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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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UNANED: N13AQNLUAALATAITNUAISIULUBLIAAY (GA;) Wazusadluafiososs (EBL) 8111500536 UALNENLAZNIS
Wiydulmvesiavesmelfanmegamndsn mafinuluafiifeiiagusrasdifleussiiunavosans GA, uag EBL sonis
as9ulsladoy nsasgAule LLauwawammﬁmﬁuéiﬁ"amﬁaqmaﬁuﬁ‘ CMO0701-24 Wy miﬂamuﬁﬂﬁuﬁ‘ﬁamﬁaqﬁwmi
GA, uaz EBL ildidelsludeuin Bradlyrhizobium japonicum (USDA 110) ‘Vl’11‘1/131ﬁ]”I’Ln‘ul,LauUﬁﬁUﬂﬁmJENUml‘ﬂ‘ULUEJM
uay Uﬁmmmimm‘l,%’luimmumwmﬁuaqmmaaqmmu nsnanuEnfusTIAesEans GA, 100 ppm #13 EBL 0.50 ppm
uA¥ANS GA; 50 ppm $9ufuans EBL 0.25 ppm Suavileseenluliiufusesneedslunsonanasneldane
gaumgilen nseaniAnusduvdosneans GA, 50 ppm 33ufuans EBL 0.25 ppm reuugn Ausen1swues GA; 100
ppm fiseay z0enaen (R1) wﬂuwawamuamwuﬁml,uaamwmu LQJE)LUSEJ‘ULMEJUH‘Uﬂ’]iﬂaﬂLLauIMﬂaﬂﬁ?i%ﬂﬂ'ﬁiﬂ’)ﬁi’lﬂﬂUﬂ’]i
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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/kaj.2021.126. 1425

Unin

Uszmalneiianudoansldwdaiugaamaos 145,063 du usndnldiiieos 2,530 fu Fdliifiemeiuanudesnistd

ee

wWazma (neddeiunudaiugiiy, 2563) Ygnivesnmndnudaiugdivisniannuandnuazamun madanuge

q q

p S

£% a

fsununsuangs shliinumsnsteuugniivduiifiseldfniy waausimdesinandnuazannmidulngléiainnisugn
Tugquimdsunseniafousunauiaieunnsiey wiziinansenuaingumgiisfianaande 10-15°C (nsugsloninen,
2561) gruugiifinarenszUIuNTIeNTDNNAARILSEBE AT (imbibition) Aunsetaadnydulndusiund’ (resumption of
growth) (23dums, 2529) gaumpifnzausienssonuazmaiasapiulnvesdindeseysewing 25-30°C mMngaminingi
10°C winitugdundeslsison wiesand1ndiund Jomol et al, 2000) Hipsngumnimilnaluszasnisgauiveide
Aanssuvenauluifedesiunsmelanaznisdesemnslundnanas vilinssen msiasaiulnvesiundy Susenaen uaz
Suuiienadnosnly 5-10 u (Hemer, 1990)

dmsuduvdeaded 60 Wuiusiinumsnsdendgnmemamiouslinusogumgiion qudidefivlsiFodnl
npAvmnnuas Jdldiannaeiusiunies CM0701-24 Mduameiuginmi lnandngaazyiudluggudslafndd
dumdeaiugifedluyl 60 (Fediu uavamy, 2558) uenainilarewusinuniusegungiianuds nsldaisaiuaunns
WIAUlANgUIVLUBLTAAY (GA,) avusiadluaifiesesn (EBL) a1unsatiunsedun1siasaiulnniseanutazsn dauasuns
NLaTAILT eI undT WnUsEAns A nnsadrelulslad e LLazﬁaa’tﬁﬁwumw{aqmmﬁﬁﬂﬁ (Davies, 1995;
Ferguson et al,, 2005; Li et al., 2013) quiiulAan Wang et al. (1996) wuin mimjmuﬁﬂﬁwmi GA; 0.10 mM anansoLiy
anusenluls wazmsasyiulavesiundrdundeslifluannzgumgiinlufiu Wuieddu dudiun wazas (25620) 7
WU NIARNLLANTIMEDINILENT GA, 100 ppm Uag EBL 0.50 ppm FuUszaAnSamifinanuudaussvesiundnigle
aququﬁﬁw d7un15UEAS GA, 100 ppm fiszezaanaen R1) awisadiunisasadulamsddiu A lu uazeen diu

