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Abstract: The experiment was conducted to evaluate growth promotion of transplanted rice by fungal and bacterial
bioagents effective against bacterial leaf blight of rice, under glasshouse conditions. Bioagent formulations (PBA -1,
PBA -2, FLP 88, Pf 83, Isolate 40 and T. harzianum) were applied as seed treatment, seedling root dip and foliar
spray and compared with chemical treatment and untreated check. All bioagent formulations were significantly
effective in increasing number of tillers per hill, root length, total phenolic content in rice leaves, fresh and dry root
weight, fresh and dry shoot weight, flag leaf area, grain yield and 1000 grain weight over check. Present study
revealed that potential fungal and bacterial bioagents effective against bacterial leaf blight disease of rice, exhibited
plant growth promoting activities and resulted 22.38 to 32.08 % increase in grain yield over untreated check, even if
there is no disease.

Keywords: Foliar application, Growth promotion, Pseudomonas spp., Rice, Seedling root dip, Trichoderma
harzianum

INTRODUCTION 2013c). In the present study, experiment was

F | and b il bi d tociad conducted to evaluate plant growth promoting
ungal and bacterial bioagents are reported toc®dU ,jyities of potential fungal and bacterial bioatge

the growth of various crop plants (Singh and Sinha'(effective against bacterial leaf blight of ricen o

2008.; Singret al,_2012). These responses may be duetransplanted rice under glasshouse conditions.
to: (i) Suppression of deleterious root micro-flora

including those not causing obvious disease, (ii)MATERIALS AND METHODS

Production of growth stimulating factors (hormormes .
. Two Pseudomonaspp. isolates (Pf 83 and FLP 88),
growth factors) and /or (iii) Increased nutrientake two Trichoderma spp. isolates (isolate 40 and

takes through solubilization and sequestration OfTrichoderma harzianum and two commercial

nutrients and/or enhanced root growth. Enhanced roo . . :
development is also helpful in tolerating the kiatind formulationsviz. PBA-1 (T. harzianumPBAT-43) and

abiotic stresses by the plants. Spore/cell susperas PBA-2 (P. fluorescensPBAP-27) were tested for

well as dry powder has been used to coat the See(%rowth promoting activity on transplanted rice. $ae

with potential antagonists (Chaet al, 1986; loagents were effective agairsanthomonas oryzae

' v. oryzaecausing bacterial leaf blight in rice, under
Mukhopadhyayet al, 1992). For commercial purpose, P .
dry powders of antagonists are used @ 3 to 8 g powd laboratory (Gangwar and Sinha, 2010a,b), glasshouse

per kg seed based on seed size and formulations ngangwar and Sinha, 2012a,b) and field conditions
antagonists (Mukhopadhyawgt al, 1992; Mukherjee >angwar, 2012, Gangwar, 2013?’b)' These
and Mukhopadhyay, 1995). A large number of Seedyblloagents were also effective in promoting growth o

seedling, root, stem, foliar and panicle diseasageh rice _§eedl|ng under laboratory and glasshouse
been suppressed by seed treatment with antagonistégng'rti'r?]git(Gﬁggwigrriz:dl?’%)mlna:he Ig;esi%r:s;,um(;}
Mukhopadhyay (1996) reported increased growth OlcDep artment of Plant Pathology to gevaluate lant
several crop plants following seed treatment wilith P 9y P

harzianumand T. virens Antagonists also stimulate g_rovvth promoting  activities of these fung_a! and
. . . . bioagents on transplanted rice plant and on grigila.y
plant growth, even if there is no disease, whicuits . .
; . . . . The experiment was conducted, India.
in better yield (Mishra and Sinha, 2000). Different M ltiolicati PR | d bacterial
fungal and bacterial bioagents were found effecitive 'ass multiplication of fungal and a(_: ena
. . . bioagents and preparation of formulations: Two
promoting growth of rice seedling under laboratory . : .
and in nursery raised under glasshouse (Gan Warcommermal formulation off. harzianum(PBA-1) and
y 9 gwaly fluorescens(PBA-2) obtained from Bio-control
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Laboratory, Department of Plant Pathology and fourgays after transplanting (DAT) for recording data o
formulations ofP. fluorescengPf 83, rice leaf isolate),  humper tillers per hill, total phenolic contentl@aves,
fluorescent pseudomonad (FLP 88, rice leaf isaldte) oot and shoot length, fresh root and shoot weidtt,
harzianum(rice leaf isolate)Trichodermaspp. (isolate  root and shoot weight. Other three replicationsaxh

