



Suppression of Bacterial Leaf Blight pathogen and Plant Growth Promotion by Rice Endophytic Bacteria
Abstract

A total of 45 endophytic bacterial isolates were obtained from the healthy leaf samples of MTU-1010, BPT-5204 and NLR-34449 cultivars and out of which, 19 isolates were from Nellore district. Similarly 26 isolates were from Chittoor district. Endophytic bacterial isolates evaluated for the antagonistic efficacy by Agar well Diffusion method, 12 isolates recorded with inhibition zone diameter of more than 10.00 mm. Morphological characterization of the 12 isolates revealed the dominance of Gram negative bacteria with rod shaped cells over the Gram positive bacteria. With regard to Plant growth promoting (PGP) traits, EMP-5 showed positive for Phosphate solubilization, Siderophore production, HCN production, Ammonia Production, Amylase activity and Protease production. 
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1. Introduction 
The low productivity of rice in India can be attributed to several biotic and abiotic factors and among the biotic factors, diseases form a major constraint in achieving the potential grain yield. Many bacterial diseases are known to infect rice viz., Bacterial leaf blight (Xanthomonasoryzaepv. oryzae), Bacterial leaf streak (Xanthomonasoryzaepv. oryzicola), Bacterial panicle blight (Burkholderiaglumae), Bacterial brown stripe (Acidovoraxavenae subsp. avenae) etc. Out of this bacterial leaf blight of paddy (BLB) is of economic importance. The disease mostly occurs in epidemic proportions in many parts of the world, incurring upto 50 per cent crop loss (Gnanamanickam et al., 1999). Crop loss assessment studies revealed that BLB occurrence depends on the crop stage, degree of cultivar susceptibility and to majorly environmental conduciveness in which it occurs. The yield loss due to BLB is attributed to increase in chaffiness, decrease in grain weight and the number of panicles per plant (Ahmed and Singh, 1975).

Endophytic bacteria have been virtually found in every plant studied, where they colonize the internal tissues of their host plant and can form a range of different relationships including symbiosis, mutualism, commensalism etc. Bacterial endophytes colonize an ecological niche comparable to that of phytopathogens, which makes them appropriate as biocontrol agents (Berg et al., 2005). Hence the quest for innovative antibacterial biocontrol agents remains a major challenge and such biocontrol agents are essential to control the BLB inflicted damages in rice. In recent years, co-inoculation of endophytic bacteria in rice is playing a key role for controlling the disease damage and availability of nutrients under sustainable agriculture production system. There is an imperative need to identify the potential endophytic isolates with plant growth promoting (PGP) traits and disease suppressing ability.

2. MATERIAL AND METHODS

The laboratory experiments pertaining to the present research work were conducted in the Department of Plant Pathology at S.V. Agricultural College, Tirupati.
2.1 Isolation of bacterial leaf blight pathogen from disease sample:

Xanthomonasoryzaepv. oryzae, the causal agent of bacterial leaf blight was isolated from the diseased plants collected from Nellore district of Andhra Pradesh. Infected leaves of rice was excised with sterile scalpel and made into small bits. The leaf bits were surface sterilized with one per cent sodium hypochlorite for three minutes and then washed with sterile distilled water. Later the infected leaf bits after proper drying on sterile blotting paper was transferred onto Nutrient Agar (NA) medium and incubated at room temperature (25-27 0C) for 72 h (Jabeen et al., 2012).
2.2 Isolation of endophytic bacteria:

