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The aim of this study was to assess the comparative efficacy of three arbuscular mycorrhi-

zal fungi (AMF) combined with cultivar specific Bradyrhizobium japonicum (CSBJ) in soybean

under greenhouse conditions. Soybean seeds of four cultivars namely JS 335, JS 71-05, NRC

2 and NRC 7 were inoculated with three AM fungi (Glomus intraradices, Acaulospora tubercu-

lata and Gigaspora gigantea) and CSBJ isolates, individually or in combination, and were

grown in pots using autoclaved alluvial soil of a non-legume cultivated field of Ajmer

(Rajasthan). Assessment of the data on nodulation, plant growth and seed yield revealed

that amongst the single inoculations of three AMF, G. intraradices produced the largest in-

creases in the parameters studied followed by A. tuberculata and G. gigantea indicating that

plant acted selectively on AMF symbiosis. The dual inoculation with AMF þ CSBJ further

improved these parameters demonstrating synergism between the two microsymbionts.

Among all the dual treatments, G. intraradices þ B. japonicum brought about the largest in-

creases in the studied characteristics particularly in seed weight per plant that increased

up to 115.19%, which suggested that a strong selective synergistic relationship existed be-

tween AMF and B. japonicum. The cv. JS 335 exhibited maximum positive response towards

inoculation. The variations in efficacy of different treatments with different soybean

cultivars indicate the specificity of the inoculation response. These results provide a basis

for selection of an appropriate combination of specific AMF and Bradyrhizobium which

could further be utilized for verifying the symbiotic effectiveness and competitive ability

of microsymbionts under field conditions of Ajmer region.

ª 2008 Elsevier Masson SAS. All rights reserved.
1. Introduction by modifying the soil nitrogen budget. India is the fifth largest
Soybean (Glycine max (L.) Merrill.) is the most widely grown

legume worldwide and has a high potential as a source of pro-

tein and oil, and it also enhances soil fertility for other crops
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producer of soybeans after the United States, Brazil, China and

Argentina [25]. Soybean has made an unprecedented expan-

sion in India for the past ten years. The increase in soybean

cultivation in India is likely to improve the rural economy
reserved.

mailto:mk_meghvansi@rediffmail.com
http://www.elsevier.com/locate/ejsobi


e u r o p e a n j o u r n a l o f s o i l b i o l o g y 4 4 ( 2 0 0 8 ) 3 1 6 – 3 2 3 317
and socio-economic status of the Indian farmers. Association

of soybean with arbuscular mycorrhizal fungi (AMF) increases

the uptake of nutrients particularly phosphorus [10,50], zinc

[5] and nitrogen as well as increasing crop production [33].

The association of bradyrhizobial strains with the roots of

soybean plants also improves soil health and nitrogen fixa-

tion, thus further increasing crop production [21]. Recent in-

vestigations have brought to light instances where biological

activities are markedly enhanced in two or three-membered

associations of organisms. Synergistic effects of AMF and

Bradyrhizobium japonicum have a high potential to improve

the nutrient supply of soybean including phosphorus and

soil quality [44]. However, published studies [38,42] indicate

that a much larger genetic variability of bradyrhizobia and

AMF strains exists in different cultivar regions than was

assumed previously. Selection of the appropriate AMF is

amongst one of the critical issues for the application of AM

technology in agriculture [9].

Pioneer studies reported differences among soybean geno-

types, with regard to efficacy of symbiotic N2 fixation [7] as

well as in the response of N2 fixation to fertiliser N addition

[53]. The variation in life strategies among the AMF may be

linked to host-symbiont compatibility phenomena which

represents an important aspect of mycorrhizal soil ecology,

particularly regarding the interaction with B. japonicum and

soybean. In a study, variation was found in the nodulation

and N2 fixation response of Pigeonpea to seven different iso-

lates of AMF. While some AMF stimulated nodule growth

and function, others did not, particularly at flowering when

the demand for carbon increases [18]. In addition, the initia-

tion and functioning of the tripartite symbiosis is believed to

be very complex and despite the progress achieved in the

last two decades there are still many unknowns. There is

genetic variability in the AM colonization capacity of various

genotypes of host species (e.g., barley, [4]; grapevine, [23];

bell pepper and tomato, [28]). Wide variability also exists in

populations of mycorrhizal fungi in their hyphal growth and

thus competitive ability [8]. Also there is growing evidence of

host specific differences in plant responses to AMF and fungal

response to plants [3], though not many studies have been

carried out to determine the effect of host on the AMF species

diversity [39]. In addition, the genotype of the fungus is impor-

tant because some degree of host specificity exists in AMF [4].

