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FH, AR, B4, % F, FEL, &%, FEA

(1. PER¥RERESRTLEYFRRATRUFRERFAP O, ERE  050021; 2. BXAREGBAETRBFH PO, 8B 680-0001)

REHYHTFHHE(BEBE)RBER —BEK FEREBSEN A8 ASERESTEARXERNBEMN (B
F. SMAREERAPHESE SNE2HHR FH REH +FEREHPBIEL, ZBEMTUS AR BEUREEY
BEW(MEESMELBRE)BEM, MAERMAEMTF—BRARATBEH MR, BARRSERE BE. K. &2
EFEHE T B RS P EER T BRAFTBEW, N EEN R RE KRR, AERKRFEMFERF LRSS
MMFREAL R FENETERS. “BHEMFFANGEENHBERNNREZ2R HERKFHARERTEH (10
days old for Hedypnois cretica) , B 2 {310 1B % (Atriplex Sagittata) o X _IEHHH A NEARSELWREE —EHEHAR. “EHLEH
FrEEMLAZKRERROEW, AWK FLAEEDES. BEEHEGCBRW BEM THILEA, KT8 - RE.2
~0.52MH, B—MERBREER, FEMERESH. AITEREEMTFENWER NESEANMEEAENAERETR
MR AESHOEN(FHE FTERBEH/MEARER NMEEEFEY, RRAMY KN ZBE(EEE) M FESH  RFRR
Bt N HEETFHEN SESE RENLAZFRENTFRRAENEWARERA, i F_BE(ZEL)RAYE S RE
FHEMAEEEXREAFENIS, BEYENM ARG —MEH AS0H, A KBEANER. 82, ZBERTFHE
BUEAEEE R BMETFERERE. MUT4 M TEHNMRBLGTRE . RAEYEANFRRAAHF o BENREIH;
TEAMTRESACYYESENER  BWSMFERENEAYEROEBEERLE EHEYERENRERE.
@R R F o BT R R VRGN F IR
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Advances in plant seed dimorphism (or polymorphism) research

LI Wei-Qiang'”, LIU Xiao-Jing" ", MAO Ren-Zhao', AN Ping’, QIAOQ Hai-Long', HUANG Wei', LI Zhi-Gang'
(1. Center for Agricultural Resources Research , Institute of Genetic and Developmental Biology CAS, Shijiazhuang 050021, China; 2. Arid Land Research Center ,
Tottori University, Hamasaka, Tottori 680-0001) . Acta Ecologica Sinica ,2006,26(4) :1234 ~ 1242,

Abstract : Seed dimorphism ( polymorphism) can be defined as the production of two ( or more than two) different types of seeds by
a single individual . The seeds may be different in morphological and/or physiological aspects. Seed dimorphism or polymorphism is
found in many plant species of Asteraceae, Poaceae, Brassicaceae and Chenopodiaceae. Dimorphic seeds typically differ in the
presence/absence of dispersal structures (e. g., pappus, trichomes). In members of Asteraceae, peripheral achenes are
persistent, large, dormant and sensitive to light, temperature, water and salt; while central archenes are dispersible, small and
non-dormant. Dormant seeds or the seeds which are sensitive to environmental factors are an essential part of a seed bank.
Seedlings from dimorphic seeds differ at the early stage (40 days old for Hedypnois cretica), but the difference decreases guickly
for H. cretica(no difference at 70 days old) , while the difference persists during the life cycle for Asriplex Sagittata . Both kinds

seedlings produce dimorphic seeds in next generation. Environmental factors such as water, salt, nutrient and density stress affect

EESWE WAL E +E " RILF BT A ;& E R 5 5 GH % BT H (KZCX 2-405 1 KZCX3-5W-428)

Y54 B M : 2005-06-01 ; 41T H 9 :2006-01-20

fERM AT FHRA975~), 8 WILEBA L, EENFHY S B 4L BB . E-mail : wqli @ ms. sjziam. ac. cn or wqli @ alrc. tottori-u. ac . jp

* JWIFEHE Corresponding author. E-mail; XjLiu @ ms. sjziam . ac. cn

Bl W RS EERE R RE M. Ajmal Khan 280 B UHTEAEY, I BREHEE EENRSERXSETBTH RS
Foundation item: The project was supported by 10" 5-year agricultural key project of Hebei Province; Knowledge innovation project of CAS(No.KZCX 2-405 and
KZCX3-5W-428)

