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Effects of environmental factors on seed germination and seedling establishment

of Caryopteris mongolica
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Abstract: Caryopteris mongolica, a rare and endangered small shrub, is mainly found in arid grasslands in northern China.
Its distribution areas have rapidly contracted in recent years. In this study, an attempt was made to investigate the causes of
the low survival rate of seedlings under local field conditions. The study combined a field survey of seedling survival with
laboratory assessments of seed germination and seedling growth under different environmental conditions to establish the
difficulties for C. mongolica seedling establishment. We selected a C. mongolica community in arid grasslands. The survival
capacity of seedlings, seed germination, and seedling establishment under different temperatures, water cycles, and water
quantities were determined. Climate and soil conditions were also studied. The following results were obtained. (1) Under
field conditions, a large number of seeds germinated during the period from May to July, but few seedlings survived due to a
high seedling mortality. The natural regeneration rate for the plant seedlings was 0.11 plant/m”, because of the very high
mortality rate of seedlings. (2) Seeds of C. mongolica had no dormancy after ripening. Seed germination requirements
showed a relatively wide range of moisture conditions, but a narrow temperature range of 25—30°C. The optimum burial
depth for seed germination was 10—15 mm. The seeds of C. mongolica can complete germination within 15 days when sown

under suitable conditions. The water cycle had no significant effect on germination. The seeds buried in shallow soil were
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able to imbibe rapidly after full precipitation. (3) The most suitable temperature for seedling growth was approximately
25°C , although seedlings could tolerate a high temperature of up to 50°C for a short period. Prolonged high or low
temperature and frequent watering increased seedling death. The water cycle significantly influenced plant height and stem
basal diameter. Shortening the water cycle can increase the height and stem thickness of C. mongolica. There was a
significant influence of temperature on leaf age. The optimum temperature for leaf growth of C. mongolica was 25°C.
Furthermore , variable temperature conditions were beneficial for erect growth and the thickening of stems. It was concluded
that C. mongolica has relatively strict requirements for seed germination and seedling growth. The discrepancy between
germination and seedling growth requirements narrowed the seedling establishment window. In the natural habitats of C.
mongolica, the conditions are often not able to meet the requirements for the entire process from seed germination to
seedling establishment. This is the main reasons for the relatively poor dispersion of C. mongolica populations through sexual

propagation under field conditions.
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Tl Caryopteris mongolica) , 24 s, R g A INEE R, S B0 AE 5y e D ) LR R
Fro VoAb R SR SE T X R B v SR AL S P AR A B A R R K, PRHS AT 24 R PO AR I A S T i ek i
LA B2 B (E, RIS 358y B Sk 55 DX B 2 A4 7K 45 R el WAOU % Al 4 7 L A v i A S
MEAF SR 52ty A 43 A v L H i /N P S AR R R AR R 44 S WA 32 L M A v LY
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A AE NI AR RRAF LARESE M BRI, S ARk, DA i TR T 5 A 3 0 W ity A= A 2 b o i ) K]
(RS 25 (CHNTRLRE 7K 43 ) KPR b 9 2 Rl i A o 38 S o) e I A e TR e N A
A B — ZR 5 A AR AL e R LA R A R H R, R S T SRR T B & B 4 i g A A B S AT R X [
Z ., SRFRME R XF S I AR & AR T R g, A R A S SR OO AR B S  REASAE AR
FAF TG, LI E N K 2R E] 90% , PPl B A T kA R IR 20—30°C , RIS K 7%—20%,
TR 2—20 mm, PREEE AR R BUK A R B S PRGN L RO AR RS R LI R A Kok
W TR, RED SRR R K OF T 53 i b 1300 MR RIEE & kA28, Stk 7k
F]17.5 mg/kg B, SERL W ALY B IR B R AR, X BB I 7R S SRR 06 0 4 MR AR
ARG T BA RAFAEFEY Hie 1, T 5 D uEn HRextH - A A REFm SR, 58 h e 431 1
IEAEAWTZE /N IE RO AR B A EIRATE Y , DR L FRATT 75 2% 52t S 1 & B &Iy it AR A e R v 1 25 Al B 1R - i
TR R A ARG, A Re e Hh 4370 3 FEl 4/ ) SR A

