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SARAVANAN, R. S. & NATARAJAN, K. 2000. Effect of ecto- and endomycorrhizal
fungi along with Bradyrhizobium sp. on the growth and nitrogen fixation in Acacia
nilotica seedlings in the nursery. Acacia nilotica seedlings were grown in steam
sterilised and unsterilised soils inoculated with vermiculite inoculum of Pisolithus
tinctorius, soil inoculum of Glomus mosseae and liquid inoculum of Bradyrhizobium sp. in
the nursery. Various growth parameters were studied on the seven months of growth.
Nitrogenase activity in intact nodules was determined using gas chromatograph. The
seedlings grown in sterilised and unsterilised soil with a combination of P. tinctorius,
G. mosseae, and Bradyrhizobium sp. inocula showed more mycorrhizal development,
total dry weight of shoot and root, number of nodules and weight of nodular tissue.
Nodules in the seedlings grown in soils with P. tinctorius and G. mosseae in association
with Bradyrhizobium sp. showed a higher level of nitrogenase activity as measured by
acetylene reduction when compared to the seedlings grown in soils with other
combinations of the above-mentioned organisms and uninoculated seedlings.
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SARAVANAN, R. S. & NATARAJAN, K. 2000. Kesan kulat ekto- dan endomikoriza
bersama-sama dengan Bradyrhizobiumsp. ke atas pertumbuhan dan penstabilan nitrogen
dalam anak benih Acacia nilotica di tapak semaian. Anak benih Acacia nilotica ditanam
di tanah yang diwap dengan steril dan juga di tanah yang tidak disteril dan diinokulat
dengan inokulum vermikulit bagi Pisolithus tinctorius, inokulum tanah bagi Glomus
mosseae dan inokulum cecair bagi Bradyrhizobium sp. di tapak semaian. Pelbagai
parameter pertumbuhan dikaji pada tujuh bulan pertumbuhan. Aktiviti nitrogenase
dalam nodul yang masih baik ditentukan menggunakan kromatograf gas. Anak benih
yang ditanam di tanah yang disteril dan ditanah yang tidak disteril dengan kombinasi
inokula bagi P. tinctorius, G. mosseae dan Bradyrhizobium sp. menunjukkan lebih
perkembangan mikoriza, jumlah berat kering pucuk dan akar, bilangan nodul dan
berat tisu nodul. Nodul dalam anak benih yang ditanam di tanah dengan P. tinctorius,
dan G. mosseae yang berasosiasi dengan Bradyrhizobiumsp. menunjukkan tahap aktiviti
nitrogenase yang lebih tinggi seperti yang disukat melalui pengurangan asetilena
apabila dibandingkan dengan anak benih yang ditanam di dalam tanah dengan
lain-lain kombinasi bagi organisma yang dinyatakan dan anak benih yang tidak
diinokulat.
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Introduction

Acacia nilotica (L.) Willd. ex Del., has a promising future in reforestation and
agroforestry in tropical and arid regions. The intensity of mycorrhizal colonisation
positively influences the development of nodules in legumes (Smith & Daft 1977).
Knowledge of nitrogen fixation of seedlings of leguminous tree species under
nursery condition is hence valuable for species selection and for evaluation of
nursery practices.

Generally, acacias are reported to be endomycorrhizai (Cornet et al 1982,
Reena & Bagyaraj 1990) but there are a few reports indicating Acacia spp.
forming ectomycorrhizas (Reddell & Warren 1986, Osonubi et al 1991, Ba et aL
1994). In the present study, symbiotic association between Acacia nilotica and
Pisolithus tinctorius, Glomus mosseae and Bradyrhizobium sp. was studied. The fungal
and bacterial symbionts were tested for their effectiveness in promoting the
growth, mycorrhizal development, nodulation and nitrogen fixing potential in
A. nilotica.

