Malang Regency, East Java, Indonesia. A  

					randomized block design (RBD) with a factorial arrangement was  

					employed to analyze the role of PGPR and goat manure in alleviating  

					salt stress on shallots. This research involved three factors: (i) salinity,  

					with 2 levels: S0 = 0 NaCl and S1 = 150 mM NaCl; (ii) PGPR with 3  

					levels: P0 = without PGPR, P1 = PGPR 10 ml L-1, P2 = PGPR 20 ml L-  

					1; and (iii) goat manure, with 3 levels: M0 = without goat manure, M1  

					= 10 t ha-1, and M2 = 20 t ha-1.  

					Observation of Plant Growth and Yield  

					Growth variables, including leaf number, leaf area, tiller number, and  

					plant biomass, were observed 6 weeks after planting. Yield parameters,  

					such as bulb number hill-1, bulb diameter (cm), bulb fresh weight (g  

					bulb-1), and bulb fresh weight (g hill-1), were measured at harvest (8  

					weeks after planting).  

					Relative Chlorophyll Content  

					Relative chlorophyll content was quantified using a Konica Minolta  

					SPAD-502Plus device. The SPAD readings corresponds to the leaf  

					chlorophyll content by measuring the absorption of red and near-  

					infrared light, which is essential for photosynthesis.  

					Relative Water Content (RWC)  

					RWC was determined using the formula: RWC (%) = [(FW - DW)/(SW  

					- DW)] × 100, with FW, DW, and SW represent the fresh, dry, and  

					turgid weights of the leaf tissues, respectively. The leaves were weighed  

					after they were hydrated and placed into the distilled water at 22 °C  

					under light conditions for at least 4 hours to achieve full turgidity. The  

					dry weight was measured by oven-drying the turgid leaves at 80°C for  

					16 hours. 23  

					Proline Content  

					Approximately 0.5 g of fresh leaf tissue were flash-frozen with liquid  

					nitrogen and ground with a mortar. The ground tissue was dissolved in  

					10 ml of 3% sulfosalicylic acid, and the mixture was filtered using  

					Whatman paper no. 1. A 2 ml portion of the filtrate was mixed with 2  

					ml of ninhydrin (1.25 g of ninhydrin in 30 ml of glacial acetic acid and  

					20 ml of 6 M phosphoric acid) and 2 ml of glacial acetic acid in a test  

					tube. The mixture was incubated at 100oC for 1 hour, then cooled in an  

					ice bath. The solution was diluted with 4 ml of toluene and  

					Figure 1: PGPR and goat manure improving plant growth under  

					salt stress conditions on 6 weeks-old shallot. S0: 0 NaCl, S1:  

					150 mM NaCl, P0: Without PGPR, P1: PGPR 10 ml L-1, P2:  

					PGPR 20 ml L-1, M0: Without goat manure, M1: goat manure  

					10 t ha-1, M2: goat manure 20 t ha-1.  
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					Table 1: PGPR and goat manure increased the leaf number, leaf area, and tiller number of shallots 6 weeks after planting  

					Leaf Number hill-1  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					Treatments  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					P0 (0 ml L-1)  

					24.50 def  

					31.50 bcde  

					32.67 bcde  

					9.85  

					32.83 bcde  

					34.00 abcde  

					35.83 abc  

					38.67 ab  

					40.67 ab  

					42.83 a  

					14.60 g  

					20.00 fg  

					20.83 fg  

					21.17 fg  

					22.00 fg  

					25.17 def  

					24.33 efg  

					27.83 cdef  

					34.33 abcd  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					Leaf Area(cm2 hill-1 )  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					Treatments  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					P0 (0 ml L-1)  

					151.51 cd  

					153.93 cd  

					160.07 bcd  

					19.95  

					160.39 bcd  

					166.11 abc  

					178.67 ab  

					164.23 bc  

					168.79 abc  

					185.6 a  

					66.50 h  

					79.79 gh  

					83.14 gh  

					88.23 fg  

					96.81 fg  

					122.53 e  

					91.95 fg  

					107.08 ef  

					142.67 d  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					Tiller Number hill-1  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					Treatments  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					5.17 bcd  

					6.00 abc  

					6.67 ab  

					1.62  

					5.83 abcd  

					6.33 abc  

					7.83 a  

					5.83 abcd  

					6.67 ab  

					7.83 a  

					4.33 d  

					5.00 cd  

					5.83 bcd  

					6.00 abc  

					7.17 abc  

					5.00 cd  

					6.17 bcd  

					5.33 abcd  

					6.77 abc  

					Note: Values followed by different letters indicate significant differences in the HSD test at P = 0.05. S: salt stress, P: PGPR, and M: goat manure  

					The same results were also found in the leaf area hill-1. The P2M2  

					treatment significantly increased leaf area by 23% under normal  

					conditions and by 89% under salt stress (S1) compared to the control  

					plants. The P2M1 treatment also increased plant leaf area significantly.  