AR F 38 28 XoF P 5 oty G T R i DX S o AR R S A R A, DL RAE = RS R A
X 52T BRE AW R NG i A TR, B EIR S X — W R AR W fE R [ R O R R R
Mt AR A B R DA B o EPGEE AR TR A A TS F AR AR S

1 HRF*
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A5 DA T v DY I IS F) P 58 ot R DG 2 52 S A iR B R MBS 4 ( 110°19753.58"F, 39°17730.54"N,
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#1218 m) , i LA GV HIAZFE I, JE PR TR BT ROk R KU, & FR IS TR K RO
RIMRIE . T 20 AR RN (7.420.6) °C AR RE K B0 (346.5+90.0) mm, 4FHZE K H O (2138.0+
180.0) mm ,BEK EZAENLET B9 20>,

TR 52 Tt SRR I 50 T M FRUAR g 3500 A e S8 M b, Wl TR A AR K, M 35 B 249 R 40% , 5 71 3t o i
i, EEALAFE WM B A ( Thymus serpyllum var. asiatieus) 5 /R Z8 Ji) i 76 ( Heteropappus altaicus) | 5 AR
MREEE( Astragalus melilotoides) e
1.2 bR

T 2016 4 9 FRAESEN T FARRET YR 107 0] SCIG 25 JEAT I 1 , 28 LBV b 1, W] IR AR 7 R
0—60 cm )z LI ] S S AR S B R FHAE T
1.3 X85k
1.3.1  SeAw A

TESE A 1 ARBEE WO AT T EBELBEE O > 4 mx4 m fRE) . 12016 4E 5 H 6 H % 2016 4F 10 A 7
H &R 15 d ZeA0 0 E D7 N S 2 S8 A B ORI A T ) A ) 0T R I RY S A BT HE e ¢, B H7E e AR K 2R
HIFETE TG DL
132 Fhrik

I M oR AR 1) 300 1 mm FLAR 3805 | 2 5 76 105°C U LT 48 b, {38 P& ml LUEE & )
T, D E BT 5 IR BRI (3R 1) o RRME T A9 T3 S0 4% 1.2 HOIR G5 2 ARG TC AL Y 2R
o BT A S K 65.8%+2.2% . Wi IIA% 20 em  IRGHEBTHZY 14 em,,

®1 TEERBUER
Table 1 The soil chemical and physical properties of substrata

" Bl A A AL A AHHLBT
b Available N / (mg/kg) Available P / (mg/kg) Available K / (mg/kg) Organic matter / (g/kg)
8.15 48.44 5.37 136.07 3.64

Wik R 3 INER 5 AP IESSIABR BT (% 2) B4 B 3 TS, REHAT 50 KAl T, K A7 BEAL
By AR S ST AR N TR IR AR N A T8 A, # MRS K R AT Aok o Herb B O R 2%
PERAZIR R PF AR IR AR PO BE 12 h R AT — AR M . BEOK SR I B P IR e/ R It T TR B Bk U DR K A H]
PREE A0 SR o375 By LSRN K ) 1009% , B % S 52 21 d, GRS E] 4 24 h GETHET i & Fh 1 £k
i, DAPRAR SR KA iy A b, A L v 1= DL i 1 A i R e

R2 MFHEETRBGITR

Table 2 Orthogonal experiment design of seed germination

e L BT I e R KA I
Test number Temperature/C~ Water cycle/d  Burial depth/mm|| Test number Temperature/°C~ Water cycle/d Burial depth/mm

