


Effect of Microbial Consortia on Flowering Behaviour, Fruit Set, and Yield Performance of Mango (Mangifera indica L.) cv. Kesar

[bookmark: _GoBack]Abstract
The current experiment was carried out in 2022-23 and 2023-24 in the Fruit Research Station, Himayat Bagh, Aurangabad, to determine the influence of microbial consortia on flowering behaviour, fruit set and yield performance of mango (Mangifera indica L.) cv. Kesar. The experiment was set in a RBD (Randomized Block Design) having ten treatments that were repeated three times each. There were significant treatment differences in all the measured parameters. First flowering was recorded in T10 (85.76 days) the shortest and the control (T1) recorded the longest (96.99 days). T10 also produced the highest number of panicles per branch (1398.67) compared to the minimum in T1 (1127.50). T10 had the maximum panicle length (38.38 cm) and T1 had the lowest (19.90 cm). Microbial consortia had a significant positive effect on fruit set, with the highest values of T10 being observed at the pea stage (14.70) and marble stage (1.56). Fruit retention improved substantially under T10 (44.59%), whereas the lowest was noted in T1 (34.94%). T10 had minimum fruit drop at harvest 54.53% whereas T1 had the highest 65.88%. The same pattern was observed in the yield-attributing characteristics where T10 had the greatest number of fruits per plant (208.00), and highest fruit weight (347.19 g) and fruit yield (72.22 kg/tree). In general, the outcomes show that the microbial community of Azotobacter, PSB, and ZnSB (T10) has a profound positive effect on flowering efficiency, fruit set, retention, and yield of mango cv. Kesar, suggesting that it has a high potential to be used as a sustainable biofertilization method.
Introduction
Mango (Mangifera indica L.) holds an enviable niche in the list of major fruit crops in India because it has broad adaptability, high consumer appeal, and a great economic potential. Kesar is a popular commercial cultivar known for its attractive colour, pleasant aroma and high-quality pulp, making it valuable for both domestic consumption and export markets. Poor nutrient status, low soil fertility, sub-optimal flowering, and high fruit drop, however, tend to limit the productivity and quality of fruit of mango and thereby yield efficiency. To overcome these problems, there has been the introduction of the plant growth-promoting microorganisms has been made as a sustainable and environmentally friendly approach of improving crop performance.
The presence of microbial consortia, which comprise of beneficial microorganisms, including nitrogen-fixing bacteria, phosphate-solubilizing bacteria, potassium-solubilizing bacteria, sulphur-oxidizing bacteria and zinc-solubilizing bacteria, is crucial in the enhancement of nutrient uptake and physiological processes in plants. These microbes lead to greater nutrient levels in soils because of nitrogen fixation, solubility of phosphorus and potassium, and mobilization of micronutrients, which increases the overall soil fertility and growth in plants (Aasfar et al., 2021; Olaniyan et al., 2022). They also release growth-promoting substances like indole acetic acid, gibberellins, and cytokinins that stimulate root growth, flowering, and high reproductive efficiency (Santoyo et al., 2021; Mondal et al., 2020).
In addition to nutrient enrichment, microbial inoculants promote the well-being of plants by inhibiting soil-borne pathogens by competition, biofilm formation, and formation of antimicrobial metabolites, enhancing the survival and productivity of plants (Archana et al., 2021). Past studies have shown that microbial consortia may promote vegetative growth, inflorescence growth, fruit retention, and yield in various horticultural crops, meaning that they can positively affect the mango production system (Zhu et al., 2024).
The dynamics of nutrients and hormonal balance are very sensitive regarding flowering behaviour and fruit set in mango. Microbial consortia intensify these processes through increasing the nutrient availability of pollen viability, fertilization, and initial fruit growth and controlling the levels of hormones that govern fruit retention (Painkra, 2019; Kumar et al., 2022). Heightened nutrient absorption and physiological activity are other factors that lead to amplified weight of the fruit, growth of the pulp, and yield performance.
