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UDAIYAN, K., SUGAVANAM, V. & MANIAN, S. 1997. Growth response of wattle
(Acactia mearnsii) seedlings to phosphorus fertilisation and inoculations with Glomus
deserticola and Rhizobium sp. in non-sterile soil. The effect of phosphorus (P)
fertilisation and inoculation with the vesicular-arbuscular mycorrhizal (VAM) fungus
Glomus deserticolaand Rhizobium sp. was studied in containerised seedlings of wattle
(Acacia mearnsiz). The non-sterile soil used was amended with tricalcium phosphate
and superphosphate at the rates of 0, 50, 100, 150, 200 and 250 mg kg' soil. The
seedlings inoculated with G. deserticola alone but receiving no P fertiliser were
comparable in growth to those uninoculated seedlings which received 150 mg kg’
soil of tricalcium phosphate and 100 mg kg soil of superphosphate. Rhizobium
inoculated wattle seedlings which received no P fertiliser were similar in size to
those of uninoculated seedlings fertilised with 200 and 150 mg kg soil of tricalcium
phosphate and superphosphate respectively, whereas the seedlings coinoculated
with G. deserticola and Rhizobium sp. without added P fertiliser were more than
equivalent in growth to uninoculated control seedlings fertilised with 250 mg kg’
soil of tricalcium phosphate or superphosphate. P fertilisation invariably increased
tissue P concentration in the seedlings, reduced mycorrhizal root colonisation but
markedly stimulated nodulation. The highest nutrient (N,P,K) concentrations in
the plant tissues were recorded in the seedlings coinoculated with G. deserticola
and Rhizobium sp. when compared with individual inoculations. Phosphorus
utilisation efficiency decreased with increasing P fertiliser doses and inoculations
with G. deserticola and Rhizobium sp.
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UDAIYAN, K., SUGAVANAM,V. & MANIAN, S. 1997. Tindak balas pertumbuhan
anak benih wattle terhadap pembajaan dan penginokulatan fosforus dengan Glomus
deserticola dan Rhizobium sp. dalam tanah yang tidak disteril. Kesan pembajaan fosforus
(P) dan penginokulatan dengan kulat mikoriza vesikular-arbuskular (VAM), Glomus
deserticola dan Rhizobium sp. dalam anak benih tabung wattle (Acacia mearnsii) dikaji.
Tanah yang tidak disteril diubah dengan trikalsium fosfat dan superfosfat pada kadar
0, 50, 100, 150, 200 dan 250 mg kg'! tanah. Anak benih yang diinokulat dengan
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G.deserticola sahaja tetapi tidak menerima baja-P didapati setanding dengan
pertumbuhan anak benih yang tidak diinokulat yang menerima 150 mg kg’ fosfat
trikalsium dan 100 mg kg' tanah superfosfat. Anak benih wattle yang dinokulat
dengan Rhizobium yang tidak menerima baja-P didapati sama saiznya dengan anak
benih yang tidak diinokulat yang dibaja dengan 200 dan 150 mg kg fosfat trikalsium
dan superfosfat sementara anak benih yang dikoinokulat dengan G. deserticola dan
Rhizobium sp. tanpa ditambah baja-P didapati lebih daripada setara dalam pertum-
buhan berbanding anak benih yang tidak diinokulat yang dibaja menggunakan 250
mg kg fosfat trikalsium atau superfosfat. Pembajaan-P secara tetap menambahkan
kepekatan tisu P dalam anak benih mengurangkan pengkolonian akar mikoriza
tetapi dengan jelas merangsang penodulan. Kepekatan nutrien didapati tertinggi
(N,P,K) dalam tisu tumbuhan dicatatkan dalam anak benih yang diinokulat dengan
G.deserticola dan Rhizobium sp. jika dibandingkan dengan penginokulatan individu.
Kecekapan penggunaan fosforus berkurang dengan bertambahnya dos baja-P dan
penginokulatan dengan G.deserticola dan Rhizobium sp.

