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Abstract

Aims Pinus densata is the natural diploid hybrid of P. tabuliformis and P. yunnanensis, and is one of a few
known examples of homoploid hybrid speciation. In order to describe the adaptive and growth characteristics
among the three pine species at seedling stage and clarify the role of ecological selection in interspecific isolation
between hybrid and parental species, we conducted a common garden comparative analysis of fitness traits at
seedling stage in this species complex.

Methods We investigated 14 adaptive and growth characters in seedlings from 25 representative populations of
the three pine species in a typical habit of P. tabuliformis. The 14 traits are germination rate, seedling survival in
Aug., Sept. and Nov. 2011, winter survival rate of one-year old seedlings, seedling survival rate in Oct. 2012, rates
of bud-set in Nov. 2011 and Oct. 2012, the proportion of yellow, green and purple seedlings, seedling height,
ground diameter and crown height of seedlings. Patterns of the variation of these characters were analyzed using
multi-factor nested analysis of variance and correlated to geographical factors of each population.

Important findings Most of the traits were significantly differentiated among species and among populations at
seedling stage, and the large amount of variance were partitioned among species or among populations. Germina-
tion rate, the rates of bud-set in two years, and the survival rate in Oct. 2012 of two-year old seedlings were the
best indicators of among-species divergence. P. tabuliformis showed the highest values in most of the traits and

ek H iReceived: 2012-08-28 5252 H 1 Accepted: 2013-01-09
* J@ i # Author for correspondence (E-mail: liyue@bjfu.edu.cn)



G AR B SRASRI A AE AR AR 5T N (i IR 151

appeared as more fit in its native habits than the other two pines. P. yunnanensis was at disadvantage in several
critical traits, e.g. the survival rates of Aug., Sept., Nov. 2011 and rates of bud-set in two years. Most of one-year
old seedlings of P. yunnanensis have not bud-set at the end of Nov. and the proportion of yellow seedlings were
highest and its survival rate in Oct. 2012 was zero, which illustrates its low fitness in P. tabuliformis habitat. The
hybrid pine, P. densata was intermediate between the parental species in most of traits except indice of the propor-
tion of purple seedlings. The populations from the ancestry hybrid zone in the northeast of P. densata range coped
with the test site environment better than the populations from the western range. Our study highlights the role of
ecological selection in speciation of this homoploid hybrid pine.
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Table 1 Geographic location of the sampling populations of Pinus densata, P. tabuliformis and P. yunnanensis

)il RAEH AT
Species Collection site

Y/ a thp§J7 il Fangshan, Shanxi

P. tabuliformis b i1 8) Huzhu, Qinghai

¢ PU)IIJLZE¥ Jiuzhaigou, Sichuan
d 7§ R =51 Lingkongshan, Shanxi
e JiF4 /5[ Lushi, Henan

