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a—-Amylase Activity as a Potential Indicator of Pre—harvest Sprouting in Korean
Wheat Cultivars

o[gts - TR
Man Bo Lee, and Jae Yoon Kim"

SEHSFUSL ASAtsm Abstract In wheat, pre-harvest sprouting (PHS) is the premature germination of seeds in
Department of Plant Resources, the spike that occurs before harvest under prolonged wet and humid conditions, causing
College of Industrial Science, Kongju . L . . . .
National University, Yesan, 32439, subst_an’ual losses in y|_e|d a_nd quality. l\/lo_reover, cllmz_ate change may increase the risk of
Republic of Korea PHS in wheat production in Korea. In this study, using 42 Korean wheat cultivars, we
sought to determine whether the activity of a—amylase could serve as a biochemical in—
dicator of PHS. Spikes were harvested 38 days after anthesis and treated to induce PHS,
and after 4 days, we determined the rates of PHS and a—amylase activity among the as-
sessed cultivars. The rates of PHS and activity of a—amylase ranged from 0% to 84.17%
and 0.52 to 56.40 SD units/10 g, respectively, and we detected a strong positive correla—
tion between the rate of PHS and a—amylase activity (Pearson’s r=0.90, ©{0.001). Simple
linear regression further revealed that the activity of a—amylase explained 82% of the var-
iation in the rate of PHS (/2=0.82). These finding indicate that the activity of a—amylase can
serve as a quantitative index of PHS severity and complement visual assessments.
*Corresponding to Consequently, the activity of a—amylase could represent a useful selection criterion for

Jae Yoon Kim screening PHS resistance among Korean wheat cultivars and in breeding programs.
TEL. +82-41-330-1203
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suobiz of4F UjollA] Falo] Wolsh WAto R 43S UHE 44
et al. 2014, Tai et al. 2021). ~&o}7} HAYslH A9 40| ZF4A
et al. 2025). ol TRt 7 AEo] 2 HIE st Ao, 11 W= S, L, vlee Zdste] A
AAH 0% W5 ITHRaju et al. 2024, Tai et al. 2021). A AACIA 71 W WholA Aujel Y 2
ESE seboto]] 95t A1ZKst TlslE 2l QIth(Erenstein et al. 2021, Vetch et al. 2019).

o topst 7% 2704 Azt 29] 2400 SlEkE ool wWHolA AuiEl T, Al $Fol wet Azt oF 6o
749 Eo] AALEE= A AA AlERrR | 7Y 593 AHE 5 sfubo|ti(Shiferaw et al. 2013, Sung & Kim 2025).
2 oA & g0 2 Aol B A29] 5 AEo|w, 1919 AXtE 4H]Fo] 30 - 35 kg 7HF 4H|HIL
ATHKim 2016). B> U7FEE AlEsto] W, 31} 502 Av|gEnh. dols WO F4 9 IA TAaA7|AL
AlE 543 AP B0l 2h9d2 Erh(Khumalo-Mthembu et al. 2025). =oto] ofgh We] wjg] Prei= URtzoz
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Falling NumberE 53] 713 4= 9o, s1tolrl g5 F42 02 Falling Number7} 300 H|RHO.2 ZFASHCKJi
et al. 2018). A A|A Al 7]|FH3stE Qs D& Zt 7 &0 ot W7t S7FE Ao R oS5 (Yang
et al. 2025), WEhA 7HH o072 Silol A 5l+= Falling Number®2t} @olal 41431 4=Hto} 7R 1.9
T Qo Xo] tJFEo] ZT}{Ji et al. 2018, McKie & McCleary 2015).