1 20 1 0 14 30 4 0

2 20 2 2 15 30 5 2

3 20 3 5 16 15/25 1 10

4 20 4 10 17 15/25 2 15

5 20 5 15 18 15/25 3 0

6 25 1 19 15/25 4 2

7 25 2 5 20 15/25 5 5

8 25 3 10 21 20/30 1 15

9 25 4 15 22 20/30 2 0
10 25 5 23 20/30 3 2
11 30 1 5 24 20/30 4 5
12 30 2 10 25 20/30 5 10
13 30 3 15
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1.3.3 % Eal

PEIUAE KA LB —BOTR 35— X FL A 4 B ST AS IR RK 23 510 T i 4l i e g, 138 43
LB -G K SR 2 RN B - DK B A A A7, B4 3 AN A 10 B4 . RN 3 R, H
oh TR RE DR K RS ZH 1 B K R I RN S K 1 100% o T -8 7K B 2H 1Y K S e BRI N S K B Y
oy Ao, B0 1 d #K—IR . BRIE IR RSN, B I i+ R A2 B R A E T 3 S R a
PR .

20°C (8 h)/25%C (7 h)/50%C (2 h)/25%C (7 h) ( Fi#k 50°C (2 h));

20°C (8 h)/25%C (6 h)/50%C (4 h)/25°C (6 h) ( Fi#k 50°C (4 h));

20°C (8 h)/25% (5 h)/50°C (6 h)/25°C (5 h) ( Ff#iFK 50C (6 h)) .,

®3 PEBEARBEITR

Table 3 Experiment design of seedling establishment

TR ——38 K Group of temperature & water cycle R ——38/K i Group of temperature & water quantity
e W/ EYCLR e W/ Yokt %
Test number Temperature Water cycle Test number Temperature Watering quantity
1 20 5 1 50(2 h) 20
2 20 10 2 50(2 h) 40
3 20 15 3 50(2 h) 60
4 20 20 4 50(2 h) 80
5 20 25 5 50(2 h) 100
6 25 5 6 50(4 h) 20
7 25 10 7 50(4 h) 40
8 25 15 8 50(4 h) 60
9 25 20 9 50(4 h) 80
10 25 25 10 50(4 h) 100
11 30 5 11 50(6 h) 20
12 30 10 12 50(6 h) 40
13 30 15 13 50(6 h) 60
14 30 20 14 50(6 h) 80
15 30 25 15 50(6 h) 100
16 50(2 h) 5
17 50(2 h) 10
18 50(2 h) 15
19 50(2 h) 20
20 50(2 h) 25

IR BB 5 d GEiTahia A Boe , B9 24 d oA no ke SRR o PR AR R, R

P
1.4 Hdabr
ﬁ%%“‘”c=%x100% n=RERTE N =R TR
G
EHHHC =Y Gi=16 1 HINE M Di=% 2 HEK

YIEAFIE R = ARIR A B B A E x 100%
F Excel 2013 HAFX A3 s #7487, T SAS BAFREAT SR R ANIE RS T7 227047, ] SigmaPlot 12.2 Fff:
BEAT XU R T5 22 0 91 8
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2 HERLSH
2.1 HRBEESAE 60 "
ST N RETE P S R LT S L 1 R % A

N
S

S VR R I R A A S B St s ps b e
BT A B S AN 5 A W EE RO B, 1 7 A RS
RO IR B B 54 0k, 2 9 A A4 16 #RIG AN HE
A, AE8 H MRS A AL T R A B, = 10 A

[So]
(=]

TAF R
Seedling number/#
= =

(=}

\ . S =8 233 =28 8§ % 3
A KB Bt 81 RRSEAR T, FETS 65 B, S 4 2 855 388 38 < =
S HAE T R 15 80.20% S AE H I T 5 9 E R Time
0.11%k/m’, Bl SHRRERESEE RS
2.2 ﬁ?ﬁﬁi{ﬁﬁ%{# Fig.1 The survival and mortality number of seedlings

