


EFFECT OF PHYLLOSPHERE CONSORTIA ON GROWTH AND NUTRIENT UPTAKE OF RADISH (Raphanus sativus L.)



Abstract:
This study aimed to develop microbial consortia for foliar application to enhance the growth and yield of radish. Microbial isolates were collected from Institute of Organic Farming, UAS, Dharwad, Karnataka, and evaluated for plant growth promoting (PGP) traits through biochemical and functional tests. The results showed that among 11 PGP bacterial isolates (i e, 6 actinobacteria, 2 PPFM, 3 Lactic acid bacteria), all six actinobacteria and two PPFM isolates showed positive results for oxidase, catalase, HCN and siderophore production, while all three LAB isolates were positive only for HCN production. Among 11, 4 isolates showed the highest production of IAA, GA, invitro N2 fixation and were having multiple traits, are selected for further study.  All 4 isolates were found to be compatible. Further 11 liquid formulations were prepared, including 7 consortia with multiple isolates and 4 individual formulations. These formulations were tested for their effect on radish growth. The results revealed that Treatment T13 (RDF + phyllosphere consortia) significantly improved radish growth, with the highest plant height (42.2 cm), leaf length (31.57 cm), number of leaves (14.33), chlorophyll content (45.23), and fresh and dry weights of leaves and roots. Highest nutrient uptake was observed in T13 with nitrogen (0.82 g plant⁻¹), phosphorus (0.29 g plant⁻¹), and potassium (0.88 g plant⁻¹). T12 was found to be on par with T13 in all parameters i e, consortia with four and eleven strains were equally effective. This study achieved effective microbial inoculants with fewer strains, multiple functions, and high bioefficacy.
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1. Introduction: 
The edible root vegetable radish (Raphanus sativus L.) has chromosomal number 2n=18 and is a member of the Brassicaceae. It is a widely consumed vegetable in temperate and tropical India. For an early market, it is grown under glass house conditions; otherwise, it is grown extensively outdoors. Minerals found in radish, such as potassium, iron, phosphorus, magnesium, sodium, zinc, and calcium, among others, are essential to the body's metabolism. It is one of the key components in the majority of salads because of its pro-digestive characteristics 23.
Chemical fertilizers have been used to boost production, but doing so has depleted the soil's fertility and had harmful impacts on the environment and people's health. The employment of biological solutions for crop production and protection is required due to the rising costs and detrimental effects of pesticides and fertilizers in agriculture. Due to their eco-friendliness, the use of plant growth-promoting (PGP) bacteria to enhance soil and plant health has emerged as one of the most alluring methods for sustainable agricultural systems12. Beneficial microorganisms enhance soil fertility, structure, and microbial community. By generating phytostimulation substances transforms insoluble forms of nutrients into soluble and accessible forms, which benefits plants.
Plant growth promoting microorganisms are known to increase plant growth and yield, when applied to seed or soil. However, the effect of foliar application of these on plant growth is less studied especially in vegetables such as radish. Actinobacteria, Pink pigmented facultative methylotrophs (PPFM), Lactic acid bacteria (LAB) are three important groups of microorganisms which play indispensable role in plant growth promotion and sustainable agriculture and gained more importance in recent years13. 
The microbial consortium concept has been developed using compatible microorganisms which give synergistic effect without affecting the growth of another beneficial microbial partner. The compatible strains in the combined inoculations promotes plant growth7. 
The primary goal of the current study was to determine whether using biofertilizers with effective beneficial microorganisms as an alternative technique could increase the quantity and quality of the final output. A phyllosphere consortium containing eleven microbial strains which include six strains of actinobacteria (AUDT-502, AUDT-248, A34, PSA-5, PSA-7, UPM-3), two strains of Pink pigmented facultative methylotrophs (PPFM-33, PPFM-58) and three strains of Lactic acid bacteria (LAB-75, LAB-82, LAB-LS-36) was in the recommendation in package of practices (POP) of Dharwad. The main idea of this study was to reduce the number of organisms and see whether they have the same effect as that of phyllosphere consortium of eleven on growth and quality of radish through foliar application, which also reduces the cost of production and less time. Hence, an attempt was made to develop consortia of four microbial strains instead of eleven microbial strains in liquid formulations and see its effect on growth and yield of radish, without losing its efficacy as this would facilitate simple and easy application by farmers. 
2. Materials and Methods
The experiment was conducted in 2022-23 in the Institute of Organic Farming, Dharwad. The microbial strains used in this study included six strains of actinobacteria namely, AUDT-502, AUDT-248, A34, PSA-5, PSA-7, UPM-3; two strains of Pink pigmented facultative methylotrophs (PPFM-33, PPFM-58) and three strains of Lactic acid bacteria (LAB-75, LAB 82, LAB-LS-36) available at the Institute of Organic Farming (IOF), University of Agricultural Sciences, Dharwad, Karnataka. Biochemical characterization namely, oxidase, catalase, citrate utilization, indole production and functional characterization namely, siderophore, IAA, GA, HCN production and in vitro N2 fixation were carried out for all eleven microbial isolates. 
Based on Plant growth promoting (PGP) activity, four microbial strains with different biochemical traits and functional traits were selected. Based on the equal population of microbial strains used, seven different microbial consortia were prepared. The microbial strains were grown on common medium and consortia were prepared by mixing them in equal proportion (1:1 or 1:1:1 or 1:1:1:1) of populations. 
1. Microbial consortium 1: The strains used to prepare microbial consortium-1 were PSA 7+PPFM 33.
2. Microbial consortium 2: The strains used to prepare microbial consortium-2 were PSA 7+LAB 75.
3. Microbial consortium 3: The strains used to prepare microbial consortium-3 were PSA 5+PPFM 33.
4. Microbial consortium 4: The strains used to prepare microbial consortium-4 were PSA 5+LAB 75.
5. Microbial consortium 5: The strains used to prepare microbial consortium-5 were PSA 7+PPFM 33+LAB 75.
6. Microbial consortium 6: The strains used to prepare microbial consortium-6 were PSA 5+PPFM33+LAB 75.
7. Microbial consortium 7: The strains used to prepare microbial consortium-7 were PSA 7+PSA 5+PPFM 33+LAB 75.
The individual strains were mixed in 1:1/1:1:1/1:1:1:1 ratio based on viable population to obtain 100 ml of final volume of consortia
A pot culture experiment was conducted under greenhouse conditions at the Department of biotechnology, UAS, Dharwad to study the inoculation effect of phyllosphere consortia on plant growth parameters in Cv Pusa Chetki. The experiment was laid out in Completely Randomized Block Design (CRD) with 13 treatments and three replications. The treatment details are given below,
	Treatment Number
	Details Of Treatments

