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Pot culture experiments were carried out to assess the influence of variable levels of nitrogen
and phosphorus, a consortium of arbuscular mycorrhizal fungi alone and the arbuscular mycorrhizal
fungi along with Rhizobium on green gram, keeping potassium at full recommended level. Crop with
full recommended doses of nitrogen, phosphorus and potassium, without the microbes was the
control. Glomus mosseae and Glomus microcarpum were the arbuscular mycorrhizal fungi applied as
a consortium in these experiments. Rhizobium isolated from a natural source was used as the bacterial
strain along with the arbuscular mycorrhizal fungi. Dry biomass, total leaf area, total chlorophyll,
percentage colonization, nodulation, tissue nitrogen, phosphorus and potassium, seed yield, and the
post harvest spore count were the significant parameters of growth and yield of the crop examined in
these experiments. The plants were grown in six reElicated sam&)les, in plastic pots, in a completely
randomized design. Samplings were done on the 30" and the 60" day of growth after inoculation and
the harvest data was taken on 68" day after inoculation. Overall assessment was that the application
of arbuscular mycorrhizal fungal consortium and Rhizobium to green gram can significantly enhance
its growth parameters and yield, at lesser levels than the full recommended doses of chemical
fertilizers.
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BIUIMB JIEPEBOIIOIIBHOI'O MIKOPU3HOI'O I'PUBA TA BAKTEPIT RHIZOBIUM
HA KBACOJITO 30JIOTUCTY ITPM BHECEHHI PI3BHUX JIO3AX A30TY, @OCDOPY TA KAJIIIO

ExcriepiMeHTaIbHUM IIIIXOM OLIHIOBABCSI BIUIUB Pi3HUX PiBHIB a30Ty Ta (ocdopy, KOHCOPIT
JIepeBOIOIIOHOr0 MiKOPH3HOrO rprba OKpemMo Ta pa3oM 3 Oakrtepieto Rhizobium Ha KBacoImio
30JI0THCTY, MIATPUMYIOUYH Kaliii Ha HeoOXiTHOMY piBHI. PocinHa 3 BHECEHHSM PEKOMEHIOBAaHUX 103
a3oty, pocdopy Ta Kaiiro, 6e3 MiKpoopraHi3mis, Oysia KOHTPOJIBbHO. JIisi eKcnepuMeHTy Oyiu y3sTi
Glomus mosseae ta Glomus microcarpum SK KOHCOpPLIsi IepeBONOAIOHOr0 MiKOPU3HOTO Trpuoda.
Rhizobium, BinmOKpeMJICHUI BiJ MPUPOJHOrO JpKepena, OyB BHKOPHUCTAHUE sIK OakTepialbHa paca
pa3oM 3 JiepeBonoaiOHMM Mikopu3HUM rpuboM. Cyxa GioMaca, 3arajbHa JHCTOBA IUIOINA, 3aralbHHMA
YMICT XJIOpoQily, MPOILEHT KOJOHI3alil, yTBOpeHHs Oyiab0, TKaHMHHHI a30T, (ocdop Ta Kawii,
ypoxkail HaciHHA, MiJPaxyHOK CIIOPOBOro 300py OyJM 3HAUyIIMMH MOKa3HHKAMH POCTY Ta BPOXKAIO
JOCIIDKYyBaHOT KynbTypH. PocimHa BHpomlyBaymacs y INICTBOX €K3eMIUIIpax y IDIACTHKOBUX
TOPIIUKaX 3 MOBHICTIO PaHIOMI30BaHUM IUTaHOM. Binbip 3paskiB 3niiicHioBaBcs Ha 30 Ta 60-if neHb
PO3BUTKY Micis iHOKyJIsii, a 30ip KJIITHH, SIKI BUPOCII B KyJIbTYpi, BAKOHAHUII Ha 68-i jeHb micis
iHOKyIAIi1. Byno moBeneHo, 1m0 3acTocyBaHHS KOHCOPIIi JepeBOMOAIOHOTO MIKOPH3HOTO Tpuda Ta
Oakrepii Rhizobium cyTTe€BO 30LTBIIyE TMOKAa3HUKH POCTY Ta BpPOXKail KBAcoJIi 30JI0TUCTOI Y MEHIIIN
Mipi, Hi’)K BAKOPUCTAHHS MiHEpAJIbHUX TOOPUB Y PEKOMEHIOBAHUX JI03aX.

