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Geographical Variations in the Seed Germination Response
and the Seedling Growth of Hemistepta lyrata Bunge
by Distribution Areas
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Department of Biology, College of Science, Kon-Kuk University

ABSTRACT

The geographical variation of the germination response and the seedling growth of the seed
populations of Hemistepta lyrata Bunge distributed in the southern area of Korean peninsula (Seoul,
Yongwol, Andong, Ch'angwon, Sunch’'on) was investigated.

Five populations were divided into two principal groups according to the phases of their seed
germination. The first group consisting of the Seoul and Yongwol population was 62% and 64%,
respectively, in the final germination percentage of DT regime. The second group which showed
lower final germination percentage of 32%, 24% and 28%, respectively, were Andong, Ch’angwon
and Sunch’on populations., The seed populations of Hemistepta lyrata Bunge which hardly
germinated under the IT regime but germinated under the DT regime had an autumn type of the
germination, The germination of Seoul and Yongwol populations located at the higher latitudes
took place synchronously in early autumn. On the other hand, Andong, Ch’angwon and Sunch’on
populations located at the lower latitudes showed a tendency to germinate asynchronously in late
autumn, The geographical variation in the seedling growth showed simular patterns to that of the
seed germination. The speed of the seedling growth of the populations located at the higher
latitudes was greater than that of the populations at the lower latitudes. Therefore, the geo-
graphical variation in the germination response and the seedling growth of the seed populations of
Hemistepta lyrata Bunge appeared to be an important ecological strategy to maintain their exist-
ence in the extreme environmental variations,
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T fEfREES] AREM NS AEEtd B35 BTRFE Aojsts a3 $F Aol
(Washitani and Takenaka, 1984). W3-80 2|5 5°] B9 EF25ol whe} T 9| 54} 3
#ik g7t A o] A0 (Heydecker, 1977), 19 #¥AL ) 53 25 HAUA LA
A FRE 3, o] BAE WoiuA H v F23] gk gho} (Thompson, 1970). #&E
) e BEEEMEO AT thdg A A BlolE Ve Y] Wil Wl 913 B EE S o
AEA BRE Y3l TR A Ee AFD g 588 wo)7] Ysld B = KRS 3t
o] wrol & A ] Aol o AEst Al71E MHE 4 vk (Augspurger, 1981 ; Rathcke and
Lacey, 1985 : Washitani and Masuda, 1990). o] =]+ f&F | 5 Fr5 i BBt - 50 ula) o}
oFalct . B 13k vl rh(Bewley and Black, 1982 ; Baskin and Baskin, 1988).

Peacock ¢ McMillan(1965) 2 #&E 9t mr7F thE X Goll A Prosopisd-& A sta] o424
e Ay EEED B Al #MAY vty ¥ udlHd, Singh(1973)S Portulaca
oleracea®] T & F Aol A RMEste] g F A7 23 F Ao girzgo] 2o} W ts) A
By mEE Bt 3ot Lee(1979) = S HE e 8 Hug MREHel Planago
asiatica®] TS} A EAE RS o] AU St AF o] e Wyl ol T} MRy BAT]
NS B, Grime 5(1981) 2 S A el 2= whe wmreo iR #HFEHS =
Are Aa fEtol thekX ol slom el Bl wel x| i BHFREY A US
£ Rustdh Inoue$t Washitani{1989) & M X7} 247 B& Campanula punctata TEHEEES]
ol AES Bl mARE ASE d5SAh

olgtol| Lee(1991) 5 Taraxacum officinale MEHEHS] HE Q) E wal ER BFBHEY #
ey A A Wy I, Kim(1991)-2 Rhobinia pseudo-acacia® N w2t 1571 Hisgioll
A B JiEsty] wol, {2l & A, Wl d si ¥l mannose 2 galactose$& A% A7
Ao ule} AReRE) MR QS B EH T 8 Yang(1992) 2 A § X9 EYIEEE7}
217 GE 4, 715 2 S5 W] Phragmites communis EREEES) T8 R3] oy,
frage] o) A, AFH £ A de & FAS A A2 A ) e} LRy 8
g7} 3-8 dZ3Art

