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The major limiting factor in an afforestation programme is the poor establishment of seedlings
which can be improved by developing suitable microbial inoculants for tree species. Such
micro-organisms stimulate plant growth by providing necessary nutrients by their colonisation
at the rhizosphere or through their symbiotic association (Varma & Schuepp 1995).
Phosphobacteria by virtue of their capacity to elaborate certain growth promoting substances
like gibberellic acid (GA3) and indole-3-acetic acid (IAA) (Sekar et al. 1995) induce growth of
other associative organisms like arbuscular mycorrhizae (AM) and Rhizobium and increase the
availability of minerals and nutrients. AM inoculation increased the growth and vigour of roots
in Tamarindus indica (Bagyaraj & Reena 1990). The role of microbial organisms has already
been proved extensively in the field of agriculture and horticulture, but information regarding
their applicability in forest species is scanty in India. Although, in forestry, some research
reports are available to demonstrate that such organisms accelerate growth (Sudhir et al. 1994,
Mukerji et al. 1996) and biomass production (Reddy et al. 1996), and enhance uptake of N
(Mathur & Vyas 1996), P (Dela Cruz et al. 1988) and K (Merina Prem Kumari 1991), studies
on elite tree seedlings are meagre. Thus, a study was carried out on T. indica.

Acid scarified seeds of tamarind were inoculated with Rhizobium (Rhizobium sp. ALM2,
108 cells/g) and phosphobacteria (Pseudomonas striata PB2, 109 cells/g). AM fungi (Glomus
fasciculatum, 4 spores/g) were used in soil inoculation. The treatments were:

T1 - 5 g Rhizobium / 100 seeds; T2 - 5 g phosphobacteria / 100 seeds; T3 - 2 g AM / bag;
T4 - 5 g Rhizobium + 5 g phosphobacteria / 100 seeds; T5 - 5 g Rhizobium / 100 seeds +
2 g AM / bag; T6 - 5 g phosphobacteria / 100 seeds + 2 g AM / bag; T7 - 5 g Rhizobium /
100 seeds + 5 g phosphobacteria / 100 seeds + 2 g AM / bag

The seeds after Rhizobium and phosphobacteria inoculation were shade dried for half an
hour and sown in 10 x 15 cm polybags containing nursery soil mixture (red soil:sand:farm
yard manure @ 2:1:1 ratio).

The experiment was set up in a completely randomised design replicated 4 times, each
with 25 polybags. The recommended nursery after-care practices were followed to raise good
and healthy seedlings. At 30, 60 and 90 days after sowing (DAS), 5 seedlings in each replication
were selected at random and determinations were made on shoot and root lengths, total dry
weight, total leaf area (LICOR model LI 3000 leaf area meter), total chlorophyll content
(Yoshida et al. 1971), soluble protein (Lowry et al. 1951), and total nitrogen, phosphorus and
potassium (Jackson 1973). The data were subjected to an analysis of variance after Panse and
Sukhatme (1967). Discussion is confined to results relating to 90 DAS.

The combined inoculation of Rhizobium + phosphobacteria + AM (T7) improved the shoot
and root lengths and total leaf area (Table 1) compared to the uninoculated control and other
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Table 1. Effect of bioinoculants on growth parameters of tamarind seedlings at 90 days after sowing

Inoculants

Rhizobium (R) (T1)
Phosphobacteria (P) (T2)

AM (T3)
R + P (T4)
R + AM (T5)
P + AM(T6)
R + P + AM (T7)
Control

SEd (Standard error
deviation)
CD (critical difference)
(p = 0.05)

Shoot
length
(cm)

37.8
39.2
40.7
36.8
43.0
44.1
51.8
34.2

1.49
2.96

Root
length
(cm)

52.3
55.9
62.7
52.0
47.9
53.6
70.5
40.9

1.59
3.17

Total
leaf area

(cm2)

72.3
73.7

109.8
117.9
89.0
55.0

158.3
82.9

1.55
3.09

Total dry
weight

(g plant-1)

2.55
2.55
2.43
2.76
2.87
2.83
2.95
2.38

0.049
0.980

N
(%)

2.29
1.90
3.46
2.03
2.29
1.83
3.50
1.90

0.050
0.101

P
(%)

0.68
0.77
0.64
0.67
0.67
0.75
0.85
0.61

0.009
0.019

K Total
(%) chlorophyll

(mg g-1)

3.81
3.53
3.94
4.26
4.57
4.90
6.16
2.83

0.013
0.147

1.70
2.16
1.61
2.01
2.09
2.46
2.54
1.69

0.141
0.281

Soluble
protein
(mg g-1)

6.60
6.52
5.08
5.99
6.72
6.91
7.18
4.35

0.135
0.270

treatments. The increase in plant growth attributes might be due to increased uptake of
nutrients in mycorrhizal associated plants and their synergistic effect with other inoculants. A
similar effect due to such inoculation has earlier been reported in tree legumes (Dela Cruz
et al. 1988), in various shola species (Sekar et al. 1995), Thea sinensis (Merina Prem Kumari
1991) and Acacia nilotica (Suresh 1994). The rhizosphere effect through microbial activity
modifies the plant itself by providing plant growth substances and increasing the availability
of nutrients at the root zone (Jakobsen et al. 1994).