|
o I~

USuunshnén LLazmamé‘mmﬁmﬁuﬁ:mmaaﬂ (Sarkar et al,, 2002) ez Zhang et al. (2008) 518474731 A15WUAT EBL 0.10
ppm fiszezeannen (R1) wazszeziniln (R3) anunsnannisgadenandnvesiiimdssuazifiumnumuniudeanneinie
Tugaudsld

flausins@nunitiuanfaavesnisaanindadavdeaaznisniusisans GA; uay EBL a1u15a978LfiunIs
wigAulanaziiunanandaundosls winsAnuluduvdosaeiug CM0701-24 Mdumeiuginmivessemdlned
\igadoyanaves GA, uay EBL fifldeannuseninnsgunazanuudusiinaaouluresjuinng udlifideyasenisaine

IO
a o aa 1

Yulslodon waznandnnielianiizgamgiinn Mndisn1siiaunsnasdieussnnansenuvesgumgisnideainusen
Tuls nsasvulslafeonuaznandald fziludsslevilunisduasulifunuasnsfuanubaiugsely dulunisdneily
asaldnguszasAiiafnwinanisldansivvaisaduwasunadluafiosesnsionisasisulsludeon nswsyiuln was

Handnudniugaumiosaneiuginmihivgniuggudamdun

3Bnsfnw
1. MaRNWINAYEINIIARNINEAANLSAI8ENS GA, uas EBL semsainsuulslndeunasuiinunisgaldlulasauimuaves
dawdes

thuidaugdumaesaneiug CM0701-24 MAuieaenguu T 2562 anaudidouasimundeiugivivalan
wmsasUAuAmLEaiusTosiu danutundaiiug 8.9% rusenuinsgiu 91% wazanundusdasitninseeny
73% mmmmmgm%uﬁuﬁ}umwaﬂﬂiﬁmmimwm (@n10u3deiiels, 2537) Maununsvaaewuuduaysel 8 7
3R $109 6 9 ‘ﬁhLmﬁﬂﬁ’uﬁjﬁamﬁaamﬂqﬂmﬁﬂmmﬁﬁﬁma 9 gl 1) ans GA; 100 ppm 2) @15 EBL 0.50 ppm 3)
@13 GA, 50 ppm naufuans EBL 0.25 ppm @) U1ndu uae 5) mslingaidn (n339357 1-5 Ugnluansazanei lifisw
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Wa¥a"3 GA, 50 ppm sauffuans EBL 0.25 ppm Aiimslddelsladen annsoadrslalslodenuinasnld 16 waz 12 Y/
Fu puadu uanAnseg ildddymseifdumdedilingnans uazwdnusiandesiingnineans GA, 50 ppm iU
@15 EBL 0.25 ppm wazes GA, 100 ppm fiiinslddelsladen fdmihanvesulslodemadewiniu 98 way 95 un./du
Iy usnsnseseitdeddBanadfduidedliingnans WoRensantimamageldlulnsauimuavesiivdewdie
Usstiuuszansnmnsrilulnsausududavdes wui uileduvdesiinandneans GA, ua EBL ynssfuanuiduduiiing
Tadelslnden fusuumsgaldlulpauimuavestandesogssving 9.01-10.05 un. Ny wnniwudailiagnansdd
nslduarlalladolslndon (Table 1) fuvdesiifinisadeulslndoufifivssansamasidnuassuiauvunsanauias
auaAoudeaiaNein unsyaneUsasInuia (Agoyi et al,, 2016) \wanWusduvdesfingnaieans GA; 100 ppm
fauregddnululsladoudesniiudafingndneans GA, uae EBL luszduanandududu wiuflvnelngwazdmin
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(Figure 1)
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f9ununazimindulsledougemulude Haiinmsadaalsledendueg fuorgvesiis anududureseosluuizi
WINZEN WAZTIUIUIINUIUITEIRY (Ferguson et al,, 2005) diaenndosiu Méndez et al. (2014) finusn nsldans
Fananvinlrnsasguenidelsladenlumstasifufuided osnftafindu Sniedfinarefanssuioulsd gibberellin
oxidase VoaiTe Bradyrhizobium japonicum fndnansiveisadunasunadluafissesrnelianneiimefedstuuay
i (symbiosis) uen9N# Zhang et al. (1997) nud1 msldansiviaisaduuazunadluaifvsesdagniudaiugiaumios
reutgnaeifinduulalsladey wardnadudszansnmnisnisulpsauvesdamieddnnty
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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 (mg/plant) (mg/plant)
1. GA; 100 ppm (+) 116.33 29.67 9 ab" 95.00 a 9.01 a
2. EBL 0.50 ppm (+) 91.00 27.33 16 a 73.83 ab 10.05 a
3. GA; 50 ppm +
88.50 24.17 12 a 98.00 a 9.51 a
EBL 0.25 ppm (+)
4. Distilled water (+) 85.17 34.83 5 bc 50.77 b 7.85 ab
5. Non-treated (+) 94.67 37.00 3¢ 39.17b 7.54 bc
6. Non-treated (-) 90.00 26.50 0od 0c 561c
7. Non-treated + 87.00 27.50 0od 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