Introduction

Microorganisms in the rhizosphere may increase or decrease the absorption of
inorganic nutrients by plant roots and there appears to be significant interactions
between them. It has been clearly shown that vesicular-arbuscular mycorrhiza
(VAM) can improve plant growth through increased uptake of phosphorus (P),
especially in low-fertile soils (Safir et al. 1972, Mosse et al. 1973). Several studies in
recent years have exposed the beneficial interaction between VAM fungi and
Rhizobium sp. on leguminous plants (Jasper et al. 1988, 1989, Reena & Bagyaraj
1990). Nodulation and subsequent nitrogen fixation by leguminous plants
require an optimum level of P in the hosttissue (Hayman 1986, Marschner 1986).
It is also known that heavy application of P fertiliser can inhibit the percentage
infection of roots by VAM fungi (Siqueira et al. 1984, Thomson et al. 1986).
However, when the initial concentration of Pis extremely low, small additions
may favour infection (Sanders & Tinkers 1973, Schubert &Hayman 1986).
Restoration and maintenance of soil fertility is a basic and critical problem,
especially in the tropics where nutrient deficient soils are frequent. Such soils
are reclaimed through afforestation programmes with multipurpose forest tree
species which require large quantities of good quality seedlings. If commercial
applications of mycorrhizal fungi are to become a reality, it must be demons-
trated that mycorrhizal fungi can economically substitute P fertiliser. Hence, the
objectives of the present study were to (a) examine the growth benefits of
phosphorus fertilisation and inoculations with the mycorrhizal fungus Glomus
deserticola and Rhizobium sp. on wattle (Acacia mearnsii De Wild.) seedlings, (b)
equate the inoculation benefits of the seedlings with the fertilisation doses of
tricalcium phosphate and superphosphate, and (c) relate the tissue nutrients
concentrations with VAM root colonisation, sporulation and nodulation.
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Materials and methods
Sozl

Sandy loam collected from the experimental fields of the Bharathiar University,
Coimbatore, India, had a pH of 8.0 (1:1, soil:water), electric conductivity 0.2 mS
cm’, nitrogen 10.9 mg kg, phosphorus 0.5 mg kg' and potassium 24.2 mg kg™
The total N and available P were determined respectively by the micro-Kjeldahl’s
method and the molybdenum blue method of Jackson (1973). Exchangeable K
was extracted from the soil in an ammonium acetate solution (pH 7.0) and
measured with a digital flame photometer (Jackson 1973). The soil had a natural
VA mycorrhizal population (Acaulospora scrobiculata, Glomus fasciculatum, G. geosporum
and G. mosseae) of 72 spores 100 g dry soil.

Phosphorus fertilisation

Phosphorus was applied in the form of commercial acid soluble tricalcium
phosphate [Ca, (PO, ), ] and water soluble superphosphate [Ca (H, PO,), H,O]
at the rate of 0, 50, 100, 150, 200 and 250 mg kg soil and uniformly mixed. One
milligram of tricalcium phosphate and superphosphate contains 0.61 and 0.81 mg
of phosphate respectively.

Plant material

Wattle (Acacia mearnsit) seeds were procured from the Institute of Forest
Genetics and Tree Breeding, Coimbatore, India. Healthy, uniform seeds were
surface sterilised in 5% H,0,, treated with boiling water for 30s, then soaked in
water for about 24 h and sown in 10 X 15 cm polythene bags, each containing 3 kg
unsterilised soil. Initially, three seeds were planted per bag but the seedlings

were thinned to one on the tenth day.
Inoculum

The VAM fungus Glomus deserticola Trappe, Bloss & Menge, isolated and re-
corded as a dominant species in the rhizosphere soil samples of Acacia mearnsii
found growing in the plantation forest of Kodaikanal, Tamil Nadu, India, was
multiplied in pot culture in the roots of Sorghum vulgareand the soil containing the
extramatrical hyphae, chlamydospores and infected root segments served as
mycorrhizal inoculum. Fifty gram inoculum containing ¢ 12 500 infective pro-
pagules, based on a most probable number estimate (Porter 1979) was placed in
each polythene bag about 2 cm below seed level.

Fresh nodules of wattle (Acacia mearnsii) were collected from the plantation
forest, Kodaikanal, Tamil Nadu, India. Rhizobium sp. was isolated and maintained
in yeast extract mannitol broth. Ten millilitre broth was added to each polybag.
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Experimental design

The experimental design was 4 X 2 X 6 factorial consisting of 4 levels of endo-
phyte inoculations, 2 phosphate sources and 6 levels of P fertiliser doses. Thus
in all there were 48 treatments and each treatment was replicated 5 times. The
treatments were arranged in a completely randomised block design.