In T7 the total dry weight was higher in the seedlings than in the uninoculated control.
However, the increase in total dry weight was also significant in dual inoculation, i.e
phosphobacteria + AM and Rhizobium + AM. A similar phenomenon was also observed due to
AM + Rhizobium inoculation in various Acacia spp. (Dela Cruz et al. 1988, Suresh 1994, Verma
et al. 1994, Mandal & Kaushik 1995); AM + phosphobacteria in Acacia spp. (Saravanan 1991);
AM + Frankia in Alnus incana (Chatarapaul et al. 1989) and Azospirillum + phosphobacteria +
AM inoculation in shola species (Sekar 1992) and tea (Merina Prem Kumari 1991). Such an
increase in biomass was also evident in Leucaena leucocephala due to Rhizobium + phosphobacteria
+ AM inoculation (Kalavathi et al. 1997). This increase may be strongly correlated with
accumulation of N due to Rhizobium (Dadwal & Chouhan 1995) and P due to AM and
phosphobacteria (Durga & Gupta 1995, Reddy et al. 1996).

The total chlorophyll and soluble protein contents were also more in T7 than in the
uninoculated control. This increase is in agreement with other findings (Saravanan 1991,
McArthur & Kowlis 1993) and was attributed by Singh et al. (1983) to the greater supply of
nitrogen to growing tissues. In the present study the increased uptake of N due to microbial
inoculation was evident. Increase in chlorophyll content and soluble protein was also recorded
in teak (Balasubramanian & Srinivasan 1995) and Ziziphus mauritiana (Mathur & Vyas 1996)
due to inoculation of AM and in shola species (Sekar et al. 1995) due to inoculation of
Azospirillum + phosphobacteria + AM.

The highest contents of N, P and K in T7 clearly imply that the treated soils improved the
uptake of these nutrients. Similar increase in N content has also been reported in different
tree species (Merina Prem Kumari 1991, Sekar 1992, Kalavathi et al. 1997). Enhanced P content
due to the combined inoculation with AM + Azospirillum + phosphobacteria (Sekar 1992) and
dual inoculation with Rhizobium + AM (Dixon et al. 1993) has been recorded. In the present
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study, the increase in P content might be due to the symbiosis exhibited by the micro-organisms
that ultimately helped increase its availability for uptake at the root zone (Varma & Schuepp
1995). The above reason may also be given for the higher K uptake by the microbial inoculated
seedlings compared to the control. Increased potassium uptake was also reported in Acacia
nilotica (Suresh 1994) following Rhizobium + AM inoculation.

References

BAGVARAJ, D. J. & REENA, J. 1990. Growth stimulation of Tamarindus indica by selected VAM fungi. World
Journal of Microbiology and Biotechnology 6: 59-63.

BALASUBRAMANIAN, A. & SRINIVASAN, P. S. 1995. Response of certain tree species to VAM inoculation.
Pp. 345-347 in Alok Adhokya & Sujan Singh (Eds.) Proceedings of the Third National Conference on
Mycorrhiza. 13-15 March'95.

CHATARAPAUL, L., CHAKRAVARTY, P. & SUBRAMANIAN, P. 1989. Studies in tetrapartite symbiosis. I. Role of ecto-
and endomycorrhizal fungi and Frankia on the growth performance of Alnus incana. Plant Soil
118: 145-150.

DADWAL, J. V. S. & CHOUHAN, J. S. 1995. Efficacy of different Rhizobium strains of forest trees species on
Albizia lebbeck. Indian Forester 121 (7): 647-649.

DELA CRUZ, R. E., MANALO, M. Q., AGGANGAN, N. S. & TAMBALO, J. D. 1988. Growth of three legume trees
inoculated with VAM fungi and Rhizobium. Plant Soil 108: 111-115.

DIXON, R. K., GARG, V. K. & RAO, M. V. 1993. Inoculation of Leucaena and Prosopis seedlings with Glomus
and Rhizobium species in saline soil on rhizosphere relations and seedlings growth. Arid Soil Research
and Rehabilitation 7: 133-144.

DURGA, V. V. K. & GUPTA, S. 1995. Effect of vesicular arbuscular mycorrhizae on the growth and mineral
nutrition of teak (Tectona grandis Linn. F.). Indian Forester 121 (6): 518-527.

