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ABSTRACT 
A n investigation was carried out to characterize N 2 f i x ing bacteria isolated f r o m tea plants 

g rown in tea growing regions o f Karnataka, India and analyse their potent ial to enhance 

growth and nutrient uptake o f tea plants under nursery condit ions. Twenty Azospirillum 

and 18 Beijerinckia isolates were used i n the study. The amount o f N2 f ixed by Azospirillum 

isolates ranged f rom 7.23 to 22.16 m g g 1 o f malate, whereas that of Beijerinckia isolates 

ranged from 2.86 to 5.54 mg g"1 o f glucose. Sixteen out o f 20 Azospirillum isolates produced 

both Indole Acet ic A c i d and Gibberel l ic A c i d wh ich were in the range o f 3 34 to 874 and 3 3 

to 230 u,g L"1 o f broth, respectively. F ive isolates o f Beijerinckia were found to produce 

both Indole Acet ic A c i d and Gibberel l ic A c i d in the range o f 53 to 169 f ig and 44 to 90 f ig 

L"1 broth, respectively. 

Results o f nursery evaluation o f eff ic ient Azospirillum and Beijerinckia isolates indicated 

that nine out o f 12 N2 f ixers enhanced growth, dry matter accumulation and nutrient uptake 

o f tea plants s igni f icant ly over an uninoculated control . 

K e y w o r d s : Tea p lan ts , Azospirillum, Beijerinckia, g r o w t h p r o m o t i o n , n u t r i e n t 

uptake 

INTRODUCTION 
Bio log ica l nitrogen fixation offers an economical ly attractive and ecological ly sound route 

for augmenting nitrogen supplies. O f the various rhizosphere associated N, f i x ing bacteria, 

Azospirillum species are extensively studied and shown to have a signif icant potential for 

commerc ia l applications for non- leguminous crops (Bashan and Ho lqu in , 1997). They 

enhance soil fert i l i ty by increasing the amount o f available N and synthesize several different 

plant hormones that can act to enhance various stages o f plant growth (Bashan and Ho lqu in , 

1997). A l though the growth promot ional effects o f Azospirillum and Beijerinckia have 

been reported in many crop plants (A lagawadi and Gaur, 1992; Polyanskaya etal., 2002 

and Rao and Charyulu, 2006), their impact on plantat ion crops l ike tea is yet to be fu l l y 

exp lo red . B io fe r t i l i ze r preparat ions conta in ing such ef f ic ient organisms can be an 
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ecofriendly and cost effective supplement to chemical fertilizers. In this context, present 
work was undertaken to characterize Azospirillum and Beijerinckia from tea plants and to 
analyse their potential to enhance growth and nutrient uptake of tea plants under nursery 
conditions. 

M A T E R I A L S A N D M E T H O D S 
Twenty Azospirillum and 18 Beijerinckia isolated from endorhizosphere and phyllosphere 
of tea plants, respectively in an earlier study (Tennakoon, 2007) were used in the present 
study. Isolates were screened for their ability to fix atmospheric N 2 , phosphate solubilizing 
ability and production of plant growth promoting substances by standard procedures, as 
detailed below. 

In vitro nitrogen fixation 
A loopful o f 48 h old culture of Azospirillum and Beijerinckia were inoculated to 5 mi of 
semisolid N free malate medium and N free broth medium, respectively and incubated for 
48 h. One ml of this culture was inoculated to 50 ml of respective media in 250 ml flasks 
and three replicates were maintained for each isolate. Uninoculated flasks served as controls. 
The flasks were incubated at 28 ± 2 °C for 15 days and 10 ml of this culture was used for 
estimation of nitrogen by Microkjeldhal method of Jackson (1973) and Bremner (1960). 

Phosphate solubilizing ability 
Isolates were tested for their ability to solubilize insoluble inorganic phosphate on Sperber's 
Agar plates by spotting overnight grown cultures and incubating the plates at 30° C for 24 
to 48 h. The isolates showing clear zone of solubilization around the colony were taken as 
positive ones for P-solubilization. The diameter of the zone of solubilization was measured 
and expressed in centimeters. 

Production of plant growth promoting substances 
A l l the isolates of Azospirillum and Beijerinckia were initially subjected to qualitative 
analysis for the production of Indole Acetic Acid (Brie et ai, 1991) and Gibberellic Acid 
(Brown and Burlingham, 1968). Thejwernight positive cultures were inoculated to 50 ml 
of sterilized Czapeck's solution (Mahadevan and Sridhar, 1982) and incubated at 37 "C 
for seven days in dark. The cultures were then centrifuged at 6000 rpm for 20 min. The 
supernatant was used for the estimation of Indole Acetic Acid ( IAA) by the method of 
Gordon and Paleg (1957) and Gibberalic Acid (GAJby the method of Paleg (1965). 

