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The distribution pattern of soil microflora was studied in a five year old rubber plantation 
in Tripura by placing fertilizers at varying soil depths. The fungal, bacterial and mycorrhizal 
population were found to decrease significantly in deeper soil layers. Horizontal distribution 
of bacteria showed maximum activity in the region of higher root concentration. The mycorrhizal 
infection was found higher towards the base of the trees and also away from the site of fertilizer 
placement. 
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INTRODUCTION 
Rhizosphere microflora has a pro

found influence on plant growth as it has an 
important role in making soil nutrients 
available to plants. Rate and extent of root 
colonisation of soil, type of root system, 
presence of root exudates, etc. influence the 
soil microflora. Cultural practices like type 
and method of fertilizer application, soil 
disturbances, etc. also influence microbial 
population in the rhizosphere of cultivated 
plants. Mycorrhizal association with plant 
roots favour nutrient uptake. Information 
on mycorrhizal association in rubber is 
rather limited (Wastie, 1965; Jayaratnae, 
1982; Ikram and Mahmud, 1984). The 
present study aims at enumerating the 
rhizosphere microflora a~sociated with 

Hevea and studying their spatial distribu
tion in a rubber plantation in Tripura in re
lation to the method of fertilizer application. 

MATERIALS AND METHODS 

Soil and root samples were collected 
from an experiment laid out in a five year 
old rubber plantation atMohanpur, Agartala, 
and spatial distribution of Hevea roots in 
relation to type and method of placement 
of fertilizer (Philip et al., 1996) was studied. 
Soil samples were collected from plots using 
soil core break method (Escamilla et al., 1991) 
at 30 em, 110 em and 220 em horizontally 
from the base of the tree and at depths of 
0-18 em, 18-36 em and 36-54 em vertically 
30 em away from the plant base using a 
18 em core with a diameter of 4.25 em. 
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Dilution plate technique was used for 
isolating fungi (xl0-3), bacteria (x10-4) and 
actinomycetes using 3 per cent streptomycin 
supplemented Czapek Dox Agar (CDA), 
nutrient agar (NA) and starch-casein agar 
(SCA) media respectively. The plates 
(two replications each) were incubated at 
25±1·c for seven days for fungi and at 30±1·c 
for one and seven days for bacteria and 
actino-mycetes respectively. After incuba
tion, the fungal colonies were examined 
under light microscope for identification. 
Their relative abundance was calculated as 
follows: 

No. of colonies of a particular fungus 
Relative abundace (%) = X 100 

Total No. of colonies 

The population of bacteria and 
actinomycetes was assessed by direct colony 
count. 

For assessing the infection of arbus
cular mycorrhize (AM), the feeder roots 
collected were cleaned of soil and other debris 
and cut into small segments and cleared 
in 10 per cent KOH solution for 60 to 70 
min at 9o·c. The roots were stained for 
5 min in 0.05% cotton-blue lactophenol 
(Philips and Hayman, 1970) and examined 
for mycorrhizal infection. The soil samples 

were examined for arbuscular mycor
rhizal spores, using wet-sieving and decant
ing method using 10 g soil (Gerdemann and 
Nicolson, 1963). The residue collected in 
between 210 mm and 90 mm sieves was 
examined under a low power microscope 
for identification and counting of spores. 
The data were statistically analysed. 

RESULTS AND DISCUSSION 
The horizontal and vertical distribu

tion of fungal population are given in 
Table 1. Analysis of variance revealed that 
both horizontal and vertical distribution of 
fungal population were significantly influ
enced by the placement of fertilizers, with 
band application promoting higher popu
lation. This might be due to the higher 
feeder root activity and high organic matter 
content in the surface layer (Philip et al., 
1996). The fungal population was signifi
cantly lower in the deeper layers. Such 
decrease in microbial population with 
increasing depth has already been reported 
(Eicher, 1970; Deka and Mishra, 1984). 

The percentage relative abundance 
of fungal isolates from soil samples both 
from horizontal and vertical planes are 
given in Tables 2 and 3. Although nineteen 

Table 1. Distribution of fungal population per gram soil (x 10') 

Distance/depth from Treatment 
tree base (em) Td0 Td1. Td2 td0 tdl td2 

Horizontal distribution 

30 43.15 28.16 25.75 53.58 37.35 41.46 
110 52.94 37.58 38.95 57.30 38.52 37.86 
220 40.35 31.28 41.07 49.30 37.46 39.57 

Vertical distribution 

0-18 43.15 28.16 25.75 53.58 37.35 41.46 
18-36 20.58 21.03 22.23 36.84 24.08 25.44 
36-54 18.53 10.52 21.27 22.62 18.66 21.28 

