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PRODUCTION AND P, Cu, Zn UPTAKE IN PROSOPIS CINERARIA
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Introduction

The significance of mycorrhiza in forest
and agro-ecosystem is well established
(Jefferies, 1987; Barea, 1991). Arbuscular
Mycorrhizal (AM) fungi are known to havea
worldwide distribution with little specificity
in selection of their host plant (Mosse et al.,
1981; Daniel Hetrick, 1984). About 90 per
cent of the plants surviving throughout the
world form arbuscular mycorrhiza and a
wide range of plants respond to this
symbiotic association (Plenchette ef al.,
1983). The host plant, growth enhances
after AM inoculation by improving the
supply of mineral nutrients of low mobility
in soil, phosphorous in particular and also
micronutrients like copper and zinc (Li et
al., 1991; Vijaya and Srivasuki, 1997).
Researchers on mycorrhizal dependence of
crops have clearly indicated that some
important tropical crops and pastures are
highly mycotrophic and will not grow or
produce well in low P soils without an
effective mycorrhizal association. Since
mycotrophic plants depend on a AM
association when grown under low external
'P' conditions, their yield can be enhanced by
increasing the efficiency of AM fungi, either
by inoculation, i.e. the introduction of more
efficient fungal species or isolates to the
rhizosphere, or by manipulation of the
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population of native AM fungi through the
use of agronomic practices that enhance the
most efficient species in that population.
Though some information is available on
the mycorrhizal dependency of some
tropical crops and forage species (Howeler et
al., 1987), no such work has been carried out
in the area of forestry. Growth and vigour of
Prosopis cineraria (L.) DRUCE seedlings
are influenced by efficient strain of AM
fungi and uptake of nutrients like P Cuand
Zn. Keeping this objective in view the
present study was undertaken to select the
efficient strains of AM fungi and uptake of
immobile nutrients like B Cu and Zn. The
main purpose of this study was to select the
most efficient strain of AM fungi for best
growth and vigour of P cineraria seedlings
and to see the dependency and effect of AM
infected trees on the uptake of B Znand Cu.

Material and Methods

An experiment was laid out under green
house conditions to select the efficient
strains of AM fungi for improvement in
growth and vigour of P cineraria
seedlings and their effect on soil immobile
nutrient uptake like P Zn and Cu. Two
months old seedlings of uniform size and
growth were selected for the experiment.
The plants were placed in polythene bags of
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size 25 x 15 cm holding 2.0 kg of sterilized
soil: sand (2:1) mixture. One seedling was
maintained per bag. The different AM
fungal inoculums were obtained from
Bangalore and Jodhpur (indigenous
culture) and were maintained in a
glasshouse in the pot using sterilized sand:
soil mixture (1:1) as the substrate and
Pennisetum glaucum (Pearl millet) as the
host crop. The hyphae, spores and root
segments present in this air dried substrate
served as inoculum. The inoculum 10 g of 40
infective propagules per gram (400 infective
propagules) applied of two months old
seedlings by side banding method. The
infective propagules were isolated by wet
gieving and decanting technique
(Gerdemann and Nicolsen, 1963). There
were five treatments: T;- Uninoculated; T,-
Mixed inoculum (indigenous): Glomus
(70%), Gigaspora (14%), Sclerocystis (6%),
Scutellospora (5%) and Acaulospora (5%),
T,- Glomus microcarpum (non indigenous);
T,- Glomus aggregatum (indigenous) and
T,- Glomus fasciculatum + Glomus
aggregatum i.e., (50%: 50%). All
treatments were replicated thrice and each
replicate had sixteen plants. The
experiment was laid out in Completely
Randomised Design (CRD).

The plants were harvested 120 days
after sowing and plant height (ecm), root
length (cm), shoot dry weight (g), root dry
weight (g), plant biomass, root/shoot ratio,
per cent root colonization, AM population
10 g', uptake of B Cu and Zn and
Mycorrhizal Dependency (M.D.) was
recorded. Mycorrhizal Dependency (MD) %
was calculated by following formula (Menge
etal., 1978).