f W55 799 Ningcheng, Nei Mongol
g Bkl Ningshan, Shaanxi

h JbxTkA il Songshan, Beijing

i WE L84 Tumed, Nei Mongol
j HE°F2R Pingquan, Hebei

k zmiffil Baoshan, Yunnan

| =F5Till Gongshan, Yunnan

PREEL N
P. yunnanensis

m = S Kunming, Yunnan

P Lijiang, Yunnan

>

ZF'E R Yiliang, Yunnan

0
p =M LR Yuxi, Yunnan

q =T Zhongdian, Yunnan
r

IS PU)IIE2¢ Baoxing, Sichuan
P. densata s VUSSR Zayi, Xizang

—

VY115 E Kangding, Sichuan

u PY)HFEE Lixian, Sichuan

v JU)I1 5 /R)5E Barkam, Sichuan

w P /\— Bayi, Xizang

x PEysIARE AT Parlungzangbo, Xizang
y UK ARE Mainling, Xizang

45 g 213 5574
Abbreviation Latitude Longitude Elevation (m)
FSPt 37°56' N 111°33'E 1855
HZPt 36°58'N 102°58' E 2299
JZGPt 33°18'N 103°47'E 2281
LKSPt 36°37'N 112°20'E 1654
LSPt 33°44'N 110°49'E 1908
NCPt 42°17'N 118°58' E 1200
NSPt 33°29'N 108°23'E 1423
SSPt 40°31'N 115°49'E 803
TMTPt 40°47'N 111°13'E 1195
PQPt 41°00' N 118°16'E 526
BSPy 24°28'N 99°08' E 1935
GSPy 25°58' N 98°49'E 1689
KMPy 24°58' N 102°38'E 2240
LJPY 26°53'N 100°14'E 2449
YLPy 24°43'N 103°10'E 1837
YXPy 24°15'N 102°10'E 1832
ZDPy 28°01'N 99°32'E 3054
BXPd 30°49'N 102°44' E 2452
CYPd 29°80' N 97°13'E 3261
KDPd 30°11'N 101°55' E 2900
LXPd 31°40'N 102°48'E 2762
MKPd 31°55'N 102°12'E 2678
BYPd 29°44' N 94°05' E 3107
PLPd 29°55'N 95°30'E 2658
MLPd 29°14'N 94°14'E 2 966
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Table 2 Descriptive statistics of the adaptive indices and growth indices among three species at seedling stage

PEAR Y P IRGR 1B AR5 R
Character Species Mean SD CV (%)
HH% kA Pinus tabuliformis 74.050" 5.733 7.742
Germination rate (%) Bk, P. densata 57.875° 13.699 23.670
ZFFA P. yunnanensis 54.143" 6.334 11.700
20114F8 H ({47 % WA P. tabuliformis 91.000° 7.139 7.845
Survival rate in Aug. 2011 (%) #lA P, densata 85.004% 12.249 14395
Z®MiFA P. yunnanensis 75.607" 11.341 15.000
20114E9 H M fR-A7 3% kA P. tabuliformis 89.450° 8.065 9.016
Survival rate in Sept. 2011 (%) Lk, P. densata 83.344% 11.890 14.266
ZFFA P. yunnanensis 74.179* 10.906 14.702
20114E11 H IR WA P. tabuliformis 88.425" 7.729 8.741
Survival rate in Nov. 2011 (%) # A P. densata 82.438" 11.560 14.023
ZMFA P. yunnanensis 73.393° 10.441 14.226
— AR BRA IR AR Wi P. tabuliformis 84.000° 7.916 9.424
Winter survival rate of one-year old seedling (%) sl P. densata 76.250° 10.873 14.260
ZFFA P. yunnanensis 67.714* 9.087 13.420
20124F10 H AR A7 2 WA P. tabuliformis 63.900° 9.769 15.288
Survival rate in Oct. 2012 (%) il P. densata 18.125° 30.381 167.619
ZFFA P. yunnanensis 0.143* 0.378 264.336
20114F11 (I ik P. tabuliformis 91.425° 4.033 4.411
Rate of bud-set in Nov. 2011 (%) Lk P. densata 70.906° 14.282 20,142
ZFFA P. yunnanensis 10.928* 20.478 187.390
20124E10 H B TR WA P. tabuliformis 81.900° 6.976 8.518
Rate of bud-set in Oct. 2012 (%) # kA P. densata 19.834° 35.432 178.643
Z~FIfA P. yunnanensis 0.000° 0.000 -
T LA ik P. tabuliformis 2.300° 6.845 297.609
Proportion of yellow seedlings (%) sl P. densata 0.406° 0.481 118.473
Z Bk P.yunnanensis 43.143 37.396 86.679
LRI iHi#a P. tabuliformis 54.350° 12.849 23.641
Proportion of green seedlings (%) Bl P. densata 20.688" 28.561 138.056
ZFEFA P, yunnanensis 8.500° 10.598 124.682
e LA kA P. tabuliformis 43.350° 13.838 31.922
Proportion of purple seedlings (%) Bk P. densata 78.844° 28.625 36.306
ZFFA P. yunnanensis 47.429° 34.942 73.672
H W2 P. tabuliformis 8.286° 1.242 14.989
Seedling height (cm) Eiks P. densata 7.763" 1.070 13.783
Z~FfA P, yunnanensis 6.363° 1.610 25.303
M 76 15 s P. tabuliformis 6.807° 1.351 19.847
Crown height of seedling (cm) Lk, P. densata 6.558° 0.987 15.050
ZFFA P. yunnanensis 5.140° 1.493 29.047
i JHES P tabuliformis 2.486° 0.124 4.988
Ground diameter (mm) il P. densata 2.003" 0.270 12.900
ZFEFA P, yunnanensis 2.501° 0.348 13.914

