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Abstract

The poly bag rubber cultivar RRIM600 foliar sprayed with the 100 mg mI'1 polysaccharides of
Pseudomonas fluorescens SPO007s significantly increased stem height, root length, and stem
circumference with 14.1, 15.8, 37.5 % and 17.3, 15.7, 62.2 % after foliar spray for 30 and 60 days,
respectively under temperature 40-45 °C (P = 0.05). Moreover, 12.2 % of the number of internode
significantly increased by the polysaccharides application under temperature 40-45 °C (P = 0.05).
Also, the polysaccharides triggered significantly increase expression of plant growth hormones,
indole-3-acetic acid (IAA) and defense-related enzymes, guaiacol peroxidase (GPX). The activity of
IAA and GPX were increased immediately after foliar sprayed with the polysaccharides under
temperature 40-45 °C reaching peak levels at 4 days after application at 4.56 ug mg'1 and 4.25 min_1
mg'1 protein, respectively compared to control treatments (P = 0.05). Induction of systemic resistance
by SP007s polysaccharides against abiotic stress of the poly bag rubber through the biochemical
changes brings about accumulation of defense-related enzymes and growth hormones that relates to
biosynthesis of GPX and IAA. These defensive compounds are play a marked role in stress
response and immunity of plants. Therefore, it possible that polysaccharides can be used in the

seedling and poly bag rubber production system under climate change conditions.

Keywords: induced systemic resistance; low input sustainable agriculture; enhance plant health
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qm%nﬂﬁmaﬂamﬁwqﬁuﬁaﬁ 9 M3vgnens peroxidase (GPX), superoxide dismutase WAz
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fluorescens SP007s

W P. fluorescens SP007s AL

97917 nutrient glucose broth (NGB) Uuied
amunnilvias 30 °C Wuwaan 48 salus leasy
fwnariinisduusnienmafidad junean
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221 n33WasA 1 (T1) wuludwens
wafuzanliduas SP007s luaniwgmnyd
30-35 °C

222 n33W3E7 2 (T2) Wuludwens
nauniives sP007s luanmwamnnd 30-35 °C

223 n530357 3 (T3) wuludoans
salicylic acid @MNLTNT® 2.5 mM lugnw
amnail 30-35 °C

224 nyswasi 4 (T4) viuludiesin
ﬂ§uﬁomﬁL°§aluanwwqmwgﬁ 30-35 °C

225 n33nisA 5 (T5) Wuludeans
waluzanliduas SP007s luaniwgmnyd
40-45 °C

226 n330357 6 (T6) Wuludewans
n@sgﬁmau%@ SP007s ’Luamwaﬁmvﬁgﬁ 40-45
°C

add

2.2.7 n3IWADA 7 (T7) Wuludluans
salicylic acid AMNANT® 2.5 mM lugnw
amnNil 40-45 °C

228 ny5u3si 8 (T8) wuludauiin
nauitesinge lugnwgmnnil 40-45 °C
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NITEUAIN 9 EIGRRE R GRRE IR HI R T E
WU g AN NLANANITaIR LR RENIRAR
1ae Duncan’s new multiple range tests (DMRT)
23 taszhn1snszanliarsiigs
d2dad19 guaiacol peroxidase
ﬁﬁaaﬂwlumd‘*ﬁﬂqaﬁl,l,mﬁumu
FurUILAEIN 0.1 NN VadudaznIINATluTe