Materials and methods

Source of bacteria and mycorrhizal fungi

Bradyrhizobium sp. was isolated from the root nodules of Acacia nilotica growing in
local soil. The culture was grown in liquid yeast extract mannitol (YEM) medium
(Vincent 1970) and maintained at 23 °C in a shaker. A two-day-old culture contain-
ing approximately 106 cells ml"1 was used directly for inoculating A. nilotica seedlings
in the nursery. Mycelial inoculum of P. tinctorius was grown at 25 °C in 1-litre
Erlenmeyer flasks containing 750 ml of vermiculite supplemented with 375 ml
of modified Melin-Norkrans (MMN) medium (Marx & Bryan 1975). After 10
weeks, the contents of the flasks were collected on cheese cloth and leached
thoroughly in sterilised cool distilled water. The leached inoculum was kept in
plastic bags at 4 °C until used.

Inoculum of G. mosseaewas raised in 3:1 ratio of sand: red soil mixture. Sorgham
vulgare was used as the host. Two months after sowing, seedlings were removed
and mycorrhizal infection was assessed by the technique of Phillips and Hayman
(1970) and the spore population was estimated by the wet sieving and decanting
method of Gerdemann and Nicolson (1963). Finally inoculum was adjusted to
4 infective propagules g"1 soil.

The nursery experiment was carried out in both steam sterilised and un-
sterilised soils. The soil was sterilised by autoclaving at 15-lb pressure for 1 hon
3 alternate days.

Steam sterilised and unsterilised soils were placed in plastic bags (13 5 20 cm,
2 kg of soil/bag capacity). Vermiculite inoculum of P. tinctorius (10% V/V) was
added to each bag and mixed into the upper 8-10 cm of the soil manually.
Similarly 30 g of G. mosseae inoculum were added. One millilitre of Bradyrhizobium
sp. was added in all treatments. Bags without inoculum served as controls. The
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different treatments were as follows: 1. control, 2. Bradyrhizobium sp. alone,
3. P. tinctorius + Bradyrhizobium sp., 4. G. mosseae+ Bradyrhizobium sp., 5. P. tinctorius
+ G. mosseae + Bradyrhizobium sp. The inoculated and uninoculated bags were
arranged in randomised block design with 10 replicates of each treatment.

Healthy and viable seeds of A. nilotica were obtained from the Institute of
Forest Genetics and Tree Breeding, Coimbatore. The seeds were surface sterilised
for 30 min in 30% H2O2. Three to four seeds were sown per bag. After germination
the seedlings were thinned to one per bag. No fertiliser was added throughout
the study. The seedlings were watered once a day.

Sampling and nitrogenase activity

The plants were harvested seven months after germination with five replicates
for each treatment. Nitrogenase activity was estimated by the acetylene reduction
assay. Excised roots were incubated for 60 min at 25 ± 2 °C in hermetically sealed
flasks (100 ml) containing 10% V/V acetylene. Ethylene was quantified using
NUCON 5700 gas chromatograph equipped with a hydrogen flame ionisation
detector and one stainless steel column packed with Poropak N. The column
temperature was 100 °C and N2 served as the carrier gas. After analysis the nodules
were detached and dried in an oven at 70 °C for 48 h and their dry weight was
determined. Nitrogenase activity was expressed as mg N'1 mg nodule dry weight.
Various growth parameters such as shoot height, root length, shoot dry weight,
and nodule number were studied. The percentage of the root system infected by
AM fungi was determined by preparing root samples according to the gridline
intersection method of Giovannetti and Mosse (1980). The dried shoot, root and
nodule samples were digested for total nitrogen determination by the Kjeldahl's
method (Umbreit et al 1972).

Statistical methods

The experimental values were log transformed to correct the heterogeneity of
the variance and interpreted statistically using SPSS/PC+ studentware statistical
software. Duncan's Multiple Range Test was applied to treatments to identify
significant differences at the p < 0.05 levels. Two-way ANOVA between treatments
and soils was used to identify significant differences at p < 0.05, p<0.01 levels.