TR R 2 57 B 5 (p < 0.05).

Different letters indicate significant differences (p < 0.05).
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Table 3  Analysis of variance of 14 indices of the seedlings

RATE TR MCRAR R R L5 T I TIPER - 155

>

PR BI75 (A H1E) MS (df) Jj# 4y Component of variance (%)

Characters % 2H 1) il i) HEAAR A Bk 75 0 D2 A RN RZET
Among Among Within Residual Among Among Within  Residual
blocks species population blocks  species population

H 1 % 0.035 (3) 0.391(2)" 0.034(22)"  0.016 (72) 2290 33700 13690  50.320

Germination rate (%)

201148 A (117 % 0.146 (3)"  0.139(2)" 0.042(22) 0.025(72) 13270  8.040  11.530 67.150

Survival rate in Aug. 2011 (%)

201149 A [ A7 % 0.126 (3)" 0.135(2)" 0.041(22)° 0.024(72) 11630 8110  12.500 67.760

Survival rate in Sept. 2011 (%)

20114E11 H IPRAF R 0.147 (3)™  0.131(2)" 0.039 (22) 0.024(72) 13930  7.920  10.340 67.810

Survival rate in Nov. 2011 (%)

—AEA AR AE 2% Winter survival 0156 (3)”  0.220 (2)™ 0.034 (22) 0.023(72) 14610 15.500 7.900 61.990

rate of one-year old seedlings (%)

20124FE10 H IPRAF 2R 0.039 (3)" 3270 (2)" 0.134(22)"  0.014 (72) 0.640 70.830  19.530 9.000

Survival rate in Oct. 2012 (%)

20114E11 A fE TR 0.057 (3) 4761(2)" 0.083(22)°  0.043(72) 0.290  72.640 5140  21.930

Rate of bud-set in Nov. 2011 (%)

20124F10 H )3 TR 0.015 (3) 6.407 (2) ™ 0.168(22) ™  0.008 (72) 0.110 79.600  16.840 3.450

Rate of bud-set in Oct. 2012 (%)

B LA 0.014 (3) 1457 (2)" 0.131(22)"  0.039 (72) 0.000 39.700  22.490 38.800

Proportion of yellow seedlings (%)

218 L A3 0.063 (3) 1.867 (2)” 0.144 (22"  0.025(72) 1410 48260  27.520 22.810

Proportion of green seedlings (%)

Eqraall 0.063 (3) 1307 (2)" 0.243(22)"  0.026 (72) 1320 28.360  47.740 22.580

Proportion of purple seedlings (%)

v 141.950 (3)™ 252.240 (2)™ 66.330 (22)" 53.300(967) 6.870  7.860 15990  69.290

Seedling height (cm)

T e 161.720 (3)™ 198.700 (2)™ 64.300 (22) 56.070(967)  7.690  5.930  13.470 72.910

Crown height of seedling (cm)

iz 11.600 (3)™ 17.500 (2)™ 2.510(22)" 2.230 (967) 8.670  9.460 8.010 73.860

Ground diameter (mm)

*p<0.05; ** p<0.01.
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FIZE, M (r = —0.463, p < 0.01) M H M 5 4
FER IR 3 A5, R L BRI b AR 5 4 B A R &R
AR T0.2, ST X AT b A b B 25 R K B
(M REALAR e 2, R IRPR 5 26 JE A DGR BOR,
LR AR 1% 28 7 (3K5) .