Dry weight of inoculated seedling-

Dry weight of un-inoculated seedling
Dry weight of inoculated seedling

% MD = 100

Role of Arbuscular Mycorrhiza Strains on Biomass Production and P, Cu, Zn Uptake.............. 206

Height (cm) of seedlings was taken from
the collar to tip with measuring scale. The
shoots were cut near the base and roots of
the harvested plants were excavated. Root
length was recorded in (cm). For dry weight
of shoot and root the samples were oven
dried at 70°C for 72 hrs. For biomass
estimation, dry weight of leaves + shoot +
root was taken. Root:shoot ratio was also
calculated.

Soil samples were processed for AM
propagules using wet sieving and decanting
techniques of Gerdemann and Nicolson
(1963) and sucrose centrifugation technique
as described by Jenkins (1964). Leica
Kombistereo Microscope counted the AMF
propagules. Roots were separated from
collected soil samples and assayed for AM
fungal association after staining in trypan
blue as described by Phillips and Hayman
(1970). A total of 100 root segments were
examined for each replicate and percentage
of segments with colonization was
calculated. The AM fungal infection was
examined by using Optiphot-2 “Nikon”
compound microscope. The percentage of
root infection was determined by
Giovannetti and Mosse (1980).

Grinded and sieved (< 2 mm) plant
samples were digested, using tri-acid
mixture as described by Jackson (1973).
Placed 0.5 g plant samples in 100 ml cooled
conical flask and then added 5 ml of tri-acid
mixture (HNO,: H,SO,: HCIO,, (9:2:1). The
digestion was carried out between 180 and
200°C until a clear solution remains after
the acids were largely’ volatilised. After
complete digestion the final volume was
made up to 50 ml.

Phosphorus was estimated by
ammonium metavanadate yellow colour
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method (Jackson, 1973). The P uptake was
calculated by multiplying dry matter of the
plant with the P concentration of the plant.
The micronutrients i.e. copper and zinc
were determined after using Atomic
Absorption Spectrophotometer (Perkin-
Elmer-Model 3110 Double Beam Atomic)
and were estimated in the absorption mode.
Standard errors of means were calculated
and when appropriate, analysis of variance
was carried out and means were separated
by the least significant difference (LSD) test
(Sokal and Rohlf, 1981).

Results

In general, inoculation of P cineraria
with AM fungi resulted in better growth and
nutrient uptake. It was observed in the
present investigation that the nutrient
concentration growth response and biomass
accumulation had significantly (P < 0.01)
different amongst the various AM fungi in
six-month-old P, cineraria seedlings (Table
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1). Infection levels ranged between 65 and
90% under different treatment. G.
aggregatum performed the best registering
the highest 90% infection followed by
combined application (1:1) of G.
fasciculatum + G. aggregatum. A similar
trend was noticed with spore build up in the
rhizosphere soil. In general, a maximum of
two and a half-fold increase in the viable
spores number (Table 1) was recorded. As
the soil was sterilized no root colonization
was found under control treatment.

The data pertaining to plant height and
root length of P cineraria seedlings as
affected by different endophytes of AM
fungi was presented in Table 1. The plant
height and root length of AM inoculated
seedlings were increased significantly as
compared to control. The trend observed by
different AM fungal isolates was G.
aggregatum>G. fasciculatum+G.
aggregatum>mixed inoculum>G@.
microcarpum.

Table 1

Plant height, Root length, Shoot and Root Dry wt, total Biomass,
Root/Shoot ratio, MD (%), AM population and per cent root colonization in
six months old Prosopis cineraria seedlings inoculated with different AM fungi

Treatments Plant | Root |Shoot dry|Root dry] Total |Root/ |MD (%) Root [AM popula-

height | length | wt. (g) | wt. (g) [Biomass|Shoot colonization| tion 10 g-1
(ems) | (cms) (g) |Ratio c v (%)

T,-Uninoculated 213 574 039 055 0.94 2.69 - - -

T,- Mixed inoculum 268 66.2 0.6 062 123 2.47 23.57 84 80

(indigenous)

T,-Glomus 2564 654 052 057 1.09 2.25 13.76 65 61

microcarpum

(Bangalore)

T,-G. aggregatum 31.8 72 095 1.20 215 2.26 56.28 90 101

(indigenous)