LSD (p=0.05) for placement: 6.74; for depth: 3.58; for placement: 4.40 
T = NPKMg (40: ;w: 20: 6); t = NPK (40: 40: 20); d0 =band; d1 = 15 em; d2 = 30 em deep placement 
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Table 2. Horizontal distribution of fungal isolates 

Distance Relative abundance(%) 
Treatment from base Mucor Penicillium Aspergillus Pythium Others Filamentous 

(em) spp. spp. spp. spp. yeast 

Td0 30 7.19 27.97 1.09 1.52 12.78 49.45 
110 6.65 7.73 8.79 5.66 14.08 57.11 
220 6.39 9.96 6.90 8.10 8.24 60.40 

Td1 
30 6.43 10.80 0.00 3.58 21.53 57.66 

110 7.42 11.13 2.63 4.00 11.45 63.37 
220 6.35 11.86 2.96 3.93 14.32 60.58 

Td, 30 1.09 32.44 5.97 2.30 5.54 52.66 
110 2.12 16.47 9.81 2.34 19.88 49.38 
220 1.79 17.40 12.65 3.04 19.76 45.36 

td0 30 1.25 25.04 1.75 2.82 15.31 53.82 
110 3.63 7.98 2.18 0.17 25.01 61.03 
220 0.99 13.07 16.22 . 1.06 13.98 54.68 

td, 30 4.38 16.95 5.57 2.19 18.70 52.21 
110 3.89 8.17 9.92 3.44 14.81 59.77 
220 1.06 14.91 1.61 1.21 21.89 59.32 

td, 30 3.57 10.27 7.85 4.36 18.58 55.59 
110 2.00 6.04 12.37 2.27 19.37 57.94 
220 2.21 13.31 6.72 1.83 15.00 60.93 

T = NPKMg (40 : 20: 20: 6); t = NPK (40: 40: 20); d
0 

=band; d
1 

= 15 em; d2 = 30 em deep placement 

Table 3. Vertical distribution of fungal isolates 

Depth Relative abundance (%) 
Treatment (em) Mucor Penicillium Aspergillus Pythium Others Filamentous 

spp. spp. spp. spp. yeast 

Td
0 

0-18 7.19 27.97 1.09 1.52 12.78 49.45 
18-36 9.02 18.30 5.54 4.02 14.26 48.86 
36-54 5.70 18.41 10.36 7.73 12.20 45.60 

Td1 0-18 6.43 10.80 0.00 3.58 21.53 57.66 
18-36 6.27 11.62 10.59 3.14 17.11 49.27 
36-54 6.26 11.08 12.72 2.78 15.89 51.27 

Td2 
0-18 1.09 32.44 5.97 2.30 5.54 52.66 

18-36 1.52 27.58 6.06 4.28 10.98 49.58 
36-54 2.63 13.49 4.84 2.63 33.36 41.95 

td0 0-18 1.25 25.24 1.75 2.82 15.31 53.82 
18-36 2.04 21.88 7.04 1.75 18.42 48.78 
36-54 1.71 12.91 8.51 5.76 20.55 50.56 

td, 0-18 4.38 16.95 5.57 2.19 18.70 52.21 
18-36 5.06 15.00 7.52 2.54 20.29 49.60 
36-54 7.58 11.44 8.21 0.07 24.64 48.06 

td, 0-18 3.57 10.27 7.84 4.36 18.58 55.39 
18-36 5.93 10.77 7.14 3.41 18.74 54.00 
36-54 5.67 16.99 12.94 2.44 13.55 48.61 

T = NPKMg (40 : 20 : 20: 6); t = NPK (40 : 40: 20); d0 =band; d1 = 15 em; d2 = 30 em deep placement 
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fungal taxa were isolated, only those taxa 
which showed higher abundance are 
shown individually. No marked differ
ence was observed in the qualitative com
position of fungal species · in different 
soil samples. This could be due to the 
similar composition of the above ground 

vegetation (Otrosina et al., 1984) and also 
to similar physicochemical characteristics of 
the soils. 

Filamentous yeasts population con
stituted the major part of the total 
fungal flora isolated from all the soil sam
ples. The dominance of yeasts may be due 
to high carbohydrate leachates in the 
rhizosphere of the rubber trees. The pres
ence of Penicillium and Aspergillus has great 
relevance in nutrient solubilisation as these 
are reported to be very good solubilisers 
ofP(GuptaandBiswas,1993). Thegenerally 
saprophytic Mucor spp. and Pythium spp. 
were the other two dominant genera. 

Both horizontal and vertical distribu
tions of bacterial population showed sig
nificantdifference (Table4). Bacterial activity 
was more at a distance of 30-110 em from 
the tree base and was significantly lower 

at a distance of 220 em. The vertical 
distribution of bacteria also followed the 
pattern of fungi which may be due to 
anaerobic conditions and lower organic 
matter in the deeper layer. Bacterial con
centration was also found to be influenced 
by fertilizer x vertical distance interaction. 
This was evident from the positive and 
significant correlation between vertical 
distribution of bacterial population and the 
availability of P (r=0.446)**, Ca (r=0.428)** 
and Mg (r=0.32)*. Actinomycetes popula
tion also showed a decreasing trend along 
with the increase of horizontal and vertical 
distance from plant base. However, there 
was no significant difference in the vertical 
and horizontal distribution of actinomycetes 
among the treatments. 

