I FRARA KX R/ FF I EBR AL IR A IR [
KERE, EEAL, EXMET, kel
IR AR TR b (R A RGBT 41955 61 750020)

OB EilRENEEFT, EAERTH ), £k 14 T 12 7N 3/4 T4
ANREER, BT TR F RN 5 BRAC BN AR B A K S R 2l B 5 . S5 2R
R KM rahmibie. 225 R 8e bk A, BT BEARGE e T A B KT
INRT R, BRIRESE, IR AR S B T 2 BRAC B A AN R RN Sl 1) 24 22 5
% (P<0.05), R BT HURAL T EERAC 5 J5 ¥ th 2= 7 B35 (P<0.05). KM y4fi Lk
T AR BEAR AR A5 AL B K T /NRh 7, LERCR AR S Bl 1 5B BE I K,
PN LU 1R 7 NETNIE = A - O /R T 2V DS S D e S RN S B RN
A8 W BEOMT B AR L EE P25 R AL B A 0 2N T IR P 1 i R B AR B /NFh
LN IR R BN BE O BB, HeRR R A B SRR TR T R AR TR R T L R AL
Bt 2 2/ T XTI (P<0.05); /N1 4l AR e LU i1 P2 B i BE 3G KT MK, A o BE A E
T LB AR PR 2 KT AR T L BR AR PR (P<0.05). FifiE I L RBRIBEEIE R, K/
T ET A L T AR AN LEARA 8 3Z 8T R, (B KR 1 4l B LU RS B, /Nl 4l BB K
FERR LTI L BRI B R OK
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Responses of seedling growth of Quercus wutaishanica to

seed size and cotyledon excision
ZHU Yating, WANG Jianli, YAN Xingfu*, ZHANG Jinfeng

(College of Biological Science and Engineering, Beifang Minzu University/Key Laboratory of Ecosystem Modeling
and Applications of State Ethnic Affairs Commission, Yinchuan 750021, China)

Abstract: Four treatments of cotyledon excisions (no cotyledon excision, excision of 1/4, 1/2 and
3/4 cotyledon, defined as control, light, medium, and high cotyledon excision, respectively) were

conducted to investigate the effects of seed size and different cotyledon excision on the growth
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and morphological plasticity of Quercus wutaishanica seedlings planted in greenhouse pots. The
results showed that the shoot height (SH), basal stem diameter (BSD), leaf number (LN), leaf area
per seedling (LAPS), total dry mass (TDM), and root-shoot ratio (RSR) of Q. wutaishanica
seedlings germinated from large seeds were higher than those of seedlings from small seeds in all
treatments of cotyledon excision. There were significant differences in all above parameters, with
the exception of SH, of seedlings between from large and small seeds of which cotyledons were
lightly excised (P<0.05). Moreover, TDM of the former was significantly higher than that of the
latter for the medium cotyledon excision (P<0.05). Also, higher specific leaf area (SLA) and
specific root length (SRL) of seedlings from large seeds than seedlings from small seeds were
observed in all treatments of cotyledon excisions, while the specific shoot length (SSL) was
detected in reverse. With the intensity of cotyledon excision increasing, SH, BSD, LN, LAPS, and
TDM of seedlings from both large and small seeds appeared a trend of decline. The SH, BSD, LN,
and LAPS of seedlings emerged from seeds of which cotyledons subjected to highly excised
(excision of 3/4 cotyledon) were significantly lower than those of seedlings from control and
lightly cotyledon-excised seeds (P<0.05). Higher sensitivity to cotyledon excision was found in
seedlings from small seeds than from large seeds, and the SH, LN, LAPS, and TDM of seedlings
originated from small seeds of which cotyledons were mediumly excised were also lower than
those of seedlings from control seeds (P<0.05). RSR increased with the intensity of cotyledon
excision increasing, and they were markedly higher in seedlings from seeds, regardless of whether
they are large or small sized, excised mediumly and highly than in seedlings from control and
lightly cotyledon-excised seeds (P<0.05). With the intensity of cotyledon excision increasing, the
SLA and SRL gradually increased, while the SSL of seedlings emerged from large seeds
continuously decreased and the seedlings emerged from small seeds whose cotyledons were
lightly excised had the maximum of SSL.
Key words: Quercus wutaishanica, seed size, cotyledon excision, seedling growth, morphological
plasticity