A A 7N (Hemistepta lyvata Bunge) &= = 8Hte] 2@ 2202 B v Estod whaadol A
FE ¥, L2EfddolztA] §e BEAS e o, sl e dxd 23X Art
o Sofa] go] B = Qe & Eo|h(u 1974). XFAA o] B fEpesee] B ol
g A7} o] FolF up ot A A A @R A A= ofF] Bt up glrh

ulEhA B A sb R kgl FXse 230 EeEEs BERE 2 gt £k
HWEM MRS A7) Yot A g HT S REste BFERMHT A e HfE
W R MRE FASIY T

mH A Hik

REE

2 Ao AL8" XA N (Hemistepta lyrata Bunge) 1+ B4 E HiES o s @
7} 7247 ohE S EsE S ME, 99, o A9, & M HEms A8 5 (Fig 1)
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1991 69 ¥ 7ol AA fRHEste] Mol Yol dzduE ded »asdyl 1§ 9¥
FH o2l 69 7R B ¥ L EmER 280 AHestd

AN ERERES R Ui 25, FEg(E Y4, 1985~1991)-& Fig. 290, ¥¥&is 2]
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29 2 £ 8 Z9E T4 gle #AE 998 249 AHL, 3YL daxy
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Fig. 1. Locations( ) of the seed source populations of Hemistepta lyrata Bunge
and Isopleths of warmth index (W, 1.)

Se : Seoul, Yo : Yongwol, An : Andong, Ch : Ch’angwon,
Su : Sunch’on
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A9 el A 2 o] YR E A skl 7)o 7kt —1.87, —5.34, —~1.91TCE &
o) vlal A vk ME e 718 4zt —0.31, —3.73, —0.9CE d¥ Himroe
Tha Zon, obF M Aed 99 Mg 7S EvhE %2018, —2.72, —0.11¢Colth

A e A FH7 ALS AW 129004 29 71x] 9} 7120] 247F 5,02, 2.14, 4.14C %
olte] whal Mol V)0 wol vhE X AN sl Rl vls) V1ol M & AL
2 AZEE £H e 129 $3F Mol 42 1.75, —0.57, L51TE 9 HimEvhe 7
2o] thAh ¥

RE: HiE

N8 ¥

Shijs EBeREE] e FEFEE A2 1991E 9ERE 1992 62 7] 3ubE o g A A5 L
v HEZ YAlol 37 A E 2T Z2FF 7T mlE TFI F 50kY Bidste] REIKE Tl A
3t %4 (IT, DT regime) @] 4 E#(hotpack growth chamber)ell %ol # g &%t}

3 B EI M 4cold 3T 7AYol 4cTE LR Hxp BUAA FAReH
(increasing temperature regime, IT regime), % T}& BEEBEENE= M Z 36CHH ©
ARoZ gerAoR A} 7+ 42 A #A FAHdecreasing temperature regime, DT regime).

T EERBEIAN &g o dAE Fol Ay Wi Y] Mol 3 2xoA 2~8URT FAIAA
Fed gty e g nedME wolgo] v Frhs AMIS a3 sled 20ColA 36T7HA Y &
T HYoMe 2hzt 29 B¢t 16colM e 3Y 59k 8Tl 5d B 4CAA = 8Y B &
T =EAA FUACH

DT regimee] 7% vhx|ut @AM T E 4Tl &A1 F 74 53 25CNA A8
Z=glow yhdo] IT regime®] nhxut ©AIQ) 36Ol 291t 2] & M1 & 74 Bt 12¢(17
he24ac(7h) 2 W& 8 a3 gold & T 7+ vl 2x¥stE A7]7] ol £33

7158kt

Table 1. Location and habitat of the populations of Hemustepta lyrata Bunge Seed

Populations Latitude Longitude  Location & Habitat Seed dispersal  Collected date

Seoul 37° 337 126° 59" Environs of Kon-Kuk Early June - Jun. 25, 1991
Univ., Open land Middle July