In the tripartite symbiosis (AMF þ nodule bacteria þ ground-

nut as a host plant species), there was a significant genotype

effect [19], indicating a genetic variability in host capacity to

sustain effective symbiosis with AMF and nodule bacteria.

However, in the last two decades very few studies have

investigated the variability among Indian soybean cultivars

in relation to this tripartite symbiosis [14,31].

Considering these aspects, in the present investigation

three AMF and four bradyrhizobial isolates were tested indi-

vidually and or in combination under the greenhouse condi-

tions using autoclaved alluvial soil, in four different soybean

cultivars namely JS 335, NRC 2, NRC 7 and NRC 12. The main

objective of the present research work was to determine the

level of variability in soybean cultivars response toward sin-

gle/dual inoculation with different AMF and bradyrhizobial

isolates so as to screen out the most effective symbiotic

system.
2. Materials and methods

2.1. Procurement of seeds

Soybean seeds of four cultivars viz., JS 335, JS 71-05, NRC 2 and

NRC 7 were collected from Soybean Breeding Research Centre,

Jawaher Lal Nehru Krishi Vishwa Vidhyalaya, Jabalpur

(Madhya Pradesh), India. These cultivars are commonly grown

in central India.

2.2. AM fungal inoculum preparation

Individual AMF spores showing hyphal connection were iso-

lated by the wet sieving and decanting method [12] from the

air-dried rhizosphere soil samples collected from Jabalpur re-

gion of Madhya Pradesh. Characterization of individual AMF

spores was carried out after being subjected to morphogenetic

and micrometric analysis based on their colour, diameter,

shape, wall layers, surface content, hyphal colour, hyphal

width and hyphal attachment with the wall. On this basis,

three genera of AMF were categorized as Glomus, Acaulospora,

Gigaspora and the identification was done at species level (Glo-

mus intraradices, Acaulospora tuberculata and Gigaspora gigantea)

with the help of relevant literature ([27,36,48], http://invam.

caf.wvu.edu; http://www.agro.ar.szczecin.pl/wjblaszkowski).

Isolated AMF spores from rhizosphere soil were purified and

maintained in pot culture on Zea mays cv. Shakti under green-

house conditions. For inoculum preparation of the three AMF,

surface sterilized seeds of Zea mays cv. Shakti and sterilized

substrate (soil and sand 1:1 V/V) were used. The pure inocu-

lum was produced by single spore cultivation (http://invam.

caf.wvu.edu). The substrate containing spores and root pieces

served as a stock culture of AMF inoculum.

2.3. Bradyrhizobium inoculant preparation and seed
treatment

From a collection of 57 Bradyrhizobium japonicum isolates of

soybean being maintained at the Department of Botany,

Maharshi Dayanand Saraswati University, Ajmer (Rajasthan)

under INCO-DEV Research project, we chose 4 different

isolates representing 4 soybean cultivars. These isolates were

selected on the basis of non-significant difference with regard

to their symbiotic efficiency, which was determined earlier

based on results of various pot and field trials (data not shown

here). Bradyrhizobial isolates are being maintained in 20E me-

dium [47]. A mixture of phosphorus free sterilized charcoal

(pH, 6.8) and sand (3:1) was used as carrier for inoculant pro-

duction. Sterilized carrier was inoculated with exponentially

growing bradyrhizobial cultures. Carrier inoculant having

around 1010 bacterial cells g�1 was applied to surface sterilized

soybean seeds before sowing by using 10% sugar (jaggery)

solution [41] as a sticker material for proper seed pelleting.

Seeds without bacterial treatment served as controls.

2.4. Earthenware pot preparation and inoculation

Air dried and sieved autoclaved alluvial soil collected from

a non-legume cultivated field of Ajmer was used to fill in

http://invam.caf.wvu.edu
http://invam.caf.wvu.edu
http://www.agro.ar.szczecin.pl/%7Ejblaszkowski
http://invam.caf.wvu.edu
http://invam.caf.wvu.edu
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earthenware pots (8 kg pot�1). A total of 10 g of mycorrhizal