SRR 168 B AR FHEAD 15 d ML &
FE - AE LT B & R e il ik 90.7% ., #&Fh 20 d ZE AR IR AR — T B HE AL, angk 4 iR W &
L RV 2 B o o 0 W 6 0 2R 8 R e W 0 5, IR R R R R B R A L (R =57.
24) , FhFIE EAEE R 20—25°C Z 8] XA 20°C /30°C B 45 F Rl &, 7 - 1 5od BE N 10—15 mm, 358
K JE ST o= (8 8 e e A S ) B R SR HR B AE 0 5, FEAT A R K R T Bl 0 5 55 = Y
W &2 TERE IR R BE 7K — UK BRI 18 & 2 550k B e i {8, BB TR PRl i i %

R4 EEHEMTFHEEREFEY

Table 4 Germination rate and index of C. mongolica

W % % Germination rate/% R A% Germination index
K Level TR e I P R Bk il I
Temperature Water cycle Burial depth Temperature Water cycle Burial depth
K1 Level 1 69.73a 48.67b 31.47¢ 7.52a 4.57ab 1.86¢
K 2 Level 2 72.68a 60.13a 49.87h 6.92a 5.81a 4.99b
K 3 Level 3 49.47b 58.53ab 54.13b 4.54b 5.70ab 5.70ab
K 4 Level 4 15.47¢ 50.13ab 67.60a 0.61c 4.46b 6.48a
K 5 Level 5 62.40a 52.27ab 66.67a 5.43b 4.48b 6.00ab
P2 Range 57.24* 11.46 36.14 " 6.90"" 135" 462"

HAFVING FRER IR T 85 RATAE 25 5 (P<0.05) o # R T 0 Wi RATHE 0 3 22 5 (P<0.05) , + + oI Z Wi 2 RAFAE
e 8 3 2 5 (P<0.01)

2.3 RRNREE IR S N YHAATE %

TR -De K R X 52y SE Al A AR R AFTE IR I AN 38 5 BT, AR LR 28 5 25 0 BTl S, 1R B8 8 25 5 T
Y PIAATE R, TEMEE 25°C MR H 2 h 50°C i il Wha 45 1 B 9l B 7716 83k 53.33% LA b, 22 0% v i AR
X4V A T 1 AR 2 005 AETE TR 20°C B &I B AR TR R AL R 2.00% , AN [A] A 7K FE 6T 4 i i A
TG A0 50 ), B A DK R R B0 20 d DE/K—IR, S A5 2 0] 3k 55.00% I8/ DBk A =508 5 d b2
IK—UR G250 T A A AR 3 3.33%

TR B KX B2 T A A B B AR KA IS S AN 1 2 FirzR . MR XUDE 207 22 0 6 9 | Bt 5 s L i et
] B E | 4 B A7 SR B PR A (P<0.05) , i IA 2 h JE A7 RN 25.33% , Sba R Rl FERK 2= 6 h )5
WHAFIE RN 6.67% , GE/K X LT AFIE A7 7 35 5 ], % 7K 2 1 31 FH B] 5 7K &2 119 100.0% R 4 14 7706 2%
T AR, AT 36 33.33% , EKE D HRIREK &Y 20.0%0F , 2 B 7716 RARE 4.44% , ULBH7E = R
AT 2l AR B Bl B K A 25 A o0 HE RS /K B Y 100.0%
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Table 5 The seedling survival rate of temperature & water cycle group

T VKA Water cycle
Temperature 54d 10d 15d 20 d 25d HJ{H Mean value
20°C 0 0 6.67 3.33 0 2.07¢
25°C 6.67 53.33 76.67 66.67 63.33 53.33a
30°C 0 20.00 20.00 63.33 33.33 27.33b
50C (2 h) 6.67 53.33 63.33 86.67 70.00 56.00a
J{H Mean value 3.33b 31.67a 41.67a 55.10a 41.67a
ORIV 5B 35 7 2 AW 45 A A 13595 5 (P<0.05)
2.4 AREREE K FM0 N RAETE RS #6753 Survival rate/%
SR A AE AN )R T AR R AL E 3 0 = - 40