Yongwol 37° 107 128° 30" The roadside passing Early June - Jun. 20, 1991

through Naeduk Elementary  Middle July
School, Open land

Andong 36° 337 128° 45" The roadside leading Middle June - Jun. 29, 1991
from Andong City to Late July
Yongju City, Open land

Ch’angwon 35° 137 128° 40" The roadside leading Middle June - Jul. 5, 1991
from Changwon City to Early August
Kimhae City, Open land

Sunch’on 34° 557 127°15° The side of Isu Stream, Middle June - Jul. 5, 1991

Open land Early August
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Fig. 2. Climate diagram of the locations

of Hemistepta lyrata Bunge seed
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HREE S/HA 2 LY i e 2P 19919 99 H-E 1992 69 7
Ack 7+ XAE R 27 20cme} Mo vermiculited Wol E Yt ado
g & Zhzhe] shioll 100k o F2hE spEate] A Aol M 3223 Aufstlon o HH A3
SR wolgt & 7 Aol 7zt sHEoll AT A 60EE Fl 1 U R AAE A AskA ) *&
Ao EREFOR X8 25T, L 60%, R2EE 3000Lux® 213192 Hoagland
§NE 24 A7 BEYFyaFo] 50%7F HEE FFatg o

ety £ ES dol & 74U 7h2 o2 x| GHE 10/RA N 43] F 392 FEFS 51 gkl
HRAED LERS SF3AT. A g ol mmag A 285gon, LER
= 105Col A 48412 A EAIZ] & mgehe) 74x] 24 5 ok

m R

Wy g3

gk o] 57 A (Mg, 2Y, ¢E, Y, &R Y REY AN (Hemistepta
lyrata Bunge)i&To) xwsle] W BERMS TAH A0 gRs (EEES] 1TSS
10~36CS] 2 ffolAl wolr} o] Rojgom 5 2% WHolM of7|H = KIEFHE L&
RERATHL 2] =4 of ol o3 o} sfele] Aol & el o o]2] 8t Bisgsao] ukel 27§
o agoz FEE 4 9ot (Fig. 3A, 3B, Fig. 3C, 3D, 3E).

AN ZFL B T EEE(DT regime)ol A #F wolgo] 60% o] 4oz Vebd 114
o2 A(ME), B(dY)Eguito] oo %3k (Fig. 3A & 3B). A fE#EaE2] A-$ DT regime
ol HF dolgo] 62%, IT regimedl e 2% 24 72 wWolrt o]Folxx] ¢olow DT
regimeol| A o} 290 & 367 A 2] A] 36% 2] Hol7} o] FojH o wol 109 F 20T Fol A=
dtol7}t o] if o] Fol x| %] gt} o] wolaM o 2 XE] Washitani 9} Takenaka (1984) 9] =
Holl o] base temperatureE 5C2 PG Wi AHMexE 73hW 60~230Kd (K,
Kelvin ; d, day) g = ¥ 91& YehHA L IT regimeoll A &5 3ko] vpxlat @A 36°Coll A 2
A7k X F 745 12¢(17h) ¢ 24 (7h) 2 Wexal g sie Ay Wexa el 2%d0 A
30% 22} wolgo F7lE Bttt B @EEHNME DTS IT regime ) BikitiFae o=
62202 A, 5 HHE & M =& Pol8S vehl oy mikiFaEe DT regime %9 64%,
IT regime®} 749 2% elstt}. DT regimeo] A ol 2 gl8) B as HAaess A 1%;%#%?%
SdstRern IT regimeol = &xwste] vpx|ut oA § Wexjel & sl 22 A fAfEES
AT 30%9 Fols S Vel