Kniouosi crnoea: koncopyis 0epegonodionozo mikopusnozo epuba, bakmepis Rhizobium, azom,
gocgop, kaniil, Keacorsn 3010mucma.
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BO3JIEMCTBHUE JIPEBOBUIHOI'O MUKOPHU3HOI'O I'PUBA U BAKTEPUU RHIZOBIUM

HA ®ACOJIb 30JIOTUCTYIO ITPY BHECEHMH PA3JIMYHBIX 103 A30TA, DOCDOOPA U KAJIMA

ONBITHBIM IyTE€M OLEHMBAJIOCH BIIMSHUE PA3IMYHBIX ypOBHEH a30oTa u (ochopa, KOHCOPLUH
JPEBOBHIHOTO MHKOPH3HOTO Ipuba OTIENbHO W BMecTe C Oakrtepueit Rhizobium wna dacons
30JI0THCTYI0, TOJJEpXKuBas Kamui Ha HeoOXomuMoM ypoBHe. PacTenne ¢ BHeceHHEM
PEKOMEH/IOBaHHBIX /103 a30Ta, Gocdopa 1 Kaiaus, 63 MUKPOOPraHU3MOB, OBUIO KOHTPOJIBHBIM. JIist
sKcriepuMeHnTa Obutn B3STEI Glomus mosseae w Glomus microcarpum B KadecTBe KOHCOPLIMU
JIPEBOBUIHOTO MHKOPU3HOTO TI'puba. RhAizobium, OTHENEHHBIA OT €CTECTBEHHOTO WCTOYHHKA, OBLI
HCIIOJIb30BaH KaK OaKTepHalbHash paca BMECTe C JPEBOBUIHBIM MHKOPH3HBIM rpubom. Cyxas
6romMacca, oOIIast JIMCTBEHHas IUIONIAb, O0IIee coJepiKaHue XJIopoduiuia, MPOLUEHT KOJOHU3ALNH,
obpa3oBaHue KIIyOHEH, TKaHEBBIH a30T, Gpochop U Kanuii, ypoxkail ceMsH, IoJcYeT CIIopoBOro coopa
ObUTM 3HAUYMMBIMHM  IIOKa3aTesIMH  pOCTa M ypoXas HCClelyeMOH KynbTypbl. PacreHus
BBIPAIIMBAJINCH B IIECTH SK3EMIUIIPaX B IUIACTUKOBBIX FOPIIKAX ¢ HOJHOCTHIO PaHJOMH3UPOBAHHBIM
iaHoM. B3stre o6pasioB ocymecteisuiock Ha 30 u 60-i 1eHb pa3BUTHS MOCIIE HHOKYJISIIUH, a cOop
KJIETOK, BBIPOCIIHNX B KYJNBType, NIPOBeAeH Ha 68-if IeHb mocie MHOKYISIHUU. Beuio mokasaHo, 9Tto
IpUMEHEHHEe KOHCOPIHH IPEBOBHIHOTO MHKOPH3HOTO Ipuba m Oaktepuu Rhizobium cCyliecTBEHHO
YBEIMYMBACT IIOKa3aTeIH pOCTa W yposkal ¢acoiaM 30J0THCTOM B MEHBIIEH CTENEHH, dYeM
HCTIOB30BaHIE MUHEPAIBHBIX YIOOPSHUH B PEKOMEHIYEMBIX JI03aX.

Kurouesvie cnosa: KoHcopyus 0OpegoguoH020 MUKOPU3HO20 2puba, 6akmepus Rhizobium, NPK,
@aconw 3010mucmasi.

Arbuscular mycorrhiza (AM) is accepted as a synergist for pulse crops in general
(Powell and Bagyaraj, 1984). Glomus isolates are effective in increasing growth and seed
yield in pulse crops such as soybean (Carling and Brown, 1980; Vejsadova et al., 1992).
The effect of interaction between AM fungi (AMF) and Rhizobium in soybean and other
leguminous plants is also well known (Bagyaraj et al., 1979; Manjunath et al., 1984; Kumar
and Potty, 1998; Devi and Reddy, 2001). Among pulse crops, green gram (Phaseolus
aureus Roxb.) is unique with its better nutritional and medicinal properties (Sabnis and
Daniel, 1990). Increased plant growth and seed yield are recorded in green gram
consequent to inoculation with AM fungi (Rao and Rao, 1996). In green gram, Rhizobium
and AM are known to have compatible and synergistic interrelationship and a common
better antagonism to the nematode than their individual effects (Ray and Dalei, 1998).
Synergistic effect of Glomus and Rhizobium in nodulation, nitrogen fixation, growth, dry
matter production and seed yield in green gram is also known (Thakur and Panwar, 1997:
Hazarika et al., 2000).

Agricultural systems aiming at high productivity need the use of microbial synergists
and chemical fertilizers such as Nitrogen (N), Phosphorus (P) and Potassium (K); P
(Murdoch et al., 1967; Mosse, 1973; Bolan et al., 1984; Chandrashekara et al., 1995), N
(Lanowska, 1966; Hayman, 1970) and NPK (Lanowska, 1962; Alexandrova, 1968). Two
species of Glomus (G. mosseae and G. microcarpum) and Gigaspora margarita, and a
species of Scutellospora are the common synergistic fungi found associated with the roots
of this crop in its traditionally cultivated natural fields in South India (Valsalakumar et al.,
2007). Experimental applications of those individual species of AM fungi, Piriformospora
indica, an axenically culturable fungus that mimics phytopromoting properties of AMF, and
Rhizobium in green gram revealed that the impacts of certain of them on growth parameters
of the crop such as total biomass, tissue nitrogen, tissue phosphorous, total leaf area, total
chlorophyll, percentage colonization and total number of root nodules in the crop are
positively and significantly different over the different microbial combinations used (Ray
and Valsalakumar, 2009).