40, isolated from rice field soil) were used in the yreatment were maintained for further observations.
present studyTrichodermaspp. was mass multiplied After 40 DAT, bioagent formulations and chemical
on barnyard millet:Echinocloa frumentacaglocal treatment (0.03 g streptocycline + 1 g copper
name: Jhangora) grains. Jhangora grains coloniged boyychloride /liter water) were applied as foliaray
Trichodermawere air dried in open shade and ground (Fs) and sterilized water used for untreated check.
with the help of Willy Mill to get fine powder. Thi  After panicle emergence flag leaf area was recorded
powder was passed through 50 and 80 mesh sievefter harvesting, grain yield and 1000 grain weight
simultaneously to obtain spore powder. Fluoresceniyere recorded.

pseudomonads were multiplied on King’s B broth. The \jeasurement of total phenolic content in rice
isolates were used to inoculate the flask contgid®0 |eaves: Different bioagents were evaluated for their
ml KB broth and incubated on incubator shaker & 15 gpjlity to induce accumulation of total phenolicsrice

rpm for 48 h at 25+3C. Bacterial suspension was then |eaves. Phenols were estimated by the procedure
mixed directly with sterilized talc powder (@ 1MW),  described by Sadasivam and Manickam (1997).

air dried and mixed well under sterile conditiofitie Reagents: (1) Methanol, 80% (2) Folin-Ciocalteau
formulations of fungal and bacterial bioagents Werereagent — commercially available reagent was dilute
prepared by diluting bacterial cell powder or sporeith distilled water in 1:1 ratio and used. (3) Sod
powder with talcum powder (mesh = 350 with 95% carponate, 20% — prepared by dissolving 20 g sodium
whiteness) and 1% carboxyl methyl cellulose (CMC) carpbonate in 100 ml distilled water.

to get desired concentration {1€fu/g) of bioagents in  Extraction of phenols: 1 g leaf tissue was grinded in 5
the formulation. _ ml 80% methanol. The extract was agitated at 76¢C f
Seed treatment with bioagent formulations and 15 minutes. Now this methanolic extract was used fo
chemical for raising nursery: The experiment was gstimation of total phenols.

carried out using susceptible rice cultivar Jaya.procedure: To the 1 ml sample (methanolic extract of
Nursery was raised in separate pots in the glasghou rice |eaves) 5 ml distilled water was added to nilee
Bioagent formulations (£0cfu/g) were applied as seed final volume 6 ml. To this 25@I Folin's reagent was
treatment (ST) at the rate of 10 g/kg seed. Foraqded and the mixture was incubated for 3 minatro
chemical treatment seeds were treated with Emisafemperature. After incubation, 1 ml 20% sodium
and streptocycline (0.76 g Emisan + 0.18 gcarbonate and 1 ml distilled water were added hed t
Streptocycline /Kg seeds). Treated seeds were doakesp|ution was incubated for 1 hr at room temperature
in tap water for 12 h. For untreated check, seeel®w Apsorbance was recorded at 725 nm. The amount of
soaked in sterilized water. Plastic pots weredil@by  total phenols was estimated from the standard curve
height with natural field soil and fertilized witiPK for tannic acid and expressed @ phenol ¢ fresh

(@ 120:60:40 kg/ha). Pots were arranged injgaf weight.