					The tiller number hill-1 was increased by PGPR and goat manure under  

					both normal and salt stress conditions. The P2M2 treatment showed a  

					significant improvement compared to untreated plants (P0M0). Under  

					normal conditions, the increase in leaf number was 51% for P2M2 and  

					13% for P0M2. Meanwhile, under salt stress (S1), the increase in leaf  

					number was 66% for P2M2 and 35% for P0M2. The results above  

					indicate that the inoculation of PGPR and the application of goat  

					manure helped alleviate the detrimental effects of salt stress on shallot  

					plants. PGPR strains can help improve vegetative growth, such as leaf  

					number, leaf area index, and tiller number, by enhancing the production  

					of proline as part of antioxidative defense mechanisms. 26 Meanwhile,  

					organic fertilizers like goat manure ameliorate soil properties, reducing  

					(S0) and salt stress (S1) conditions (Figure 2). Under normal conditions,  

					plants inoculated with PGPR and goat manure simultaneously (P1M1,  

					P2M1, P1M2, and P2M2) or PGPR alone (P1M0 and P2M0)  

					significantly increased the plants’ RWC compared to the control plants  

					(P0M0) and the P0M1 treatments. Interestingly, under salt stress (S1),  

					PGPR and manure significantly improved plant resistance to salinity,  

					while untreated plants (P0M0) exhibited the lowest RWC.  

					Under salt stress, treatments with P0M2, P1M2, and P2M2 resulted in  

					the highest RWC, with an average increase of 62% compared to  

					untreated plants (P0M0). Furthermore, the P1M0, P2M0, P0M1, P1M1,  

					and P2M1 treatments were also effective in maintaining the plants’  

					water content under salt stress. In fact, the RWC even increased by 23%  

					for P1M0, 26% for P2M0, 30% for P0M1, 35% for P1M1, and 38% for  

					P2M1. Past studies have found that PGPR and organic manure help  

					increase plant tolerance to salinity stress by producing antioxidant  

					activity and promoting osmotic adjustment, which enable the  

					attainment of higher RWC, as PGPR induce systemic tolerance under  

					stress. 31 Goat manure, being an organic amendment, improves soil  

					27  

					the negative impacts of salinity on plant growth. Improving soil  

					chemical properties helps the plants absorb more macronutrients such  

					as nitrogen, phosphorous, and potassium, which are crucial for  

					promoting the vegetative growth of the shallot plants under salinity  

					stress. 28  

					PGPR and organic manure are biofertilizers that simultaneously  

					improve root and shoot growth. 29 PGPR can solubilize phosphate, fix  

					atmospheric nitrogen, and make it available for plant uptake. 30 These  

					beneficial root-colonizing rhizobacteria function directly and indirectly  

					as plant growth boosters and stress protectants.9 Therefore, it is evident  

					that manure and PGPR work synergistically to promote plant growth in  

					both normal and stressed environments. Under salt stress conditions,  

					animal manure helps alleviate salinity stress by reducing Na+/K+  

					concentration within plant cells. 21  

					structure, water retention, and nutrients supply, and helps plants take up  

					32  

					water efficiently and resist stress.  

					Under saline conditions, the  

					combination of PGPR and organic amendments has been proven to  

					synergistically enhance plant physiological responses, such as RWC. 33  

					Furthermore, the application of goat manure induces the accumulation  

					of proline, which is crucial for defense responses toward salt stress  

					conditions. 18  

					Under saline conditions, RWC is the most critical indicator of plant  

					stress. Past studies have demonstrated that Pseudomonas  

					pseudoalcaligenes and Bacillus subtilis induce plant defense against  

					34  

					salinity by increasing RWC and osmolytes.  

					Additionally, the  

					application of organic manure has been shown to increase RWC and  

					reduce Na+/K+ under salt stress in Zea mays. 21 Meanwhile, PGPR and  

					bio-fertilizers (BF) are increasingly used to mitigate the negative effects  

					of soil salinity. 35  

					Plant Relative Water Content (RWC)  

					This study finds that plants treated with 150 mM NaCl (S1) exhibited a  

					reduction in RWC by up to 82%. However, PGPR and goat manure  

					treatments had a positive effect in increasing RWC under both normal  
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					Osmoprotectant Production (Proline and Flavonoid)  

					The results of this study demonstrate that salt stress affects the  

					biochemical production in shallot plants. Under salt stress conditions  

					(S1), proline content increased by 135% compared to normal condition  

					(S0). Under normal conditions (S0), treatments with P2M0, P2M1,  

					P1M2, and P2M2 resulted in enhanced proline content by 28%, 28%,  

					35%, and 37%, respectively, compared to untreated plants (S0P0M0).  