JACKSON, M. L. 1973. Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., New Delhi, India. 498 pp.
JAKOBSEN, I., JONER, E. J. & LARSEN, J. 1994. Hyphal phosphorus transport, a keystone to mycorrhizal

enhancement of plant growth. Pp. 133-146 in Gianinazzi, S. & Schuepp, H. (Eds.) Impact of
Arbuscular Mycorrhizae on Sustainable Agriculture and Natural Ecosystems. Birkhauser Verlag,
Switzerland.

KALAVATHI, B. P., NARAYANAN, R., KESAVAN, A, PALANI, M. & BALAJI, S. 1997. Effect of inoculation of VAM fungi,
Rhizobium and phosphobacterium on growth and biomass production in Leucaena leucocephala
under nursery condition. Presented at the National Symposium on Natural Resources
Management System, organised by Department of Botany, St. Joseph's College, Trichy, India,
Feb. 26-28, 1997.

LOWRY, O. H., ROSEBROUGH, N. J., FARR, A. L. & RANDALL, R. J. 1951. Protein measurement with folin phenol
reagent. Journal of Biological Chemistry 193: 265.

MANDAL, B. S. & KAUSHIK, J. C. 1995. Interaction between VA-mycorrhizae fungi and Rhizobium and their
effect on the growth parameters of Acacia nilotica (L) Willd ex. Del. Harayana Agricultural University
Journal of Research 25 (3): 107-111.

MATHUR, N. & VYAS, A. 1996. Physiological changes in Ziziphus mauritiana by different VAM fungi. Indian
Forester 122(6): 501-505.

MERINA PREM KUMARI, S. 1991. Response of Certain Horticultural Crops to Inoculation of VAM Fungi,
Azospirillum and Phosphobacteria. M.Sc.(Agri.) thesis, Tamil Nadu Agricultural University,
Coimbatore, India. 162 pp.

McARTHUR, D. A. J. & KOWLIS, N. R. 1993. Influence of vesicular arbuscular mycorrhizal fungi on the
response of potato to phosphorus deficiency. Plant Physiology 101: 147-160.

MUKERJI, K. G., CHAMOLA, B.P., KAUSHIK, A. & SARWAR, N. 1996. Vesicular arbuscular mycorrhiza - a potential
biofertilizer for nursery raised multipurpose tree species in tropical soils. Annals of Forestry
4(1): 12-20.

PANSE, V. G. & SUKHATME, P. V. 1967. Statistical Methods for Agricultural Workers. 2nd edition. Indian Council
of Agricultural Research, New Delhi, India. 380 pp.

REDDY, B., BAGYARAJ, D. J. & MALLESHA, B. C. 1996. Selection of efficient VA-mycorrhizal fungi for acid lime.
Indian Journal of Microbiology 36 (6): 13-16.



Journal of Tropical Forest Science 12(3): 620 - 623 623

SARAVANAN, P. P. 1991. Studies on Nutrient Amendments on Acacia Species. M.Sc. (For.) thesis, Tamil Nadu
Agricultural University, Coimbatore, India. 175 pp.

SEKAR, I. 1992. Response of Certain Shola Tree Species to the Inoculation of Biofertilizers and Application
of Growth Stimulants under Nursery Conditions. M.Sc.(For) thesis, Tamil Nadu Agricultural
University, Coimbatore, India. 152 pp.

SEKAR, I., VANANGAMUDI, K. & SURESH, K. K. 1995. Effect of biofertilizers on the seedling biomass, VAM-
colonization, enzyme activity and phosphorus uptake in the shola tree species. Myforest
31(4): 21-26.

SINGH, M., JAGDISH SINGH & KALYAN SINGH. 1983. Effect of phosphorus and biofertilizers on chlorophyll
content of leaves and Lleghaemoglobin content of fresh nodules in kharif grain legumes. Indian
Journal of Agronomy 28(3): 229-234.

SUDHIR, U. M., JOSHI, S. N., PAUDE, S. S., GAIKWAD, S. J. & JAWARKAR, A. S. 1994. Microbial technology for
raising seedlings of fast growing trees. Indian Journal of Forestry 17(3): 243-248.

SURESH, K. K. 1994. Growth Performance of Acacia nilotica under Diverse Ecosystems. Ph.D. thesis, Tamil
Nadu Agricultural University, Coimbatore, India. 239 pp.

VARMA, A. & SCHUEPP, H. 1995. Mycorrhization of the commercially important micropropagated plants.
Critical Review of Biotechnology 15(3/4): 313-328.

VERMA, R. K., JAMALUDDIN & GUPTA, B. N. 1994. Effect of inoculation of VAM fungi and Rhizobium on growth
and biomass production in Acacia nilotica in nursery. Indian Forester 120 (12): 1089-1093.

YOSHIDA, S., FORNO, D. A. & COCK, J. H. 1971. Laboratory Manual for Physiological Studies of Rice. IRRI
Publication, Philippines: 36-37.


