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Abstract: [Objective] Birch is an important ornamental and timber tree species in northern China.
However, new germplasm combining dissected-leaf and purple-leaf traits is currently lacking, which restricts
the breeding of ornamental-timber dual-purpose cultivars. This study aimed to create new dissected-leaf
purple birch germplasm and to reveal the segregation patterns of dissected-leaf and purple-leaf traits in
backcross progenies, as well as their relationships with growth traits. [Method] The F, population was
obtained by crossing the dissected-leaf green cultivar ‘Dalecarlica’ (Betula pendula ‘Dalecarlica’) as the
female parent with the normal-leaf purple cultivar ‘Purple Rain’ (Betula pendula ‘Purple Rain’) as the male
parent. Superior individuals with normal-leaf purple traits were then selected from the F; population and
backcrossed with the female parent to establish the BC, segregating population. The progenies were
evaluated for leaf shape, leaf color, and growth traits. Chi-square tests and linkage analyses were performed
to detect segregation distortion and genetic linkage. The dynamic trade-off between purple-leaf traits and
growth was analyzed using a Logistic growth model. Family heritability was estimated, and multi-trait
comprehensive evaluation of superior germplasm was conducted using membership functions combined
with the entropy weight method. [Result] (1) The target phenotype combining dissected leaves and purple
leaves was successfully obtained in the BC, population, with a frequency of 26.01%. Phenotypic segregation
in 66.67% of the families deviated significantly from the expected Mendelian ratio of 1:1:1:1 (P < 0.05), and
the green-leaf phenotype was completely absent in two families. Linkage analysis showed significant linkage
signals between the leaf-shape and leaf-color genes in families f3, 4, {7, and f10, with recombination
frequencies ranging from 37.11% to 44.73% and an average of 42.16%, indicating weak linkage. (2) The
purple-leaf trait showed a negative correlation trend with plant height growth, suggesting a possible resource
allocation trade-off between anthocyanin accumulation and growth. The family heritability of the purple-leaf
trait, represented by anthocyanin content index, was as high as 97.91%-98.97%, while the heritability of
plant height among different phenotypic groups ranged from 74.31% to 90.47%, indicating strong potential
for efficient directional breeding. (3) Through multi-trait comprehensive evaluation, three types of superior
germplasm were selected from the backcross population, namely fast-growing, highly ornamental, and
growth-ornamental balanced types. [Conclusion] Backcross breeding can effectively combine the dissected-
leaf and purple-leaf traits in birch. In the BC, population, the two traits exhibited segregation distortion and
weak linkage, and a dynamic trade-off was observed between the purple-leaf trait and growth. The
comprehensive evaluation system established in this study, based on genetic segregation, growth
performance, and ornamental traits, provides germplasm resources and an evaluation framework for the
breeding of new birch cultivars with both ornamental and timber value.

Key words: Betula pendula; ornamental-timber dual-purpose tree species; backcross breeding; phenotypic

segregation; family heritability; family selection; purple leaf trait; multi-trait comprehensive evaluation

WK 9N A8 (Betula pendula) PR 38 A= P 58 A2 45
TN BRAFE RSO R, 2R
A& 4 R 5 el PR 4 A 1 AR R D GRS, AR EROW
BT 7 SR FF S, A R R 5 SR
()R ARS ST b i AT A ik =, RO 1) ) e EL AR R I T 5
R €0 (R AR ST ot ol 8 =4 IR ot G103 1) B
BT R,

LA B 1 MR Bl 248 (B, pendula
‘Dalecarlica’) M Jy I Z IR FE SR 5> 22, v 22487 I
MM B SO R O S W = F B, =2 IR T AR %
THRIE RS . AU, RN R ZAK
E B AL BpPINT 4%, DNA 3L z1f 5

Aux/IAA FIFEHE R FRIE L [F 2 5 AR e 1) e,
LI HME(B. pendula ‘Purple Rain’) Al BT M RIfEH &
BRI E LA A, AN T MR E B 5
P2 B, H 2 AP SIEE R A RO B 8 5L K
(ANS. UFGT %)) FRIEF G, H BpMYB113 #%
ST 31 CHH R A0 AS 4 ) 3@ i 1 4% 1 Ui
R B EE =R,

R B AR T R R DL R L4 2 5 4 iR
P e NN A =S ER NIRRT DN
OFERG: — 2 AT B, 2R, R 5 5
WML I E BB ZE R, B T HEDLSE
FR A AZ RO R BME B R, A TIER R, Rt