B 5 E IR HIRR & (Quercus) H AT B HESh M) ) L EL R W BEIR, Ah 1 AR )R E B Y
KEIE (P BAFRBRR 2, 2001; & BTHHAE, 2003; 5% E %, 2011), BIE7ES) e i iE,
A T 8 LS 25 48 3282 (Pyare & Longland, 2000) i oK & B 7 (75 5 W 4%,
2003; EEAE, 2011, 2012), MMHERAN AT R XK . AEA) AF-T~ 2 4l ) e A e LR
7 S RO P B S N B BB T B AR AT R T AR B A R A AR T, b I
E IRV TR HE A M ZE 5 5 5 B AR BT S TR R T ORRR(E % E 4, 2012).



A WINPT R R G F S T R 0 R M R TR [ %) i A K (Lombardo &
McCarthy, 2009; X%, 2013; X545, 2017; B, 2018), ¢ Eom T 4512 vl
DR Z A YRR R (Shi et al., 2017), & FELN W EE K (Mancilla-Leytén et al.,
2013), HERFE TR A2 F 185 & % (Mancilla-Leytdn et al., 2012), HrliEd btz
i% (Finch-Savage & Clay, 1994) 8k {2 BFIAAZE AL K54 5 & il (Prewein et al., 2006) i {2 i2E Fif
FHRIE A & A1) 25 H i (Hou et al., 2010; Giertych & Suszka, 2011; Perea et al., 2011; Shi et al.,
2017). FHEB XS B A KK B T 0 3 520 (Giertych & Suszka, 2011), BRIy Hr ()
B IRV RAE A L R R BRI IR T AR (Giertych & Suszka, 2011; [E2% & 45,
2012; ZWEHHAE, 2018) , AT USN AL T BRI 32 455 A KR R A 27 A AL SR b e 9%,
TR A AL T AP L2 (Perea et al., 2011; [512% 5 4%, 2012).

Tt W R Gy v AR AR AT RE 5 R 7R/ (Y et al., 2015; Lebrija-Trejos et al.,
2016). TM-3Z 4585 (Giertych & Suszka, 2011; 2% 4%, 2018) M4 2k & 4iz(Hou et al., 2010)
SERIFRA IS, JUHRMRE ARG ) 22 [F] — R P9 38 A A B 7 R 22 7 (O < ol X
IR, 2012) AT REX T H-451 2K 5 A B AR AR B BT B R « JESE 22 8 SR 5 ) K R
RAESLA T HINL R (B4, 2007), HEA S 9B 52 0% 5850 RE ) ARG A TR 73
SRR 56 4R 7] (Lebrija-Trejos et al., 2016), B Ayfh—8 790 10 4 i (¥ R 75 L R K
BT EAEEMER, KFFif ke Ao ik, AEHR R E 2 (agensen et al., 2019),
T H KRl 58 7S FE 4 Tz 22 TR 8 R A i AR K 078 9% 75 4 (Yi et al., 2015). AW 5T
W, BORM T 58 2 8 - AN AR b 505 A AN 4 B 2 57 ) R (Y et al., 2015),
1M HAE R ZAG O T 342 AR AR S8 1) R i JT 4R TH AR TR0, IX e B E TR
Ji AT BESE ARl SRR ANE T BOS T B Pise e “ mldi ” Ao M & 1R E I7
(Perea et al., 2011; Yi et al., 2015), B0 Fh+ 1IX —HUCE AT ik EPrewein et al. (2006)3RiE
F“BR o R A3 IS R Al i B 1 5 AN AT Hou et al. (2010)4RIE Y - Thd i Y
B IR O YERERN TG TRy e L S O B (R Rh - S5 MR SR S R o R, AHTR]
B 45 R R R 11 R i AR A R B TR T T BE AR BN (Y et all, 2015).