Nursery evaluation of Azospirillum and Beijerinckia 
Isolates were selected based on their efficiency of N 2 fixation and production of IAA and 
GA in vitro. The performance of the selected isolates of Azospirillum and Beijerinckia in 
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enhancing the growth and nutr ient uptake o f tea plants was assessed under nursery 

condit ions. 

Three months old nursery tea plants o f clone T R I 2025, grown under conventional nursery 

condit ions (one plant in 25 cm x 5 cm polythene sleeve) obtained f rom Kelagur Estate, 

Chickmagalur Distr ict o f Karnataka State, India were used for the study. 

The exper iment compr ised o f 13 treatments, consist ing o f ten ef f ic ient isolates o f 

Azospirillum (AZOSP 4 - 1 , A Z O S P 4-2 , A Z O S P 11-1, A Z O S P 11-2, A Z O S P 27, A Z O S P 

2 7 - 1 , A Z O S P 27-2, A Z O S P 27-3, A Z O S P 3 1 , A Z O S P 34) and two Beijerinckia (BEIJ 2 

and BE IJ 5) along w i th one uninoculated contro l . Plants in tr ipl icate were inoculated w i th 

48 h o ld culture at 5 ml per plant. The experiment was conducted in a completely randomized 

design (CRD). The plants were kept under high shade conditions throughout the experimental 

per iod. The plants were watered regular ly and plant protection measures were taken as 

and when necessary to protect them against any insect-pest damages. The plants were 

a l lowed to grow for 90 days. Observations on plant height, number o f leaves per plant and 

leaf area per plant were recorded on the day o f inoculat ion as we l l as after 90 days o f 

inoculat ion ( D A I ) . A l l other g rowth parameters and nutrient content were measured at 90 

D A I . 

Plant height was measured f r om the base o f stem to base o f fu l ly opened top leaf and 

expressed in centimeters. Number o f leaves on each plant were counted and recorded. The 

leaf area was measured by a geometric method. The length and m a x i m u m w id th o f each 

leaf in a plant were measured and used to calculate the leaf area using the fo rmula : a = (I 

<-> b)<-^ 0.625, where a = leaf area ( cm 2 ) , 1 = length (cm) and b = max imum w id th (cm) o f 

leaf (Kr ishnapi l la i , 1975). The area o f al l the leaves on each plant were summed up and 

expressed as total leaf area per plant. 

A f te r 90 days o f inoculat ion, plants were careful ly uprooted and root system was washed 

free o f soi l . Root length was recorded f rom base o f stem to t ip o f the longest root and 

expressed in centimeters. r i 

The root and shoot portions were separated f rom plants and air dr ied. They were oven 

dried at 62 "C to a constant weight. The shoot and root dry weights were recorded separately 

and expressed in gram per plant. The oven dried plant samples were ground to a f ine 

powder and used for estimation o f N and P contents. Total N content in the plant samples 

was estimated by the Microk jc ldahl method and P content by Vanadamolybdate phosphoric 

ye l low colour method (Jackson, 1973) and expressed in percentages. 
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The total plant uptake o f N and P were calculated by m u l t i p l y i n g the percent nutrient ( N / 

P) content and respective dry biomass o f tea plants. 

The data obtained were analysed by Fisher's method o f analysis o f variance (Panse and 

Sukhatme, 1985). The level o f significance used in 'F ' test was P = 0.01. Cr i t ica l differences 

were calculated wherever ' F ' test was signif icant. 

RESULTS AND DISCUSSION 
A l l the isolates of Azospirillum and Beijerinckia isolated from tea plants were examined 

for their N 2 f i x i n g abi l i ty. The amount o f N 2 f ixed by Beijerinckia isolates ranged f r o m 

2.86 to 5.54 m g g"1 o f glucose (Table 2) , whereas that o f Azospirillum isolates ranged 

from 7.23 to 22.16 m g (Table 1), indicat ing higher N 2 f i x i n g potential . These results are in 

conformity w i t h the earlier observations made by Veena (1999) and Naikar (2003). A m o n g 

the Azospirillum isolates, A Z O S P 27 showed the highest amount o f N 2 f i xa t ion (22.16 m g 

g"1 o f malate added) f o l l o w e d by A Z O S P 11-2 (20.3 m g g 1 o f malate added), w h i c h were 

signif icant ly superior to all the other isolates, but were on par among themselves (Table 

1). A m o n g the Beijerinckia isolates, BE1J 2 showed the highest amount o f N 2 fixation 

(5.54 m g g- 1 o f glucose added) f o l l o w e d by BEIJ 5 and B E I J 14 (4.79 m g and 4.73 m g g"1 

o f glucose added, respectively) and were signif icant ly superior to the rest o f the isolates, 

but were on par among themselves (Table 2). 