					Under salt stress (S1), plants treated with P2M0, P1M1, P2M1, P0M2,  

					P1M2, and P2M2 showed a 30% increase in proline content compared  

					to untreated plants (P0M0) (Figure 3A).  

					A similar trend was also observed with changes in flavonoid content.  

					Under normal conditions (S0), P2M2 and P2M1 treatments resulted in  

					the highest flavonoid content, with an increase of 69% compared to  

					untreated plants (P0M0). This was followed by the P1M2, P0M2, and  

					P1M1 treatments, which increased flavonoid content by 36%, 34%, and  

					32%, respectively. Under salt stress conditions (150 mM NaCl),  

					flavonoid content increased by 128% (Figure 3B), while the P2M0,  

					P2M1, and P2M2 treatments significantly increased flavonoid content  

					by 35%, 40%, and 88%, respectively, compared to the control plants  

					(S1P0M0).  

					Figure 2: PGPR and goat manure on shallot's relative water  

					content (RWC) under stress conditions. S0: 0 NaCl, S1: 150  

					mM NaCl, P0: Without PGPR, P1: PGPR 10 ml L-1, P2: PGPR  

					20 ml L-1, M0: Without goat manure, M1: goat manure 10 t ha-  

					1, M2: goat manure 20 t ha-1.  

					Proline acts as a protective molecule, scavenging reactive oxygen  

					36  

					species (ROS) and mitigating the damaging effects of stress.  

					It  

					functions as osmolytes to regulate osmotic pressure, stabilize  

					37  

					subcellular structures, and help preserve enzymes and proteins.  

					Proline also stimulates antioxidant enzymes activity, enhancing the  

					plant's natural defense mechanism against oxidative stress.38 Plants rely  

					on proline in osmotic regulation and ROS scavenging to maintain  

					cellular homeostasis and increase stress tolerance. 39  

					Flavonoids, as plant secondary metabolites, are critical for redox  

					features under salt stress.22 In maize plants inoculated with B. mycoides  

					PM35, significant decreases in MDA levels and electrolyte leakage  

					were observed, along with increases in antioxidant activities, relative  

					water content, flavonoids, phenolic compounds, and osmolytes 40 The  

					addition of organic matter to salt-stressed soil helps maintain soil  

					properties, increasing plant growth and adaptation. 41 Past research has  

					also found that poultry manure improves the development of pepper  

					under salt stress by increasing proline and peroxidase activity. 42  

					Plant chlorophyll and biomass  

					The results of this study demonstrated that plants treated with PGPR  

					and goat manure exhibited higher relative chlorophyll content and plant  

					biomass than those without treatments. Under normal conditions (S0),  

					the combination of treatments P1M1, P1M2, P2M, and P2M2  

					significantly increased the plants’ relative chlorophyll content (Table  

					2). The highest chlorophyll content was observed in the P2M2  

					treatment, which showed a 34% increase compared to untreated plants  

					(P0M0). Similar results were obtained under salt stress conditions (S1),  

					where the application of NaCl at 150 mM (S1) significantly reduced  

					relative chlorophyll content. However, treatments P2M0, P0M1, P1M1,  

					P2M1, P0M2, P1M2, and P2M2 increased the relative chlorophyll  

					content at a higher rate than that of control plants (P0M0) under stress  

					conditions. The P1M2 and P2M2 treatments resulted in a 34% increase  

					compared to untreated plants.  

					Furthermore, the P2M2 treatment also yielded a higher plant dry weight  

					hill-1. Plants treated with S1P2M2 exhibited a 71% increase in dry  

					weight compared to control plants (S1P0M0). These findings suggest  

					that PGPR and goat manure had a more pronounced effect on plant  

					growth compared to untreated plants (Figure 1). Past studies found that  

					Bacillus inoculation and organic manure application enhanced  

					chlorophyll a and b content, photosynthesis efficiency, and stomatal  

					43  

					conductance in chickpea plants.  

					Increased chlorophyll content  

					Figure 3: PGPR and goat manure increase proline and flavonoid  

					content under normal and stressed conditions. S0: 0 NaCl, S1:  

					150 mM NaCl, P0: Without PGPR, P1: PGPR 10 ml L-1, P2:  

					PGPR 20 ml L-1, M0: Without goat manure, M1: goat manure  

					10 t ha-1, M2: goat manure 20 t ha-1.  

					44  

					enhances plants' photosynthetic activity and biomass production.  

					Rhizobacteria have a crucial role in dissolving insoluble phosphate,  

					which is then made available for plant absorption, potentially increasing  

					crop yields. 45  

					The application of PGPR Bacillus subtillis at 108 CFU/ml significantly  

					increases shallot bulbs’ weight and diameter, 46 while organic manure  
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					improves soil biological properties like microbial biomass and activity,  

					solubility. 47 Thus, the combination of organic manure and PGPR can  

					synergistically enhance plant growth in both normal and stressed  

					environments. Under salt stress conditions, animal manure alleviates  

					salinity stress by reducing Na+/K+ concentration in plant cells. 21  

					31  

					supplying soluble macronutrients for plants.  