FHA 152 C(eHE), DY), E(4H) s Mg o s A M T EME(DT regime)
o A At o] 32%0)8t R Ueld T1Folvh(Fig. 3C, 3D, & 3E). C @S] 39 St
#250] DT} IT regimeo] 2}Zt 32%, 4% 2 el o DT regimeol A 8] Wolr g o g B
H 2od Hier e 70~20Kd¥ 918 Bt D fEeEe DTS IT regime] 2}y 24%, 0%

o|n, E f#a#) 4+ DT regime® IT regime o] £#5 0] 212} 98%, 2% 2 JEbc), g
H DT IT regimeAle] 9] #Furolg o) 2ol C ARl A 28%, D RS 24%, E fHEE
B 26%=2 A4 A, B gl val xto]7F A A vElwten D, E fEgaREe] Solo] e Hare
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Fig. 3. Germination behaviors of the seed popu-

lation of Hemistepta lvrata Bunge in the
test system for the Seoul(A), Yongwol
(B), Andong (C), and
Sunch'on(E) populations. The dotted
lines show the courses of temperature
change, and hatched bars, the maximum
germination percentage under IT or DT
regime, obtained after the seeds were ad-
ditionally subjected to alternating tem-
perature of 12 (17h) and 24 (7h) after IT
regime, or 25 after DT regime, for 7 days.
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70~306Kd= ®lw2] & H9E Yetliith C, D 281 E fEigs =% IT regime?]
A, BEfgREC A9} o] tobz Ao vpehbA] kot vt 2wrARl 36TAlA 2
g F 743t 127¢(17h) ¢ 24T (Th) ol A WA 2] A7) A3} C s 4204 24% =2, D
1R8-S 0214 20% 2, E 882 2200 A 2622 Lrolgo] F7lstadoh

T =
i

[
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3
3t

wHhel £8
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7k g ol shkdd el MEERS 13 B2 FE] 99 s ARl 30.37mmE 7hg w1
T R EEIES 24.67mmz 7P stol X8 Apo]E Hol7] AFFow, 23 &
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FEA 742} 4117, 41.30mmE Webd A 27 9 s RS o] A7) By 28E 7]
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Zpo] 7F LHEbRET

FER ERS MEERT FAY 43S B0 13 B2 FEA] o2 Hus @kl v
G Y Hu MRl 2.23mg e Fls] A vebuha, 23 B FEA 9 Mk Rl 6.
5dmgE 7} w3, AY A9 MATe] 1.68mge 2 7 wton, 3z}, 42 BE FEFAE 2

F 2 FEA 9 v A4S Btk webAd 13 B2 FEA A 43 B2 FEAA QG

4, Mg, S, o, Ao co2 wEE S JEsth

<%
(=

—
[~

R
n

—
Eav

(1)
L)

T
R
—

2
<

[
=]

Length grouth(mm/ind.)
) =
Dry weight(mg/lOind.)

Fig. 4. Comparison of the length growth of seed-
ling of Hemistepta lyrata Bunge in 5 po-
pulations after germination at 25°C

% Abbreviations are the same as in Fig. 1.

Fig. 5. Comparison of the dry weight of seedling
of Hemistepta lyrata Bunge in 5 popula-
tions after germination at 25C

% Abbreviations are the same as in Fig, 1.
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Table 2. Length growth and dry weight of the Hemistepta lyrata Bunge seedlings in 5 local populations
after germination at 25

Collected Sampling days
Variables )
sites 7 14 21 28
Seoul 30.23+0.31 38.83x1.04 41.17+1.23 51.79+4.15
Length Yongwol 30.371£0.38 39.97+£0.45 41.30+1.25 53.77+3.50
growth Andong 27.65+1.45 33.39+4.68 38.58+3.92 44.64+2.42
(mm) Ch’angwon 24.67+1.50 28.9012.40 32,17+£2.36 36.33+1.04
Sunch’on 26.07+2.00 29.39+1.05 34.10+£2.17 40.5310.90
F value 11.05* 7.42% 13.28* 21.88*
Seoul 1.47+0.441 3.90+0.572 6.331+0.616 10.87+2.485
Dry Yongwol 2.2310.208 6.54+0.050 7.0710.133 12.90+0.361
weight Andong 1.57+0.321 3.52+1.379 5.6710.275 7.78+1.236
(mg) Ch’angwon 1.46+0.446 1.68+0.133 3.02£0.807 3.6310.416
Sunch’on 1.52+0.236 2.35+0.132 2.85%0.050 4.28140.025
F value 2.69 17.63** 49.59* 30.46**
The arabic numbers indicate Mean S. D. of length growth and dry weight.
= P<0.01
= &