inoculum (containing 20 spores g�1) of each AMF viz., G. intra-

radices, A. tuberculata or G. gigantea was placed in each pot at

a depth of 2 cm below the seed sowing level and was covered

with soil. Thus each pot received 200 AMF spores of each AM

fungus species. There were 8 treatment combinations for

each soybean cultivar (control i.e. no AMF or CSBJ, single

treatment of CSBJ, three single treatments of AMF and three

dual treatments of AMF þ CSBJ). There were six replicates of

each treatment. Plants in pots were grown for 90 days in

a greenhouse (temperature of 27–35 �C, relative humidity

of 70–80%) under natural illumination and were watered

with distilled water as needed. A set of plants was har-

vested after 45 days to determine the frequency of root nod-

ules and later after 90 days the remaining plants with fruits

were uprooted and data pertaining to shoot height, shoot

dry matter, seed weight and shoot nitrogen (N) and phos-

phorus (P) content, and intensity of AMF colonization were

recorded.

2.5. Estimation of AMF colonization

Freshly collected roots were washed in water, cleaned with

10% KOH, acidified with 1N HCl and stained in 0.05% trypan

blue [30]. Quantification of AMF root colonization was carried

out using the slide method [13].

2.6. Chemical analysis of soil and estimation of shoot
nitrogen and phosphorus

The Ajmer soil used for filling the pots was analysed before ex-

perimentation for pH (1:4; w/v; soil suspension), EC (soil sus-

pension, 1:4, W/V), organic carbon [46], available nitrogen

[22] and phosphorus [29]. Shoot N and P were determined by

the Kjeldahl method and ammonium molybdate vandate

method respectively, as described by Jackson [22].

2.7. Statistics

The data were statistically analysed by analysis of variance

(ANOVA) and LSD test was carried out according to Misra

and Misra [26] to detect differences between treatment

means when the ANOVA indicated significant treatment

effects. In all procedures, probabilities less than 0.05 were

considered to indicate statistical significance. Accordingly,

significant increase over control has been marked in Table 1

and figures. The data on shoot N and P were also analysed

statistically to obtain the correlation matrices for the various

parameters such as shoot dry matter, seed weight and AMF

colonization using STATISTI XL 1.7 program (http//

:www.statistixl.com).
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3. Results

3.1. Soil characteristics

Selected properties of the Ajmer soil were: Light brown; allu-

vial; sandy loam; pH, 8.1; EC, 0.56 dSm�1; OC, 0.17%; available

N, 62.91 mg kg�1 and Olsen-P, 16.00 mg kg�1.

http://www.statistixl.com
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3.2. Nodular frequency

Variability in nodular frequency amongst the four soybean

cultivars grown under greenhouse conditions in alluvial soil

containing population of cultivar specific Bradyrhizobium

japonicum (CSBJ) with three AMF was verified which indicated

differences in symbiotic potential. In cv. JS 335 and cv. NRC 2,

only the treatment with G. intraradices þ CSBJ resulted in sig-

nificant increase (P < 0.05) in nodular frequency compared to

single inoculation with CSBJ, whereas, other dual treatments

i.e. A. tuberculata þ CSBJ and G. gigantea þ CSBJ could not bring

about any significant difference. In contrast, in cv. JS 71-05

significantly higher values of nodular frequency were ob-

served in all the dual treatments compared to single inocula-

tion with CSBJ while in cv. NRC 7, only G. intraradices þ CSBJ

and A. tuberculata þ CSBJ treatments significantly improved

the nodulation (Fig. 1). The maximum percent increase in

nodular frequency caused by G. intraradices þ CSBJ treatment

was recorded 48.79% in cv. JS 335, 26.49% in cv. JS 71-05,

25.25% in cv. NRC 2 and 46.58% in cv. NRC 7 compared to single

treatment of CSBJ suggesting promotory effect of AMF on

nodulation caused by CSBJ.

3.3. Shoot height and shoot dry matter

Statistical differences among treatments were also observed

for shoot growth parameters of four soybean cultivars. For ex-

ample, shoot height and dry matter of cv. JS 335 and cv. JS 71-

05 significantly increased after single and dual inoculations

with AMF þ CSBJ. In contrast, the values of these parameters

were not significantly different from control in cv. NRC 2 inoc-

ulated with three AMF singly, whereas inoculation with CSBJ

alone and, with three AMF þ CSBJ led to statistically signifi-

cant increase in shoot height and dry matter compared to con-

trol. In case of cv. NRC 7, single inoculation with G. intraradices

did not significantly improve shoot height and dry matter,

while A. tuberculata and G. gigantea were potential enough to

do so. Dual inoculation led to further improvements in shoot

height and dry matter when compared with single inocula-

tion, in cv. NRC 7. The greatest increase in shoot height
0
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Fig. 1 – Nodular frequency of four soybean cultivars

inoculated with cultivar specific Bradyrhizobium japonicum

(CSBJ) alone and combined with three AM fungi. T1 – CSBJ

alone; T2 – Glomus intraradices D CSBJ; T3 – Acaulospora

tuberculata D CSBJ; T4 – Gigaspora gigantea D CSBJ.