Healthy leaves washed with water to remove the dust and there after 2 g of leaves chopped into pieces of 4-6 mm used for isolation. The disinfection and isolation was done as the procedure of Araujo et al. (2001). Briefly, the leaves were disinfected superficially by following the five step protocol as 70 per cent alcohol for 1 minute, 2.5 per cent sodium hypochlorite for 4 minutes, ethanol for 30 sec and finally 3 rinses in sterile distilled water. To confirm the disinfection protocol, aliquots of the sterile water used in the final rinse was plated on 10 per cent Tryptone Soya Agar (TSA) medium at 28 0C for 3 days and the plates were examined for the presence or absence of bacterial colonies. Such of the leaf samples were discarded showing colonies in the incubated Petri plates. Remaining of the surface sterilized leaf bits were macerated with 5 ml of phosphate buffer in a sterilized mortar and pestle.The macerated tissues were diluted serially in the sterile distilled water. From this, 6 dilutions (10-1 to 10​-6) were made by transferring 1 ml of the suspension to successive sterile water columns. From last two series of the dilution, 0.1 ml was taken and plated onto TSA medium. The plates were incubated at 28 0C for 1–10 days until growth was observed, upon which the numbers of Colony Forming Units (CFU) were counted according to the following formula.
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2.3 Evaluating the antagonistic activity of endophytic bacteria against Xanthomonasoryzaepv. oryzae :
The Antagonistic efficacy of endophytic bacterial isolates against Xanthomonasoryzaepv. oryzae was evaluated by using agar well diffusion method.The level of Xanthomanasoryzaepv.oryzae growth inhibition was determined by measuring the difference between the inhibition zone formed and diameter of the pathogen growth. (Yasmin, 2016).

2.4. Morphological characterization of endophytic bacteria:
Morphological characterization was done on the basis of shape, elevation, texture, margin, colour, size and pigmentation etc. of colonies and gram staining of endophytic bacteria grown on the medium (Bathlomew, 1962).
2.5.Characterization of potential endophytic bacterial isolates for plant growth promoting traits.
2.5.1. IAA Production:
Indole Acetic Acid test was performed by inoculating the endophytic bacterial isolates into one per cent tryptone broth for 48 h at 30 ± 2 0C, followed by addition of Kovac’s reagent (0.5 ml). Appearance of cherry red colour ring confirms IAA production. (Kovac’s, 1959)

2.5.2. Hydrogen Cyanide (HCN) Production:

HCN production of endophytic bacterial isolates was tested qualitatively. The endophytic bacteria were streaked on King’s B medium amended with glycine (Bakker and Schipper, 1987)

2.5.3. Ammonia Production:
Endophytic bacterial isolates were tested for the production of ammonia in peptone water. Freshly grown endophytic bacterial isolates were inoculated into 10 ml of peptone water in each test tube and incubated at 28[image: image3.png]


2 0C for 48-72 h. Nessler’s reagent (0.5 ml) was added to each tube and observed for the development of faint yellow to dark brown colour as a positive indication for ammonia production. (Cappuccino and Sherman et al., 1992)

2.5.4. Phosphate Solubilisation:

Endophytic bacterial isolates were screened for their potential to solubilize insoluble calcium phosphate on Pikovskaya agar medium as described by Pikovskaya (1948). 

2.5.5. Amylolytic and Proteolytic Activity:

Starch hydrolysis:

Endophytic bacterial isolates were screened for amylolytic activity by starch hydrolysis test on starch agar plates. Appearance of the yellow zone around the bacterial growth indicated starch hydrolysis while blue zone surrounding the bacterial growth, indicated that starch is present and has not been hydrolyzed (Sahu et al., 2005).

Protease production:

Proteolytic activity was tested by inoculation of 10 µl into 6 mm wells made on skim milk agar medium (containing 5 g pancreatic digest of casein, 2.5 g yeast extract, 1 g glucose, 15 g agar and 100 ml of 7 per cent skim milk solution per liter and incubated at 28°C upto 
4 days and observed for the formation of the halo zone around the colonies and a clear zone around the cells indicated positive proteolytic activity (Chaiharan and Lumyong 2009).
VI. Siderophore production:

Endophytic bacterial isolates were assayed for qualitative siderophore production on the Chromoazurol Succinate (CAS) agar medium described by Schwyn and Neilands (1987). 
3. RESULTS AND DISCUSSION