Although the mentioned advantages of the use of microbial inoculants have been identified, the mechanism of action of various microbial consortia on the mango cv. Kesar in field conditions has not been studied sufficiently. There is a lack of information in terms of comparative effect of single and multi-strain inoculations on flowering behaviour, fruit set and yield parameters. Thus, the current research aimed to assess the impact of microbial consortia on flowering behaviour, fruit set, and yield performance of mango cv. Kesar.
Materials and methods
The current study was done in 2022-23 and 2023-24 at the Fruit Research Station, Himayat Bagh, Aurangabad, 19.9010540 N latitude and 75.352478 0E longitude, and a height of 582 m above mean sea level. The area constitutes semi-arid tropical climatic conditions of large mango growing regions of Maharashtra and medium black soils, which can support the growth of mangoes. The experiment was designed in a Randomized Block Design (RBD) comprising of ten treatments repeated thrice with the use of mango cv. Kesar trees with a spacing of 5 x 3 m. 60 trees were chosen and two trees of each treatment were replicated. The main aim of the experiment was to assess the effect of microbial consortia on flowering behaviour, fruit set and yield performance of mango.
These microbial inoculants were Azotobacter (nitrogen-fixing bacteria), Bacillus megaterium (phosphate-solubilizing bacteria, PSB), Fraturia aurentia (potassium-solubilizing bacteria, KSB), Thiobacillus thioxidans (sulphur-solubilizing bacteria, SSB), and Pseudomonas striata (zinc-solubilizing bacteria, ZnSB). They were used either singly or in combinations together with the Recommended Package of Practices (RPP) which was the starting nutrient management. The ten treatments were as follows: T1-absolute control (no fertilizers), T2 -RPP (NPK fertilizers), T3 -T2 + Azotobacter, T4- T2 + Azotobacter + PSB, T5 - T2 + Azotobacter + KSB, T6 - T2 + Azotobacter + SSB, T7 - T2 + Azotobacter + ZnSB, T8- T2 + Azotobacter + PSB + KSB, T9 - T2 + Azotobacter + PSB + SSB, and T10 -T2 + Azotobacter + PSB + ZnSB. Microbial formulations were applied through soil drenching at 100 ml per tree around the active feeder root zone to ensure effective colonization and nutrient mobilization.
Observations were recorded on ten important reproductive and yield parameters during both years. The flowering behaviour was measured based on days to first flowering, panicles per branch, and panicle length on peak flowering. The measure of fruit set was done at the pea stage and marble stage by counting the number of fruits retained per panicle. The percentage of fruit retention was determined after 30 days of fruit set and the percentage of fruit drop was determined during harvest. Yield-related attributes included number of fruits per plant, weight of fruits (g) and the yield per tree (kg) and the weight of fruits was measured using the pooled samples of fruit and the yield was calculated as the sum of the total number of fruits harvested. Statistical analysis of all the recorded data involved analysis of variance (ANOVA) that is suitable in the RBD. The Critical Difference (CD) was used to compare treatment means at 5% level and pooled analysis of the two years done to obtain reliable and consistent treatment effects.
RESULTS AND DISCUSSION
1. Days to First Flowering
The number of days taken to first flowering was affected significantly by the use of microbial treatments. The combined data indicated that T10 (Azotobacter + PSB + ZnSB) flowered first at 85.76 days then T9 (87.75 days) and T8 (89.62 days). On the contrary, T1 (control) had the highest number of days to first flower with a value of 96.99 days. The range of decreasing days to flowering between T1 and T10 exhibits the positive influence of microbial consortia in early induction of flowering. Microbial inoculants increase nutrient availability (in particular, N and P), hormone production (cytokinins, GA), and root metabolism, all of which activate the process of floral initiation. The same findings by the current study were supported by the observation of similar progress in the early flowering by microbial inoculation by Mondal et al. (2020), Santoyo et al. (2021), and Aasfar et al. (2021). 
Table 1: Effect of different microbial consortia on days to first flowering
	DAYS TO FIRST FLOWERING