B AEME R 25°C S8 H 2 h S0°C B iR Ma 400 F , 40 100.0

B A R — EAL T 5 B K R4 R 30°C &R0 T,

YIHTAETE LA K N PR R RS 1Y R R IR B % 80.0

FIRPRAR L, FEMETE 20°C 200 F , 4 i 7 A K A7 g

R AR T, I T 55 d 5 FRER] 2.00%, WS 5 o0

X P e TR R SR IR (A T 32 B8 825, e B R e FR 4 ;ﬂ

RIRATE AR RAET § 40.0

S T ARSI H AEAS [R) De K JR 1 A2 3 R sl A A8 fk an

& 4 Fif7R, £E 10.15.20.25 d Bk FWIR R F , 40 20.0 '

YN N i 50°C,2h 50°C,4h 50°C, 6 h

HIT 55 d AA RARL A — 50, LR AR DI i 3 VLB Temperature

JE IR 20 d BEK — UK A &)y 1 3R IR A e I AR

FERR S d PRoK— VR RSN B 73 2 s A Ak ) 41 2 RE—RARARERYERRE

Y:E Zbﬁj EE ﬁ 50 d }: % %‘FF% ?‘4’3‘2% 0 i~ j( U‘élﬁ sz Fig. 2  The seedling survival rate of temperature & water
=, = i e \ = .
N . quantity group
— TG AT ARE R, 120 d XSG EE O ) B
FERAN 3.33%,

—4—20°C —0—25°C -—#—30°C =—6—50°C,2h
100
90
80
70
60
50
40
30
20
10

1775 Survival rate/%
?

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 8 91 96 101 106111 116 121
] Time/d

3 FRBEFHTRLEEDEFERHNSEML

Fig.3 The dynamic change of seedling survival rate for different temperature conditions

2.5 AFREBE JRIF AT 4 A KA B
H1Z% 6 W LI IR BEXS SEn R4l i bk R AR AR R E R, 7R IR 20°C I, A i o e/ IV,
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B4 ARBKEAPHTRERDEFERIEE

Fig.4 The dynamic change of seedling survival rate for different Water cycle conditions

FEAE L 25°C -8 8 B R R AR, BEWIE L 25°C AR MRS TEM A A K A il B . Al 261 T ki S
B R RT HARAL TR, RV A A R AR ZE 19 B2 2R ORUEHL, A be /K A 24500 5 d — Ik
TS PR o FIREAR S 8 I O, TS T &0y W ) I A S 35, B e /K SR U AR SE S, 4 i ) A S R
IR ALY RIAEERE 5 d BEK—UCA T 2R 00 H0HL, SE A ek 8] B 2 iR Al w0, (R R B T /N B
M-l AN ARk

x6 BE—RKAPARLESHERKER

Table 6 Growth of seedlings of temperature & water cycle group

fb ¥ K RS Hir i AR TR 5 4 % i B LU
Treatment Level Plant height/cm Basal stem diameter/mm Leaf age Ratio of natural height to absolute height
20C 1.47£0.96a 0.48+0.08a 5.41+0.66¢ 0.21+0.18b
=453 25C 3.92+0.38a 0.61+0.03a 9.85+0.26a 0.27+0.07b
Temperature 30C 3.07+0.47a 0.59+0.04a 9.57+0.32ab 0.43+0.09b
50°C (2 h) 4.22+0.38a 0.70+0.03a 8.91+0.26b 0.77+0.07a
5d 5.72+0.96a 0.80+0.08a 8.30+0.66a 0.55+0.18a
10d 2.49+0.51ab 0.58+0.04ab 8.70+0.36a 0.40+0.10a
Besk A}
AR 15d 2.97+0.45ab 0.58+0.04ab 8.94+0.31a 0.38+0.09a
Water cycle
20d 2.68+0.43ab 0.52+0.04b 8.11+0.30a 0.31+0.08a
25d 2.00+0.52b 0.49+0.04b 8.13+0.36a 0.47+0.10a

