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RE.ETREFEATHRTRERBSH ETERMEM RO 23/ 1 FAMPNFH FHEZHREGFREMNT AT B
F) AME BRYE EEE WEMBBNEM THERIX 0% LRI MEDHHFHEZREKT 70%, HH X LY H
FHFAARSROMRERE. 21t 150d 0% TG, AFE SRR EW A BEFE 0% UL, RAXIHHEYELBE K
RHLE;BEE WEMBRNHTHERTERS THEEMEN A RAGISEWN 2 KRIRASR; A TRLEYEES
BE EDE ALY BAE SHBE BE SEN BURAMKBENMFEERFFENZREREH, HREET
80% b THAEMNFREAEEIE AHEHE DEEABRANM TR, $EAF T RISKRENSHBENHF B K
B ORGE BEHEMMAREERRLBTHEZRSLEME, WA FRASBRRERRE BABLIHF-REEEHR
BOYRBEAMER, K2R 1 FEMYHEERERMNEHRATREN 0%, KA LB EEEWIFE BR KRE Wit
BeAV A T UAEREAEPRANERFERNBAEBREEVETREHXTIRENTREG. BE BT TILHEE 15
YRR TR RS RS L Z R ER.
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Seed germination characteristics of annual species in temperate semi-arid region
LI Xue-Hua'?, JIANG De-Ming', LIU Zhi-Min', LI Xiao-Lan'" (1. Institute of Applied Ecology , Chinese Academy of Sciences , Shenyang
110016, China ; 2. Graduate School of Chinese Academy of Sciences , Beijing 100039, China) . Acta Ecologica Sinica ,2006,26(4) :1194 ~ 1199.
Abstract: Annual species is an important part of vegetation of Horgin sandy land, which locates in temperate semi-arid zone of
northern China. Seed germination behavior plays a key role in the persistence and dynamics of annual desert plants, but
germination data in this region is not available. Accordingly, using a standardized procedure, a laboratory experiment was made on
the seed germination for 23 annual species collected from a wide range of habitats in the western regions of Horgin sandy land.
Measurements were conducted on freshly collected seeds and on samples subjected to chilling in natural filed soil and dry storage
in laboratory for about 150 days. The germination characteristics observed in this study leads us to the conclusion that certain
regenerative mechanisms of some species in the field and is favor of conservation, restoration and management of plant communities
or species.

Significant differences were observed in the capacity of freshly collected seeds for immediate germination, Five species
attained germination values above or near 90% , but 11 species failed to exceed 70% , which indicated that these freshly collected
seeds have more or less dormancy mechanism. After chilling and dry storage for 150 days, two of five species with high

germination values of freshly collected seeds, still maintained high germination values greater than 90% , and other three species
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decreased, which seems to be the secondary dormancy after storage. Most species that germination percentage of freshly collected
seeds was under 80% , germination percentage increased to exceed 80% , some even attain 100% , which showed that freshly
collected seeds of most annual species have post-ntaturation mechanism and they can germinate under favorable environmental
conditions in the beginning of a growth season. For three species ( A. scoparia, C. glaucum, E. pilosa), their seed
germination values were under 70% in different treatments, which means that seeds of these species had stronger innate dormancy;
Chilling and dry storage to break dormancy were not significant for seeds of E . pilosa and A . scoparia (P >0.05), but chilling
was more significant than dry storage to break seed dormancy for C. glaucum; the trait that the fraction of viable seeds did not
germinate even in favorable conditions is a benefit strategy to avoid risks in severe desert. Under the experimental conditions,
germination time required for 50% and 90% of the final germination percentage to be attained is very short, which indicates that
most of the annual species showed the potential for rapid germination, but Artemisia scoparia, Chenopodium Glaucum, Kochia
sieversiana and Agriophyllum squarrosun had longer germination duration in different treatments, which may be another favorable
strategy . The relationships of germination mechanisms and adaptability to uncertain desert environments of some mainly annual
species were discussed.

Key words:; semi-arid region; Horgin sandy land; annual species; germination/dormancy; post-maturation
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MTIERR | FAEYAE RN R, BRI ERANREARIHITNERE - FLHYNHERER
ESMBEASTREAXBER" . | EEHYHTHRWTRET 20 A2 40 £, BR X FILEBE
ARFHRNHEDHTFUREHEBRMNSEHREERR ", BNFRERIZW . FEEAYERA L FM ,
ARMEENH  REHZAMBEMER, ATEARRSEYHERHRAE"  HRHER, REYEST M
BRI T LY B — R R R 4 B S Y, Gutterman'™ AN Negev P9I 9 — 45 4 45 49y Fh T4l EL AT 360
B P R B & DL A« 38 4B T 3] (Cautious strategy ) F1HL I8 X 3 ( Opportunistic strategy) o