3.1Isolation of the pathogen: 

Bacterial leaf blight causal agent Xanthomonasoryzaepv. oryzae was  isolated from the diseased plants collected from the Agricultural Research Station, Nellore. Infected leaf bits surface sterilised and inoculated on Nutrient Agar (NA) Medium resulted in mucoid, round and smooth bacterial colonies on incubation at 28 ± 2 0C for 48-72 hours. The pathogen was purified by streak plate method and preserved at -20 0C in glycerol stocks.
3.2 Isolation of endophytic bacteria:

A total of 45 endophytic bacterial isolates were isolated from the healthy plants of cultivars viz; MTU 1010, BPT 5204 and NLR 34449 which are popularly cultivated in Nellore and Chittoor districts of Andhra Pradesh (Table 1). 

a) Isolation of endophytic bacteria from Nellore district
A total of 19 endophytic bacterial isolates were isolated from the samples collected from nine villages spread across six mandals (Table 1). Among the 19 endophytic bacterial isolates, three isolates from ARS, Nellore (EBA-1, EBA-2, EBA-5) of Nellore mandal, four isolates (EBL-1, EBL-2, EBL-3, EBL-6) of Leguntapadu village of Kovurmandal, two isolates from Venkannapuram (EBV-4, EBV-8) and two isolates from Rajupalem villages (EBR-1, EBR-2) of Kodavalurmandal, two isolates (EBV-1, EBV-2) from Vidavalur village of Vidavalurmandal, two isolates (EBK-1, EBK-3) from Konetirajupalem village and two isolates (EBP-1, EBP-3) from Palemkota villages of Venkatagirimandal and two isolates (EBN-1, EBN-2) from Nelaballi village of Pellakurmandal of the Nellore district (Table 2)
b) Isolation of endophytic bacteria from Chittoor: 
Similarly a total of 26 endophytic bacteria isolates were isolated from the leaf samples collected from four villages spread across three mandals of the Chittoor district (Table 2). Among the 26 endophytic bacterial isolates, nine isolates from Mallayapalli village (EMP-1, EMP-2, EMP-3, EMP-4, EMP-5, EMP-6, EMP-7, EMP-8, EMP-10) of Ramachandrapuram mandal, four isolates (MB-1, MB-2, MB-3, MB-4) from Madibaka village of Yerpedumandal, nine isolates from Urandur village (EUD-1, EUD-2, EUD-3, EUD-4, EUD-6, EUD-7, EUD-8, EUD-9, EUD-10) and four isolates (EP-1, EP-2, EP-3, EP-4) from Pudi villages of Srikalahasthi mandal. 

The endophytic bacterial count from the collected samples is presented in terms of cfu/g of leaf and presented in table 2. Among them, leaf sample of BPT 5204 cultivar collected from Madibaka village of Yerpedu mandal showed highest count of 7.8 × 106/g followed by 7.7 × 106/g leaf of BPT 5204 variety collected from Mallayapalli village of Ramachandrapuram mandal of Chittoor dist. Leaf samples collected from the Nelaballi village of Pellakuru mandal, Nellore district of MTU 1010 variety recorded lowest colony forming units 2.4 × 106/g of leaf.

Nagendran et al. (2013) who reported the isolation of endophytic bacteria on Tryptic Soya Agar Medium. Similarly Alam et al. (2017) isolated endophytes on Nutrient Agar Medium. Yousefi et al. (2018) isolated 63 bacterial endophytes by using serial dilution method from internal tissues of rice plants samples collected from different parts of north of Iran on Tryptic Soya Agar Medium
3.3. In vitro evaluation of endophytic bacteria against bacterial leaf blight pathogen:
A total of 45 endophytic bacterial endophyte isolates were evaluated for their antagonistic efficacy against bacterial leaf blight (BLB) pathogen Xanthomonasoryzaepv. Oryzae (Fig.1). The diameter of inhibition zone formation ranged from 0.0 mm to 16.8 mm. Among 45 isolates, EMP-5 and EBK-3 isolates showed highest antagonistic efficacy with inhibition zone of 16.8 mm and 16.6 mm respectively. This was followed by EBA-5 with 15.9 mm isolate. 