					PGPR and organic  

					manure act as biofertilizers, enhancing root growth, nutrient and water  

					uptake, and photosynthate accumulation by improving soil phosphate  

					Table 2: Application of PGPR and goat manure increases relative chlorophyll content, plant fresh weight, and plant dry weight under salt stress  

					6 weeks after planting  

					Relative Chlorophyll Content  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					Treatments  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					24.34 hij  

					26.51 ef  

					27.13 def  

					1.68  

					24.60 ghi  

					26.25 efg  

					28.44 cd  

					30.52 b  

					30.86 ab  

					32.53 a  

					22.68 j  

					26.07 fg  

					27.85 de  

					28.21 d  

					26.11 fg  

					30.04 bc  

					30.28 a  

					23.25 ij  

					25.59 fgh  

					Plant Dry Weight (g hill-1)  

					S0 (0 mM NaCl)  

					S1 (150 mM NaCl)  

					M0  

					Treatment  

					M0  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					(0 t ha-1)  

					(10 t ha-1)  

					(20 t ha-1)  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					2.93 fgh  

					2.65 ef  

					3.28 de  

					0.80  

					3.03 de  

					3.48 d  

					3.58 d  

					4.69 ab  

					4.99 a  

					1.98 j  

					2.24 hij  

					2.61 ghi  

					3.04 fg  

					3.06 de  

					3.15 cd  

					3.40 bc  

					2.09 ij  

					2.60 ghi  

					4.42 bc  

					Note: Values followed by different letters indicate significant differences in the HSD test at P = 0.05. S: salt stress, P: PGPR, and M: goat manure  

					Yield  

					(Table 3). Under normal conditions (S0), plants treated with PGPR 20  

					ml L-1 (P2) and goat manure 10 tons ha-1 (M1) or 20 tons ha-1 (M2) had  

					more bulbs than those under other treatments. The P2M1 and P2M2  

					treatments increased the number of bulbs by 51% compared to untreated  

					plants. Under salt stress (S1), P2M2 and P2M1 treatments increased  

					bulb number by 56% and 65%, respectively.  

					PGPR inoculation and the application of goat manure significantly  

					increased yield under both normal and saline conditions. The results  

					exhibited that plants treated with 150 mM NaCl (S1) experienced a  

					decrease in yield variables such as bulb number, bulb diameter, fresh  

					weight bulb-1, and bulb fresh weight hill-1 compared to unstressed plants  

					Table 3: Application of PGPR and goat manure increases bulb number, bulb diameter, and bulb fresh weight of shallot at 8 weeks after  

					planting  

					Bulbs Number hill-1  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					Treatment  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					5.17 bcd  

					6.00 abc  

					6.67 ab  

					1.62  

					(10 t ha-1)  

					5.83 bcd  

					6.33 abc  

					7.83 a  

					(20 t ha-1)  

					5.83 bcd  

					6.67 ab  

					7.83 a  

					(0 t ha-1)  

					4.33 d  

					(10 t ha-1)  

					5.00 cd  

					5.33 abcd  

					6.77 ab  

					(20 t ha-1)  

					5.83 bcd  

					6.00 abc  

					7.17 a  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					5.00 cd  

					6.17 bc  

					Bulb Diameter (cm)  

					Treatment  

					S0 (0 mM NaCl)  

					M0  

					S1 (150 mM NaCl)  

					M0  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					1.38 hi  

					1.68 fg  

					2.58 bc  

					0.29  

					(10 t ha-1)  

					2.12 de  

					2.53 bc  

					2.66 b  

					(20 t ha-1)  

					2.24 d  

					2.33 cd  

					3.05 a  

					(0 t ha-1)  

					1.05 j  

					(10 t ha-1)  

					1.14 ij  

					1.22 ij  

					1.65 fgh  

					(20 t ha-1)  

					1.42 ghi  

					1.85 ef  

					2.18 d  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					1.14 ij  

					2.13 de  

					Bulb Fresh Weight (g bulb-1)  

					S0 (0 mM NaCl)  

					S1 (150 mM NaCl)  

					M0  

					Treatment  

					M0  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					4.75 cde  

					5.96 c  

					7.14 ab  

					1.46  

					(10 t ha-1)  

					6.07 b  

					6.94 ab  

					7.54 a  

					(20 t ha-1)  

					6.81 ab  

					7.09 ab  

					8.21 a  

					(0 t ha-1)  

					2.13 f  

					(10 t ha-1)  

					2.61 def  

					2.35 def  

					2.85 cde  

					(20 t ha-1)  

					2.91 cd  

					3.91 c  

					3.93 b  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					P2 (20 ml L-1)  