Use of AM and other microbial substitutes are essential in developing sustainable
farming procedures of crops in general, in order to reduce costly chemical fertilizers which
are harmful to environment as well. However, it is an established fact that microbial
associates can improve plant growth only if nutrients are available in the soil at a specific
concentration (Tsai et al., 1993). Moreover, small additions of nutrients are necessary to
improve plant growth and AMF infection in nutrient poor soil (Mosse, 1973a).
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Present experiments were to test the quantitative requirement of NPK on the
synergistic influence of AM fungal consortium rather than individual species of AMF, and
Rhizobium on green gram. The consortium of two species of AM fungi used in the present
experiment were Glomus mosseae (G. mosseae) and Glomus microcarpum (G.
microcarpum) which were effective in promoting productivity in green gram, when applied
individually (Ray and Valsalakumar, 2009) and the Rhizobium used was an experimentally
derived good isolate. There were two sets of experiments; first set included a consortium of
AM fungi alone and variable amounts of N and P, and the second set included consortium
of AM fungi along with Rhizobium and variable amounts of N and P; both sets received full
recommended dose of K.

MATERIALS AND METHODS

The variety of green gram used in the experiment was ‘Co6’ supplied by the Tamil
Nadu Agricultural University, Coimbatore, Tamil Nadu, India. The plants were grown in
plastic pots (Allen et al., 1976) of 23cm diameter in completely randomized design (CRD).
The pot mixture consisted of thoroughly mixed soil, fine sand and powdered and dried cow
dung in the ratio 3:1:1. The soil used in potting mixture was the top layers of a Each pot
was filled with 5 kg potting mixture. The pots were filled to % of their capacity. Gravelly
Clay Loam on Laterites with mechanical composition of about 40.1% coarse sand, 28.5%
fine sand, 8.8% silt and 22.6% clay; the available nitrogen, phosphorus and potassium of
the pot mixture were at amounts 21.2mg kg™, 4.48mg kg and 60.07mg kg ™' respectively,
and the pH was 6.33. According to Muhr et al., 1965, N and P at this amount in a soil are
considered low and K is medium. Therefore, addition of N and P along with the microbes
was considered in the experiment. The pots and pot mixture were sterilized by
formaldehyde treatment (Rajithkumar and Potty, 1998). Pure cultures of G. mosseae and G.
microcarpum used were obtained from the AM fungal collections of Microbiology Division
of Central Tuber Crops Research Institute (CTCRI), Thiruvananthapuram, Kerala, India.
The inoculums of the different AM fungi were multiplied in double autoclaved soil (N-
18mg/kg; P- 4.81mg/kg; K- 59mg/kg), employing a gramineaceous plant (Kabberathumma
et al., 1986), Italian millet (Setaria italica Beauv.), as host in pot culture for eight weeks.
The soil along with spores, hyphae and root segments were used for inoculating the test
plants. The spore load of soils after multiplication were; G. mosseae - 200/100g soil, and G.
microcarpum - 734/100g soil. The total spore load of the inoculum was adjusted to 400-
spores/100g soil, with approximately equal number of spores of each AM fungus. Spore
count of the soil was derived as per Smith and Skipper, 1979.

The AMF inoculum was added and mixed with the topsoil in each pot. The pots
included 19 sets with six replications each, which consisted of control, nine combinations
of AMF consortium and NPK, and nine combinations of AMF consortium plus Rhizobium
and NPK. The treatment combinations were as given in the Table 1.

The Rhizobium culture used in the experiment was an isolate from Phaseolus multiflorus,
which was evaluated for its effect on green gram and was found to be more productive among
six isolates tested. The Rhizobium inoculum was prepared in Yeast Extract-Manitol (YEM)
medium as per Dye, 1979. The Rhizobium cultures were incubated at 35°C for 48 h and used for
inoculating the seedlings. The Rhizobium inoculation was made on the next day after sowing the
seeds. 10ml of 48 h old bacterial culture (approximately 10° cells/ ml) was added to the soil
surrounding the seed using a pipette. 10 ml sterile bacterial culture medium was added to those
pots which were not given rhizobial inoculation.

