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Effects of Plant Crowth Regulators on Soybean Seed Quality

under Low Temperature
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ABSTRACT: The problems of soybean crop are mainly physical stress, growth retard, poor germination
and vigor due to low temperature in dry season. Brassinosteroids (EBL) and gibberellic acid (GA,)
stimulate shoot and root growth rate, germination and vigor of seed, and also induces low temperature
stress tolerance. The objectives of this study were to evaluate effects of EBL and GA, on seed imbibition
and quality of soybean seed under low temperature. The pattern of seed mbisture content of soybean cv.
Chiang Mai 60 (CM60) was investigated using different levels of EBL (0, 0.05, 0.075, 0.10, 0.25 and 0.50
ppm) and GA, (0, 10, 50, 100, 150 and 200 ppm) at 10, 15, 20 and 25°C. The results showed that the
patterns of seed moisture content using EBL, GA, and distilled water of CM60 were similar trend. All
concentrations of EBL and GA, at low temperature (10 and 15°C) delayed water uptake of CM60 seed and
took a longer time to reach the end of phases 1 and 2 compared to high temperature (20 and 25°C). As
temperature increased germination, shoot and root growth rate, seedling vigor index increased, while
mean germination time (MGT) decreased. All concentrations of EBL and GA, had interaction under
different temperature in seed vigor. However, GA, was more effective than EBL for improved seed vigor
by AA, shoot and root growth rate, seedling vigor index whereas decreased MGT. It is indicated that
CM60 seed treated with GA, 100 ppm and EBL 0.50 ppm were the most effective treatment which resulted
in increased seed vigor under low temperature.
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zh%’m::gm‘wsmm'lumﬂﬁmﬁm mqtﬁuLﬁﬁo@edﬂ%ﬂ@@nwgnds‘euqm 5 - 10 u nanAndamAnsides
nurlurnsfufain Winandniufidaneanasiivienas 60 Lm:mﬁmﬁuiﬁammwﬁw (d3dnmol uay
ALY, 2553)
'Lumsm‘imLuﬁﬂﬁuﬁqﬁLﬂwmwﬁn'lﬁ%uanﬁmLuﬁmﬁuq’qumzqmmwﬁtﬁfamuaummm
AR4N19UBINEHATNS mi'l.'”nmm'mﬂumm‘%cyLﬁuTmLﬂumqL%ﬂnuﬁqlunwﬁfmLﬁlunauﬁmmﬂlﬁ
amwmma@uw‘lummvamm“mmmmLmunm@?ml,mmmwen‘lmm (Davies, 1995) lagian1zansAILAN
mimrymu‘imnaumma‘iuameﬂﬂmmvnau@ummmau mLﬂumswmmmniumummmgLmu‘[mimm
geaLAzIIN BuEENN9enuarANLT LT NGRS uazdaulifnunuregnmnRAlH (Fudiiand
Saka, 2002; Li et al., 2013) udamaes Wang et al. (1996) 1#1%a1s GA, 0.10 mM gNNTnNARINEN
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Enaniteldiuunasannsliifudewasyiula Lazszasd 3 ifluszarnisasyiulneessiugeu (embryo
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&y
mmammmus@mv 6.5 LAY meumaav 6.9-7.1 ATNANAL mnamauammuﬂm 1 U8y 2 mu

- J
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v

Yatay 2.3 - 2.8 AMNAAL mnﬂzmaummmi:ﬂvm 1 uag 2 (Figure 1 UAY 2 LAy Table 1) #anARDITLY
muumsmmﬂﬂaﬂuuﬂm‘immmLﬂmummumm Simon (1974) Tmmmmmumiqmmmmm‘tﬂimu
waznealadausiasiy LﬂﬂﬂL?ﬂ\iﬂ’lﬂu'ﬂﬂ’\\iluL‘ﬂui‘vmﬂul‘uﬂﬂ" hexagonal phase Lummmummmm
ma‘lmmq"@mwnum Lumﬂ@mﬂlw.-maummmsmmmmmﬁamwﬂnmﬂu lipid bilayer %38 bilamellar

phase #4144 Lu@w'1nma‘mafauw‘lﬂmmm‘llﬁmuua*ﬂaa‘[w"l,aﬂmLmvmmmuwmmmamm

Table 1 Seed moisture content, SMC (%) of soybean seed cv. Chiang Mai 60 at the end phases 1 and 2 under different concentrations of
EBL and GA, at 10, 15,20 and 25 °C

