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Effects of gibberellins and brassinosteroids on nodulation, growth and seed
yield of elite soybean lines grown after rice in dry season
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UNARE: N1IAgNIEALAYNTHUAITIUIUBLIAAY (GA,) uasuTIadluafiesasn (EBL) a111350nI2AUAIINIBNLATANS
wigdulmvesdandasmeldanmaumgiidn mafinwluafiifsdinqusvasdiioussiiunavasans GA, uay EBL dans
ainvulslodon nsa3gdule LLawwawﬁml,mﬁﬂﬁ’uﬁﬁl’mﬁmawﬁ’ué CMO0701-24 WU miﬂamuﬁ@ﬁuﬁ’ﬁ"amﬁaaﬁwmi
GA, uaz EBL fildidelsludonvila Bradlyrhizobium japonicum (USDA 110) Vil e vinanvasulsTeides
LLauﬂJimmn’mm’bﬁlulmwumwwaammaaammu nsenidatugdmdadeas GA, 100 ppm @13 EBL 0.50 ppm
uazans GA; 50 ppm $3uifuas EBL 0.25 ppm 11wam’twmwmaﬂluliwauua nanadslunissenanainielfanie
gaumainn AsAanLausTMAaas GA; 50 ppm saufuans EBL 0.25 ppm fiauugn muaiensniuas GA; 100
ppm muauaanﬂan (R1) m’hawawamua@wuﬁmmammmu Luamiaumaunum‘mamtaduﬂaﬂaﬁwnnﬁmaiwnumi
wuansehindu

ArdAny: nInTuLuaLsady; usadluasiesass; Yulsledey; Ausan; fvdes

ABSTRACT: Application of Gibberellin (GA;) and Brassinosteroids (EBL) as seed dressing and foliar application has
been reported that it can stimulate seed germination and growth of soybean under low temperature. The objective
of this study was to evaluate the effects of GA; and EBL application on nodulation, growth, seed yield of soybean
CMO0701-24. The results showed that soybean seed dressing with GA;, EBL and inoculated by Bradyrhizobium
Japonicum (USDA 110) increased number of nodules, nodule fresh weight and nitrogen uptake. Soybean seed
dressing with GA; 100 ppm, EBL 0.50 ppm, and GA; 50 ppm with EBL 0.25 ppm increased field emergence and
decreased mean germination time under low temperature. Soybean seed dressing with GA; 50 ppm with EBL 0.25
ppm prior to planting followed by foliar application with GA; 100 ppm at flowering stage (R1) gave higher soybean
seed yield than treated and non-treated seed with distilled water as foliar application.

Keywords: gibberellin acid; brassinosteroids; rhizobium nodule; seed germination; soybean

* Corresponding author: agrjur@ku.ac.th

Received: date; November 11, 2020 Accepted: date; April 27, 2021 Published: date; December 5, 2021



KHON KAEN AGRICULTURE JOURNAL 49 (6): 1424-1435 (2021)./doi:10.14456/ka}.2021.126. 1425

unin

Uszmdlnefianudeansldwdanuidundas 145,063 du usndaldifies 2,530 fu Jalidiemeiuanudesnisly
sz (nasideRaunudaTudity, 2563) Yywivasmsudnudaiudiniouininuaninuazaunmudaiugen

1
=

AuUMSHEngS mﬂmnwmniuamaﬂwsuauwmwlﬂmm'] Luamwuﬁmmaaamwamama sannnsanglannsugn
Tugaudmdanssnirnfeusunauiusouunsiay usdsiinanss wumnammﬁﬁmamaamaa 10-15°C (nsugeHuainen,
2561) gaungAdinasionse AIUNSIBNTBULEAR A28 ’ﬂfﬂﬂ’] (imbibition) Funsyiaaiaduladudund (resumptlon of
growth) (3233uwns, 2529) aamﬂwmm aman”riaaﬂu,a“ﬂma‘ammu‘l}mammaaaam )93 25-30°C mnamwnummw
10°C Luamwuﬁmmaaﬂmaﬂ n399n11n771UnA Jomol et al., 2000) Luaamﬂamwnﬁﬁmwalﬂw aam'ﬁmmuwadma@
Avnssuvaseuluifiiendastunsmelauaznisdesenslusidnanas Flimssen mawddvinvewiund Yusonnon uas
Sufuifisnarineanly 5-10 Su (Hemer, 1990)

