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ABSTRACT

The study was conducted in Dept. of Botany, AchaNagrjuna University, Guntur on effect of different
bionoculants (plant growth promoting rhizobacteti|, Bacillus, Pseudomonas andRhizobium) and farm yard manure, on
soil fertility, growth and yield of black gram. ®histudy was conducted by raising the black gramtplan earthen pots
filled with filled soil amended with bioinoculansnd Farm Yard Manure, individually and also in camakion as
9 different treatments (T1 to T9) along with coh{fBb10) till the end of the crop. The treatmentwhich FYM and all the
three bioinoculants added (T9), was proved to beb#st than any other treatments (combinationsgjestuln this treated
soil maximum increase in N, P and K content of 18kg h-1, 82.50 kg h-1 and 193.05 kg h-1 respelstjiwas observed
after harvesting, which was almost double than #swecorded before the sowings. Similarly this tinest
(FYM + all the three bioinoculants, T9) was als@ywd to be effective for growth and yield of blagkam. In this
treatment maximum plant height recorded was 71d@2%vhich is nearly 50% increase over the contrahtd. Similarly,
number of nodules per plant was recorded with 8 fiotrease than that of control plants with 72.26 ant. Maximum
legheamoglobin content in the nodule recorded wa83ing/g, which is 400% increase over the conffbke organic

manure and bioinoculants plays a significant rolariproving soil fertility and plus productivity.

KEYWORDS: PGPR and Organic Manure Applications, Soil FeytiliGrowth, Nodulation and Yield of Black,

(T1to T9), (Plant Growth Promoting rhizobacteria. MBacillus, Pseudomonas andRhizobium)
INTRODUCTION

LegumeRhizobium interactions are unique because they supply 80-80&b nitrogen requirement of legumes.
It involves a complex interaction among host, midab symbiont and environment. Among nitrogen fixisystems,
legume Rhizobium symbiosis is one of the most promising and thetebad species oRhizobium complex are very
important (Sprent, 2001).

In the recent yearRhizobium complex received much attention as bio fertilize¥cause of their ability to form
nodules on root system and occasionally on stemafy leguminous plants. Nodules are the sites, evtieRhizobium
reduces (fix) molecular nitrogen §Nin to ammonia (Nk), which the host plant can utilize as a nutridrite resulting
ability of the plant to grow out with large amounaffssoil nitrogen makes this an important procegscalturally and this

probably contributed to the ecological and evohaity success of the family leguminoceae.
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In addition to nitrogen fixation, the symbiotic nde bacteria are also involved in various biochenactivities
in free living state, which can directly or inditgc promote plant growth (Tilalet al., 2005). The activities like
solubilization of insoluble phosphates, productidplant growth regulators (hormones) and siderophoproduction of

antagonistic substances etc, play an importantingéant growth.

Use of chemical fertilizers contributes largelythe deterioration of the environment through deprebf fossil
fuels, generation of carbon dioxide and contamimatif water resources. Imbalanced use of fertdizeads to loss of soil
fertility that has adversely impacted agricultysedductivity and caused soil degradation. Orgaramuanes act not only as
a source of nutrients and organic matter, but mleease size, biodiversity and activity of the molal population in soil
(Albiach et al., 2000). However, main drawback fganic manures is the slow release of nutrientsitél stages which

may cause significant reduction in crop yield.

Use of organic manures alone or in combination hafnaical fertilizers will help to improve physic-aheal
properties of the soils, Organic manures providgoad substrate for the growth of microorganisms araintain a

favourable nutritional balance and soil physicalparties.

Black gram is one of the important leguminous crejph unique characteristics of maintaining andogag soil
fertility through biological nitrogen fixation. Hosver, many agro-ecological, biological and manageénrelated
constraints are responsible for the lower proditgtiof black gram. Availability of a proper biofditer is the need of the
day to achieve high yields at low cost. The presstotly was aimed at identifying a suitable bioidanti or soil

amendment that promotes maximum growth and higldgia black gram with sustainable increase in fautility.
MATERIALSAND METHODS

Clay loamy soil in the botanic garden of the bota®partment, ANU was used for the present invetstiga

The certified seeds of black graWigna mungo) were purchased from the National seeds corpara@Gantur.

The bacterial cultures @acillus, Pseudomonas were maintained in nutrient agar aRkizobium in Yeast extract

mannitol agar slants. The cultures maintained énhiversity for research, were used in this study.