Harvesting and measurement

Plants were harvested after 120 days and their dry weights were recorded. Root
subsamples (10 segments of 1 cm length seedling") were processed for micro-
scopic observation following the procedure of Phillips and Hayman (1970) and the
percentage mycorrhizal infection was determined by the root slide technique of
Read et al. (1976). The dried plant material (shoot and root) was ground and used
for the analysis of N, P and K. Total Kjeldahl nitrogen was detected on a Kjeltec
Auto Analyser (1030); phosphorus determination was done by the vanadomolybdate
phosphoric yellow colour method and potassium content was determined by
flame photometer (Jackson 1973). Phosphorus utilisation efficiency (PUE) was
calculated using the formula of Siddiqui and Glass (1981) : PUE = plant dry
weight/P content.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) and the means were
separated by Duncan’s new multiple range test (p<0.05). Regression analyses
were performed between phosphate fertiliser concentration and plant variables.

Results
Growth and biomass

Growth in wattle seedlings as measured by root and shoot dry weights were
invariably enhanced by P fertilisation and microbial inoculation. Only the
coinoculated seedlings with G. deserticolaand Rhizobium sp. recorded significantly
(p<0.05) higher growth than their uninoculated control seedlings (Tables 1
and 2). Glomus deserticola inoculated wattle seedlings grown with (0) fertiliser P
were similar in growth to those of control seedlings fertilised with 150 mg kg
soil of tricalcium phosphate or 100 mg kg’ soil of superphosphate. Similarly,
the growth equivalent of Rhizobium inoculation in wattle seedlings was 200 mg
kg! soil of tricalcium phosphate or 150 mg kg’ soil of superphosphate. However,
the seedlings coinoculated with G. deserticola and Rhizobium sp. in (0) fertiliser P
showed the highest growth benefit which was equivalent to those of the control
seedlings with 250 mg kg soil of tricalcium phosphate or superphosphate
(Tables 1 and 2).



Table 1. Effects of tricalcium phosphate on the biomass, root colonisation and nodule dry weight of Acacia mearnsii

inoculated with Glomus deserticola alone, Rhizobium sp. alone and G. deserticola + Rhizobium sp.

Ca,(PO,), (mg kg' soil)

Parameter Treatment 0 50 100 150 200 250
Root dry weight Control 54 D 58 CD 62 BC 65 ABC 68  AB 70 A
(mg plant?) c b b b b b
G. deserticola 63 B 68 B 70 B 76 AB 86 A 90 A
b b b b b b
Rhizobium sp. 68 C 70 BC 72 BC 89 AB 93 A 100 A
ab b ab ab b ab
G. deserticola 75 C 115 BC 119 BC 135 AB 142 AB 178 A
+ Rhizobium sp. a a a a a a
Shoot dry weight Control 176 D 223 C 262 BC 281 AB 290 AB 303 A
(mg plant’) c b b b b b
G. deserticola 275 B 280 B 293 B 323 AB 369 A 380 A
b b b b b b
Rhizobium sp. 280 C 285 BC 288 BC 290 B 293 AB 300 A
ab b b b b b
G. deserticola 325 C 943 B 965 B 1226 AB 1359 AB 1508 A
+ Rhizobium sp. a a a a E a
Root colonisation Control 223 A 15.5 AB 13.3 BC 10.7 BC 8.5 C 8.2 C
(%) c c c c c ¢
G. deserticola 60.7 AB 62.3 A 58.4 AB 51.2 AB 48.9 B 32.1 C
ab ab ab ab ab ab
Rhizobium sp. 315 AB 30.2 AB 335 A 28.4 AB 25.0 BC 20.6 C
bc be bc be be be
G. deserticola 834 A 80.1 A 75.4 AB 68.4 BC 633 C 645 bc
+ Rhizobium sp. a a a a a a
Nodule dry weight Control 24 D 4.2 CD 54 ABC 4.5 BC 63 AB 7.0 A
(mg plant?’) b b b b c c
G. deserticola 32 D 4.1 CD 6.8 BCD 8.2 ABC 100 AB 12.3 A
b b b b bc b
Rhizobium sp. 56 C 8.2 BC 12.5 AB 12.8 AB 13.3 AB 140 A
b ab a a ab ab
G. deserticola 88 C 10.6 C 12.3 BC 15.7 Ab 170 AB 180 A
+ Rhizobium sp. a a a a a a

Values within rows (capital letters) and columns (small letters) followed by the same letters are not significantly different (p< 0.05 : Duncans multiple range test).
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Table 2. Effects of superphosphate on the biomass, root colonisation and nodule dry weight of Acacia mearnsii
inoculated with Glomus deserticola alone, Rhizobium sp. alone and G. deserticola + Rhizobium sp.