Urea was used as the source of N, while Rock phosphate (Raj Phos) was used as the
source of P to supplement the nutrient poor soil. Experiments included application of both
these fertilizers at different combinations of 50 and 100% of their recommended dose (RD)
along with the AM fungal consortium and RhAizobium. Control for both the set of
experiments was crops with full recommended doses of NPK without the microbes. The
nutrient K used was muriate of potash (MOP) and the dose of which was kept constant
(100% of the RD) to all the treatment combinations. The full recommended doses of N, P
and K for green gram were; N — 20kg ha'; P205 — 30kgha™; K,0 — 30kg ha™', derived as
per methods of Kerala Agriculture University (2002).
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Table 1
Treatment combinations of AM fungal consortium, Rhizobium, N and P
Second set of Treatment

First set of Treatment combinations combinations of AM fungal
S1. No.  (AM fungal consortium alone with S1. No. consortium and Rhizobium with
variable doses of N and P) variable doses of N and P)
1 MO RO P2N2 Control: (Full RD of NPK without microbes)
2 M1 RO PONO 11 M1 R1 PONO
3 M1 RO PON1 12 MI1 R1 PON1
4 M1 RO PON2 13 MI1 R1 PON2
5 M1 RO PINO 14 MI1 R1 PINO
6 MI1 RO PIN1 15 M1 R1 PINI1
7 M1 RO PIN2 16 M1 R1 PIN2
8 M1 RO P2NO 17 M1 R1 P2NO
9 MI1 RO P2N1 18 MI1 R1 P2N1
10 M1 RO P2N2 19 M1 R1 P2N2
MO- without mycorrhiza PO- without additional P
M1 — with AM fungal consortium P1 —with 50% RD of P
NO- without additional N P2 — with 100% RD of P
N1 — with 50% RD of N RO — without Rhizobium
N2 — with 100% RD of N R1 — with Rhizobium

The pots were carefully arranged to avoid contamination between the treatments. Two
surface sterilized and pre-soaked seeds of green gram were placed in each (POt with a
distance of 15c¢m in between. The fertilizer application was done on the 3" day after
sowing. The plants were watered once in a day up to 30 days and then twice in a day until
harvest so as to avoid any chance of water stress (Borse et al., 2002). Pure freshwater (pH
6.8) from a well free of fungal spores was used for watering all the test plants throughout
the experimental period. Samplings were done on the 30™ and the 60™ day of growth after
inoculation (DAI) for studying growth parameters. Two pots from each treatment were
selected during each sampling date and the remaining pots were kept for final harvest. The
plants were uprooted, without damaging the root system. The root system was cleaned with
water and all the fine fragments of roots were recovered. Total dry biomass, total leaf area,
total chlorophyll, total number and fresh weight of nodules per plant, percentage of root
colonization (Philips and Hayman, 1970), tissue NPK and total seed yield per plant were
analyzed. For recording dry weight, the root and shoot were dried in an oven at 80°C to
constant values (Daft and Hogarth, 1983). Total leaf area was calculated using image
processing with the help of MATLAB software. Fully expanded third leaf from the tip of
the plant was taken for estimating total chlorophyll and tissue NPK (Thakur and Panwar,
1997). Chlorophyll content of the leaves was estimated as per Arnon, 1949. Sample
preparation for analyzing tissue NPK was done as per (AOAC 1978). The estimation of
nitrogen was carried out by micro-Kjeldahl method (AOAC 1978) using Kjeltec 1026
distilling unit. Tissue phosphorus (P) and potassium (K) were measured after triple acid
digestion; P was estimated by Vanado-molybdate yellow- colour method and Flame
photometric method — Instrument Model 128 Systronics - was used for the estimation of K
(Jackson 1973). The harvest data (total seed weight per plant) was taken on 68™ day after
sowing the seeds. Statistical analysis such as critical difference (CD) and correlation were
done with GENSTAT-6 software.

RESULTS

Details of various measurements of the treatments are given in Table 2. From among
the first set of treatments involving AMF consortium alone and various doses of N and P,
the highest mean total dry biomass per plant was obtained from M1ROP2N1 (15.16g). Dry
mass at this treatment level showed an increase of 41% over that of the control. When
Rhizobium was also incorporated in the treatment (second set), the highest dry biomass
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observed was in treatment of MIR1PON1 (16.3g), which was 51.6% higher than that of the
control. Among the treatments involving AMF consortium and different doses of N and P,
the highest mean leaf area (LA) was observed in MIROPON1 (1316.12 cm?). In treatments
involving dual inoculation of AMF consortium and Rhizobium with different levels of N
and P, highest mean LA was observed in MIR1P2N2 (1053.1 cm?). In all treatments the
average total chlorophyll content was significantly higher than that of the control. Among
all the treatments, the highest amount of chlorophyll was noticed in M1ROPIN1 (0.906
mg/g FW). It represented an increase by 58% over that of the control. It became clear that
AMF consortium significantly increased total chlorophyll in green gram at 50%RD of both
N and P together. The highest recorded mean total chlorophyll among treatments involving
AMF consortium, Rhizobium and fertilizer was 0.804 mg/g fresh weight (FW) in
MI1RI1P2NI1. It was 40% above than that in the control.