Three Azospirillum isolates viz., A Z O S P 4 - 1 , A Z O S P 27 and A Z O S P 2 7 - 1 , showed P-

solubi l iz ing zones on Sperber's agar (Table 1) indicating their abi l i ty to solubil ize insoluble 

phosphate, but none o f the Beijerinckia isolates showed P-solubi l iz ing abi l i ty . 

Sixteen out o f 20 Azospirillum isolates were found to produce both I A A and G A i n the 

range o f 334 to 874 and 33 to 230 p,g L"1 o f broth, respectively (Table 1). The isolate, 

AZOSP 11-2 produced the highest amount o f I A A (874 p,g L"1 o f broth), wh ich was however 

on par w i t h A Z O S P 27 and A Z O S P 4-1 (852 u.g and 790 u.g L"1 o f broth, respectively), but 

was signif icant ly superior to rest o f the isolates. A Z O S P 27 produced the highest amount 

o f G A (230 |i,g L"1 o f broth) , w h i c h was signif icant ly superior to the other isolates. Simi lar 

observations on N 2 fixation, P-solubilization and production o f I A A and G A by Azospirillum 

and Beijerinckia have been made earlier ( Iswaran and Marhawa, 1982; Tamilvendan and 

Purushothaman, 1996; Veena, 1999; Naikar, 2003). 

Inoculation effects of N, fixers on growth and nutrient uptake of tea plants 
The data on plant g rowth parameters o f tea plants as influenced by inoculat ion w i t h 

Azospirillum and Beijerinckia isolates are presented on Table 3. Data on shoot, root and 

total dry weight, plant N and P contents and total uptake are presented in Table 4. 
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A t the init iat ion o f the experiment, g rowth parameters o f plants receiving most inoculat ion 

treatments did not differ significantly from uninoculated control. After 90 days o f inoculation 

( D A I ) , al l the inoculas except A Z O S P 34, BEIJ 2 and BEIJ 5, had enhanced plant growth, 

dry matter content and nutr ient uptake s igni f icant ly over the control . A m o n g the isolates, 

AZOSP 27 and AZOSP 11 -2 were s igni f icant ly superior to the rest o f the isolates (Table 3). 

Table 1: Beneficial characters of Azospirillum isolates 

Si. Isolate Nitrogen Mineral Production of IAA Production of GA 
No. fixation phosphate 

(mg/g of solubilizing 
malate) abil ity* 

Sperber's Pikovskaya's Qualitative Quantitative Qualitative Quantitative 

agar agar (Hg/L) (Ug/L) 

1 A Z O S P 4-1 17.27 0.4* N Z 790 + 122 

2 A Z O S P 4-2 16.10 N Z N Z + 670 125 

3 A Z O S P 6 15.63 N Z N Z + 518 42 

4 A Z O S P 9 10.03 N Z N Z + 387 + 49 

5 A Z O S P 10 9.56 N Z N Z 334 + 44 

6 A Z O S P 11-1 15.86 N Z N Z + 693 53 

7 A Z O S P 11-2 20.30 N Z N Z 874 185 

8 A Z O S P 13 9.33 N Z N Z + 490 + 68 

9 A Z O S P 14 9.56 N Z N Z - - - -
10 A Z O S P 20 9.33 N Z N Z T 564 + 49 

11 A Z O S P 24 9.56 N Z N Z - - - -

12 A Z O S P 25 7.70 N Z N Z + 391 65 

13 A Z O S P 26 9.80 N Z N Z - - - -
14 A Z O S P 27 22.16 0.8 N Z + 852 + 230 

15 A Z O S P 27-1 17.50 0.5 N Z + 519 + 86 

16 A Z O S P 27-2 15.63 N Z N Z + 595 88 

17 A Z O S P 27-3 15.86 N Z N Z + 702 + 83 

18 A Z O S P 31 11.66 N Z N Z 358 + 40 

19 A Z O S P 31-1 7.23 N Z N Z + 337 -r 33 

20 A Z O S P 34 10.26 N Z N Z - - -
SEnrr 0.62 - - - 21.66 - 5.59 

C D at 1 % 2.39 - - - 83.91 - 21.68 

N Z : N o zone format ion + ; Posit ive to test 

-: Negative lo test * : Diameter o f zone o f solubi l izat ion (cm) 
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Table 2: Benef ic ia l charac te rs of Beijerinckia isolates 

SI. Isolate N i t r o g e n P r o d u c t i o n o f I A A P r o d u c t i o n o f G A 

No. f i x a t i o n No. 

