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ARWHFEET E IR EERRR (Sesamum indicum L.) Rk it — 2258 1 98l H 92-1 > G
A AR FEEA R L ZFF (PEG 6000) SRR GEK i SRR S - S B s B R 0 & -
SERBUT > AE/KESE IR -0.295 MPa (15% PEG) T » Ridnfd 25 ~ 35 CIE B AEMER 8o
EAPRERAVHA SR > A H RAF4hE AR 280 0 £ 15 ~ 20CF - Zr 1 Seak{IRefrir—&E
BUEE TR (H H S AR IE R - T [ 92-1 FIME(EOR T 38 2 SR BRI NiE N -
— PSR PEG JRELFREL N HYME T3 SR RIREDT SRRy 3 SR IR A B
s HEAERGANER » 4225 ~ 35C T » BIME PEG JRIEEE 15 ~ 20% (/KEES 1t -0.236 ~
-0.491 MPa) » SFEFRGBELERF 90% LA L - (H P8 F ] (MGT) B 88 2R ] (Tso) 39
R > REFREAFREF AR RIRZ NG - M > FEEORFRET - PEG Frid sAVHZ 3 5 e
EHUK > & PEG JRIZHME 10% K (/KEHESL -0.183 MPa ) » SF2F2A0E % - PEG JREZR
20% (/K24 -0.578 MPa ) i il 5P 52 R RHASAE ST - SR&ERE L - 25 | Bl o
92-1 MR E RS AR (IR (25 ~ 35°C ) » InfEH S F AORNIBRRIA S 4 RV BB A
REEEER - MHERBUK R SR G IR RS -

WAERM © SR —HI0E 2 2 3 HibiEey - FEEEESFRAEZFL - B
R 52 2 2 B S/ K Sh e R 2 08 e B A B B M S e STk AR 275 o -
BFTAR | stHEIASARCRSS R R 1 9ER1rg 5 92-1 ZRE SR A [FEREDa A +
SRR B HE T35 PR MR PTG R 2
HWEERE | SRR EH B FIRE W - BURRRHI B fOR i R
S e Ky - DIETHE AR E R e -

RASED © G - Z=rd 1 9%~ SR BT R - KE
B HER 1202549 H 15 H

1 SR E = B SR BB FE s 5 591 9% -
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AL (Sesamum. indicum L.) FsBN EZHRMEY) 2 — - ITHFREEE BURHES) " fEasT
&= ERRASEEOBRRIEYNRE « BEIOK - SR AR - SRS R
PR > B 2024 SERSE IR Ky 1,779 A o BINEARRES 77 R — SR R - —JRMEZIR 2
3 AR > ZHIERIR 8 9 AR - dit HATEHARIER SR S e HIRERIEES (LUK
B ) o PR TREE M —HIEERROLREMHEREFA R - EHERESR
Je o TIOKENRRRT - AU 2SR TSR T - R T RIMEZE ) JNRG A R TE
TIRE/KEATSEMGE - SR I S fR R B 38K oy DU OR R348 -
L RFEIE R R B S K SRR 58 2 B4l A R H RS2 07 o a1 B EDR
& BARER SR AAMERE N - SFREZRE - HERPNERSURER > ]
REsE e fAEA g Y o HAMERE LHUKSRE T - BEEKSREK - SFIsRgtE - 5
AR RS - BRI TR R AR R G N A F AR AR F K I 24
FEINA RS O Horh 1 see BT A Sy O TS B L HK S B S B R K
WS - BRIV ER R i 2 SO O SR AT R TIN ZARE P RE G A [F] > oA R Feia R
FEFOER 5y ISR ST GH R T3 P R i A 8 Y TERREN T » S e
PREAIRRE T35 2R N - A EDR S0 T R - SR By N > HA[R] b S A0 i
ZAR[E TS EERRES [ER B R AR G (R T Z B RIS AR - L 87
(polyethylene glycol, PEG) & # A fE e /KSR - WHT8A > £ SEEARLEE -
REAROE BRI E S EKES - BIZ T35 (Michel & Kaufmann, 1973) [N » ATFEER
LLPEG 6000 FI7ARI/KEEEE - DB EARE T2 FDR ez F 05 MRV TR - 38
SRppRE N T s L TR 1 5k (REER)" BUHIRGE TRIT 92-1, (HEfE
B2 ) > FEELEPAS A RIERSE R M e T P R 2 2 2 -

