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Floral Syndrome and Breeding Systems of Calligonum ebi-nuricum
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(Xinjiang Laboratory of Lake Environment and Resources in Arid Zone, Key Laboratory of Species Diversity Application
and Control in Xinjiang, College of Life Science, Xinjiang Normal University, Urumgi 830054, China)

Abstract: Calligonum ebi-nuricum is a desert shrub and a rare species in Xinjiang. Based on the
observation of the sample plants in the field, with the focus on the outcrossing index, pollen-ovule ratio
(P/O), pollen vitality and stigma receptivity and artificial pollination experiments, a systematic research
on the floral syndrome and breeding systems of C. ebi-nuricum was conducted. Results showed: The
flowering stage of populations was approximately 70 days from May to July, and the life span of a single
flower was 4 - 6 days in habitat. The flowering process for one flower of the species can be divided into
five periods: Bud stage, prophase of flowering, blooming stage, decadence stage and fade stage. The
flowers of C. ebi-nuricum are bisexual and the anther always exceeded stigma during the whole flowering
process. Dichogamy and protandrous. Pollen had stronger vigor from first to fourth day of blossoming, and
stigma had higher receptivity from second to fifth day of blossoming. The crossing index was 5,
pollen-ovule ratio was 2 464. Based on results of artificial pollination experiment, the breeding system is

out-cross system, self-compatible partly, and it needs pollinators. Pollinators were mainly bees, ants, flies
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and beetles.
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YLy $3 4 (Calligonum ebi-nuricum) &3} (Polygonaceae) P45 4 & (CalligonumL.) %
TEAEREA, JNRRAEIT YD P3 2L, S v [ 3 8 5 (0 B R VDA ) (R SRR AT 2%, 1986; FREJTL 4%,
2006), [Fl I A HIFERFAER 5—7 H, W oK, WA B I (R 4EHh, J& Bl = 2 B A CR &4 - 9
EFRRRIEKR - Wy o, 1993; FUL 2%, 20100, v snkyy, &, Phiai; 5. Bt
2 BAEAERRII, FiaAk, Rk, Rmyr e, MBI, SR AT
BRI /METR M, PRI, PO, BRI TR (R SR, 2008).  H RIS A JE A A (1
RPN R CEHEFESE, 1986; H28 %5, 2008; 3tk 55, 2009) FlAELA4k
Jimm (BE¥e 4, 20005 HEE AF, 2007; DEECER AE, 20110, XIAETHAY RIS B
et (2011) %k & A vb AR bl 4 PRSP 2 8 A () BT A W R PEEAT T VEGH BRRT LRI,
H AR AELS R VD4 40X Jy TiE AR WLARGE

S RSt | AN T 2 NI 515 LNTET R 2V S (EE 7 N 5 I = | A A 2 SO E S 225 9 i B
A (2004) XHYPEHLX KRR VD AR F IR ISR B, VD R R i AR AR AL B S T
DAMEAT CHLAR A AR, 100 T o o B VG b b X AR SRS 2 G 22 hAh, SCEGBIv 45 AR AT LA
B e EF VY A, VAR IR I AR Y, IR AT AR Bk A, BRI LUE
hEERY IR AT OB, O G el AR 0 AR A PR B AT BRURATE

AR o) B AR A S B AR AR IE AN B RRMAE T, B AR %W Rh 0 TR
1. ZAS B LSRR A

QY i SRS DARF

11 HRMBMREKBASH

AR A PO Gk B R I ELYD SR S LRIV PR FAR M, RSN 0.8 ~ 1.5 m 1) 30 ARIEAT
PN IESES R7 e

BrERE I EyP R T (44°36'96.4"N, 83°13'37.6"E) HiACVENE RITM I FE S, Wik 235 m, J@ it
R A T KRR, P39 RR 8.0 'C, Mt =<k 41.7 °C, Mo i - 32.2 °C,
i 3353 ~4245°C, JoFEM 179 ~203 d, 4 HMI L 2 696 h, F[F/KE 89.6 ~ 169.7 mm, F 28K
1569 ~3421 mm, FRR (6 HLL LD HEZIE 164d, EWAT 8 HLLLAIKX 241 h, WA KR
HIE SSm-sT, FEWRIE 6m - s, BIEFEOGXIL L (BRETT %, 2006).
1.2 TeEPASYHE R itz