Received date:2005-06-01 ; Accepted date;2006-01-20

Biography : LI Wei-Qiang, Master, mainly engaged in plant eco-physiology . E-mail ; wqli @ ms . sjziam . ac . cn or wqli @ alrc. tottori-u. ac. jp



http://www.cqvip.com

£ 000 http://www.cqvip.com|

4 Fihil S AEYEHTRE(EEE)TRERE 1235

the ratio of dimorphic seeds. Genetic factors also affect this ratio with a heritability factor of 0.2 ~ 0.5. Seed dimorphism is a
quantitative genetic character and is under the control of more than two genes (locus). In order to explain the causes of seed ;
dimorphism, two models are proposed based ecological and ontogenetic constraints; bet-hedging (high risk/low risk) strategy and -‘
ontogenetic model. Dimorphic seeds from different individuals of the same species differ considerably in their structure,
germination/dormancy characters, responses to environmental stresses, early seedling growth and genetic aspects. Generally, seed

dimorphism ( polymorphism) is a consequence of long-term (evolutionary) interactions between environmental and genetic factors -

an ecological adaptation to variable environment. The underlying mechanisms of seed dimorphism are very complex and unclear.
Four guidelines are proposed for future studies: biotechnology procedures to identify genetic mechanisms of seed dimorphism,
molecular biology techniques to identify phytohormone differences in dimorphic seeds, the current ecophysiological studies to
understand the relative importance of various environmental factors and life cycle research.

Key words; seed dimorphism; polymorphism; advance; germination, dispersal; bet-hedging strategy

HYMFRRERN (BB RBER —RER LA KA (REM)BEAEH ABSESE T
AREEFHAM(EM)IMTFRREL, EALLENTZL2RAMEENE, T AH W EH H (somatic {
polymorphism, 3 3E i 1% 73 B ) . 2 JE ¥ (polymorphism) . 5 JZ ¥ (heteromorphism) , —J& #4 ( dimorphism) . F T S 4
(heterospermy, A FERTMFHRMEZ MM ER) . B EFE H (heterocarpy, H T HE R B ELZRMER) T HER
JiPE (heterodiaspory) Fl b I #b T 45 52 (amphicarpy) , A B} 3R FI B & (achene) N Z R HFWIL R A TR Y
E, MFRREM _BUEEY AR -FHREREMNIS, EEMMESH B RAR - FRBSHT
18 MR, PRI AT AR BTE AR R B K R, B8 25 KT A KB 4 R K- (clone) L 4l I 2 K
(cytotype) \F B 7K - (population ) FI ) F# ( species ) & 7K F

Imber'” RYLGEE T 218 FF (X)) B R T HHY ; Kaul F™ 7 Lev-Yadun™ RFE ML T 50 ME# L
THEKMREY . BE, MELEYRIARKS , FHREFHFRER, A SO HHET THFE,

BEZEHENHEYP, —BT4A—MEEYV BN -HABET WM F BB B F R EEX,
ARIR XA B, A& EY B FF AN BRARIREE LR EUR. BRAEY —BELREF L™
H B P [E) 7E #F F (central achene or discoid/disc achene, 3R TE F i &b W%ﬁﬁ')*ﬂﬁlmﬁ%(peﬁpheml
achene or rayed/ray achene, 3 RIEFF B % #B4) , PEIERF F /N B AR A EE SRR, B FEKR.
BERE LEE KR BH (Xanthium) ZHEM ZEHEM F - BROGEREH ETRARFAE, PIFRF X
HEMRMABRFES, REEPERERWFRANPEERNHMHF, WREBEERH Halopyrum
mucronatum £ EEHIBME A BE RENHF LRFEAREG BEOFH T,

RE 1962 FEE(ARILEMAIBRT R TEBEE FREY Saicornia pusilla FFH B AR ML, RE
TEMFH BEHEY, Ungal‘[gJ KRG EF BB I — M (Saliconia europaca )L BB F _IEH, LIEH
THERGSE & B8 & T B 0 H & # ( Salicornia dolichostachya F Salicornia herbacea )t B —JE A, H A A 26 F #Y
SRR TR RIR I LR HEA Z ] R IRAER Y,