Y 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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2. MsAnYINAYBINISARNILARWUSUAZN1SWUES GA, Wag EBL ANisenisisyiulauasnananuasnamaes
miﬂqmuﬁmﬁuﬁjﬁ"’gmﬁmﬁwaﬁ GA; 100 ppm %3813 GA; 50 ppm $2uAUA1S EBL 0.25 ppm %38 EBL 0.50

ppm viladeiusiamiesd 4 Jundgn Sarnusenlulsganiudafirandeindusaslingnans Ssdanusentuls 25,

23 waw 13% swddy anuseniulsvesufaiusiundofintunaasiii 10 Sundsugn uasynnssuisiienusentulslsl

wananaiulaediA1ogsening 82-86% ag1alsiniu winwudduvdesiinanals GA;uway EBL ynseduanumdudy dian

3 q

a A
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2 o s - a{' v i ~ ' v a a ¢ |
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a-amylase uag B-amylase titegosudsliiuisuduimadaldlunseuiunsuunueddy visteulesl proteases uas p-
glucanases Megoalusiulmdunsnoriluieldlunszuiumsasgiulnveaduuile (Yamaguchi, 2008) wazdniilviead
Hadnenamediau iliudenisuseniinuudasaintiu (Gupta and Chakrabarty, 2013) @enaassiu Wang et al. (1996)

- =

fnudn msldans GA, 0.10 mM Aandaugdamdssiiannueninsgiy ansenluls wazmsasguavlnvesiund
Lﬁwﬁﬂuaqummﬁﬁw dm3u EBL u Slunuwianasunsen aelunszuiunisdaunsizst GA biosynthetic uaziuans
@igﬂﬁu‘uaamidﬂﬁzyzy’]m GA insensitive mutants Lﬂudmﬁ’]ﬁ@umiﬁwmLLasmiw%zyLﬁ‘uimaqﬁﬁzjLLazé’Uéy’mizmumi
%19 ABA szwinsnstenveasdn viliwdeiieusenuasanuudausafiniu (Zheng et al, 2009) Tngtawznisifiswuin