AEING FRER IR T 22 5 Wl R AT A SB35 22 57 (P<0.05)

3 iTit

3.1 REEXTRR - & RN A A R

SR FAEERIRIR G | A4 7 B FP 7R B T RVAT 8 &, IR XA & gLk, |
RAMETT M7 W38 BHE A TR N 20—25°C Z 18], 30°C W ME IR BRI X R85 & P2 A2 AN RS2 . X5 S EHESE 1)
W s AR —3P ) 48T 20°C/30°C 404 F , Fi TR B & S 1E T 20—25°C #i#5 . (HAE 15°C/25°C AR R,
19 & B R 5 /N T HABANTE . 5 H 15°C 224 BRIRFRSE 12 h SR 7 K R 5 E TR,
30°C Y feg X Fh - A A e A — o AR o 33 D0 B S oy S e 1 3 TR B Y TR

STt B ARTEVE S A B I R R, AN 19.8% M4 Rl X L A s o7 4N | 495 252 1) v YR TR
RSS2 ARG . AR S5 A X R R AT 32 B8 1, FRATHE SC e AR 13X — W N B H b3R8 B
MR, S5 PUAGRTIE] (2 h) AR (50°C) ka4 i A0 7706 R 5 , ELAH b At Fe R A5 1, 2l i ik ey
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B SRR, R S A R TR B (DY S RS (4 h DL ) (A AR TR B R R, U SR
TE AT N A R R PR T, XoF e A ] v TR A i 37 i D A

KHIEHIX S A E] 9 H 13 0—3 em WERE ALK 5w, S hRTERMEI BT 15CH 4—6
AL, AT 2K, E 5 A KRR G IEN KA BEARTE LU 1 8 % R RE8 $2 /= 0 & i 47
TR, 25 MR 25 O GE AR 7 1 & FETRE s 1 7 A S5y fe ik B & e 0, 38 0 - b 7 2 v
REAZ B & R TR &, S 3E4 i fE 7 A b a3 8 H R ) 2 M ZE T %k it W 0 0 22 i I D9 ] RE 5 e B
FREE A A e, KBS B, 6 A aIgre, , R Rh i &2 (0—3 em) IR RIAT 385 50°C , 7 H ¥ A)
JEPHACHE - B X AR Y SR e Y T R I 40°C (B E 50°C) I H AR Z . S SR KER B,
M AR 7 I 2R K BH B o b I R TR TSR A4 B RR S N A I Y i R 0 S B H R
UML) () S, R R AE T SRR G, XA R T L E 8 Ay, 8 A N AR, IR ST EAR, (B
- HEFp T e U CRRS TR (R i A, DT 2 BB A 4 B D B4

60

—— PR
50
¥ 40+
<
2
E
= 30 h
2
5 A '
= 20 h
2
10
0 H
05101 05-21 06-10 06-30 07-20 08-09 08-29 09-18
-10 L Bf ] Time

B5 HRX5—9ATERERE

Fig.5 Soil surface temperature in study site from May to September

3.2 JKATNFFR B K RN A R

FE T T R b X BRI A7 08 AR 0 B R R R KA SRR (R IE R H 5 BE R T
XK AT 2 A H U, MR SRS L, HLK 43 70 s 58 B A ik AR L B 240 1.5 by, 7K T R Ak
T RTRN A Be K SR X R & R A S 1 se ) (R RE S = & 2R A, B BE 2 iR Pl i &, DP9
X+ HEK 4y FZoR A TR, BN ZE T 7—9 A, HAERKE M 69% , 3 K2 LIZ M L 3>
X — Bt 30 ) e 2% R R A K AR VR 2 e A R Rl Y L SR S R RS R 5T X R 1 7K 4 Ak 1, b
TG K , TR 3—5 d B & A w2 A R B , ATl 4l iR R R