The earthen pots filled with soil in the botanigatden were used for sowings. A total of 10 treatq&vith three
replicates were designed in complete randomizeckbdi@sign for this study. In all the treatmentsegtacontrol, soil was
mixed with farm yard manure (5g/100g). The firgattment was FYM alone (T1) second beffsgudomonas (T2) only,
third Bacillus (T3) only, forthRhizobium only (T4), Fifth is combination of all bacteriaoiculants T5 (T2 + T3 + T4), Six,
Seventh and Eighth are FYM with individual bactemaculants T6 (FYM + T2), T7 (FYM + T3), T8 (FYM T4), Ninth
one is combination of all bacteria with FYM T9 (FYMT5), and T10 (Control, without any amendments).

The earthen pots were filled with 5 Kg soil in #ie treatments and small pits were made in eacfopaeeding
purpose. Into each pit 1ml of bacterial suspensiith 10° cells/ml concentration was poured. The bactertiapsnsion
was prepared in sterilized distilled water from thare cultures and the concentration of bacterills cper ml was
measured using a haemocytometer and the concentratis appropriately adjusted. After adding thetdréad suspension
to the pits, 3-6 surface sterilized black gram sesdre sown in each pot at the rate of one seeégmr pit. The potted

plants were maintained properly throughout thequedf study.
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L eghaemoglobin Content
Leghemoglobin content of the nodule was estimatedraling to the method described by&wal (1970).

In all the treatments, 5 plants at flowering stagere uprooted gently, washed thoroughly under tafemwand
nodules were collected. The nodule samples werefrbefore leg hemoglobin extraction. For the esiion, 500 to 1 gm
nodules were homogenized in 5ml of 0.1N KOH andrifeiged for 10min at 12000 g. To the 1.5ml of suag¢ant, 1ml of
water, 0.5ml of 5N KOH and 0.1 g of p&0O, were added for reduction and OD of leg hemogletras determined at 537,

557 and 577nm wavelengths after through mixing. dimeunt of leg hemoglobin was calculated usingaheula.
ug of leg haemoglobin = QB -- %2 (ODy37+ ODs79)
Morphological Studies

Morphological parameters like plant height, nolezves, no. of nodules per plant, no. of pods pamtpno. of
seeds per pod were studied from the randomly seldtiree plants from each pot in all the treatmanthree different

stages of growth i.e., 30, 60 and 90 days afteirspwAverage values of three plants were repreddntéhe results.
Soil Analysis

The soil was analysed for physico chemical propertike pH, EC, organic carbon, Nitrogen, Phosphsro
Potassium, and soil texture, before the crop seasalh the treatments, at the soil testing labomain Guntur. Similarly,

at the end of study also the soil analysis was goted to understand the effect of treatments drfeaility.
Statistical Analysis

One way analysis of variance (ANOVA) was calculated data collected using Genstat Discovery EditBn
All the parameters studied were statistically digant (at 5%) with p<0.001. No. of nodules / plavs significant as
given by F- value of 4.936. No. of pods / plant veagnificant as given by F- value of 2.237. No.sekeds/ pod was
significant as given by F- value of 0.745. No. edes / plant was significant as given by F- valiu8.175. Plant height
was significant as given by F- value of 2.251.

RESULTSAND DISCUSSIONS
Effect of Treatmentson Soil Fertility

Effect of different treatments on soil propertie$dre and after sowing &igna mungo plants shown in table (1)

Tablel
EC Organic Available Available Available
Treatments pH (ds/m) Carbon N P K
(%) (Kgha) (Kgha) (Kgha)
T1. FYM 8.30 0.15 0.61 106.07 78.61 165.20
T2: Pseudomonas 8.33 0.13 0.42 76.14 16.57 123.70
T3: Bacillus 8.28 0.11 0.43 74.12 12.08 128.80
T4: Rhizobium 8.17 0.11 0.48 77.07 12.70 120.23
T5:T2+T3+T4 8.09 0.13 0.51 86.03 18.20 129.71
T6: FYM + T2 8.18 0.15 0.72 131.15 80.60 150.30
T7: FYM + T3 8.13 0.16 0.74 136.06 80.53 180.40
T8: FYM + T4 8.05 0.16 0.71 106.80 80.80 185.70
T9: FYM + T5 8.02 0.14 0.75 137.10 82.50 193.05
T10: Control 8.51 0.17 0.37 71.17 9.81 118.02
Soil before sowing 7.20 0.35 0.29 72.17 2.07 100.50

