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Effects of Brassinosteroid on Yield and Seed Quality of Soybean under Drought Stress
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ABSTRACT

Soybean seed production after rice in dry season had problems from drought.
Drought conditions decreased seed yield and increased undeveloped seeds due to
dehydration. Brassinosteroids (EBL) stimulates shoot and root growth rate, germination
and vigor of seed, and also induces drought stress tolerance. The objectives of this study
were to evaluate effects and suitable concentrations of EBL on plant growth, yield and
quality of soybean seed under drought conditions. Soybean seeds (CM 60) were treated
and foliar EBL on flowering begins (R1) and pod produced begins (R3) in pot and field
experiments including, EBL at ten concentrations of 0.01, 0.025, 0.05, 0.075, 0.10, 0.25,
0.50, 0.75, 1.00 and 2.00 ppm and distilled water treated was use as the control. The
results were found that soybean seeds treated with EBL 1.00 ppm gave higher pods dry
weight per pot, seeds weight per pot of soybean than non-treated seeds. Furthermore,
soybean seeds treated with 1.00 ppm had the highest of seed yield of soybean and had
lowest low-quality seed and green seed of soybean. There were no differences in
standard germination and seed vigor by AA test between seeds from soybean planted
under drought conditions in the greenhouse and experimental fields. After 4 months of
storage under control temperature and relative humidity (Temperature 22 + 2°C; 50 + 2
%RH), it was found that germination of soybean seed slightly decreased but higher than
75 percentage which is the minimum of germination percentage for registered soybean
seed and seed vigor by AA had a medium seed vigor of soybean. Therefore, soybean
seeds treated with EBL 1.00 ppm were suitable concentrations of EBL to increase the
efficiency of soybean seed production under drought conditions.

Key words: Brassinosteroids, Soybean, Drought conditions, Seed germination and vigor
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2004; Janeczko et al., 2010) quﬁ'ﬁmﬁaﬁ Zhang et al. (2008) laAnw1n1stius1adlua
Fesend (BL) Tnevnuansusiadluaiissesafissdumnududu 0.10 ppm fudwdediszes
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wasaudiTouasiaunudaiusiiviivalon msleneiaumnifvesiudowy wu M pH
Usinadunieing lulpsiauiiduusylowd oaveailulsslovd nunaidoy unaiden
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1. MsAneauRvIsUsENsvashunldlunsine
= @ | oa A g o Y = - a ¢
wisuiegsRuniluiunudgniuvdeslunszsansanmlsaiounazaninliliages
USunusmeimsiazaaantivesiu Feanmsiessinuaudinianivesiunounsmaaey
@13 EBL (Table 1) wuin funildnaasudgnaivdesiainuaauauysalvesnuseauliunansg
anwazilenulufumilenunseuds U§Asendudunsadauin (pH 4.7) Ysunaduvseing

1 [y

ogluseiugs (%OM Wiy 3.12%) Usinamleanleaiiduusslovilufuegseiugs (Avail. P

Y

[y a a o

Wiy 25.40 Tadnsu P deflaniy) Usunaldwunai@euegseausn (K Wiy 36.0 fadnsu K sie
Alansu) USunaweal@auliunais (Ca windu 254.0 fiaansu Ca aonlaniy) USunauuntigen
agszaual (Mg Wiy 19.0 fadnsu Mg Aaflansu) wazUSunaumnanedseauas (Fe winiu

119.0 fiaansu Fe sanlansy)

Table 1 Some physical and chemical properties of soils used in the study

Soil properties Soil
Texture Silty clay
pHY 4.69
OM (%)* 3.12
Avail. P (mg/kg)¥ 25.40
K (mg/kg)” 36.00
Ca (mg/kg)®” 254.00
Mg (mg/kg)” 19.00
Fe (mg/kg)¥ 119.00

Y pipette method (Blake, 1980)
? pH meter (Soil : water; 1 : 1)

¥ Walkley and Black method (Walkley and Black, 1934)

“Bray Il method (Bray Il and Kurtz, 1945)
¥ Ammonium Acetate 1 N pH 7 extraction (Pratt, 1965)
 DTPA



2. sgduautuduvesarsusradluaiissosd Mnanzaudanisiasyivle
ssAUsENoUNAKAALANaNARd RN eTFan U