Ca, (H, PO,), (mg kg' soil)

Parameter Treatment 0 50 100 150 200 250
Root dry weight Control 54 D 60 BC 63 BC 68 AB 69 AB 76 A
(mg plant!) [ b b c b C
G. deserticola 63 D 71 CD 76 BCD 86 BC 95 AB 112 A
be b b bc b bc
Rhizobium sp. 68 D 72 CD 76 BCD 91 BC 95 B 120 A
ab b b b b b
G. deserticola 75 C 132 B 134 B 143 AB 150 AB 175 A
+ Rhuzobium sp. a a a a a a
Shoot dry weight Control 176 D 268 B 274 B 283 AB 307 AB 330 A
(mg plant') c c c b b b
G. deserticola 275 D 320 CD 345 BCD 360 BCD 432 AB 450 A
a be bc b b b
Rhizobium sp. 280 D 342 CD 368 BCD 443 AB 460 AB 475 A
a b b b b b
G. deserticola 325 C 927 B 1047 B 1232 AB 1690 A 1725 A
+ Rhizobium sp. a a a a a a
Root colonisation Control 223 A 13.2 B 12.8 B 10.5 B 8.6 B 6.5 B
(%) b b c c c b
G. deserticola 60.7 A 58.2 A 50.7 AB 43.2 ABC 36.5 B 285 C
a a ab b ab b
Rhizobium sp. 315 A 27.2 ABC 25.0 ABC 22.7 BCD 18.7 CD 153 D
b b be be be b
G. deserticola 884 A 75.4 AB 68.2 BC 65.3 BC 50.2 D 55.2 CD
+ Rhizobrum sp. a a a a a a
Nodule dry weight Control 24 C 6.2 BC 6.8 BC 8.0 AB 10.6 AB 126 A
(mg plant!) b c b c c c
G. deserticola 3.2 C 6.2 C 8.3 C 10.0 BC 16.4 AB 183 A
b [ ab b b b
Rhizobium sp. 56 C 12.3 BC 18.6 AB 20.0 AB 225 A 248 A
ab ab a ab ab ab
G. deserticola 8.8 C 16.4 C 18.3 BC 22.6 ABC 28.5 AB 306 A
+ Rhizobium sp. a a a a a a

Values within rows {capital letters) and columns (small letters) followed by the same letters are not significantly different (p< 0.05 : Duncans multiple range test).
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Table 3. Effects of tricalcium phosphate on the tissue nutrients concentrations of Acacia mearnsiz inoculated
with Glomus deserticola alone, Rhizobium sp. alone and G. deserticola + Rhizobium sp.

8142

Ca,(PO,), (mg kg' soil)

Parameter Treatment 0 50 100 150 200 250
Nitrogen (%) Control 1.2 C 2.05 BD 2.60 AB 2.68 AB 275 AB 326 A
b b [d b [ [
G. deserticola 263 C 2.70 C 2.78 BC 2.80 BC 295 AB 375 A
a a bc b be b
Rhizobium sp. 283 D 2.90 CD 3.11 BCD 3.26 ABC 347 AB 296 A
a a ab a ab ab
G. deserticola 326 C 3.31 C 3.42 C 3.57 BC 403 AB 421 A
+ Rhizobium sp. a a a a a a
Phosphorus (%) Control 017 C 0.20 BC 0.22 BC 0.30 AB 036 A 040 A
c [¢ [ [¢ c b
G. deserticola 030 D 0.45 CD 0.48 BC 0.54 ABC 064 AB 0.70 A
ab ab b ab b b
Rhizobium sp. 023 D 0.36 C 0.40 BC 0.43 ABC 050 AB 052 A
bc bc bc bc bc b
G. deserticola 050 D 0.63 C 0.75 BC 0.84 AB 0.93 AB 097 A
+ Rhizobium sp. a a a a a
Potassium (%) Control 098 D 1.15 D 1.20 CD 1.25 BC 1.43 B 168 A
c c [ c c c
G. deserticola 123 C 1.28 C 1.34 C 1.46 BC 1.78 AB 197 A
be bc bc be bc bc
Rhizobium sp. 145 C 1.65 BC 1.73 BC 1.86 B 1.98 AB 208 A
ab ab ab ab ab b
G. deserticola 178 C 1.82 C 1.96 C 2.15 B 2.2 AB 256 A
+ Rhizobium sp. a a a a .a a

