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ABSTRACT

An experiment was conducted to determine the influence of arbuscular mycorrhizal (AM) fungi
and Rhizobium sp. individually as well as in combinations, on the growth response of Acacia
planifrons W. et A. seedlings in sterilized soil under greenhouse conditions. The native AM fungi
Glomus fasciculatum (Thatcher) Gerd. & Trappe emend. Walker & Schenck & Smith emend. Koske
and G. geosporum (Nicol & Gerd.) Walker were isolated from the rhizosphere of A. planifrons
and multiplied in the roots of Zea mays (L.). The Rhizobium sp. was isolated from the root
nodules of A. planifrons and cultured in yeast extract mannitol broth. These cultures were used
to inoculate the seedlings of A. planifrons individually and in combinations. The results showed
that co-inoculation of AM fungi and Rhizobium sp. increased the growth, biomass and nutrient
uptake of A. planifrons more than single inoculations of AM fungi or Rhizobium sp. AM fungi
and Rhizobium sp. inoculated seedlings had a higher accumulation of nitrogen (N), phosphorus (P)
and potassium (K) than un-inoculated controls. The seedlings inoculated with triple root symbionts,
G. fasciculatum + G. geosporum and Rhizobium sp. resulted in the maximum plant growth and
nodular biomass production. Lower root to shoot ratios and increased seedling quality index were
also obtained in these combinations.

Key words: Glomus fasciculatum, Glomus geosporum, Rhizobium sp, seedling quality, nutrient
uptake, root symbionts.

Introduction

Arbuscular mycorrhizal (AM) symbiosis is an important factor in the establishment
of good seedlings through an increase of nutrient uptake (Harley and Smith
1983) and the fungi are considered as beneficial microorganism for forest trees.
The symbiosis also

e assists in the movement of water to plant roots (Parke et al. 1983),
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o offers resistance against pathogens (Dehne 1982),

e increases seedling growth rate, vigour and their survival after transplanting
(Brandeau 1970),

e promotes plant uniformity and reduction of transplanting damage (Biermann
and Lindermann 1983),

e alleviates drought stress during transplantation (Michelsen and Rosendahl
1990), and

* increases the mineralization of organic phosphorus (P) (Jayachandran et al.
1992) and uptake of P.

The nitrogen (N) fixing bacteria Rhizobium sp. also play a role in improving
seedling quality of woody legume species (Michelsen 1992). So using AM fungi
and Rhizobium sp. should be expected to increase the survival of woody legumes
after planting in the field as the nodulated and mycorrhizal plants are adapted
to cope with nutrient deficient situations (Harley 1973, Harley and Smith 1983,
Johansen er al. 1993).

Therefore seedlings of the leguminous tree Acacia planifrons W. et A.
were inoculated with the root symbionts — AM fungi and Rhizobium sp.
— in the nursery to improve their quality. A. planifrons was used because of
its importance in social forestry. This tree has a regular umbrella shape and
short bole with spreading branches. The wood is hardy, heavy and used for
agricultural implements and as fuel. The pods are eaten by cattle. It thrives in
low moisture soil conditions and has potential for the reclamation of wastelands
due to its ability to survive in stressful environments (Udaiyan et al. 1996). It is
often used in social forestry and afforestation programmes in Tamil Nadu (India)
because of its importance in fulfilling the day-to-day needs of local people for
fuel wood. It is a good shade provider due to its umbrella shape and is usually
planted on roadsides.

Materials and methods

Native AM fungal species, Glomus fasciculatum Gerd. & Trappe and G. geosporum
(Nicol. & Gerd.) Walker, isolated from the rhizosphere of A. planifrons, growing
in Coimbatore, India, were multiplied and maintained in sterile soil media (alfi
soil:sand) with Zea mays (L.) under green house conditions for three months
as pot cultures. Rhizobium sp. isolated from the nodules of the same plant was
cultured and maintained in yeast extract mannitol broth. Healthy, fully matured
seeds of A. planifrons of uniform weight were collected, washed and soaked in
hot water at 60°C for 30 minutes. The treated seeds were sown in polythene
pots (14 x 27 cm) containing 3 kg of sterilized (100°C for 3hr at 103.5 x 103
Pa) soil: sand mixture (1:1). Later, five days old seedlings — some 7 cm tall
— were transplanted to polythene pots containing sterilized soil:sand media, at
the rate of one seedling per pot.

The AM inoculum consisted of 100 g of soil from pot cultures of Z. mays
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containing chlamydospores of G. fasciculatum and G. geosporum, was placed
5 cm below the soil surface in each polythene bag. Inoculation of Rhizobium
sp. was achieved by applying 20 ml of rhizobial suspension to each bag of the
rhizobial treatment.

Seven treatments were applied

(1) control
(i1) G. fasciculatum,
(i) G. geosporum
(iv) Rhizobium sp.
(v) Rhizobium sp. + G. fasciculatum
(vi) Rhizobium sp. + G. geosporum
(vii) Rhizobium sp. + G. fasciculatum + G. geosporum

Each was replicated five times. The potted seedlings were arranged in a
randomized block (RDB) design under green house conditions at 31.6°C (+
2.8), 72% (+ 5.2) Relative Humidity (RH) and watered regularly to maintain
turgidity.