dmfudandoudodny 60 m‘juﬁ’uéﬁm‘um3ﬂ3ﬁmmamﬂ1amﬂmﬂauﬁlﬂmﬁaammﬁﬁw AudIdonvlsdedlnl
NSUITINITINEAT m"l,ﬂwwmamwuﬁmmam CM0701-24 mi"]umawuﬁmwm Tinandngwasuiumilugauasladni
mmaaawuﬁmaﬂw 60 (90871U warAmy, 2558) uanmﬂmawwuﬁmmumumaamwnumum QRFISCREG PG HGRE
Wigdulanguiviueisadiu (GA,) kasunadluafesesd (EBL) anunsatienssAumsasuivlavmngenuwassn duasunis
IonuarauLdwsweiundn Wndssansnmnisadslulsledey waz maﬁww&mumumaammmﬂm (Davies, 1995;
Ferguson et al, 2005; Li et al, 2013) 2ziiulaan Wang et al. (1996) wuin miﬂamua@maa”ﬁ GA; 0.10 mM man'imwu
anusaniuls uas ﬂ1m'mlLfﬂUT,Madsmnam’;maaalmﬁluamuammum’lumu Wulieadu dufiun wazauy (25620) 7
NUin mmammammmammami GA; 100 ppm uag EBL 0.50 ppm fuszansamiinanuudaussasfundinigld
annay ammum AIUNSHUANT GA, 100 ppm AAszezeanaen R1) anansafiunisiaiadulaniedidu A lu uazaen iy
USnaumsfnuén way wamammamwuﬁmmam (Sarkar et al, 2002) uaz Zhang et al. (2008) 5784771 N15WUATT EBL 0.10
ppm fiszuzaanaan (R1) wazszesfnin (R3) mmmammigjzy,l,aawawawmmmaaaLLa::qummwumumaamwmmﬁ
Tugguasla

flauginasd ﬂwmmmmadwawadm'ﬁﬂamuammmaama A1SNUFIBETS GA, waz EBL @11150938uiun1s
Winivlnuaziivsandndundodld winisdneludundes angitug CM0701-24 ‘mﬂumawuﬁmwuwawiwmﬂmu
Wigatayanarad GA; Uay EBL fiflsioAnusenunIgunas mmqumwmaau’twawgummi wsi LaifiYeyadanisadne
Yulsludou wasnandaneldanioe aamnum wniisnsfiaunsaszisussminansy wwmamwnumwmamwaaﬂ
Tuls meafnvulsladevvaznandold fasdulsslenilunsduaiulifuineasnsduanudanugsaly FadunsAnely
ﬂimmmmﬂi asAifiofnwnansldasivasadusazunadluafissesd sanisadevulslodeon nswsaudivln uaz
nanaALEnTus Idesmeiugiwihivanlugaudmdsun
ASn1sAnen
1. MsAnyaTaINIAgNIAATUSAI8E"T GA, uaz EBL danisadaulsTudenuazuiinunsgaldlulnsuiiuana
favdes

mmamwuﬁmmaaamawuﬁ CMO0701-24 mnummﬂmaqmﬂu 3 2562 MnAudITeuazinudenudiiviivelan

%
e

mmnaauammwmamwuqmaamu umwwmamwuq 8.9% AINUIBALINTEIU 91% uazanuudusilaeiZnisiseeny
73% c»mmummg’nmjxuﬁuﬁjﬂmwaamu"?mmimwm (@oUuidenivls, 2537) Mnun ARk UUduaNysal & 7
ASINTE S 6 9 thuideiugfuvdennaanudnnunssadsms #3il 1) @15 GA; 100 ppm 2) @13 EBL 0.50 ppm 3)
15 GA; 50 ppm Haufuans EBL 0.25 ppm 4) ¥ndu uaz 5) mslinranuée (n35u357 1-5 anluansazateilislsng
lulwsiau (N-free plant nutrient) Au@As Broughton and Dilworth (1971) ua JAadolslodeon) 6 ) lipgniudauazugnlu
a13avane N-free plant nutrient uaz 7) ldngnudauazuanluansas a’nammsﬂu‘ﬂmwu (plus-Nitrogen control; 70 ppm N

INA1T83878 0.05% KNO;) (ﬂ'ﬁ'ﬁiﬂﬁ‘ﬂ 6 ey 7 ‘LNGLE‘IL‘E[@“LiIﬁ'JLUEJlJ mnuu mmamwuﬁmanmima NIINBIWITIENIN



UnuAYAT 49 aliufl 6: 1424-1435 (2564)./doi:10.14456/kaj.2021.126. 1426

P o = =i 7 3 . = H ] H v LY o«
nszAwne Wedundedlauesn 1 wu. §reuUgnlu Leonard’s jar vinaz 3 wéia/¥1 911U 6 91 Tdhesialan
(Vermiculite) \dufanuan wazldwelslendenyila Bradyrhizobium japonicum (USDA 110) idsadaluainisinad Yeast
mannitol broth medium (YMB) dnwziiaiasneaglusses last log phase fiA1 optical density (0.D.) Wiy 1.07 (A2
Wudulwad Yszaw 10° wiaslalail/ua.) innueadunas 610 nm 917U 1 va.Auda a1unssuisinivun nau