Values within rows {capital letters) and columns (small letters) followed by the same letters are not significantly different (p< 0.05 : Duncans multiple range test).
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Table 4. Effects of superphosphate on the tissue nutrients concentrations of Acacia mearnsii inoculated

with Glomus deserticola alone, Rhizobium sp. alone and G. deserticola + Rhizobium sp.

Ca, (H, PO,), (mg kg" soil)

Parameter Treatment 0 50 100 150 200 250
Nitrogen (%) Control 1.20 C 2.15 BC 2.68 AB 2.70 AB 2.80 AB 323 A
b c b b b c
G. deseriicola 263 C 2.75 BC 2.88 BC 2.90 BC 2.98 B 353 A
a bc b b b be
Rhizobium sp. 283 C 2.90 C 2.97 BC 3.21 BC 3.35 B 387 A
a ab b b b ab
G. deserticola 326 C 3.45 BC 3.83 AB 3.88 A 3.90 A 395 A
+ Rhizobium sp. a a a a a a
Phosphorus (%) Control 017 C 0.23 BC 0.32 ABC 0.30 AB 042 A 046 A
b c b b 4 c
G. deserticola 030 C 0.47 BC 0.52 BC 0.63 AB Q.72 AB 083 A
b b b b ab b
Rhizobium sp. 023 C 0.38 BC 0.43 B 0.48 B 0.63 AB 0.68 A
b bc b b bc bc
G. deserticola 050 D 0.68 CD 0.83 BC 0.98 AB 0.99 AB 126 A
+ Rhizobium sp. a a a a a a
Potassium (%) Control 098 D 1.23 CD 1.36 CD 1.48 BC 1.69 AB 183 A
c C [ c b b
G. deserticola 1283 D 1.38 CD 1.48 BCD 1.63 ABC 1.82 AB 197 A
bc bc bc be b b
Rhizobium sp. 145 D 1.70 CD 1.87 BC 1.94 ABC 1.98 AB 227 A
b ab ab ab b b
G. deserticola 1.78 B 1.93 B 1.97 B 2.03 B 2.63 A 295 A
+ Rhizobium sp. a a a a a a

Values within rows (capital letters) and columns (small letters) followed by the same letters are not significantly different (p< 0.05 : Duncans multiple range test).
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VAM root colonisation and rhizobial nodulation

VAM root colonisation generally decreased with increasing doses of P fertilisation.
The wattle seedlings receiving comparable doses of P fertilisers exhibited higher
VAM root colonisation when inoculated with either G. deserticola or Rhizobium sp.,
the former being more favourable (Tables 1 and 2). Nodular biomass increased
with increasing P fertiliser doses. They were further increased by inoculations
with endophytes, with a maximum in dual inoculated followed by rhizobial
inoculated seedlings. A negative relationship was observed between P fertiliser
doses and VAM colonisation (Table 5).

Tissue nutrient concentrations

The concentrations of planttissue nutrients (N, P, K) increased with P fertiliser
doses (Tables 3 and 4). Endophyte inoculations also promoted tissue nutrient
concentrations, the dual inoculation giving the highest benetit. Phosphorus
utilisation efficiency decreased with increasing P fertiliser doses and inoculations
with G. deserticola and Rhizobium sp. The dual inoculation resulted in low phos-
phorus utilisation efficiency followed by G. deserticola inoculation (Figure 1).
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Figure 1. Effect of tricalcium phosphate and superphosphate on the phophorus utilisation
efficiency (PUE) of Acacia mearnsii inoculated with Glomus deserticola alone,

Rhizobium sp. alone and G. deserticola + Rhizobium sp.
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Table 5. Regression analysis between applied phosphate and root colonisation

Treatment Tricalcium phosphate Superphosphate
Control Y =19.80-0.05 X (1*=0.35) Y=19.14-0.05X (1*=0.32)
Ci.deserticola Y = 33.57-0.04 X (¥=0.50) Y=061.98-0.13 X (r*=0.44)
Yezobium sp. Y =65.86-0.10 X (r!=0.56) Y=31.17-0.06 X (r*= 0.41)
G. deserticola Y =88.31-0.86X (1= 0.58) Y=81.80-0.12X (r*= 0.52)

+ Rhazobium sp.