AWFEZ HEVFERY © (1) PRa AR FE PRI B P9 T ZEER R RS i T34 oF 2 R0 2
(2) FHELEAREREE T > PEG 6000 Frigfie s Koy e aRmiiE T35 2R R 4l P A R 2
& - WIFTEEIR AR At R R A BB REE - WA B TR R e M A A

M T A

— ~ SREEME
RS 1 5% R 92-1 -
—~HAEBAE

HRFER e (O R fS B EEE 2P YR 8 - E IR 2020 4£ 4 H29 HEIS H 18 H -
BT RS TR B EE TR SRHRE T DL 75% R 1 A0S 0 ML
AR LR NG - iR 2R 50 FIfE ARt 2 A RV ERL 9 cm 52& 11 | »
A S ml FYZEEE/K » & MEN A EDRERVE RF > 73818 357C ~30C ~25C »
20°C ~ 15°C » B Z % (polyethylene glycol 6000; PEG 6000) JE & & 3 43 A5 0% ~ 5% -
10% ~ 15% 2 20% > IECE R BIFRE T A - B—EEHEA 3 [HEE - TGRS
12 B/ NI Ak 38 oF f 2 ST HIMR AR 22 | mm BFRISUERE 23820 » NEHER
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3K FEHEHL 10 (HES PR BRI R - RS 10 X - SFHEETHY
FEER PRI (MGT) DUR S T3 2R B (Ty,) - sTEAATT @0
SELFR (%) = (RSP T 8/ AR T H x 100

A4 (MGT) = 3 200

n; ¢ 7RSS i (I R RE S S AR T

t; o 5 1 (ARG (B )

Yo - BEESTRIETE

YT S (T = T+ (51— M) x G

N © G TR T

N; FIN; © FEARARBS RS T, 70 T, BF ERER FAVET3  WE RN, <R

SHEAFERRE T R[E PEG 6000 /K2R I AT/KE42:75 Michel 1 Kaufmann o
HETEITE  stEJTEN T ¢

Y (—MPa) = [(1.18 X 1072)C + (1.18 X 10™*)C% — (2.67 x 10~*)CT

—(8.39x1077)C?T] x 0.1

Hr © ¥ (-MPa) = PEG 6000 7251 /K Sk

C =PEG 6000 &% (g PEG6000 / kg H,0)

T= 8% (C > M 15 ~ 357)

=~ RET AR

FIFH SAS #Es (SAS Institute Inc., USA) A—f%4R 45T (general linear model, GLM)
Lﬁﬁﬁéﬂ‘ﬁ (ANOVA) - il &Rl a i S S A EE AR - HR/NEE
7SR (least significant difference » LSD) iy Wi B ] 2 VA HE 5 -