! End of phase | End of phase Il Increase of SMC (%)

Temperatures ('C)

¥ Time (h) EBL GA, Time (h) EBL GA, EBL GA,
10 30 58.8 58.6 108 62.9 62.7 6.5 6.5
15 30 56.7 56.6 72 60.9 60.9 6.9 74
20 12 61.1 60.6 30 63.5 63.2 3.8 4.1

25 12 59.5 5.2 24 60.9 60.9 23 28
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Figure 1 Moisture content (%) of soybean seed cv. CM60 under different concentrations of EBL at 10 (a), 15 (b),

20 (c) and 25 (d) °C
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Figure 2 Moisture content (%) of soybean seed cv. CM60 under different concentrations of GA,at 10 (a), 15 (b),

20 (c) and 25 (d) °C
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3.2 Nammmsﬂanmgmﬁqamsusﬂamumﬁmaﬂé (EBL) WAzNTAALLLALTAAN (GA,) AD

o

ATUNIN LN’R AN uﬁﬂ’]t‘ﬂﬂﬂﬁﬂ’\iﬂﬁﬂn’]’l amvmu 208}

al

wasiiue ﬂ’l"lN\iﬂﬂN’W]?ﬁ’]uVl@mﬁﬂN 25°C Nﬂ"J’m\‘iﬂﬂLﬂﬂﬂ'&\mﬂW 94 waidud WANFANNBENNY

1
o o

WadnAtyaneana uqmmm 10 uaz 15 B9A1LEATEY LL@:ﬂ’]i‘ﬂ@ﬂLN@ﬂﬂQLM@'MmEM’]T EBL Ua% GA, #
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T:ﬁUﬂQWNLﬂN%uLLﬂﬂﬂ'Nﬂu ﬂQ’WNQ’t’]ﬂl}JNﬂ‘)’]NLLﬂﬂﬁl’l\iﬂuVl’N@ AL @L‘LE‘EIULﬂﬂUﬂULNﬂﬂﬂQm@ﬂﬁ‘/\ﬂ'&HUW

a

nauuazlingnans (WAAUETARILAN) LummnLmmmm@mwﬁmmma@uﬁLﬂ@%Leﬁuﬁmmmnmm@
o & 1

Brunagaudnsaiiiualinanueenuansniu uanannil mmammmmmammams GA,100 ppm 7
gruuni 15 ua 20 RYANTALTE A mlummmnmmmumammnu 91 uax 94 Wasiud (Table 2)
WuAeany Agawane and Parhe (2015) 1% Seed priming mmmmammams GA,100 ppm WWunan 12
dalua :4u@'lwmwm'anmmﬁ’m’l,wmﬂgummﬂmvmmmn‘l‘uamw%mmwﬁmswiuumﬂmmaﬁ

ﬂ’li‘ﬂi‘tLNuﬂ’J’mLL‘INLLN’IJ’rNLZJ'&ﬂwuﬁ;ﬂ')ma@ﬁ‘ﬂﬂ@ﬂﬂ’]i‘ﬂ')‘uﬂNﬂ”I‘J‘LQ?ELJLMUTGl"ﬂ@QW’I! WUIN AN

|
=l

LL%QmemmﬁmﬁqmﬁmﬁmmmumwuﬁqLm‘nmLuﬁmﬁuﬂm%‘%mimmwamuqﬁ 10 WAT 15 BIAN

9 q

o

= = ¥ o I Gi 17 -8 o @ o o ' o 1
LIQLTEIA NN@lﬂﬂ’l’m\?'ﬂﬂﬂ”lfm@dﬂ’]ﬁ‘LN’ﬂ’]ﬂL@ﬂﬂ@ﬁQﬂL‘V]’]ﬂ‘l_l 80 UaY 78 Wadidus MNAIAL WANANNUALN

k2

ffudnAryBanneadAfugnugRf 20 uaz 25 avrTALiua Lm”mmamuﬁmﬁwmi GA, 10 ppm Hualif
d -

ﬂ')’m\‘i‘ﬂﬂﬂ’mﬂﬂ\‘iﬂ’ﬁ‘l,i\l@ﬁﬂL@@ﬂ@d@ﬁm’ml} 80 weidust u,ﬁmmNnu@m\mummmmmm ANLINAANY

otha

bt )