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	98.58
	95.39
	96.99

	T2 (RPP)
	98.07
	95.23
	96.65

	T3 (T2 +AZBT)
	97.77
	95.11
	96.44

	T4 (T2 +AZBT+PSB)
	96.62
	94.86
	95.74

	T5 (T2 +AZBT+KSB)
	95.53
	94.21
	94.87

	T6 (T2 +AZBT+SSB)
	93.50
	93.08
	93.29

	T7 (T2 +AZBT+ZnSB)
	91.23
	91.79
	91.51

	T8 (T2 +AZBT+PSB+KSB)
	89.13
	90.11
	89.62

	T9 (T2 +AZBT+PSB+SSB)
	86.93
	88.56
	87.75

	T10 (T2 +AZBT+PSB+ZnSB)
	84.83
	86.69
	85.76

	C.D. at 5%
	0.11
	0.068
	0.08

	SE(m)±
	0.04
	0.023
	0.027



2. Number of Panicles per Branch
Under microbial consortia, there was a major increase in the numbers of panicles per branch. The combination of the results showed the maximum number of panicles in T10 (1398.67), then in T9 (1330.17), and T8 (1305.17) and the least in T1 (1127.50). The growth of T10 branches of more than 271 panicles compared to the control indicates the significant effects of microbial consortia on infloescence development. Improved nutrient assimilation, fixation of nitrogen, and solubilization of phosphurus probably led to the activation of axillary buds forming more panicles. These findings are in accordance with the findings of the studies of Dheware et al. (2009) and Dwivedi et al. (2010) who found that flowering intensity in fruit crops was enhanced with microbial inoculation.
Table 2: Effect of different microbial consortia on no. of panicles per branch
	NO. OF PANICLES PER BRANCH

	Treatments
	First year
	Second year
	Pooled

	T1 (Absolute control)
	1107.33
	1147.67
	1127.50

	T2 (RPP)
	1127.33
	1156.33
	1141.83

	T3 (T2 +AZBT)
	1145.33
	1166.33
	1155.83

	T4 (T2 +AZBT+PSB)
	1164.33
	1179.00
	1171.67

	T5 (T2 +AZBT+KSB)
	1182.33
	1191.00
	1186.67

	T6 (T2 +AZBT+SSB)
	1241.67
	1206.33
	1224.00

	T7 (T2 +AZBT+ZnSB)
	1294.00
	1223.67
	1258.83

	T8 (T2 +AZBT+PSB+KSB)
	1305.33
	1305.00
	1305.17

	T9 (T2 +AZBT+PSB+SSB)
	1312.00
	1348.33
	1330.17

	T10 (T2 +AZBT+PSB+ZnSB)
	1375.67
	1421.67
	1398.67

	C.D. at 5%
	3.66
	2.98
	2.71

	SE(m)±
	1.22
	0.99
	0.91



3. Length of Panicle (cm)
The length of panicles increased significantly with microbial treatments. T10 (38.38 cm) recorded the longest pooled panicle length, followed by T9 (36.29 cm) and T8 (34.57 cm), while the shortest was observed in T1 (19.90 cm). The improvement of about 18.48 cm from T1 to T10 highlights the positive influence of microbial consortia on inflorescence development through enhanced nutrient uptake and hormonal regulation. These results align with the findings of Kumar (2022), Saini (2024) and Nath (2021), who also reported improved panicle development under microbial inoculation.
Table 3: Effect of different microbial consortia on length of panicle
	[bookmark: OLE_LINK1]LENGTH OF PANICLE (cm)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	19.78
	20.01
	19.90