FT AT A A b 55 48 B 1 e 00 M B o B
IR, BRI EL IR T Lu ) 55 20 8 S 0 B
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m £ L {5] Proportion of green seedlings (%)
o i LL {5 Proportion of purple seedlings (%)

PR ABHE A B I T4, B R34 & iR R B3 75. 50, 2577 774K
FE PR I 1) B R ek, A MR R A MR ) ) s AR fE A A
FIARAE LAA g KA S /ML AR AR B i, 2on AR R T 4575
M BOM 5525 H S BRI 150 o AR i R, R AR R T
HTSH LG 25 S BRI N3 R . R RIEL,

The rectangle region is the main part of the box-plot in the above chart. The three lines of
upper, middle and lower represent the 75th, 50th and 25th percentile value of the variables
respectively. The vertical line in the middle of the box-plot is the tentacles line. The upper
and lower ends of the line represent the maximum and minimum value of the variable
except singular value and extreme value. “-” represents the singular value; it means vari-
able value exceeds 1.5 times the difference between the 75th percentile and 25th percen-
tile. “x” represents the extreme value, it means variable value exceeds 3 times the
difference between the 75th percentile and 25th percentile. Populations see Table 1.

BEL B LA R BRAE RN AR ] A2 5 AR B e v 1 A B AR B AR AR AN ] il 18] A 57 14 45 T HEAR

Fig. 1 Box-plots of the 14 indices between populations and bar stacked chart of seedling color change among species in seedling stage.
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R4 LG RS BRI 0 B2 R AR G

Table 4 Pearson correlation analysis of the 11 adaptive indices at seedling stage

ERIN HHIR 201014 20114F  20114F  —4FZRpMRA 20124 20114F  20124F  BERETELHI St
Characters Germina-  8HI1 9H T 11H1 a4 10H ¥ 11LHB 10H ) Proportion Proportion
tionrate  f{Rffx  {fRAFHR TR Wintersur-  {RfF%R HITR  #HTixk  ofyellow of yellow
(%) Survival  Survival Survival  vivalrateof  Survival Rate of  Rate of Seedlings  seedling
rate in ratein ratein Nov. one-yearold ratein bud-setin bud-setin (%) (%)
Aug. 2011 Sept. 2011 2011 (%) seedlings  Oct. 2012 Nov. 2011 Oct. 2012
(%) (%) (*0) (%) (%) (%)
201148 H I IRA7 2 0.634™
Survival rate in Aug.
2011 (%)
201149 [ ffF% 0638 09917
Survival rate in Sept.
2011 (%)
20114E10 T fffAE % 0.6337 09917  0.998"
Survival rate in Nov.
2011 (%)
—EA AR R 0.667" 0.902" 0.906™ 0.901™
Winter survival rate of
one-year old seedlings
(%)
20124F10 1 fifr%  0.8627 05957 05917  0.589™ 0.729™
Survival rate in Oct.
2012 (%)
20114F11 H % 06167 05357 05297 05377 0.612" 0.769™
Rate of bud-set in Nov.
2011 (%)
20124F10 H A3 T % 0.869" 0.534™ 0.526™ 0.523" 0.662" 0.984™ 0.758"™
Rate of bud-set in Oct.
2012 (%)
F L Proportion of -0.268  -0.430°  -0.410"  -0.421° -0.451" 03777 -0.712"  -0.372
yellow seedlings (%)
ZE1 Ll Proportion of 0.859”  0.7057  0.683"  0.692” 0.716™ 0.865" 0674 -0859" -0.376
yellow seedlings (%)
Wi H Proportion of —0.573” 0292 0289  -0.288 -0.285 -0.486" -0.021 -0.485" -0503" -0.612"
purple seedlings (%)
*,p<0.05 ** p<0.01.
RS W14 FabR 5 M DR 7 2 9] () B2 2K MR 5G4 HT
Table 5 Pearson correlation between 14 indices and geographical factors at seedling stage
AR Character ZG /% Latitude %% Longitude W4k Elevation
H % Germination rate (%) 0.529” 0.508™ -0.414”
20114E8 H A7 % Survival rate in Aug. 2011 (%) 0.276 0.266 -0.106
20114F9 H {747 % Survival rate in Sept. 2011 (%) 0.266 0.246 -0.091
2011F 1L (9147 % Survival rate in Nov. 2011 (%) 0.263 0.247 -0.096
AEAETITA (A7 2% Winter survival rate of one-year old seedlings (%) 0.343 0.286 -0.098
20124710 H {472 Survival rate in Oct. 2012 (%) 0.783 0.699 -0.460
20114F11 H 933 11% Rate of bud-set in Nov. 2011 (%) 0.743 0.466 -0.148
2012410 H 193 5% Rate of bud-set in Oct. 2012 (%) 0.840 0.756 -0.538
T ELB Proportion of yellow seedlings (%) -0.463™ -0.212" -0.084
£E T A5 Proportion of green seedlings (%) 0.645" 0.649” -0.440"
LT LA Proportion of purple seedlings (%) -0.178 -0.416™ 0.494™
T Seedling height (cm) 0.212" 0.117" -0.104™
T Crown height of seedling (cm) 0.179" 0.077" -0.069"
1% Ground diameter (mm) 0.050 0.182" -0.232"