Columns with the same letter are not significantly different

at LSD < P 0.05. Error bars are SEM.
(132.15%) and dry matter (127.81%) compared to control was

noted after the treatment with G. intraradices þ CSBJ in cv. JS

71-05 and cv. JS 335 respectively. The response of cv. NRC 7 to-

ward this treatment, however, was the poorest yielding 46.72%

and 58.64% increase in shoot height and dry matter respec-

tively compared to control. The effect of G. intraradices þ CSBJ

in enhancing shoot height and dry matter of four soybean

cultivars was most significant (P < 0.05) amongst all treat-

ments (Table 1).

3.4. Seed yield

Seed weight per plant, in general, improved after single and

dual inoculation with AMF and CSBJ. In cv. JS 335 and cv. JS

71-05, seed weight was significantly greater than control in

all the treatments. However, no statistically significant differ-

ence was encountered between G. intraradices and G. gigan-

tea þ CSBJ treatments with regard to seed weight, in cv. JS

335 and cv. JS 71-05. Among the single treatments with three

AMF and CSBJ, the largest amount of seed weight was

recorded for G. intraradices treated JS 335 and JS 71-05 cultivars,

showing 79.22% and 66.07% increase from control respec-

tively. On the contrary, this treatment did not significantly

improve the seed weight of cv. NRC 2 and cv. NRC 7 compared

to control. Also, the values of seed weight of cv. NRC 2 were

not significantly different from control in all the used single

treatments. The symbiotic efficiency of three dual treatments

considering seed weight was in the following order in all

soybean cultivars: G. intraradices þ CSBJ > A. tuberculata þ
CSBJ > G. gigantea þ CSBJ (Table 1).

3.5. Nutrient parameters

Statistical analysis revealed that soybean cultivars receiving

single and dual treatments of AMF and CSBJ usually had sig-

nificantly higher levels of shoot N compared to the control

plants. Further, higher accumulation of shoot N was encoun-

tered in plants receiving dual treatment compared to the

single one. However, the effect of G. intraradices þ CSBJ and

A. tuberculata þ CSBJ was not significantly different from their

respective single treatments of AMF with regard to shoot N of

cv. JS 335. Contrary to this, shoot N was significantly increased

by around 9% in cv. JS 335 inoculated with G. gigantea þ CSBJ

compared to single treatments of G. gigantea. In cv. JS 71-05,

irrespective of AMF and CSBJ used, all the dual treatments

were potential enough to significantly enhance the shoot N,

when compared with their respective single AMF treatments.

In case of cv. NRC 2 effect of dual inoculation was not encour-

aging as insignificant increase/reduction in shoot N compared

to single treatment was noticed. It was noteworthy that dual

inoculation with G. intraradicesþ CSBJ significantly increased

theshootNofcv.NRC7comparedtosingle inoculationwhereas,

G. gigantea þ CSBJ and A. tuberculata þ CSBJ did not, suggesting

the certain degree of specificity of inoculum response (Fig. 2).

While comparing the effect of AMF and CSBJ on shoot P it

was observed that all the single inoculations of AMF/CSBJ

were able to significantly improve the shoot P from control.

In addition, dual inoculation was superior over single inocula-

tion in almost all cases except for G. intraradices þ CSBJ in cv.

71-05, where the value of shoot P was not significantly
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different from that of G. intraradices alone. Moreover, the en-