2013—2014 £ 5 HH¥IZE 6 HJK, X HARFRER 30 #R I LLiyb £ 2 0047 e A Shsid, FHEAEAA
FERR FIEHCGE R TFIRE 30 24k, HUEbR R CREREN 0.01 em) ME AL T EHAR, fERIHKRE . Tl
Ko, feek, ik, K. 7K, HEURerIME. HESEANEL IR SR RIS

18 BARGAT I AAN A REAR b BRI 30 Zeoe 28 MAn s HEbRd, 7EREK 9. 00 F120: 00 %
MEL 1 RAETE, HEAZTR: IS RE 2 h M8 1k, HELARELE R, et g
WKL FEPPARSTNITIBCERE . TE 25 14T Jhy RITHCKS I 1) 45
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1.3 TEM/BEER LS 2R IBENE

BEATLIZE H A FF L) 30 ANETE [ 2 T FAA [, B A e 25 O KB T3+ —
A LS mL EGLE T, HEA 0.5% I I BB iOE 75 4 200 uL, ez 4% 60s (1200
r-min’) 5 BB EL 10 pL B34 b, A6 W B W M 40 it B0k (St BT,
2008) Fiitfekra, HEE 10 K.

BT e AL R N AR 00T, ek ks, #5320 k. TFEARR/RERLL (P/O). %
Cruden (1997) [MARMEVFHIEH RGKAL: PIO K 2.7 ~ 5.4 58 X MALZHE, 18.1 ~39.0 LA
Ay 31.9~396.0 AAitEHAS, 244.7 ~2 588.0 MHEMEFAT, 2108.0 ~195525.0 Jy L 72l

VEHL 30 246, %R Dafni (1992) HIksdE: (1D #2EHA <1mmidh 0, 1~2mmidh 1, 2~
6 mm it A 2, >6mmidh 3; (2) Ry IFRIGH Sk n] #2 IAH [ el MESS /e 2 o 0, M Je il h
15 GO SR 28 I B AR [ — = e A 0, 2840 B0k 1. =8 Z R 2448 $545 (Out crossing
index, OCD. EH RAVFHIFRHEN: OCI=0 NIAESZR A LIRS OCI=2 Atk HAS; OCI=
3IKELFEM, AEEARE, OCI = 4 W ARFEM, T4, HFELME.

14 TEHHENNZE

HEAEIIEE 10 Bk, RERRAEAR ERENUARIC 10 NMEFR CHFEARD, REAER MR Gdl
H1R) M 2. 3. 4. 5. 6 RINAES 2~3 2%, Zrlfedidehy, RH TTC 4eaik (Dafni, 1992)
WA 1o BRI EE 4 N, BERATIE 4 ANLEF, Sovh Ao ns b e sl 20 (6 sl 6 () 4
WPT L], BRI

15 HESKAIRMHNE

HEACIHIEI 10 KR, SRAERFRRAMR DASFE R IHIAE R 10 28, AT AR 0 d, BhjEid
K. 24 3. 4. 5, 6d, {ERK 8: 00, 12: 00+ 16: 00, 20: 00 Bf Ak FHIBE A Je—id AL A
AR A S T $2 (Dafni, 1992).

16 fRHMEMNMEE

PABREAL R ARSI R F T B i GRS 45, 20060, LUESTEIARY 6 BRAEAE (Fkm 1.2~ 1.6 m,
FIE 1.5 m) NAERIE, R AN 2.5 cm x 6 em GRAT M), BEAERERITRAA A, BE 2 FERE
0.5. 1.0, 1.5, 2.0, 2.5, 3.0 3.5. 4.0, 4.5. 5.0 f155m, #E%3 %], H5EIE 20 cm, 12 h JFUL
FBE A .

