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ABSTRACT: Using plant growth promoting microbes is an alternative approach for reducing cost and enhancing
good health of crop plants. This research aims to establish the application protocol for enhance growth of tomato at
seedling and transplanting stages by antagonistic Streptomyces-PR87 which will be applied further to farmer. The
experiments were carried out using two varieties of tomato, e.g. var.Sida and var.Tomato32. In seedling stage, the
experiments were carried out in combinations with Streptomyces-PR87 concentration at OD, =02, 1 and 5 and
drenching interval at 3, 5 or 7 days, and seed soaking for 24 hours before sowing or directly drenching after seed
sowing methods. The results showed that the most appropriated method for enhance growth and development of
tomato seedlings was directly drenching with Streptomyces-PR87 at OD, =1 after seed sowing and re-apply for 7

days interval. The shoot or root dry weight of Streptomyces-PR87 treated seedlings showed significantly higher than
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non-treated seedlings. For transplanting stage, the most appropriated method was continuous spraying plants with
Streptomyces-PR8T cell suspension at OD, =1 at 7 days interval for 7 times. The average height of tomato plants
and number of leaves at 21 days after transplanting and number of setting fruits/plant at 55 days after transplanting
were significantly higher in Streptomyces-PR87 applying treatment compared with non-treated treatment.

Keywords: Actinomycetes, Biofertilizer, Organic tomato
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Table 1 Effect of Streptomyces-PR87 in growth of tomato seedlings var. Sida after soaking seeds in different
concentration of bacterial cell suspension and timing for drenching with particular concentration of
Streptomyces-PR87 cell suspension after seed sowing under greenhouse condition.

Treatment** Germination (%) Height (cm.) No. of true leaf
7DAS* 10DAS*  14DAS* 21 DAS* 28 DAS* 21 DAS* 28 DAS*

C (control) 69.50°  73.03° 75.26° 6.71° 9.61° 4.90° 6.06%

3L 54.76°°"  62.10° 65.66%° 5.55% 8.24°° 4.86° 5.53%

3M 11.50°  25.90° 34.23° 4.13° 5.58 3.76° 5.00°

3H 38.73%"  51.90% 61.50%° 5.36" 9.11° 4.96° 6.40°

5L 51.86°" 59.56% 57.66° 5.07" 7.17°% 4.76% 5.50

5M 22409  30.10% 38.40° 4.26% 6.17¢ 4.33% 5.23%

5H 25.30%°  40.00°° 47.06% 4.61° 5.39' 4.30° 5.30%

7L 49.66™¢  53.16™ 58.93%° 4.96"% 7620 473" 5.73%

™ 42.26°°  47.40  50.90" 4.9 722 4.66° 5.46%

7H 28.13%°  36.50°" 45.46% 4.00% 6.56%"  4.36" 5.46%
C.V. (%) 23.40 19.65 16.94 10.48 10.36 4.95 5.37

*Means within the same column with a common letter are not significantly different by DMRT (P < 0.05)
**Treatment: different timing of application every 3, 5 or 7 days, concentration of cell suspension; L= ODGOOO.Z,
M= OD6001 and H :OD6005

Table 2 Effect of Streptomyces-PR87 in growth of tomato seedlings var. Tomato 32 after soaking seeds in
different concentration of bacterial cell suspension and timing for drenching with particular concentration of
Streptomyces-PR87 cell suspension after seed sowing under greenhouse condition.

Germination (%) Height (cm.) No. of true leaf
Treatment™
7DAS* 10DAS*  14DAS* 21 DAS* 28DAS*  21DAS* 28 DAS*
C (control) 95.13° 97.06° 93.86°  10.48° 14.56% 4.10°° 4.23°
3L 75.26% 82.03" 86.13*°  5.89° 8.93° 3.83%° 4.16°
3M 81.40% 89.06% 93.86°  6.67 10.36% 3.83%° 4.10°
3H 79.76% 85.20™°  88.70*  9.51% 14.81° 4.16° 4.76°
5L 72.70° 76.23° 79.43°  7.78™ 10.98°* 3.96%° 4,26
5M 86.83% 90.03* 91.30*  7.68°¢ 10.84°* 3.96%° 4.13°
5H 79.46% 88.43™°  90.33*  8.69°° 13.89°° 4,13°%° 4.63%°
7L 76.86% 84,53  91.73* 7.93%« 11.35°%% 3.86%° 4.03°
™ 93.90° 93.90% 93.90°  9.40% 13.20%°% 3.76° 4.16°
7H 81.70% 85.23"°  86.83%"°  7.74°¢ 11.70%% 4.06°° 4.36"
C.V. (%) 12.71 7.41 8.05 15.91 13.13 4.54 4.89

*Means within the same column with a common letter are not significantly different by DMRT (P < 0.05)
**Treatment: different timing of application every 3, 5 or 7 days; concentration of cell suspension, L=ODSOOO.2,
M:OD6001 and H= OD600:5
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Table 3 Effect of Streptomyces-PR87 on growth of tomato var. Sida by drenching cell suspension at different

concentration after seed sowing every 7 days interval under greenhouse condition.