ILZ#R(Quercus wutaishanica) 2 $ [ BR R i Vi AR 1 B ZAR S Fh 22—, HAb7AEK T
B J5 SRV R I 7 BRI 0 8 TR B DO R+ 28 AR, IR A SRR T R
P EVBAEMBER 2, 2001; RIS, 2003), X —HERR AR KRG T EEST T SRR T
Tt Fi ZK AL T RN B4 £ 1 KU, i L BSEAE 4 1 I E Sh A S S DL T D BE IE W A7

HAERK(EMES, 2011, 2012). A WA R TR, RIAEFELS SRS ILARPRA 7 th o Rl
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NIRRT R AR (PN EAE IR R 2, 2001; [E%E 5%, 2011), fH P74 S s AE A [F4FE 0y
() FRT W SR e s (VTS A AR R 2, 2001; FRARIRAE, 2009)F1AH 1K/ (R AR RG4S, 2009; H
P A, 2010)7EFEEK - (Wang et al., 2000)F1FHF7KF _1(Yi & Yang, 2010)% 4 £ s 111
ARG S P AL SN P4 B 16 AT LAGE MR . SRT, b3 09 A5 TLARAR &I v 8 AT T 58 = sh P Al
BRI (ENEE S, 2011, 2012), S TR A T U1k T 7 s 7E T AS [ 3h 4
BRI g B A ANl v AR I RS R (5] % 5 48, 2014),  (HIEAAE T RO 5~ K/ INBOR 1)
=, HAE AR AR, KN S B 175 25 BRI 4 4 AR A s e T (B A 3k —
SIRNIRER o AR FCARTF RN IL AR BRAD T AR, FE RIS AE PRI T AR T2
BT 0 i AR A B, WE TE 45 R B Tt — IR T A S BCR R 1 16 T I AR AR
AT E AR S A SR RS MRATL A, AR AR B R R AR A T 52 S ke R A i B et
5%,
1 MESITiE
11 FhFHIRE Sk

SEG FH L AR AR SR 1 BN A Ll oLl 53 i TR 2 TR AR I (K BV PR X AR 8 24 25 4R B L
ILRPREME PR T 2017 4F 9 H bA), FERFARDGEFAXIBR (PR 2 m BLE). @EZEA4
KALHHE PR, FESE R TP RS R BUE W BUE A A /M BPGI R BR A 7, K
/NFhT-EEEE ) 50N 3.0520.38 (n=100)F11(1.4620.27) g (n=100). T4 7% H A7 Bl S286 %, LUK
Rk RHRUR SR T, T B B Fh 3 R K 7 I R0 (2 1 F) Ja HI T 3E oA
R HIEF
12 HRGTRNYEESE

N G A ZE A LA G AN P BB T, R SR AR IO IR = AT, IR DGR BR R 2
NERECIE 55%, IREALFLEEETHEAL A 1 H—3 A 31 H), BRIREZL
(2345) °C, WIAIREL) (1643) °C; FHIEFNLARMRAN A B R E AR A 7R = A H
B R JE R MIRATEAT IR, MBI T ARXGoR L B AR 4G Y 18.9%. - 2017 4 9 f
20 [, I 32 M 23.5 cm. AT 20 em BERIERL, 50000 2 4, O3 SRR AT RN,
FEALH 16 G 4 AS/NL(4 G0N 1 /AN 7 mIVE N R T RN R T4l B ) 4 DASFIRE LT
HRERACEE, SRR DRI 4 G AE R AN AT 4 IRE R . B IR AL AT
BIR S NILRARFRT#5 480 K, K7 H 75% LB AT R IMVH B AN K S )G, AR50
— i B T R RITT IR e Bz, Horp L2 AD 7 (ORL ANRl1- 2% 120 RL) B ER AN TR RN

il
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KRR LR TR EE), Hox 3 Hor il 51 14l 1/2 F1 3/4 =/NKCBE, ST T R 735
¥ 3 MR RIFF OIS R 14, 12 F1 314, L3R 4 HARER 002 SUNSKTHIR.
JEo hRERNE LR B . 1 BR AR B S SRR R T HE R L e S