Results and discussion

Both of the fungi used were able to form mycorrhizas with A. nilotica. Combination
of P. tinctorius, G. mosseae and Bradyrhizobium sp. inoculated seedlings grown in
both sterilised and unsterilised soils showed more number of nodules when
compared to Bradyrhizobium sp. alone inoculated seedlings. The number of
nodules in the uninoculated seedlings grown in unsterilised soil was significantly
higher when compared to P. tinctorius + Bradyrhizobium sp. inoculated seedlings.
The number of nodules was not significant between the seedlings inoculated
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with G. mosseae + Bradyrhizobium sp. and uninoculated seedlings (Table 1). There
were significant differences in nodule numbers between seedlings grown in
soils inoculated with Bradyrhizobium sp. in combination with mycorrhizal fungi
compared with the Bradyrhizobium sp. alone. The analysis of variance showed
significant difference between treatments and soils (Table 2).

Table 1. Effect of inoculation with Pisolithus tinctorius, Glomus mosseae and Bradyrhizobium sp.
on the number of nodules, shoot height, root length, root collar diameter, shoot
dry weight, root dry weight, total dry weight and shoot/root ratio in 7-month-old
Acacia nilotica seedlings in the nursery

Means sharing a common letter in the same column within the soil type are not significantly different at p=0.05.

The figures given in the table are log transformed.
The figures given within parentheses are the original mean values.

The combination of mycorrhizal fungi and Bradyrhizobium sp. enhanced
nitrogenase activity in the nodules compared with inoculating only with
Bradyrhizobium sp. (Figure 1). Inoculation of P. tinctorius + G. mosseae +
Bradyrhizobium sp. in both sterilised and unsterilised soils showed an increase
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in the nitrogenase activity in the nodules when compared to other treatments.
Significant difference in nitrogenase activity was found in the nodules in the seedlings
grown in sterilised soil inoculated with P. tinctorius, G. mosseae and Bradyrhizobiumsp.
compared to the seedlings grown in unsterilised soil. Two-way analysis of variance
showed significant difference between treatments and soils (Table 2).

Table 2. ANOVA for the number of nodules, nitrogenase activity, percentage
of ectomycorrhizas, percentage of VA mycorrhizas, shoot height, root
length, root collar diameter, shoot dry weight, root dry weight, total
dry weight, shoot/root ratio and total nitrogen content of the plant

Source Df Treatment (T) Df Soil (S) Df (TxS)

Number of nodules
Nitrogenase activity
Percentage of ectomycorrhizas
Percentage of VA mycorrhizas
Shoot height
Root length
Root collar diameter
Shoot dry weight
Root dry weight
Total dry weight
Shoot/ root ratio
Plant total nitrogen

4
2
1
4
4
4
4
4
4
4
4
4

232.6**
126.9**
15.9**

542.6**
22.5**
5.4**
3.9**

26.2**
21.9**
39.3**

1.2
223.6**

1
1
1
1
1
1
1
1
1
1
1
1

33.1**
848.4**
23.8**
6.8*
0.1
0.2
0.3
4.3*
1.3
5.7*

11.8**
331.4*

4
2
1
1
4
4
4
4
4
4
4
4

135.24**
175.1**

3.3**
0.4
0.3
0.9
0.1
2.4**
2.1**
1.5
2.8*
3.2*

F values are given and p values indicated by asterisks. If an asterisk is not present the value
is not significant at the 0.01 level. ** p=0.05; * p=0.01; Df=degree of freedom.

A. Bradyrhizobium sp.
B. P. tinctorius + Bradyrhizobium sp.

C. G. mosseae + Bradyrhizobium sp.
D. P. tinctorius + G. mosseae + Bradyrhizobium sp.

Means sharing common letter in the bars within the soil type are not significantly different at p = 0.05.
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Seedlings grown in sterilised and unsterilised soils inoculated with P. tinctorius
G. mosseae and Bradyrhizobiumsp. showed no significant difference in the percentage
of ectomycorrhizas from those inoculated with P. tinctorius and Bradyrhizobiumsp.
(Figure 2).