B A8 4y el 1T DT regimeol A o] BHEHMHS Huste2A & ¢ de 3L 74 AY
o] 2} AAFO UM oJ'E 2= Aol 28] 23 FHY F=of FH groprt °é°1‘f’r-‘511
& = glon o8 Bt 74 A Y AR dolAl 7] M Hes dobd 4 Urt Eg B8
# o] o] F, wolE Y3 QFHoIX = FALx ] Xol2M ol T EMEES] WolA 7
Wsle z2dste 71 %3 2§ BA7F ok (Inoue and Washitani, 1989).

A AN fFeeRe] 2w mE B¥EH K-S Fig 33 o] mE#ric) g BFEBHS YEet
Wled BFEHEMEC wet 2709 2oz FEREJD. AR 1§ DT regime ] H#BH#F
#0] 60%0]1 4 A&7 JY i MEREEC 24 DT regimeo]| A &% =2A17)2 & 2 F
7% doprt dojytm, 227} 3t whelA F 28] grdo] ol A¥E B ol F
fEfgEel A A 27180 Blusd SAlo] wolr} doldtia o2& = ot FHBEFE

o] 32%0°]3td &ete FHA 2FQU A= ¢, A9, S s EESZ A DT regimeo]
A mgo m=E:Alole A9 oy}t o] Fojx x| gt HA 2} YolArE H A v
Bl 718 Bl oS BFHMEES 1 T EMEL Fold s a7 HAle
7l 2 H9E Ve S @ 4 glon FHa2ro ulud e FHuio Lolg 93 3L
2 gAR 8717 Aol FolE 31X £33l HER o) 3EsEEe] DT regimeo A o] &#
BE¥Eao] v UeguiA @ Aot} o] AeE =7hE U AR A7 EE st Wolr} ot
= AoZ cq]z';;tzl— = A},

A 2o WBALS Bl AE 53] Baie 49 g A7) g AAMEE FobE ¢
27} 2l (Harper, 1977 : Cook, 1979 ; Solbrig, 1980 ; Silvertown and Dickie, 1981 ; Marks

N ri
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and Prince, 1981). w}&}A] 45 h e ol A MR (E8a8cte] MBS Jehs A8 Ado] A
E3ta] A2 %S &17) 98l F 2 8lvH Augspurger, 1981 ; Rathcke and Lacey, 1985).
Eg dolgt FETEL A AL FAE AU HEE S 276 KBl we] T
olgh MfEo] 7H& Fotdl RS HEEwES FFHsv|Y Fad ZHoltd (Inoue and
Washitani, 1989 : Lee, 1991).

A& dY Hi el B ol ME AE Tl S dfrase] e XA ME &
TH#cf T SAlol dolr) whe) dojut kRS S8 £35s Hol By §ad Aot

T b, A, o3 M EERRE] M°V\1 ol Ak A g Wols FEo Ao vwA i
@ A% P15 Zif Slol AN TEA ALE A 42 £ QoA ke 59 s
A7) = glo] wholr} o] RojR) = Ho MziETl o]l fESY EES 3l Campanula

punctata 81.‘5"‘?*-4 A9 BEEC AV sl g o ARend s ”Lo}ﬂ H A EA o) wh
g o] FojA| ] HiFE I AY Y EErE Y ERBEATE AV E 2eldle] =y 2olE Wl
t}il B 23} Inoue 9 Washitani(1989) o] 2 & Az} ‘QZ] sttt

HE-E8] B dol BMTE A&F7HE KIES A5 & 250 23 25T AL HE
of ols) ettsle Reg deA e (Courtney, 1968), W 7h& o} fﬂ%g e 1k
B2 dvtzog Ago Ao od fuse], dg2 & 2% 98 elgdda &g
(Baskin and Baskin, 1885, 1988).