2w £ - 2 =

waameneiialavivaziiuliluaninlsaSeu

=) = ) Y =] = ) = 3 2 B ' - T

Wieduwiedany 30 Jundwan Wiufgrdunieduiu 3 dw/e Mnudaznssuds Juiinteya 1) Anusigenuas
51 FaanuengennnlauduiidafuiuiiTaguanaudslatgeen wazinanugnisrnainlauduauiavaisnn 2) 31
waziwinaauulsldoy ivdnlsledenanuinusniiviieduiuiutazdaihwinanulsledon wag 3) sz
Yinamaaaldlulasiauimun lngeudegrsdunasinitgumgl 80°C uu 24 wu. Falminunauasuadiog iy og
aan8f19819M A28 Digestion mixture (H,50,Na,SO,-Semixture) kasIiasiziuiuiumsgaldlulasiauiavunves
Fndeswae3s Kjeldahl's method (Bremner, 1960)
2. NSANYINAVDINIIAGNIIAANUSUAZNTWUATS GA; uaz EBL Nddanisiasgyiulnuaziandnuanmaes

MNUAUNIINARDIUY Split plot in RCBD $117u 4 91 Main plot fie M3naniudn 5 n3su3s léun 1) 13 GA; 100
ppm 2) @13 EBL 0.50 ppm 3) @13 GA; 50 ppm $2ufuans EBL 0.25 ppm 4) indu waz 5) ldagniudn (ynaiuay) uay
Sub plot Ain N153UA1T 5 35 1aun 1) @13 GA, 50 ppm 2) @13 GA, 100 ppm 3) @13 EBL 0.25 ppm 4) @13 EBL 0.50 ppm
uay 5) dndu (yaauA)

o =1

v s oA w e Y w Py @ g w cA = Lo e w e
ml,uaﬂwuqmmamawwuq CMO701-24 ‘vﬂ,ﬂ11’1’11’1(111]1481%EJLl,azw@uuﬂtuamwquﬂwwmIaﬂL*ﬂuL@EJ”m‘USUEm 1 ﬂ’qn

=3 @ L4 e el T =

v o W = w S e o - = e
FUAAWUIAILAITANUATIUITNANWUALHTT 50 Ua./LU&am 1 nn. Wiauqﬁm’m’]wl‘ﬂmmmmmaaa‘uadn’qm%Uqauw‘iﬂmu

3

o =

dinidevandadenisnianianisinens nsudnnisnens Sast 15 n/Auda 1 0. Ygnvaaau M wlaunenIns fua
dulds gneuaiiy Ywmiaeslnl fifa UTM Zone 47N (WGS84) AN X: 495622.6236 uay Y: 2097118.0495 gauas 2563
(FurAN 2562-UW18U 2563) TUIAKUAIEDE dx6 AT.H. FIUIU 8 WA 9 877 6 . SzezUan 50x20 wu. foulan 3 Tu Tith
Tuwamduniouduiada wevgnafatiostuidntuiviauandrsasorainansd 48% WV EC 8051 200 ua.d 20 a.
neuwendamdendo 3 dusiovay uacldtoindl 12-24-12 8931 25 nn./ls 7 14 Fundsugn Whinnuseayn q 15 Yu uazyiu
aslnsogloviaa 40% W/V EC 851 40 ua.k 20 Ans Yoafuwasuianzardu 2 ads flong 7 uaz 14 Jundsugn e
fuvdoaingszzaannon (R1) Wums GA, EBL wazindu 40 dns/l3 AunssuIsiiimun wavas Tween 20 8n51 60 1A,
ieanusafsiavedly uagsiuasanduumdu 50% WP 8ns1 20 n.ah 20 Aes Teatulsawdndaing 2 i fiszesniln (R3)
uazszozAnudaiiu (R6) mumuuzivansinnisinens (2547) Wuiieidundesiiony 96 Tundwan fufiiuiien 3xs
n3.4./ulasdoy

Yuiinveya

1. mswaiuduls ldud 1) anmsenluls anatuanusenlulsyntuiunan 15 Yundaan Ussifiuidadundy
fuvdedluaiuiudludeusinig 2) nanadslunisen anatuanuenluliynfudunm 15 undsan Aunaeds
Tumssenauis Ellis and Roberts (1981) wag 3) Anugatausn anuasdu Snnudadadu Snudsedu duinaugide
wsnvawulneamnusnnlauduiddausnvasdiudimios uazanugaiunlauduiisanseen Tudnnudeuazdnnuis
Nndudundos 10 fu Aeufuifisusasuasoy

2. nandnuazadusenounandn iuisadundedieinudsududimia 95% Sufindaya 1) Sruauilndedy
wazdnauudaciein Insguiuduiuiindedunazdaumdasaiinandundos 10 #u 2) ddnuisduuaziin qu
Magnafumias 10 du thlusuiigungil 80°C Wunan 24 v Familnuisduuagiin 3) nandnwdeiusdundes uay

