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Influence of Inoculation of Different Vesicular
Arbuscular Mycorrhizal Fungi on Growth
and Nutrient of Mungbean and Wheat
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An experiment was conducted under greenhouse conditions to evaluate the effects
of different vesicular-arbuscular mycorrhizal (VAM) fungi with and without Mussoorie
rock phosphate (MRP) in P-deficient natural non-disinfected soil with mungbean (Vigna
radiata L. Wilczek) and wheat (Triticum aestivum L. emend Thell) as test crops. Root
colnnlzallon by native VAM fungi was poor in uninoculated soils which was improved
imulated lant biomass.
and e uptake were greater in the presence of MP. Highest pant hmmass, Nand
P uptake was [ ic
of MRP. In wheat better pla
the other VAM fungi. There was increase in dry matier produ:ﬂnn‘ N and P uptake by

lomus sp.

202, 1105 and 160.4% respectively.
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Vesicular-arbuscular mycorchizal (VAM) fungi
are known to play an important role in plant growth
and nutrient uptake especially the supply of P
(Kucey et al. 1989; Barea 1991; Bolan 1991). The
uptake of other nutrients such as zinc and copper
are also reported to be increased by the inoculation
with VAM fungi (Harley & Smith 1983; Faber et al
1990). The successful mycorrhizal association
depends on the presence of host, fungus and
appropriate environment.

VAM fungi have little specificity and any of them
infect virtually any potential host plant (Smith &
Gianinazzi-Pearson 1988; Gianinazzi 1991)
However, VAM endophytes differ in their
effectiveness which appears to be more dependent

“Cortosponding author. aculy @hauryicin

k- phosphate; Vigna radiata,

on the specific host-endophyte combination.
Therefore, the selection of efficient VAM fungi is
essential for inoculation of field crops. Most of the
experiments regarding the selection of efficient
VAM fungi in different crops have been conducted
in sterile soils where competition from native VAM
fungi is eliminated (Powell 1979; Weber et al.
1993). Limited information is available under
unsterile natural conditions (Smith & Gianinazzi-
Pearson 1988; Barea et al. 1988). The objectives
of the present investigation were: (a) to find a

natural
nutrient limited Soﬂ condmons for mungbean and
wheat and (b) to find out the effectiveness in
promoting growth and N and P uptake by the
different VAM endophytes in the presence or
absence of Mussoorie rock phosphate (an insoluble
P source).
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Materials and Methods
Experimental design

o study the effect ofinocuation of diferent VAM
fung such s Glomus scctatm (Thaxer sensy
T an

Rhizobium inoculation

Seeds of mungbean were inoculated with 72h old
culture of Rhizobium sp. Vigna S32 strain by puting
one m! of culture (about 10° cells) over the each seed
hole.

Gerd) (Gerdemann and Trappe) Glomus sp. 85,
Glomus sp. 88, Glomussp. 92 and Glomus 5p.97, &
green house experiment was conducted in a
completely randomized actoril design (seven main
reatments including inociated control and two rock-
phosphate levels) with free replicates each. The
tieatments means were compared at 5% level of
significance.
Soil

‘The soil used in the sudy was taken from Haryana
Agricultural University dyland farm, Hisar and it had
the following characterisiics: Clay 5.6%, silt 4.0%, sand
90.4%, organic C, 0.10%; NaHCO_-extractable P, 2.5
PpPm; total P, 0.001%; 49 ¢ mole (p+) kg-' cation
exhange capacity and pH7.6. Four kg air dried sieved
(2 mm) soil was placedin earthen pots with a hole in
the bottom to drawn outexcess water.

Greenhouse conditions

Ten seeds were sown at he depth of 2.5 cm and
after germination thinnedto 5 plants per pot. The pots
were distributed at random I a greenhouse under
natural conditions. The mean ambient temperature
during growth of munghean crop was 26.1°C. The
mean bright sunshine was 8.2h and relative humidity
Was 65%. The mean ambient temperature during
Wheat growth was 19.5°C wih a mean minimum of
10.4°C and mean maxmum of 28.5°C. The mean
Z:g:m sunshine was 67 h and relative humidity was

% d

Mussoorie rock phosphate (MRP) was obtained
from M/S Pyrites, Phosphates and Chemicals Ltd.,
Noida, India as a 100-mesh size powder. It contained
8.1% total P, 0,056 mg g water-soluble P, 0.18 mglg
0.5 M NaHCO,-soluble P, 2.3 mg/g cilic acid soluble
Panda pH (1:2 MRP:Water) 8.7. Phosphorusin MRP
is present as carbonate fluorapatite which consists of
about 67% total rock phosphate andis of sedimentary
origin.