	T1
	RDF+ Uninoculated

	T2
	RDF+PSA 7

	T3
	RDF+PSA 5

	T4
	RDF+PPFM 33

	T5
	RDF+LAB-75

	T6
	RDF+PSA 7+ PPFM 33

	T7
	RDF+PSA 7+ LAB 75

	T8
	RDF+PSA 5+ PPFM 33

	T9
	RDF+PSA 5+ LAB 75

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75

	T13
	RDF+Phyllosphere consortia of POP


List 1-treatment details
These treatments were applied as foliar spray at the rate of 10% on 15th and 20th day after sowing. The effect of application of consortia was assessed after 50 DAS in terms of variations in plant height (cm), number of leaves / plants, leaf and root length (cm), fresh shoot and root weight (g), dry shoot and root weight (g), the relative chlorophyll content in leaves (45th DAS) using SPAD (Soil Plant Analysis Development) instrument. The observations were recorded on postharvest quality like N, P, K content in roots and leaves and also soil available N, P, K and also N, P, K uptake after 50 DAS. Interpretation of the data was carried out in accordance with Panse and Sukhatme (1985).
Nutrient estimation was carried out by following methods
i. Nitrogen content (%) (plant) (Jackson, 1967)11 	
ii. Phosphorous content (%) (plant) (Tandon, 1998)27	
iii. Potassium content (%) (plant) (Jackson, 1967)11 
iv. Available nitrogen (kg /ha) (Subbaih and Asija, 1956)25 	
v. Available P2O5(kg /ha) (Sparks 1996)24
vi. Available K2O (kg /ha) (Jackson,1973)10