Randomized Block Design and irrigated for puddling. statistical analysis: Statistical analysis of the data
After puddling, 1000 rice seeds treated with bigege optained from experiment was done using appropriate
formulations, chemical and sterilized water was 180W programme as per the requirement of the experiment.
in separate pots to raise nursery. The critical difference (CD) was calculated at 59¢ell

Application  of bioagent formulations and  of significance for comparison of difference betwee
transplantation of rice seedlings: The experiment the means of different treatments.

was conducted under glasshouse conditions. Plastic
pots were filled % by height with natural field sahd ~ RESULTS

fertilized with NPK (@ 120:60:40 kg/ha). Pots were Effect of bioagent formulations (applied as ST +

irmigated for puddling. After puddiing, 21 days old SD) on number of tillers per hill, total phenolic
seedlings were transplanted in each pot and twag §

seedling / pot were maintained. Bioagent formutatio content in leaves, root and shoot length of rice aht
and chemical treatment (0.76 g Emisan + 0.18 g40 DAT: All bioagent formulations and chemical

streptocycline fliter water) were applied as sewgli treatment was significantly effective (24.33 to 3.

root dip (SD). Roots of rice seedlings were soakedin increasing average numbers of tillers per hilero
. i i 0,
overnight in the solution of different bioagentsdan check (14.00) (Table 1). Maximum increase (102.38%)

; o in number of tillers per hill was obtained WBf 83
chemical. For untreated check sterilized water was hich is followed by PBA-2 (100.00%) and.

used for soaking roots of rice seedlings. Pots wer . . K
arranged in Rgndomized Block Desgi]gn Regular arzianum(97.61%). All bioagent formulations were
' significantly effective in increasing total phermoli

watering was done by using tape water. Six i rice | heck. Total phenoli
replications were maintained for each treatmente&h content [h rice leaves Oover check. o_ta phenolic
content in rice leaves increased by chemical treatm

replications of each treatment were uprooted after
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Table 1. Effect of bioagent formulations (applied as seed Table 2. Effect of bioagent formulations (applied as seed
treatment + seedling root dip) on number of tillpes hill, treatment + seedling root dip) on fresh and dnyt meeight,

total phenolic content in leaves, shoot length mud length fresh and dry shoot weight after 40 days of trasnsjohg.
after 40 days of transplanting.

Average Average Average Aver-

Average  Total Average Average T fresh dry fresh age dry
Treat- number phenolic root shoot reat- root root shoot shoot
ments of till- content  length length ments weight  weight  weight  weight
ershil  (uglg)  (cm)  (cm) © © ©@ @
'45(;"5“9 2433 27500 2333  90.00 fg'ate 3189 325 7873 859
PBA -1 25.66 300.00 24.33 85.66 PBA -1 40.67 3.99 79.36 8.06
T.har 5766 30833 2466 8500 1-Nd 4703 470 8271 1008
zianum zianum
PBA -2 28.00 323.33 22.16 74.66 PBA -2 40.77 4.09 97.04 10.12
FLP 88 24.66 278.33 22.66 79.16 FLP 88 35.00 3.45 96.79 9.94
Pf 83 28.33 325.00 24.00 82.66 Pf 83 46.94 4.66 102.33 10.69
Sahlem" 20.33  188.33 2033  77.00 (C::;Ieml- 20.03 2.15 55.90 5.75
Check 14.00 178.33 14.66 70.66  Check 16.53 1.55 40.76 3.68
CD at CDath
506 3.23 31.00 5.75 ns % 14.78 1.57 28.15 3.77
* Mean of six replications; ns = non-singnificant * Mean of six replications

was statistically equal to check. Maximum increaseincreasing fresh and dry shoot weight. Maximum
(82.24%) in total phenolic content was exhibitedPfy  increase (151.06%) in fresh shoot weight was resmbrd
83 which is followed by PBA-2 (81.31%) anl. with Pf 83 which is followed by PBA-2 (138.08%) and
harzianum (72.90%). All the bioagent formulations FLP88 (137.46%). Maximum increase in dry shoot
were significantly effective (22.16 to 24.66 cm) in weight was recorded witRf 83 (190.48%) which was
increasing root length over check (14.66 cm).followed by PBA-2 (175.18%) andl. harzianum
However, increase in root length by chemical (173.91%).