3
& w1 g

niln 100 waa nzinzwdadundes ananuiiu wasdaueniauasanudaiuuddahminrandawdanug quiiv

L |

@ ' = =3 Y @ =3
F79813HdRA 100 L&A W TiuuuUntd&an



KHON KAEN AGRICULTURE JOURNAL 49 (6): 1424-1435 (2021)./doi:10.14456/ka}.2021.126. 1427

3. Mm3Aszidaya

ihdayanuamadeiusildannnismaaswninsizianuulsusIunead (analysis of variance) e F-
test wastayamnusanlulsfidmieduesidudifioTinszinsadflagldds Arcsine transformation waztusuiioy
AULANGIYDIALRABYRIdN WM 9 #2835 Duncan’s Multiple Range Test (DMRT) fisyduanudasu 95% lagld
TUsun3u R version 4.0.3 (Bunny-Wunnies Freak Out) 71335115984 R Core Team (2020)
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LLa“mmm’mnluLmnmdﬂumaaamﬂmuamwmaﬂmnauua ¢liinanans wisdnstusiuvdesiingnieas EBL 0.50 ppm
uaza3 GA; 50 ppm 3uffuans EBL 0.25 ppm fiiimsladelsledeon annseadevulslodenvinasnld 16 was 12 Yu/
#u muddy uandset syl msadatusdedilingnans uasudatusimdesiingniaas GA 50 ppm 3y
a13 EBL 0.25 ppm Wazans GA, 100 ppm fisinislaidalsledon fibwihanvesuulsledoundewintu 98 uay 95 un/fu
muddy wandsegaditodfBamneadatudailingnans Luawmmmimmﬂwmmiﬂuimmumwmwaammaaama
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wuunsInauuisfuLAvadnLaz umuna@uaam’umawﬂanmi GA, wa EBL wazduilifinfunszaneniusinuuuad
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(Figure 1)
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Table 1 Effects of gibberellins and brassinosteroids as seed dressing with rhizobium on seedling growth, nodulation

and N uptake of soybean CM0701-24 under Leonard jars

Shoot length Root length Number of Nodule FW N uptake
Treatments ) )
(cm) (cm) nodules/plant (me/plant) (mg/plant)
1. GA; 100 ppm (+) 116.33 29.67 9 ab" 95.00 a 9.01a
2. EBL 0.50 ppm (+) 91.00 27.33 16 a 73.83 ab 10.05 a
3. GA; 50 ppm +
o 88.50 24.17 12 a 98.00 a 9.51a
EBL 0.25 ppm (+)
4. Distilled water (+) 85.17 34.83 5 bc 50.77 b 7.85ab
5. Non-treated (+) 94.67 37.00 3c 39.17 b 7.54 bc
6. Non-treated (-) 90.00 26.50 0d 0c 561c
7. Non-treated + 87.00 27.50 0d 0c 7.12 bc
N control (-)
Mean 93.24 29.57 6 50.97 8.10
F-test ns ns ** ** **
C.V. (%) 20.15 32.42 86.10 65.18 25.44

¥ Means followed by a common lowercase letter within the same row are not significantly different at P<0.05 by DMRT

ns = not significant, ** = significant at P < 0.01

(+) inoculated rhizobium, (-) non-inoculated rhizobium

Figure 1 Roots and nodules of soybean CM0701-24 seed treated with (a) GA; 100 ppm (+), (b) EBL 0.50 ppm (+),
(c) GA; 50 ppm + EBL 0.25 ppm (+), (d) distilled water (+), (e) non-treated (+), (f) non-treated (-) and (g) non-
treated + N control (-) under Leonard’s jars at 30 days after planting. (+) inoculated rhizobium, (-) non-

inoculated rhizobium
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glucanases Tetaslusiuliiunsnesdluiioldlunszuiuntsadydulaveaduuile (Yamaguchi, 2008) wazdnihlwad
fluagnameddu i liudeiGuseniinnuudalsaindu (Gupta and Chakrabarty, 2013) @anAaadifu Wang et al. (1996)

= ] w 2w ca & e . = P W w
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@579 ABA szwiamstenvadwdn ylidedanusenuazauudausafivdu (Zheng et al,, 2009) Inglanizn1sfinvuin