2 ualulneniiudalhazidualu homogeniza-
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tion buffer 1 Ja8aAT 1Nt vortex Mitftalie
RrfiuaaziSuaNgunL homogenization buffer
ﬂuuslﬁmw%ummaa‘ﬁ"ﬁ@mmnauﬁ’amﬂ‘%awy‘u
WMIB9ANI57 12,000 sau/Mn7i 1uan 30
W 'ﬁ'qmﬁgﬁ 4 °C gavaunaladiuuu
(homogenate) U581a3 10 lulasdas lalu
microtubes utliluihudsiionenAanssuves
guaiacol peroxidase lagiffisoisznaveas
1019 lulasdas 2e9RNTRZAOTUALATNY DI
peroxidase (guaiacol 125 'lu1A38¢3 + hydrogen
peroxide 153 'lulasdas uaz 10 mM sodium
phosphate buffer, pH 6.0 J34167 50 Uadaa7)
mmfuﬁ'mﬁi'@mm‘sg@ﬂﬁmmu@T’;mﬂ%f'aa
spectrophotometer CE 1011 1000 SERIES ﬁl
ANUENIAAK 460 wiluwas Tufinasud 0, 30,
60 waz 90 317 A ldundw e Aanssa
2849 peroxidase lagl® 1 wuwvaInINITY
wunuf peroxidase finandlad 1 lulaslua
vasfustaInlnaa 1 wifi (min' mg” protein)
(Hammerschmidt et al., 1982) lag3iAsnzw
guaiacol peroxidase %ﬁ’a%’mﬂuluﬁ"mﬂ 9 10
e 7 1%
24 FerzidIunmniinaa 1AA In
8198199
SlaTsinm IAA Razauluonsdn
79WUT RRIM600 Tapunlugnenuni@udilu
AWML T DB ILARENTINI UG 9N WD
0.1 nsu thanualulnsefiiusads homogeni-
zation buffer (0.1 M Tris-HCI buffer, pH 7, 0.1
M KCI, 1 mM PMSF, 1ug/ml leupeptin, 1 %
(vIv) Triton X-100 3 % (w/v) PVPP) filfusa
U513 1 adaas uiuinly vortex Iwtiilaifla
ﬁ‘*ﬁﬁumnﬁm@ﬂmnauﬁamﬂ%"awqumiim
A5 12,000 sau/mT 1wiaan 30 W 7

9ounndl 4 °C 99 IAA standard wazEIwinlavas
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udazn3snIdunldlu microcentrifuge tube waaa
Ininaaaas 500 ul uuﬁmﬁuﬁu reagent #8ae
500
(absorbance) “Filmmmaﬂ'ﬁ'u 535 nm @Tﬂmﬂ’%ad

spectrophotometer CE 1011 1000 SERIES L8

a LLazﬂ’leﬂ'i'@mﬂ"mgumnﬁmLm

¥nsiouniw standard curve Va9 1AA lag
Iumeadudanududuses 1AA uwIwan
Lﬁummig}ﬂnﬁuu,aaﬁf@iﬁua:?miwzﬁ‘ﬁaQa
nia1aundsdsinuazidIsuiiauaanu
LANA9TBIALRRENIERAlas DMRT lag
lhsunsn R lapazfimaTiased 1AA nn 9 3

1Jwan 7 1% naswuly
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nmssatulavasseiigg

NANINARBINLINRIIWORUTAA |56
vauad funy SP007s Ut 100 mg
mli”" (T1 uaz T5) UL RNTNIWEILRIUNITLATY
Lauimmmoﬁﬁgqu 1 Lhaw ’Lﬁﬁmwg{lﬁu
AN BIIIN LLa:Lﬁmamaﬁﬂﬁugua;@ﬁg\asl,u
snwamnndl  30-35 uaz 40-45
24.32, 23.59, 1.34 LOIUALUAT LA 23.83, 22.33,

°C vinnu

0.99 LTWALNAT MNE19L NatdTuufisuny
0.05)
(Figure 1) 188191991018 2 Ao WuiIaNT

ad aad
ﬂii%J’Jﬁﬂ’JUQ%JLLa::ﬂii&l’Jﬁau 9 (P

weduzaanlsduaadadfing SPoo7s (T1 uaz
T5) fansddazantninasaiulioisdaged
AMUFIAL ANVEIITIN UALLFUTDUIIAGY
980 31.75, 29.21, 2.16 LIBALNGT LA 28.72,
25.07, 1.59 LUHLNAT AUEGL FILANAIINN
&h@ (P = 0.05) NUNITWITAIVAUUAZNTINID

