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ABSTRACT

For the improvment of crop plant growth and soitifity in an ecofriendly way, bioinoculation isehbest practice.
Bioinoculation is available both in liquid and swliforms commercially for agriculture purpose bue thative
rhizobial strains provide better nitrogen fixati@s compared to commercial ones. Keeping this wemind, pot
experiments were conducted to study the effeat-ofaculation of native strains of Bradyrhizobiuappnicum and
Aspergillus niger (plant growth promoting fungi) @teld contributing characters e.g., pods per plasdgeds per
pod, dry weight of pods and seeds of soybean aulli$-335. This cultivar is commonly grown in thaliva region

of Madhya Pradesh state (India). Before evaluatibrplant yield attributes, ten isolates were sceskrior their

nitrogen fixing ability in terms of NOPP (Nodule édpancy Per Plant), shoot and root lenght, andrtdey weight.

Overall, 27 pots were run parallel for the experitheNitrogen fixing potenial results emphasizedt that of ten
isolates only three (B1, B2 and B3) isolates weyen8i promising and their nitrogen fixing potenitaias

statisitcally significant over controls. DMRT tegas used for further statistical analysis. Restdtgealed that co-
inoculation of indigenous B. japonicum and A. nigégnificantly increased the yield over the corgrot all test
parameters. This study also ascertain informatiosit thore emphasis be given to the native (indigghmicrobes
for the preparation of inoculum rather than the aosercial ones.
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INTRODUCTION

Soybean is known as a ‘miracle crop’ and the maodpcer countries of soybean are the United Sig@2%),
Brazil (28%), Argentina (21%), China (7%) and In(4&6) [1]. It is cultivated in India mainly askharif crop that
grows well in a warm climate with intermediate tealry rainfall. In India, productivity of soybeanshheen
recorded highest in Madhya Pradesh (a centralgbdnidia with Black Cotton Soil) with gross prodigt of 75.3%
with a range of temperature (27°C) for July and éstg2]. Soybean-growing districts are grouped &atiog to
Yield Index [3]. The maximum production in Malwagien of Madhya Pradesh is recorded in Indore, djjai
Ratlam, Dhar, Dewas and Mandsaur districts. Soylieagmown in almost all parts of the Ujjain distri¢®hoto
Plate-1). Soybean plant forms symbiotic association wittadyrhizobium japonicum(Rhizobialesorder), is
characterized by its ability to infect the rootslefjumes and form nodules, specialized organs nvitiich, as
bacteroids, made the biological fixation of atmasj nitrogen (M), or the reduction of nitrogen in ammonium
(NH,"), a reaction catalyzed by nitrogenase [4]. Leguplag a critical role in agriculture with fixing mbspheric
N, in symbiosis and hence make them outstanding zdpmf reduced nitrogen [5]. Various reported veoece
available which support that crop productivity d@improved by the use of different inoculationntgiques such
as biological fertilizers [6],[7],[8]. The ‘rhizo$gre’ is the area surrounded by the roots and cteized by the
continuous supply of low molecular weight compoueasided from roots. Due to this, microbial activisyvery
high in this region as compared to non-rhizosphexgion. The rhizosphere supports a large metaddbliactive
microbial population higher than in non-rhizosphel [9]. In this region a large number of Planto@th
Promoting Microorganisms are present which contalto increased plant growth by increasing nitrogptake,
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synthesis of phytohormones (auxin, cytokinin), mite solubilization and iron chelation as well asotigh the
solubilization of phosphate minerals [10-15].

The present study was done for the evaluation e§ipte role and potential of indigenoBs japonicumand plant
growth promoting fungal isolates on plant yieldénms of number of pods per plant, number of seedsand dry
weight of pods and seeds.

