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Effect of Sorbitol and Salicylic Acid on Quality and Functional Food Contents of
Tomato Fruit (Solanum lycopersicum)
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Abstract: In this study, we aimed to understand the effect of sorbitol and salicylic acid (SA) on quality and functional food
contents of tomato. Sole or combined application of sorbitol and SA in different concentrations (0.5 mM and 1.0 mM) greatly
improved the characteristics of tomato, such as red color tone, soluble solid content, hardness and weight as well as increasing
the functional food contents such as of lycopene, anthocyanins and vitamins in comparison with the control. The cyanidin content
increased approximately 52-61% and delphinidin contents also increased 20-24% and 39-41% in tomato plants treated with
SA alone and sorbitol with SA, respectively. Furthermore, the sole or combined application of sorbitol and SA also increased
the vitamin B; and C contents. In particular, vitamin C content was increased 1.2-fold by treatment with sorbitol alone and
was increased 2-fold by SA treatment compared to the control. In the sorbitol with SA treatments, vitamin C content was
approximately 4-fold increased relative to control plants.

Additional key words: anthocyanin, carotenoid, flavonoid, lycopene, vitamin
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A E]oJ X = (Choi et al., 2011a; Guo et al., 2009; Shneour
and Zabin, 1959; Ronen et al., 1999), F|o\t 3FAS} 2l 3lokzk
22 XYl Q= AoE dEA Qri(Atessahin et al., 2005;
Cohen, 2002; Rao and Agarwal, 2000).

EntEof= 2laHl o]Qo = QFEA|oHd F(anthocyanins)
4 H|EHF(vitaming) 2} -2 7|54 4ol T o] Sl
Ao zr &4 A Qi Abushita et al., 2000; Jacob et al.,
2008). QFEA|OPIL W43 HE(phenolic compound) 5 &
2} o] =(flavonoid) 2] 3t TF &2 FEAJO T 9] 3-hydroxyl
Aol o] AtE FEj2 dEA Slew, 7] etz
of Zt71=59] Aol wet A 6714 =& [Alokd(cyanine),
5] U H(delphindin), @] H(malvidin), ¥4 (peonidin),
w2} 2 2] (pelargondin), 71 Fl(petunidiny] 2 SFHTH
(Berente et al., 2000; Boss et al., 1996; Forkmann and Martens,
2001; Mat Nor et al., 2013; Sass-Kiss et al., 2005)(Fig. 1).
FEAlOPI S| 25 5o m gHilel 2kgo] A l=d, ol
= Ay AsLE Eele 434N (reactive oxygen species,
ROS)S| 28-S oA AA GEshe 2oz oed glon
(Hu et al., 2003; Guo et al., 2007; Ortega-Regules et al.,
2006), ol=Igt 7% wiimoll ¢17te] thefet At E o
T= A3kl 9JtiBowen-Forbes et al., 2010; Faria et al.,
2010; Kang et al., 2003). & T}2 7|5A B2 43HA 4]
B A Aol Bagt g e oA B4

Ry
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Fig. 1. Chemical structure of anthocyanin according to residue
(Source from Mat Nor et al, 2013).
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A1 BEE floliAe & o f713ER dA7HA A
=4 15FFHHIE A, Bio, o, 12, 17, C, D, E, K)&] Z}7]
£ 7155 7H vlEtdlo] EA8k= Ao R deA Qo
(Tambasco-Studart et al., 2005). En0}Eo]+= H|[E}] By, B,
9 C7F wol ehrE o] Sl A= dHA glew, 53] H]
ERYl CO] HE thE AaAeEskt 4538 B Zew
A4 A ITHChoi et al., 2011a). H[EM Ci= =84 H]EMT]
o] gt FH= AA| WollA ofu]eAl Aol wofsh= A
o8 dA glon, Hlol= o, i 9 Fedloe
Hosh= o= HuEa glo] 11 F8/do] EAl 74
11 Ql= Al o]ti(Barth et al., 2004; Constantinou et al., 2008;
Kim, 2013; Kim et al., 2010; Kunert and Ederer, 1985;
Maramag et al., 1997). o]|4¥d EnlEo|= 7|54 EZlo]
o el s Aem dHA qlo] EntE Al Al o]
= 7154 249 dEE =ol7] fIgt oefRt At
sy ey E 71R] G| & Javaheri et al.(2012)= A+E
Zol BEntE Aul) A] AES 2R salicylic acid(SA)E *| ]
SHA| HH o) F W 22l gho] ke ZeR
X 13}9 31, Yildirim and Dursun(2009)= E0}E A1 2|9
SAE A5t HH e SHAANA =Fe] S7he= A
o8 Hustglrh olof vt ® dASd dom gl &
H|=(sorbitol) S A]&ol] A efstA =W AEAEZ f AHFS
EY &7t fieEo] Aol HasAT o] F4
WE g= 2 AE 52 238 F76he Aeg Hiuls)
FAthJain et al,, 2010; Wang et al., 1999).
wepA] 2 Ao BEuke o] tii2Ql 7154
191 StEAlopd, HEty] 9 223l s SHiAlZ o= Q)
Al A S RASIAIAL R E gl o, o]E f|sf 2}
A 8 754 24 el 9 AlE Aer o
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9] =0]& 9F 30cm=Z 3}o] 80cm x 30cm O &2 3}t A
W vz 2 ez S FHe S 2T I
S RIAEEEY 7]4A R, http://www.rda.go.kr)o] we}
Z1eg3} 4t