Sixty days after emergence, the seedlings were harvested with their entire root
system intact. The roots were washed free of soil and the following parameters
recorded:

e nodule numbers,

* shoot and root lengths and their respective dry weights after drying in a hot

air oven at 80°C for 72 hr.

 total kjeldahl nitrogen (N) on kjeltec Auto analyzer (1030):

e phosphorus (P) by vanadomolybdate phosphoric yellow colour method,

e potassium (K) content by flame photometer (Jackson 1973),

» seedling quality Index using the formula of Dickson et al. (1960) viz.
Seedling quality index (SQI) = Seedling dry weight (mg)/[Seedling height
(cm)/Root collar diameter (mm) + Shoot dry weight (mg)/Root dry weight
(mg)].

A portion of the harvested root samples was processed for microscopic observation
following the procedure of Phillips and Hayman (1970) and the percent of AM
infection was determined by the root slide method of (Read er al. 1976). The
data of treatment means were subjected to analysis of variance and the means
were separated using Duncans’s New Multiple Range Test (IRRISTAT 1993).

Results

After sixty days, the triple root symbionts (G. fasciculatum + G. geosporum +
Rhizobium sp.) inoculated seedlings had significantly higher values of all the
parameters measured than those of other treatments and the control, except for
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the root/shoot ratio that was less favourable than those of the single treatments
(i1) with G. fasciculatum and (iv) with Rhizobium sp. The results are summarized
in Table 1.

The N, P and K contents in the seedlings inoculated with AM fungi were
higher than the control seedlings. Treatment (vii) triple root symbionts inoculated
seedlings showed more nutrient accumulation in the shoots and roots

The seedling quality index was higher in the seedlings inoculated with AM
fungi and Rhizobium sp., either individually or in combinations over control.
Again treatment (vii) triple root symbionts, inoculated seedlings had significantly
increased seedling quality index.

High percentages of root infection were observed in single AMF inoculations
of G. fasciculatum and G. geosporum. (treatments ii & iv) and with dual root
symbionts (Rhizobium sp. and AM fungi) inoculations (treatments v & vi), but
triple root symbionts inoculations resulted in significantly still higher percentage
of root colonization than other treatments.

Discussion

Results of this study showed that inoculation of A. planifrons seedlings with
native Rhizobium sp. or AM fungi (G. fasciculatum and G. geosporum) either
individually or in combinations increased the seedling growth and biomass over
un-inoculated control. The study showed that AM fungi could improve plant
growth associated with increased uptake of P (Gerdemann 1975). Inoculations
with Rhizobium sp. and AM fungi had a significantly positive effect on growth
and nutrient uptake in A. planifrons. Similar results were reported earlier for
dual root symbionts employed treatment (Patterson et al. 1990).

Under nursery conditions triple root symbionts inoculations of G. fasciculatum,
G. geosporum and Rhizobium sp. resulted in the highest growth and biomass
production. This may be a reason for plants that prefers more than one root
symbiont. Nodule numbers also were higher in triple root symbionts inoculations
indicating that mycorrhizal plants can produce significantly more nodules than
non-mycorrhizal ones in accord with Azcon and Barea (1978) and Kucey and
Paul (1983). Higher concentrations of leghaemoglobin and acetylene in nodular
tissue has been reported by Kucey and Paul (1983). Earlier studies have also
indicated that AM fungi can enhance nodulation with Rhizobium sp. (Daft and
El. — Giahmi 1975). Seedlings inoculated with AM fungi resulted in increased
shoot to root ratio by increasing above ground production and possibly by
reducing the need for production below ground since the function of nutrient
acquisition is taken over by AM fungi (Smith 1980). Daft and El-Giahmi (1975)
also reported increased shoot to root ratio when AM was present as compared
with Rhizobium sp. inoculated plants.

The increased accumulation of mineral nutrients such as N, P and K in the
plant as a result of tripartite symbiotic association (legume — Rhizobium sp.
and AM fungi) may be attributed to the role of extramatrical hyphae of AM
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fungi making inaccessible nutrients available to the roots (Gerdemann 1975).
Generally, Rhizobium sp. will increase N content and AM fungi increase P
content in seedlings. However, seedlings infected with AM fungi and Rhizobium
sp. had higher P and N contents than individual inoculations of AM fungi or
Rhizobium sp. (Redante and Reeves 1981; Udaiyan et al. 1997). An increased K
status of seedlings in dual and triple root symbionts may suggest that K acts as
an enzyme activator and greatly stimulates nodules through improved AM fungal
hyphae activity, in addition to the absorption and translocation of NH, from the
soil to the plant root. It also facilitates the transfer of N (Barea er al. 1987).
Increased root collar in triple root symbiont inoculated seedlings reflects their
improved quality associated with massive AM fungal root colonization (Ikram
et al. 1992).

The triple root symbionts significantly increased the growth, biomass and
nutrient uptake in this experiment and resulted in improved seedling quality
index of A. planifrons.

Conclusions

The AM fungi and Rhizobium sp. association increased the efficiency of the
shoot and root system in providing the seedlings with essential levels of P and
N for growth. Therefore, for quality seedling production of leguminous trees like
A. planifrons, due consideration should be given to symbiotic microorganisms
such as AM fungi and Rhizobium sp rather than chemical inputs. The simple
root symbionts inoculation technology could be adopted in nurseries to improve
the rate of growth and quality of seedlings produced without chemical fertilizers,
thus avoiding their associated costs and dangers to the environment, water
supplies, local inhabitants and their domestic stock.
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