Table 2

Different treatments and the measures of various growth and yield parameters

Total Total Leaf tissue Total
Dry Total Chloro- N;?;fS/ r:)/s)t weight
Treatment  biomass LA/plant phyll . of seed/
/ plant (cm?) (mg/g col_om plant
&) W) o0 on e Noo BV g
) (v (8
MOROPZN2 1075 113544 0573 395 0355 131 0 524
(Control)

PONO 895 736.63 0.807 386 0345 1.38 46.3 5.06
PON1  11.96 1396.00 0.627 369 0355 1.23 682 344
PON2 14.24 1281.58 0.738 424 036 1.19 60.6 523
PINO  3.81 657.53 0.738 4.6 044 2.16 46.4 4.24
PINI1 6.5 784.32 0.906 464 0405 197 41.8 484
PIN2 10.29 1021.53 0.646 401 032 172 349  6.70
MIRO P2NO 874 755.93 0.868 422 037 128 70.8  5.96
P2N1  15.16 1195.2 0.790 40 0335 143 586 526
P2N2  12.06 1128.8 0.857 412 0385 13 65.7 5.77
CDat00s 459 2435 00783 0150 002 041 335 0.0

level
PONO 11.44 983.14 0.666 315 0325 087 8 087 722 4.57
PON1 16.3 902.21 0.634 325 032 125 147 227 497 6.16
PON2 7.73 620.01 0.632 365 036 092 45 078 639 443
PINO 9.63 674.17 0.636 421 039 174 129 1.14 822 3.72
PIN1 10.22 989.36 0.747 378 0385 151 103 148 61.8 5.92
PIN2 921 752.81 0.723 385 0405 128 51 053 552 4.29

MIRI P2NO  10.61 92234 0.743 39 0465 1695 87 074 602 599
P2N1 942 678.74 0.804 398 0385 164 166 1.63 550 6.02

P2N2 1228 1053.1 0.707 376 0345 1535 134 1.18 464 537
CDIS\;{e?'OS 4.954 344.4 01115 0122 002 008 98 0.08 2733 0.652

In the absence of Rhizobium, the highest mean percentage of root colonization was
observed in M1ROP2NO (70.8). But along with Rhizobium the highest mean colonization
(82.2) was observed in the treatment M1R1PINO. There was 16% increase in percentage
colonization in dual inoculation compared with AMF consortium alone treatment. In both
cases, highest colonization was obtained with zero addition of N. In dual inoculation the P
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requirement for maximum colonization was recorded as 50% of RD. Rhizobium inoculation
was found synergistic in AM fungal colonization. The highest number of nodules was
observed in M1R1P2N1 (166), but the highest total weight of nodules was recorded in
MI1R1PONI1 (2.27g).

Among all the treatments, the total seed weight per plant (6.7g) was highest in
MI1ROPIN2. There was 28% increase in seed weight in this treatment over that of the non
inoculated control supplemented with full RD of NPK. Thus it became clear that the AM
association, even without Rhizobium could enhance the seed yield to its maximum in green
gram at 50% reduced supply of P. When AM fungal consortium, Rhizobium and fertilizers
at different levels were given, the highest total seed weight per plant (6.16g) was recorded
in the treatment MIR1PON1. The increase in seed yield in this case was 17.6% over that of
the control. Result of the dual inoculation of AMF consortium and Rhizobium revealed that
an increase of seed yield in green gram is possible with zero addition of P and only 50% of
the RD of N. It was also noted that in the presence of AMF consortium and Rhizobium,
significantly higher seed yield is possible with 50% RD of both N and P, compared to that
in the control.

Among treatments involving AM and fertilizers, the highest percentage of tissue N
was observed in MIROPIN1 (4.64%), which was 17.5% higher than that of the control
(3.95%). The mean leaf tissue P was the highest in MIROPINO (0.44%). The P
concentration in MIROPINO represented an increase by 24% over that of control. The
highest K concentration in leaf tissues among all the treatments was noticed in M1ROPINO
(2.16%) which represented an increase by 65% over that of the control, suggesting a
positive role of AMF in K nutrition in green gram.

In treatments involving AM, Rhizobium and fertilizers, the highest amount of leaf
tissue N (4.21%) was observed in MIRIPINO, which was 6.6% higher than that in the
control. When the highest leaf tissue N in AMF consortium and fertilizer treatments was
compared with that in dual treatments of AMF and Rhizobium together with fertilizers,
there was 11% reduction in leaf tissue N in the latter than that in the former. The highest
mean tissue P was noted in M1R1P2NO (0.465%). The highest amount of P in leaf tissues
(P use efficiency of the plants) observed in this dual inoculated plants was 31% higher than
that of the control with full RD of N and P. It was evident that AMF consortium acted
synergistically with Rhizobium with respect to P nutrition in green gram. In presence of
NPK, the general behaviour of K content in the leaf tissue in dual inoculated plant
resembled that of AMF consortium alone inoculated plants mentioned earlier. The highest
mean tissue K (1.74%) was observed in MIRI1PINO which was of 33% over that in the
control plants. However, the highest amount of K noticed in leaf tissues among dual
inoculation was about 32% lesser than that in single inoculation with AMF consortium
alone and fertilizers.