£HIE, SA XM2| & ZZEHHX|

EnlE §H A T 7|5}r]el 20128 49 243} 7|t
5104 F9l 2012 59 4Yof 212k &H]E(D-sorbitol 98%,
Sigma-Aldrich, USA)¥} SA(salicylic acid 99%, Sigma-Aldrich,
USA)E Z1ZF 0.5mM} 1.0mM=ZE 3]451o] Adof o]8-3)
ek Aol AR AEhe & THR(FAR], SY1E 0.5mM
2], £HE 1.0mM A2, SA 0.5mM # 2], SA 1.0mM Z]
2], £H]E 0.5mM + SA 0.5mM, £H]E 1.0mM + SA 1.0mM)
2 FYSE, ABZRS d o= WSO, el
@ EnES 2054 eurEoR AWS AWtk S
A== SAS(SAS version 9.1, SAS Inc., USA)E ©]-83}o]
9] t}54 %) (Duncan Multiple Range Test, DMRT) 2.
F4 AL ANkt

ENlE TpA EEITAL

SIS SA A7t BEvte B F48of WA= A
zAKSE7] 98l 4:8F Thalel 20129 89 209 EulE Al
TS XAt AT 2o EnlE dA HrHo
A Z}A(CR-300b, Minolta, Japan)E ©]-&35}¢] Hunter a 7}
=i, 7H RS e 188 Hgelol T
(PR-1, Atago, Japan)E o]-&3}o] 243} on, Ax &AL
A7 Smm2] proveS A2 T2 A =A|(Model FHR-5,
Nippon Opticaal Works Co., Ltd., Japan)S A}2-5}¢] prove

B

D" 1= U{

olelF 773

7} Enbe 3H) YR oF 10mm A= A9E uf el
Zhe ol gsiolet.

2|32 EA
2 Z 3 EA4-2 Perkins-Veazie et al.(2001)9] A HH-S
Sgato] AWt 20g0] EOLE T4 AZE wha) 4]

dhofl @ 34 wpf3t ofS 100mL2] 0.05% butylated
hydroxytoluene(BHT) 7} 3231l hexane/acetone/ethanol(50/25/25,
VIVIV) T3FHS T)ste] 5°Cof|A] 108 59 wukeleith w

il

B3 OF 5°CO] o AFREE W F FUPHOR S 5
systel B3tk A4E0) e oF ImL 719] hexane
i O

A A sE & 503nmof| 4] UV spectrophotometer(T60, PG
Instruments Limited, British)S ©]-83}¢] 243510, &
FEoRE HAlE 2 =W(L-9879, Sigma, USA)S ©] &3}
of AAe A4 F Ao,
otEAOp! EA

2012\ 8¢ 20 =3t BrlE vl A RE 54 1=xs)
of QHEAJod Ao o]-g5lth & ARollA= 4714 F
F(Alokd, dujud, T, #Hgtzared)o] QHEAIRMd
& BAslglom, Zkzke] §FE 0 2= Aol (cyanidin chloride
95%, Sigma-Aldrich, USA), @] T(Delphinidin chloride
100%, Sigma-Aldrich, USA), &H]9(Malvindin chloride
> 95%, Sigma-Aldrich, USA), #|2}2 112 (Pelargonidin
chloride = 100%, Sigma-Aldrich, USA)S AFg-31%t} 2
AZE EBEulE 3 A& 10gS 125mLo] AFZFEeA 0
Ho 5 50mL2e 2% HClo] & deionized water/methanol
(50/50, viv) e P& ok 2027 259 FEshich

v

Y

Table 1. LC/MS/MS operation conditions for the analysis of anthocyanin.