AIANBINITEAUAMULUINTUTDIETT EBL fian1staseytivln osAUsznauNananuay
wawdniundesnigldannzuiudslunsgansanmlsadou wuin manuans EBL fududundes
ynsefunnududuinlinugs Suauderafy Suaufstesiu Suauilndesiu wagwiingy
wisienszansvesiumdesliunnsnsfiunisain dedudimdemdsainyiuas EBL fanugaeg
eV 34.7-37.0 Wwuiiuns Sruaude 10 Tedadu S1urufs 0-1 Astedu Sruauiln 11-15 #n
fodu uaztminduuitegsening 3.51-4.19 n¥udensens Tasfisuauiufsssezanuinis

asTIineliunndsiumsaiifieglugie 90-93 Ju uainiudan (Table 2 uaz 3) W15

Y

- o v Y o & o & ' = I3 a = 1Y)
Umindnuisuasdmdniuannunissmensearsdinanisnaaeadululudiemadendiu lnonis
Wua1s EBL AuAudmaesissAuaududy 1.00 ppm dnindnuiiagean 19.17 niusie
N30 uasimtnuanandesgeda 14.11 nfuranseans uanavegiidudAgdmneaia
= = a ) " & 1 v v = o8 v o Y] I3
Welssuiisununisldwuans wonandl nswuans EBL Auauduudesyinliuvin 100 wan
Y | ! Y] a = v o a o | ~ o Y]
LLazﬂmmwmumﬂmaﬂlmLmﬂmaﬂumqam FIRUNIUMABINAIIINWUAT EBL UUwmuUn 100
I3 a ) o 2 & @ A A = s & &
WA9 128y 13.10 NTU kaZNAINITAUNEANEANINERINANUDNNINTTIURRY 96 LUBTLTUA

(Table 3) NAN15NARDINLATLALFUIINITHUES EBL AUAUAINADINTZAUAMUTUTY 1.00

1%
| o

[ Yy v A o 9 2 o 4 v v 1%
ppm Wuanududuilininzauninadsdmdnudanindesniglianiguiaudsluanin
lsasau dsiuielvifnauduasiantsamulunisiiaisaivaunssyiulavasi gluldly
a & o O = v v 1% ] v ‘:4' Y] Y v
nsuanudafugiaviesnigldansuiudsduaninls asldans EBL AszAuaududy

1.00 ppm



Table 2 Effects of Epibrassinolide (EBL) in different treatments on physiological maturity

(PM) and yield components of soybean in the pot (means of 4 replications)

under drought condition.

PM after sown Stem length Number of Number of Number of
Treatment
(day) ¥ (em)V nodes/plant ¥ branches/plant  pods/plant ¥
Control 93 36.5 10 1 11
EBL 0.010 ppm 91 36.9 10 1 14
EBL 0.025 ppm 90 354 10 1 13
EBL 0.050 ppm 92 353 10 1 13
EBL 0.075 ppm 92 35.6 10 1 14
EBL 0.100 ppm 90 34.7 10 1 13
EBL 0.250 ppm 91 35.6 10 1 15
EBL 0.500 ppm 91 354 10 1 13
EBL 0.750 ppm 91 37.0 10 1 14
EBL 1.000 ppm 90 34.7 10 1 14
EBL 2.000 ppm 91 34.8 10 0 14
Mean 91 35.6 10 1 13
F-test ns ns ns ns ns
C.V. (%) 0.99 572 4.47 43.32 14.30

YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

Table 3 Effects of Epibrassinolide (EBL) in different treatments on yield and standard

germination (%) of soybean in the pot (means of 4 replications)

under drought condition.

Dry weights of Dry weights of Seeds weights 100 seed Germination
Treatment

stem/pot (g)V pod/pot () (g¢/pot)V weights (g)V (%)Y
Control 3.96 11.61 c 6.86 d 11.52 93
EBL 0.010 ppm 4.00 16.65 ab 10.00 ¢ 13.75 97
EBL 0.025 ppm 4.09 18.05 ab 10.23 bc 13.74 98
EBL 0.050 ppm 3.96 15.27 abc 10.10 bc 11.35 93
EBL 0.075 ppm 3.52 17.15 ab 12.22 abc 12.26 94
EBL 0.100 ppm 3.94 15.83 ab 10.21 bc 12.37 99
EBL 0.250 ppm 4.04 17.12 ab 11.83 abc 13.19 97
EBL 0.500 ppm 4.19 18.10 ab 13.01 ab 14.01 99
EBL 0.750 ppm 3.88 17.04 ab 11.05 bc 13.95 98
EBL 1.000 ppm 4.18 19.17 a 14.11 a 14.24 95
EBL 2.000 ppm 3.51 14.62 bc 10.91 bc 13.74 97
Mean 3.93 16.42 10.96 13.10 96
F-test ns ** ** ns ns
C.V. (%) 17.74 14.72 16.20 11.33 4.01

YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)



3. NavAsENsUTEE luaiuseendanandnuazaA WA UG AnR I eTdEN13e
L4 14
ATIEN
msfinuansuadluaiiososdsonananuazaunmaaiugaandenelianiizui
wadluannligasgauas U 2561 wuid an we1niAseningion Suinau 2560 B9 ew Tunay

2561 agluanimgaumgianaie 30.1-36.8 gaumnidade 19.5-24.0 wazUSunanduiaie

a ! =

0-0.4 fiadanssiainau (figure 1) wWa¥N1INUANT EBL AUAUNINEGDMNNTEAUAINTUTUINTA

AuEs Surudesdesu Suiuidediu Suiuilndesiu wazdwiuwdadeinvesiandesly

Y} a

WANANAUNIGEDH FINUUNFDINAIINNUATT EBL UAUgIeesenIng 47.9-52.4 Lufiling
F1UIUTD 12-13 Taradu 31UUAY 1-2 Aerafu 91uIuEln 48-58 Hnsany wazd1wIuwan 3

< | 1 Y & Y [ [ @ 1y a I3 LY 4
winseiln uinanismaaesuansliiiuladaniend il muaanusingnandnLuaniug

Y] & P o 1 o ) Y v A v oo & PN )
AILRADIUUINUNLA NN NAUNIUTEAUAMUVNYUUDIATT EBL NNUAUNILIADY I@EJ‘I/IiZG]‘Uﬂ’JWlI

g '
a [ LY [y A ol

\WuduYed EBL 1 0.50 kag 1.00 ppm MiHaNAALAATUTIADENgR WU 469.1 uay

'
o Y a

468.4 Alansusals mua1ay wanssedsiitdAydmsadfdeToudisudunislanuans
(Table 4)

AN MLAATUILME B EnaIUSUUTIENWAATUgAINAgaUa1s EBL Tissiumy
P Y] ' ' ' = Y} Y v = v @
wWnduseiuluaninls wudn nswuans EBL Misedumnududu 1.00 ppm Sxalvidliudnfse
=i 1% A 3 oA v =] = oy oA 1% a2 A
gn3eray 93.37 landudnvauziuanduidniasiiendutiosngnievay 6.63 uaziliwdnided
Uoeiansovas 4.69 wnnssegalitedAydmsadfdunisnuans EBL NnseaAuanududy
AIUAMAIMVIIUANIBNKAZAULTINT IO LLAATUSlIUANA1UNEER Faudaiug
fwdesdimusenuinsgiueds 94 Wesidus anuenenasenafiedls AA test lde 77
Wosliud dn31n1sasiulnvessenseuliniue119g58139 9.50-10.25 LwURIAT waz

= | ' a Y & o so 2

ANY1ITINAAINEIDYTENINT 9.41-9.84 wwufluns lumainusnwiudaiugiumvaesann
AUALYUMTUATAUIUEUIYS (90l 22 + 2°C; 50 + 2 %RH) Fanaum Uiy Iaanug
Y A = 1 ! § < (3 [ ! 14 ad
DIMFDINAIUDNUINTFIUGIDYTENTN 93-95 LUBTLTUA AUIBNAENEUTIBILAILTT AA

test 9E5ENI19 74-80 WosiHUA AMNIMLAATUEATINNLIATFINTURUS e (AT118N

' [
A ) a A

275%) wazn1evaunusnviuaniugiamassnan maruaugumrninazm R uduing wuid

9 Y

< 2/ Y @ I =] IS 1 ! ¢ @ 3
AnNsenanaantesuansliiuludoun 4 HATININBNUINTFIUBYTSUIN 83-84 LUBILYUR

AN INNEATUSATINNNINTFINTUNUSYE8UDINTUIBINTNEAT (@a1Tuidenls, 2537)

PV s & ¢ < & o e = 1
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Table 4 Effects of Epibrassinolide (EBL) in different treatments on yield components and
seed yield of soybean in the field (means of 4 replications) under drought condition,

dry season 2017.