. - o = a a = . .
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100 .
(a) (b)
a a
P==== =74 b
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= =
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[V -
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Figure 2 Effects of gibberellins and brassinosteroids as seed dressing on (a) field emergence (%) and (b) mean

germination time (days) of soybean seed CM0701-24 at 15 days after planting

msngnindaiugdaumiosdineans GA; wa EBL yinauiuty dindu uarlingnans ludinavinldaugetausn
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3u 9 enfu GA, 50 ppm Aiflaugetausn 9.42 vy, woNANil N19YINEANS GA, 50 waz 100 ppm fAugdu 49.55 uag
53.63 9. AUEIRU gandInsviuans EBL wazthndy winiswuans GA, uay EBL fiwnude/du Suoufvdu wasimin

wia/au lduansrmsadfdunisnudieudindy taedduiuds 9 4a/6u F1uuie 1.1-1.7 Aa/aU wazi1milnwie 3.39-3.64
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n./fu nnsAnwiluased binudviwaiussuinnsaqnudauasnsiues GA; uay EBL Aidldemandydivlnvesiunien
maﬁ’uﬁ: CMOT01-24 (Table 2 W&z Figure 3)

Table 2 Effects of gibberellins and brassinosteroids as seed dressing and foliar application at R1 growth stage on

growth of soybean CM0701-24 in dry season 2020

Frist node Plant height Number of Number of Stem dry
Treatments
height (cm) (cm) nodes/plant branches/plant  weight (g/plant)
Seed dressing (A)
1. GA; 100 ppm 10.05 a7.56 9 15a” 3.69
2. EBL 0.50 ppm 9.76 49.85 9 1.6 a 391
3. GA; 50 ppm +
10.29 48.48 9 1.6 a 3.40
EBL 0.25 ppm
4. Distilled water 9.75 48.16 9 1.2a 3.27
5. Non-treated 9.82 52.26 9 0.7b 3.33
MEAN (A) 9.93 49.26 9 1.3 3.52
Foliar application
(B)
1. GA; 50 ppm 9.42 b 49.55 a 9 1.7 3.39
2. GA; 100 ppm 10.42 a 53.63 a 9 1.1 3.58
3. EBL 0.50 ppm 9.55 ab a7.75 b 9 1.3 3.61
4. EBL 1.00 ppm 10.33 ab 48.24 b 9 1.2 3.64
5. Distilled water 9.95 ab 47.15b 9 1.2 3.40
MEAN (B) 9.93 49.26 9 1.3 3.52
F-test (A) ns ns ns * ns
F-test (B) * w* ns ns ns
F-test (A x B) ns ns ns ns ns
C.V.% (a) 12.90 18.30 7.05 34.28 29.87
C.V.% (b) 11.30 11.26 5.30 38.04 21.00

Y. 2 Means followed by a common lowercase letter within the same row are not significantly different at P<0.05 by DMRT

ns = not significant, * = significant at P < 0.05, ** = significant at P < 0.01

\aAnwmavaanisagniudniusiaumioaiaeas eA, BL hnduuazlingnans lfinavilsisauaulin/sdu dwin
wisvesiin/du Sruuwda/iin uazimiin 100 Wil uansratuneada daunsiuans GA, uag EBL ynszduaududy
Wisuidleutunslivuanslussozduvdosannen R1) Lifinavilfesdusznaunanandawdounnmetuneada Tneddou
fn 22-23 Hn/fu Uhadniinuis 10.43-10.89 n./fu uaudn 3 wia/iin waiuimin 100 Wi 12.59-12.87 0. 90
MsAnINaTRINsAgNIARsINAUMTIHUAS GA, uas EBL laiflnashlasdusznaunandndaimdosaoiug CM0701-24

LANA9TUN9aid (Table 3 Laz Figure 3)
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Table 3 Effects of gibberellins and brassinosteroids as seed dressing and foliar application at R1 growth stage on

yield components of soybean CM0701-24 in dry season 2020

Number of Pod dry weight Number of 100 seed weight
Treatments
pods/plant (g/plant) seeds/pod (g)
Seed dressing (A)
1. GA; 100 ppm 25 11.68 3 12.74
2. EBL 0.50 ppm 24 11.73 3 12.75
> Ghs20ppm 23 10.55 3 12.75
EBL 0.25 ppm
4. Distilled water 21 9.74 3 12.84
5. Non-treated 20 9.54 3 12.61
MEAN (A) 22 10.65 3 12.74
Foliar application
1. GA; 50 ppm 22 10.43 3 12.87
2. GA; 100 ppm 22 10.61 3 12.59
3. EBL 0.50 ppm 22 10.75 3 12.70
4. EBL 1.00 ppm 23 10.89 3 12.69
5. Distilled water 23 10.56 3 12.85
MEAN (B) 22 10.65 3 12.74
F-test (A) ns ns ns ns
F-test (B) ns ns ns ns
F-test (A x B) ns ns ns ns
CV.% (@) 24.41 23.23 4.53 3.13
CV.% (b) 18.16 18.39 4.42 2.88

ns = not significant

(O o CCCCC{m (((({ (o (({V [

Figure 3 Plants and pods at harvest of soybean CM0701-24 foliar application with EBL 0.50 ppm (a), EBL 1.00 ppm