The present study results are in accordance with Azmanet al. (2017) who screened 93 bacterial strains against BLB pathogen. Among them, 16 isolates showed positive antagonistic activity indicated by the inhibition zone from 3.33 to 15.00 mm. Similarly Nagendranet al. (2013) screened forty endophytic bacterial isolates against Xoo to test their efficacy of inhibition and the results showed that isolates FZB24, EPB 9, EPB 10, EPCO 29 and EPCO 78 showed the maximum inhibition halo of 20 mm diameter.Yousefi et al. (2018) tested 39 bacterial isolates against Xoostrain. The maximum inhibitory activity was recorded for OS59 with an inhibition zone of 32.67 mm.
The Endophytic bacterial isolates viz.,EMP-5, MB-4, EBV-8, EMP-1, EUD-3, EBA-5, EMP-2, EBK-3, MB-1, EBA-2, EMP-10, EBR-2 which showed inhibition zone of above 10.00 mm diameter were considered as potential and studied for morphological features like colony form, margin of the colony, elevation, colour of the colony, its surface, opacity of the colony and reaction to  Gram staining.
3.4 Morphological characterization of potential endophytic bacteria
The 12 potential endophytic isolates were grown on NA medium at 28 ± 2º C for 48 h to record morphological characters. Among 12 isolates,EBA-5, EMP-1, EBA-2, EBK-3, EBV-8 bacterial isolates produced medium sized, circular, raised, undulate and rough, yellowish green colonies with Gram negative reaction. While EUD-3, EMP-5 and MB-4 isolates produced punctiform, white, flat, irregular, shiny rods of Gram negative reaction. MB-1 isolate showed white colonies with smooth, irregular, crateriform, undulate and small rods with Gram positive.  EMP-10, EBR-2 showed small, circular, tan coloured, mucoid, shiny, rough edge raised, short rods with Gram  positive reaction. Whereas, EMP-2 isolate showed small colonies of cream colour, entire, convex and cocci shaped cells with Gram negative reaction (Table 3).
Among the twelve isolates of endophytic bacteria, three isolates were Gram positive and nine isolates were Gram negative. In the Gram positive all isolates are rods in shape. Whereas among Gram negative eight isolates were with rod shaped cells and one isolate showed cocci shaped cells. Morphological characters of the isolates revealed the dominance of gram negative bacteria over the gram positive bacteria. An earlier study reported a predominance of Gram negative bacteria in the tissues of rice grains (Ashfaq et al., 2013, Yousefi et al. 2018).

3.5. Characterization of potential endophytic bacteria for plant growth promoting traits.
The Endophytic bacterial isolates viz., EMP-5, MB-4, EBV-8, EMP-1, EUD-3, EBA-5, EMP-2, EBK-3, MB-1, EBA-2, EMP-10, EBR-2 which showed inhibition zone of above 10.00 mm diameter were considered as potential and studied for plant growth promoting traits viz., IAA production, phosphate solubilization, siderophore production, Ammonia, HCN, starch hydrolysis and protease production.