EN 1 FAEEYHARABRATE-MEYNEYRERESENE FBSFTERK>ERBETE,
AXRBEREMHOFRERLY WEFH | EEHEYRTHROLBEFEMRRTE" . BRHAERRTHEM
FUTHRTRWETEMRW 23M 1 FAEHEPHFHERFE  HNSHEWTTHFERY R SHBE IR
MEXR, X—HREFEAREENHEGBIEMKENFURREARELES#MENRARRTETE L
il
1 A5 bR

WRHEMTRERFE:XTEMRIB /RO, XM XM HEER LIRS MER IV LR E; K
WWELUHBTANE, LRREIFEHFHERD L AEB L BRBHEEXNSE, ARG KEES BT FHER
KE 310mm,6~8 AWK ELEN 702U L, FRRBEREBKEN 6~ T, 2F R ELHEERN 0% ~
55% , LB SEHBEN 5.8 ~6.4C; = 10CHFUR R 3000 ~ 3200C , LHEH & 140 ~ 160d,

2 WMMAE

2003 4E 8~ 10 A AR R VHFERMELEHBERELH | FEHEYH FOREXBRBESHY ¥
EREBRR), FREABRPETHRERBMF HEBRADEFUREFHLE, AREFTHFHT
BHERAKSHERLERTHEE.

1 AMBRENHEDH TFHTHELZR  HPHERENESH I FEEDH TFRIBY, FHRABR
A 2~ Sem WL B KRN 11 AERELIARAEHBE: -10~0.5C); BRW WL #F
ERBBEEBTPTEREAGET (A LHEE 15~ 200C) A6 BE 4 AL RM TR FELL, #

THEM LR, REFACEEAERGHRENAXBE 28C, K ERE 90001, 15h; WL B E 16C, %
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FIREF Olx, Oh(BEEERRE 5~-8 AT E3I~5em BTLEERBEMNEHE). BRWRERI, L
M FHATHEEBRE (R TFHAMBRRANER), RBRHE0d EREHAH T, EFELESIXHERHF,
MAERHE NERMFRERTEFHTRUE S BHFRAECKTRE 240, ZHE, ERBEE
30°CH) 1% tetrazolium chloride ¥ 24h, R EM O BHICAFE L. BMRARTE SKEER.
MFHRWMAER: BRERR(C)RFAHEAMFEEBFAMTFELR, Toe M Ty HHERRERH
# & 2 50% 1 90 % LL.4) B 85 & B (8] o 3% A SPSS #K 448 i 43 A ¥4 , i i One-Way ANOVA 7E 95% H) B {5 E K
St R LSD B E IR K H A R Ab 2 A B 2= 44
3 BR
3.1 F#TFHEX ,
AKHE ERE BEE VEMBBMNF A THAEYSEH W0 UL, AHRERFENHEERY
99.6% ., B RHEIE 0% ~80% ZRIMEYARKE . ELF AHEESE AR AEMFKESHERE K
G X . DEN Bk EEE KBREMEAMMFHEERY <50%(F1).

1 MRDSHIMIEEHNHTHER
Table 1 Seed germination of 23 annual species of Horgin sandy land

. #i#F Freshly YRR T Chilling T ## F Dry storage
WY Species
Gy Tow Towx Gy Taow  Toow Gy Tsox Tooa

KIFE Artemisia sieversiana 99.6 + 0.42a 2 10 97.6£1.17a 1 3 92.4£1.17b ¥ 2 3
BRERE Chloris virgata 98.2+0.44a 1 3 100 + 0a 3 4 90.0£3.52b ¥ 3 4
I Enneapogon brachystackyus 92.0+1.7a 6 13 64.4+5.49b ¥ 5 9 77.2+2.87c ¥ 4 5
Y3 Agriophyllum squarrosun 91.6x+1.67a 5 9 42.1110.9by 28 36 39.2+6.02b ¥ 27 36
Hu 4 Euphorbia humifusa 89.1+1.88a 2 4 48.0£5.22b ¥ 3 7 24.8%2.06c ¢ 9 10
BTR¥ Chenopodium acuminatum 76.8 £2.95a 1 3 88.4+3.25b4 1 1 82.7 % 4.0lab 1 2
E L Digitaria ciliaris 70.6 £3.52a 3 5 82.8+3.33b4 3 4 100 £ 0c 4