Post harvest spore count of two species of AMF

Analysis of spore count in post harvest soil indicated that the two species of Glomus
behaved differentially to treatment conditions (Fig. 1). It was observed that there was a
general tendency for G. microcarpum to reduce sporulation in presence of the Rhizobium.
There was no correlation (r = 0.048) between the spore count in G. mossae and G.
microcarpum. The percentage root colonization and spore count were also not correlated.
The average spore count of Glomus mosseae and Glomus microcarpum was 1110 and 957
per 100g soil respectively in the treatments involving AM fungal consortium, while it was
reduced to 766 and 447 per 100g soil respectively in treatment involving AMF consortium
and Rhizobium.

DISCUSSION

In production-intensive, integrated and sustainable farming procedures, analyses of
microbial influence in presence of chemical fertilizers are important. Present experiments
enabled a detailed examination of the combined effect of two species of Glomus together
with Rhizobium to assess the optimum N and P fertilizer requirement under individual or
dual treatments of AM and Rhizobium on an important pulse crop, green gram. These kinds
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of studies provide the base for field trials towards development of eco-friendly and
sustainable increase in productivity of pulse crops in general.

It became evident from results of the present experiments that application of AMF
species such as Glomus enables a significant increase in total biomass of the crop over that
of the control at 50% reduced levels of N along with P and K at 100% of the RD. Even in
the absence of N and P fertilizer AMF consortium along with K at the recommended full
dose could ensure an average biomass of green gram comparable to that of the control. This
is in agreement with the reports of Chandrashekara et al., 1995 that there is improvement of
biomass in plants under AM along with different doses of fertilizers. When Rhizobium also
was added along with AMF consortium, a significant increase in dry weight was noticed in
the crop at zero addition of P fertilizer and N fertilizer at 50%RD. These observations agree
with the findings of Mosse, 1973 that AM along with Rhizobium produced extra advantage
on growth parameters when fertilizers are available at a certain critical level. The critical
dose observed in the present experiments were N at 50% of RD and K at full RD. The
conclusion was that application of the AMF consortium and Rhizobium to green gram can
enhance the growth and biomass of the crop over that of cultivation using synthetic
chemical fertilizers alone and that too at a lesser cost of production (less amount of N and
no P fertilizer). Lesser use of chemical fertilizers with AMF consortium-Rhizobium
mixture can reduce environmental damage which is prevalent in chemical intensive green
revolution agriculture.

Results of the experiments of AMF consortium and different doses of N and P,
keeping K at constant level, were compared with that of the control. It was revealed that
keeping K at full RD, no additional P is required, if the two species of Glomus were applied
to the crop for a significant increase in total leaf area of the crop over that of the control,
provided N is given at 50% RD. Moreover, it was observed that in presence of these
microbes and if K is maintained at the full of RD, further increase in the amount of N (to
100% RD) or P (to 50% or 100% RD) has no significant positive influence on average total
leaf area of the plant over that of the control. It was also evident that a significant reduction
in the average total leaf area of the crop happened when AM alone were applied without N
and P, even though K was at full RD. Therefore, Dixon’s, 1990 view of higher hormonal
activity in AM fungal associated plants may be further examined, in connection with the
role of extra nitrogen supply as a factor contributing to the enhancement of the leaf area in
green gram. Compared to the control there was no significant difference in the average total
leaf area of the crop in treatments involving Rhizobium and AMF consortium if extra
addition of P and N fertilizers were not made. However, a significant reduction in the total
leaf area was noticed when certain levels of P or N were added to the dual treated plants
whereas at certain other combinations of P and N there was no significant change in leaf
area from that of the control. Thakur and Panwar, 1997 reported increase in leaf area in
green gram treated with AM-Rhizobium combination. But the present observation showed
the need of additional P and N along with dual inoculation for a significant increase in leaf
area. Therefore, it may be concluded that the relationship of P, N, AMF consortium and
Rhizobium in enhancing the leaf area of the crop is a specific and complex process.
Application of organic fertilizer may be more suitable in such situations (Alloush et al.,
2000). Kabeerathumma et al., 1986 reported the advantage of using farm yard manure
along with mycorrhiza as a source of nutrients to enhance yield in sweet potato.