TAAIUAN LL@vWUﬂQﬁNWHﬁ?ZM’MQ‘nLN@@G’]L‘M@@\W]ﬂ@ﬂ’&’ﬁ‘ EBL waz GA, mvmummwmuu@”@muq

b

wansinaiy Tnanisaqnindasqaais EBL 0.50 ppm Ngounni 10 p9ATIALEIEE WAy EBL 0.075 ppm %

@munu 25 @Qﬂ%‘ﬁﬂlﬁﬁﬂ'& Vl’llﬁﬂ’l’mﬂ@ﬂﬂ’\ﬂ‘ﬂﬂﬂﬂ’]i‘LN’E\’]ﬂﬂ\mﬂW\’mU 84 Wav 75 wesidus ANNANAL

a

Lmnmanu@mquuﬂmﬂmmmmnmnmmmwuqmmuﬂu LLﬂuﬂ’li‘ﬂ@ﬂLNﬂﬂﬂ’?ﬂﬂ’l? GA, 10 ppm w@munu

1
=

10 WAy 25 @Qﬂ’]L‘DﬂL“ﬂﬂ@ way GA, 100 ppm V\'EMVQN 10 ae 15 'ﬂ\iﬂ’\L‘ﬁ@L‘ﬁﬁ@ uwa’lumﬂm@nmwmm?

9

|9

eengguaawiniL 85, 77, 87 uaz 84 wleSiud e MR - A IRV R LT
AILAN (Table 3) nsTasmINIsETIALInTeItangaULATIINEDU Wudn nsAgnINGAdaeans EBL 0.50
ppm w@munu 10 aeAIaEed SualiinoneeaaLazIINgIqAMINL 6.27 Lax 4.31 IURLNAT ANNANAL
memnu@mmuﬂmﬂmmmmnmrmLuamwuﬁmmmucﬁm Laziiefiansnanislsziiunnelfianiay
@nmnum nsAqnINARSaLans GA, 10, 50, 100, 150 uaz 200 ppm ‘vvanmnu 10 UAZ15 paATAITaA KA
WinuE1I8DNGIRABETTNIN 7.46 - 8.51 IURLIAT LAY 6.44-7.41 [IURINAT ATNAAL wANFNaTUe e

o o T

adnAty BaneadAfuNAARUTIAAILAN LﬁuLﬁmrTummmqmnﬁﬂqmuﬁmﬁwmi GA, 10 50 uax100

=

_a v

ppm Agaunni 10 aeAmaldaa dualiinanue199ngegaminiu 3.95 4.10 uaz 3.69 EURLNAT ATNATAL

a

° o a aa o =3 o T

Lansnetue taiiad Ay Bmiaiftundniuggaaunu (Table 4 ua ) uanani Agiatnudau

O )

i
=l a

yasdundiavdedgeganigamgian 10 uaz15 aeALTAITd WU MAgnINdAsiaa@nT GA, 10, 50, 100,

9 9 U

o~

150 wag 200 ppm Pl deiAuuisusaaesiundgeqaagszndng 984.3-1,105.6 uaz 807.3 - 958.9

PINANAL UaTN1sARNINEAKILANT EBL 0.50 ppm Ngnuuiil 10 arnaldud vliineiianuuiusresiiy
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o o o =3 o

néngagavinmL 965.8 Luﬂnﬁmﬁu@ﬂwﬁﬁﬂmﬂm?qumﬁﬁ UWNARRUGTAAILAN (Table 6) 749 Wei and Li
(2016) 31297191 @17 EBL funundudiuninenmasiyiuingeaeauazansesieinindniinanu
LWieusannay Inglanizn s NIUIAT8Y meristem LAENNTE AT TR INAILA FHUINTRINTIAN
aanA%eey Kshitij et al. (2011) Wudn EBL 0.40 ppm Haaliindiusen FatiANNNean AriANLILN LAy

AEaTnYeaiadEageaauanssanATNdiuly o ifuaeaiy Singh et al. (2012) wud 7 ldans 1.0

| 1

MM EBL ansonliidugeutinninammusednanataaangamaiin innsesyiiuinuariarennees

U

Hun&118# Gupta and Chakrabarty (2013) 318471491 GA, fansnasanissenuaznstnin Wiad it aang
Tnganisndndun W ad S aniiannuiusaiuay aanadaqry Agawane and Parhe (2015) 1411
seed priming ani:ﬁumwLﬁamemmﬁmﬁuﬁamﬁmﬁwms GA, 100 ppm (flulaan 12 dalua Auali
Annmsenluaninls anuenaeeauazan dninuieiugen uazFrfianuuiusesdundngeiian
uRsaiy Wang et al. (1996) wud n1slda1s GA, 0.10 mM anunsninAgaeen sasannsentuaninls
Lmzmm‘?mLﬁuimmﬁu@'@uﬁqmﬁfm‘liﬂ’mumqumuqﬁE'iﬂuﬁu uananni N1TARNINARGIEAIT GA, 100,