Vit R RIS H K G55 (2008) 1%, GEHCS BRESIEIIRE K, 154 3 d T, &F
RMELNSTE A 8: 00 £ 21: 00, KNS 1K, Gt 15 min Vife B HRIGMEFNEE, X R R
AR FEHAT I INIRAR, I 42 B R E R IR bRA .

1.7 ANIEHFEMHRE

EHCK AR AP 8 BEAEAK, K Dafni (1992) [)J7 VELE BRI AL 5 T AR Ab 3

(1) ARk AELE, AEME, TR AR PR

(2) ANFMfE, TEAEATARTER (FRANER 20 cm x 5 cm), K2 5 7 2 AR+ .

(3) [AIBRSFAERY: AEARSTT I 0, RCLFAMRSRAEIEh), B8, Rt & SR 4 5.
(4) FERRFAERRY: AEAESTT I 0, RELRIRAEHIAER, BA%, RbE A2 sk Al
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(5) AMRFEAERRY: (EAESTTINT 2 0E, ANELR, A difehy, Rl e em o 45 52/ saik .
(6) TR & BV : FEAEATIIOT L, A8, AB. LIS ARG R AN G v % A0 B 45 52

2 R

21 TERENESHFERFRISE

SV AR B R S A Ak, AACE N, eI R T e A DT B A, AEPIE, R
AEL2 ~ 4 ZE TR, RO EAA AN (6.95 +0.06) mm (&1, A); {eMign, warts, HE,
MK (3.25+0.18) mm; f6flE S F, 0, HEFI 2%, AN 2 B, SEARMNIRIRERE, WE 3 F,
SN PR T AR s AERRRT 56 20 04 (3.83 £0.03) ecm Al (2.93 +£0.05) cm; fEIlEI{E, 157
o AR, SE R AR, R R, DB (B 1, B)s HESE 9~ 14 M fR2K,
FEERES, TEREAa el (B, ARMCO; SV, T R, 4, ek, sk
AR, B3R (BT, D)y RER 1A RIEATEEKIATE, HK 2 ~4 mm bk, A,
B AT, DEER, TR R R R 2 AT, IR e ARG, AR AN, IR ER
A, T, b B2 M 2~3 X, RXEE, HARSm G ERE, sHeR (81, B

VP I R AEINAE 5—T7 H, BHATEIIZ) 70 do AEIR R IF AL 25 T 24 I Ie) 5 R A %,
TERHYG TR 2 I T, e e 4 d 2oty WIRRSAEIN 6 d Zidy, TE25 T4 IR AEiR 1 ~2 d,
BN R A — M bfi o KR, VR IIAE 2R 2 (AR IE B IivE ) o

Fi % Dafni (1992) WbsdE, K165 0 5 AN,

EFE W OFAERT 1 D TEE K SARE IR IE, d3K AR 8 T 9 AR A (1) OS5 Ak
e S Rt (B2, A).

WO (1 dD: FETFIBUNAMNEIE G TKTIT, 20 4 h ) WRIEIRIK T, MRS BRIk, XIfEAE
SEEEE, TEMB LA A MRS R %8, R, LR i B S Hh [ e
KRGS, 1218, TKIF. ARESTHUF Sk L [, fE 23830 I 0f IS 1L 26 %
TEH WL R WACE, TR ToERs B ARIME, FEk 4 DR FA—E, AR, Rk,
FESAR T 62, AUie2i e, ik — e b i 7 —iEgnsas, HoRER, fefh
I SR AR IR (K2, B).