The average total chlorophyll content in AMF consortium inoculated plants without N
and P was significantly higher than that in the control. Similar significant increase was also
observed when AMF consortium together with certain combinations of P and N were used.
But at the same time certain other combinations of AMF consortium and N and P could not
yield a significant change in total chlorophyll from that of the control. Therefore, it may be
concluded that the relationship of P, N and AMF consortium in enhancing the total
chlorophyll in leaf tissues of the crop is a complex process involving certain critical
nutritional or environmental requirements. No significant difference in total chlorophyll
from that of the control in all dual treatments of Rhizobium and the AMF consortium
together with N alone. However, there was a significant enhancement in total chlorophyll
from that of the control when Rhizobium and the AMF consortium together with P alone
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were applied at the full recommended dose. Thus it became evident that in presence of both
AMF consortium and Rhizobium, P and N at 50% RD or P at 100% RD has a positive
influence on the total chlorophyll of the plant.

Influence of AM in enhancing the growth and yield of a crop depends on the percent
colonization of AM fungi on roots of the crop (Zhu et al., 2003). Hence, a comparison of
percentage colonization of the fungi on roots of the crop in presence of different doses of P
and N in the absence and presence of Rhizobium was also important to be analyzed. Present
experiments showed that N either in half or full dose with out P has significant positive
influence on percent colonization of AMF consortium on roots in green gram. This
observation agrees with that of Mosse, 1973 that neither mycorrhizal nor non mycorrhizal
plants responded to phosphate unless a minimum amount of N was given. In the present
experiments P had a positive effect only when applied at its full dose in the absence or
presence of N. A significant negative effect on percentage root colonization of AM was
observed when N was combined with half dose of P. Bolan et al., 1984 observed that P has
a positive influence on AM colonization of plant roots at low doses whereas at higher
doses P addition is not beneficial. However, higher doses (full RD) of P showed
enhancement in percentage root colonization in green gram, but the utility of which in
productivity depends on the overall impact of this aspect on growth parameters and final
yield. Since soil used in the experiment was nutrient poor (Muhr et al. 1965) and the AMF
consortium showed a positive reaction to external supply of N, nitrogen requirement may
be considered critical. Overall, it appeared that there is an optimum interrelationship in the
amount of N and P required for efficient association of AMF with the roots of a crop.

Percentage root colonization of AMF consortium in green gram in presence of
Rhizobium was found significantly positive at the 50% RD of P without N application. At
50% RD of P with any dose of N, and either absence or application of P at full RD always
caused a significant negative influence on root colonization in green gram. Therefore, the
influence of Rhizobium on percentage colonization of AMF consortium in green gram in
presence of N and P is a delicate and complex process to be further analyzed. Vanlauwe et
al., 2000 observed a positive relationship between P availability and root colonization of
AM in Mucuna and Lablab. It is an established fact that the hyphae of AM fungi may
extend beyond the plant rhizosphere and take up N and transport it into the rooting zone
(Ames et al., 1983). The present findings showed that in presence of Rhizobium, the N
application at higher doses has a negative influence on percentage colonization of AMF
consortium in roots of green gram. Overall finding was that for successful colonization of
AM on crops, fertilizer doses significantly lower than that of the full RD are beneficial and
the full RD is wasteful.

The total number of nodules and total weight of nodules per plant are very good
indicators of effective Rhizobium symbiosis (Hazarika et al., 2000). There was significant
increase in the number and total weight of nodules per plant when P or N alone or both
were given at 50% RD. At full doses of P, both the 50% and 100% RD of N were
significantly effective in increasing nodulation characteristics. However, when N was given
at its full dose, there was a significant reduction in nodulation with no addition of P or 50%
RD of P. These findings pointed out the fact that when AMF consortium and Rhizobium are
applied together, only small doses of N and P are needed for significant improvement of
root nodulation characteristics in green gram.

Tissue level of N, P and K is a very significant parameter to assess the rate at which
nutrient assimilation takes place. A significant increase in tissue nitrogen was noticed when
either N at full dose or P at 50 or 100% or both P and N in equal proportions were given to
the crop along with AM. Another important observation was that the application of AMF
consortium without N and P caused no significant change in tissue nitrogen content from
that of the control. However, when Rhizobium also was given along with the AMF
consortium, a significant increase in tissue N was observed in treatments involving 50%
RD of P without N. In the absence of P, N supply at all levels caused a significant reduction
in tissue N from that of the control. These observations gave the idea that when AMF
consortium and Rhizobium are applied together P nutrition is critical to leaf tissue N content
of the crop.
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In the case of P in leaf tissues, application of either P alone or N and P at equal
proportions could yield a tissue P level significantly higher from that of the control.
Another finding was that when P and N were given at non-proportionate doses, the tissue P
significantly got reduced from that of the control in green gram. As in the case of tissue N,
the application of AMF consortium without N and P did not cause a significant change in
tissue P content from that of the control. When Rhizobium also was added to these
treatments, a significant increase in tissue P was noticed only when P was externally
applied in the soil, irrespective of its doses. All treatments without P showed a significant
reduction in tissue P from that of the control. Therefore, it appeared that to enhance the
tissue P in tripartite applications of AMF consortium, Rhizobium and green gram, 50% RD
of P is essential.