St EA10] Frrla o Alolo] Bao] ofs) WIS TEkTai et al. 2021), E3, S0l A% B2,

43Hs A HE(carbohydrate metabolites), &d4k4Ax(reactive oxygen species) 5o 23l & FFZ HH=THDeepika
et al. 2025, Tai et al. 2021, Xu et al. 2019). £419] THI} Wol= AE S=2E A ALK abscisic acid, ABA)T}
2| H| & (gibberellin, GA)o] 2J3] A= tH(Deepika et al. 2025, Gubler et al. 2005). ABA= THS XAt F5
AAPoIH, GAE 1 A ®otE SUAIZITH(Gubler et al. 2005). Gut-oFdZobA](¢-amylase) B/d2 GA 1121l
g 23] 93f F==H(Appleford et al. 2007, Hong et al. 2012), gu}-oldalolA] AT = FX}9] wole} 2 A oz
Ao} UATKTai et al. 2021). Fup-opdetold= A AR & oty A2 dedo g Hoj=of vzt
Zotsts d "ast o UAE AlEAth(Karrer et al. 1992). dup-opatobAl= Hoto] SRl L5 Hgoto]
2 dulopdetord] T Sotd JFE9 FEZX EAJCE dHA QIth(McKie & McCleary 2015, Tai
et al. 2021). Eh, UnhobuTtolAE AR Qo] B8k L ool TS Aste] Mg Hefstr] vl
wol Mug 24adyln, B A4S U BAS fUs] o] dvkobusiold] o] R WrRE A
ZeolA] LtHMcKie & McCleary 2015).
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U ¥ 55 285 2opA0) Aol SISk AblE A W D A LA 2024 - 2025W0f| AHSHTH(Fig.
1. 7F B ol4te] S1AL AT, sk T 380l o1k Fesioltt 48 HF 7 o4 BTelT A B
AESIA . HatAElst Whatman No. 1 € E #]o]3(Cytiva, Maidstone, United Kingdom)& A& 150 mm, 9]
20 mm HEF Ti4io] 2, $4E YT T FRS oF 30 mLE ARGt 9, R, B, Y 4EES
Sto} Aejsiol wal WOl L WokSiATh R4 J14T 4] BEE Eake T Y 4] BEL 5U s
Seato} efaka ol A2 F 4 Ajo] ol ST 2+ B 3 - /9] ol Sfato] AEL oz
ol Asio] SEIIGch S0t A2l F 42 Aol b S 2HT ¥ B 2713 el SH7} ol
A5 olT FAS FEjok 2AE AAt & dut-opdEord] B4R S7e A0 deep freezerof] Eusti.
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Fig. 1. Workflow for examination of pre-harvest sprouting and e¢-amylase activity. PHS: pre-harvest sprouting.
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al-oldgtolA] AL S MegazymeAlol 4] Al5-oH= ALPHA-AMYLASE ASSAY PROCEDURE (AMYLASE
SD METHOD) kit (Megazyme, Bray, Ireland)2S 28519121, MegazymeAlo|A] AlZdt= T2EZS Y8 A 5}0]
AA 85T SAF FAE Mixer Mill MM 400 (RETSCH, Haan, Germany)& $-85t0] A|3a}9ic. 245 27}
100 mg& 1.6 mL Extraction Buffer solution®] #7}5l31 ZH3] vortexingdl L} 40CE A H F24-Fo4 108
o]} gut-opdgtolAE & F 11,000 gof|A] 327 YRS F J5HS ESIeIr 0.05 mL Amylase SD
Reagent solution¥} FEHES 40C 2 AAH 2420 pre-incubations}H L} 0.2 mL &5 Amylase SD Reagent
solution®]| H7}5}aL 40T 24304 10587 HSAIF L. 108 & 1 mL Stopping ReagentE 75T} Microplate
readerE &-8510] 400 nmo| A 9] FFEE S45tal, W& reaction blank®] FF %= 2to]E Yuh-oth ol
4= Ahbol &EsHH
a4 =4

S U 02850] 53083} Yrfolueioly) A 7o) BAE H1el] 919 Pearson ATTA 24 2L ©
AYE AR AL U5k Pearson ATUA @ slARH] BAH FHE p<0os FENH BH
AGHARANAE Anholdetold] BHES EUNSE, Su018e F5u4E A4stel 242 ANstar
AR APT= AFAFR)E Bkt £ 7+ Forgnt dutopdeloby] E4E9] Ajol= YYURAEAS
=3 2451900, AFEAAL Tukey’s honestly significant difference (HSD) testS p<0.05 o4 #-8-3}o]

R software version 4.2.25 o]83}o] £3435}3 T
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Y EobeE S5t (Fig. 2). Kim et al. (2012)& Falsto] $iop AP &5 2, =AY ‘22,
S, AR BE 27 ARG ol AE] 79219] SHlolgL Q-] T} 3.70%, ‘R-270] 46.44%, ‘BT 0]
57.03%, ‘Z274°] 92.45%% 7]1=5tUTt Kim et al. (2012)°4+= EEEo|H}t JAF4F AE o FEotes
S5t 2 A7tet ot A2 WiHo] thE, I AP F fokedt B A dokgo] FASHA WERH T
Kim et al. (2012)9] JA373F & oS- “Q&'7} 3.79%, ‘2270] 26.33%, B74°| 54.24%, ‘270 R.75%= 71ZoIH -
3l 2= 9 Sdlof A AR <27t AgkAlo] 7B =11, ‘F7%0] 7 Yoo n o] st AdFS Kim et al.
(2012)7} YA|8FSITh FHH, B ALoAE Sulol A & 49 Fof] L), ‘R, ‘Y, ‘29| SHtolgo] ElsA
T&°0] He Aol EAHeH Iy € 4279 FEokg HUEE ol A2 & 4 Aol AAISHAHH(Fig. 2).