*Each value in the table is an average dddlreplicates.
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All the parameters studied were statistically digant.
pH and EC

All the treatments reduced the pH than the contkahinimum reduction in pH from 8.5 to 8.3 was ohsa in
soil amended with FYM. Among the treatments PGPRs seith Pseudomonas reduced the pH and recorded as
8.33 followed byBacillus and Rhizobium as 8.28 and 8.17 for (T2), (T3) and (T4) respebtiv€he combination of all
bioinoculant treatments (T5) showed further deaeéagpH to 8.09. Similar pattern has observed dfteraddition of FYM
in T6, T7 and T8. The maximum decrease of pH 8.82 wbserved in T9 with FYM and treatments PGPRhigstudy

pH of the all treatments decreased from the in&i&lL in control to 8.02 in T9.

Application of FYM alone (T1), decreased the ECueafrom 0.17 ds/m in control to 0.15 ds/m. Among th
bioinoculants,Rhizobium and Bacillus (T3) and (T4) inoculated soil recorded with lowdsSE value of 0.11 ds/m.
Combination of FYM with bioinoculants showed a nmuim increase in EC value with 0.15 ds/m in T6 arid @ls/m in
T7 and T8 than bioinoculant treatments. Howeveattnents on the whole decreased the soil EC vedme ®.17 that of

control, indicating a highly negative effect.

FYM treated soils showed lower pH and EC followstsbils with only PGPR. This decrease might be tdube
production of organic acid during decompositiorF0M in soil (Das and Sing, 2013). Similarly in theesent study also
FYM + PGPR treatments showed lowest pH and EC vdiigeto secretion of organic acid during decompmsiof FYM.
Sajal Roy and Abul Kashem (2014) also reported sbdtpH gradually decreased with the increasenciibation time in

amended soils.
Organic Carbon Content

Organic carbon content of the soil in FYM treatm@rt) increased from 0.37% in control to 0.61% raftee end
of the crop. Among the treatmenkhizobium inoculant showed 0.48% of organic carbon (T4)ofleld byBacillus with
0.43% (T3) andPseudomonas with 0.42% (T2). The combination of all the incgnds (T5) showed higher organic carbon
content of 0.51%. FYM with PGPR showed still higleeganic carbon content in (T6), (T7) and (T8) witl2%, 0.74%
and 0.71% respectively. The maximum increased viseroed in (T9) with FYM + PGPR 0.75%. All the tmants

shows significant in organic carbon over the cdntro

Hatim (2013) reported that each of organic manueatinents alone or witiRhizobium seed inoculants
significantly (P<0.05) produced more soil organéection. HoweverRhizobium seed inoculation alone had no significant
(P < 0.05) increased in soil organic carbon and soN @tio. Significant improvement was noticed in amg matter
content after application of biofertilizers (Arcla@r2014). Bouajila and Sanaa, (2011) reporteddh#te various organic

amendments, compost treatment showed significant@se of organic and total nitrogen contents.
AvailableN, P, K in Sail

Soil N, P and K levels were tremendously increaaftelr sowing the crop than before sowing indicesdirect
effect of organic manure and bioinoculants. Nutrieontent of the soil showed increase in all tleatments with FYM
combination. The role of FYM was more promosingnthbe bioinoculants. The amount of soil availableMNand K
showed an increase from (71. 17 kg ha-1) to (108¢%a-1), (9.81 kgha-1) to (78.61 kg ha-1) and3(@2 kg ha-1) to

(185.20 kg ha-1) respectively in FYM alone (T1).eTlowest values available N, P and K were recolidedase of
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bioinoculants without FYM (T2), (T3) and (T4) asa#lable N (74.12 kg ha-1) and available P (12.08hkgl) with
Bacillus and available K (120.23 kg ha-1) wigizobium.

The combination of all the inoculants (T5) showedter increase in available N, P and K (86.03 kglh
(18.20 kg ha-1) and (129.71 kg ha-1) respectivélye maximum available N, P and K were observed wiiked
treatment FYM + PGPR in (T6), (T7) and (T8) as (151 80.60 and 150.30 kg ha-1), (136.06, 80.5318@40 kg ha-1)
and (106.80, 80.80, and 185.70 kg ha-1) respegtiVdle highest value of available N, P and K (18%d ha-1), (82.50
kg ha-1) and (193.05 kg ha-1) respectively was ndmmb in (T9) after harvest of black gram. Organianere with

bioinoculants was found much superior as compakertd alone or individual inoculation in improvinge availability of
N, P and K in soil.