T,-G. fasciculatum  28.7 676 0.80 0.87 167 2.35 43.71 86 94

+ G. aggregatum

LSD (P=0.05) 289 469 004 0.05 0.05 ns 3.14 4.72 4.92

Inoculum dose: 400 viable spores; ns - non significant
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Shoot and root dry weight of P cineraria
seedlings as affected by different
endophytes of AM fungi (Table 1) increased
significantly as compared to control.
Amongst the different AM fungi G.
aggregatum gave significantly more shoot
dry weight (0.95 g) of plants than other
isolates tested. In general, there was 129%
improvement in total biomass due to
inoculation of G. aggregatum as compared
to control. In the present study also
root/shoot ratio (Table 1) recorded two
times more in all the treatments. There was
no significant difference in root: shoot ratio
between the treatments. The data
pertaining to total biomass of P cineraria
seedlings as affected by different AM
endophytes (Table 1) showed AM
inoculation affected plant dry weight
significantly (r = 0.917,n = 5,P<0.01)inP
cineraria seedlings as compared to control.
Amongst the different inocula G.
aggregatum gave significantly higher
biomass as compared to other isolate tested.

It has been observed (Table 2) that the
G. aggregatum resulted in highest
phosphorus concentration (3.38 mg g') in
case of shoot as compared to control
(uninoculated) (2.30 mg g"). Phosphorous
concentration in P cineraria rool was
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highest (2.80 mg g") which was 27% higher
than the uninoculated tréatment. The other
fungal isolates also performed better as
compared to control.

The total uptake of P by shoot and root
of P cineraria plants (Table 2) was
significantly affected by different AM fungal
isolates. More P uptake (3.21 mgplant™) was
recorded in T, treatment, which registered
more than three times increase as compared
to control (uninoculated) in shoots. The
trend of P uptake was observed as follows
G. aggregatum > G. fasciculatum + G.
aggregatum > indigenous inoculum
(mixed) > G. microcarpum > control.
Similarly highest P uptake by roots of P
cineraria plants was recorded in T,
treatment and lowest (1.21 mg plant”)
phosphorus uptake “in control plants
(uninoculated). In general, G. aggregatum
resulted in 2.5 fold more P uptake as
compared to control plants. Total uptake of
P was significantly (r = 0926, n =5, P <
0.01) affected by different AM fungal
isolates. It was observed that G. aggregatum
was superior in its ability to uptake P as
compared to others, The trend observed in
case of total phosphorus uptake was G.
aggregatum (6.57 mg plant’) > G

Table 2

Concentration and total uptake of phosphorus in six months
old Prosopis cineraria inoculated with different AM fungi

Treatment Phosphorus concentration Phosphorus uptake | Total uptake
(mg g-) (mg plant-") (mg plant-')
Shoot | Root Shoot ] Root

T, - Uninoculated 2.30 2.20 0.89 121 2.10
T, -Mixed inoculum (indigenous) 2.75 2.42 1.66 1.52 3.18
T, -Glomus microcarpum (Bangalore) 2.30 2.24 1.19 1.27 2.47
T,-G. aggregatum (indigenous) 3.38 2.80 3.21 3.36 6.57
T,-G. fasciculatum + G. aggregatum 2.84 2.74 2.28 2.39 4.67
LSD (P=0.05) 0.25 0.29 0.24 0.20 0.17
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Table 3

Concentration and total uptake of copper in six months old
Prosopis cineraria inoculated with different AM fungi

Treatment Phosphorus concentration | Phosphorus uptake Total uptake
(mgg)) (mg plant”) (mg plant ")
Shoot | Root Shoot | Root
T, - Uninoculated 34 53 14 30 44
T, -Mixed inoculum (indigenous) 51 68 31 43 74
T,- Glomus microcarpum (Bangalore) 45 61 23 34 57
T,-G. aggregatum (indigenous) 58 106 56 126 182
T,-G. fasciculatum + G. aggregatum 53 72 43 63 106
LSD (P=0.05) 2.3 4.6 2.3 4.6 2.3

fasciculatum + G. aggregatum (4.67 mg
plant”)>indigenous inoculum (mixed) (3.18
mg plant’)>G. microcarpum inoculum
(2.47 mg plant’)>uninoculated control
(2.10 mg plant™).