100 -

Pre-harvest sprouting rate (%)

—e—\Woori —i—Joeun

—+—Keumgang —=— Jokyoung

Fig. 2. Pre-harvest sprouting rates of ‘Woori’, ‘Joeun’, ‘Keumgang’, and ‘Jokyoung’.
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Zettol 2] 49 AO] SHolRS 0% - 84.179%7H4 WS I chaFshA LeRgT(Table 1). ‘THEY, 2, A
Solg 0% 7131k W R S0l 798% A0, HEE 841792 713t} FE ol g
Btk BAHEA 9 Tukey's HSD A% 23} Sdtolgo] sl £5 b Folat Xjol7} gelsigict. A5
ETF, 2} a T5) Solo] M SAHOR G Holrk A Ygkort, aZ TR S BFET- FAH

RAT Aol ek ek AL 2 TG Sdjol Lol Yol Fars] melstont, T por
IEelRE &5t} 4230k gAo] EHs| LheRdey. 420k Z4o] T8k 2t ojAlold B4t S Unfoluelo}
A BT 2Ao0] 23}t Wolgt FAko] Welol 2L A|Asrt. Frh-otdelo] TAEE 0.52 SD units/10
g - 56.40 SD units/10 g9 WS 7|25} THTable 2). LS 022 7|E2FWY OF, ‘R, ‘AL 7+7}F 1.44
SD units/10 g, 0.54 SD units/10 g, 0.52 SD units/10 g& 7| oW, ‘AEL2 7/} *2 7+ 7S5}t Hhy,
Zlokg: 79.8%% 7] S35t ‘%59 dulotdzlolA] FAELE 53.97 SD units/10 g 7|21, $HORS: 84.17%S
7|57 “A$72 5607 SD units/10 g& 7153t S € 5 F FEoRe0] W2 FE0AE diAlE Lduf-obdztoA]
L Fe F2 FAE VIS, Mg fokeo] 2 S5 B2 dufoldEtod] 24%E 7SSt
(Table 2). TJF LUF- o7} UARE FokE2 10% °1F 7157 F50lA Lub-ofdtobA] E4%: Xk 10 SD
units/10 g oS 71E5I3AT. dut-otdztod] 84k FF 7 1ot AolE UEHATh Tukey’s HSD ARE-H7
2v, dolgol ¥9H AF, 2 L 2L a9t bS A] AR FAHNOE FI3 Aol HolX| ket
NP, Sobgol Wohd THEH ek BE f 180 Soto] FAMOR fO% Aol HolA sttt ok
Gl B8Rt olAtollA St FAE Luhotdztord] B S0 B850V WZol doket dutordziobA]
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Table 1. Pre-harvest sprouting rates of Korean wheat cultivars.

Cultivar Pre-harvest sprouting rate (%) SEM* Cultivar Pre-harvest sprouting rate (%) SEM
Gobun 10.20 gh’ 3.50 Younbaek 53.19 bed 7.66
Goso 6.35 ghi 3.83 Youngkwang 32.00 def 4.27
Geuru 541 fghi 2.26 Olgeuru 2.38 hi 1.19
Keumgang 31.72 de 6.97 ol 19.28 efghi 3.05
Nambhae 343 hi 1.92 Woori 131 i 0.82
Dabun 20.00 efghi 9.64 Eunpa 7.50 efghi 3.12
Dajung 7.89 hi 3.03 Jeokjoong 84.17 a 3.79
Dahong 0.00 i 0.00 Jokyoung 67.91 abc 4.93
Milsung 11.70 efghi 5.16 Chokwang 0.00 hi 0.00
Baekgang 38.10 cdefg 3.37 Jonong 7.08 ghi 2.07
Backjung 50.61 cd 9.17 Joah 27.32 defgh 4.52
Baekchal 20.62 efghi 6.13 Joeun 17.55 efghi 2.64
Saekeumkang 1.98 hi 1.10 Jojoong 18.85 efghi 2.22
Saeol 5.76 ghi 2.22 Jopum 5.15 hi 3.02
Seodun 4.79 hi 2.76 Chohan 79.80 ab 2.84
Sugang 2.64 hi 1.62 Jinpoom 0.00 hi 0.00
Sooan 8.00 ghi 1.75 Cheonggye 3.29 hi 1.22
Shinmichal 5.00 ghi 2.08 Topdong 2.12 hi 1.24
Shinmichal 1 3.90 hi 1.51 Taejoong 12.96 efghi 1.52
Anbaek 4.62 ghi 0.06 Hojoong 4.32 hi 2.41
Alchan 2.56 hi 2.09 Hwanggeumal 18.10 efghi 1.56

“SEM indicates the standard error.
YLowercase letters indicate groups determined by Tukey’s HSD test (p<0.05).

Table 2. Alpha-amylase activity of Korean wheat cultivars.