The AM infection on roots ranged 
between 68 to 88 per cent on surface layers 
in different treatments (Table 5). In Kerala, 
Nair and Girija (1988) recorded highest 
V AM infection in rubber (71%) compared 
to other tree crops of economic importance. 
In the present study, horizontally, the 
maximum infection was found towards 
the base of the tree (30 em). The AM 

Table 4. Distribution of bacterial population per gram soil (x104) 

Distance/depth (em) Treatment 
Td0 Td1 Td2 td0 tdl td2 

Horizontal distribution 

30 16.87 11.76 14.67 15.98 16.94 14.00 
110 14.61 13.80 16.22 15.83 15.08 13.85 
220 13.58 11.15 13.79 13.59 13.25 12.36 

Vertical distribution 

0-18 16.87 11.76 14.67 15.98 16.94 14.00 
18-36 8.08 9.05 12.13 11.77 13.36 10.18 
36-54 7.26 5.75 9.10 9.70 8.73 15.58 

LSD (p=0.05) for horizontal d istance : 1.406; for depth : 0.750; for placement x depth : 1.30; for fertilizer x 
placement x depth : 1.837 

T = NPKMg (40: 20 : 20: 6); t = NPK (40 : 40: 20); d0 =band; d1 = 15 em; d2 = 30 em deep placement 
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Table 5. Distribution of AM infection on Hevea roots (%) 

Distance/depth (em) Treatment 
Td0 Td1 Td2 td0 tdl td2 

Horizontal distribution 

30 80.0 68.0 81.0 72.5 79.0 82.5 
110 72.5 63.5 76.0 80.0 76.5 70.0 
220 66.5 62.0 72.5 61.0 72.5 68.5 

Vertical distribution 

0-18 80.0 68.0 81.0 72.5 79.0 82.5 
18-36 60.0 55.0 52.5 54.0 51.5 52.5 
36-54 30.0 39.5 40.0 27.5 31.0 25.0 

LSD (p=0.05) for horizontal distance : 3.508; for depth :5.162; for fertilizer x placement : 7.188 
T = NPKMg (40: 20: 20: 6); t = NPK (40: 40: 20); ~=band; d1 = 15 em; d2 = 30 em deep placement 

infection was found to decline significantly 
away from the plant base up to 220 em. 
As expected, the AM infection was found 
to be significantly less in deeper layers due 
to the absence of active feeder roots. In 
coconut, young feeder roots have more 
AM infection than older roots (Ramesh and 
Iyer, 1979). The difference in AM spore 
population at both horizontal and vertical 
distances were not statistically significant. 
However, the number of AM spores was 
less compared to those occurring in natural 
forest. soils. Common endophytes like 
Glomus spp. and Gigaspora sp. were iden
tified in the present study. Ikram and 
Mahmud (1984) identified different spore 
types of Glomus sp., Acaulospora sp. and 
Sclerocystis coremiodes in rubber growing 

·soils of Malaysia. Similarly,Jayaratne (1982) 
identified six species of Glomus, two species 
of Acaulospora, three species each of 
Gigaspora, Sclerocystis and Complexipes 
moniliformis from rubber growing soils of 
Sri Lanka. 

The interaction of placement of 
fertilizers with horizontal distribution of 
AM was found to be significant in the 
present study. Horizontally, the mean 
infection was found more in 30 em 

placement than in 15 em placement and 
band application. This revealed that 
deeper (30 em) the fertilizer is applied, 
higher the infection on the surface layers. 
The antagonism of applied fertilizer on 
AM population was earlier reported by 
Iyer et al. (1989). Higher P concentration 
is known to inhibit AM infection (Mosse 
and Philips, 1971). 

Among the fungal species iden
tified, many are saprophytic and contribute 
to faster decomposition and mineralis
ation of organic matter. Bacteria also play 
a key role in this process. The level of 
AM infection found in the present study 
was significant enough to contribute sub
stantially in nutrient uptake. 

Microbial population was higher in 
the surface layer, as observed in general, due 
to the higher organic matter status in those 
layers. In the rubber growing soils the or
ganic carbon status is very high in the sur
face layers. Rubber plantation, being a closed 
ecosystem, recycles enormous biomass 
through litter decomposition which takes 
place rapidly thus producing considerable 
organic carbon in surface layers (Krishna
kumaretal., 1991). The microbial population 
was also influenced by fertilizer placements. 
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