3.5.1 Indole Acetic Acid (IAA) production

Out of 12 endophytic bacterial isolates, four bacterial isolates i.e., EMP-5, EMP-2, EMP-10 and EUD-3 producion of high amount of IAA with dark red ring colour indicated as +++.  Whereas EBR-2, EBA-2 isolates produced medium amount of IAA with red ring indicated as ++.Isolates viz., MB-4, EBA-5, EBV-8 showed negative reaction by forming green colour ring indicated as in table 4. In plant growth and development, indole acetic acid (IAA), a phytohormone belonging to auxin class plays an important role. Synthesis of IAA by bacteria on interaction with plant is well documented. Similar results were obtained byAlamet al. (2017) and Wilasineeet al. (2016) with rice endophytes
3.5.2 Phosphate solubilisation
Out of the 12 isolates, ten isolates showed positive reaction by producing clear halo zone around the colony ranging from 0.0 mm to 3.20 mm diameter (Table 4). The highest phosphate solubilization of 3.20 mm was shown by EMP-5 isolate while the lowest phosphate solubilization was shown by EBA-2 and EMP-1 isolate of 0.00 mm. 
Phosphorus (P) is the essential macronutrient that plays a vital role in many physiological activities such as cell division, photosynthesis and development of root system. These results are in agreement with Sev et al. (2016), who reported that among 18 rice endophytic bacteria tested for phosphate solubilization halo zone from 3.0-4.5 mm diameter on Pikovskaya’s medium.
3.5.3 Siderophore production
In our present investigation, all the 12 endophytic bacterial isolates plated on Chromo azurol–S agar medium amended with ferric chloride showed halo zone with orange colour after incubation of five days which is considered as a positive response. The halo zone produced by the isolates ranged from 1.6 mm to 3.1 mm. EBR-2 isolate showed maximum siderophore production with halo zone of 3.1 mm diameter followed by isolate EMP-5 with 3.0 mm diameter (Table 4). Siderophores are low molecular weight iron binding protein compounds involved in the process of chelating ferric iron (Fe+3) in the soil. When iron availability in the soil is limited, microbial siderophores provide iron and enhance the plant growth. 

3.5.4 Protease production and Amylase activity

Among 12 endophytic bacterial isolates, seven isolates viz., EBA-2, EMP-2, EMP-1, EBV-8, EUD-3, EMP-10 and EBR-2 formed a clear yellow zone indicating strong amylase activity whereas EMP-5 and EBA-5 showed light yellow halo zone around indicating amylase activity.  Remaining three isolates viz., EBK-3, MB-1 and MB-4 produced blue color around bacterial growth with iodine forming color complex with starch indicating no amylase 
(Table 4).

Similarly 12 endophytic bacterial isolates were evaluated for the protease production. Protein hydrolysis in terms of halo zone among the bacterial endophytes ranged from 0.4 cm to 3.5 cm. (Table 4). Among the 12 endophytic bacterial isolates, EMP-2 isolate showed a halo zone of diameter 3.5 cm after 5 days of incubation while MB-4 showed lowest diameter of halo zone of 0.4 cm. Enzymatic and antimicrobial activities are indirect mechanisms exhibited by bacterial endophytes for plant growth. These enzymes are responsible for hydrolytic actions which enable endophytes to penetrate plant tissue and establish symbiotic relationship between endophytes and host. Similar studies on bacterial endophytes of Curcuma have shown the production of amylases by the Bacillus (Kumar et al., 2016, Regina et al., 2018). 
3.5.5 Hydrogen cyanide (HCN) production: 
Among 12 isolates, five isolates viz., EMP-5, MB-1, MB-4, EBR-2 and EBA-5 showed the strong reaction of HCN production while Isolates viz., EMP-2, EBA-2, EMP-10 and EMP-1 showed moderate reaction of HCN production. Three isolates viz., EBK-3, EUD-3, EBV-8 showed negative reaction by exhibiting no change in colour from yellow to orange (Table 4).

3.5.6 Ammonia production

Among the 12 isolates, MB-1, MB-4, EBK-3, EBR-2, EMP-10 and EBV-8 produced strong dark brown colour to yellow showing significant ammonia production while four isolates viz., EMP-2, EBA-5, EMP-5 and EMP-1 produced faint yellow indicating moderate ammonia production. Two isolates EUD-3 and EBA-2 produced dark green indicating no ammonia production (Table 4).
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Table 1.Details of Leaf samples collected from different parts of Chittoor and Nellore district.