FEEANMITEAE S FEYDEIAME EHNATOZTEA AN TREXEHR, ZHRET —
FIMBE, AEESENGHO ARG AAES ARG BUERE - ERNENLE. BRIRA
FTERHRE" " FE R R LR L TG M T R A (8] 3R T P B A AR A O A — S A LB
Ko ANBERRLGEEIIERTRIER, FRETREREBE
1 “RUEMFHEEMNENERSHSE

MR (BB IERESH FRBSEHHTRIAN. ] 1MW T A Inber FYA M HA =
UM TR, NRPTUEDL, FRT AR R IR, RHERBOH T EEEREN TR

AR F NSRS, —RT U A BT BRAST BMPIRER, BEENFHTEL
Soeh R (B INBERR) Y A BIHE 6 BB WM F (NFRH Calendula micrantha )™ o — AR BT #

o w2
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MEFER(BERABRL, BABERARBERY H#EWGES HYE); ABT BN TEREL. &
S 76 FF 5 32 ¥} (Chasmogamous flower) 71 I 2.5 ¥} ( Cleistogamous flower) ¥ F B AW B . —MINHAKEZH
HREL UARRE,BARERARY AR FMFEZR, RXMWARELER, ZRERE Y #H
F® | {BRJEE Cheptou™ B BHHAY Crepis sancia I RERHAR, X FRREF KB LT T

HEEW, AT 8 ERETHA LR PRLEN T TARLBEN, BV 8, RXRRMK,

BTV EEMS, BB TREE KD ER MG - R REHEARER, UHRHT
HO, — AR TFHARE MEBER BERO LB FERANH FHEARR MR/ ERBRD.
{844 51 F ( Craduus pyenocephalus C . tenuiflorus ) 3 F BRI LR F A EFF K . NFESHRE, DR T
B8R, A ] AL s e

£l “HESKENTHELIRSEHER

Table 1 Morphological differences of dimorphic ( polymorphic) seeds

Fr ¥R Species HEVH Types 2 1Type 1 I 2Type 2 HE# 2 Other types £ MR Reference

%% Composite

Aster acuminatus 2 a7 T BEHTF [22]

Aster umbellatus 2 Ha LR T BT (23]

Bidens frondosa 2 oA, B HER, BE BH (24]

Calendula micrantha 6 “LBRAR =Y N BRI OR [19.25]

Calendula arvensis 3 & i 2 R (26 ]

Leontodon longirrostris 2 hEER, FER RN, UERBEHREXE [27 ~ 28]
FERE FEERMRE

Senecio vulgaris L 2 RALEHT  AEE hiHF, E8E [29]

Tragopogon pratensis 2 R BE SRS ¢ = [30]

Xanthium pennsylvani THE#HF FEHF (6]

R ZEF Poaceae

Aegilops triumcialis MMEB K A& [31]

Aegilops geniculata 1 e [32]

Halopyrum mucronatum HERT RO BEH ERXMF.BA6. B8R [7]

FEF Chenopodiaceae

Atriplex rosa 2 B e [33]

Salicornia herbacea ek, MEXR RN [11]

Suaeda moquinii 2 BEaHT BEapT [34]

Suaeda fruticosa 2 BEHT BeamT [35]

Suaeda salsa 2 BERHT. B 4AHE REHT.BRDIIBE (13~ 14]
PIE B , T RTF W, M F R

Sueada depressa wWERT BEmT [36 ~37]

Sugeda maritima BEMHT BemT [38 ~ 39]

Suaeda japonica w/EHT BeamT [40]

FEA# Aizoaceae

Trianthema triquetra 3 BE,BEETH P 3ul L HEA . BE [41]

B Labiatae

Thymelaea velutina 2 BRI R T T# [42]

FRER Zannichellincese

Zannichellia palustris 2 BEHAN.FE BHHBER, B [43]