LC/MS/MS
Instrument Agilent 1200 series + 6410 Triple quad LC/MS/MS
Software Agilent mass hunter workstation data acquisition + quantitative analysis
Column Agilent eclipse XDB-Cg (150 x 4.6 mm LD, 5 pm)
Solvent A: 0.1% Trifluoroacetic acid in water (%)
B: 0.1% Trifluoroacetic acid in acetonitrile (%)
Gradient 6 min 20 min 28 min 32 min 35 min
85 78 70 80 85
B 15 22 30 20 15
Flow rate 1.0 mL-min”

Injection volume

1.0 L
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Z=Z5-2 biichner funnel Aol A 7}, oj}stal F71F o=
methanol S0mLZ A|&3dF & 60°Cof|A Y 5314 &
ZZFAE 2% HClo] 33}E deionized water/methanol(50/50,
VIV)E 9—6H3}0:] 10mL £5F9] volumetric flasko] 4 ¥4
il o] & Z5}o] polytetrafluoroethylene
(PTFE, 0.45um)o] ¥ =
mass spectrometry (LC/MS/MS, Agilent 1200 series + 6410
Trip quad, USA)o]| FA|glH o, B4 7S Table 13}
Fag

[IR=K=%

e 2=

S T

liquid chromatography-tandem

HIEfRI A

T2 AxH ErntE 34 AF 10gof| deionized water 20mL
S do] 1A17F 7}eF A 32%3%F 5 blichner funnel Aof 4]
4L, oJ3kskar 25mL 2] volumetric flaskoll 7 deionized
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water2 FAISF 5] A& AR E PTFEE ZE & LC/MS/MS
2 o]g3lo] Table 29] 7oA AHL AAslgch
Aot g vg

£H|E1t SA ®{27} EntE 2Hd EX0) 0jXl= F&
_J_H]E_‘fq— SA 1:}5 \:ﬂ i’c")‘b‘({ﬂ]ﬂ- ED]-E :]7_]_/‘(_:'1.
2= 93O Table 33} 7o) EntE 140 AL
S} SA T B ZebA| oA FA 2ol uls] F7ksl= A
o7 zAEglon, £3] 0.5mM 2 1.0mMo] £H]E3} SA
SRFA oA 34.5-35.28 FA o] B[l 19.4-22.2% 7}
SHtK(Table 3). EobE #}A0) o g SH|ET SA A
2lof| oJaf Z7latg =], 0.5mM 2 1.0mM 2] SAZ 2] o] A
9.7°Brix 2 S 2jof| ula] oF 15.4% A=, 12| 0.5mM %

2o m|

./3\__1:]]

Table 2. LC/MS/MS operation conditions for the analysis of vitamins.

LC/MS/MS

Instrument Agilent 1200 series + 6410 triple quad LC/MS/MS

Software Agilent mass hunter workstation data acquisition + quantitative analysis

Column Agilent eclipse XDB-Cg (150 x 4.6 mm LD, 5 pm)

Solvent A: 0.1% Formic acid (%)

B: 0.1% Acetonitrile (%)

Gradient 2 min 9 min 11 min 13 min 15 min
A 95 5 5 95 95
B 5 95 95 5 5

Flow rate 0.5 mL-min”

Injection volume

1.0 pL

Table 3. Effects of sorbitol and salicylic acid on red color tone, sugar content, hardness and weight of tomato fruit.