#i ) 26 FEL Leonurus sibiricus 70.2  4.68a 4 6 80.5+1.17h 4 5 11 94.5+0.98¢ 4

T Bk Abutilon theophrasti 64.7 +2.48a 4 6 8.002.28b ¥ 3 18 4.20+2.18by 10 21
B H# Anemisia scoparia 54.8 +£7.58a 33 57 58.4+2.56a 2 33 68.0+1.41a 6
K Bassia dasyphylla 53.7+3.83a 4 5 100 + Ob 4 2 3 100+ 0b 4 4
&R E Sewaria lutescens 44,0 +3.23a 6 9 98.5+0.63b 4 6 8 89.3+4,18b 4 9 14
KFE Chenopodium Glaucum 38.8+2.64a 7 21 63.9+2.28b 4 9 26 41.5%2.75a 0 2
WK Amaranthus reiroflexus 29.2+1.62a 5 12 96.8 + 0.80b 4 1 100+ Ob 4 2 3
5% Potulace oleracen 28.4+£2.79 4 5 79.5+2.31b4 4 9 92.7+3.06ct 3 6
Wi Hb Ik Kochia sieversiana 26.0£4.47a 4 17 100 + Ob 4 9 16 92.9+2.04b4 n 28
Hi JE ¥ Eragrostis pilosa 24.8+4.50a 2 2 20.8+2.24a 3 4 14.8+2.94a 2 3
KBE Echinochloa crusgallis 8.48+1.82a 7 8 100+ 0b 4 3 5 99.2+0.80b4 5 6
BB, Lappula myosotis 6.98 +1.95a 5 7 44.0+1.33b4 2 5 71.6+2.64c 4 3 5
= Aristida adscensionis — — —  74.8+2.06a 2 3 74.0£5.51a 3 4
PEHE Tribulus terrestris — —  —  30.0:2.45a 4 6 3.20£1.62by 4 8
HI¥ Chenopodium aristatum - — —  92.8x1.74a 3 9 79.6+2.93b ¢ 4 11
i & H 3E Corspermum candelabrum - - = 6.16%1.92a 5 11 5.13%1.49a 3 10

B2 B R B/ ¥ 4 B The absent data were expressed by "

3.2 BTHEMTHRR

3.2.1 FHFHEER>OPHWHEY ANEMEEEME TEMTHAEHRME, —HHLTERK,BS
REABESHLR, HERE VENBERTFE2ATESE HUAXBETR, BEENMAR TR E
HER, BTFRESEH THRABRETREGE 1),

322 FMHFHEREESOR ~80%ZMKHEY BRHUE.TLHEMAHBEZENEAEATEENHFHER
EYFRERT AHEEKE, HALEYIAT 100%, ELSETEMTHERBGIAT 100%; FHEMNE K
EHTFALETHRARRNLER ELEMAMSEER FATRABNE S EHER BTRMATHEARE,
REMTRMATHERERETARANFGH T, EAHEEAEERM, RS TREENMH THARY TRE 10%
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UF . BES5HMFHARERENEZR(R L,
3.23 HMTFHER<SOHEY SMEE X IHE MRk KBENS TR FHREEYS, ﬁ
SHEMFHAREBERLES LA EY T AASEEA FRABANEES HTRH 2 E8E, kG
ELTRMTHRBELFM FRARE AR TEAGEH FYEEESER BTESHFMFRNEER,
EEFELTHMFHARSLWH A FRAETHR AHLEAEEESELR MBATHEMTHHRENBER
B(RD. !
3.24 BOHMTFHRERBHEY ZTENRENHEZEMENIEE, MEEMMLE RE KT &2 RRK;
SEEMBERLIFMEYA THEM FTHREATEESRER MHEAREL TELAHBUNE BERLER,
MHHRARHAREETFHAIBE D,

3.3 MFHEMEER

ERABRMEIEDEN, AFRLEN | FEHYFRHEANARAZRE 12X, AAKBEFHTE6 X
AFBEHEK. KEPAAY LB BA W R F 90 % IRt E] ( To., ) LIRS, W SEBLEH K 50% BR8] ( Ty ) B 4T, 7B
B RF TR TRAAEN Tu. B BEFHFHEZHNEE, B TENHANEASE, LHETEN
Tone AL A 6d; JRERFE AR K 9 B & R mf (R B0 (0 3 b BB MI M AL 22 R A RBR(E 1),

4 itig
4.1 FFHRFE ,

VMEEFMTFHAERNHEYP, KRS KRE SEE VDENMBHNHEE LS 0% ES,3 il
YITE 70% ~80% 2 [6] , M BRI BA K B H 64.7% , Hth 10 MY HIE T 60% , U B X 88 1 4F A 44 97 B9 3 B0 F e
b LA K% sk B RER LA