Both biofertilizer and organic manure treatment lIsijnificant increase in the stocks of N, P and
K (Rajasekaran, 2011). Organic manure treatmerdeeabr with Rhizobium inoculation significantly increased soil
available Phosphorus (Hatim, 2013). The completammic and biofertilizer increase soil N, P and Kefen, 2003).
Significant improvement in N, P and K after apptica of biofertilizers was also reported by Archg2@14). Glending
and Powlson (1993), Jedief al., (2004) have reported that the application of manand waste household compost
concentrations (40 and 120 t/ha) resulted in sicanit increase of organic nitrogen.

EFFECT OF TREATMENTSON GROWTH AND YIELD

Effect of different treatments on growth and yigldrameters of black gram plants, recorded at 96 déter
sowing was given in the table (2).

Plant No. of No. of Haenl;cj.globin No. of No. of
Treatment Height* L eaves Nodules/ Pods/Plant* P
(cm) Jplant* Plant* Content Seeds/Pod
(mg/g)

T1:FYM 60.425 30.250 38.250 0.255 30.250 7.250
T2: Pseudomonas 47.350 22.750 23.250 0.105 20.750 6.250
T3: Bacillus 53.575 22.750 21.750 0.110 21.250 6.250
T4: Rhizobium 52.425 22.250 51.750 0.120 24.250 7.250
T5: T2+ T3+ T4 54.450 22.500 47.500 0.170 27.250 6.500
T6:FYM + T2 65.750 33.250 40.500 0.200 30.250 7.250
T7: FYM +T3 68.050 33.750 63.250 0.210 32.750 7.250
T8: FYM + T4 69.425 36.750 71.500 0.210 35.500 @.50
T9: FYM + TS5 71.025 38.250 72.250 0.305 37.750 7.750
T10:Control 42.650 19.750 21.750 0.075 21.500 6.250

*Each value is an average of three replgate
All the parameters studied were statistically digant.

Plant Height and L eaves Number

Plant height and average number of leaves wasestifddm randomly selected plants from each potllinha
treatments at three different stages of growth,680and 90 days after sowing tables (5, 6). Plamhi and number of
leaves were significantly increased with the agian of bioinoculants and organic manure thanantwl. Plant height
and number of leaves in FYM alone (T1) increasemnfrd2.650 cm to 60.425 cm and 19.750 to 30.250ertiely
(photo 1). The lowest values of plant height andnber of leaves was recorded in the each and cotidninaf the

bioinoculants without FYM of T2 (47.350 cm and 20Y, T3 (53.575 cm and 22.750), T4 (52.425 cm &éh8® and T5
(54.450 cm and 22.500) respectively.
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The maximum values of plant height and average murobleaves recorded in mixed treatments of FYNhwi
bioinoculants in T6, T7 and T8 as (65.750 cm and2®1), (68.050 cm and 33.750) and (69.425 cm and58%
respectively. The highest values of plant heighd anmber of leaves were observed in T9 (71.025 a&nad) (38.250)
respectively due to the application of organic ntarand bioinoculants. These finding are in accocdasith the results in
soybean plant by Konthoujamt al., (2013). Similar findings were also reported by &Jand Elakkiya, (2014) who
reported that liquid biofertilizers in combinationith inoculation of treatments increased plant heignd number of

leaves.
Nodulation

The average number of nodules, in FYM treatmemel@l'l) increased from (10.750) per plant at 30sday
(38.250) per plant after sowing. The bioinoculamtsh Pseudomonas (T2) and Bacillus (T3) doesn't showed any
improvement of number of nodules per plant thantrobr{23.250 and 21.750) per plant respectively rhaydue to of
unsterilized sample in the study. TRRkizobium inoculation alone in (T4) supported maximum numifenodules (51.750)
per plant had dominated the other inoculants inufe@roduction. All the three bioinoculants togethre (T5) produced
improvement in nodules number (47.500) per planemwlcompared their to individual application. The NFYvhen
combined with bioinoculants showed maximum numbenadules in (T6), (T7) and (T8) as (40.500), (&®R and
(71.500) per plant respectively. When FYM was mixéth all the three bioinoculants (T9) maximum iease in nodules
number has observed. In the present study, noduleber increased with increase in age from 30 tde8@ after sowing.