e

— TRIEEFEHBERN T ERAMSEREE TR < E

TS PEG ((HfHR4H > /KEAHENT 0 MPa ) FUIEIL T - BEE R R IEEE R | SRAVSE A
225 ~ 35TCHRFATEE 95 ~ 100% (& 1 ~ % 1) > BUR LI EHE T B e i
BETT - EPH TR ] (MGT) (87547 19.3~26.7 flE/NRf - SR RIRIITR - AR
TE R (i S A REAR BRRREF - 28T > EDRE NI ZE 20°CHF > SoFRy AT 4ERFAELY 90% LA
F > B MGT BE LR E 48 /NEf > IRRAIRE S AL RN 2 BIIHEHING] - BRI — P %
&2 1SCHlf > ZFg | SRAVEEFRARMRRR P98 2F IR A 110 /N > HADE IR
HIRZF 2 PROAIEF (R - BEMS > 2/ 1 SRS R 15-20 CIRRE TR —
TE/KHAE > (HRBTEIESR - BUNRE RS 2P ORI BRI B S 2P RV & - TTAE H it
aofERg H 92-1 85y (8 2 ~ = 1) » f£8% PEG (#134H » /KEEAT 0 MPa) k(T > I
92-1 [FIBEAE 25 ~ 35 CHYRIAE » S TFREEIT 100% - “PIISEEFIFRIER 174 ~ 22.1
{IE/INEE - PRARFORR R IR B & - BURE F A3 bRl HIR @4l L il e - ERE
TFEZE 20CH > SFEFRZEIFI MIBEERHEGEACE » (B3R RIER E 47 8/
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R 1 EAFDREIRE T > AEEZZE (PEG 6000) R RHE L EHR R 1 5t (TN1) A1
B 92-1 (NW92-1) & tE a2 2 fas
Table 1. Comparison of the effects of different polyethylene glycol (PEG 6000) concentrations

on the germination of sesame cultivars ‘Tainan No. 1’ and ‘NW92-1" under various
temperature conditions

) N PEG GOQO Watet potenitial Germination gerx:::ion ” Length of Length of
V;rlety T cm‘i‘erz%ture conceitrail?n SR BARE percenge dme Tso root . shoot .
Erer SR ‘;ﬁzzﬁ%;% (-MPa éé‘iF+ Py e (hours) HRFREL RZFE
& (%) (hours) (mm) (mm)
0% 0.000 97.3 @b¢ 19.3 © 13.1° 389 33.5°
" 5% 0.034 98.7 ** 19.2% 12.3° 32.1° 26.9 "
35°C i’ 10% 0.113 98,02 21.5% 15.8° 2214 11.6 ¢
" 15% 0.236 98.0 ¢ 25.4 % 18.41 18.7 ¢ 83"
T 20% 0.404 91.3¢ 29.4 204 13.6™ 10"
0% 0.000 99.3 *° 24.8 % 1854 26.8 ¢ 20.5 ¢
T 5% 0.042 96.0 24.7% 18170 18.4% 14.7 9
30C " 10% 0.131 98.0 25.4 % 18.41 14.1 %" 9.0"
i’ 15% 0.266 100.0 * 25.8 'k 18.6" 9.9M 5.5¢
T 20% 0.447 90.7° 422" 37.0% 711%™ 00’
0% 0.000 99.3 #? 24.8 % 21.8" 15.0<" 10.7 ¢
. : 5% 0.050 98.7 % 267 2230 1z 0.1
[, 25°C . 10% 0.148 98.0 ¢ 29.2 1% 23.31 8.9 6.0%
15% 0.295 99.3 36.8 " 30.1" 7.6 17"
" 20% 0.491 96.7 > 37.4 " 30.5" 47" 0.0'
0% 0.000 97.3 ¥ 48.0 =" 42.5 % 10.9 =M 15"
" 5% 0.058 98.7 47.5 " 42,5 8.4 % 128
20°C i’ 10% 0.166 96.0 56.5 ' 49.6 ' 65 % 10"
T 1% 0.325 94.0 65.0% s7.8° 38 00°
T 20% 0.534 58.7° 92.6¢ 83.3 ¢ 05" 0.0
0% 0.000 96.7 ¢ 115.6¢ 104.6 © 0.0™ 0.0"
T 5% 0.065 95.3 bed 128.1°¢ 1157  00™ 0.0°
15C " 10% 0.183 86.7 © 164.9° 150.3 " 0.0™ 0.0'
" 15% 0.354 14.0* 211.9° 189.8 * 0.0™ 0.0'
" 20% 0.578 0.0" -- - 0.0™ 0.0’
0% 0.000 100.0 * 18.3 % 13.6° 46,1~ 31.4 %
T 5% 0.034 100.0 A 17.4% 1247 4544 3124
35°C i’ 10% 0.113 97.3 4 19.2 14.87 34.8 " 2528
T 1% 0.236 99.3 4 21.8% 1669  223°€ 109"
T 20% 0.404 96.7 » 41.0 91 301" 141 "F 1.3'%
0% 0.000 100.0 22.1 % 16.7 " 45.6 " 19.9 €
" 5% 0.042 98.0 " 25,1 ¥ 16.8 " 3438 171"
30°C i’ 10% 0.131 100.0 22.0% 16.7" 21.9¢ 12.6%
" 15% 0.266 100.0 * 22.1 % 16.8 " 15.7 " 599
" 20% 0.447 100.0 * 34.2 1% 24.4 M 82" 0.1%
0% 0.000 100.0 # 31.87 251" 21.1° 4.4 M
W on 1 : 5% 0.050 99.3 4 31.3° 24.4™ 158" 321
FAE192-1 25°C . 10% 0.148 98.7 % 35.4 M1 28.5 1 11.6" 21"
15% 0.295 99.3 A 37.6'" 2991 7.9 0.1%
g 20% 0.491 98.7 ~ 83.3"° 76.4 " 2.8 0.0"
0% 0.000 99.3 # 47.4%9 41.09 5.9 0.1%
" 5% 0.058 0034 46.219 4129 6279 0.0%
20°C " 10% 0.166 96.7 * 510" 43.5¢ 4.9 91 0.0 %
i’ 15% 0.325 91.3 "% 67.9"% 58.4 "° 2.1 o
T 20% 0.534 100" 103.8 € 952° oW 0.0%
0% 0.000 81.0°¢ 1482 " 133.6 ¢ 0.0' 0.0 %
i’ 5% 0.065 76.7 © 1492 8 13555 00! 0.0%
1sc 7 10% 0.183 40.7° 161.6* 14524 00" 0.0%
T 5% 0.354 137 - - 0.0' 0.0%
T 20% 0.578 0.0" 0.0’ 0.0%