	T2 (RPP)
	21.90
	22.16
	22.03

	T3 (T2 +AZBT)
	24.05
	24.60
	24.33

	T4 (T2 +AZBT+PSB)
	26.50
	26.83
	26.67

	T5 (T2 +AZBT+KSB)
	28.93
	29.08
	29.01

	T6 (T2 +AZBT+SSB)
	30.15
	31.05
	30.60

	T7 (T2 +AZBT+ZnSB)
	32.25
	33.16
	32.71

	T8 (T2 +AZBT+PSB+KSB)
	34.00
	35.13
	34.57

	T9 (T2 +AZBT+PSB+SSB)
	35.53
	37.05
	36.29

	T10 (T2 +AZBT+PSB+ZnSB)
	37.50
	39.25
	38.38

	C.D. at 5%
	0.12
	0.10
	0.09

	SE(m)±
	0.04
	0.03
	0.03



4. Fruit Set per Panicle at Pea Stage (%)
All the treatment data collected on fruit set at the pea stage were significantly increased. T10 had the highest fruit set (14.70) with T9 (14.52), T8 (14.17) coming next and T1 (10.78) recorded the least fruit set. It is possible to explain this increase of almost 36.32 percent between T1 and T10 by the increase in pollination efficiency, nutrient status, and hormonal regulation brought about by microbes. This is supported by Santoyo et al. (2021), Painkra (2019), and Kumar et al. (2022) using microbial consortia to promote fruit set by taking advantage of reproductive physiological improvement. 
Table 4: Effect of different microbial consortia on fruit set per panicle at pea stage (%)
	FRUIT SET PER PANICLE AT PEA STAGE (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	10.70
	10.85
	10.78

	T2 (RPP)
	11.62
	11.89
	11.76

	T3 (T2 +AZBT)
	12.28
	12.73
	12.51

	T4 (T2 +AZBT+PSB)
	12.47
	13.02
	12.75

	T5 (T2 +AZBT+KSB)
	12.86
	13.39
	13.13

	T6 (T2 +AZBT+SSB)
	13.06
	13.61
	13.34

	T7 (T2 +AZBT+ZnSB)
	13.35
	13.84
	13.60

	T8 (T2 +AZBT+PSB+KSB)
	13.93
	14.42
	14.17

	T9 (T2 +AZBT+PSB+SSB)
	14.35
	14.69
	14.52

	T10 (T2 +AZBT+PSB+ZnSB)
	14.40
	15.00
	14.70

	C.D. at 5%
	0.11
	0.24
	0.15

	SE(m)±
	0.04
	0.08
	0.05



5. Fruit Set per Panicle at Marble Stage (%)
Marble set Fruiting at the marble stage was of the same tendency. T10 produced the largest pool set of fruits (1.56%), then T9 (1.53%. T8 (1.46%), and T1 the least (1.16%). Nutrient mobilization and physiological stress reduction may be due to the enhancement in early fruit development under T10. Tripathi et al. (2025), Fusco et al. (2022), and Kumar et al. (2022) also found an increase of microbial consortia in embryo development and mortality in early fruit drop by improving metabolic activity and nutrient translocation.
Table 5: Effect of different microbial consortia on fruit set per panicle at marble stage (%)
	FRUIT SET PER PANICLE AT MARBLE STAGE (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	1.13
	1.18
	1.16

	T2 (RPP)
	1.16
	1.21
	1.19

	T3 (T2 +AZBT)
	1.19
	1.24
	1.22

	T4 (T2 +AZBT+PSB)
	1.20
	1.28
	1.24

	T5 (T2 +AZBT+KSB)
	1.28
	1.34
	1.31

	T6 (T2 +AZBT+SSB)
	1.32
	1.39
	1.36

	T7 (T2 +AZBT+ZnSB)
	1.36
	1.44
	1.41

	T8 (T2 +AZBT+PSB+KSB)
	1.41
	1.50
	1.46

	T9 (T2 +AZBT+PSB+SSB)
	1.48
	1.57
	1.53

	T10 (T2 +AZBT+PSB+ZnSB)
	1.51
	1.60
	1.56

	C.D. at 5%
	0.05
	0.01
	0.03

	SE(m)±
	0.02
	0.01
	0.01



6. Fruit Retention (%)
Under the microbial treatments, a great improvement in fruit retention was recorded. T10 had the greatest pool fruit retention (44.59%), then T9 (44.23%) and T8 (44.10%) respectively. The minimum retention was in T1 (34.94%). This represents about a 27.58% increase in fruit retention from T1 (34.94%) to T10 (44.59%). The same was reported by Mondal et al. (2020), Tranbarger and Tadeo (2025), and Benaissa et al. (2025), which supports the role of microbial consortia in alleviating stress-induced fruit drop. 
Table 6: Effect of different microbial consortia on fruit retention (%)
	FRUIT RETENTION (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	34.94
	33.30
	34.94