* p<0.05, ** p<0.0L
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GiAH A, Hoacdabndt) 54 B 8 2 s 2 2 10
o, Hir, MR 20124210 H I RA7 2. 20124
(R df T % S 2 1 L A9 5 8 (R A K R B L 10,5,
HARIEIR 5 4 FE A OC R HU{H 710.077-0.466 2 [H]
5T LGS R A 3K P AN 5 5 B AH DG PETRAR R 484,
LS RIEGA R

1A R, 20114010 & HARAES . BARAE
B BT K L) S AR AR OGRS, AH R
FRBUEAE0.08-0.152 1], FHARFEARN Sk 2 2
B A OGO R, EAT RIS, 20124210 H (1)
PRAT Z R EF T0R R R L) 5 v 1R A o6 R EUE
HRAHRTEL K, 439 hr = -0.460 (p < 0.01).r =-0.538

(p <0.01). r=0.494 (p<0.01).
3 g

31 3NMMIEMNAEETHHBEN Y REKEE
=5

EPREAE AERKREATRE ) EAE T A1)
EGTE, VFZ YT DA AT fa 252 KGR AR
b, AHAERR 7 27 RN &)y 1 B BOR IR B 225K 5 %]
(Grubb, 1997; Hobbs & Mooney, 1985). %7t A4 KAFIAT
TR RE A4S 75 FE R RE— Bl 73 (Campbell & Waser,
2007), BRItk GEREH W RAK TS H I IR E 2 e
S5 L2 AR L A0 el PR B SR N s ORE RO SR A
(Pinus sylvestris) [{IfF 57 3 1, FLRKRR % 2 B 1) 3 T
R EHFR 2 M PR B 1) 38 AR %5 DA ¢ (Nilsson &
Walfridsson, 1995; Hurme et al., 1997), 1AM {448
B RPEI R I, BRI th A 20 sl AR 2
e LA A0 s ZL B AN B B P LT, A DR A
[K1E H (Billings & Mooney, 1968; Day et al., 1996;
Singh, 1996:; Jifi“f: %%, 1998; Woodall & Steward,
1998), FEAT X i EE AN AL HH AT 280 e I A, 2 e O
PRI T2 —, JIT LA 6358 Tt 28 R0 i AR B8 A8 43X
PRANFEBR AR AN [RIAA M a] PRI A 22 5 o