2 Z(H)EEMTHESETH
B T 8P R T B SRS WAL TR R 2 AR R T MY BORR FRIRTT 0, B g 847 R Mzh ek

HEPRIZHEELNRR, RESEFMEBERBEFNEN R,

— SRR T RERM, RFHER, ARRRE . AEET B TRERERE, REEER,
BAEKRAZ, A5V H M ELRELZEHNBRY , HEWT Centaurea solstitialis H7E Fi AR, T & # %
R, —FMERXY B(PEERF), —EKXMELY BGHLIERT), KR X R BB (L8R

&
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BRI R, P RERR TRIBEER 5 4 FHAEY, Bf T RRSE S SR EY4
FIARE, R AT, MERO B FHRER AT BEN BT 8 AKRIR MENRHFBERE ABY
B RER RO

BRIBE Ariplex sagittata H 3 M F REILUMTFRER RFEFE HTEM THBELRBA.HE
R FEENRT RFREREIARER, M A S OB MAERE T IRE A, Fet S Bk mZ 5k
REE HEFFRMZEAERARE" 8L b T4 4B 3L F 3 77 B E 4 R 56 () in Bl & 5F
Hi 3 AL EALRE, AtGA3ox]) YR IE"

AR F X R FRERE TR WAAE, X TFRBERBH Arthrocnemun indicum 7= 4§ # Fh Fp T, Tt 22
B2 BE, Ariples prostrata HIKFHFFE 2030°C (BR/HRK RN T EERMEFER RS, /M TE
SRSCTREEMEFEERE . ERXEA M FRAKEEREFEEWHRR), TS H0HE
FEAHCAEUHESERFE",

3 Z(E)EERMTFHRMTFERSR

XNTF ZIREMMT, MR — MR TR, G F R A T B R RIR I AR (R
FREN), BERK Ariplex sagittate M FEEPHARM FERFNPLZFRERHE T/, ELED
FEAERT ARG , BB RSB , R FREF I LBl A W TR A LXURS, B/AFFHBER
FHU% A THFANRAKRKRAROTALRE) ISR, AR FERMH FERS B FEPHMTFRHE :
BREEDSMELS~S A BARMRTFEEFQPE, MABEERRRORE 32 Ka%) B FEPH >
OB, EEREYRARURAE Y, HREY Galinsoga parviflora WA R R M FEM EER
SR THENMMM THERAEERATES , HLM FARSHEMAKRSERLERMH TEHEER
B, BR X TF 4B Centaurea solstitialis X1 A7 BT A [8], v 7] 46 % T 78 70 25 0 W A7, T O T B ) S 4 BB
G EE AR TR FENEBARBH, ‘
4 CHEMTELNERES

ZREMTFEENSE RO BENER, KB TFERNEB K, Atriplex triangularis W) K FF7=4E /) f'
YEBAEMENERT " ERFXMER XM EREATARTFEAFROE R, BHERIEA T
B, EREEAGET, KM FEAM T RKE T/ TR, [ Hedypnois cretica KFH T 7= 4 B 4) i
HTE 40 d AR, M A8 KE BREHH B R T F-AENNE BB 7045, HEERARE L0
M85 dIETFHELRL RS WEERBE ; Crepis aspera HIPIFHF TUFE 25 d 71 40 d M4 B A£ 1 A oAt
WREXFREE URESFEE™ . B Mandak BIBFFLRI' , A Sagitrata WAL &5 F WA R
) A R AE PR BEARFAE , 33X 2 R AE 53 W 35 AR R PO 3 N6 38 S IR R R AR L o

Beneke™ ZAIWFR T MR HY —HHF TEARKS BREMAEKEESNE T, BROF FHL. Q
Dimorphotheca sinuata W ¥ B ER FIEBEKTEK D R EMNEMBRTHAM FREME B ELEMNTH
HARTEK A e R AR B A ThAER FREME BB PRAEMH FEEASHEDTREEMHEK, BED
M FRERGMBERZHMN OB HEMENEMETEROEMEF BB L. Arcotis fastuosa If 15
ERMBEMTHEKZARAHELER, K MEFAREERM R EERNERES AR E HERERE
FOAE S R A IS5 R BB

Leontodon autumnalis W)LY T BRI (BB TE MBI 4h B @ N BB H R 58, 16 N LR K BB ERER
BRI R IEFRR