( m g / g o f Q u a l i t a t i v e Quant i ta t ive Q u a l i t a t i v e Quant i ta t ive 
glucose) ( l l g / L ) 

1. BEIJ I 3.39 -

2. BEIJ 2 5.54 + 142 + 74 

3. BEIJ 3 3.33 - -
4. BEIJ 4 3.09 - -
5. BEIJ 5 4.79 + 169 + 90 

6. BEIJ 6 3.33 - -
7. BEIJ 7 2.92 - -

8. BEIJ 8 3.33 + 53 + 44 

9. BE IJ 9 3.09 - -
10. BEIJ 10 2.86 - -
11. BEIJ 11 3.09 - -
12. BEIJ 12 3.39 -
13. BEIJ 13 3.56 - -
14. BEIJ 14 4.73 + 100 + 53 

15. BEIJ 15 3.80 + 67 + 65 

16. BE IJ 16 3.44 - -
17. BEIJ 17 3.15 - -

18. BEIJ 18 2.86 - -
SEm+ 0.23 9.24 6.73 

C D at 1 % 0.89 41.44 30.19 

+ : Positive to test 

-: Negative to test 

The increase in shoot and root g rowth , dry matter accumulation and N and P content in tea 

plants inoculated w i t h N 2 f ixers could be attributed to eff icient N 2 f i xa t ion (Berkum and 

Bahlool , 1980) and product ion o f growth promot ing substances (Sattar and Gaur, 1987). 

I t was evident in the present study that the two isolates, A Z O S P 27 and A Z O S P 11-2, 

w h i c h f ixed m a x i m u m amounts o f N 2 and p r o d d e d the highest amount o f I A A and G A , 

showed an increase i n a l l measured°growth parameters, nutrient uptake and dry matter 

accumuation o f tea plants s igni f icant ly over the rest o f the isolates. Besides that, A Z O S P 

27 also possessed the abi l i ty to solubi l ize insoluble-inorganic phosphate w h i c h also might 

have contributed to growth improvement and nutrient uptake in inoculated plants. 
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T a b i c 3 . E f fect o f i n o c u l a t i o n o f selected Azospirillum a n d Beijerinckia isolates o n g r o w t h o f tea p l a n t s 

P l a n t g r o w t h p a r a m e t e r s * 
No. / isolate 

A t i n i t i a t i o n o f e x p e r i m e n t A f t e r 90 days o f i n o c u l a t i o n 

P l a n t N o . o f T o t a l leaf P lan t % increase N o . o f % increase T o t a l l ea f % increase R o o t 
height leaves area per he ight over i n i t i a l leaves i n No. o f area p e r i n t o t a l l ea f l eng th 
( c m ) p e r p l a n t p l a n t ( c m 2 ) ( c m ) he ight p e r p l a n t , e a v c s o v e r p l a n t ( c m 2 ) area over ( c m ) 

i n i t i a l stage i n i t i a l stage 

1. A Z O S P 4-1 12.5 3.00 59.0 17.8 42 6.33 111 183.7 211 22.9 
2. A Z O S P 4-2 11.3 2.67 50.7 15.5 37 4.67 75 105.0 107 22.8 

3. - A Z O S P 11-1 
i / ' \ 

13.7 3.33 52.7 19.2 41 6.00 80 174.0 230 14.2 

4 . " A Z O S P 1,1-2 12.7 3.33 56.7 22.0 73 7.00 110 200.0 253 27.1 

5. A Z O S P 27 14.0 2.67 55.7 27.5 96 6.00 125 194.3 249 21.0 

6. A Z O S P 27-1 12.5 2.67 56.0 15.3 22 4.33 62 106.3 90 18.2 
7. A Z O S P 27-2 13.0 2.67 55.7 18.0 39 5.00 87 141.0 153 19.3 