294 meristem LazA1IEATILUDITINAILALTULTNTOINITION N1TLATEYAULAURIEDALAEIINTOINTY (Wei and Li, 2016)
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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
nsrqnudniugiundesdiaeas A, uay EBL naemdudy thndu warliegnans liffwarilianugadousn

Argediu Sruaute/fu uastmiinuste/ s unndsduneadin uinisagnindadae GA, EBL uazthndu Sdiuauie/sugs

ninsldagnans Liefiansanavesnsniuas GA, uay EBL fiszareanasn (R1) wui1 msvuansiinavinlininugade

WINLAZAIINFUUANATUNIETRA NE19RD NISWUAT GA; 100 ppm TAugedausn 10.42 gu. Liuanseiunssuds

9u 9 vALiU GA, 50 ppm Afianugstausn 9.42 wa. WBNINI N15NUATS GA, 50 uay 100 ppm AUl 49.55 uag

53.63 4. AAIRU ganiInaniuans EBL uaztndu udnnswuans GA, waw EBL fswauda/fu Sruauiesu wasdhmiin

wiry/Au TduanAaneEdRtunIsnuAedIndu 1nedlduiute 9 1o/9u SUIUNY 1.1-1.7 AV/AY kagtrinuwiie 3.39-3.64
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n./fu Mnnsineituasall lwudvdnasiuseninnisaqniudauazniswuas GA, uaz EBL Nillsenisisqfivlavesdamies
aneiiug CM0701-24 (Table 2 uay 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 (¢/plant)
Seed dressing (A)
1. GA; 100 ppm 10.05 47.56 9 1.5 a7 3.69
2. EBL 0.50 ppm 9.76 49.85 9 16a 3.91
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 12a 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 4955 a 9 1.7 3.39
2. GA; 100 ppm 1042 a 53.63 a 9 1.1 3.58
3. EBL 0.50 ppm 9.55ab 4775 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 *x ns
F-test (B) * *x ns ns ns
F-test (Ax B) ns ns ns ns ns
CV.% (a) 12.90 18.30 7.05 34.28 29.87
CV.% (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

defnwinavesnsegnindaiugiaundesiieans GA, BBL tnduuarlsingnans laifinaviliswauiin/fu i
wisvasiin/fu Sruaumda/iin uagtiniin 100 wie uand1eiunead® daunsriuats GA, way EBL YNIEAUANLTUTY
Wisuilsuiumslivuanslussezdundesesnaen /1) lifinavilvesduszneunandnimdeunninatumedn Inefidwou
fn 22-23 Ho/fu dmdnilnusts 10.43-10.89 n./fu Sauwdne 3 wda/iin uagiiindn 100 win 12.59-12.87 n. 210
MsfnwIavesNIAgAARTINAUNTIUAS GA, uay EBL lLiffnasiliesduszneunanandumdssaneius CMO701-24

UANENAUNINEDA (Table 3 Wag 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 (¢/plant) seeds/pod (9
Seed dressing (A)
1. GA; 100 ppm 25 11.68 3 12.74
2. EBL 0.50 ppm 24 11.73 3 12.75
G530 ppm + 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.% (a) 24.41 23.23 4.53 3.13
C.V.% (b) 18.16 18.39 4.42 2.88

ns = not significant

(CCCCCQ (G C(CC(( (({ (o {((U({

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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nsmanudntusiandesiasans GA, uar EBL nnszduamududy wWisuileutunsaandetnduuagnisll
ARNEANS Lifinalinandnndouwnnsneiuniadn Inodnandseds 303.4-330.2 nn./ls WeRin1senareaniswuas GA, way
EBL fisvaveenaen (R1) Aiflsenandn wuin n1swuans GA, 100 ppm v‘iﬂﬁmamamuﬁmﬁuﬁjﬁ’amﬁadqnﬁqm Ao 361.7 nn./ls
509891 Ao NIWUETS EBL 0.50 ppm waz GA, 50 ppm fifkandniade 324.0 uas 320.9 nn./ls muddu Tuvaedinismu
Frenduinandnsniingsuisu q Sy 2845 nn/ld uenanddmudvinasaussninmangnudndundesiu
ANIHUEANT GA, Way EBL Tifsonanan 1ABN13ARNLUARRIEETS GA; 50 ppm 39U UaS EBL 0.25 ppm wasnuas GA, 100