TR 7K o 2 A Xt 4y v B A7 A i, 28 P 4 SR Bl s A 0 R K 2 K SR SR A I A PE T
R 5 B[R] e R 8 2 PF KRR o R A TR K Y Fe KB A B T4 i AR R AE TG . R, 58
WL AR RO R UK BE D R AR . A SRIETE SR WA A A SR R TERE AR Y 7.8 H AR AT
FET R et 30— Aot 30 A R R B R 22 L Pl T A RTS8 5l K =22 8 e I e DX s 1) - B (s A5 7K A3 Pk
MR IR AL P X — KR BEE LA 52 DR T 1 & A BEAS K I ) i 7 A2 1R 2 38 v (R & i 1 — 2
Ak RIIFE S R IE /70T 50°C 11 b TN 22 558 A 451 25 1 g /K o6 45 b 3 25 A AR T 0, B B 17 2R AL 288 1)
HhFIAEE AL E LAAETE . B9 RS A JCEE AN IR 25 ) B R BT %
3.3 MR R R

RV BB MR b T 3R IR0 A W RN A ) 4 B RS A R F B B  Rghi B AR R R KR
TRV IR EEAE 0—20 mm ™ | 1R JZ N Fh 4R L T 5 R 38 B AR BE RIK AR L Sl R AP AEHER 10—
15 mm BT & e m . AR T 383 W 30K 2 3R IR B, ELRR 797 % J5 AR 2R RE RS 40 25 o i [ 2 5
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WK 3, ITITHE AN T 2 B AAR 32, 3 TR 0 AT BE W & 19 32 22 it DR 2 1 R A s 0 ME LA
AROWNCRPRAT K 3 AT IEH W

4 Lt

BIRSEHERNT AAFAERIRBLG B K0 7K 73 B BEOR B S8 , (E B HRR 18 & R BE R e . i L,
TR TR R R SR S T BT A AT B AR BOR 25 5, B MR i e B e 14l v A i R A B
S RN AR B AR SR PR A LA A A B A A R R R L SRR
P AR St e A A A P A, B ORI ) 2RI 2 —

AR AP 17 380 40 A A IR O A AR, RS 55808 S MR 1 i ke B 4y v s B R 23 3 AN
DR, S AR T 2 M A A R AR A K, FESET A A SRR A3 v N
5 ARFEE) 7 A0, X — IR B R e SRR BRI R i R | 2 T IR RERE A v B AT 2
K X — BRI AR AT, HE 9 A AT A AR E A K, AEI BB R FLARTE
BT TR S R A RO TR

2% 3L Hf ( References)

[1] EBIL, RV, T, RGN EEREARZN RN A YA SF R AT NEIN. TR XRS5, 2006, 20(2) : 191-194.

[2] ZEER, 0%, otk HEHY—Z N0 SR B MR B R . P EVDEE, 1991, 11(3) : 50-56.

[3] wmiF, Biwe, SR, /b2 SOt/ MO T R AE MBI T % & 5. PIILR2A4, 2009, 29(6) : 1149-1154.

[ 4] Mole E. Recent progress with the Caryopteris collection. Plant Heritage, 2004, 11(2): 14-15.

[ 5] ORéE, TAM, SKmEr, SI6E, BRee, sRMeEs. Mmxd 58l 3k ( Caryopteris mongholica) T 75 FIN R VE W IR Wi % 14 OO B2 M. vp [ VD0,
2015, 35(4): 917-922.

[6] SWAEME, BB, mdF, XAUR. Fd3EaTT 0 S A FHE. VALY, 2012, 32(10) : 2040-2046.

[ 7] mEV. Zn ARSI D). MRS NEEH Rl R, 2010.

[ 8] ®imR. WSS BEE AR 2 5. IERIRSRR . NS RB0IT, 2009.