Figure 2. Ectomycorrhizal colonisation percentage in 7-month-old
A. nilotica seedlings

A. P. tinctorius + Bradyrhizobium sp. B. P. tinctorius + G. mosseae+ Bradyrhizobium sp.

Means sharing common letter in the bars within the soil type are not significantly different at p = 0.05.

The percentage of colonisation of VA mycorrhizas showed no significant
difference between G. mosseae along with Bradyrhizobium sp. and P. tinctorius + G.
mosseae + Bradyrhizobiumsp. inoculated seedlings in both the soils (Figure 3).

Significant increases in the shoot height, root length and root collar diameter
were found in the seedlings inoculated with P. tinctorius and G. mosseae along with
Bradyrhizobium sp. in both soils when compared to uninoculated seedlings
(Table 1).

The shoot, root and total dry weights were greater in seedlings inoculated with
P. tinctorius, G. mosseae combined with Bradyrhizobium sp. and Bradyrhizobium sp.
alone when compared to uninoculated seedlings in both sterilised and unsterilised
soils (Table 1). The variations between treatments and soils were significant in
the shoot and root dry weights (Table 2). Significant difference in shoot/root
ratio was observed in sterilised soil in P. tinctorius, G. mosseae and Bradyrhizobium sp.
inoculated seedlings when compared to uninoculated seedlings. In unsterilised
s6il, P. tinctorius and Bradyrhizobium sp. inoculated seedlings showed significant
difference when compared to other treatments (Table 1). Analysis of variance
showed significant difference between soils and treatments (Table 2).



Figure 3. VA mycorrhizal colonisation percentage in 7-month-old
A. nilotica seedlings

A. G. mosseae + Bradyrhizobium sp. D. P. tinctorius + Bradyrhizobium sp.
B. P. tinctorius + G. mosseae + Bradyrhizobium sp. E. Bradyrhizobium sp.
C. Control

Means sharing common letter in the bars within the soil type are not significantly different at p = 0.05.

Figure 4. Nitrogen content in 7-month-old A. nilotica seedlings

A. Control
B. Bradyrhizobium sp.
C. P. tinctorius + Bradyrhizobium sp.

D. G. mosseae + Bradyrhizobium sp.
E. P. tinctorius + G. mosseae + Bradyrhizobium sp.

Means sharing common letter in the bars within the soil type are not significantly different at p = 0.05.
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Increases in total nitrogen content were observed in the seedlings grown in
sterilised and unsterilised soils with P. tinctorius and Bradyrhizobium sp. compared
to those with Bradyrhizobium sp. alone inoculated seedlings grown in both the
soils. Significant differences between inoculated and uninoculated seedlings
were found in both the soils. Among treatments, P. tinctorius + G. mosseae +
Bradyrhizobium sp. inoculated seedlings showed more nitrogen content than
other seedlings (Figure 4). Analysis of variance revealed significant difference
between treatments and soils.

The growth response and mycorrhizal development of seedlings to inoculation
of the two different mycorrhizal fungi along with Bradyrhizobium sp. were observed
in both sterilised and unsterilised soils. The percentage of ectomycorrhizas
comparably was less than the percentage of endomycorrhizas but this difference
did not show any significant reduction in growth response and the percentage of
nitrogen content in the seedlings.

The results of the present study indicate that the mycorrhizal fungi were able
stimulate A. nilotica seedlings to produce greater biomass when in combination
with nitrogen fixing Bradyrhizobium sp. Association of mycorrhizal fungi with
Bradyrhizobium sp. enhanced the nitrogenase activity of root nodules. Combination
of P. tinctorius, G. mosseae and Bradyrhizobium sp. had the maximum nitrogenase
activity (as measured by acetylene reduction) followed by other treatments.
Hayman (1986), Subba Rao et al, (1986) and Lal and Khanna (1993) have also
shown similar results with Leucaena leucocephala, Medicago sativa and Acacia nilotica
plants in association with AM fungi.
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