Stem length Number of Number of Number of Number of  seeds weights
Treatment

(em)V nodes/plant branches/plant  pods/plant  seeds/pods (kg/rai)
Control 52.4 13 1 48 3 347.0d
EBL 0.100 ppm 50.7 13 2 55 3 395.3 ¢
EBL 0.250 ppm 515 13 1 52 3 394.3 ¢
EBL 0.500 ppm 50.8 12 1 53 3 469.1 a
EBL 0.750 ppm 49.3 13 1 52 3 4265 b
EBL 1.000 ppm 47.9 12 1 58 3 468.4 a
Mean 50.4 13 1 53 3 416.8
F-test ns ns ns ns ns **
CV. (%) 7.16 6.57 21.31 9.46 6.19 4.81

YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

Table 5 Effects of Epibrassinolide (EBL) in different treatments on yield components and
seed yield of soybean in the field (means of 4 replications) under drought condition,

dry season 2018.

Stem length  Number of Number of Number of Number of  seeds weights
Treatment
(cm)Y nodes/plant  branches/plant  pods/plant seeds/pods (kg/rai)

Control 53.0 13 1 56 3 359.0d
EBL 0.100 ppm 51.2 13 2 54 3 3929 c
EBL 0.250 ppm 52.0 13 1 51 3 3913 ¢
EBL 0.500 ppm 51.3 13 1 52 3 444.1 a
EBL 0.750 ppm 49.8 13 1 50 3 4039 b
EBL 1.000 ppm 48.4 12 1 49 3 4554 a
Mean 50.9 13 1 52 3 407.8
F-test ns ns ns ns ns **
C.V. (%) 7.15 6.57 21.30 12.48 6.19 10.57

Y In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
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Table 6 Effects of Epibrassinolide (EBL) in different treatments on seed quality of soybean in the field (means of 4 replications) under drought condition, dry season 2017.

Good seed Low quality Green seed Unfilled seeds Germination Seed vigor by Shoot growth Root growth
Treatment (%)Y seed (%)Y (%)Y (%)Y (%)Y AA test (%)Y rates (cm)Y rates (cm)Y
Control 86.25 b 1375 b 10.33 ¢ 0.46 94 76 9.59 9.80
EBL 0.100 ppm 89.57 b 1043 b 6.84 bc 0.56 94 74 9.65 9.48
EBL 0.250 ppm 89.24 b 10.76 b 7.80 b 0.48 93 79 9.50 9.41
EBL 0.500 ppm 89.24 b 10.76 b 6.50 bc 0.56 95 77 9.64 9.42
EBL 0.750 ppm 87.41 b 1259 b 7.05 bc 0.46 94 76 9.97 9.62
EBL 1.000 ppm 93.37 a 6.63 a 4.69 a 0.49 94 80 10.25 9.84
Mean 89.18 10.82 7.20 0.50 94 7 9.77 9.60
F-test o x* ** ns ns ns ns ns
C.V. (%) 2.39 19.68 22.52 55.32 1.97 6.99 5.63 3.45

“In a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)

Table 7 Effects of Epibrassinolide (EBL) in different treatments on seed quality of soybean in the field (means of 4 replications) under drought condition, dry season 2018.

Good seed Low quality Green seed Unfilled seeds Germination Seed vigor by Shoot growth Root growth
freatment (%)Y seed (%)Y (%)Y (%)Y (%)Y AA test (%)Y rates (cm)Y rates (cm)Y
Control 88.13 b 11.87 b 842 Db 0.85 86 51 9.69 9.90
EBL 0.100 ppm 8794 b 12.06 b 942 b 0.65 88 56 9.75 9.57
EBL 0.250 ppm 90.13 b 9.87 b 7.60 b 0.68 89 57 9.60 9.50
EBL 0.500 ppm 90.13 b 9.87 b 7.10 b 0.66 88 57 9.74 9.51
EBL 0.750 ppm 90.00 b 10.00 b 7.15b 0.46 88 57 10.07 9.72
EBL 1.000 ppm 92.84 a 7.16 a 5.60 a 0.47 88 55 10.35 9.94
Mean 89.86 10.14 7.55 0.62 88 55 9.87 9.70
F-test ** ** ** ** ns ns ns ns
C.V. (%) 4.66 14.33 38.74 68.84 4.45 24.88 5.69 3.48

YIn a column, values followed by a common letter are not significantly different by Duncan’s Multiple Rang Test (p < 0.05)
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Figure 3 Seed germination (a) and vigor by AA test (b) after stored room temperature for four months of different treatments EBL, dry season 2017.
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Figure 4 Seed germination (a) and vigor by AA test (b) after stored room temperature for four months of different treatments EBL, dry season 2018.
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