					HSD 0.05%  

					2.41 ef  

					2.65 def  

					Bulb Fresh Weight (g hill-1)  

					S0 (0 mM NaCl)  

					S1 (150 mM NaCl)  

					M0  

					Treatment  

					M0  

					M1  

					M2  

					M1  

					M2  

					(0 t ha-1)  

					26.84 def  

					28.17 cdef  

					(10 t ha-1)  

					28.27 cdef  

					28.58 cdef  

					(20 t ha-1)  

					29.25 cdef  

					30.21 bcde  

					(0 t ha-1)  

					(10 t ha-1)  

					24.14 ef  

					27.80 def  

					(20 t ha-1)  

					25.55 def  

					26.14 def  

					P0 (0 ml L-1)  

					P1 (10 ml L-1)  

					20.59 f  

					24.56 ef  
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					P2 (20 ml L-1)  

					HSD 0.05%  

					34.71 bcd  

					9.16  

					39.19 ab  

					45.93 a  

					25.08 ef  

					29.88 cde  

					36.98 abc  

					Note: Values followed by different letters indicate significant differences in the HSD test at P = 0.05. S: salt stress, P: PGPR, and M: goat manure  

					For bulb diameter, the P2M1 treatment resulted in a 93% increase  

					compared to untreated plants (S0P0M0) under normal conditions. Under  

					salt stress (S1), there was an increase of 35% in P2M1 and 107% in P2M2.  

					PGPR inoculation and goat manure application also significantly  

					increased fresh weight bulbs-1 and bulb fresh-weight hill-1. The P2M1 and  

					P2M2 treatments produced the highest fresh weight bulbs-1 under normal  

					conditions, with increases of 59% and 73%, respectively. Under salt stress  

					(S1), these increases were 34% and 84%, respectively. Similar results  

					were observed for bulb fresh weight hill-1, where P2M1 and P2M2  

					treatments increased bulb weight by 46% and 71% under normal  

					conditions, and 45% and 80% under salt stress (S1). To boost crop yields,  

					PGPR solubilizes macro- and micronutrients for plant absorption while  

					regulating hormonal and nutritional balance. 48 PGPR also helps reduce  

					6. El-Esawi MA, Alaraidh IA, Alsahli AA, Ali HM, Alayafi  

					AA, Witczak J, Ahmad M. Genetic variation and alleviation  

					of salinity stress in barley (Hordeum vulgare L.). Molecules.  

					2018; 23(10): 2488.  

					7. El Ghazali GEB. Suaeda vermiculata Forssk. ex JF Gmel.:  

					structural characteristics and adaptations to salinity and  

					drought: a review. Int J Sci. 2020; 9(02): 28–33.  

					8. Shivashankara KS, Pavithra KC, Geetha GA. Antioxidant  

					protection mechanism during abiotic stresses. Abiotic Stress  

					Physiol Hort Crops. 2016; 47–69.  

					9. Abbasi S, Sadeghi A, Safaie N. Streptomyces alleviate  

					drought stress in tomato plants and modulate the expression  

					of transcription factors ERF1 and WRKY70 genes. Sci Hortic.  

					2020; 265: 109206.  

					10. Essalim B, Esserti S, Rifai LA, Koussa T, Makroum K,  

					Belfaiza M, Rifai S, Venisse JS, Faize L, Alburquerque N.  

					Enhancement of plant growth, acclimatization, salt stress  

					tolerance and verticillium wilt disease resistance using plant  

					growth-promoting rhizobacteria (PGPR) associated with  

					plum trees (Prunus domestica). Sci Hort. 2022; 291: 110621.  

					11. Shultana R, Zuan ATK, Naher UA, Islam AKMM, Rana  

					MM, Rashid MH, Irin IJ, Islam SS, Rim AA, Hasan AK. The  

					PGPR mechanisms of salt stress adaptation and plant growth  

					promotion. Agron. 2022; 12(10): 2266.  

					12. Abideen Z, Cardinale M, Zulfiqar F, Koyro HW, Rasool SG,  

					Hessini K, Darbali W, Zhao F, Siddique KHM. Seed  

					endophyte bacteria enhance drought stress tolerance in  

					Hordeum vulgare by regulating physiological characteristics,  

					antioxidants and minerals uptake. Front Plant Sci. 2022; 13:  

					980046.  

					13. Etesami H, Beattie GA. Mining halophytes for plant growth-  

					promoting halotolerant bacteria to enhance the salinity  

					tolerance of non-halophytic crops. Front Microbiol. 2018; 9:  

					148.  

					14. Sarkar A, Ghosh PK, Pramanik K, Mitra S, Soren T, Pandey  

					S, Mondal MH, Maiti TK. A halotolerant Enterobacter sp.  

					displaying ACC deaminase activity promotes rice seedling  

					growth under salt stress. Res Microbiol. 2018; 169(1): 20–  

					32.  

					nitrogen remobilization and delays plant senescence, which contributes to  

					49  

					increased yield.  