Basal nutrients

MRP was mixed well in each pot 50 as to supply
40 and 60 kg P,0/ha in mungbean and wheat
respectively. A basal dose of nitrogen was applied to

in case of wheat, N was added through urea to supply
120 kg N/ha in the upper 5 cm. The fertlizer doses
were as per the recommendations based on earlier
field experiments for each crop.

Plant sampling
Plant sampling for assessment of nodulation and

sowing. Three pots was removed and analyzed for
nodulation and nitrogenase activities (Hardy et al.
1968). The plants with other three pots for each
{realments were harvested after 55 days to determine
the root colonization, shoot and root biomass, and N
and P uptake. Total N and P content of shoot and root

atfield capacity.

VAM inoculum and inocul

VAM endophtes G. fasciculatum (Thaxter sensu
Gerd) (Gerd and ! i

were an
by multiplying with weight of root and shoot. Simitary,

55 days of growth and analyzed in the same manner
as for the mungbean crop.

and Gerd) (Gerdemam and Trappe), were obtained
from D.J. Bagyaraj

i, Unversityof Agricutural Sciences,
Bangalore, India whit Gorus sp. 85, Glomus sp 03
and Glomus sp. 97 were: supplied by Dr, S.8. Dudeja,
Department of Microbiiogy, Haryana Agriculturg]
Universty Hisar. The iculun consisied of chopped
o0t Segments and soliom a10-waok o pet e
of diferent VAM fungi gours o pearimilet Ponniserny
glaucum (L. RBY) i  sriesandy s, Fivs grarme of
Inoculum was band ixed 3t a deph of 5 in the
pots.
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P measured

At harvest, the dry matter yield was determined
after drying the shoot and root to constant weight. The
N and P content of root and shoot were determined.

Assessment of mycorrhizal infection

The root clearing and staining method of Phillps
& Hayman (1970) was used for studying root
colonization by VAM. After removal of shoot, the fools.
were thoroughly washed under tap water to remove
the soil. Mycorthizal colonization in cortcal root tissue




was estimated by examining microscopically stained
root segments (1 cm long). Fiy reot segments per
pot were examined and the percentage of root
segments colonized were scored.

Nutrient analysis.

The microkjeldhahl method was used for N
determination (Bremner 1960) and total P was
determined by the method of Jshn (1970)

Results and Discussion

VAM root colonization

The VAM root colonization ranged from 6.0 to
88.1% (table 1) and it was poor without VAM
inoculation both in mungbean and inwheat. Inoculation
with different VAM fungiled tothe sgnificantincrease
in the degree of root colonization. Addtion of MAP
stimulated root colonization butit s non-significant.
Maxi 1

Glomus fasciculatum in mungbe an and Glomus sp.
88 inoculation in wheat (80.3%) inpresnece of MRP.
The interaction between rock phasphate levels and
VAM inoculation was found tobe mnsignificant.

Dry matter yield

The results of inoculation with VAM fungi on dry
matter production (shoot and o} by mungbean in
absence and presence of MRP are shown in table 2.
Eulh shoot and root dry matter production were

improved due to inoculation with VAM fungi over
inoeulated contral, the Increass vis Sghicant aven
within treatments. The i in total plant
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improved P uptake both in the presence or absence
of MRP. However, the P uptake was greater when the
soil was amended with MRP. Amongst the different
VAM fungi the maximum P uptake was observed on
plants inoculated with Glomus fasciculatum in
mungbean and Glomus sp. 88 in wheat and this was
statistically significant.

Tables 6 and 7 show the effects of inoculation of
different VAM fungi on N uptake. VAM inoculation also
significantly improved N uptake and maximum N

observed on inoculation with Glomus fasciculatum in
mungbean and with Giomus sp. 88 in wheal.

Nodulation and nitrogenase activity

There was o significant efect of VAM inoculation
on
activity in munghean (data not shown). Application of
MRP did not improve nodulation and nitrogenase
activi

The results of the inoculation of different VAM fungi
showed variation in their root colonization ability. The

endophytes gave an indication of a certain degree of
compatibility between host and the VAM fungus
(Gianinazzi 1991). The enhancement of mycorrhizal
by addition of MRP

Gue 1o effect on root morghology or on the physiology
of fungal symbiont. Similar increases in root
colonization by VAM fungi in presence of rock
phosphate have been observed previously (Singh &
Singh 1993, Toro et al. 1996, Singh & Kapoor 1998).

Both shoot and root biomass increased
significantly in presence of VAM fungi which may be

blomass was moré when MAP wat 2o fo e ol
n case of mungbean the effectivity of Glomus
fasciculatum in dry matter prodiudion was higher in
presence of MAP (151%) as conpared wilh that of
without MRP (125%) over theinowlated control. The
effect of two factor interactionof rock- phosphate with
VAM fungi on total dry maller vas nonsignificant.
Similarly, in the case of wheat crop (table 3) the
effectivity of Glomus sp. 88 in dry matter production
was highest in the presence of NAP (153%) than in
without MRP (116%) over the Urinoculated control.
Increased dry matter yield wih different VAM
inoculants over uninoculated contiol was significant.