" EE FRDAHE TR By 5% BEE/KAE T 4C LSD s E TR E AR - NEF
RFORER 1 SRR EDR R 2 bhiR - REFREORR H 92-1 A EDRERERE 2 EL
i -

Each value represents the mean. Value with different letters between treatments indicate significant

differences at P < 0.05 by LSD test. Lowercase letters indicate comparisons among temperature

treatments for ‘Tainan No. 1°, and uppercase letters indicate comparisons among temperature
treatments for'NW 92-1°.
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Fig. 1. Changes in germination percentage of sesame cultivar ‘Tainan No. 1’ over time under
different temperatures and polyethylene glycol (PEG 6000) concentrations
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FHMHIER © &F&0 5 WESHFELE 25 ~ 35C T RESE RS - HERM - JifER
IEH  BEIRERRREE - SRR 4l — e /KT o (HE R RAI SRS - HARRAE
SFERGZANH > BB SENVIER £ & - BN S R S fE 3 oF 2R K AR ARAR
SFAERAEIE RN SRR © 2R 1 5RAE 15 ~ 20C{E0R IR MImedERr—E
HIEEEFEER - (HEsF R IES > TTFE 4 92-1 RIFE ISTHCE T » SRS F iR
B TR > BURR AR (ORIREE TS F N e = 5 -
T TERERET » KPR EAME TR E

SBRAERBUR T T35 RARRH B 3% 2 B9 2 ER E B 2 FF (PEG 6000) i

HEE P  HWE ZHEFEERBEFER (R2) -

2. ARTE TS MR A  ORSE K PEG JRERE T 2 = NZE BB TSR
Table 2. Three-way ANOVA of sesame seed germination traits under cultivar, temperature, and
PEG concentration treatments

Germination  Mean germination

Souce of variation .
percentage time Tso

Length of root  Length of shoot

BT P, TP IRAR T MRS
Variety fmf&E (V) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Temperature Ji/E (T) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
PEG% PEGRESE (P) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
VxT <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