hancement of shoot P of cv. JS 335 and cv. JS 71-05 due to single

inoculation with A. tuberculata was not significantly different

from that of G. gigantea. Similar trend of non-significant en-

hancement in shoot P was also observed while comparing

these values for G. intraradices þ CSBJ treatment with the

G. intraradices treatment alone (Fig. 3).

3.6. AMF colonization

The average of mycorrhizal root colonization ranged from 71

to 99% in cv. JS 335, 68–100% in JS 71-05, 72–100% in cv. NRC

2 and 73–100% in cv. NRC 7. Considerable variability among

cultivars was noticed in inoculation response. For example,

dual inoculation with A. tuberculata þ CSBJ significantly en-

hanced the AMF colonization compared to single inoculation

whereas, G. intraradices þ CSBJ and G. gigantea þ CSBJ could

not significantly improve it, in cv. JS 335, indicating promotory

effect of CSBJ on specific AMF only. Similarly, in cv. JS 71-05

AMF colonization was not significantly different from single

treatment, for A. tuberculata þ CSBJ and G. gigantea þ CSBJ. In

addition, mycorrhizal colonization of cv. NRC 2 inoculated

with AMF þ CSBJ did not significantly differ from single inoc-

ulation with AMF. A similar variable pattern of inoculation re-

sponses in AMF colonization was noted in cv. NRC 7 (Fig. 4).

3.7. Correlation matrices

Pearson’s correlation analysis revealed that seed weight cor-

related significantly with shoot dry matter and P. However
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a considerable variability in correlation matrices could be

observed as per their correlation coefficients. For example,

correlation between seed weight and shoot dry matter was

positive and significant at P < 0.01 in cv. JS 335 (r ¼ 0.943), cv.

NRC 2 (r ¼ 0.905) and NRC 7 (r ¼ 0.911) while in cv. JS 71-05 it

was significant at P < 0.05 (r ¼ 0.766). On the other hand,

positive correlation between seed weight and P was highly sig-

nificant (P < 0.001) in cv. JS 335 (r ¼ 0.952), cv. NRC 2 (r ¼ 0.962)

and NRC 7 (r ¼ 0.962) while in cv. JS 71-05 it was significant at

P < 0.01 (r ¼ 0.894). Shoot dry matter and P were positively cor-

related with variable level of significance (cv. JS 335 – P < 0.001,

r ¼ 0.978; cv. NRC 2 – P < 0.001, r ¼ 0.981; cv. JS 71-05 – P < 0.01,

r ¼ 0.891; cv. NRC 7 – P < 0.01, r ¼ 0.887). Correlation between

AMF colonization and shoot P was also found statistically

significant in cv. JS 335 (P < 0.01, r ¼ 0.888). In addition, AMF

colonization correlated statistically significantly with shoot

N also (cv. JS 335 – P < 0.01, r ¼ 0.940; cv. NRC 2 – P < 0.05,

r ¼ 0.858; cv. NRC 7 – P < 0.01, r ¼ 0.815).
4. Discussion

Due to the intimacy of the relationship between the AMF and

rhizobia, the nature of AMF-Rhizobium interactions can deter-

mine the efficacy of the tripartite symbiosis in terms of

enhancing plant yield. Several reports have suggested that

the growth and yield of legumes are influenced by interactions

between AMF species and rhizobia [1,31,34,49]. According to

a report, the AMF associated with legumes are an essential

link for effective phosphorus nutrition, leading to enhanced
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nitrogen fixation that in turn promotes root and mycorrhizal

growth [11]. However, in a more recent study, inoculation of

Glomus clarum in rice under greenhouse conditions decreased

the growth or had no significant effects when compared with

controls assuming that different crop plants might have dif-

ferent mechanisms to interact with AMF [32]. The growth

and yield increase of legumes inoculated with AMF and rhizo-

bia is generally due to enhanced N and/or P uptake as sug-

gested by many researchers [2,35,49].

The existence of host preference by AMF has been investi-

gated by several researchers which provide support for the ar-

gument that different AMF produce markedly different levels

of root colonization, growth rates and nutritional responses in

some plant species compared to others [15,45]. In the present

study, G. intraradices gave the maximum increases in the

parameters studied followed by A. tuberculata and G. gigantea

suggesting that plant acted selectively on AMF symbiosis

and a more beneficial relationship could be established with

the highly compatible and effective AMF microsymbiont.

Similar to this, the responses of lentil (Lens culinaris cv.

‘Ziba’) to co-inoculation with AMF and some indigenous rhizo-

bial strains in a calcareous soil was greatly affected by the fun-

gal species where the G. intraradices was superior to G. mosseae

in increasing plant growth and nutrient uptake [52]. In a more

recent investigation, variation in the relative effectiveness

was reported for subterranean clover grown on a high P-fixing

soil in which A. laevis had the most positive effect on P uptake

by plants compared to G. invermaium and S. calospora indicat-

ing that compatible pairing between host and fungus is crucial

in improving the nutrient uptake [37].