(b), GA; 50 ppm (c), GA; 100 ppm (d) and distilled water (e) in dry season 2020.
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msagnidnitusiaumiosiisms GA; uas EBL ynseduanududu wisuifisutumsagndetihndusaznisll
agnans Laifualvinandnadounnsnafumaada lnedinandninds 303.4-330.2 nn/ls Wefinnsannavasnswiuans GA; Las
EBL fiszavaanaen (R1) fifldanandn wui1 n3niues GA; 100 ppm inandnmdaiusimdasasiian Ao 361.7 nn./ls
s99@%N A N13HUAS EBL 0.50 ppm Wag GA, 50 ppm fiflnandniade 324.0 waz 320.9 nn./l3 muddu luvaszfinswu
mamnauuwawammmwnﬁuﬁ%ﬁu q fidwvindu 2845 /3 uenanddmudvinasiussitimsaqninded andsaty
NINUAS GA; wax EBL fillsienandn lnonisagniudndieats GA; 50 ppm $3ufuans EBL 0.25 ppm UazHuans GA; 100

LY Y] =

ppm ﬂmawé‘mmﬁﬂwuq ‘]LiﬂaEN 397.6 nn./l3 mm’mmiﬂammama hmammammﬂniimﬁiammﬁwuﬂ’mmﬂau

)

(Table 4) M37inanandndondinty aanin naviuans GA, ansansefumMsRsuiule Wumnudevguuasiiiead
viliiwadiisusisdnenmedidunasanugavosiy wazifinuduunandn (Eichi, 2005) Snvaiufnssuvoneuled
proteases, glyoxysomal az chlorophyll catabolism vinl#UTunlUsAU RNA uaz AaplsTAdRLTY 22aan15Y510 T84
fvlaemadudansaaefivenasisiiad ansavamiminuivasiiv (Zhang et al, 1997) Tufamios Yuan and Xu (2001)
51891471 GA; fnasiadnstn1sdunszvinadiasaluauuiuiuuaszianssy Ribulose-,5-biphosphate carboxylase
oxygenase wazidunildudyrailunisaiuguianssy sucrose phosphate synthase veansduaTviniuazidiana
aanAday Sarkar et al. (2002) finudn MsWUANS GAZ, 100 ppm fudndasitony 42 Fuvdsan wiafiszezisuaannan
(R1) reauaiuAMUgawiu nandnudasofiy uas Abonin 100 widn

druans e8L dnalnnseangninszdumsdnenvasaidurasmsuasadvesiio lasamniy duasuiode
hyperpolarization wazn1senfivawadosissnialag BR-modulated Anydusussewing BRI1 uag ATPase luidav
\wad plasma (Morillon et al., 2001) waznsz muﬂﬁmaaumammaua%ﬂaautﬂum’ha sauluudn (Caesar et al,, 2011)
uenni EBL finason1swanvesarasunasuas siaeliazesusaseniinlunauiulvlueedald (Szekeres et al., 1996)
safu EBL finadomaiiuduiunisinudn wasnandn wazdenumduildfenumusieanuedsnnnanmuindexdlal
wnzaulduntu (Divi and Krishna, 2009) wiieafu Zhang et al. (2008) finud1 n15WLaTs EBL 0.10 ppm fiszazesn
aan (R1) wazfniln (R3) anunsafinanumuudatazannisgadonandnvasiandas ety fufian uazaas (25621)
Anwnavasn sWLans EBL 1.00 ppm fududamiesfiszereonnen R1) Srasaiwninilnuss dminadadamdosnszans

L)

S mamammamwuﬁmmamaa fesidudndndouaziudadentiosas

3
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Table 4 Effects of gibberellins and brassinosteroids as seed dressing (A) and foliar application at R1 growth stage (B)
on seed yield of soybean CM0701-24 in dry season 2020

Foliar application (B)

Treatments
Seed yield (kg/rai)
Seed dressing (A)
EBL 0.50 ppm  EBL 1.00 ppm  GA; 50 ppm  GA; 100 ppm Distilled water MEAN (A)
1. GA; 100 ppm 369.2 ab” 314.5 b-g 253.4 ¢h 369.5 ab 282.0 efg 317.7
2. EBL 0.50 ppm 288.8 d-g 252.4 ¢h 332.2 b-f 339.9 a-f 324.3 b-f 307.5
3. EBL 0.25 ppm +
289.0 d-g 292.9 d-g 361.1 abc 3976 a 302.9 c-¢g 328.7
-GA; 50 ppm
4. Distilled water 333.1 af 3479 a-e 304.2 b-¢ 354.9 a-d 310.9 b-¢ 330.2
5. Non-treated 339.9 a-f 274.3 fg 353.7 ad 346.8 a-e 2025 h 303.4
MEAN (B) 324.0 BY 296.4 CD 320.9 BC 361.7 A 284.5D 3175
F-test (A) ns F-test (B) = F-test (AxB) *
C.V.% (a) 15.71 CV.% (b) 10.51