It has been observed (Table 3) that the
G. aggregatum resulted in highest copper
concentration (58 ug g in shoot and 106 pg
g' in root) as compared to control
(uninoculated) (34 ug g" in shoot and 53 ug
g’ in root). The other fungal isolates also
performed better as compared to control.
Highest (56 ug plant”) copper uptake was
recorded in T, treatment (inoculated with G.
aggregatum), which registered more than
three times increase as compared to control
(uninoculated) in shoots. Total uptake of
copper was significantly (r = 0.869,n=5,P <
0.05) affected by different AM fungal isolates
as compared to control (uninoculated). It was
observed that G. aggregatum was superior in
its ability to uptake copper as compared to
others AM fungi tested. The trend observed
in case of total copper uptake was G.
aggregatum (182 ug plant)>G. fasc;culatum
+G. aggregatum (106 ug plant’ o
indigenous inoculum (mixed) (74 ug plant 7
> G. microcarpum inoculum (57 ug plant”)
> control (44 mgplant™).

The data (Table 4) reflected that the
zinc concentration in P cineraria shoot and
root was positively affected by different AM
fungal isolates. It was observed that the
G. fasciculatum + G. aggregatum resulted
in highest zinc concentration (75 ug g ) in
case of shoot as compared to control
(uninoculated) (49 wg g') while zinc
concentration in P cineraria root was
more (45 ug g') under G. aggregatum
treatment and lowest (25 ug g') in
control. The other fungal isolates also
performed better as compared to control.
Highest (65 pg g') zinc uptake was
recorded in T, treatment (inoculated with
G. aggregatum), which registered nearly
three times increase as compared to
control (uninoculated) in shoots (Table
4). Total uptake of zinc was significantly
(r=0.919,n =5,P<0.05) correlated with
AM infected plants. It was observed that
G. aggregatum was superior in its ability
to total uptake of zinc as compared to
others. The trend of total zinc uptake
was G. aggregatum (119 pg plant™) > G.
fasciculatum + G. aggregatum (94 pg
plant”) > indigenous inoculum (mixed)
(57 ug plant™) > G. microcarpum (51 ug
plant™) > control (32 g plant™).



2010] Role of Arbuscular Mycorrhiza Strains on Biomass Production and P, Cu, Zn Uptake.............. 210
Table 4
Concentration and total uptake of zinc in six months old
Prosopis cineraria inoculated with different AM fungi”
Treatment Phosphorus concentration | Phosphorus uptake |Total uptake
(mgg) (mg plant’) (mg plant”)
Shoot | Root Shoot | Root
T,-Uninoculated 49 25 19 13 32
T, - Mixed inoculum (indigenous) 54 41 32 25 57
T,- Glomus microcarpum (Bangalore) 58 37 30 21 51
T,-G. aggregatum (indigenous) 68 45 65 54 118
T,-G. fasciculatum + G. aggregatum 75 39 60 34 94
1LSD (P=0.05) 2.3 2.3 4.0 2.3 4.6
Discussion and positively affected by inoculation of

The results of selection of efficient
strains of AM fungal species (indigenous
and non-indigenous) showed that the
indigenous strains were superior to non-
indigenous (Table 1). Amongst the four
inocula G. aggregatum (indigenous)
performed excellent with regards to all the
parameters studied, which may be due to
the variation in percentage of infection in P
cineraria. The AM fungal treated plants
performed better in increasing the P, Zn and
Cu concentration, biomass accumulation,
percentage of root colonization and spore
population than in un-inoculated plants.
The result indicated that P cineraria are
highly dependent on mycorrhiza form by G.
aggregatum (56.28%) as compared to the
other mycorrhizal fungi. Although other
AM fungi species were also exhibit
mycorrhizal dependency towards P
cineraria, which varies between 13.76 to
43.71%. The data reflected that the
copper concentration in P cineraria shoot
was significantly (r = 0.978,n =5, P <
0.01) affected by different AM fungal
isolates. The shoot and root copper
uptake of P cineraria plants (Table 3)
showed that the uptake was significantly

different AM fungi as compared to the
control.