I =

ppm Snandnidaiuidundes 307.6 nn/l3 wnnimsagnudauasldagnudannnssAsimiunisiudiediindu
(Table 4) Msfinandniavdondiuiu ieswin Manuans GA, anunsanssdunisaiaivle huanuBanguvessisad
yliwadfiguinedasmedidunagarugevesity wasifiuusinanandn (Eichi, 2005) Sntafiufanssuvesoules
proteases, glyoxysomal taz chlorophyll catabolism vilAUsu1alUsAL RNA wazaaslsiladiisty veaonisysnwTes
falpumstudsnsaaneivesnaslsiiad IAnmsazauwInwi wosiia (Zhang et al, 1997) Tudmdes Yuan and Xu (2001)
31891471 GA; SinariadnsinisduaevinasingaluauUIuiuuazianssy Ribulose-,5-biphosphate carboxylase
oxygenase uaztdunilsludygnlunisaiuaufanssu sucrose phosphate synthase T83n13daiATIEiLT wwaztAa
@0ARABATY Sarkar et al. (2002) ANU3n NMF¥IUAT GA, 100 ppm Fudmdesiiony 42 Tundalgn wiefisvezisunennan
(R1) Frgdua3unnuguuesiu nandnudndesiu waziuin 100 win

dauans EBL fnalnniseangnd nszdunisbaenvesddunaznisulssaduesiis Inslanwduasuiode
hyperpolarization Wazn1sindaveawadogissinialag BR-modulated \AnUfdusussening BRI1 uay ATPase luidevu
wwaa plasma (Morillon et al., 2001) LLazﬂizéjuﬂmﬂﬁ'aué’wﬁ’]maLLazLUSHuLfJuLLﬂQazaﬂumﬁﬂ (Caesar et al,, 2011)
uenant EBL finarentsianvesaroounasuartieliazoonsyenidlunau fultluseald (Szekeres et al, 1996)
ety EBL Snasemsiiusiuunsinudn waznandn uavilenunsurhlfiemumuserueionanannuindeuil
winzauldunndu (Divi and Krishna, 2009) wWuiigaiu Zhang et al. (2008) finudn nswuans EBL 0.10 ppm fiszezeen
non (R1) wazdniln (R3) annsaufiumnuvuudauazannisgadonandnvesiimdes wufieddu fufisn uasan (25629)
Anvnavesn1sniuans EBL 1.00 ppm fuduimdesdissereonnen R1) fnasetminidnuste tmdnudadamdosnszans

waznakGndniugvE e Tiesiduddndeuaziudnidenioyas
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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 bg 253.4 gh 369.5 ab 282.0 efg 317.7
2. EBL 0.50 ppm 288.8 d-¢ 252.4 ¢h 332.2 bf 339.9 a-f 324.3 b-f 307.5
3. EBL 0.25 ppm +
289.0 d-g 2929 d-g 361.1 abc 397.6 a 302.9 c-g 328.7
-GA; 50 ppm
4. Distilled water 333.1 a-f 347.9 a-e 304.2 b-¢ 354.9 a-d 310.9 b-g 330.2
5. Non-treated 339.9 a-f 274.3 fg 353.7 a-d 346.8 a-e 202.5 h 303.4
MEAN (B) 324.0 BY 296.4 CD 320.9 BC 361.7 A 2845D 317.5
F-test (A) ns F-test (B) ** F-test (AxB) **
CV.% (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
% In 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
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