Tl (1) A R0 HH 52 310 25 P A0 S 45 A il
FE K3 R LI b S5 A A DR ()5, 2
Al A 25 BB EAR 1K 7 ) (Heydecker, 1973; 5K
%it, 1985; Zhongshang, 1988). H:—4F 1 ik
R HE 52 5T W A8 A S DR DR A R AR B T e, B
L SR 5 O R (PR, M1 A At v P e
IRIER 5% 4 AN IR [H] (Harper et al., 1965) . A7
96 25 FA AA R v LA HH R AN 21)60%, 2 I T

RACTE: TR M HORAP AR L5 T (T IPIR - 159

Fao IKOY BRI AR BT A . =R AR A
X Bk 7edi, SRR s (BT, 2008; Mao & Wang,
2011), PR ZFIRAERE 4196 C. AR
4182.6% (K ERMAE, 2010), 114 H 4 726 AL AR 55 %
P, BT B R AL, AR ERA R, M
LG A2 00 A 5 SR pl T S, i S SR 1
S T L N 7 0 A N e a1 s
0 N AR ——F R4 A KR
B, AT B0 P A IO AR R R, DL
SEA A RRAC . m LA R T R T
AR Z A, ARG I, R B BB %
KRB 22, B T A KRR 7 b D5 i A 5%
b, T, i SRR ity A B R LR A e 1 R HL
oo e AR AR, IR T IEpHAI K YR 55
Jili(Mao & Wang, 2011), [Fitt, 80 s
HEII SR R W BE A2 2 7 ), S R AR S N 25
HHAEMG R HILZ R, M ELA LA T
FES R RS N7 b A Lo (3 R 3, KR HR
T RRIE SE S )y, PR, H % (74.05%) 3 T
FCARHAFl

—AEAE TS AR R ARG 25 R L — 3, 1)
A e, LA SR, SR RA R (K2). 72k
dithy, B2 H R AT A AR TE S0 2F DL 5
Y RIAE 2R T FE M (Jackson, 2009) . AH 5207 22 1]
B 5 5 H 4 PR A7 26 2 T8 A7 W% 2 25 1 15 AH K
KF (), 20114E (B T A Je T de e fl, il
AR, = FRA AT B> BB T, X5 AR AT
B AL A — 8. 2012410 H HIARAE R F0 3
TR A ok (22, K1), WA AR A7 R R TR
53 AIE 3 T 60%F180% LA L, Ry il kA ATy AR R
(MKpd) A1 EL (LXpd) P AR 1) B AR A7 5 R
Iy T ARHS LTI, ORAF 2 AN R 18%, 1M 2 P #2 11)
A3 LT 0, 3K 780 S5 e HH iR A e 1L b 4y
175 LR K HT A K i B T H AR AR B T RO E
BEAE R o T LA B A B AR T B (1 F b
R R BT LLE AR m LA e A
BRI S A ST o mE i

B A TR A A2 1A K AR, (] It
ARSEUF I A M B4 A AT IEAEK L — RS
B B EA S B PIR f A 2 ph ' B D) ) 4
FH R B 1T 5 1 & ) (Savolainen et al., 2004). %
PR (Larix gmelinii) FIAFFT B~ KOG Al (g 3
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WA AR A, BOGE SEAREIRAER, B
JSCT 25 AE ARHR (7 $R T, 1983). Ak — 4 424))
BT IO DLl A B (91.43%), = A B AIK
(10.93%), =i1lIFA(70.91%) ) o WA AE LA+
ARBETR, IR O TR E 3 L BRI R E T i
P 1 55 I 215K 2 F B I 8 T00 9 D4 22 4 8 A Al e e
ey A o R I AC A B A AR S, B T T
mr, NRKUUE H ISR I A, 2 R %
KB, N5 = B R F 45 1L E gz, BT
WAL, K2 H AR S A AR B TR
A F TS, H BAZR B B4 0 L
(43.14%) i 3A B Ah 2 B, m] AFEIN A AR B8 R TR
i H BT RELERE T MR i A, ARE T 2 mE R
TEATEMARAE T AR, AT A BB 1 4
TIER W R HLE], B R s T B 2
TREA N AR — R m A e AR A B
WA B R T, AR A B S i i 2 R, A
3 v LR T Ak TR vl A A B A B i BE A, HL
FaPE IR FEMUR, P AR EIH R Z ATE N,
TH A LA