treatment was statistically equal to check. Maximum Effect of bioagent formulations (applied as ST + SD
increase (68.25 %) in root length was obtained With + FS) on flag leaf area, grain yield and 1000 grain
harzianumwhich is followed by PBA-1 (65.98%) and Weight: Significantly increased flag leaf area over
Pf 83 (63.71%). All treatments were non-significant check was exhibited by all bioagent formulationsl an
(at p = 0.05%) in increasing shoot length over khec chemical treatment (Table 3). Maximum increase
However, comparatively increased shoot length was(21-31%) in flag leaf area was recorded with
exhibited by all the bioagents (74.66 to 90.00 @s) harzianumwhich was followed by PBA-1 (17.78%)
compared to check (70.66 cm). and E’BA-Z (14.77%). All t?loggent formulat_lon.s. and
Effect of bioagent formulations (applied as ST + chem!cal treatment were significantly effectiveiim
SD) on fresh and dry root weight, fresh and dry ~ €réasing grain y|elq (49.37 to 58.71 o)) over.c_heck
shoot weight of rice plant 40 DAT:Data presented in (4445 ). All bioagent formulations exhibited
table 2, revealed that all bioagents were signifiya ~ Significantly higher grain yield over chemical trea
effective in increasing fresh and dry root weigheo ~ Ment. Maximum increase (32.08%) in grain yield was
check. Increase in fresh and dry root weight exeibi  €xhibited by Pf 83 which was followed byT.

by chemical treatment was statistically equal teckn ~ harzianum (29.43%) and  PBA-2  (26.95%).
Maximum increase (185.72%) in fresh root weight was Significantly increased 1000 grain weight (24.35 to
exhibited byT. harzianumwhich was followed byf 2624 g) exhibited by all bioagent formulations.
83 (183.98 %) and PBA-2 (146.64 %). Maximum Chemlcal_treatment was gt par Wlth check in inareps
increase (203.44%) in dry root weight was shown by1000 grain weight. Maximum increase (24.78%) in
T. harzianum Pf 83 and PBA-2 was next in order to 1000 grain weight was exhibited by. harzianum
increasing dry root weight by 200.86 and 163.87 %,Which was followed byPf 83 (22.25%) and PBA-2
respectively. Bioagent formulationsz. PBA-1 (3.99 (21.85%).

0), T. harzianu_m(4.7_0 g) PBA-_2 (4.09 g) anBf 83 DISCUSSION

(4.66 g) exhibited significantly increased averalyg

root weight over chemical treatment (2.15 g).In present investigation, bioagent formulations aver
Significantly increased fresh and dry shoot weiprer ~ significantly effective (at p = 0.05 %) in increagi
check was exhibited by all bioagent formulations number of tillers per hill, root length, total pludic
(Table 2). Chemical treatment was at par with clieck content in rice leaves, fresh and dry root weiffetsh
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Table 3. Effect of bioagent formulations (applied as seed 1987; Voisardet al., 1989), normal effect on plant
treatment + seedling root dip + foliar spray) ormter of growth (Imam et al., 1977), HCN production

tillers/hill, Flag leaf area, grain yield and 10§in weight. (Rangeshwaran and Prasad, 2000), increased root
Average Average  Average exudation (Prikryl and Vancura, 1980) and inducstho

Treat- flag leaf grain 1000 grain  resistance (Kempe and Sequeria, 1983).

ments area (cnf)  vyield (g) weight (g) conclusi

Isolate40 64.78 55.55 24.95 onclusion

PBA -1 66.58 55.22 25.54 It was revealed from present study that bioagent

T_. har- 68.58 5753 26.24 formulations which were had_ pot_ential for the

zianum management of bacterial leaf blight disease wese al

PBA -2 64.88 56.43 25.62 exhibited plant growth promoting activity on rickapt

FLP 88 64.00 54.40 24.35 when applied as combination of seed treatment,

Pf83 64.19 58.71 25.71 seedling root dip and foliar application and remslin

Chemical 61.17 49.37 21.56 significantly higher grain yield (49.37 to 58.71ag

Check 56.53 44.45 21.03 compared to untreated check 44.45 g), even if tleere

CDat5% 3.46 2.79 0.84 no disease. Results of present investigation shbeld

* Mean of three replications verified under field conditions.

and dry shoot weight, flag leaf area, grain yieldla REFERENCES
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