					Additionally, organic soil amendments have been  

					shown to improve soil nutritional properties, increasing tuber or bulb yield  

					by up to 76%.50 Thus, it was evident that the combination of manure and  

					PGPR functions synergistically to enhance plant growth in both normal  

					and stressed environments.  

					Conclusion  

					PGPR and goat manure enhance plant growth, physiological responses,  

					and yield of shallot plants under both normal (S0) and salt stress (S1)  

					conditions. While soil salinity negatively impacts growth variables,  

					such as leaf numbers, leaf areas, and tiller numbers; PGPR and goat  

					manure help mitigate these adverse effects by increasing proline,  

					flavonoid, and relative water content (RWC) and enhancing relative  

					chlorophyll content and plant biomass. The combination of PGPR and  

					goat manure also substantially increase crop yield, particularly bulb  

					number, bulb diameter, fresh weight bulb-1, and bulb fresh weight hill-1.  

					These findings suggest a synergistic relationship between PGPR and  

					goat manure, contributing to the alleviation of salt stress and promoting  

					plant growth and productivity. This study highlights the potential of  

					utilizing rhizobacteria and organic fertilizers as organic soil  

					amendments in agriculture, especially in saline-affected areas, to  

					enhance crop resilience and yield for sustainable agriculture.  

					Conflict of Interest  

					The authors declare no conflict of interest.  

					15. Neshat M, Abbasi A, Hosseinzadeh A, Sarikhani MR,  

					Dadashi CD, Rasoulnia A. Plant growth promoting bacteria  

					(PGPR) induce antioxidant tolerance against salinity stress  

					through biochemical and physiological mechanisms. Physiol  

					Mol Biol Plants. 2022; 28(2): 347-361.  

					16. Yilmaz H, Kulaz H. The effects of plant growth promoting  

					rhizobacteria on antioxidant activity in chickpea (Cicer  

					arietinum L.) under salt stress. Legume Res Int J. 2019;  

					42(1): 72–76.  

					17. Adekiya AO, Ejue WS, Olayanju A, Dunsin O, Aboyeji CM,  

					Aremu C, Adegbite K, Akinpelu O. Different organic  

					manure sources and NPK fertilizer on soil chemical  

					properties, growth, yield and quality of okra. Sci Rep. 2020;  

					10(1): 16083.  

					Authors’ Declaration  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					References  

					1. De Storme N, Geelen D. The impact of environmental stress  

					on male reproductive development in plants: biological  

					processes and molecular mechanisms. Plant Cell Environ.  

					2014; 37(1): 1–18.  

					18. Thepsilvisut O, Chutimanukul P, Sae-Tan S, Ehara H. Effect  

					of chicken manure and chemical fertilizer on the yield and  

					qualities of white mugwort at dissimilar harvesting times.  

					Plos One. 2022; 17(4): e0266190.  

					2. Shrivastava P, Kumar R. Soil salinity:  

					A

					serious  

					environmental issue and plant growth promoting bacteria as  

					one of the tools for its alleviation. Saudi J Biolo Sci. 2015;  

					22(2): 123–131.  

					19. Seleem M, Khalafallah N, Zuhair R, Ghoneim AM, El-  

					Sharkawy M, Mahmoud E. Effect of integration of poultry  

					manure and vinasse on the abundance and diversity of soil  

					fauna, soil fertility index, and barley (Hordeum aestivum L.)  

					growth in calcareous soils. BMC Plant Biol. 2022; 22(1): 1–  

					11.  

					20. Upadhyay SK, Chauhan PK. Optimization of eco-friendly  

					amendments as sustainable asset for salt-tolerant plant  

					growth-promoting bacteria mediated maize (Zea Mays L.)  

					3. Arif Y, Singh P, Siddiqui H, Bajguz A, Hayat S. Salinity  

					induced physiological and biochemical changes in plants: An  

					omic approach towards salt stress tolerance. Plant Physiol  

					Biochem. 2020; 156: 64–77.  

					4. Guo H, Huang Z, Li M, Hou Z. Growth, ionic homeostasis,  

					and physiological responses of cotton under different salt and  

					alkali stresses. Sci Rep. 2020; 10(1): 21844.  

					5. Isayenkov SV, Maathuis FJM. Plant salinity stress: many  

					unanswered questions remain. Front Plant Sci. 2019; 10: 80.  

					1511  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					Trop J Nat Prod Res, April 2025; 9(4): 1506 – 1512  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					plant growth, Na uptake reduction and saline soil restoration.  

					Environ Res. 2022; 211: 113081.  

					seaweeds) in combating salt stress–a review. Plant Stress.  

					2022; 100111.  