3. Results and Discussion
Different biochemical and functional characterization tests were done to assess PGP activities of each isolate and the results are shown in table 1 and table 2. Among eleven microbial strains, all six actinobacteria and two PPFM strains were positive while all three LAB strains were negative for oxidase test. Among eleven, (six actinobacteria and PPFM strains catalase positive, and all three LAB strains were negative for catalase activity. Among eleven strains, eight strains were positive for indole production while UPM 3, AUDT-502, LAB-LS-36 were negative for indole production. Among 11, nine strains were positive and the remaining two strains (two PPFM strains) could not utilize citrate as its carbon and energy source. All the six actinobacteria and two PPFM strains were positive for siderophore production which showed yellow to orange zone around colonies. While the remaining strains i.e., three LAB strains were found to be negative for siderophore production. When tested for HCN production, all the eleven microbial strains produced HCN.
The results are similar to the findings of Raghavendra et al. (2019)19 where they characterized different PPFM isolates for carbon utilization pattern. The results showed that isolates were positive for oxidase, urease, catalase tests and indole production. Chaudhary et al. (2013)6 characterized different actinobacterial isolates and Goa et al. (2022)9 characterized LAB isolates based on their different biochemical and functional traits. Similar results for siderophore and HCN production were observed in Boubekri et al. (2021)5 for actinobacterial isolates, Savitha et al. (2019)21 for PPFM isolates and Rao and Vyas (2023)20 for LAB isolates.
Among the six actinobacterial strains, PSA 7 produced the maximum amount of IAA (15.31 µg/ml broth) and GA (2.56 µg/25 ml broth) respectively and the highest amount of nitrogen was fixed by PSA 5 (3.48 mg N2/ g of carbon utilized). Similar results were observed by Vrushab (2019)30 in five actinobacterial strains. Among the PPFM strains, PPFM 33 produced the maximum amount of IAA (12.29 µg/ml broth) and GA (2.51 µg/25ml broth) respectively and the highest amount of nitrogen was fixed by PPFM 33 (2.88 mg N2/ g of carbon utilized). The results of the present study are in agreement with the reports of Subhaswaraj et al. (2017)26. Among the LAB strains, LAB 75 produced the maximum amount of IAA (8.39 µg/ml broth) and GA (2.31 µg/25 ml broth) respectively and all LAB strains were found to lack ability of fixing nitrogen in in vitro. These results were similar to research findings of Anupama et al. (2014)2. 
The results showed that among eleven microbial strains, four strains (PSA 7, PSA 5, PPFM 33, LAB 75) showed the higher levels of IAA and GA and in-vitro nitrogen fixation and were having other enzymatic activity along with ability to produce HCN and siderophores hence these four were selected for further studies. All four selected microbial strains were compatible with each other, indicated by the absence of inhibition zone around their growth. The results are in line with the findings of Denaya et al. (2021)8 and Christine et al. (2017)7.          
A greenhouse pot experiment was conducted to test the inoculation effect of microbial consortia on the growth and yield of radish and the results are compiled in table 3 and shown in fig 1 and fig 2 and presented below:
At 50 DAS, although T13 treatment (RDF+ phyllosphere consortium) exhibited the highest plant height (42.20 cm), number of leaves (14.33/plant) and leaf length (31.57 cm) and it was on par with T12 (RDF + PSA 7+ PSA 5+ PPFM 33+ LAB 75) with 41.67cm, 14/plant, 31.20cm respectively while T1 (RDF) recorded the least plant height, number of leaves and leaf length viz.,  36. 13 cm, 9.33/plant, 26.13cm. Among the different treatments, T13 (RDF + phyllosphere consortia) recorded significantly the maximum chlorophyll content (45.23), fresh weight of leaves (127.50 g/ plant), dry weight of leaves (27.23 g/ plant) followed by the treatment T12 (RDF + PSA 7+ PSA 5+ PPFM 33+ LAB 75) 44.53, 126.17 g/ plant, 27.17 g/plant respectively, which was on par with T13.While the least chlorophyll content (36.13),  fresh weight of leaves (108.00 g/ plant), dry weight of radish leaves (24.5 g/ plant) was recorded in T1. 
Earlier works of, Teja et al. (2021)28 reported that treatment with 75% RDF+ Arka microbial consortium at 2.5 g/ha+ KSB recorded the highest plant height, leaf length, number of leaves etc, in radish crop. Similarly, Nandish et al. (2021)15 reported that the treatments receiving 100% RDF + FYM+ effective liquid PGPR formulation had higher chlorophyll content, fresh and dry weights compared to 50% RDF and single inoculation of isolates in pusa chetki variety of radish. The enhanced plant growth parameters could be due to production of plant growth promoting substances like indole acetic acid and gibberellic acid and enzymes that enhanced the availability of major nutrients (N, P, K). In the present study although consortia containing eleven isolates comprised of all efficient isolates four among them namely actinobacteria (PSA 7, PSA 5), PPFM (PPFM 33), LAB (LAB 75) produced highest IAA, GA which were highest among all eleven isolates (based on previous studies). This could have contributed to an effect equivalent to the consortia with eleven strains. 