Contents
Treatments Hunter value Soluble solid contents Firmness Weight
(@) (°Brix) (N) (8)

Control 274 £ 34 " 82+11b 12.74 + 097 a 3205 + 111 b
Sorbitol 0.5 mM 323 £ 24 Db 103 + 1.3 a 10.78 + 2.94 ab 3375 + 158 a
Sorbitol 1.0 mM 334 £ 19 ab 10.2 + 0.7 a 9.8 *196 b 336.7 + 185 a
SAy 0.5 mM 317+ 31D 9.7 £+ 1.8 ab 10.78 + 3.93 ab 336.1 + 12.6 a
SA 1.0 mM 329 £ 35 b 9.7 + 1.5 ab 10.78 + 2.93 ab 3384 + 188 a
Sorbitol 0.5 mM + SA 0.5 mM 352 + 24 a 101 + 1.2 a 11.76 + 098 a 3414 + 134 a
Sorbitol 1.0 mM + SA 1.0 mM 345+ 31 a 104 + 1.2 a 11.76 + 1.96 a 3421 £ 12.7 a

“In each column, values with same letter (s) are not significantly different at the 5% by Duncan’s multiple range test (DMRT).
Values shows the mean #* standard error of three replications (n = 10) of each treatment.

YSalicylic acid.



1.0mM] &8]E THEA2]2k 0.5mM B 1.0mM&| &1]E3}
SAZE A oA 10.1 & 10.4°Brix=2 T 2|0 u|sf <F
18.8-21.2% Z7}=|¢ItHTable 3). EAlE 1H2]o] HA|= 4]
=7} SA T 9 SRR 2ol 4] TS| FA 7} 336.1-342.1¢
o7 2AfEo] TR 2o ]3| of 4.6-6.3% 57} {tH(Table
) ?‘i EU]’E _‘_]‘A]_,] 7:]51— &_H]E_‘_]‘ SA 1:]—5 U] izsl—;(—]
2o A] 9.8-11.76NC.2 22| 12.74No|| H|3l] 4E 7FaE
SITHTable 3). &1 ST} SA M7} Enbe Hale] HMe
2 2771 ol Agteto] £u|ET} SAH Y} Eohe
alo] Mol Bele v15 B4 23 gl 0]
£ ool i 2AEIT SH1ET A ©E 9 B3
Aol A 2lZu o] ok FA Pl v F7}E o] Table
3o A A= %7P9]r U AIE dS o ASUTHFig.
2). Iy AME=O] A9 Su]E SA EFA oA HE
Z 2ol ws 71 ko] 374] 7Kt Ao e, 2|=wlo] o
< EHEY SA T B EA oA AY] FARE AR
LFER Rl

Salicylic acid(SA)= A ES 20| U£0 & w4 3tst
=oll &b T2 AEAolA o Hdat HUS v Al
3 ZbﬂOﬂ/\i A8 E# g Ad(systemic acquired resistance,
SAR)S S x5l AEF2ROF oA 9lou, W A3}
' olelols 4e] Ak Tl 8 B el 2
22 AL A= A og A4 A JriKim et al., 2011;

a a a a

¢ = o o
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Fig. 2. Effect of Sorbitol and SA treatments on lycopene contents
in tomato fruit. Columns denoted by same letter are not
significantly different at 5% by Duncan’s Multiple Range
Test (DMRT). In figure, error bars indicates standard error
and each treatment was replicated three times (n = 5).
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Klessig and Malamy, 1994; Ribnicky et al., 1998). T3t A&
T2 SAE N AP B AEdL 2E SEEoR U
7l jasmonic acidJA)2} o2l A3 2AE E3) A
Eda vk HAYUS 9 A W ETkE o=k Z2 o]#}
ke s 2dske Jlor® dEA QltiJavaheri
et al.,, 2012; Kim and Lee, 2013; Kim et al., 2009, 2012,
2014b; Klessig and Malamy, 1994). £3| Javaheri et al.(2012)
= AETEE SAS PR TR 45t BHtE A=
Aol A A9 =rte A=A W vjes Sy
Ente JAY wf Aol A HEAem A W
T, 223 B HERICe] ko] Sk Aoz Hilst
o w, Yildirim and Dursun(2009)= 455 2X SAE &
uhe ARl Aeld A9 EnkE ABR|Y] 20| F17]
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nHu
o

o ul3| Z7k5HA S, ol EnkE AlEAe] HRePA
S PAAA FTA Bool ANEY] e Evbs 3}
9] o] F7bEE o= WSk