	S. No
	District
	Mandal
	Village
	Variety
	Latitude
	Longitude

	1
	Chittoor
	Yerpedu
	Madibaka
	BPT-5204
	13.6429
	79.5970

	2
	
	Srikalahasthi
	Pudi
	NLR-34449
	13.767715
	79.718184

	3
	
	
	Urandur
	BPT-5204
	13.738249
	79.678254

	4
	
	Ramachandrapuram
	Mallayapalli
	BPT-5204
	13.554371
	79.303225

	5
	Nellore
	Kovur
	Leguntapadu
	MTU-1010
	14.516979
	80.028167

	6
	
	Nellore rural
	Agricultural

Research Station
	NLR-34449
	14.430182
	79.998646

	
	
	Vidavalur
	Venkannapuram
	BPT-5204
	14.604499
	80.066097

	8
	
	Kodavalur
	Vidavalur
	BPT-5204
	14.577647
	80.002935

	
	
	
	Rajupalem
	MTU-1010
	14.550652
	79.992596

	9
	
	Pellakur
	Nelaballi
	MTU-1010
	13.798089
	79.764836

	10
	
	Venkatagiri
	Konetirajupalem
	NLR-34449
	13.937336
	79.626318

	
	
	
	Palemkota road
	BPT-5204
	13.962785
	79.56164


Table  2: List of endophytic bacterial isolates collected from different mandals of Nellore and Chittoor Districts.

	S.

No.
	District
	Mandal
	Village
	Variety
	Designated Isolates
	CFU’s × 106/g

of leaf

	1
	Chittoor
	Yerpedu
	Madibaka
	BPT-5204
	MB-1,MB-2,MB-3,MB-4
	7.8f

	2
	
	Srikalahasthi
	Pudi
	NLR-34449
	EP-1,EP-2,EP-3,EP-4
	5.0c

	3
	
	
	Urandur
	BPT-5204
	EUD-1, EUD-2, EUD-3, EUD-4, 

EUD-6, EUD-7, EUD-8, EUD-9, EUD-10
	4.0b

	4
	
	Ramachandrapuram


	Mallayapalli
	BPT-5204
	EMP-1,EMP-2,EMP-3,EMP-4,EMP-5,EMP-6,EMP-7,EMP-8,EMP-10
	7.6f

	5
	Nellore
	Kovur
	Leguntapadu
	MTU-1010
	EBL-1, EBL-2, EBL-3, EBL-6
	7.2ef

	6
	
	Nellore rural
	Agricultural research 

Station
	NLR-34449
	EBA-1,EBA-2, EBA-5
	7.65f

	7
	
	Vidavalur
	Venkannapuram
	BPT-5204
	EBV-1, EBV-2
	6.3d

	8
	
	Kodavalur
	Vidavalur
	BPT-5204
	EBV-4, EBV-8
	6.5de

	9
	
	
	Rajupalem
	MTU-1010
	EBR-1, EBR-2
	6.5de

	10
	
	Pellakur
	Nelaballi
	MTU-1010
	EBN-1, EBN-2
	2.4a

	11
	
	Venkatagiri
	Konetirajupalem
	NLR-34449
	EBK-1, EBK-3
	4.4bc

	
	
	
	Palemkota road
	BPT-5204
	EBP-1, EBP-3
	3.7b

	
	
	
	
	
	C.D  at 5 %
	0.80

	
	
	
	
	
	SEm(±)
	0.27

	
	
	
	
	
	C.V %
	8.29


*Mean of  three  replications
**Means in a column followed by same super script letters are not significantly different according to DMRT.
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Fig 4.1: Efficacy of endophytic bacterial isolates against Bacterial Leaf blight (Xanthomonas oryzae pv. oryzae )

under in vitro condition.




Fig 1: Efficacy of endophytic bacteria against BLB pathogen (Xanthomonasoryzaepv.oryzae) under in vitro condition.