FERP AT o4 2 2 SRR /N AL RID B BANTE R I 78 058K, Bl 77 R BRAb PR 58
JIJE SERIEAT 3R A 4% B3R T SRAEERE— AL T N B AR N 5 5 BR A B AR5~ 30 kL, K fh1
WERR — il RN, M EE IEEL) L em FRBIEYD L. $ERE 20 1 R A A AR
Ko FUE 4 QYR HE, 206 AEHEER. THEER 2 A5, SRkl K
A EMORNEAR —BISh T 15 MOEHT, WKEERIZERZ R . w0 & B K R
R 2 A 3R DA 2 AT R A AR K TR, IR IR AT L BREAE R
B,
1.3 gk AEKSEHN e 5THE

2018 4 10 H 20 H, WK LR S AL, 1R F KGN OA 4 N+ i
Rz, H BRKIEG a0 Bl S 5, FHVE I8 4RI T2 /K 2R 5 I 7 10 % 40 i ik =
(shoot height, SH). 342 (basal stem diameter, BSD, F H, ¥ #0% s £ RME). M A % (leaf
number, LN ). HtkH i #H (leaf area per seedling, LAPS, F3&[E % LI-3100 M- i AR 52 40 %€ ) s
SRIGRE A AR ZERIH e B NARES o B T B B BT R R (PRI 85°CHK ),
48 h J5 TR 20 SR ECRR « 2RI ot 8 ARl b3 s A0 ol T SRE40 i Y e 5T (total
dry mass, TDM). # 7& . (root shoot ratio, RSR). bt H-Tii #H (specific leaf area, SLA). HuAR K (special
root length, SRL) 1 Lt 4% K (special shoot length, SSL). AHX K1t 5 AR : TDM=H T
EAZET R E+M TS RSR=MRT B & /(2T &+ T i &) : SLA=LAPS/H F i &
(em’ - g SRL=FARK/FEMRTHiECem - g): SSL=FEZEK/FEZETHiECem - g¥)-
14 BARGHHT

FT SERHAE AR GE i o T4 AR B g, TR 3R T7 2270 i (two-way ANOVA) 73 #ir
Tl 5 RN L BR AL 3 R AR BAE RIS 4 i A KSR 6 BT B, /e &%
F92:(LSD) 73 M 4 i AL AR S HUAE AN [F) RNl 4 TR FH AN ] 5P 25 o A L ) ) 22 S S 3512
A REEE Get o M B7E SPSS13.0 HhEAT, SRt Bl Bdhs LA B 2 B

2 GRG0
2.1 Tt SRR RN 3 R 401 2
FIFUNHATEIEZE P ORI bR TR RS 3O, (R R TR
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Wi I 25 BRACFENS L3R 2 By BA MR 5 RO, (BRI 25 R AR A0 58 A TR
bk 4 N ERSBEIEMA R E (R 1).

M LT UAE Y, ANIR] - L BR AN B R A7 ik s A [FIRE SR TN 4, {H
R MFrahmabkm 2R B AEE; K DAk e 5K (935108 14.40 cm
AN13.37 cm), BETM-RERGREIIG RIS, H KAy g AR, N4l fe
JEE AN B i R B AR B PR R 28 R 35 /N TR (P<0.05), /INFH T AT AE 3 A L B Ab I
22 A 23K 8 25 7K (P<0.05) e KR P A B SEAR KT/ Rl 74, HOR AR 125
B A BT P AN ) K /NP -4 1] 22 57 225 (P<0.05) s AN[FI K/ INPh 140 i A 0 Bl 1 25 B i
SRR, KT B P AEAN [R] 5 P25 R AL B R JH 5 0 IR i) 22 22 7 2. 3% (P<0.05), /N1 %)
A EE T R IR R s R AL R 22 57 825 (P<0.05)