o AT LHEL Ty} 2o FHFS B
of YhEoldl UHEO| YFOR tl-LuB(D-sorbitol)o]e}
el wae Uute W BUE geid gl g 2
© TS e ol f W] AE AR AgET Ut
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(Cisneros-Zevallos et al., 1997; Ku et al., 1999). oj&| A5 2
o] ofatl LU ES Bolw AEAo] HelA] EokE Dhale)
T 9 Efo] FTEE AeRE Hsll=r(Giannakoula
and Illas, 2013; Johnstone et al., 2005; Kang and Choi,
2009; Nahar and Gretzmacher, 2002; Zegbe-Dominguez et al.,
2003), Kang and Choi(2009)+= EntE 1}A Q] e = 333}
A& &3l ErhES oA AAdE GHsucrose)o] HAHE
5 Ho] BulE 310 thro] FES u]AThT W sKe
H, BEutE B Y= Eol7] 93t o s EutE 4
EA| A B 21 Bl AR X (drought) AE
G Be BagE A U9t 2 Anz 2 ),
B AN ErkE ABAe] £ulE Aol s 4
83E Ao Z2E=d), Jain et al 2010/ 55 A%
Ao 0.2mM, 0.6mM = 1.0mM FE0] £H|ES alshy
LS 242 AEF 0] JE4 U thilA o] dleko] 7FAE
11, ZE(proline) $FFS A F7HEl= Ao HSIY
c}. Abu—Romman(ZOlO)E So] AEAZ 7Y HieF A ujA]
of &rlE AsHA HH A=A WAF, des 2
Wz skl 74kl dbdo) AHE 3 E4d(osmotic potential)
W ZEY S 48] S Aoz Hiuskiith
Ao Y= T8 2, dEAor EnkE AEA9
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LH|ET} AES SR SAS BE Y 53T A vl 3}
A g gkl b8 ol &u]E0] A9 EupE 7

£HIE1t SA X2|7t EOLE HAo| QHEA|OK! I HIEH!
g0l oixl=

EH|E A ES 2R SA T 9 S9kA] o] uhE2 EnlE
A W) FEAJoP FHEE Table 49} Tl E0lE d}Ao)A]
gy} Het2ne|do] ke e SHEAJobd 3k
Haf| Ao s Avf 2A6FaL, &85 SA Ao 9
off I FrFE A I A e A2 ARG
(Table 4). o]¢} ¥ & U da} AJopd o] gk &ulE
3t SA Aol oJal] P Wk, HA Alopde] ¢ SA
= 9 &85 SA kA PfellA] gEFol 0.021-0.026ug
2 FAe 9 &HHlE dEA 2ol vlsf oF 52.4-61.5% F7t
H Zlom Ao, EnfE BHoA F HSS AHA|
A= Y= Ao ' YERtH(Table 4). 18y dajyd o]
T BEolE dHAoA o2 35F(dH|d, FEkzaed,
Alobd) o] ghekr et U56] =tal, &ulET SA Ao 9
A= IS Wol Wiz Ao RALEGITE &H|[ET SA
Aol dayd gkl 0.63-0.65ug 0= FA 2o
H]3f| oF 39.7-41.5% F7F=| QAL &6lE 9 SA ThEA 2o
A 71 greFo] 0.48-0.50pg 02 T ] tiv] 20.8%-24.0%
Z7}=|9ltHTable 4). A BT 25 SAL Al2A] Y chofst
e 9 fFEshs Ao d#A 9d=d, Kim et al.
(2009b)7} Kim and Lee(2013)2] ¥ ilof| w2, Aoful S|

FA 90 ABAe] SAS AelR 49 Ause FRe) o
obge BH3| hwlw, A A%E F7hEchT 3l
i, 53] #Hl=mA SRtE SebE o9 jhepo] A4 F
7teEl= Ao 2 X 15k Pacheco et al.(2013)= HEEE=
o SAZ Heal7) B, Ago] Eua Sepricol= ¢
o] Z715l= Ao 2 H1skith 18] a1 Moharekar et al.
(2003)= W} =57 5ol SAS A2]stA =, A2l
22 29 (chlorophyll) $FF2 ZHAE 31, B2 712 E] 0]
E(carotenoid) TFF- ZrlEl= Ao W st 99 2
N2 T & o 22522 SA= AlEA oA 22
29, 7I2E ko, ZgtE -o|E W FAE H(xanthophyll)
T e A el A, A eR Bofd ¢ &
Aoz AZiE, B AgolH EulE A2 sA9] A2
= EolE T ) kEAlohdRe] wREE Szl
ol it FehEo|=9] 3t F/S QHEAlORI Y] A
THOIE ABB2E SATL Polet 4 UGS FHAIol:
Anfe AzkEl), wop Wekeh NS Sfeids BAH 4
Zo) 27179 A7l SElolof & Aow AzhE,