Table 3: Morphological characteristics of Endophytic bacterial isolates.

	S.No.
	Bacterial isolates
	Colony size
	Shape
	Colour
	Appearance
	Gram reaction
	Bacterial

Shape

	1
	EMP-5
	Punctiform
	Irregular
	White
	Shiny, smooth, flat, entire
	Gram Negative
	Short Rods

	2
	MB-4
	Punctiform
	Irregular
	White
	Shiny, smooth, flat, entire
	Gram Negative
	Long Straight Rods

	3
	EBV-8
	Medium sized
	Circular
	Yellowish green
	Rough ,raised, undulate
	Gram Negative
	Rods

	4
	EMP-1
	Medium sized
	Circular
	Yellowish green
	Rough ,raised, undulate
	Gram Negative
	Rods

	5
	EUD-3
	punctiform
	Irregular
	White
	Shiny ,smooth, flat, entire
	Gram Negative
	Short Rods

	6
	EBA-5
	Medium sized
	Circular
	Yellowish green
	Rough ,raised, undulate
	Gram Negative
	Rods

	7
	EMP-2
	Small
	Circular
	Cream
	convex, entire ,rough, raised
	Gram Negative
	Cocci

	8
	EBK-3
	Medium sized
	Circular
	Yellowish green
	Rough ,raised, undulate
	Gram Negative
	Rods

	9
	MB-1
	Medium sized
	Irregular
	Off white
	Smooth, irregular, crateriform, undulate
	Gram Positive
	Small Rods

	10
	EBA-2
	Medium sized
	Circular
	Yellowish  green
	Rough ,raised, undulate
	Gram Negative
	Rods

	11
	EMP-10
	Small
	Circular
	Tan
	Convex, mucoid, entire, shiny, rough edge, raised
	Gram Positive
	Short  Rods

	12
	EBR-2
	Small
	Circular
	Tan
	Convex, mucoid, entire, shiny, rough edge, raised
	Gram Positive
	Rods


Table 4: The Different PGPR traits shown by endophytic bacterial isolates (Quantitative). 

	S.No
	Isolates
	IAA production
	HCN
	Ammonia
	Amylase
	Phosphate Solubilization  Diameter of Halo Zone (mm
	Siderophore production (mm)
	Protease

Activity (cm)

	1
	EMP-5
	+++
	+++
	++
	++
	3.2


	3.0
	2.3

	2
	MB-1
	+
	+++
	+++
	-
	2.6
	2.1
	1.4

	3
	MB-4
	-
	+++
	+++
	-
	2.8
	2.8
	0.4

	4
	EBK-3
	+
	-
	+++
	-
	1.0
	2.5
	1.6

	5
	EBR-2
	++
	+++
	+++
	+++
	2.7
	3.1
	3.0

	6
	EMP-2
	+++
	++
	++
	+++
	3.0
	2.7
	3.5

	7
	EBA-2
	++
	++
	-
	+++
	0.0
	2.5
	1.1

	8
	EBA-5
	-
	+++
	++
	++
	0.7
	2.5
	3.0

	9
	EMP-10
	+++
	++
	+++
	+++
	2.4
	1.6
	3.0

	10
	EMP-1
	+
	++
	++
	+++
	0.0
	1.6
	1.7

	11
	EUD-3
	+++
	-
	-
	+++
	1.4
	2.1
	1.0

	12
	EBV-8
	-
	-
	+++
	+++
	1.3
	2.5
	2.0


IAA production:  Strong - dark red (+++), Moderate - light red (++), Weak –dark brown ring (+), Negative- dark green ring (-).

HCN production: Strong-orange to red colour (+++), Moderate- light orange (++), Negative- yellow (-).

Ammonia production:  Strong- dark brown to yellow (+++), moderate – faint yellow(++),negative- dark green (-). 

Amylase production: Strong –clear yellow zone (+++), moderate –light yellow (++), Negative blue zone (-) surrounding the bacterial growth.