150 way 200 ppm AgauunR 10, 15 UAZ 20 BIATALTEA WU fimnuiialunissenileangawiniu 10, 7

a o I3 '3

WAY 5 94 MINAIAL meshm“uaﬂnqﬁﬁﬂﬁﬁﬁn&léqmmnﬁnuLuamw”uqmmuqu (Table 7) aanA&edriy
Leubner-Metzger (2001) $1891UHATAY GA, fannseniumEatngudn GA, §1113anszi{un131818iaves
Lemf:ﬁmﬂL‘ﬂ'umwﬁmuﬂmmmﬁaLmﬁﬁﬁlﬁL«mﬁﬂgﬂéwﬁmmaﬁyu AT NIENATNNILALNNIAT BN
wazinl4i hypocoty! Baenliluan miuanieilifiuds s9nsieenns GA, Tutfunuitiaandndfiu laasan
Haans GA, WerAuuntuluans uitaasainisluszdvlulasiuani Blinnsldans GA, Agnindnaluadnu

dindiungeiinalisnarasnisaiodulali (Eichi, 2005)

4. qgu

'
o

v 1 v 1 1
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funugluuunisgainsendaimileui uiiqumgll 20 uax 25 saATaving finsgauninTuetng
; a4 A

v 1 v U
1AGIsTNINgAAUGATEIITEER 1 UaT 2 289N13AUNTBANAATIIMARY AIUANNININAANUFIIMADIN

q

gruvindl 25 asraadea Huefifufannuen aAnuenitengauiazingey frtinnnuudeusereesiuninze
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o a

WADegge Wz At luNINen1eIiImaRIANYe WAAHIANANENAINITIBL A AT U 10

U

LAz 15 2aATaLdea uazn1sagniuAnianans EBL uaz GA, lufinaliinanasanuansiaiu usdiiulidalu

nssziiunnnuuiusareandndamansnaqnaeais EBL 0.05 ppm Uae GA, 100 ppm N1 iAnnean

a

. . . L. . 2o :
NEVRINIIIEIDNY ATTNENNLAATAULAZIINEDU satia N eiundinIunalsanwgungisan
4

uaz GA, fnaliinaniedelunssentianad ANRANTNAGRIENITAINAT EBL UAZ GA, fsvauANiingun

g iU Mnsvgnafli lumngnuasniandmudaiugiamdeduanwlisiel)
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Table 2‘iEffect of temperature and chemical concentration on germination (%) of soybean seed

Concentrations (C) Temperatures (T) C-MEAN"
10°C"” 15°C" 20°C” 25°C"

EBL 0.050 ppm” 86a B 85bc B 91ab A 93 A 89
EBL 0.075 ppm” 87a BC " 84c C 89ab B % A 89
EBL 0.100 ppm” 86a B 89ab  AB 93ab A 93 A 90
EBL 0.250 ppm” 88a B 89abc B 91ab  AB 9% A 9
EBL 0.500 ppm” 87a B 88abc B 89ab B B A 89
GA, 10 ppm” g6a B 88abc B %ab  AB 93 A 89
GA, 50 ppmz’ 88a B 91a AB 90 ab B 95 A 91
GA, 100 ppm” 89a B 9a AB %a AB % A 92
GA, 150 ppm” 91a AB 88abc B 88b B 95 A 90
GA, 200 ppm” 87a B 88abc B 91ab  AB 9% A 90
Distilled water” 81b C 8abc B 90 ab B 95 A 88
Non-treated” 86a C 88abc BC 92 ab AB 93 A 90
T-MEAN” 87B 88 B 90 AB 94 A 9
F-test (T) -

F-test (C) ns

F-test (TxC) ns

CV (%) 3.41

** significant at p < 0.01
YIn a column, values followed by a common lowercase letter are notsignificantly different by Duncan’s Multiple Range test (o <0.05)
YIna row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)

Table 3 Effect of temperature and chemical concentration on AA test (%) of soybean seed

Concentrations (C) Temperatures (T) C-MEAN"
10°C” 15°C" 20°c” 25°C"