K G w Py B S AL BRSO TNt 74l v s ELAT S O TR P i £ B AL B
FHRTJA#(P<0.05); AFEIK/NF 52l BOAEX oK, 3 A7 L BRI A KA1
4y ) 2 )N (P<0.05),  HEE T BRAC B B 2 N TR T & R Ak (P<0.05)
NPT LI TAEAN ] 2 B AL B R H 5 0 A 48 72 57 B 25 (P<0.05) o KA1~ &0y iy AR - T AR
WHCK TR FLIH, SRR T LR A B R KT )5 % (P<0.05); KRt 1 4w ki
T AR LE o P2 A0 B 2 I 2 i b LAY S5 28 /N T 0 R AN 2 i 5 B b PHL(P<0.05), 1T /N1~ %)
T A A R RE AT R T I R R AL B E) OE B R Ah, LAl AR B R L 0 R 2 2 e W

(P<0.05).
R L P R/ANFIF I 22 B I AR ARSI i AR RSN ¥ DR 3K 5 22 43 A

Table1 Two-way ANOVA of the effects of seed size and cotyledon excision on the growth of Quercus wutaishanica seedlings

et AT RN TR T RN < J
ERKSH Seed size Cotyledon excision Seed size = Cotyledon excision
Growth parameter

F P F P F P
Pk Shoot height 0.81 0.383 31.24 0.000 0.27 0.877
1% Basal stem diameter 25.40 0.000 36.16 0.000 0.19 0.904
i # Leaf number 13.62 0.002 43.16 0.000 0.65 0.595
kI THAL Leaf area per plant 10.30 0.006 26.26 0.000 0.08 0.968
SFJfiE Total dry mass 10.09 0.006 24.29 0.000 0.37 0.775
fitje Lt Root shoot ratio 11.85 0.004 11.28 0.000 1.08 0.389
ki1 #Y Specific leaf area 2.87 0.111 6.28 0.006 0.16 0.925
[LAR K Specific root length 0.86 0.369 4.17 0.025 0.12 0.947
Lk Specific shoot length 2.48 0.136 4.99 0.013 0.33 0.802
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LIL I, and IV is control (no excision), light (excision of 1/4 cotyledon), medium (excision of 1/2 cotyledon), and
high (excision of 3/4 cotyledon) cotyledon excision, respectively. Different large and small letters indicate
significant difference between different sized seeds within the same cotyledon excision and among different
cotyledon excisions within the same sized seed at P<0.05 respectively. The same below.

K1 T IR B AN R R /ANIE AR MR B R Al bk o FE25 . T 5O SR T AR R B2
Fig. 1 Effects of different cotyledon excisions on SH, BSD, LN and LAPS of Quercus wutaishanica seedlings

germinated from different sized seeds

2.2 YIEEMERBENEAE BN
221 GEEMBRERSE M R/NAF 2RI R e )t ST B AR L, (H
P BIAZ BATE PGS 4 AT ot B e e 2 g (R el BE) I S 2 5l (5 1)

M 2 ATEAE H, K74 S A /N7 4, AR A b T L BR AR Y
ANRIR N Ty 1A) 22 57 2. (P<0.05); B TR EROREEHG R, K. /M4 BT
SRR 0.53 g Al 0.44 g Jk/INE 0.37g 1 0.34 g, F o KBl 40 1 B 77 5 55 R o 3
RERACBRIF) TC B3 22 b, At AL B K H 50 B Al TR) 1) 72 7 2. 2 (P<0.05), /M1~ 4l i A
TRELE 3 DT HEERACEES) B Z /N T R (P<0.05), Fh AN EE -1 M- Ab 3 A) 25 7 2
(P<0.05). KFh% iR ek ELAE XS BEAN 3 ANAN[R] 9 1 I L BR AL BB K T/ INA 74l ANIF]
RN R AR FHRRER T MREE, K N4 e fE B
T FBR AR PR B K (4 0 0.73 A1 0.68),  H LR B B T 2% o Ak LR 2 OK T 0) R
(P<0.05), J&#HBRIERRE T 22 BRAC B S50 HATR) T 2 3 22 S Ak, Flpth A 3 8 L 5 0] e [ 2 22