8. A Z O S P 27-3 12.3 2.67 55.0 14.8 20 4.33 62 89.0 62 20.2 

9. A Z O S P 31 12.8 2.67 58.7 14.5 13 4.33 62 107.3 83 17.0 

10. A Z O S P 34 11.5 2.67 59.0 13.5 17 3.00 12 90.7 54 12.2 

11. BE IJ 2 12.3 2.67 57.0 13.8 12 4.67 75 103.0 81 18.2 

12. B E I J 5 12.1 2.67 52.7 13.4 11 3.00 12 70.0 33 14.0 

13. Con t ro l ( U I C ) 12.1 2.67 49.3 13.1 8 3.00 12 59.3 20 9.4 

SEm± 0.49 0.32 3.13 0.33 - 0.26 4.95 - 0.92 

C D at 1 % 1.94 N S N S 1.33 - 1.02 19.47 3.62 

* Average o f 3 plants U I C - Un inocu la ted cont ro l N S - N o t Signi f icant 



Table 4. Effect of inocu la t ion o f selected Azospirillum and Beijerinckia isolates on 

d r y mat te r content and nu t r i en t up take of tea p lants at 90 D A I 

SI. T rea tmen t 

No. / Isolate 
D r y m a t t e r content Plant nu t r i en t content and up take 

Shoot Root To ta l N P To ta l N Tota l P 

(g /p lan t ) (g /p lan t ) (g /p lan t ) content content up take up take 

( % ) ( % ) ( m g / p l a n t ) ( m g / p l a n t ) 

1. A Z O S P 4-1 1.86 0.62 2.48 2.36 0.15 58.40 3.69 
2 A Z O S P 4-2 1.20 0.72 1.92 "> 27 0.11 43.60 2.09 

3. A Z O S P 11-1 2.00 0.64 2.64 2.27 0.12 59.90 3.20 

4. A Z O S P 11-2 2.17 L I S 3.35 2.40 0.13 80.40 4.35 

5. A Z O S P 27 2.23 0.78 3.01 2.46 0.18 74.03 5.38 

6. A Z O S P 27-1 1.28 0.51 1.79 2.25 0.13 40.20 2.35 

7. A Z O S P 27-2 1.66 0.76 2.42 2.38 0.13 57.60 3.07 

8. A Z O S P 27-3 1.01 0.86 1.87 2.25 0.12 42.00 2.19 

9. A Z O S P 31 1.13 0.76 1.89 2.24 0.1 1 42.10 2.07 

10. A Z O S P 34 1.05 0.60 1.65 2.18 0.1 1 36.04 1.85 

11. BEIJ 2 1.30 0.48 1.78 2.11 0.11 37.30 1.96 

12. BEIJ 5 1.07 0.3S 1.85 2.19 0.11 39.50 1.72 

13. U I C 0.80 0.32 1.12 1.83 0.11 20.60 1.25 

SEm+ 0.04 0.02 0.11 0.01 0.01 2.54 0.20 

CD at 1 % 0.16 o.os 0.43 0.04 0.03 9.98 0.81 

* Average o f 3 plants U I C - Uninoculated control 

The favourable inf luence o f Azospirillum and Beijerinckia on plant g rowth and plant 

biomass through N , f ixat ion are wel l known (Berkum and Boh loo l , 1980). Ni t rogen 

promotes vegetative growth and encourages the format ion o f foliage thus promot ing the 

product ion o f more dry matter (Van der Wer f et al., 1993). Azospirillum and Beijerinckia 

inoculat ion is also known to improve root development, mineral uptake and plant water 

relat ionships (Prasad and Gov indara jan. 2001). Plant g rowth p romot ing substances 

produced by these bacteria arc known to change the root morphology and increase their 

biomass enabling the plant roots to contact more soil volume for nutrient uptake (Ma l i k et 

al., 1997). Thus, such bacteria can complement the beneficial effects o f N , fixation, 

phosphate solubi l izat ion and geocycles that release nutrients into the rhizosphere. This 

was clearly evident in the present study that the plants inoculated w i th N , f ixers showed 

s igni f icant ly improved growth and nutrient accumulat ion over uninoculated control . In 

accordance wi th shoot and root growth, dry matter content o f tea plants was also increased. 

These observations are con f i rm ing the earlier findings o f Baby et al. (2002) in tea and 

Alagawadi and Gaur (1992) and Rao and Charyulu (2006) in other crop plants. 
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CONCLUSION 
The invest igat ion has clearly brought out the potential o f Azospirillum in tea plants in 

enhancing growth and nutrient uptake o f clonal teas through mult ip le beneficial funct ions. 

Performance o f these efficient isolates either singly or in the form o f consortia in combination 

w i t h other inputs to improve g rowth o f tea plants under field condit ions should be 

investigated in future studies. 
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