The dual inoculation with AMF þ CSBJ further improved all

the characteristics studied in the present experiment which is

attributed to the synergistic interaction between two micro-

symbionts. This is in accordance with the previous literature

data which shows that dual inoculation of rhizobia plus AMF

significantly increases dry weight, N and P contents of the

shoot, increases root nodulation, root AMF colonization and

improves the height and diameter growth [31,49,52].

Depending upon the AMF-Rhizobium interaction, the re-

sponse of a legume host to a given set of AMF-Rhizobium sp.

partners may or may not be favorable for plant growth

depending on the interaction of the symbionts [50]. While

studying the effects of interactions between G. pallidum,
G. aggregatum and S. microcarpa and four Rhizobium phaseoli

strains on the growth and yield of three kidney bean cultivars,

it was found that the symbiotic efficiency was ‘‘dependent on

the particular combination’’ of the AMF species, Rhizobium

strain and even the host cultivar [1]. Our results demonstrated

that the dual inoculation of G. intraradices þ B. japonicum

brought about the maximum increase in root nodulation,

shoot growth, N and P concentrations in shoots, and seed yield

compared to the dual combination of A. tuberculata þ B. japoni-

cum and G. gigantean þ B. japonicum indicating that the inocula-

tion response was specific for genotypes of different symbiotic

partners. Such specific response depending on the particular

combination of the AMF species, Rhizobium strain and the

host genotype has been reported earlier [21,35] which

strengthen our findings. The plant genotype can play a signifi-

cant role in shaping plant-associated microbial communities

and determining the biological outcome of such associations

[40]. Variation for host responses has been studied by evaluat-

ing cultivars or breeding lines, inoculated with different AMF,

for variation in growth and nutrient uptake in different plants

[6,16]. The inoculation response of different cultivars was con-

siderably variable in our study and cultivar JS 335 was found to

be the most compatible host in terms of its positive response

towards inoculation compared to other three soybean culti-

vars. This study, hence, demonstrated the variable level of

synergistic interactions between AMF species and B. japoni-

cum. Similar to the present findings, variability in the four soy-

bean cultivars (TGX 1805-17F, TGX 1681-3F, TGX 1805-33F and

TGX 1740-3F) towards mycorrhization with Glomus spp. alone

and in combination with B. japonicum have been reported

[42]. Variable enhancement of mycorrhizal root colonization

in soybean cultivars after inoculation with Glomus spp. and

Gigaspora spp., as observed in the present investigation, was

also observed earlier [43]. However, according to another pub-

lished report, there was little variation in mycorrhizal root col-

onization in the soybean variety Pusa 22 after inoculation with

two Glomus spp. and one Gigaspora spp. [44] which is contrary

to our results. Nevertheless, taking into consideration overall

data of the present study, it could be unequivocally stated

that inoculation response of soybean cultivars may vary with

symbiont microorganisms and the effectiveness of the inocu-

lation depends on the degree of contribution of the symbiotic

partners. Consequently, inoculation may be highly effective
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if synergetic interaction is established among effective symbi-

onts of rhizobia and AMF.

Correlation analyses revealed the strong positive relation-

ships between shoot dry matter, seed weight and AMF coloni-

zation with shoot N and P. This supported a conclusion of

previous researchers who found significant linear correlations

between shoot dry weight and total N in shoots [17,51]. The

phosphorus absorption ability was reported to be strongly

connected with dry matter production [24], which is parallel

to our results. An effective mycorrhizal infection may affect

nodule weight, amount of leghaemoglobin and nitrogen fixing

activity [1,20]. In addition, variability in the correlation matri-

ces for different parameters taken into consideration in the

present investigation also indicates variation in the magni-

tude of interactive effects of AMF and B. japonicum with differ-

ent soybean cultivars.
5. Conclusions

This study demonstrated that by proper selection for AMF and

rhizobia which are compatible with each other and with the

host plant, the growth, yield and nutrition of the legume

crop like soybean can be significantly enhanced. Looking to

the considerable variability in cultivar response with symbi-

otic partners, the identification of cultivars highly compatible

for tripartite symbiosis (AMF-Rhizobium-legume) is a must

when recommending them to farmers, as well as determining

cultivars for use as parental genotypes in breeding programs.

Better response of cv. JS 335 towards dual inoculation with

G. intraradices and B. japonicum as reported in the present study

allow us to suggest that this cultivar should be tested in the ar-

able fields of Ajmer region along with these inoculants so that

an appropriate combination of specific AMF and Bradyrhi-

zobium could be selected and utilized for improved production

of soybean in sustainable manner.
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