Among the different treatments, T13 (RDF + phyllosphere consortia) recorded significantly higher root length (20.87 cm), fresh root weight (106.23 g/ plant), dry root weight (3.48 g/ plant) followed by the treatment T12 (RDF + PSA 7+ PSA 5+ PPFM 33+ LAB 75) 20.57 cm, 105.17 g/ plant, 3.47g/ plant respectively, which was on par with T13. The least root length, fresh root weight and dry weight were recorded in T1 (13.83 cm, 93.10 g/ plant, 3.10g/ plant). Similarly, Pathak et al. (2017)17 reported from their study that recommended FYM at 20 t ha-1 plus fertilizer at 80:60:80 NPK kg ha-1 plus PP using organic methods and IIHR microbial consortium at 12.5 kg ha-1) was significantly the highest in root length, fresh weight and dry weight of radish root. Similar results were obtained by Agustiyani et al. (2022)1, in which they isolated microbial isolates and screened for various PGPR activities and checked effect on growth of radish. Among 15 isolates, two were more efficient and showed highest impact on growth and tuber formation.
In this study the effect of four microbial strains and seven inoculants formed from combination of these four strains on growth of radish was studied and compared with inoculation receiving phyllosphere consortia of 11 strains and uninoculated control (100% RDF). In comparison to phyllosphere consortia of eleven strains consortia of four selected strains was found to be on par with respect to all parameters studied. However, it is interesting to note that the effect produced by four isolates was on par with the benefits received from inoculation with eleven isolates. This could be attributed that the multiple biochemical traits exhibited by the same strains in the consortium containing 11 and 4 strains. This might have enhanced metabolism and physiological process and also could be due to the highest IAA, GA production and in vitro N2 fixation exhibited by the four among eleven strains. 
Among the different treatments, T13 recorded significantly higher amount of available nitrogen (341.00 kg/ha), phosphorous (12.26 kg/ha) and potassium (151.07 kg/ha) followed by the treatment T12, 339.60 kg/ha, 12.08 kg/ha, 150.80 kg/ha. While available soil nitrogen, phosphorous and potassium were recorded the least in T1(254.63 kg/ha, 7.34 kg/ha, 136.80 kg/ha). Clearly indicated the benefits from phyllosphere application of consortia irrespective of the number of strains in each consortium. From the studies of Nandish et al. (2021)15 reported that the treatment receiving 75% of RDF + FYM + Azotobacter – 7 + PSB - 2 + KSB - 8 showed the highest residual NPK content compared to 50% RDF and single inoculation of isolates in pusa chetki variety of radish. The results of this study are also in accordance with the findings of Thilagar et al. (2016)29 who observed that the maximum accumulation of available soil nutrients was more when the isolates with more PGPR activity (nitrogen fixation) were used in the treatments in chilli. In this study increased available soil nutrients may be due to use of nitrogen fixing strains in treatments.
In the present pot culture experiment treatment receiving RDF + phyllosphere consortia has recorded higher plant nutrient content i.e. nitrogen (2.66%), phosphorous (0.93 %), potassium (2.85%) which were found to be on par with T12. Nandish et al. (2021)15 reported that the yield/plot as well as per hectare and the NPK content in leaves and  roots of radish were found to be the highest in treatment with either safe production (Recommended FYM @ 20t ha-1 + fertilizer @ 80:60:80 NPK kg ha-1 + PP with organic methods) + IIHR microbial consortium @ 12.5 kg ha-1 or conventional practices (Conventional practices (Recommended FYM @ 20 t ha-1 + fertilizer @ 80:60:80 NPK kg ha-1 +PP chemicals+ IIHR microbial consortium @ 12.5 kg ha-1 ) with application of 296.28 q ha-1. In the present study among the different treatments, T13 recorded significantly the highest uptake of nitrogen (0.82 g/plant), phosphorous (0.29 g/plant), potassium (0.88 g/plant) followed by the treatment T12 0.81 g/plant, 0.27 g/plant, 0.85 g/ha which were on par with T13. While the least NPK uptake was recorded in T1 (0.47 g/plant, 0.10 g/plant, 0.53 g/plant). 
Similarly, Biswas and Shivaprakash (2021)4 reported that nutrient uptake recorded was the highest in the consortia of PSB, KMB and KSB isolates. The existence of NFBs such as Azotobacter, Azospirillum, Beijerinckia on the phylloplane and their nitrogen fixation on leaves have been studied in several crops (Pati and Chandra 198118; Sengupta et al. 198122; Nandi et al. 198314; Nandi and Sen 198513). Berger et al. (2015)3, studied the bacterial colonization of Kosakonia radicincitans, a known plant growth promoting bacteria, and its effect on glucosinolate profile of radish. Glucosinolate contents remained unchanged, except when leaves were sprayed with K. radicincitans and they also found that K. radicincitans suppressed aromatic 2-phenylethyl glucosinolates in leaves. This study showed that microorganism has influenced the metabolic contents of plant. The increase in plant uptake and soil available nutrients in present study may be due to increased number of organisms on phyllosphere of plants receiving inoculations which might have influenced the plant metabolic activities leading to enhanced growth, nutrient uptake, chlorophyll content in leaves. These benefits are among the common ones contributing by PGPR application in plant.