Nutrient uptake
“The resuls of the inoculaton oldifferent VAM fungi
on P uptake of mungbean and wheat are depicted in

tables 4 and 5. There was more Puptake in shoot as
both crops. i

9
Theincrease
in plant growth on VAM'inoculation has been earlier
reported in various field crops (Schubert & Hayman
1890; Pearson & Jakobsen 1993; Rathore & Singh
1995)

The significant increase in P uptake by root and
shoot in presence of different VAM fungi may be
attributed due to increased physical exploration of the
soil by VAM hyphae. The enhancement of P uptake in

MRP may be due to better ulization of P from native
soil P as well as from rock phosphate (Bolan 1991,
Rathore & Singh 1995, Singh & Kapoor 1998). Utiization
of P from sparingly soluble P source such as rock
phosphate by VAM fungiimplies the abiliy of the latter
to solubiize P from MRP (Singh & Kapoor 1998). In
addtion, the presence of VAM fungi in rhizosphere
harbour soil microbial population which may include
bacteria that have the ability to solubilize P and make it
available to the plants (Fitter & Garbaye 1994).
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Table 1. be wheat
Mussoorie rock phosphate.
Tresmens Mungbean Wheat
5 CRR—TT Y Ty

CrEE) ] R
Grom 55,65 ne wa 7er 00 ess g
Gloms 5588 w:  es es R
Gloms .92 Hs a7 wo Mo o
Gloms 55,57 we ms 7 we 72 e
Gloms mossons ws w1 s e e
o v Wz mr e @ s o

wr e s o
oy
Tasiens (1) as s
ok Posprte (3 I 7

xR

N ns
Treatmant means followed by different letters are signiicantlydifferent a1 5% loval o probabily.

Tole 2. Efect o ifrent VAM fung on cry mater s of mungbesn with and wilhout Mussoore rock

phosy
Treatments ool Colonizaton (%)
Wngoean Wneat ot
AR e AR temn R A M
ninocuated 66 60 631 B3 183 108 102 1075 1058
Glomus sp.85 734 803 769 600 655 628 1205 1302 1258
Glomus 57,88 @22 w8 50 731 w3 768 119 1318 1250
Glomus sp. 92 73 w3 e &40 700 670% 1157 1321 1239
Glomus sp. 67 68 755 TN e85 712 e 1134 1479 187
Glomus mosseas 688 733 711 o585 633 G55 1215 145 1181
Glomus fasciculatum 802 881 8420 62 693 g0 1308 1623 1465
o1 eas - s72 w8 - 11790 1280 -
Treatmenis (1) 003 o 0070
FockProsphate () 0,042 o 0035
TXR 0081 " NS
ar a1 5% fovel of probabilty.

Table 3. Eifect o diferent VAM fungi on dry matler yel of wheal with and without Mussoorie rock phos-
phate.

Trearenis O rater v @ o)
S Shoo! Tol

Ry R Mean [} R Mean R R Mean
Tirosuhid R T ¥ T Y R KT
Cloms 985 06 07 072m oS0 osm osse 12 1w 1912
Comesp8 076 0ws 0sw  one 07w o7tz 1690 1855
Glomus sp. 92 0678 0786 0732 0578 0604 05910 125 1.3%0 1328
Glomus sp, 0886 0717 0702t 0514 0879 0627 1260 1305 1.328°
Gomusmoseems 0702 0816 0758 oy osx osoR 1200 tado 1360
Glomus fasciculatum :::A 0724 0.696° 0506 0638 0617 1264 1362 1313

n v ozer . . osem . tooe -

Topmas o —h o oger oer . iz e o
Treaments M oas
Tkt oo p ores

NS
rmwm.m means. wmd by diferont lstrs are sigicanly aiforont at 5% fovel o prdbabilly.
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‘Table 4. Effect of different VAM fungi onP uplake by mungbean with and without Mussoorie rock phos-
phate.

Treatments Fplae {4g por
Shoot Foot Toal

AR _wn R A Wean R R e
Urinocuated 2w ERE T o 7 e
Glomus 5p. 85 58 e e B a8 e % w7 wr
Glomus sp. 88 2 e s EC I 8 1o 0w
Glomus sp. 92 s 81w P sz oar B 1m0
Glomus sp. 97 4 s ue ® s ap 8 103 o
Glomus mosseas 52 78 @ s s w00 1 ne
Glomus fascicuatum 73 88 81 55 s e 28 s e
Nean s s - w s - s e -
Treatrents (1) 1 8 ES
FockPhosphate (F) 14 10 27

R NS 15

NS
a1 5% level of probabily.