5 2.3 (P<0.05).
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Fig. 2 Effects of different cotyledon excisions on the TDS and RSR of Quercus wutaishanica seedlings germinated

from different sized seeds
2.2.2 SRR M RN E AR AR B K T B2 5, 11
25 BR AL BN X Se SO B2, W A BAE A Bk 3 NS B (3K 1), A
3HLAE, KAl e I AE AR 7 KBRS BRI KT/ N7 4, 22 AN 3
Kv /INRIT- S T AR A6 6 B B/ (40 1A 244,53, 220.47 em?® + g),  HIBE 7L
SR KGRI K, R E TR R K (5500 364.07. 307.66 cm” - g), o/l
T-YI VI E H R 2 R AR B 3 KT R (P<0.05).

RAT- 8y e FEARACAE R BRI AN [R] 56 B2 7~ - L BR AL BRI R T /ANAh 54, AN [F RN ¥
IR ZE R AR, BT RERGREEI R, KL ANl EEAR A 23 0 Aok R 86.15.
76.42 cm g IZWEY K% o AT B AL 114.39. 109.95 cm - g, - AbTH AL H R
(G R 2 o W R AIAN R 9 B2 7 I 25 B A KA T 8l i LR N T N 4, 25
AEE . KA R BE 2 125 B o B 33 O R 8 K A/(100.73 em = g™ ig ik
INEE L TR BRAC RN 73.62 om » g, {EAUAE FFRE T 2 R A B G 2N 0 HE (P<0.05),
NPT I B AR T 25 BR AL BN KT B, (ELAE rp BERI SR B I L BR A BRER SRR, %
SRSV OSE Y SRS PO I EIPZS S O RN T
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Fig. 3 Effects of different cotyledon excisions on the SLA, SRL and SSL of Quercus wutaishanica seedlings

germinated from different sized seeds

3 Wit

FELDRNAEIE] L Pt oy L 2 A — R R N B IR A AR AR T RN E R R & FH XS IR,
2012). S/NARFAREL, KRR ST B B TR AR HOCE A7 O A A 1
WL SR, HRAh I AS MR 26 A (RTINS 52 5 77 LA SR 6 BRI I7 70 8 BHIRIK 56 4 70 3 o
(Lebrija-Trejos et al., 2016). s AR AEL E #51(2006) A J 4l i 5 R B AR K 5106 KN DI AH
Ky MBI FERIUER /N AT REELRRIAR TR 7 RN S, ROAAE B AR oM 58 FR Y ] 6 4%
B T4l rh, A KA T4l iR B NP4 5 R 56 35 AR & (B2 50145, 2004,
FIME 5, 2012)0 AR, ILARMRAM ot 228 R HORT bR I T AR S5 2R K
SHAE KT LB B A FIRE LR TR 72, P 7 R R Ab B gl iy S 28 |
J BORT R I THTRRAE AN R R/ 4l e 8] 2 e . 3 5 EL v 2R B 1 5 B AR BRAE AN R R/
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Ty ) 22 5 A B2 o IR EeEE FUR WL AR MR AD 7~ KN 2 R gl Wi A K B R, — 5 i
KA1l B B s A N(YT & Yang, 2010)D0%5 R AT Lo /INRh - 5 9 A iR 52 3
YIREfEERES): 07, KAy A HAs R g & 07 UK B BN sE E R, M
HAG /N7~y i 58 9 B 32 A ROPR 5% 8 ) A0 51556 455 777 THI A8 3 (Lebrija-Trejos et al.,
2016).