Seedling dry weight (mg)

Germination (%) Height (cm.) No. of true leaf
Treatment** 28DAS

7DAS* 10DAS* 14DAS* 21DAS* 28 DAS* 21DAS* 28DAS* Shoot* Root* Total*
Control 60.90" 67.30™ 74.03"  7.99™ 21.30™ 4.83° 7.50°  331.77° 61.90"° 393.67°
L 51.60 58.65 71.15 8.54 20.36 5.20° 8.30° 361.75" 6212  423.87*
M 50.96 57.37 61.53 8.60 19.86 5.20° 8.47° 375.74° 66.72 442 .46°
H 57.37 71.47 76.60 8.98 23.16 5.27° 847° 341.81° 59.07 404.88%

C.V. (%) 21.44 20.01 12.78 5.72 9.81 3.07 2.30 4.60 8.67 512

*Means within the same column with a common letter are not significantly different by DMRT (P < 0.05), ns=non significant.

**Treatment: concentration of Streptomyces-PR87 cell suspension, L:ODBOOO.Z, M:ODGOO1 and H= OD6005

Table 4 Effect of Streptomyces -PR87 on growth of tomato var.Tomato32 by drenching cell suspension at

different concentration after seed sowing every 7 days interval under greenhouse condition.

Treatment** Germination (%) Height (cm.) No. of true leaf Seedling dry weight (mg) 28DAS
7DAS* 10DAS* 14DAS* 21DAS* 28 DAS* 21DAS* 28DAS*  Shoot* Root* Total*
Control ~ 53.85™ 83.33™ 84.93® 7.86° 20.14™ 3.30° 4.70° 332.87°  47.57°  380.44°
L 4871 7628 8012 7.83° 19.11 3.53" 537°  372.79" 63.77°  436.57°
M 56.41 80.12  83.01 841® 20.16 3.77%* 5.67*  389.79° 61.23°  451.02°
H 57.05 8044 8397 921° 21.16 4.03° 580"  404.89° 64.02°  468.91°
CV.(%) 1875 8.36 456  5.67 9.64 4.71 3.45 6.67 7.76 6.44

*Means within the same column with a common letter are not significantly different by DMRT (P < 0.05), ns=non significant.

**Treatment: concentration of Streptomyces-PR87 cell suspension, L :ODBOOO.Z, M:ODGOO1 and H= OD6005
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Table 5 Effect of Streptomyces -PR87 on plant height, number of true leaf, number of node, number of florets,

number of fruit and weight/fruit at transplanted stage in field trial (var. Sida).

Treatment Plant Height (cm.) No. of No. of No. of  No.of No. of

true leaf branch  node 40 florets fruits
14DAT*  28DAT*  40DAT* 21DAT*  21DAT*  DAT* 40DAT 55 DAT*

No Strep. Control 16.87" 47.80° 64.60° 8.37° 6.50" 11.33™ 12.03" 27.83°

Streptomyces -PR87

S1 23.80° 52.37° 79.03° 11.73° 7.20° 10.53 977  26.77°
S2 19.17° 52.37% 77.23° 10.70% 8.13° 10.57  10.60 36.43%
S3 18.40° 51.30% 76.20° 10.10° 7.03° 1057 917  31.33%
S4 18.07" 51.40 71.73% 9.87° 7.13° 10.93 1390 40.13°
C.V. (%) 12.03 7.63 5.94 6.01 6.43 594 1336 13.45

*Means within the same column with a common letter are not significantly different by DMRT (P < 0.05), ns=non significant.

a L4
agluaziansal

Streptomyces-PR87 &11130&ILATHNNIIATEY
Fulnesnzidemalddaualusyardundt way
udedalgnlunias nsudwdanzdemeiuige
Streptomyces-PR87 Aautildinnziiludanisi
laimuzan Wug Tomato 32 Hnnsnavauedse
e Streptomyces-PR8T lidniauninluiugann
Funduzidematldsuige Streptomyces-PR87
TupanududuRmunzay fnsWaungesdoy
fndu wazsrunsn1EAnIAldlEd iAo
Lemessa and Zaller (2007) WU4NAF I EWUARNTe
Uil 11U Streptomyces setonii, Bacillus subtilis
waz fluorescent pseudomonas R lHFUNEdaN A
fiwminan waztiminuegananluduilalald
AeRUFIeINT R WARNANNARBN1IA LAUEISE
N3Md Streptomyces-PR87 “uAenfuR Vanitha
et al. (2009) WU Pseudomonas fluorescens
Hnasianis9an, N1TATUNINARINGITBNRF Y
WATAINENNTB9IIN U MA 3 ANERUgILAN
tﬁmﬁuﬁqLLﬁfiﬂﬁ”%’uL%fﬂﬂﬁﬁnﬂuﬂ?mmﬁwh
11 m’mminmm’mﬁmmﬂﬁmLﬁu‘ﬂmfaqé@
Streptomyces-PR87 Tunzidamatenaiiiosain
nINaRANIALANNISRIIRLIRasNT Tungw