YIn a row, means followed by a capital letter are not significantly different at P<0.05 by DMRT
“1In a column and row, means followed by a common lowercase letter are not significantly different at P<0.05 by DMRT

ns = not significantly, ** = significant at P < 0.01

agu
1. Msnqniudaugfamdasaneiiug CM0701-24 f18a1s GA, way EBL Aldidalsluidouviln Bradyrhizobium
japonicum (USDA 110) il nnuuaziminanvesuslsladon warvimunsaelilulnsiauiomevesiundoafiniy
2. M3nanudniugiundesiems GA; 100 ppm a5 EBL 0.50 ppm Wwagans GA; 50 ppm $3afuans EBL 0.25
ppm dxavilianuenluliiinfusaznanadslumssenananeldannzgumpian msngniudarusiundasieans
GA; 50 ppm 32u/Ua15 EBL 0.25 ppm Alaudan AudIsn1snua1s GA; 100 ppm #iszazaanmaan (R1) lvwanan

wanuiumdesiiniu Wawieuifsuiunisagnuazlingnansynnssuissudumswuasiedindu

AvaUAN

YavauANdnNUTRLINMTITIMINYAS (RsMsumvY) Aaduayununsdne lasmsudigyuenadunse

L T | =] v

fesfinssnsessvd 70 T Tunsvinuide vereuauaudiVefivls@sdniafvayuadaiuidindesaeiuginmianlyd

1 1

e o ot @ =3

Ugnveneuaznagaulunladnunsns uasvaveuguiasuuinisasivaeuauanwdniug audifouasiuuudaiudiy

Awalan NsuINSNERs wasielJuAnsnsirasvaunmudanug naTvivliun ausinyas funiuay

WTINeNdeInERsmans Ingnuaiiuneuay Aldanueuasigunsalasaniuilumsaniunisinuideasl

12N&1391484
NIIMMSAERS. 2547. lenanTivinsmsugnitels. aniuidedivls nadvinsnees, ngame.
nsuge deadnen. 2561. adifgfiennian1u 30 U w.e. 2524-2553. wnaadaya: hitpy/climate.tmd.go.th/statistic/stat30y. AuLile

13 n3n§A 2562.
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nasidefaundniugiie. 2563, lnssmsideuazndnudaiugfivaszgad (uvdes Sl wazddan) aunmdiiesesiy
nsuantiveladngaideuda. Lmﬁﬁayla: http://me.doa.go.th/research/researchview.php?showdetail=&id=154.
Audle 16 funay 2563,

faufisn vieees, Jana suuia, Meduns mning waznunssas Weesssu. 25620, wavasnsmuaunsisyiulnvesiivse

o

Aunmdeiugiavdasneldannzgamnien. u. 85-98. Tu: msvssgumAnmsdatugfivwinni afii 16 18-
21 fiqunen 2562, axnpudeiuguvisssnelne, ngamwe,

foutian e, affaas Yanunanay, andnd drealinalin uasdumin awns. 25629, Msldasunadluafiysosnsonaninuas
Aunmdeiugiandaduannzuiuds. u. 200-210. Tu: MmsUszyumadnmsivdduieni adl 768 donau
2562. NTAMNTNEAT, NTILNNL

nedund maiaa. 2529, meluladuideius. Auvindedl 2. nqumionfadainuns, ngamme,

oy nawily, Iszdnd mnduns, fuil Tann uaavd unsuszdu. 2558 mausuugRudfundoudionananaduusiasiiui
(‘q@‘ﬁ 2). ma’a%’aya: http://www.doa.go.th/research/attachment.php?aid=2098. fudle 13 NINgIAL 2562.

an1fwidedinls. 2537, msndnwdatuduaniivls. lssfiuviaganiarand, ngamme.

Bremner, J.M. 1960. Determination of nitrogen in soil by the Kjeldahl method. The Journal of Agricultural Science.
55(1): 11-33.

Broughton, W.J., and M.J. Dilworth. 1971. Control of legshemoglobin synthesis in snake beans. Biochemical Journal.
125(4): 1075-1080.

Caesar, K, K. Elgass, Z. Chen, P. Huppenberger, J. Witthoft, F. Schleifenbaum, M.R. Blatt, C. Oecking, and K. Harter. 2011. A
fast brassinolide-regulated response pathway in the plasma membrane of Arabidopsis thaliana. The Plant
Journal. 66(3): 528-540.

Davies, P.J. 1995. The plant hormone concept: concentration, sensitivity and transport. P. 13-38. In: P.J. Davies. Plant
hormones physiology, biochemistry and molecular biology. Section of plant biology, Division of biological
sciences, Cornell University, Ithaca, USA.