MATERIALS AND METHODS

Plant collection and isolation of microorganisms

Soybean cultivar JS-335 was procured from JawadHddharu Agriculture Centre, Vikram Nagar Ujjain. rRaodule
collection, Soybean plants were excavated carefibiding any injury and were brought in the lalbora Root
nodules were washed under a gentle stream of wétemg, healthy and pinkish root nodules were setédor
isolation [16]. For fungal isolation Johnson et1ld@59 [17] method was followed. The identificatiofiB. japonicum
was done using Bergey’s Manual of Determinative tBaalogy 9" edition [18], while for fungi Manual of Soil
Fungi [19] was followed. Total ten strains Bfjaponicumand two strains of\.niger were isolated, screened,
identified and used for further study for their gmtial to fix atmospheic nitrogen. Out of ten otityee isolates
namely B1, B2 and B3 along with one fungal isol#@eigen were screened for further yield potential study.

Broth culture

All isolates ofB. japonicumwere grown in the yeast extract mannitol broth fadays at 27+2°QComposition of
medium:Mannitol-10 g., KHP(;-0.5 g., MgSQ.7H,O- 0.3 g., NaCl- 0.1 g., Yeast Extract- 0.5 g.,tilexd Water
(D/W)- 1000 ml [20]. For the fungal isolate, Pot&@lextrose Broth medium was used (HiMedia Lab.).

Pot arrangement, Planting, harvesting and processm
For seed germination and pot arrangement Sharm&amawat,(2012) method was followed [21].

Determination of Yield potential attributes

At the time of maturation (95 days after sowindanps of different treatments of cultivar JS-335eveemoved and
for the authentication of inoculum, yield contrilng attributes were taken into consideration. Fenmttollowing
parameters were evaluated for the assessmentldf yie

Average number of pods per plant and dry weight opods

Total number of pods per plant were counted andagecvalue was calculated. Pods without seeds martaken
in the counting. Seeds were removed from the padsle weight of total pods was measured aftemdryiem at
72° C for 24 hours.

Average number of seeds per pod and dry weight oéeds
Seeds were removed and seeds per pod were cotioredry weight, seeds were dried in hot air ove28tC for
24 hours.

Statistical analysis
The statistical analyses were done using SPSSgtRtat Package, Version 10.0). The variables veefgiected to
ANOVA and were tested for significance while DunsaMultiple Range Test (DMRT) was followed for thata.

RESULTS AND DISCUSSION

Nitrogen fixation is one of most important biologigrocesses on earth aRthizobiuminoculation of legumes is
one of the success stories of world agriculturg.[2Zhe response of inoculum with respect to nodulen&tion
(NOPP)/ root and shoot length and their dry weighs reflected in dry matter production as weigure 1, 2, and
3 shows the effect of differefradyrhizobiumstrains on plant growth. External inoculation gased the number of
root nodules when compared to their respcetiverotmtThere is a strong positive relationship betwaumber and
dry weight of nodules and yield per plant in soybda our study, there was a significant differeaoceong isolates
over respective controls. However, response ofnoetilation treatment varied with different bactestrains.
Based on the nodulation, isolates were groupedxesllent (more than 21 nodules per plant), verydy(b6-20
nodules per plant) and good (11-15 nodules pet)p{aat mentioned here).
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Figure:1 Total nubmer of root nodules per plant coinoculation of B. japonicum and A. niger Aspnl on number of root nodules

Increase in shoot length and dry weight was sigaiftly higher in all bacterial isolates over respeccontrols in
combination withA. niger Reasons behind such type of results might beptbduction of some kind of plant
growth promoting phytohormones by the fungal isolahd synergistic effect witB. japonicum[23], [24]. IAA
production have stimulatory effect on the plantvgio and when crop is inoculated with the IAA proting
isolates, significant increase in uptake of N, PCl& and Mg has been reported [25]. Some planttrpovomoting
microorganisms may promote plant growth indiredily affecting symbiotic Bl fixation, nodulation and shoot
growth [26].
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Figure:2 Shoot and root length of soybean cultivadS335 with different treatment of Bradyrhizobial and fungal isolates