TR b, R T REE R /N R SR AR RN R B EE T
5 Z(&)EuMFRELLS 5 RERMIE

%t F Hypochoeris glabra , ¥[8 8 5 BT 5 6 b 15 B 35 4k A 4K B 5 A0 098 B T P45, % Catanache lutea F1
Hypochoeris glabra WA LMK RER >, YR LU Crepis sanct #REFH,BAEBWD T EHA
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BB R, NS IR T 2 B A B B RS R I R A T LI A R TR B
BlLEBRAREMENEGT AYMNEERWETHE, HEREW MG . HYEIRZHERE,
EEEEMNAEST BN T, EEYNEREHREANMFE, FRLEE BN, BEYE N R TF %
R, BT EROEYERIAR, BEYEELHFE PN L TRHF, AAFERGEES
R AR BT, b, L R, 8 Heterotheca latifolia . Carduus pycnocephalus 1 Carduus tenui-
florus , REE M BKAE IS O34, R 5 9 A0 3 SR EL I ZE S 0™

REBREERIEY Ariplex triangularis MM FREKRKNEEZER ARKEEFER BEW R
WR TR LB Z B BE BELER . Atriplex sagitata BEE 5 K38 0 (Ff 1R 2 4+ I B ) 078 SR 38 (8 FR R
ML EATEERESHAN TV SR FREY , B4, BETBE Salicomia patula , IR EKEL
RELBET01%MIAEF N F - EHARBE U M AKIR KER . E5Y B PERF;E
REERLE RN TEME T RS B —FKIR AT 8 M7,

6 Z (& )HiEMTFHREEEE

“REAMTFERMNERRTZHAREWZN  WZAEYASREEENEm. AMIBEREN,EY
MMk (B B ) MAEZ M (EXRE) B, BEMAEYH T B~ s, R E5Y9
BLROF P BB B R 2L ™ . fH R, Cheptou Z TP Y Crepis sancta MIIRERB R BT B
FFHRTRER,

sk, A TEBR BT Danthonia spicata T FJE 75 b B ) 18t 15 28 B 50% R Y Heterosperma. pinnatum ]
RIS AT SORERAT 025 T Crepis sancta Bfe LB ERKTF0.209, BREEMRNERD
AN, R R BT L B E ) (R RCER ) BRMEBEMER 7 A AR TP T B UM e e, Horh SR TE
R RRTI R BES + 2 EERMER,

Andersson Xt B 38 A F H P Y T B ¥ ( Senecio jacobaea ) AT T 24 L E 40T 2 RAMEIZZ LML R
BR,A-ANFEEFMILARBRNEHR S L FERE SR FROE RN ELERAGTE R, ray
supressing) o KRAAF M RERBEHRZHBEM F, RERHETHN . RAFI REMBAT LB, EFMH
LERPNERETYEH, HRGRBR, TR UE KEE R MNE D EREER) S I,
YR F AN RESEEN FETREAR - EERH K,

Leontodon autumnalis #7238 TG, XSGR RIIEMF TR F R R\ B EAER THEFRAPRK;
EXHMERNEBAREAFERPPRIVBAE, G0 " ERNHFRE D, R FERM . A KREREKRT
PEHER™ ., EXFRAREMYHE LN TEN S REEYER.

Calendula micrantha ¥IFHFA 6 FIEE , H 4 @k H R (karyogram) & A A R, (B 2 R A& —F 2 3 X #R 9 B
BARE R X SRR E AR Y KA SDS-PAGE BBk R E R, BHEF 26 &4, BRHIEMAERX
S 6 MR TR B, B EVE B CAFPR B AR 28 B ; 5] b HE T X 2 R T R R R A% T TR AE B AR
SRMY ., B2 MEETEOTTRMEERD, R THREERNMRERIEFES K™,

7 “HREMTABBEER

Xt F & B ( Xanthium pennsylvanicum ) R F B M FRAERK, EFFEL; MK TREAER, £
FHWANMTLL MG B, FHEANXBCENBFTENS B ERA RN, KE 56 A REH T
PEX AR RN ERATRER B T HALHEIRERRAS .