VxP <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TxP <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
VxTxP <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TE25 ~ 30CEE T » HHRERE 1A [E PEG JRFE T (/K24 -0.491 ~ 0 MPa ) BAE4E
FAARSE SRR ERR (> 90%) (8 1 ~ [ 2 ) - BURERIRS i) B o R 5H /K oy 8 S i 5%
HURFISEE > FEIREAYE Nt ERAF R 1 92-1 S - 2R » PSS LERERE] (MGT) By
T TS5 SR B (Ts,) B8 PEG RIS E ~ KBFEMEELER (£ 1) FIMFE25TT »
27 1 SRanfEiE - PSSR 21.8 {lE/ N (PEG 0% > 7KE4 0 MPa) HEI1ZE 37.4 /]
i (PEG 20% > 7K2%-0.491 MPa) - H FRAREBLRR 2F £ TR IE PEG SRR R (FEAR
R 15.0 mm [EF 4.7 mm > JREFEH 10.7 mm [#% 0 mm ) ; £ H 92-1 fufd /A [EE
HIsZBHEAES - BUREEINE TRESERCHA % - E4h FHAE RZFHIE] - SrEaa R - /)
(FIEREDRIE N » 25 0T o] AE &2 18 i R K BRI AR R B4 i R A R
G.13)

FEMIE SR EREE (35°C ) F » KN[E) PEG 2R B SRR T 05 36 A0 2 28 R1AE 25 ~
30CHEEE MALL > (R8RS PEG RE T (> 15%) A REAVIE T35 (> 90%) - {HEEE
PEG RN - FEPERS B IS - HEAh - FEEr 1 R8Ty - T3 2R3 4E PEG 20%
SRR (7KE -0.404 MPa ) R HIRE Il 2 PR B2 AR R B 2 15 - ¥R 92-1 Al
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Fig. 2. Changes in germination percnetage of sesame cultivar ‘NW 92-1” over time under different
temperatures and polyethylene glycol (PEG 6000) concentrations
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£ 15 ~ 20CEEEE T > R[E PEG JRIEFriE iy /K 3822 FEHHRE T 38 5 P 2UE
TR - ERE R 20°CHS > 25 1 957F PEG 0% T » #2535 97.3% > MGT /% 48.0
/NI > BEAR BARRZE 47 B By 10.9 mm B 1.5 mm > {H1F PEG 20% ( 7KZ% -0.534 MPa )
T o BHRFEEE 58.7% > MGT HIEEZE 92.6 {E/\Ng » BRAREIIREEE43RIFEZE 0.5 mm
BLOmm « 3 15CF » PEG JRE AT 15% (7KE4 <-0.354 MPa ) 15 HI| 26752 41532
BIHIES 4 92-1 £ PEG 10% ( /K24 -0.183 MPa ) fEFREI[AZE 40.7% > 1£ PEG 20% T (/K
24 .0.578 MPa ) 85535 5% 0% » 2/ 1 551E PEG 20% TR5e 2k A3 aE 1) - A
o ESRBEABNE MR EE A » (T BIK ST BRI ©  HAESHAR NS
[EREIBH -

BB ANB ST 45 SR OB B B A AR - R T S M R
HIRE - PEG BE R A S EMA R E S RRE (£ 2) - EHERIEE 25 ~ 35T)
TSP T RE4E R S S R > R Ryl S IR B4 A R i (HAE(RUR R
T » PEG B EBRZE 58 » BEEE SR BRFH 250 2 0ETA 48 o A5 R BEHRR
BHEHAEAEEES  BUR 25 ~ 35CaR IR n e T ez 2R a2 - iME
SRIREE S, R > SR R TR -