With reference to increasing international conderrfood and environmental quality, the use of RBRint Growth
Promoting) microbes for reducing chemical inputagmiculture is a potentially important issue. P@ierobes have
been used in various crops for seed emergenceneathagrowth and crop yield [22], [27]. Use of corip®
biofertilizers can increase the soil fertility togeeat extent. It has been proved that biofertiiz&re cost effective,
safe and ecofriendly alternative to chemical fizeils.
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Photoplate-1: Field of soybean
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Figure: 3 Dry weight of root nodules, shoot and robof soybean cv. 335 after 32 days of sowing

TABLE: 1 Effect of co-inoculation treatments of Bradyrhizobium japonicum (B1) and Aspergillus niger Aspnl on number of pods per
plant, number of seeds per pod and their dry weighin JS-335 cultivar of soybean

Soybean variety  Treatments  Number of pods/plant Wt of pods/plant  Number of seeds/pod  Weight of sée/pod

Control 24.5+2.6 55+1.5 2.75+1.2 0.6£0.1%
JS-335 B1 31.5+3.5 9.1621.6 3:0.6 0.68+0.1%
B1 + Aspnl 36.1£54 11.37+L.7 3.2¢1° 0.730.18°

No. of pods/plant (F3,6 = 102.153 P<0.001), Weighpods/plant (F3,6 = 90.754 P<0.001), No. of s&#pdd (F3,6 = 11.986 P<0.01), Weight
of seeds/pod (F3,6 = 8.414 P<0.05). The mean +&8Hes for three replicates not followed by commawelr-case letters are significantly
different at P< 0.05 as determined by Duncan’s igtRange Test

Effect of co-inoculation treatments on pods per plat and dry weight

As evident fromTable-1, in cultivar JS-335, B1 isolate &. japonicumproduced 31.5 pods/plant, while it was 35.5
in the presence of fungus niger Aspnl. Also, dry weight of pods per plant waseasked to be highest in co-
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inoculated pots when compared to controls. A sintiland was observed in all the three treatmenth fingal
isolate. In case of B3+Aspnl treated plants podplaat and thier weight showed highest valuesb{e-3).

Effect of co-inoculation treatments on seeds per ploand dry weight
B2 isolate along with Aspnl when co-inoculated ltesuin higher number of seeds per pod and seedvdight
(Table-2).

In countries including India with rapidly increagipopulation, soybean is viewed as a crop thatrmgsnutritive
value of the local diets and also shortages of tedade oil and other dietary suppliments. Availalilbf nitrogen is
one important factor that can directly influencamlgrowth (yield). Biofertilizers increase cropgith by several
of mechanisms, including biological nitrogen fixati(BNF), phytohormone production, increasing thailability
of soil nutrients and plant disease control [28].

Reports are available that inoculationRifizobiumincrease the accumulation of N in the roots thgrelsulting in
increased root length [29]. Indigenous rhizobiappations fix N with different efficiency depending of their
density and activity and affect the root part anduation [30], [31]. Similar results were obtaingtien a field
experiment was conducted with soybean to find tat éffect of inoculation and scheduling of irrigation
nodulation and nitrogen accumulation in plant pg4.

TABLE: 2 Effect of co-inoculation treatments of Bradyrhizobium japonicum (B1) and Aspergillus niger Aspnl on number of pods per
plant, number of seeds per pod and their dry weighin JS-335 cultivar of soybean

Soybean variety  Treatments  Number of pods/plant Wt of pods/plant  Number of seeds/pod  Weight of sée/pod

B2 29.5+4.8 8.9+1.8 3x0.5 0.6120.F
JS-335 B2 +Aspnl 32.0+3% 10.15+2" 3.5+1.3 0.75+0.19°
Control 27532 7.7:0.9 3.4+0.8 0.6420.17

No. of pods/plant (F3,6 = 102.153 P<0.001), Weighpods/plant (F3,6 = 90.754 P<0.001), No. of s#pdd (F3,6 = 11.986 P<0.01), Weight
of seeds/pod (F3,6 = 8.414 P<0.05). The mean +&Hes for three replicates not followed by commawelr-case letters are significantly
different at P< 0.05 as determined by Duncan’s higtRange Test.