8 T(Z MM TFEERLEN
8.1 AR (RIS RS )

MTEEH—BESHRRRAEXATY, AN EETEHERHFHREY — RN DE KB 5
TRARTE S B RAAHR . Venable'™ B T AT AMBIGTRE BN TESHABE , ZEARERT
MEREEFNIARHE, MELERT HMARHETHER(REIZEIRI AEY 2T BEXSHE
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HIRRMIFEF) BRI RAS LAY R AEB UM AL RE FERENRWEF. M TFAERT HAFH T,
RBRTE B (7] Ly AL, R MR R M T AR MMM T, —REAET B, AR, 55
R AT EENBEERE, ALBES LR, B—HERRER, H#TE2EHERENSRHEEE
WER B FHROBARE TAFARSREIAOREY . AFRRAMH THESERAETE T &
(bet-hedging) HE B , — i 7 T £ B 12 1 PU7E 881K 45 3R 49 (monocarpic ) ¥ , 38 1 7= 4 A [F] K g 72 BE &6 b
TSR 25 18] 9 R 0 e, 7 B V) R0 25 ) G 0L , DA TG 38 L 3P B f 3 e R

8.2 “EMMFERMEKREEA

Bachmann'™' % F3CREF R R T HMMBH T MR EEE, ANF T o RERG TAERE R M S
BE, BTESERRBEAERTF LNAYISAERNE R, BB HHFHEENEME, HEHE
FTRESEVE. ES¥EREEHY A EINREE
9 HMIRREE
9.1 ZEMRFIER M BRIEHLE

REXTHTF_REMAKAT RENZRARAESHN, AR BEAEMFHERIBELERAEE, B
BEEAZIBMBRET RARLIRIOARGER, it~ SR SR FRERN RG-S EBHT — %E‘Jf’
BEEXTEHNHRLRFEEABY, FEERARR' . HESFAEYFEAR KT E K R FHEM RN
m%,ﬁﬁ?%ﬁ?mﬁxﬁﬂﬁﬁ/ﬁﬁmﬂﬁhTﬁﬁ?ﬂ@?&%ﬁﬂlﬁﬂ@ﬁ‘ﬂﬂ,#Tu%ﬁﬁﬁﬂiﬁﬂﬁﬁ&,%?ﬁiﬁf’ﬂ@
#HA,

MRRA, ARESHFMFERF/RRFE T EAR , 5B WARR , B MW X S F 7 & F Bl
FHMAXEEREM EHERNEN XTEOAESRNR. Y8, FEMFERFIRIRSEEMIIEREN T E
MARRH TR FHNESEHWARSIEN, ARAEHTEESTEXBEER ,BERAHIMN BxR H A F/
RBRASPE (PRIR I M) MY BRE NI E R, A DUAN B —FRIR BT, B 48 W7 X Fh Fh 7 A9 1 81 vl B
B Y, X R T R, BB R, R R BB 4 ], X 7 IR B — B 5.
BRI BB, cycloidea 2K & 5 #EMAEFH AN R, t ol SERWE M THER .

9.2 MR TFAERENERMILE

SN TERES EAR NS ERYRSETENERSY REAE ABSERWYIRERM, XY
EH RGBS, WA UM FET YR EARPRHAR LAk AREE BRSBSFLEYRKE
R AMBEETEETEMWER D WEBH—HHN, U THESE BAEEEANMREFTEEGE
BE—LHRMTEL,

9.3 HFEHEY IR ERE X

WREH, BE UM FHHEY —REHETE DE R LR AR RAAREHHBYER)
MK, — MR RE ey, RETRE X TREHEER W, A XEHYPEMER L, AEFEHE
h EBERYE, KPR ZAFSRE BN THHEYAEFTEI , SBR4L HEHYTFERANE
EMZFHESBEMFANES T HENBH T RIBEMYEAFRMATHTHRE WIBRKE
R k% — AR, F i, A Y —RIM A7 L PR AE ML MR R B A LA MY & A AT H
i,

9.4 fmuE_JEMM-FEMERLENRETR

MEE BB SORE , MR T NIRRT EEPER FRAEARRYTE, N FREDHBNMEE LN
RGEMILBR B, Xt THIBREBMERKIE D, SZAFHAENEOKS 50 570 BES) WREN
SR AR, RS R R A R SO SR A R A4 K XL A YA F IR A ) 0 AR B e F R
R R AN X T B EER., W, BN R TR IR M FERR R TEEANR A
TR T RTES B BT R AR LB R Bk,
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