8w 9 (Figure 2) 89ldninsuasweduzaanlsa
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=

voTadfuny SP007s  Hadanalinnatngd
@hLaﬁmjaaaim’mdfmguﬁqw”ﬂuamwqnmgﬁ
30-35 W@z 40-45 °C L¥inNU 1.20 was 1.10 &as
AMURAL (Figure 2) ®OAARBINUIILINBVEI
A 1 U U { g U
Munns (2002) Sﬁawmmwnmﬁﬁﬂgm%amy
WUATIS NN YT AN TN IUMITHRAEIWER weoa
alsdlaludiuramuinazinaaiayiduland
A a & o o A a A
LWBINRITWARTAAN L3R asYINRINN LN D
U4 9 USIMIaUTINAT (rhizosheath) ¥l#sn
ﬁ*’ﬁﬁmm‘*zju%uay;mua RINA IANUADRNIIZURS
LLa:qmmn‘jﬁ'gﬂﬁ #aNINHIIIWARLTAA LIS
ﬁoﬁmﬁ’]ﬁm:@fumiwﬁ@aaﬂuuﬁﬂﬁﬁmg
700 elagN1ILANULIATIAANT 9 LTW LEd
annAgd uazthviay (Mohr and  Schopfer,
1996; Clarke et al., 2003; Kuzyakov and
Larionova, 2005; Wittenmayer and Merbach,
A & o a {
2005) T3lasnirldudransweduosannlsan
A A a & ' A lac o ¢
uuaSunfadulusznitenisfUjaunus
' o A . @ A
PunwdeTunguiwdulalad (colony) uaz
' A | a o v o A o ¢ o
szndamsddfaunusnuisuszsas aole
Yjsunusens g warinuafiisoazlszned
LLsnﬂm"li@Tﬁﬁéi'ﬂHmuﬂumimﬁmagsauLsnm‘f
%’ﬂmmmﬁw%uua:ﬂﬂﬂaamaﬁmnamw
WIARBN bNLANITEY TANNILTIUNISH LA
& da & A o & a
ATOUATAINUNANTARVDINTUAZHAT Ll
TNUINWALINUFTNORLTAN 130 Ua9 Klebsiella
pneumonia v‘imﬁnﬁlumsﬁ’uﬁuﬂunéuﬁau
PaduuanIuTia (Nakata and Kurane, 1999)
lagawizn3ld H12  polysaccharide  A71%
WNT% 1-100 ppm WAL CaCl, ¥inlhiaas
LUANSoRUTeANT AT NEARANURILTRANT ba
aHNIULWULLY (Leigh, 1992; Roberts, 1996) 4
Nakata et al. (2000) 31897% adhesion system
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‘[mmwwz Pseudomonas fluorescens NN
= A A ¥ A %
gaaTadNITINNTLasUnYaInNsaInnITLaN

yansvaddalsaludn (soilborne pathogen) 14

a A A U a A
wuafiSouazangliads uddunafisa:
odvayludwiuasnAs (hizosphere)  la

Usaanmsdyjaunusla g (Cook, 1993)
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Figure 1 Effect of polysaccharides and secondary metabolites of Pseudomonas fluorescens SP007s

on poly bag rubber growth promotion at 1 month after foliar spray. T1 and T5 = foliar spray

with 100 mg mi” of SP007s polysaccharides, T2 and T6 = foliar spray with 100 mg mi”

SPO007s secondary metabolites, T3 and T7 = foliar spray with 2.5 mM salicylic acid, T4 and
T8 = negative control. T1-T4 and T5-T8 were conducted under 30-35 and 40-45 °C,

respectively.
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Figure 2 Effect of polysaccharides and secondary metabolites of Pseudomonas fluorescens SP007s

on poly bag rubber growth promotion at 2 months after foliar spray. T1 and T5 = foliar

spray with 100 mg ml” of SPO07s polysaccharides, T2 and T6 = foliar spray with 100 mg

ml”" SP007s secondary metabolites, T3 and T7 = foliar spray with 2.5 mM salicylic acid, T4

and T8 = negative control. T1-T4 and T5-T8 were conducted under 30-35 and 40-45 °C,

respectively.