BIF (1 ~2d): WEAESEARETE, FikAKs eI mAMERE, TEEIRITIRe %,
AER: BARAEEIE e AR M 4K, mEamieh B E, §o G AR 2T 4Gy,
PARRAR AN, BB, TSI KA A L TR ol A LE 2RI i,
FESRAME, 242K, K (0.94+0.03) cm, FLAM, HAERME (B2, O.

M (1 ~2d: BEFSRBE B 256 2T, Tep i, HEk ke, &I
T O ES, AEEAWE, FUulkyT, AR, S ma Rk at, i iezeiRa
HEW (K2, D).

P (A1 D fee iU, L, wAlivs, AmE; A, g
HK, AR (K2, E).
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B1 X ENERSEREERE
A M. MESSAHXALE (ao 62 b AEKD; B: {6l C: HESE (e JFRMAEZ: d. {64
D: MESE Ce. f6AE: £ TH): Be M (g 5O: Fo RIS (h. RO,
Fig. 1 Floral syndrome and breeding system of Calligonum ebi-nuricum
A: Relative position of pistil and stamen (a. Stigma; b. Anther) ; B: Petal; C: Stamens (c. Dehiscent anther; d. Filament) ;
D: Pistil Ce. Style; f.Ovary) ; E: Fruit (g.Beak) ; F: Fruit anatomy (h. Ovule) .

B2 XIHibBEapEFREE
A: W B: WITFH: C: BEITH: D: M E. AU
Fig. 2 The sigle flower flowering process of Calligonum ebi-nuricum

A: Budstage; B: Prophase of flowering; C: Blooming stage; D: Decadence stage; E: Fade stage.
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22 TEHHEHENER

YIS AR AR RS R (12 h &) s N 90.31%, G B W%, FFET
2 d #EAE 80%LA I, FFI 3. 4. 5 d IIAeiE J1o3 3 K 60.84%. 42.56%F1 33.33%, |6 d K {ehr
SIEARTUL, 1IN 19.26%.

2.3 FELATIR RO 25
MV A AL TR AR, FESKIE AN B, BIREEE, ORI, A I
AR, RIS TE T B2 JFAEEE 1R, 75 8: 00 A1 12: 00 A 2147 4l 5 (1) <0 =28 H.
JVARZENS, WIHZPERIES; fE 16: 00 F120: 00 nfFZPEmS A 1EsR; FFfE 2 d I, M=k 3 4 0%,
AhRE, RRLEM, JF AR, AEAN RIS 2SR AT Sk BT ST s TR 2 ~ 4 d AE S B A B ]
Btk JFHE 6d 5, 76 8: 00 Fl 12: 00 I GEAT I B4 59 nT#21, AHAESLARHE, Ak o) Bl ) s B o 2
WA R Do USRI A S AT 5~ 6 d BIRT#21E, FFAEEE 2 Rl #2 b

R 1 LMK

Table 1 Stigma receptivity of Calligonum ebi-nuricum

THERH . 8: 00 12: 00 16: 00 20: 00

Days after blooming

0 - (& No) - - -

1 + (59 Weak) + ++ (5% More) ++ (251 More)

2 +++ (i Strong) ++++ (fe# The most) ++++ (I 5% The most)  ++++(# 5% The most)
3 +++ (3 Strong) +++ (3 Strong) +++ (3 Strong) +++ (i Strong)

4 +++ (3 Strong) +++ (3 Strong) +++ (3 Strong) +++ (5 Strong)

5 ++ (251 More) ++ (4251 More) ++ (4251 More) ++ (25 More)

6 + (55 Weak) + - -

24 fEMENHIAEER
24.1 FBAR

M3 0] UL, 3 LIV A A AT IR AR (R 1], X0 mit (R 38 b B I 28] P A4 B
B P B (AR AL 56 S B I, SRS B WD s 7E 1.5 m ALK I B AE R B i %, AR (33.33+0.86)
AN AE 5.5 m AN BN Ae K b, AR (1.08 +£0.58) .