Table 1: Biochemical and functional characteristics of microbial strains

	Strains
	Oxidase
	Catalase
	Citrate utilization
	Indole production
	HCN production
	Siderophore production

	PSA-5
	+
	+
	+
	+
	+
	+

	PSA-7
	+
	+
	+
	+
	+
	+

	UPM-3
	+
	+
	+
	-
	+
	+

	AUDT-502
	+
	+
	+
	-
	+
	+

	A-34
	+
	+
	+
	+
	+
	+

	AUDT-248
	+
	+
	+
	+
	+
	+

	PPFM-33
	+
	+
	-
	+
	+
	+

	PPFM-58
	+
	+
	-
	+
	+
	+

	LAB-75
	-
	-
	+
	+
	+
	-

	LAB-82
	-
	-
	+
	+
	+
	-

	LAB-LS-36
	-
	-
	+
	-
	+
	-





Table 2: Quantitative estimation of IAA, GA and in vitro N2 produced by microbial strains

	Strains
	IAA(g/ml)
	GA (g/ 25 ml)
	In vitro nitrogen fixation (mg N2 / g of carbon)

	PSA-5
	11.65
	2.35
	3.48 

	PSA-7
	15.31
	2.56
	3.17 

	UPM-3
	4.16
	2.09
	2.79 

	AUDT-502
	5.32
	1.96
	2.22 

	A-34
	7.61
	0.93
	0.00 

	AUDT-248
	8.05
	1.3
	0.00 

	PPFM-33
	12.29
	2.51
	2.88 

	PPFM-58
	11.60
	2.19
	0.00 

	LAB-75
	8.39
	2.31
	0.00 

	LAB-82
	5.79
	1.88
	0.00 

	LAB-LS-36
	4.67
	1.32
	0.00 

	S.Em.±
	0.06
	0.05
	0.03 

	C.D. (p=0.01)
	0.24
	0.23
	0.12 




Table 3: Growth parameters as influenced by inoculation with liquid consortia of microbial isolates
	Treatments
	No of leaves/plant
	Plant height(cm)
	Leaf length(cm)
	Chlorophyll content
	Fresh weight of leaves (g/ plant)
	Dry weight of leaves (g/ plant)