2 dEe] 23k A Mg EEEel QoA IT regimeo 4] 7 ¢] Rrolr} o] Fo =12 gFgkon
nlx) ek @Al A 36Tl mFE T 7Y Bk 12C(17h) o 24C(7h) 9 A E &) & A= &
ob7t F7HE RS & F dd ole 7hE #BHE ET-Q A A M-S Fig 3004 M7 A ¢
o ofaf A 7 23} KHRC] HEE A WA Lol o8] thA] FHol el 5 QlthE vhE A
< AAS St

A A7) fEgsaEe] HE 2 S £REe 23 Fig 4, 594 B vt} o] dAZ &
BER 248 Rl ZUiete @S UEATE Clausen$ (1948) & Achilleas& AN B2 &
ol whE W AT, AAEEE vy o, Hunter$) Smith(1972) &= 9157} thE 2+ %9
9] Canada thistleS NEE Aolat LEZA3 F3F7) dloll A AF o] o)) &S Bist
Aok Kim(1988) 2 Pulsatilla koreana®l A7 A Aro] Higg s #4E Z713vby B udg e
o, B Kim(1991)2 Robinia pseudo-acacia L, N A fEEE] M2 413 A9 zlo] 7} dojut
L= 1137 A=

21470 (ERgEE M e AT dY b MRS s, A, T Mk EEEe A A ¥
& ghiy EEEEVE LA 7]2o] B A0 ER i f AE F FA] TAlY wdolate] wh
E AGE B3 SHEERES 53] Fustd AL 95 ofANE A
7 MEgA S Bt v F] EEEC &3k obE, Y, £33 s @
HlaF 7] 2o] & Hol|nZ L EA FHI] ASS Z*%?Q "F A0l
g sto] MAfs] wolrt o] R R Gk £ RE =¥ S5 o=

A AN R stk whE B MY RS Xolg 2AS FAa
ERERE M M & F P AR 2UTgo A0 dolrl dojuin, Sy A REEE
w2 A o] Fol R = wHA {KfEREEC] el A gl b, A9, &M ABEEAE 2hs F
ot M2 A7) deldte] wolr) o] ROl AT Mty £ RIAME BEY DETE s REE =
A A4S Bded 1ejzhe] A AR zlof= weld: 7UR, 14U, 21U A 2 289 )

O_|., 4}0[1.1

oz s 3¢
7 gol2} sriats
N Rrbgol A7E
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Rom BFEe] Aol 7AE AT 4YA, 214A # 28
AR TH Table 2). o1& R 2] 5 5 Bk Shilth A& o) i3

wm =

BAR EilR(A g, 99, HE, 39, )0 FE3te A AN (Hemistepta lyrata Bunge)
fEseR o BB 2 My AR BEY #AE A

5 Hug o] EHEES BN ot 29 2FeE FEIJeH AHA 282 Mg, 9d
Hutg EgEREC 2 A B Aol 242} 62%, 64% 2 60%0°1 4] BB FARS Yoy &
WA 2152 DT regime ] i#s B A 0] 2kz} 32%, 24%, 28% 2 A 15 Hls) Ry
ggo| Bl A JERY ¢bE, A9, 3 Him EsE 18 ol IT regimed A= 7] Zolr}
o] FoJ XX & Y FF DT regimeoliA] wrolrt o] Folx= AN MEHES 71838 o}
HE-g AU, 5 EE#H T SHEE g B2t A7 9¥ i EES i 2018
o Ax FAld wolr} o|FojAn] o]EH T} AR Mol Xt ¢obE, A, o s @
BEL 2712 B AR AVE 2Este welsts A YERAT. S MELED &
HE ERY MY #RE BFNHET AT TS 2don, EigE o &3 MR
WY R OREZF SRR B X8 Eao vslA whe Fe Vel

ole} ol AN EusBES) FERN BH T D HiEY LR HEM MRS TN AN
HollMe] £FS 5 T8 Ay BEEd S & 5 AT
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