40
a
Ea =
§ 5 0
€% 20+ b
5 3 ¢
= 2
I 3 d
&|Z 10
g
0 ﬁ 1 1 1 1 ﬁ W 1 ﬁ ==Y
0.5 1.0 1.5 2.0 2.5 3.0 4.5 5.0 5.5

NIEAE R BEB/m  Distance of pollen flow by wind pollination

B3 EHiEENsR
Fig. 3 Result of pollen flux text
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H ER 5 EAEBE B AR YR 5.5 m 22 P B0 RE A2 A I B0 40, AFAR A A4 BRI FE 25 R0 i SR X
L AR G, ISR EAR AR R CRZ) 2 mm), AR A9 H ) Ak
T REAE I AR R RE e S AL I B e K AE B 33 S (LS m 4D

JRGREXT S GBIV 473 A2 Ry L2 IR 5 a3 75 23— 09
242 Gt RR

WL P A B Ui e B A R H g (B4, ADL Bk (E 4, B), XU H g (K
4, ©, WEHHMH RS (B 4, D), HrigRimne ., MRS, BT r iR 32 224E
HAE 12: 00—18: 00, W25, W2, FF A 2Ry fe IS TH AN 9: 00 21 21: 00 #8f, (HE2FERD (A
5,

WESRYTIEIS, e Lot 2 RIS S, e afs AR AR eEH . AL Fm ie2e b, Wides
FETRAC BN W AR, SO IR v A Sk ik, — AR AR PR 1~ 3 s, B ATHBER. )
TEAR = 55 e TR BE T OS2 U AR SR I NG S0 (0 Bk EAfairdeky, AR .

W AEALTE (A P ICAT, FEICAT R R h S B2z, AR T s, vl LUEdE 316z
K, — AR ERS R I 2 3 ~ 4 min.

MRS S LD R AR A E A, Ve FEAREATGR AN, Rl B, HIKKR
FIASIRAAR S ) A B fE R R, B 1T 0 (nectar robbery), — 7L HL1E B4 FANE
it 5s,

H R REES T, A SN, (Rt LS AR, 1 HEAZWES), BKAEHE 3h. H
AWM, WA B, BIATEROR, AR T RIIBR -

B4 Xh#HERFERR
A: 1835 B: WS C: RS D L.
Fig. 4 Flower-visiting insect with Calligonum ebi-nuricum
A: Bees; B: Ants; C: Flies; D: Beetles.
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—A&— £ Bees —B— 13 Ants
ZL —a— 3 Flies —&— Hl 12K Beetles

2
Number of sects

8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
it O’clock

B5 |RARHMIFESET
Fig. 5 Visiting statistic of sects

25 EEHRZED

SR el A, SIS P R A E R AR 2 464.4; %) 30 AR AR R ST A, IR
AN 1 (K1, F), KL P/OMEN 2 464.4. F4lE Cruden (1997) HIVFHIARHE, LGP P2 M

FRA Dafni (1992) [HERT, SCHOBIVDPIRILAHIE > 6 mm, 24 3; L AMHEAL, JFIERTE
5k B, HNEOR T — BEBIEm & RAe i 2 m Tk, wdoh 1 St AR st
(A3, HESESER, RIAIETHORVIIMESE AR B, 0o 1o = F 2 A8 ss T 5. A
I, HEHRGRA, W BARM, FELERH .

N LR 45 RR B : VP A/ TR & AR IS, HARIRAS T IS5 530 50.28%;
H SR 45 5234 26.39%, Ui B S LUIIVD 8 AR 2 F RS SR F s N T bk S AR5 K &5 51 2 e i
61.67%; N TR H 44.17%; BRIRE T e aiscdh 11.39%, KT HRS
PER R S5 S, Ul W SE LD 45 AR B H Rk B rh A It 75 AL K

IR RERY, LW HRNETRE U RSN T, S BAREM, HEAANE .