Table 5. Effect of different VAM fungi onP upake by wheat with and without Mussoorie fock phosphate.

Troamans Fupiaka (49 pot’]
Shoot Foor o
R A _wan T R A wen
Uninocuated ERETY R w5 s
Glomus sp. 85 6 s e @ e s e s 1
Glomus sp. 88 2 1z wee & e 7 ws an 1o
Glomus sp. 92 st 7 e o 2 e oz we
Glomus sp. 97 w2 s EE s2 1m0
Glomus mosseae &1 118 soe 7 s e 108 202 15
Glomus fasciculatum 56 %0 73 % 7 se s e e
Mezn T P 9 ise
LS (P05
Troatrents (1) 1 10 2
RockProsphate () 15 12 2
x 2 1 NS
Treatment followed asn
Table . mungbean
Troatmants W uptake (g pot’)
Shoot Foot o
R A iean R R e AR
ninocuated Taez oz 6202 | 0185 0182 Cae7 0458 0ani*
Glomus sp. 85 0435 02 0549 0410 0500 o8is 162 1008
Glomus sp. 88 047 o 0s7P  04n 0512 o8 185 10a2
Glomus sp. 92 o4tz o726 0585 043 0532 0878 1260 106
Glomus sp. 87 0480 o7 Osate 0483 0564 1952 13 s
Glomus mossese 0507 0862 0598 0435 0625 1002 1310 1ass
Glomus fascicuawm 0585 0888 0727 o5 oesa oeor Lis ss2 130
Mean odsw o - oaa osie - oser _1ise -
S0 (P-0.05)
Treatmants ( o7t 0079 o008
Fock Prosphate (R 0.074 052 0075
TR N s
Treatment inicanty a1 5% level of provabily.
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Table 7. Effect o diferent VAW fusngl on N uptake by wheat with and without Mussoorie rock phosphate.
AR ---————

o Foo! ol
R A wan AR wean R A e
Trnocvatea Gaw 025 025 G205 o217 02117 0ay  0a7i oaser
Glomus 5p.65 oss 0sn 0Tt o032 0a16 039 0Bt 09 osror
Glomus sp. €8 05 05 01 053 0563 0549 1103 s Lz
Glomus sp.92 0457 052 0490 03w oass o4 o8t 1005 092
Glomus 0,57 a2 0w 0isE 0401 043 04z 089 o2 o
Glomus mosseee 0506 0.5@i 0§97¢ 0482 0552 087 0% 110 1ose
Glamus fasciustum 0463 0.5% 0500 oz 0518 04600 o0@ss 1054 0960
toan 0asr DA% 040000459 08i00_ogse -
S0 (P005)
Treawments (1) o038 0050 0104
RockPomaa (@ 0021 0039 008t
TxR NS

Taswment mean alowed sy renters are s\gmh:amly Giflrent at 5% lovel of probabilty.

Our results did not show signifcant effect of
inoculation with Rhizabium, and differerit VAM fungi
on nodule number, their dry weight ad nitrogenase
activity of mungbean. This s in conrastio other studies
where VAM inoculation has been shaun to enhance
nodulation and nitragen fixation by rhizobia (Barea et
al. 1988, Fitter & Garbaye 19%0). The significant
increase in total N uptake by boh the crops due to

Faber BA, Zasoki RJ, Buran RS & Urin K. 1990, Zine
uptake by com as affected by vesicular-arbusaular
mycorrhizae. Plant and Soil. 129: 121-130.

Fitter AH & Garbaye J. 1994. Interactions between
mycorrhizal fungi and other soil organisms. Plant
and Soil 169: 123-132.

George E, Marschner H & Jakobson 1. 1981. Role of

pplicaion coul
due to greater translocation of sci NI by VAV hyphae
(Johansen et al. 1992; George etal. 1991).

The results of the presani sy haw tht plont

tient uptake

crops improved by Inceaton i 1AM fungi and
amendment of rock phosphate, However, different
VAM fungi performed differentally with host plant,
Glomus (asmumum and Glomis Sp. 88 were found
toperforr

arbuscular
and itrogen from soil. Critical Rev. Biotech. 15: 257-
270,

Gianinazzi S. 1991. Vesicular-arbuscular (endo)
mycorrhizas : cellulas, biochemical and genatic
respects. Agric. Ecosyst. Environ. 35: 105-119.

Hardy RWF, Holstein RD, Jackson EK & Bums RC.
1968. The acetylene ethylene assay 1ar mlmgen

inthe pvesence of MRP amendment,
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