TABLE: 3 Effect of co-inoculation treatments of Bradyrhizobium japonicum (B3) and Aspergillus niger Aspnl on number of pods per
plant, number of seeds per pod and their dry weighin JS-335 cultivar of soybean

Soybean variety  Treatments Number of pods/plant Wt of pods/plant  Number of seeds/pod  Weight of sée/pod

Control 27.5:30 7.7+0.3 3.420.8 0.64%0.17
JS-335 B3 34+4.0° 10.4%2.3 3.25:0.6 0.640.1"
B3 +Aspnl 38229 12.3+1.5° 3.1#1.7 0.6920.12"

No. of pods/plant (F3,6 = 102.153 P<0.001), Weighpods/plant (F3,6 = 90.754 P<0.001), No. of s#pdd (F3,6 = 11.986 P<0.01), Weight
of seeds/pod (F3,6 = 8.414 P<0.05). The mean +&8Hes for three replicates not followed by commawelr-case letters are significantly
different at P< 0.05 as determined by Duncan’s hidtRange Test.

Average number of pods per plant

A significant increase was observed when all thnelgenousB. japonicumisolates were co-inoculated with
niger (Table-1). PGP microbes have been used in various cropsefed emergence, enhanced growth, and crop
yield [22], [27],[32],[33].

Many studies have shown that inoculation with sqiaat growth-promoting microbes (PGPMSs), increagesvth

and yield in a number of plants especially leguifi3dg, [35]. Number of pods per plant was signifitgrhigher

when the bacterial isolates were applied in conmtmnawith fungal isolates compared with the baetkeisolate
alone and uninoculated control for soybean cultid@f335 in the present study. Similarly, weightpotis/plant,
number of seeds/pod, weight of seeds/pod was ttistially significant in relation to inoculaticaf B. japonicum
alone. It is reported that certain strains of shia can promote wheat growth and yield throughhaatsms that
improve single leaf net photosynthetic rate rathan biological N fixation [36].

Average number of seeds/pod

This attribute is the most important aspect bec#uisedirectly related to economy of farmers aiilthgers. The
control inoculum showed significant decrease indseper pod over co-inoculated treatments with Bilate
(Table-1). The study revealed thBt japonicumcould improve the competitive ability and symhiogiffectiveness
along with yield index in combination with fungi. &dht of seed is directly proportional to the adpasition in the
seed and high soy protein as well as other nugidtusitive effect of inoculation 8. japonicumwas accompanied
with increase in seed yield of soybean and ourltesue more or less in accordance with the finsling earlier
researchers [37], [38]. Increase in nodulation giettl of soybean b. japonicumstrains have also been reported
in other countries like Canada [39] and South Afii¢0].
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Co-inoculation with rhizobial inoculant and phosghasolubilizing micro-organisms increased seed dyief
soybean. It was reported that phosphate solubjjibacteria individually increased the yield sigrafitly in the
pulses [41]. Present study is also positively digant (p<0.05) for seed yield. This means thattanable
agricultural systems will have to intensify prodant(yield) per unit area. Although, many authoawé suggested
that the effects of co-inoculation on plants dependhe particular combinations used [42], [43] iouthe present
study co-inoculation effect d@. japonicumandA. nigerwas significantly higher over respective contréiaother
interesting observation in the study is that B3at®oout of three was specific for the test cultiv&-335, although
other two isolates were also found suitafilal{le-3) but B3 appeared to be most promising as regaelstudied
parameters.

CONCLUSION

Use of biological techniques for sustainable cropdpction is getting popularity throughout the wibdnd the
effect of biofertilizers in maintaining the soilrfidity has been studied extensively. The use oPRBlant Growth
Promoting) microbes for reducing chemical input@gmiculture is a potentially important tool. Atigjuncture of
the study, it appears that coinoculation of momntiwo growth promoting microbes can supplimentheaiher
effects. Secondly results are more promosing withaculation of native microbes which are well atdapto the
edaphic and climatic conditions of the test regiBresent study it is the cultivar JS-335 of soybaad Black
Cotton Soil that showed a better growth and yieilth woinoculation of nativ®.japonicumandA.nigerstrains.
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