3 e

31 TEMFHESHEMER

MIPTE LR G RFIEFI B B R FOM A AR I A6 50, D ILAAR DS R A 1 Se vkl L T i
RV R R 2 CRIRRAE 25, 2002). V52 REERYEE Sl R RESIIE . LRk,
P A 7 DL 6 # (Gross etal., 2003) SKI&EMN B HFKY;, W FHZ (Cynanchum otophyllum)
Tk AR IR A IE R AR CEERE 25, 2009), kiK% (Cypripedium japonicum) I kAP I1ek;
e 25 2%, 2013), B A {67+ (Hesperis matronalis) 3l i £ [ K< %k (Majetic & Raguso, 2009)
W] B ALKy, /- (Jatropha curcas) [RI{EZE ] WROSCER A6l i 4 e Bl th 52 o (RS 4%,
2007). SCLGIVA PR AE 2 Ak, FRR 7R I BARA K (656 H HAR 8 6.95 mm + 0.06 mm), {H
MV s 3T, RIS 20 T IR A 1R 38 R s A SR AE I e TT o 4 0 B, B8, WK
TEANIA, AT ARy HRAREITER R, P 4~6d, FAETFARN, xSk
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ZLfh, PR, HAEENR, RO &R, WEIEZHemE . MRSk,
WD P BAT AR I o AESCEOWID PR AL IR AL 5 B AR G A IR, WS X AR
MR, FEmREARDN (L4 00, RS (RRPFEEEEZ 28 C), (HZ, —BHE 19: 00 LUS
TR, XOTEH 4 ~ 6 2, RSV e B T Bt 2 A

32 EBERGR

L/ RGOSR DG N, B R 2R, AN, T e S EEER,
i 5 (R A B AT AT e S 0SS FE I R R, AR AR TR R R ) 2 AT RV 5 A8 I AR G ok 1 i AL
fe (fmEP A4, 200300 I H R I B E KRG/ MEREL (P/OD TEHA A et 57 A 5L
LERAT; RIS HREL (OCD VRAH RAZ N, o BACoRM, WM N TG
e RN DL e o 3, T HRER R Aepn e thtbnl WL, 3 Moy ki g A —3, H
EHRGLMN T REIRA L ARG PRk T 8 IKIL 4 ~ 6 d, FrELY PR 58K,
T RERZE FEUCN EA SRR IR TG I, IR KISk B 0, i mgseg,
RMEPE A6 & )% (female reproductive fitness) #5i. S ELIBIVDE & (W AL e Ry R, ARWiG )
TERT 2 d AT AR, SEESKATR A — e MES Y, Xial BLyRah RV {68 A2 8k ds
IS, J& 58350 RGFNGE w45 S M IR R o SCEEivb 45 2 HAA MEREYE 5 24 (dichogamy) IR
Z, MESSEUMESE LR, wT DURE G F AT SRR AT, XA A () — T SR AL o

3.3 HFEiME

MEE MR A R, SO ORAEANARE (A AR ) 2 I 28 A 385 S R PRAIE A= B
Ly, IXE S R BLAE BT A I 238, SRR MEMEPE SR BN LU 5 (i 4%,
2011).

P/O {2 i RN HEVE DR 70 O 10— N bR . AWFFUER WL P A ek S HOK,
MR A —A>, PIO HEH . X T gt th T 3L Lelvb P AR B0 e, Bk b, AT,
11 HAR B i (A 2 4k, AEILSFEII R BOR,  IX BRI A 32 BRI T B RUis 5l fivife B
SRR SAAC A, AT AE S LIP3 A AT AR 3 B s AN AL, SR D5 MV DR
AN, S IE AT AT PRI 2E B 1l D PR AT 2808 58

BEAh, 2o s s 5 E by AR i A AR T A, R AR IRIRBILR], e 2 AR
LAV D3 AAE FARAEEG NI R P ST PG, BEAT PRSI .. B AN A U e SR U X
DA 2R 5, PRSI — Bl AR B A2, T RAE SRR AT IR fiE
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