The results clearly showed that AM
fungi help in accumulation of zinc content
in P cineraria plants. Phe uptake of zinc by
shoot of P cineraria plants was positively
influenced by different AM fungal isolates.
The efficiency of the native isolates is well
known (Srivastava, 1997; Pande, 1999). The
positive influence of AM fungi on other
forest tree species like Azadirachta indica
and Acacia tortilis (Kiran Bala et al., 1989;
Kalavathi et al., 2000); Dalbergia sissoo
(Khan et al., 2001; Rahman et al.,, 2003);
Acacia nilotica (Mingqin et al., 2000);
Prosopis juliflora (Thapar et al., 1991);
Populus deltoides (Uniyal, 2003) was also
available.

The mycorrhizal dependency depends
on the ability to infect host plant to increase
biomass production and root colonization.
These differences could Be attributed to the
mechanism of mycorrhizal infection and
development (Sanders et al., 1977) or the
physiological differences between AM
endophytes in rate of nutrient uptake,
translocation and release (Gianinazzi-
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Pearson and Gianinazzi, 1983) or
interaction between mycosymbionts and
soil environments (Mosse, 1973). Our result
suggested that Glomus aggregatum scemed
to have a higher affinity for root
colonization and greater positive response
on growth and development of P cineraria
tree.

The contribution of AM fungi to plant
nutrient uptake was mainly due to the
acquisition of nutrients by the
extrametrical mycorrhizal hyphae (George,
2000). Among the nutrients, P is often the
key element for increased growth or fitness
of mycorrhizal plants because phosphorus
was transported in hyphae in large amounts
compared to the plant Phosphorus demand.
The results obtained from the present study
(Table 2 to 4) revealed that AM fungi
inoculated plants had high nutrient (B Cu,
Zn) status as compared to non-mycorrhizal
plants. This may probably be due to the well
established fact that AM fungal infection
can markedly improve the efficiency of
nutrient absorption in plants by increasing
the surface area, mobilizing sparingly
available nutrient sources (Tarafdar and
Praveen Kumar, 1996). The results of this
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investigation indicated that the Increase in
biomass of P cineraria plants was probably
due to higher nutrient Jaiptake leading to
better nutrition of P cineraria plants
(Tarafdar and Marcher, 1994). Likewise,
accumulation of zinc and copper was also
found to be high in AM inoculated fungi as
compared to uninoculated plants. This
could be due to the capability of AM fungi to
enhance acquisition of relatively immobile
nutrient as has been observed by Kothari et
al. (1991) for zinc; Tarafdar and Praveen
Kumar (1996) for copper; Clark and Zeto
(2000) for zinc and copper. The mechanism
leading to better acquisition of zinc and
copper by the mycorrhizal roots was
thought to be similar to that P (Barea et al.,
1987). The enhanced uptake of these
nutrients as observed in the present study
could also be attributed tg alteration in root
morphology or changes in root physiology
(Macleod et al., 1986). The other reason may
be higher mobilization of these nutrients in
soil through AM exudate (Rémheld, 1987).
The results of present study demonstrated
that the mycorrhiza has the capacity to
enhance the uptake of nutrients like B Zn,
Cu and transfer it to the host plants of P
cineraria.

SUMMARY
Prosopis cineraria was grown in a green house in a low phosphorus (4 mg kg' Olsen's P)

.

soil (Typic Camborthid) under arid environment inoculated with alone or mixed AM fungi
either indigenous or from outside sources. Uptake of relatively immobile soil nutrients (P,
Zn, Cu) as affected by different AM fungi was also studied. In general, significant and
positive response of plant height, root and shoot biomass, root colonization and AM fungal
population was observed in inoculated plants as compared to control. Inoculated plants
had significantly higher P Zn and Cu concentration as well as upto three times more total
uptake. Mycorrhizal dependency to P. cineraria varied between 13.76 and 56.28%, which
was more to Glomus aggregatum. In general, G. aggregatum was found to be the most
efficient AM species for growth and nutrition of P cineraria plant.

Keywords : Arbuscular Mycorrhizal fungi,

Glomus aggregatum.

Biomass Production, Prosopis Cineraria,
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