Discussion

Tropical soils, in general, are characterised by low availability of phosphates and
the predominance of Fe and Al oxides with high P sorption capacities (Fox
1978). Additonally, P applied to these soils as water-soluble fertilisers is quickly
converted to forms not available to plants (Fox & Searle 1978). Under these
conditions and where rock phosphate is readily available, itis better to utilise
less soluble and less expensive P sources in association with microorganisms
that can either solubilise P or enhance its absorption from slowly soluble forms,
than expensive soluble P fertilisers (Manjunath et al. 1989).

In the presentstudy, application of phosphorus fertilisers enhanced growth
and biomass in wattle seedlings and growth exhibited a linear relationship with
fertiliser dosage. P fertilisation is already known to enhance the growth and
biomass of the Acaciaspp. (Jasper et al. 1989). The soil used in the experiments
was extremely poorin P content (0.5 mg kg'soil) and any amount of added P will
naturally benefit the P starved seedlings. Vesicular-arbuscular mycorrhizas are
known to promote plant growth and phosphorus uptake (Mosse 1973, Gerdemann
1975). When inoculated individually, G. deserticola substituted up to 150 and 100
mg kg soil of tricalcium phosphate or superphosphate respectively and more
than 250 mg kg soil of tricalcium phosphate or superphosphate when coino-
culated with Rhizobium sp. Similar mycorrhizal effects have also been reported in
sour orange and Troyer citrange (Menge et al 1978) and Acacia spp. (Jasper et al.
1988, 1989).

Applications of phosphorus fertilisers enhance nodulation and nitrogen-fixing
capabilities of legumes (Crush 1974, Mosse ¢t al. 1976). In the present study the
nodular biomass increased with fertiliser doses, which were further increased by
endophyte inoculations. The response of scedlings to mycorrhizal and rhizobial
inoculation was greater when supplemented with high doses of P suggesting
thatan adequate supply of Pis essential for biological nitrogen fixation (Gardner
et al. 1984). It has been well established that bacteria improve plant growth by
producing plant hormones (Brown 1974) which also play a key role in the
infection mechanism of Rhizobium (Nutman 1965). Plant growth regulators may
indirectly influence VAM fungi by affecting root growth since VAM fungal
colonisation has been reported to be dependent on root growth rate (Harley
1969). Thus, it can be concluded that plant hormones may be indirectly involved
in mycorrhizal formation. Whatever the mechanism, the present study emphasises
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that dual inoculation with mycorrhizal fungus and rhizobia aids the growth of
wattle seedlings despite the presenceof native symbionts.

Levels of P thatresultin similar growth of uninoculated wattle seedlings to that
of seedlings inoculated with G. deserticola appear to inhibit root colonisation by
G. deserticola. The decreasing root colonisation was also related to the proport-
ionately increasing concentrations of tissue phosphorus. Sanders (1975) and
Menge et al. (1978) opined that phosphorus in plant tissues suppresses mycor-
rhizal development while P levels in soil do not affect. The addition of P to
soil in all treatments increased the nutrient content of wattle seedlings. Similar
effects have been reported in faba beans by Ishac et al (1994). Coinoculation of
G. deserticolaand Rhizobiumsp. resulted in higher nutrient accumulation compared
to individual inoculations. Manjunath et al. (1984) reported that the colonisation
with efficient mycorrhizal fungi significantly improved phosphorus nutrition and
consequently nodulation and nitrogen fixation by rhizobia.

Mycorrhizal inoculation influences phosphorus utilisation efficiency. Stribley
et al. (1980) have shown that for a given dry weight, mycorrhizal plants contain
more phosphorus than non-mycorrhizal plants, which suggests that mycorrhizal
plants are less efficientin the utilisation of phosphorus for the production of
dry matter. In the present study increasing P fertilisers and G. deserticola and
rhizobial inoculations decreased P utilisation efficiency. This suggests a temporal
displacement of P acquisition from its utilisation in growth. The results of the
present study suggest that the microbial inoculation along with the sparingly
soluble phosphorus source is suitable for maximum growth and improvement of
wattle seedling quality.
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