Tt~ DR/ R Ay HE A0 FR) 5 T 7T R 22 2l S B AR A A M B R 7 3K
A K E AR E pi, 2008). ARHFFH, I ARAR RN T4 B T B RAR et LU AE X FERAS
[ i B2 7 25 R AL BT v T /NPl -4 P, ELS B B AR B AN v i 2 B AL B AN [R] R/
o7y R 22 5 S 25 o 4 X — T4 AR B R 23 O A 2 PT RE5 30 ZR AR K R AR PR
MR ZE R R 7 G 5%, — 77, A TR B Mt 1R AT e 2 s B R 2
R DA A S ) IR I R E TR R (B E 4%, 2012), AT KM 2l AR 2R T4
B2 (a7 = Je5%, 2007; Jargensen et al., 2019), JUHAE =5 BT MR DL T BA L/ VR 740
H AR TV RALF(Yi et al., 2015). 5751, BEE ARG IHE—FE G R
AR R~ D /ISR P 9 2K BRI S5 (17T 2 Je 5, 2007; Shi et al., 2017), WA A K AR R
Fh-F 2l iRt 5 BAR 30 A= K T BE 32 BRI T 35 9% 4 R IR, AR KR SR e a5 (1
E &, 2007, BOWAEE, 2007), B0 HARE R T/ Irae . AR, REMTFKR
NP ILZR AR AP EE AR L EEARAC A B SE MR AN 2.3, B R Ah 7400 v EG i T AR AN U AR A AE
Xof HE AN [R] 548 B2 5 P 2 B A BRI R T /IR 1~ 4y, 0 BB A Js . AN R R /N1~ %)y v
EA WY — B 5, i 55 (2007) 1 8 i, FAMY) 7 5 5 (Ligularia
virgaurea) A [F] K /NP4 v e AR G B 28 e, U T AR AR A o b P 4 5 A AR A 3R
JERERE ST — AL, AT O AT TR DG BE Al 2R B T 42 v 't RE AN FH R AR AR R
AWFFR SRS — LeiT FARAE ) /AT AR AEKREE” (W et al., 2006; {7 e 4%,
2007) IS5 A BRI, BN B B AR G AR A 2 T REA B T/ Vih 7~ %)) v il i 4 <5 58
R IVBRIKAY B VDRI J53 B U5 P SR 1 it o) PR 58 [ 38 PR T 52 € /7 (Westoby et al., 1992), 1fij K Ff-¥-
LB AN AR AR AT B S U S W SRS IR B S ARG 2141, AT RPN AR
BRI ] BV AL (VP ESE, 2009). /IAPF2 i EER KUK AT e 2 HAE R B FAR
B — A LS DR A L 070 8 SR, (R IS FRabsi AR “ R g KR,
— A O T L e SR v FE HL A A A (AT SRR IE N A g e A SRS AT IR 4
(Wu etal., 2006), 1H1%4E55H 5 AHH 7t 194l B EErE AR LEARK B 4518 IF AN — 3, PP AR Ix et

25 R I R BRE A A Tt — D R AR T
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PRIE DT 7MY KB K EEE SR FORIE, MR Mg, RS
G TR EEAE (R A4S, 2003; [F% R 4%, 2012), BOKFRTREGSIN 32— e FE ) 1t
115545 A] 28 57 41 (Fukumoto & Kajimura, 2000; Giertych & Suszka, 2011), 1 H.id& & 45 2%
] RE 2D AT N 2 g A AR A0 5 170 4y e A T (e R A AR A (RIS, 2013), PR #R
JEAEYII TR E TR R T4l AR B R, SR TUARE FR ) e T R
A AR 2 AR A DU B BT R s “Iise” KR (R R UIAE, 2003; H
P4, 2012; Yi et al.,, 2015), I FEAREE SRl F 40 R MRS . BRIk, AR BR#ES 25l
Ay — Tl (1B 55 W R I BOR B H T4 45 1 427 Stk (Mancilla-Leytén et al., 2013; 523C
#E4EE, 2018; Shi et al., 2018). 2RI, iR E 7R B LM AKNIRAKE, FHXt)E
SE () 39843 FIK 23 WA= A= 540 (Giertych & Suszka, 2011; Mancilla-Leytcn et al., 2013),
A W7k IEPasania edulis%) i 142 1< 52 B HUEE Fl 0 55 A ST 52 00 7T 35 SR 34FE 2 A
(Soneetal., 2016). AHTFLH, BEHE TH-LERIBERIA, ILARBRA. DMhyahiitkm. HE3E,
I BOM BRI T AR S5 20 S /N 3, ELAE 7R I B A B 40 4 285 /N o0 M 82 v 2
BRACEE, JUH/NRafimipRE o SO SRR AR R i R R AR B B 2N
T e R BE PR T R R 40 F AR S AR K (ISR, 2013; EIDE AR, 2014; EbENLAE,
2018), HLAEAG TR R T R AR 41 1 A AN AR RO A AT AR
2R (Giertych & Suszka, 2011). PFitt, HREEYIM T 7 HAKR AR AT REA — Mk FHE, 1T
HAF R AT [l FEAFAE 22 5