. e e M ama o d 4 -
auxin 88nx" (TayadalallAANNW) T3 auxin NuER
AINYAUTFTHHARADNITWANIIN, N19EALNIVDIIN
WAZNNILAILYIRIAURNT (Khare and Arora, 2011)
FUNTBIANUNUFABANIIZLATEARINNITUIALN

- v A L e e
YFRaNNLIAFeNTAs UL ARsnaguNALUL AU
HaaNNIaINNeNszU L NNTNLIawse doulunng
faNARNINITA Streptomyces-PR87 A1NN30E5N4
413 secondary metabolites wa18aiaNgUSUTe

ala =l U 1 a
uazuuAnzaatmelsaitld daanniaiialen
pinee] s

AINHANITIFURAINITAAINUALUING
aamudmiunisld Streptomyces-PR87 Tuszey
NA1AD NUBAANTILIIUARLTD Streptomyces-
PRS7 wiisdit oD_ =1 Tuilsums 2 1a.fevguyn
7 44 dounsldudedneilgn Aeviuansuauaas
\T Streptomyces-PR87 s¥AL oD, =1 uway
soulawsiu N7 Ju Aeseriuaiuau 7 A% atsls
fAguarsnagasinluan wnsmizlgnuzidiama
AupnsvaanldnFandudszilulsrdnsninly

de o - v A
nzacuaNlsAnd1Anyresnz@iawmealldaeivein

lugasnsldime Streptomyces-PR87 Aiunzas

D

o o o

gadmiudanissiunziliamanlgnlilsuanan

a
a v v

# o o =
4 @mmumumuﬂa LAZAIANNAA LI AN

q



212

ANIRUAN

v
a o A

Nuddpilafunisaduayuain tasenis
aaasunisidalugauAnsiuarn1swmug
NMNINEIRLTILUNITIR 2Red1TNIIUAUE
nesunnsnsgaNAnen Taauulasanisiase
18348 RUAIDINNTUALDINITZININTBINIA
AziusaniBeamile WNaneAauLIY S9Ny
puidagavyuiald wuiAnandureunny
w010uAMARTRAWATLTaTEIN NN AT

I
al o A

\NaLATEgRaNdsEu AzINERANARTT LAY
ayAsviiATasienineadasiunsae

LANANTA9DY

U9AL 'Tu'rj\i. 2549. n3RuunTiln Streptomyces Ufiine
1841T8 Acidovorax avenae su bsp. citrulli mwﬁm
HALNLLATIFY. AnenfinusiBonnanaAansum
TTOUTG. NUNAINYNAETRULA, TRUA.

W9 99MLLUANA. 2545, Streptomyces AnRAvia
2e9n1sAauANlsANalae@93E. ununwes 30:20-27.

WA An9AuAN. 2537, nsldlisunsi SAS iieALAsz
SURENNERT. NANINERIANGRT ATSINEAIANGRT
WUNINLRLTAULAW.

LARINERS 41 QUUNAR 1 : (2556).

\sT3 FunA. 2552, ANEnInIediTe Streptomyces spp.
ﬁﬂﬂ’]iﬂ%‘u@mii‘ﬂL‘ﬁlﬂ'lL%ﬂ’lLLﬂ:Iiﬂi"]ﬂﬂNN:ﬁ‘ﬂWlﬂ
wazANANRUS Tz ‘L‘uiwﬂum%"iuiwﬂ“um@@
Streptomyces spp. AaANEINITluNNIEUETe
Ralstonia solancearum. AnenHnusUsayy1anen
ANARTNVIITIUTG. NUNINNALTAULNY, TRUNL,

Shinna ansAad, ngsimd sssuiucyana uaz avius Anyana.
2554 nsdniaentlelaian Streptomyces AildNEAN
galunsasupul&iheutessiniu (Meloidogyne
incognita). WNWINEAT 39:219-224.

Khare, E. and K.A. Naveen. 2010. Effect of Indole-3-acetic
acid (IAA) produced by Pseudomonas aeruginosa
in suppression of charcoal rot disease of chickpea.
Currmicrobiol. 61:64-68.

Franco-Correa, M., A. Quintana, C. Duque, C. Suarez,
M.X. Rodriguez, and J.M. Barea. 2010. Evaluation of
actinomycete strains for key traits related with plant
growth promotion and mycorrhiza helping activities.
Appl. Soil Ecol. 45:209-217.

Lemessa, F. and W. Zeller. 2007. Screening rhizobacteria
for biological control of Ralstonia solanacearum in
Ethopia. Biol. Control 42:336-344.

Schlotzhauer, S.D. 1987. SAS System for elementary
statistical analysis. SAS Institute. USA.

Vanitha, S.C., S.R. Niranjana, C.N. Mortensen, and S.
Umesha. 2009. Bacterial wilt of tomato in Karnataka
and its management by Pseudomonas fluorescens.
Biol. Control 65:685-695.