EBL 0.050 ppm” 81bcd A 74c B 71ab B 71bc B 74 be
EBL 0.075 ppmz 76 d AB 79b A 73 a B 75ab B 76 abc
EBL 0.100 ppm” 77d AB 79b A 74a B 69cd C 75 be
EBL 0.250 ppmy ) 76 d AB 77 bc A 73 a B 65d C 72¢
EBL 0.500 ppmﬂ 84 ab A 76 bc B 62c ] 74 abc B 74 be
GA, 10 ppm” 85ab A 78bc B 72a  C 77a B 78 ab
GA, 50 ppmz’ 84abc A 79b B 73 a C 74 abc C 77 abc
GA, 100 ppm” 87a A g4da A 75a B 74ab B 80a
GA, 150 ppm” 77d A 78bc A 72a B 70bc B 74 be
GA, 200 ppm” 81bcd A 77bc A 67b B 69cd B 74 be
Distilled water” 81bcd A 75 bc B 74 a B 71bc B 75 bc
Non-treated” 79 cd A 76 bc AB 71ab C 73 abc BC 75 bc
T-MEAN® 80 A 78 A 718 728 75
F-test (T) - ok
F-test (C) =
F-test (TxC) =
CV (%) 3.99

** significant at p < 0.01
YIn a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
Ina row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (o < 0.05)
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Table 4 Effect of temperature and chemical concentration on shoot growth rate (cm) of soybean seed

Concentrations (C) Temperatures (T) C-MEAN"
10t)C1/ 15°C1I 20 oC1l 25 OCI/ '

EBL 0.050 ppm’ 244d D 466b C 763c B 1091de A 6.41 bc
EBL 0.075 ppm” 324cd C 401b C 6.88cd B 10.32 ¢ A 6.11¢c
EBL 0.100 ppm” 365¢c C 439b C 7:51¢ B 1036 e A 6.48 bc
EBL 0.250 ppmz 367c C 369b C 7.66c¢c B 11.46cde A 6.62 bc
EBL 0.500 ppm” 627b C 458b D 7.40cd B 11.52cde A 744 b
GA, 10 ppm” 746a C 658a C 9.12b B 11.97bcd A 8.78 a
GA, 50 ppm” 851a C 686a D 10.91a B 1248abc A 9.69a
GA, 100 pprnﬂ 8.13a C 741a C 991ab B 13.00ab A 9.61a
GA, 150 ppmz 746a C 653a C 9.45b B 13.06ab A 9.12a
GA, 200 ppmz 757a C 644a C 9.76 b B 13.48 a A 9.31a
Distilled water” 287cd C 3.80b C 6.20d B 11.44cde A 6.08 ¢
Non-treated” 0.63 e D 356b C 6.58cd B 12.59abc A 5.84 c
T-MEAN? 5.16C 521C 8.25B 11.88 A ; 7.62
F-test (T) **
F-test (C) =
F-test (TxC) e
CV (%) 10.01

* significant at p < 0.01
¥|n a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple Range test (o <0.05)
Z1n a row, values followed by a capital letter are not significantly different by Duncan’S'MuItipIe Range test (p <0.05)

Table 5 Effect of temperature and chemical concentration on root growth rate (cm) of soybean seed

Concentrations (C) " Temperatures (T) C-MEAN"
10°C" 15°C" 20°C" 25°C"

EBL 0.050 ppm” 248 f o] 267 C 6.09a B 10.61b A 5.46 a
EBL 0.075 ppmz 2.83 ef Cc 2711 € 579ab B 11.16ab A 5.62a
EBL 0.100 ppmz 3.14def C 305 C 5.39abc B 10.97ab A 564 a
EBL 0.250 ppmz 3.00def C 296 C 570ab B 10.80ab A 5.62a
EBL 0.500 ppmz' 431a o] 273 D 6.09a B 10.51b A 591a
GA, 10 ppmZ 395abc C 291 D 506 bc B 11.48 a A 5.85a
GA, 50 ppmz 410ab C 291 D 488cd B 9.63¢c A 5.38 ab
GA, 100 ppmz' 369a-d C 285 D 4,66 cde B 9.61c A 5.20 ab
GA, 150 ppm2 342b-e C 264 D 431de B 8.36d A 4.68b
GA, 200 ppmz 331cde C 307 C 407e B 8.14d A 4.65b
Distilled water” 249f D 322 C 53bc B 11.39a A 5.60a
Non-treated” 2.83 ef C 308 C 524bc B 11.16ab A 5.58 a
T-MEAN? 3.30C 29C 522 B 10.61 A 5.43
F-test (T) *
F-test (C) **
F-test (TXC) ”*
CV (%) 8.61 . -