					21. Niamat B, Naveed M, Ahmad Z, Yaseen M, Ditta A, Mustafa  

					A, Rafique M, Bibi R, Sun N, Xu M. Calcium-enriched  

					animal manure alleviates the adverse effects of salt stress on  

					growth, physiology and nutrients homeostasis of Zea mays  

					L. Plants. 2019; 8(11): 480.  

					22. Berni, R, Luyckx M, Xu X, Legay S, Sergeant K, Hausman  

					JF, Lutts S, Cai G, Guerriero G. Reactive oxygen species and  

					heavy metal stress in plants: Impact on the cell wall and  

					secondary metabolism. Environ Exp Bot. 2019; 161: 98–106.  

					23. Pieczynski M, Marczewski W, Hennig J, Dolata J, Bielewicz  

					D, Piontek P, Szweykowska KZ. Down‐regulation of CBP  

					80 gene expression as a strategy to engineer a drought‐  

					tolerant potato. Plant Biotechnol J. 2014; 11(4): 459-469.  

					24. Bates LS, Waldren RA, Teare ID. Rapid determination of  

					free proline for water-stress studies. Plant and Soil. 1973; 39:  

					205-207.  

					25. Rahman M, Hossain S, Rahaman A, Fatima N, Nahar T,  

					Uddin B, Basunia MA. Antioxidant activity of Centella  

					asiatica (Linn.) Urban: Impact of extraction solvent polarity.  

					J Pharmacogn Phytochem. 2013; 1(6): 27-32.  

					26. Tuhuteru S, Sulistyaningsih E, Wibowo A. Responses  

					growth and yield of three shallot cultivars in sandy coastal  

					land with PGPR (Plant Growth Promoting Rhizobacteria).  

					Int J Adv Sci Eng Inf Technol. 2018; 8(3): 849-855.  

					27. Anwar NH, Karyawati AS, Maghfoer MD, Kurniawan A.  

					Organic Fertilizer Alleviates Salt Stress in Shallot by  

					Modulating Plant Physiological Responses. J Ecol Eng.  

					2024; 25(7): 286-294.  

					28. Gallart M, Paungfoo LC, Gonzalez A, Trueman SJ. Nitrogen  

					source influences the effect of plant growth-promoting  

					rhizobacteria (Pgpr) on macadamia integrifolia. Agron.  

					2021; 11(6): 1064.  

					29. Hussain AZHAR, Iqbal ZAFAR, Muhammad A,  

					Muhammad N, Shahid M, Muhammad S, Muhammad K.  

					Comparative effectiveness of plant growth promoting  

					rhizobacteria and various organic carriers on wheat growth,  

					physiology, antioxidative activities and rhizosphere  

					properties. Pak J Bot. 2022; 54(1): 317-324.  

					30. Li Y, Li Q, Guan G, Chen S. Phosphate solubilizing bacteria  

					stimulate wheat rhizosphere and endosphere biological  

					nitrogen fixation by improving phosphorus content. PeerJ.  

					2020; 8.  

					31. Hasanuzzaman M, Bhuyan MB, Zulfiqar F, Raza A, Mohsin  

					SM, Mahmud JA, Fotopoulos V. Reactive oxygen species  

					and antioxidant defense in plants under abiotic stress:  

					Revisiting the crucial role of a universal defense regulator.  

					Antioxidants. 2020; 9(8): 681.  

					36. Ghosh UK, Islam MN, Siddiqui MN, Cao X, Khan MAR.  

					Proline,  

					a

					multifaceted signalling molecule in plant  

					responses to abiotic stress: understanding the physiological  

					mechanisms. Plant Biol. 2022; 24(2): 227-239.  

					37. Hussain R, Ayyub CM, Shaheen MR, Rashid S, Nafees M,  

					Ali S, Mora-Poblete F. Regulation of osmotic balance and  

					increased antioxidant activities under heat stress in  

					Abelmoschus esculentus L. triggered by exogenous proline  

					application. Agronomy. 2021; 11(4): 685.  

					38. Rady MM, Kuşvuran A, Alharby HF, Alzahrani, Y,  

					Kuşvuran S. Pretreatment with proline or an organic bio-  

					stimulant induces salt tolerance in wheat plants by improving  

					antioxidant redox state and enzymatic activities and reducing  

					the oxidative stress. J Plant Growth Regul. 2018; 38: 449-  

					462.  

					39. Hossain MS, Dietz, KJ. Tuning of redox regulatory  

					mechanisms, reactive oxygen species and redox homeostasis  

					under salinity stress. Front Plant Sci. 2016; 7: 548.  

					40. Ali B, Wang X, Saleem MH, Azeem MA, Afridi MS,  

					Nadeem BM, Ali S. Bacillus mycoides PM35 reinforces  

					photosynthetic efficiency, antioxidant defense, expression of  

					stress-responsive genes, and ameliorates the effects of  

					salinity stress in maize. Life. 2022; 12(2): 219.  