	T2 (RPP)
	36.53
	35.10
	36.53

	T3 (T2 +AZBT)
	38.06
	36.77
	38.06

	T4 (T2 +AZBT+PSB)
	39.63
	39.87
	39.63

	T5 (T2 +AZBT+KSB)
	41.23
	41.04
	41.23

	T6 (T2 +AZBT+SSB)
	42.28
	41.87
	42.28

	T7 (T2 +AZBT+ZnSB)
	43.13
	43.23
	43.13

	T8 (T2 +AZBT+PSB+KSB)
	44.10
	44.40
	44.10

	T9 (T2 +AZBT+PSB+SSB)
	44.23
	45.53
	44.23

	T10 (T2 +AZBT+PSB+ZnSB)
	44.59
	46.35
	44.59

	C.D. at 5%
	0.09
	0.52
	0.09

	SE(m)±
	0.03
	0.17
	0.03


7. Fruit Drop at Harvest (%)
Application of microbes also reduced the fruit drop considerably. The highest fruit drop occurred in T1 (65.88%), whereas the minimum fruit drop was recorded in T10 (54.53%), followed by T9 (55.12%) and T8 (55.75%). The decline of 11.35 percentage points in T10 over the control one is massive. Such decrease could be attributed to better water-use efficiency, greater availability of nutrients and hormonal balance created by microbial inoculation. Sharma et al. (2009), Anandakumar et al. (2024), and Olaniyan et al. (2022) also reported similar decrease in fruit drop because of microbial enhancement.
Table 7: Effect of different microbial consortia on fruit drop at harvest (%)
	FRUIT DROP AT HARVEST (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	65.06
	66.70
	65.88

	T2 (RPP)
	63.47
	64.90
	64.19

	T3 (T2 +AZBT)
	61.94
	63.23
	62.59

	T4 (T2 +AZBT+PSB)
	60.37
	60.13
	60.25

	T5 (T2 +AZBT+KSB)
	58.77
	58.96
	58.87

	T6 (T2 +AZBT+SSB)
	57.72
	58.13
	57.93

	T7 (T2 +AZBT+ZnSB)
	56.87
	56.77
	56.82

	T8 (T2 +AZBT+PSB+KSB)
	55.90
	55.60
	55.75

	T9 (T2 +AZBT+PSB+SSB)
	55.77
	54.47
	55.12

	T10 (T2 +AZBT+PSB+ZnSB)
	55.41
	53.65
	54.53

	C.D. at 5%
	0.04
	0.52
	0.27

	SE(m)±
	0.01
	0.17
	0.09




8. Number of Fruits per Plant
Great variation in the number of fruits per plant was noted. T10 also came up with the highest pooled count of fruits (208.00 fruits), then T9 (205.83), and T8 (202.50) followed with T1 (170.67 fruits). A positive enhancement of about 37 fruits in plant T10 highlights the efficacy of microbial inoculants in enhancing fruiting potential by enhancing flowering, fruit set, and retention. These results are congruent with the findings of Yadav et al. (2021), Archana et al. (2021), and Dwivedi et al. (2010), who found more fruit numbers in reaction to microbial consortia.
Table.8: Effect of different microbial consortia on the number of fruits per plant
	NUMBER OF FRUITS PER PLANT