2 Aol A SHlE Aol FA ol vlsl tEAJoRd
FeFo] 2715 +=1, Tholakalabavi et al.(1994)+= 159]
= ol &5 A Al wiAlo] B A 2sHA H

N

re oo

PRAEH AT fEEo] £Ee AES] H&o] oAl
A g ghepo] ghasted, QhEAlobdle] el
ZAgich stk ol AW 2 v o] Aol LulE
AelolA] QhEAloRd Fpol F7hE R SR AEAA
=2 ols wAlE Ane g

HER By 9 Co) e LHlE 9 SA T W A

)

4

Table 4. Effects of sorbitol and salicylic acid on anthocyanin contents of tomato fruit.

Contents (ug-g’ fresh matter)

Treatments
Delphinidin Malvidin Pelargonidin Cyanidin

Control 0.38 + 0.03 ¢’ 0.003 + 0.002 a 0.001 + 0.001 a 0.010 * 0.004 b
Sorbitol 0.5 mM 049 + 0.04 b 0.003 + 0.002 a 0.002 + 0.001 a 0.015 + 0.003 b
Sorbitol 1.0 mM 0.50 + 0.02 b 0.003 + 0.002 a 0.002 + 0.001 a 0.012 + 0.001 b
SAY 0.5 mM 0.50 + 0.05 b 0.002 + 0.002 a 0.001 + 0.001 a 0.026 = 0.006 a
SA 1.0 mM 048 + 0.02 b 0.003 + 0.002 a 0.002 = 0.001 a 0.025 = 0.004 a
Sorbitol 0.5 mM + SA 0.5 mM 0.65 = 0.04 a 0.003 + 0.001 a 0.002 + 0.001 a 0.021 + 0.003 a
Sorbitol 1.0 mM + SA 1.0 mM 0.63 = 0.03 a 0.003 + 0.001 a 0.002 + 0.001 a 0.024 + 0.005 a

“In each column, values with same letter (s) are not significantly different at the 5% by Duncan’s multiple range test (DMRT).
Values shows the mean #* standard error of three replications (n = 10) of each treatment.

YSalicylic acid.



o4l FAfefe] vlsl F7HE| $l=Hl(Table 5), H]ERI B2} C
O] oFFE Hs SHIEY SA A Eo|A] A2 tiH] oF
4-6vff 7FF =kom, EHE 9 SA dEA oA E FA g
of ]3] ulEkyl B, 2 Co] Fhepo] k). B3] SA THEA]
glofjA SHlE DA 2o H]sj H[Ek B} Cf gFefo] B
& Aow AR flat & A= Table 39] 2
ol 9 B9l SA A2} Kok AEA] ) o 4
2 Z7MA 7| AL, theksk A ES aRalo] AFS AR S on
S e 58S ARG RA 52, O of
€5 271 5 =% 2y} Alg =t Javaheri et al., 2012;
Kim et al.,, 2009b, 2012; Yildirim and Dursun, 2009).
HIEH1 9] - EHIE Ao E S71E e, ol&
w3 APHel A feld Yok 22 Oh e
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Table 5. Effects of sorbitol and salicylic acid on vitamin B; and C contents of tomato fruit.

Contents (ug-g’ fresh matter)

Treatments
Vitamin B, Vitamin C

Control 0.020 + 0.01 d* 389 + 76d
Sorbitol 0.5 mM 0.076 + 0.08 c 603 + 58 ¢c
Sorbitol 1.0 mM 0.087 £ 0.13 ¢ 584 + 46 ¢
SAY 0.5 mM 0.112 £ 0.25 ab 786 + 54 b
SA 1.0 mM 0.101 £ 0.18 b 724 + 66 Db
Sorbitol 0.5 mM + SA 0.5 mM 0.143 + 0.11 a 143.7 + 12.1 a
Sorbitol 1.0 mM + SA 1.0 mM 0.137 £ 012 a 1514 + 14.6 a

“In each column, values with same letter (s) are not significantly different at the 5% by Duncan’s multiple range test (DMRT).

Values shows the mean #* standard error of three replications (n =

YSalicylic acid.

10) of each treatment.
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