R T 150d WM TRABEEMHEERER. ARHENERER THHLERARE, LA
EXEFEDMHFHARIR, EHEERDE | SAHYPEENBRIER G KRR, B8
MBEOMTHEETR, A REDENSSE, THEEM FHENAERTF(NBERBES) FHEIFF :
PR BR , X A B E SR R A R,

BB EDH AR E K SNREE K. DWIE B A KR 0% TR TR R R
BH80% L F  BMEATHMFHAREGUREM FHREAENEREL, RAXKEYH FAAHEMNAR
B, X EAMYRE ABERE-HEFEENETIH, EFIETHFURRNE LSS 2L
HEA KRBT ET BRI R, EEANREMBERFAIEN AHEBTF THS, &8 KEENEEEH
Fod A THENHEZRKKMET 70% , HHX 3 FHFEDHNERRILHEER, FTESHERERW, TR
AEEAFTREEDE AT SN EMBEMNHMH T RE, M ENEF FRESKENSHEEY
FrRe; FRERTHEMFHHARAR B5HHFHSREAH LB ESHEZR ARNEERS T REHE
FrRsESE, TREMEEENM FHRAETDEL N,

HAMHYBROFHRTFHEARE, DA THENHEAER, SEERNRENS TR TH R EYE
70% A b, iR B R R B SR MR IR, A REMFF IR BB, B/ TE IR, B 7 el Bk
BAKRBRYLE . EENHLZRRE, EFMEURREAARENHRPRES, FRATREEEREMN THEX,ER
Bk (PR ERR) AR MK REAR, MESHHEIKRED FBRH FEEELE B L EMK
IR0 T R e, B A W E R R T IR E KRR . ;
4.2 MFHEMESHMUABOLE

| RPN THETIEMBRETESHRASPEE XBER, MY 1R KKK
7] B B WA R A AR L R A A N R R A RN E, K E R TE2-3d AL TRESRHE,
BRYITEREHXNBRREAEARESE, BXRFENARSHIWL B AEERES: S8 RS KET
DARAET S I BUS RE A e A S S B A B M FREH R WIS E RN A AR AR BR
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RESKRYY, EFIMNBEEKBERGHAFERHE, AIRBHWEKRSHEEEN AR LEER, &
WL HFETRBHAT, EHAREEFFFHEEARKIR, FERAMEMNFE, IHTEFXTREREME
YA MEEN TEER Y BATHFERSHAMEAEILNER, FIET KEERBERBEHFE
., BREMFHASHESAREZE, B AR ERMEE XFE ™%, 2R & El R &R LTSGR
BWX L REEY . REENS A S5/ TREH R EER X, L SFFH R ML S 4 K8 x5 i
BHEX, AXHRERRVEREH FRAKRBYE, HARE, XS5UANHREER" BRATR, FEH# -
— BB RIESE ., §

B ELE SHRE BVE W DEE SR KR RS Y LR TR R kR A
EENRETRE AKEFHIZRER. ANEFBRENEERFTTURERL METREES, Bk
EXTREFRMRBERZAR?, KEEY 58T R IX Negev 1D H 1 4 4 H 97 #4118 B (Opportuni-
stic strategy ) B & SE WG BAEML M .

B TREELTERESBEMAEAARKOAREE, EKFE 1 KEW T, B 1Tk 87 882 5 At 8]
MTR,ABSEHEEMNHBELHETS, REERHALREAY FHIUANER FRBHIESNR
#lm) Ep AR R X TR R AR — R IR AR LPER, KB FRRAEEHAT
BB E,BUVE B8 KSGEANFH LKA FHENSEGENRR. EKFRAMFHRAE L FEERREHE
BHEERN—FEIERX, CREFSHAEFEENFERG THRMERNILS K Z, ATTE R EYXTH

BRKEENES , UEFRERERH, /M ERREHFR FERSEA LB FEY, £8 KEENE ':
BEMFFNEBRIERRE "™ | WL FEARENAERKIE, KRN @ EEH T ERE,

WP HFFREERFNFEREH  E RS LMY R A LR F RIS, AT EE N T 2%

55007 B 5 B AU T 90, R A SRSB4 o WA AR I0 U M 0 4 0 0 0 A R O 9
SRR, B R T ELAT BRSO A (LA K B T IR 0 5 4 A T R R0 509 LA F, 71 EL B % 4 0
BB o s B 00 RE A A2 — R NR MY ERW AR Y MAK R TS T R, X4 8 o+
TR 0 LIS 0 R, R T 0 WAL WIR KA 007 %, VIR 0 BOK BE T R T TR A B
K, TR A T T ARRR A SR 8 T S SR SR KU SR 0 R R BRI,
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