a I'd v ¥ o
3.2 Jasnzrnisnszquliensiige
dedNd19 guaiacol peroxidase
WadiazAUIunm GPX  (guaiacol
peroxidase) WU T5 Wu1UUwa°ﬁ1qaw°u§
v a l&/ a ~
RRIM600 shgansnaduznan lsavaidadfined
SP007s lusnwamwnil 4045 °C iluszdng
nwnazgulwbnania guaiacol peroxidase 'l
a X A & Lo A o @
WANTUITY 9 AILATUA 4 RaINBLY YAy
.1 -1 . '
425 min mg  protein Ta4adNNAa T1 Wulu
o @ a & & a ¥ ¢
prtadismInedusan liduaadeU juns
SP007s lusmwamnnd 30-35 °C uaz T6 Wi
o v a a J a =~
lusnsdigedroasndoniivendedjuns
SP007s Tugnmwamngil 40-45 °C WuM IRz
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. - .
817 GPX 3.98 llaz 3.76 min  mg protein
o 0/ A 1 aa v a
auieU Sauandneafianuniswitaiugu
(P = 0.05) (Figure 3) waadlWiAnin aswel
& a A & a ¥ ¢
wraalsduararIndoniveagedjuny
SP007s fidnaniwluminszgulisnsdigaiia
a Y Qs 1 a U ‘J
nidunudasningmnnil 4045 °C laf T3lu
snzaa 1w snwamndgsiniolwaad
NANIRZENVDY H,O, WA reactive oxygen
a A o ] [
TutSuraunn dadusuasalasasidaioas
2197 AL AR N TLTARLANLAZAN 8 ENY
Ao UNAY (oxidative  burst) lun13inda H,0,
WA reactive oxygen LAa%h LTRANTIIGDINE®
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f19@ H,0, WAz reactive oxygen a&1dL3962% AOURWBIADAMNULATIAAY 9 Jodulsziann
(3N, 2546) AIBUNIIAN®I pathway Va3 haulanazasfnwisvatsdaiias

GPX uaziawlmian g MNgatadlunszuiums

=T T2 T3 Tl =HmT5 —@=T6 oy —
°
E T
o
=
c 4
S
°
3 3
o
Q. \
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0 T T 1 T T T 1
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Time after spray treatment (days)

Figure 3 Pseudomonas fluorescens SP007s enhanced indole-3-acetic acid accumulation in poly bag
rubber leaves cultivar RRIM600 at 7 days after foliar spray. T1 and T5 = foliar spray with
100 mg ml" of SP007s polysaccharides, T2 and T6 = foliar spray with 100 mg ml” SP007s
secondary metabolites, T3 and T7 = foliar spray with 2.5 mM salicylic acid, T4 and T8 =
negative control. T1-T4 and T5-T8 were conducted under 30-35 and 40-45 °C,

respectively.

33 Aanzdlsammanaa 1AA Tu  lussdigedissmeplvendedjunsd

195199 sP007s lusn wamnpll 40-45 °C (Figure 4)

a3t e WUSINNNSHE® indole-3- waasldidnit arswefuzan lsduazanmdond
acetic acid (1AA) ludugnag1gewig RRIM60O saufalfiny SP007s fdnumwlumssaiasy
wadsWudsaInIzdudssiaiduiin 7 u ﬂﬁLﬁzyLauImméTuma“ﬁﬂqo faudagnole
wuin 75 vinlugeingsdismsweduaaanlsd  anwamwmgd 40-45 °C Aimunsniaigyldd lag
vaadaufinyg sPoo7s lusnwamnndl 4045  §BAASEINLT BwAinudn P, fluorescens 1z
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Figure 4 Pseudomonas fluorescens SP007s induced guaiacol peroxidase accumulation in poly-bag

rubber leaves cultivar RRIM600 at 7 days after foliar spray. T1 and T5 = foliar spray with
100 mg ml” of SP007s polysaccharides, T2 and T6 = foliar spray with 100 mg ml” SP007s

secondary metabolites, T3 and T7 = foliar spray with 2.5 mM salicylic acid, T4 and T8 =

negative control.
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