B RN 2R, AW kA, St
ISR, B ERIF R . ST AR B0 AR
1o U A g5 (R 2, B Bk il RS SR L
(54.35%) fi i, 2~ P A B LA (43.14%) 3 i, iy
LA 28 1 LU A5 (78.84%) 85t i o 3D {EIX L6 4R bR E 1)
22 e A ) 42 s Wt e VTR R AR BT AN [ Y.
PEo FHEC SRR RIS AR, SRR AR ARSI A
ot ren P 40 P LU RIS i PR S T LUAG, 2954% 00 i
IELL AR R ILAR h, Z43% IR E, X
RWPKIE 7L T IR 45 S R AR S R 7 RS ERF
AR R TE 8 A KD AR A5 & A AR BIVE 3)), )%
BT B H %A BN Y R SE ;e AR T g AR
B, R TRTE I, SRR R
L T I A, 1A F43% 2 %, WIRTHTIR,
XA g 5 BRI B TR UG, BAML R Y
R MW A — N EEERF, Y FEEER K
PG R WOCHAT S GEH, EAMB(E T Rk
Je) ST IEIVE I R LU NN AE, 2009). 7E4K T L
% b, il kS (78.84%) % B R SE ALY, =R
(47.43%) s i Tt # (43.35%) . — MK, BAE
POME LR T, OGHABRBERG N, SRAMEST R, 4
LA A B AA AR BT S, R AN AN v i

www.plant-ecology.com

ABE AR, (R R T LA AR TR A i AR X
I 1R 8 A0 4 G A A5 1L A K 58 A 7 A 1)
Jop A FH SRR, DRI v L A8 e

R ) A K TR A B8 4 A L B s e B R 1) AR K
KRB o IR B AN ek i e 3B b T R K (E
AR5 41(2.49 mm) H 5 B KH 2 F A (2.50 mm) TG
WEF, XA T A ARSI R WL,
JEE L IR A Sl A AR PR 72 R A RN ZE R
A HT AR B B RO GG E & & AR 2R 3,
AT T A5 45 12 A ol &)y 1 1100 2 K R R 5 At A A
PEFPELUT s 2 B A (00 1 v R ek e gD, (E AR g
K, IXATHE A T 2 B A 2 B A 7 B /K o v e
Tk, AL AR BT PR BEAL . BN TR (R,
2008), 1 ) Ak B bl AR B A (7K T s SR T
ZHMPPDCEE, B0 K K EZH, [
I, 7Ky 5 et A 45 2 e A4 T R IR AR &R,
DAHRHC H s i R B S5 AR, A e T = r
FATIAEIE %
32 HEBSEFIIMEMMEREKEZ BRI

ZRE L 4 BRI 3AN RS D R 4G TR
MR CHAEE 2 IR B R 7 R F Ak, TR A
PRA S AR KR 77 A R2 0 . Mao MTWang
(2022)5%F ey L AR R AE BE I BIF IR W, 3P 8]
SRAET RIS E, RIEKH. 13, KX
FURBHAR SR 7, H5 412 Rl ol 528 32, - H.
L3R A XA 5. 5T SRSk S
SRR TR O OC R AT LR e 3R 2 AN R AR
TE N PE SR AR R AR AR bR 3R A 48 25 81
(R A S, (AR 3 By ) (AR S AN, AT
TEIEH 710 B AT, TS AR E T W EJR
R I A S, IX R AR St S B b s T %
H ARG TR AR sk R, Y
— /N R AR BRARC TR T R )R A
B L LA T 2 A B R A B A . DR R
FALERS, FBE 1SR 5 K AR 7 A5
PSRN, T3 T3NS A AR
br b 2E s Hor, KA R B 20 Sl 52 i e 1L
2 B RA BT R R TR 1) R R 3R, it
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AT EST PN
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