The organic manure showed positive effect on nadpteduction.

These results are in conformity with the findingé Javaid (2009), who reported that both the organic
amendments result in a marked suppression in nedweber and Biswas et al,. (2003) reported thed $soculation
increase the number of nodules per plant. Hagu<dnaah, (2012) who indicated that inoculation of pilaeeds by fertilizer
enhanced that growth and nodulation of plants th@noculated treatments and Khosro (2010) repdftatibiofertilizers

and organic manure had a significant effect on tednumber and nodule activity.
L eghaemoglobin Content

Leghaemoglobin content of the nodules from heattbglules was estimated at 70 days after sowingsapidr
increase in Leghaemoglobin content was observad the treatment than the control. All the treattseshowed positive
effect on Leghaemoglobin content of the nodulesaiment with FYM alone (T1) increase the Leghaewtuiglcontent to
a maximum of (0.255) mg/g, while in combinationF&fM with all the treatment bioinoculants (T9) pravio the best
with highest content of (0.305) mg/ghizobium, among the three bioinoculants produced maximumhaemoglobin
content of (0.120) mg/g thaBacillus and Pseudomonas which reduced a Leghaemoglobin content of (0.11@) @.105)
mg/g respectively. All there three bioinoculanterease the Leghaemoglobin content of the nodulesnwhey are
amended along with FYM for (T6), (T7) and (T8) 8s200), (0.210) and (0.210) mg/g, respectively. Fk&1 with all the
treatments (T9) produced maximum Leghaemoglobinerdrof (0.305) mg/g which in as 100 fold increaser that of a
bioinoculants combination in (T5). Tagore et aP013) found the Leghaemoglobin content in chickpsat nodules

increased with the advancement of crop agehizobium + PSB was mainly due to better root and nodulegldgwment.
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EFFECT OF ORGANIC AND BIOFERTILIZERSON YIELD

The yield (pods per plant) in all the treatments \pasitively affected with an increase over thetcdnFYM
alone (T1) or in combination with any one of theiboculants of (T6), (T7), (T8) and (T9) showed Inaxm increase in
pod number (30.250), (32.750), (35.500) and (37.7&0 plant, respectively over their individual imioculants without
FYM (T2), (T3), (T4) and (T5). Treatments (T2) wiZf.750 and (T3) with 21.250 per plant, didn’t shawch influence
on number of pods than the control, but when theyia combination with FYM produced high pod numbienally

highest number of pods per plant was observed 9 tffEatment with FYM and all the three bioinocutan

However,Pseudomonas (T2) andBacillus (T3) doesn’t show any improvement of number ofdseger pod over
the control. Rhizobium bioinoculant showed promising improvement in segeld when compared to other two
bioinoculants. Grain yield was positively affectethinly by FYM treatment (T3). All the three bioindants showed
almost similar improvement in number of seeds ped when they are combined with FYM than their indiial
bioinoculants. The FYM alone and in combinationhatioinoculants individually or all three bioinoemnlts together
produced maximum number of seeds per pod. The stigleed number recorded in (T9) due to the apicatf organic

manure and PGPR.

These results were in agreement with those of Rkmanet al., (2011) who reported that the application of
organic manures significantly increased numbereefds and pods, and Selva Kuraaal., (2011) who showed that the
utilization of biological fertilizer increased numbof pods per plant and seed yield that it co@dibe to increasing other
nutrient absorption, also biological phosphateillfeer can be used as solution for increasing phatpand micronutrient
sorption in the alkaline soil. Zodape (2001) alsparted that, the increase in yield productivitythwbiofertilizer
application is due to micro- element and plant dtowegulator contained in the fertilizer. Similagsults were also
reported by Balasubramanian, (1994) who showed thatuse of farm yard manure significantly increbggant
production. Similar Sajid, et al., (2010) also reépd that the use of organic manures increasedyritnth and yield of

plant.
CONCLUSIONS

Biofertilizers along with farm yard manure givinggher of nutrient of N, P, and K as well as therg@ase in
growth and yield of black gram compared with cohtreatment. | recommend focusing on the use ofttioéertilizers
with organic manures which increases the nitrogement and available phosphorus and potassiumneho reduce

damage from the use of chemical fertilizers thdlup®the environment.
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