[9] B—2. SHFERHYIXRIBBIIMAADITE. NEEE R0 ARPBIAM, 1995, 26(2) : 195-197.

[10] %, BURT, P, Ehbk S T RS I KSR M SRR R MR, KL RFEER, 2008, 28(6) : 1-5.

(1] bcEE, BB, X, TS, RO XA RIR IS P G R S AL KA. ML RARFSE, 2010, 23(4) : 567-573.

[12] Wilbur H M. Life history evolution in seven milkweeds of the genus Asclepias. Journal of Ecology, 1976, 64(1): 223-240.

[13] Baker P J. Seedling establishment and growth across forest types in an evergreen/deciduous forest mosaic in western Thailand. Natural History

Bulletin of the Siam Society, 1997, 45(1); 17-41.

[14] T35, £E23535, EAAN. PRt 4 B i B IX BV L IR T A DA TR AR, AR S 440, 2014, 38(7) : 694-709.

[15] Rk, FLESL YT TION SR E RIS AT R k. 1 HAEZS 224, 2008, 19(1) ; 191-197.

[16] ZFE4E, MY, XGER, ZEnes. Fa kT R X —F AR 1w R, A%, 2006, 26(4) : 1194-1199.

[17] Jalili A, Hamzeh’ee B, Asri Y, Shirvany A, Yazdani S, Khoshnevis M, Zarrinkamar F, Ghahramani M A, Safavi R, Shaw S, Hodgson J G,
Thompson K, Akbarzadeh M, Pakparvar M. Soil seed banks in the Arasbaran Protected Area of Iran and their significance for conservation
management. Biological Conservation, 2003, 109(3) . 425-431.

(18] sk, H/ME, PhBEE, VEAAT, SR, IR RS AT i 3 B A A 2 RN B A SR Al B A AR PERYSE . A AR SR, 2013, 37
(12): 1132-1141.

[19]  SBAE, skiide, XUE-F, B, B FR/DER AR08 R IR, 4355240, 2015, 35(12) ; 4063-4070.

[20] ZE3cw, sk, E%, ARUNE, RoCiE, skig. YOS oK 5 3 v b A T D AR R 4 AR K RS . AEZS 2R, 2010, 30(5)
1192-1199.

[21] ZEMEA, HIE, X4, WGEP:, PhG5R. milbhaE T A4 i X By ma i, RS20, 2014, 25(10) : 2927-2934.

[22] Lobell D B, Schlenker W, Costa-Roberts J. Climate trends and global crop production since 1980. Science, 2011, 333(6042) : 616-620.

[23] SRAEAE SRR AEY AR D] MR SN Rl R, 2009.

[24] HE—M BRmE, GANE, EM, SEF, 2 5208 ( Caryopteris mongolica)) FEEZS [BIA% Jo) SR R A AL, W E VL, 2016, 36(4) .
1007-1013.

[25] HHEE, SRIAR, ZRUMR, TkFME, SR F. ARNFIALBEXT K msoph 1 0 & Al i s . A5 A%E, 2014, 33(9) : 2408-2413.
] AL YU A B X B AR AR X A AR I A . TR X BRI S AR, 2010, 24(6) ¢ 72-76.
1 A% ARSI EAESE WIS D], V. PR KA, 2008.
(28] FrHkde, L2445, B, Moo AR 450 T 3 4 o b 0 B IXOR [RIAE 9 26700 + K M RIE. [ AR IR, 2015, 30(3) : 459-469.
] TREERE, ZEER, TSR, N, VPHXT SN A A R A R A B A K AR . P EVDEE, 2007, 27(6) ; 968-971.

] EREAE, BSCE . MR X R ( Haloxylon ammodendron) FF1i % K4l i B K 52 . rh VDL, 2015, 35(2) : 338-344.
[31] TR, BOCE. RIFVHIRE X Y 4E A F7 28838 LR 7 & A e KA. TR XL, 2016, 39(1) : 95-103.

http ; //www.ecologica.cn