	T1
	RDF+ Uninoculated
	9.33
	26.13
	34.20
	108.00
	24.50
	36.13

	T2
	RDF+PSA 7
	10.67
	26.30
	35.23
	109.50
	24.53
	36.73

	T3
	RDF+PSA 5
	10.33
	26.70
	35.67
	109.33
	24.50
	37.07

	T4
	RDF+PPFM 33
	10.67
	26.50
	36.27
	109.43
	24.80
	36.97

	T5
	RDF+LAB-75
	11.00
	26.43
	36.23
	110.23
	24.60
	36.53

	T6
	RDF+PSA 7+ PPFM 33
	11.33
	27.40
	37.80
	111.53
	25.10
	37.33

	T7
	RDF+PSA 7+ LAB 75
	11.67
	27.83
	38.90
	112.37
	25.30
	37.70

	T8
	RDF+PSA 5+ PPFM 33
	11.67
	28.03
	40.03
	114.37
	25.33
	37.90

	T9
	RDF+PSA 5+ LAB 75
	12.33
	28.10
	41.53
	115.43
	25.53
	37.83

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75
	12.67
	30.80
	42.77
	118.63
	26.63
	39.60

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75
	13.33
	30.87
	42.83
	122.17
	26.73
	40.53

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75
	14.00
	31.20
	44.53
	126.17
	27.17
	41.67

	T13
	RDF+Phyllosphere consortia of POP
	14.33
	31.57
	45.23
	127.50
	27.23
	42.20

	
	S.Em. ±
	0.38
	0.24
	0.41
	0.53
	0.16
	0.42

	
	C.D. (p=0.01)
	1.50
	0.93
	1.61
	2.09
	0.64
	1.67







Table 4: Root length, root weight and dry weight of root as influenced by inoculation with liquid consortia of microbial isolates
	Treatments
	Root length(cm)
	Root weight    (g/ plant)
	Dry weight of root (g/ plant)

	T1
	RDF+ Uninoculated
	13.83
	93.10
	3.10

	T2
	RDF+PSA 7
	14.87
	93.63
	3.13

	T3
	RDF+PSA 5
	14.90
	94.00
	3.15

	T4
	RDF+PPFM 33
	14.97
	95.17
	3.14

	T5
	RDF+LAB-75
	14.87
	96.20
	3.14

	T6
	RDF+PSA 7+ PPFM 33
	15.73
	97.03
	3.22

	T7
	RDF+PSA 7+ LAB 75
	16.43
	98.10
	3.23

	T8
	RDF+PSA 5+ PPFM 33
	16.77
	99.00
	3.24

	T9
	RDF+PSA 5+ LAB 75
	17.10
	99.97
	3.26

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75
	18.00
	101.00
	3.41

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75
	17.40
	102.13
	3.42

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75
	20.57
	105.17
	3.47

	T13
	RDF+Phyllosphere consortia of IOF
	20.87
	106.23
	3.48

	S.Em.±
	
	0.32
	0.52
	0.02

	C.D. (p=0.01)
	
	1.25
	2.04
	0.07









Table 5: Soil available nutrient status as influenced by inoculation of microbial consortia
	Treatments
	Nitrogen (kg/ha)
	Phosphorous (kg/ha)
	Potassium (kg/ha)

	T1
	RDF+ Uninoculated
	254.63
	7.34
	136.80

	T2
	RDF+PSA 7
	281.40
	7.39
	138.67

	T3
	RDF+PSA 5
	282.37
	7.40
	138.73

	T4
	RDF+PPFM 33
	278.21
	7.45
	138.53

	T5
	RDF+LAB-75
	268.63
	7.44
	138.30

	T6
	RDF+PSA 7+ PPFM 33
	308.07
	8.17
	141.13

	T7
	RDF+PSA 7+ LAB 75
	310.18
	8.42
	142.20

	T8
	RDF+PSA 5+ PPFM 33
	311.86
	8.49
	141.87

	T9
	RDF+PSA 5+ LAB 75
	309.84
	8.53
	142.37

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75
	319.41
	9.28
	147.43

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75
	321.26
	9.61
	148.80

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75
	339.60
	12.08
	150.80

	T13
	RDF+Phyllosphere consortia of IOF
	341.00
	12.26
	151.07

	S.Em.±
	
	0.50
	0.06
	0.37

	C.D. (p=0.01)
	
	1.96
	0.25
	1.45









Table 6: Effect of different microbial consortia on nutrient content (N, P, K) of radish
	Treatments
	Nitrogen (%)
	Phosphorous (%)
	Potassium (%)