In all the treatments and the control K was kept constant (at 100% of RD). However,
it was noted that addition of P irrespective of its dose was essential for a significant
enhancement of K from that of the control in the leaf tissues if AM alone or AM together
with Rhizobium was applied to the crop. Similarly, when treatments involving AM alone or
AM and Rhizobium without P was applied, there was a significant reduction from that of
the control in tissue K except when N was applied at 50% RD. In this treatment, the tissue
K content was not significantly different from that of the control. These findings suggested
the need of an external source of P for significant enhancement of K in leaf tissues in green
gram when the crop is cultivated with the support of AMF consortium and Rhizobium.
Bethlenfalvay et al., 1989 also observed a similar mycorrhizal interaction with P in tissue K
concentration.

In general, the present examinations of NPK in leaf tissue in relation to AM and
Rhizobium agree with the observations of Ames et al., 1983, and Krishna and Bagyaraj,
1984 that the interaction between N, P, AM and Rhizobium is significant in N and P
nutrition in legumes.

Ultimately, yield is the best parameter to represent the utility of microbial or chemical
fertilizer applications in all crops. Total weight of seeds per plant is the most important
characteristic of yield in legume crops (Hazarika et al., 2000). In the treatments of AMF
consortium without N and P additions and most of the treatments with N and P additions,
yield characteristic was not significantly different from that of the control. However, in the
treatment of AMF consortium along with 50% RD of P and 100% RD of N there was a
significant increase in the seed yield from that of the control. A significant reduction was
noticed in cases where AMF consortium was applied together with 50 % RD of N and 0% P
or 50% RD of P and 0% N. When Rhizobium also was added to the AMF consortium, there
was significant increase in the total seed weight per plant, from that of the control in certain
treatments.

Therefore, it may be noted that application of G. mosseae and G. microcarpum in a
consortium and Rhizobium to green gram could significantly enhance its yield at reduced
levels (50%) of chemical fertilizers when compared to the purely chemicalized agriculture
methods. The present observations of enhancement of yield in green gram in presence of
these AMF consortium involving two species of Glomus agrees with the observations
Chandrashekara et al., 1995 that inoculation of AM can reduce P application for
enhancement of yield in crops.

The spore count in the soil after harvest also explains the successful interaction of the
crop with AM fungal associations. Sporulation in AM fungi may be influenced by various
factors such as soil organisms (Ross, 1980), N fertilization (Land et al., 1993) and the
physiological state of the host (Smith et al., 1994). In the present study the rhizobial
interaction resulted in reduced sporulation in both AM fungi but the sporulation in the two
AM fungi (G. mosseae and G. microcarpum) showed no correlation with each other. The
proportion of Glomus mosseae spores was higher than that of Glomus microcarpum,
indicating competitiveness of the former over the latter. Talukdar and Germida, 1994 made
a similar observation between two species of Glomus on lentil and wheat. As sporulation
demands more resources from the host (Daft and Hogarth, 1983) and AM fungi in the
consortium sporulate independently, increasing the number of AM fungal component in the
consortium may lead to increased stress on the host, especially during sporulation of the
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AM fungal partner. However, in annuals like green gram the expenditure of resources on
fungal sporulation may occur during senescence so that it would not affect the harvestable
yield (Smith et al., 1994).

CONCLUSION

Overall analysis revealed that the AMF consortium and Rhizobium treatments could
ensure an average biomass comparable to that of the control even without the application of
N and P if K was given at the full recommended dose. It became also evident that AMF
consortium together with Rhizobium can enhance the growth and biomass of the crop
significantly higher than that of the control if small amount of N and full recommended
dose of K are given. In other growth parameters such as leaf area, leaf chlorophyll, tissue
NPK and yield of the crop the AM or AM and Rhizobium along with certain amount of
NPK additions was found positive and useful to green gram. It was quite evident that
application of AMF consortium and Rhizobium to green gram can significantly enhance its
yield at reduced levels of chemical fertilizers when compared to the purely chemicalized
agriculture methods.

The present pot culture experiments therefore strongly put forward the hypothesis that
AM-Rhizobium combination can significantly reduce use of chemical fertilizers in pulse
crops, which may be further investigated using intensive field trials. Reduced use of
chemical fertilizers along with suitable AMF consortium-Rhizobium mixture can definitely
ensure reduced cost of production and sustainable growth in productivity of pulse crops
without further environmental damage. Since increased cost of production and environment
damage are inevitable in chemical intensive green revolution agriculture, increase in
productivity using AM and Rhizobium ensures a lesser cost of production and lesser
environment damage, which is visualized in a production intensive sustainable farming
process.
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