Divi, UK., and P. Krishna. 2009. Brassinosteroid: a biotechnological target for enhancing crop yield and stress
tolerance. New Biotechnology. 26(3-4): 131-136.

Eiichi, T. 2005. Regulation of root growth by plant hormones roles for auxin and gibberellin. Critical Reviews in Plant
Sciences. 24(d): 249-265.

Ellis, R.H., and E.H. Roberts. 1981. The quantification of ageing and survival in orthodox seeds. Seed Science and
Technology. 9(2): 373-409.

Ferguson, B., and U. Mathesius. 2003. Signaling interactions during nodule development. Journal of Plant Growth
Regulation. 22: 47-72.

Ferguson, B.J., J.J. Ross, and J.B. Reid. 2005. Nodulation phenotypes of gibberellin and brassinosteroid mutants of
Pisum sativum. Plant Physiology. 138: 2396-2405.

Gupta, R., and S.K. Chakrabarty. 2013. Gibberellic acid in plant: Still a mystery unresolved. Plant Signaling & Behavior.
8(9): e25504.

Herner, R.C. 1990. The effects of chilling temperatures during seed germination and early seedling growth. P.51-
69. In: C.Y. Wang. Chilling Injury of Horticultural Crops. CRC Press.



KHON KAEN AGRICULTURE JOURNAL 49 (6): 1424-1435 (2021)./doi:10.14456/ka}.2021.126. 1435

Jomol, P.M., S.J. Herbert, S.Z. Andreas, A.F. Rautenkranz, and G.V. Litchfield. 2000. Differential response of soybean
yield components to the timing of light enrichment. Agronomy Journal. 92(6): 1156-1161.

Leubner-Metzger G. 2001. Brassinosteroids and gibberellins promote tobacco seed germination by distinct pathways.
Planta. 213(5): 758-763.

Li, X., J. Cai, D. Jiang, H. Jiang, T. Dai, F. Liu, and W. Cao. 2013. Induction of chilling tolerance in wheat during
germination by pre-soaking seed with nitric oxide and gibberellin. Plant Growth Regulation. 71(1): 31-40.

Méndez, C., C. Baginsky, P. Hedden, F., Gong, M. Caru, and M.C. Rojas. 2014. Gibberellin oxidase activities in
Bradyrhizobium japonicum bacteroids. Phytochemistry. 98: 101-109.

Morillon, R., M. Catterou, R.S. Sangwan, B.S. Sangwan, and J.P. Lassalles. 2001. Brassinolide may control aquaporin
activities in Arabidopsis thaliana. Planta. 212(2): 199-204.

R Core Team. 2020. R: A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.

Sarkar, P.K, M.S. Haque, and M.A. Karim. 2002. Effects of GA; and IAA and their frequency of application on morphology,
yield contributing characters and yield of soybean. Pakistan Journal of Agronomy. 1: 119-122.

Szekeres, M., K. Nemeth, Z. Koncz-Kalman, J. Mathur, A. Kauschmann, T. Altmann, G.P. Redei, F. Nagy, J. Schell, and C.
Koncz. 1996. Brassinosteroids rescue the deficiency of CYP90, a cytochrome P450, controlling cell elongation and
de-etiolation in Arabidopsis. Cell. 85(2): 171-182.

Wang, Q., Z. Feng, and D.L. Smith. 1996. Application of GA; and kinetin to improve corn and soybean seedling
emergence at low temperature. Environmental and Experimental Botany. 36(4): 377-383.

Wei, Z., and J. Li. 2016. Brassinosteroids regulate root growth, development, and symbiosis. Molecular Plant. 9(1):
86-100.

Yamaguchi, S. 2008. Gibberellin metabolism and its regulation. Annual Review of Plant Biology. 59: 225-251.

Yuan, L., and D.Q. Xu. 2001. Stimulation effect of gibberellic acid short-term treatment on the photosynthesis related
to the increase in rubisco content in broad bean and soybean. Photosynthesis Research. 68: 39-47.

Zhang, F., B. Pan, and D.L. Smith. 1997. Application of gibberellic acid to the surface of soybean seed (Glycine max
(L.) Merr.) and symbiotic nodulation, plant development, final grain and protein yield under short season
conditions. Plant and Soil. 188: 329-335.

Zhang, M.C., Z.X. Zhai, X.L. Tian, L.S. Duan, and Z.H. Li. 2008. Brassinolide alleviated the adverse effect of water deficits
on photosynthesis and the antioxidant of soybean (Glycine max L.). Plant Growth Regulation. 56: 257-264.

Zheng, C., D. Jiang, F. Liub, T. Dai, W. Liu, Q. Jing, and W. Cao. 2009. Exogenous nitric oxide improves seed germination
in wheat against mitochondrial oxidative damage induced by high salinity. Environmental and Experimental

Botany. 67(1): 222-227.