WETERIL, B T HLBRREEIN, ANFER/NI T I AR R e T TR B s, R
ek LR s T PR AE AN [F) 9 7 L BR A B S B2 /N X R, /INRh Tl Ay
PE o P2 3k A L 1 S5 7 B KA S D BEURK, JEHCAR ek LA v RE M B R 1 it R BR AL P
BERTUME, TRR T2 AR 7 LR B S0 2 e 28 . —SEmF o4 R,
SR EE TR R AR B 4 2 AR SRR, WG H R I ()
548, 2017), {EHh FEANE T M5 K S B 2 AR R R A B AR B D (Perea et
al., 2011; S04 E %%, 2014; XIE4%, 2017), HZE SELNEE A KK (Mancilla-Leytén et al.,
2013). 3 —J5 T, 4 R B R R T 0SB 2B SR 5 BE AR AR AR T Y R 4T
¥ 4= BHT AR 71 (Shi et al., 2017; Yi et al., 2019)F1%J) 1 K 7 Tk A8 o B-45 KUK Fr) 77 7
(EIEAE, 2012). JLARMR MW 50AR SO0 b7 A4 K% ) 5 1) sk B B L ] T
RE A R A A A S0 ) SRR 1) JFLRR IR AR i A A 1 v 77 B M) T4 v i SR o 0 BEAE K

oA 2 2 B)EAT I 8] BT, SO A2 AR B b 2 TRl kA 2 18] _E AL, AT
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B DR A v 2T B B8 TR IR 1 X S ) B 402 2R i e 1) ARt AR I3l 407 TR o (e
W14, 2003; [E%E 4%, 2011, 2012). FsL b, i G AR ARG T IR IR, R4
R R (E4E S, 2012), EARZ PFrPABERsAast “9p” /£ L3 rp g et T
TSR R EE TR . BRI, I ARBR M S 4 B AR e EG 15 DK AT 8 2 FL R0 1 I R 41
SRA—FhE TR, RIS T AR b E SRR AR Al T S AR (LR Sl K AT
a2 400 B AR SR A T E IR IRIR (E) D E A, 2012).

TLZR PR T AT 0] 5451 2K S S 77 5 SRR I — € B 2] B (B % B 4%, 2014),
BEAE T L BRGR R, A EEH AN ARG A8 M 1 K, KA1 40 i BU S I HF L I8
11 N4 B FUA A TE 32 B 25 R A HE A K, SR I 4 e 4 2 SRR 1 7% 5 B
G AE TS 2705 TS A 0] v B 50RO AR AMEE A i 82, RV 3eE 2o 8 K B Pt i AR S v
EA R, BOE K HOR AR BN AR 2200 338 IR J2 5% 73 MK 73 IR W (Westoby et al.,
1992). A BT FLNAN - R 0T 4l i i b 70 & SR I R ) 7 e B K (Giertych & Suszka, 2011),
T PR AR E A 3 ) PR AP e 7 95 (K R S B 4 TR ) S 5, PR BRI D
E IR R R B RN MRS, AR R AR T R E IR BRI, 2B
REBEAIEIR UL, TRU0 A AR 2R A b R ) AR =, PR N T X i 4l
Hi o /AT ) EEBAKAE R B T I L B AL B B K PT RS °8 TR D IR /N FAE BT A AR o) 7
A T RS RE A O, BRI R B RITE 25 A KA W I KT 5 A B R SR AL
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