A

AWt W =8 L H MR 1 S8R E 92-1 - BREFAEDREELL PEG 6000 f5
iz IR T S P B4 AR RV B - TE/KSS IR (0 Mpa) HYIEE - W{ESRfEAE 25 ~
ST A BAFHVSE SR RS PR > 1 15 ~ 20CIREEA B R | 3RS (HEH
EIERSREFIRFE] (MGT) > RS H 92-1 48 ISCRIR T > PR F HOR R RE N gt
HEA U T2 FEDRE B PEG 6000 B NAVEA S BRAER T BURRE B2 R 4%
SFRES RE RS > HMERFERBCOER - &FamS - SR T 25 ~ 35CHRER
TSR EEREASRAET] > RIEAE KI5 (PEG 15 ~ 20% > 7K3% -0.236 ~ -0.491 MPa) T
SEFRNAEHERFHY 90% LLE - 2817 » P38 5F i ] (MGT) B 88 2R3 8y (Tso) B BE PEG
RET R R > HAMRERE A REAEZ N > BUREZ 50057 B GRH S0 K ah s
RIEST > MIESE = HEHAZE - M - AEEORFRT (15 ~20C ) T > PEG 5B 282 F 5T
HEETFAVHIGIRUEEEOR MBI A - & PEG REHIME 10% IF (/KZERY -0.183 MPa ) »
SECFARIRT T - MGT 8 Ty, KiEER > HAE PEG 20% pa# T > Wbl S 28-F 52 K K0
SRHE

BESIMNE - 26 1 50 92-1 B FREEAT 25 ~ 35 CHYBDR G M REfE - DIRE(R S35
REURIRESE - EORME RN > SRR — e /K (HEFERRAIGRIES - EiE
BAEHIEF AR - BUROR N (E Y S 5 BRI BHE NN B oF R & - b -
BORRCE T > SR T3 R R A H BRI 21 i AT R S E R4S ST R
i B UK A BESSUET A RS S R B IR SREEUTORE Ry 2 B S w2 5 A0 B 32 VA B
ST > NER ORI BT T - RoGpH E HERRERR R - fhaE R AR E A
HEERM - Rl BEORBERE - BRI SR - TR R B AR Bl - 2
stopc L EBE R SRR 0w B EH A T Rl A HEO R BLK 8 SR A2 M5
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Effects of temperature and polyethylene glycol-
induced water stress on seed germination of Sesame'

Huang, H. L.?

Abstract

This study investigated the effects of temperature and polyethylene glycol-induced water stress
on seed germination and seedling growth of two sesame (Sesamum indicum L.) cultivars commonly
grown in Taiwan, Tainan No. 1 and NW 92-1. The results showed that under normal water potential
conditions, both cultivars maintained high germination rates and rapid germination at moderate to
high temperatures, accompanied by healthy seedling growth. However, under low temperatures
(15~20°C), Tainan No. 1 retained a relatively stable germination rate but exhibited a significant
delay in germination speed, while NW 92-1 showed reductions in both germination percentage
and speed. Further evaluation under PEG 6000 treatments revealed that temperature and osmotic
stress significantly affected germination traits, with interactive effects. At higher temperatures,
even at PEG concentrations of 15~20%, germination rates remained above 90%, although mean
germination time (MGT) and time to 50% germination (Ts,) were extended, and radicle and
hypocotyl growth were restricted. In contrast, under low temperature conditions, the drought stress
induced by PEG was greatly amplified. When PEG concentrations exceeded 10%, germination rates
decreased sharply, and at 20% both cultivars almost completely lost germination ability. Overall,
the stable germination of Tainan No. 1 and NW 92-1 requires optimal temperatures (25~35°C),
with temperature having a stronger impact on germination speed than on germination percentage,
while the combined stress of low temperature and drought severely limits seedling establishment in
sesame.

What is already known on this subject?

When sesame is sown during February to March, poor germination rates are often encountered.
At present, the suitable temperature and soil moisture range for the germination of sesame
cultivars in Taiwan are determined mainly based on farmers’ experience and references from
foreign research literature.

What are the new findings?

This study specifically evaluates the effects of different environmental temperatures and soil
water potentials on the germination characteristics of sesame cultivars Tainan No. 1 and NW
92-1, which are commonly grown in Taiwan.

What is the expected impact on this field?

The results provide practical implications for sesame cultivation management, indicating
that sowing should avoid low-temperature and drought conditions. Moreover, breeding
strategies should incorporate tolerance to low-temperature and drought stresses to enhance the
production stability of sesame.

Key words: Sesame, Tainan No.l, Germination rate, Polyethylene glycol (PEG), Temperature,
Water potential
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