* significant at p < 0.01
¥|n a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple Range test (o < 0.05)

Z1n a row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p <0.05)
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Table 6 Effect of temperature and chemical concentration on seedling vigor index of soybean seed

Concentrations (C) Temperatures (T) C-MEAN"
10°C" 15°C” 20%0". . 25°C"”

EBL 0.050 ppmy 4233cd D 665.8bc C. 1,166.0bcd B 2,001.8 bc A 1,064.2 e
EBL 0.075 ppmz 526.1bc C - 5940c C 1,058.3 cd B 2,053.8 bc A 1,058.0 e
EBL 0.100 ppmz 584.8bc C 690.6 bc C 1,1455bcd B 1,978.0c A 1,099.7 de
EBL 0.250 ppmz 647.4b c 6050c C 1,1829bcd B 2,096.5abc A 1,133.0 cde
EBL 0.500 ppmzj 965.8 a C 678.0bc D 1,184.4bcd B 2,054.5 bc A 1,220.7 b-e
GA, 10 ppmy 984.3 a C 8554a D 1,287.8 b B 2,175.0 ab A 1,325.6 ab
GA, 50 ppmz 1,105.6 a ] 8756a D 14943 a B 2,101.1abc A 1,394.1a
GA, 100 ppmy 1,005.1 a C 9589a C 1,318.4 b B 2,124.7abc A 1,351.8 ab
GA, 150 ppmﬂ 993.6 a C 807.3ab D 1,207.5 bc B 2,025.2 bc A 1,258.4 a-d
GA, 200 ppmy 988.1a C 863.2a C 12129bc B 2,055.0 be A 1,279.8 abc
Distilled water” 4335cd D 6289c C 1,018.8d B 2,174.2 ab A 1,063.9 e
Non-treated” 296.7 d D 652.8bc C 1,039.9 cd B 2,233.3a A 1,055.7 e
T-MEAN” 746.2 C 739.6 C 1193.1B 2089.4 A 1,192.1
F-test (T) ==
F-test (C) >
F-test (TxC) s
CV (%) 8.96

*“* significant at p < 0.01
In a column, values followed by a common lowercase letter are not significantly different by Duncan’s Multiple Range test (o < 0.05)

Ina row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)

Table 7 Effect of temperature and chemical concentration on MGT (day) of soybean seed

Concentrations (C) Temperatures (T) C-MEAN"
10 °Cc” 15°C" 20°c” 25°C"

EBL 0.050 ppmy 13.91a D 7.69abcd C 5.68abc B 3.16 A 761a
EBL 0.075 ppmy 13.72 a D 7.79 ab C 5.60 bc B 317 A 757 a
EBL 0.100 ppmy 1295bc D 7.73 abc C 5.89 ab B 3:15 A 743 ab
EBL 0.250 ppmz 13.00 b D 793 a C 5.89 ab B 3.14 A 7.49 ab
EBL 0.500 ppmzl 1253cd D 7.94 a C 5.95 ab B 3.12 A 7.39 ab
GA, 10 ppmﬂ ) 1237 d D 7.37 bed (o] 5.49 bc B 3,11 A 7.08 bc
GA, 50 ppmz 12.34 d D 7.32 bed C 531c B 3.14 A 7.03 bc
GA, 100 ppmy 10.34 f D 7.25 cd (6] 5.30¢c B 3.1 A 6.50d
GA, 150 ppmz 10.63ef D 7.24d C 5.30¢c B 3.1 A 6.57d
GA, 200 ppmﬂ 10.96 e D 7.22d C 541c B 3.16 A 6.69 cd
Distilled water” 13.74 a D 7.43 bed (o 6.08 a B 3.12 A 7.59a
Non-treated” 13.50 a D 7.67abcd C 5.94 ab B 3:11 A 7.55a
T-MEAN? 12.50 D 7.55C 5.65B 3.13A 7.21
F-test (T) il
F-test (C) *
F-test (TxC) *
CV (%) 8.96

** significant at p < 0.07
’Ina column, values followed by a common lowercase letter are not significantly different by Duncan'’s Multiple Range test (o < 0.05)
“Ina row, values followed by a capital letter are not significantly different by Duncan’s Multiple Range test (p < 0.05)
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