					41. Hoque MN, Imran S, Hannan A, Paul NC, Mahamud MA,  

					Chakrobortty J, Rhaman MS. Organic amendments for  

					mitigation of salinity stress in plants: A review. Life. 2022;  

					12(10): 1632.  

					42. AlTaey DKA. Alleviation of Salinity Effects by Poultry  

					Manure and Gibberellin Application on growth and  

					Peroxidase activity in pepper. Int J Environ Agric Biotech.  

					2017; 2(4): 238861.  

					43. Khan MI, Afzal MJ, Bashir S, Naveed M, Anum S, Cheema  

					SA, Chen, Z. Improving nutrient uptake, growth, yield and  

					protein content in chickpea by the co-addition of phosphorus  

					fertilizers, organic manures, and Bacillus sp. Mn-54.  

					Agron.2021; 11(3): 436.  

					44. Li Y, Pan X, Xu X, Wu Y, Zhuang J, Zhang X, Liu Y. Carbon  

					dots as light converter for plant photosynthesis: Augmenting  

					light coverage and quantum yield effect. J Hazard Mater.  

					2021; 410: 124534.  

					45. Sharma N, Shukla YR, Singh K, Mehta DK. Soil fertility,  

					nutrient uptake and yield of bell pepper as influenced by  

					conjoint application of organic and inorganic fertilizers.  

					Commun Soil Sci Plant Anal. 2020; 51(12): 1626-1640.  

					46. Gau ADT, Syam’un E, Ulfa F. Application of Bacillus  

					subtilis on red onion (Allium ascalonicum). In IOP  

					Conference Series: Earth and Environmental Science. IOP  

					Publishing. 2021; 921(1): 012078).  

					47. Bhardwaj D, Ansari MW, Sahoo RK, Tuteja N. Biofertilizers  

					function as key player in sustainable agriculture by  

					improving soil fertility, plant tolerance and crop  

					productivity. Microb Cell Factories. 2014; 13: 1-10.  

					48. Vejan P, Abdullah R, Khadiran T, Ismail S, Boyce A. Role  

					of Plant Growth Promoting Rhizobacteria in Agricultural  

					Sustainability—A Review. Molecules. 2016; 21.  

					32. Irin IJ, Hasanuzzaman M. Organic amendments: enhancing  

					plant tolerance to salinity and metal stress for improved  

					agricultural productivity. Stresses. 2024; 4(1): 185-209.  

					33. Nehela Y, Mazrou YS, Alshaal T, Rady AM, El-Sherif AM,  

					Omara A ED, Hafez EM. The integrated amendment of  

					sodic-saline soils using biochar and plant growth-promoting  

					rhizobacteria enhances maize (Zea mays L.) resilience to  

					water salinity. Plants. 2021; 10(9): 1960.  

					34. Yasmin H, Naeem S, Bakhtawar M, Jabeen Z, Nosheen A,  

					Naz R, Hassan MN. Halotolerant rhizobacteria  

					Pseudomonas pseudoalcaligenes and Bacillus subtilis  

					mediate systemic tolerance in hydroponically grown soybean  

					(Glycine max L.) against salinity stress. PLoS One. 2020;  

					15(4): e0231348.  

					49. Kuan K, Othman R, Rahim K, Shamsuddin Z. Plant Growth-  

					Promoting Rhizobacteria Inoculation to Enhance Vegetative  

					Growth, Nitrogen Fixation and Nitrogen Remobilisation of  

					Maize under Greenhouse Conditions. PLoS ONE. 2016; 11.  

					50. Wortman S, Holmes A, Miernicki E, Knoche K, Pittelkow C.  

					First‐Season Crop Yield Response to Organic Soil  

					Amendments: A Meta‐Analysis. Agron J. 2017; 109: 1210-1  

					35. Kumari R, Bhatnagar S, Mehla N, Vashistha A. Potential of  

					organic amendments (AM fungi, PGPR, vermicompost and  

					1512  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	EPUB/images/img_09.png
Relative water content (%)

120

Treatments





EPUB/images/img_08.png
Proline Content (umoles/g)

Total flavonoid content (mgQE/e)

5 8 8 &8 8 8






EPUB/images/img_05.png
gl VoW TR\ \
ol U \! | W \» 7 l!( ‘\/
ol # A B ; S i
SOPOMO SOPIMO SOP2MO  SOPOM1 SOPIML  SOP2M1  SOPOM2  SOPIM2  SOP2M2

E| | ! il

o L 3

=] [ ¢ i ¥ 1 .3 ]
SIPOMO SIPAMO  SIP2MO  SIPOM1 SIPIM1 SIP2M1  SIPOM2  SIPIM2  S1P2M2





EPUB/images/img_04.png







EPUB/toc.xhtml

Table of Contents


		Page






EPUB/images/img_02.png
N






EPUB/images/img_01.png