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	169.00
	172.33
	170.67

	T2 (RPP)
	178.00
	182.33
	180.17

	T3 (T2 +AZBT)
	180.67
	185.00
	182.83

	T4 (T2 +AZBT+PSB)
	184.33
	187.67
	186.00

	T5 (T2 +AZBT+KSB)
	190.33
	194.67
	192.50

	T6 (T2 +AZBT+SSB)
	193.00
	197.67
	195.33

	T7 (T2 +AZBT+ZnSB)
	197.67
	200.67
	199.17

	T8 (T2 +AZBT+PSB+KSB)
	200.67
	204.33
	202.50

	T9 (T2 +AZBT+PSB+SSB)
	203.33
	208.33
	205.83

	T10 (T2 +AZBT+PSB+ZnSB)
	205.67
	210.33
	208.00

	C.D. at 5%
	2.40
	3.50
	2.85

	SE(m)±
	0.80
	1.17
	0.95



9. Fruit Weight (g)
There was a great growth in fruit weight due to microbial treatments. Pooled fruit weight was highest under T10 (347.19 g), followed by T9 (342.38 g) and T8 (337.37 g), while the minimum fruit weight was recorded in T1 (302.28 g). The increase of 44.91 g per fruit in T10 can be explained by the enhanced nutrient uptake, higher proportion of assimilates and activity of metabolic processes because of the microbial interaction. Padmaperuma et al. (2020), Bradacova et al. (2019), and Vishwakarma et al. (2020) reported similar improvements in the weight of the fruit due to microbial inoculation.
Table.9: Effect of different microbial consortia on fruit weight (g)
	FRUIT WEIGHT (g)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	298.12
	306.44
	302.28

	T2 (RPP)
	303.36
	311.23
	307.30

	T3 (T2 +AZBT)
	308.60
	316.01
	312.31

	T4 (T2 +AZBT+PSB)
	313.84
	320.79
	317.32

	T5 (T2 +AZBT+KSB)
	319.08
	325.58
	322.33

	T6 (T2 +AZBT+SSB)
	324.32
	330.36
	327.35

	T7 (T2 +AZBT+ZnSB)
	329.56
	335.14
	332.36

	T8 (T2 +AZBT+PSB+KSB)
	334.80
	339.93
	337.37

	T9 (T2 +AZBT+PSB+SSB)
	340.04
	344.71
	342.38

	T10 (T2 +AZBT+PSB+ZnSB)
	345.28
	349.10
	347.19

	C.D. at 5%
	2.54
	2.93
	1.45

	SE(m)±
	0.85
	0.98
	0.49



10. Fruit Yield per Plant (kg/tree)
Microbial treatments showed a great improvement in yield per plant. T10 recorded the best yield of pooled at 72.22kg/tree, then T9 (70.48kg/tree) and T8 (68.32kg/tree), whereas T1 recorded the lowest at 51.60kg/tree. This is a 40.00% increase in the yield between T1 and T10. The improvements of the yield are the cumulative sum of the increased flowering, fruit set, retention, fruit number and fruit mass. These results are consistent with Perez-Moncada et al. (2024), Nath (2021) and Dukare et al. (2019), who highlighted that microbial consortia are greatly effective in enhancing the yield of horticultural crops.
Table 10: Effect of different microbial consortia on fruit yield per plant (kg/tree)
	FRUIT YIELD PER PLANT (kg/tree)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	50.38
	52.81
	51.60

	T2 (RPP)
	54.00
	56.75
	55.38

	T3 (T2 +AZBT)
	55.76
	58.46
	57.11

	T4 (T2 +AZBT+PSB)
	57.85
	60.20
	59.03

	T5 (T2 +AZBT+KSB)
	60.73
	63.38
	62.06

	T6 (T2 +AZBT+SSB)
	62.59
	65.30
	63.95

	T7 (T2 +AZBT+ZnSB)
	65.14
	67.25
	66.20

	T8 (T2 +AZBT+PSB+KSB)
	67.18
	69.46
	68.32

	T9 (T2 +AZBT+PSB+SSB)
	69.14
	71.82
	70.48

	T10 (T2 +AZBT+PSB+ZnSB)
	71.01
	73.43
	72.22

	C.D. at 5%
	0.83
	1.36
	0.95

	SE(m)±
	0.28
	0.45
	0.32



Conclusion
On the whole, the analysis confirms that the joint use of Azotobacter, PSB, and ZnSB (T10) is very effective in terms of flowering, fruit set, fruit retention, fruit drop and yield of mango cv. Kesar. The high quality of the microbial consortia demonstrates its suitability as an eco-friendly, economic, and sustainable approach to the improvement of the productivity of the mango orchards. Such consortia-based biofertilization strategies would lead to a decrease in chemical fertilizer reliance, enhance the condition of the soil, and promote long-term sustainable production of mango.
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