Cultivar a-Amylase activity (SD units/10 g)  SEM” Cultivar -Amylase activity (SD units/10 g) SEM
Gobun 7.40 ef 2.80 | Younbaek 56.40 a 1.36
Goso 2.54 f 1.32 | Youngkwang 16.45 def 0.40
Geuru 392 f 2.69 | Olgeuru 072 f 0.10
Keumgang 11.18 ef 2.57 |0l 11.25 ef 1.68
Namhae 213 f 0.89 | Woori 3.09 f 2.01
Dabun 374 f 2.58 | Eunpa 353 f 1.54
Dajung 428 f 3.10 |Jeokjoong 56.07 ab 0.15
Dahong 144 f 0.31 | Jokyoung 40.56 abcd 5.27
Milsung 15.86 def 8.65 | Chokwang 0.54 f 0.00
Baekgang 53.80 abc 1.36  |Jonong 6.28 ef 2.33
Backjung 54.45 ab 0.78 | Joah 20.66 def 3.40
Baekchal 25.57 cdef 10.75 | Joeun 20.32 def 9.59
Saekeumkang 0.66 f 0.02 | Jojoong 30.31 bede 9.36
Saeol 0.58 f 0.01 |Jopum 7.97 ef 6.04
Seodun 342 f 1.47 | Chohan 53.97 ab 0.83
Sugang 0.62 f 0.08 | Jinpoom 052 f 0.07
Sooan 12.25 ef 4.78 | Cheonggye 147 f 0.48
Shinmichal 0.65 f 0.16 | Topdong 0.62 f 0.05
Shinmichal 1 211 f 1.20 | Taejoong 16.95 def 1.77
Anbaek 195 f 0.82 | Hojoong 1.51 f 0.63
Alchan 5.95 ef 447 | Hwanggeumal 22.13 def 1.25

“SEM indicates the standard error.
YLowercase letters indicate groups determined by Tukey’s HSD test (p<0.05).
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FHE Aolo] Qi BAY} B Was| Sed 20 WrhE S, Sukolueold] BHE 24 A AR 28
A9 Mo 931 Fol7] 9] FEHBL BEA 1Y HEUTHY, LubopTiold] Y= et EF 7 olS
% o g B 5 UL

7 Mok 3O UsotElops A MRS TRsistel wolst 271 440 9a% 9E BB
o dvfoluols] FHL 4ot WA FA9] 20 skt SO0 ¥ 4 qIrk(Karrer et al. 1992, Zhang
et al. 2021). WepA| F7HH 0 Uvholdeiols] BHEES F U EHO HAQ 4o WY X BEY
& e 1 MsAe dEsELt

U 2 S30A LIH-0r22torM| 2-d 2| 20t 7IKREN| &8 7Fsd

) 9 Zx0] Subo} X EEA Luloldalold] YL B8 R4S W5l Yl Pearson AlIA BAL
AABIITE Y W 4pEE0] 5 Po]-Ejl} ulopdalold] &AL Alolojl= 75t oFo] AlaA| 7} Vel o W (Pearson’s
r=0.90), o= FAHOZ v$- KOS rH(p=2.43 x 10, Table 3). FTo&I} Luf-ophetolA] LY Afolof 73gt
ko] ATEA} S Ze Luboluetol] BHES T W EE ol =S WIS G AT}
2 % 9leg AT

Table 3. Pearson's correlation coefficients between pre-harvest sprouting rate and @-amylase activity. Pearson’s correlation coefficient
is presented in the bottom-left, and the corresponding p-value is presented in the top-right.

Pre-harvest sprouting rate -Amylase activity

Pre-harvest sprouting rate - < 0.001
-Amylase activity 0.90 -

Gafoldelold] PHES SYASE SUOIEE FHUSE AT $9T AARYANE Fut-ofdetoly
P} S0k Atole] FRE Yo 4 WAL FAAKR =082, Fig. 3). Fuh-olutold] BYwst ke
EEE AUAOE e £uolE Bl WY, Yotz B R BHEL S SFU0S Holt

EL_ 1T T — —
3} Quh-olulelold] BAELE Y W B50] St HES Hdow v
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Fig. 3. Linear regression analysis between ¢-amylase activity and pre-harvest sprouting rate in Korean wheat cultivars. The dashed
line represents the fitted linear regression.
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et al. 2018). Brown et al. (2018} soft winter wheatS TtHALC 2 20143} 20151 ZA oA SQto 2 7|5t ol
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AYBALHNAE e BHASER=082)7F LreRdeh. o] Aake Lubobdletold] BHE/ ) U E5
eto} AES AH 0 WSHL, SUAWIE BYT 4 e Sl AER 28D TNsHE HolEe). Uuloluzt

oA B T ¥ FF 2 55 A9 st AR ALl #8&5H E8E & AS AR 7HdEH.
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