	
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root

	T1
	RDF+ Uninoculated
	0.95
	0.75
	0.21
	0.17
	0.88
	1.03

	T2
	RDF+PSA 7
	1.10
	0.84
	0.24
	0.13
	0.93
	1.16

	T3
	RDF+PSA 5
	1.13
	0.83
	0.23
	0.15
	0.94
	1.11

	T4
	RDF+PPFM 33
	1.15
	0.84
	0.24
	0.16
	0.95
	1.12

	T5
	RDF+LAB-75
	1.14
	0.85
	0.25
	0.17
	0.97
	1.14

	T6
	RDF+PSA 7+ PPFM 33
	1.24
	0.96
	0.31
	0.21
	1.03
	1.13

	T7
	RDF+PSA 7+ LAB 75
	1.25
	0.97
	0.34
	0.21
	1.05
	1.24

	T8
	RDF+PSA 5+ PPFM 33
	1.27
	0.94
	0.33
	0.23
	1.04
	1.26

	T9
	RDF+PSA 5+ LAB 75
	1.27
	0.96
	0.34
	0.24
	1.06
	1.30

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75
	1.36
	1.04
	0.45
	0.30
	1.12
	1.43

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75
	1.38
	1.08
	0.46
	0.31
	1.15
	1.45

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75
	1.46
	1.18
	0.51
	0.38
	1.23
	1.55

	T13
	RDF+Phyllosphere consortia of IOF
	1.47
	1.19
	0.53
	0.40
	1.27
	1.58

	S.Em.±
	
	0.02
	0.02
	0.02
	0.01
	0.02
	0.02

	C.D. (p=0.01)
	
	0.08
	0.07
	0.07
	0.04
	0.07
	0.08






Table 7: Effect of different microbial consortia on uptake of N, P, K by radish
	Treatments
	N(g/plant)
	P(g/plant)
	K(g/plant)

	T1
	RDF+ Uninoculated
	0.47
	0.10
	0.53

	T2
	RDF+PSA 7
	0.54
	0.10
	0.58

	T3
	RDF+PSA 5
	0.54
	0.11
	0.57

	T4
	RDF+PPFM 33
	0.56
	0.11
	0.58

	T5
	RDF+LAB-75
	0.55
	0.11
	0.58

	T6
	RDF+PSA 7+ PPFM 33
	0.62
	0.15
	0.61

	T7
	RDF+PSA 7+ LAB 75
	0.63
	0.16
	0.65

	T8
	RDF+PSA 5+ PPFM 33
	0.63
	0.16
	0.66

	T9
	RDF+PSA 5+ LAB 75
	0.64
	0.17
	0.68

	T10
	RDF+PSA 7+ PPFM 33+ LAB 75
	0.72
	0.23
	0.77

	T11
	RDF+PSA 5+ PPFM 33+ LAB 75
	0.74
	0.23
	0.79

	T12
	RDF+PSA 7+ PSA 5+ PPFM 33+ LAB 75
	0.81
	0.27
	0.85

	T13
	RDF+Phyllosphere consortia of IOF
	0.82
	0.29
	0.88

	S.Em.±
	
	0.01
	0.01
	0.01

	C.D. (p=0.01)
	
	0.03
	0.03
	0.03









4. Conclusion
               All single, dual inoculants and consortium of three, four and eleven were effective in terms of improving plant and growth parameters in comparison to uninoculated control, whereas single inoculants did not show any that significant difference in growth and yield when compared to control. In comparison to phyllopshere consortia of eleven strains, consortia of four selected strains (PSA 7+ PSA 5+ PPFM 33+ LAB 75) was found to be equally effective in improving growth and yield of radish. However, it is interesting to note that the effect produced by four isolates was on par with the benefits received in treatment receiving inoculation with eleven isolates. Thus, may be due to the fact that these four strains among eleven were having multiple biochemical and functional traits with highest values which might have enhanced metabolism and physiological process. An effective formulation with lesser number of strains contributing to multiple functions with high bio efficacy was identified. This in tern reduces use of chemical fertilizers and in future holds good scope to use as bio stimulants.
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fig 1: General view of pot culture experiment
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 (
fig 2: Effect of liquid formulations of different consortia on growth of radish after 50 DAS
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