144 b mw # kK % R

548 4

YRR 52 2 1 2[R P #%4il) (‘Purple Rain’ 2 [K| Y BB
Pp), A5 R BT 75 B4l A S5 AL L R bb; TR
PR T B 4l5 bb J7 7] 1A (‘Dalecarlica’ 2 K Y
9 bb pp), AN BAE PRI R D, AR AR
RIS Fy ARIERI LA Bb Pp, (N FeRIE R,
PR DR 2 AR S TR VR B B, AN BAL ML L R 1] T
PYCER N S

IR EIRE AR, SR 5 i RO
BRI 1 A, AW T 3 BB A M T R
— RIS fe IR E S N T8, PLDalecarlica’
NEEAR, ‘Purple Rain” N XA JAZ AN F Bk — 2
1G4 Fy AR SR IR AR 8 SRR W AR LA, 5B
K ‘Dalecarlica’ [F] 22 #4 # BC, 43 & Bk, =& T4
K5 W EAMREE S VA, £ BC, BEAK o € [n) i i
4 PR AR (MO0 e 2K R, LU g et A 545
b AP B AR O R S BOR S

1 MBS 7

1.1 RS

AR SR AR 5 5 M E HE T AR AL AR R
A R R I H A X b 78] (45°43'N, 126°38'E). %
X I AE SR 5.6 °C, FEH %K B 569.1 mm, TG
1 168 d.

Fy AR R 8 1 T R b Aol K 28 L L S 56 Ak
% 3 51 H (45°17'N, 127°31'E), E¥WS IR 2.4 C,
FEIPEIKEZ) 700 mm, JoAEHH 120 d, 3R ANEE
KR,

BC, E &M1& 1 MR AR AR R ALpoll oK%
PR R A 2 b SR PN 2R 4T
1.2 [E% BC, Bkt

2015 4F, LA gk it 5 B Dalecarlica’ (3 [5 Y
bb pp) ABEAR TE 5 4K H 5 R Purple Rain’ (A
BB Pp) NRABAT N T8, K13 F ARHE K. Hrh,
R R IE R BN Bb Pp, S0 BRRIEIR B BD pp.

2023 4 4 H, M F ARE MR R g8t 5
KA Bb Pp) HE AR P Ak e« 5 T30 L I IEAE e B0
BT ARG . B OUARAE: BRSO T F) R R
EHG0m); ETHMEERM 4 56117 E, ER = 4
SrGREEICE D ML T HE = 100 Mk, LURIE
FeRACH B T AR . ks Lk bR, JLimik
12 AMIE B3R (ZP1 ~ ZP12)AE N B A A2 A, Hobk i
439N ZP1(5.8 m). ZP2(6.2 m). ZP3(6.0 m). ZP4
(5.8 m)+ ZP5(5.3 m). ZP6(5.5 m). ZP7(5.3 m). ZP8

(5.5 m), ZP9(6.0 m). ZP10(6.2 m). ZP11(6.1 m).

ZP12(5.5 m). FTA Nk sk i kEAE iy 2= ) KT
100 N4k, ETIEEFEYAN 4 5 (&), F LR

PR EIME R 5.0 mo [FICHEAMERFEIE 1 Fis.
1.3 REPESEHSTHIE

2023 4E 7 H, f§ 124 BC, KR (IS5 fl ~f12)
Fh ¥ G, B R EL 400 Kifh1, 3&FhT 40 cm x
40 cm [ 25 LB B H, B HEEIL Ve 1 Vi -
Viggron = 21201 Fetllo FEGITE I 3 ~ 4 FF, 2350
A S, 4 BB CGEMERM Lz, 2rant L.
IR Zy IR H SR Bp) I BRI 4 55 L5 R
110101, SR R D R 0 56 11 S o W 4 5 2 48 L 43
IR E(Af =3, * < 7.815 NFFE).

ik — 5 W E M (B/b) 5 2 (P/p) FE K] 1A] 1
BERORR, THEIEM R ITE G ) B A Vi)

2
2= (PS R)

(M

R
Vi = ¢ x 100% Q)

A P OSRA RN S R e + 2 2nt),
RONFEAA RSB LT S0 + 5K, S 04
KRBHRE 24 2 >3.841 (P<0.05) B, 52 Bt
FER BB o ACHAE Vi He AL A EIBE AL M
14 RXABREHESHNE

2024 48 5 7, M\ 4 Tl R b 7 il e BUAE K
— SRR, BRI 4R 19 em. 5 18 em FIFERE

o

P HMHE(Q) (bbpp) E0HHE(3) (BBPp)
v x @

Lt (Bb Pp) l H¥E (Bbpp)

L S

______________________________

o

e (Q) (bbpp)  FlMHE (3) (BbPp)

BC, * X ‘

Zem- e (LZ) Z4mHE (L) l ke (Z) [k (Bp)
(bbPp) (bbpp) (BbPp) (Bbpp)

v v 6 6

S

1 R SR A A 50 I Iml 52 7R 7

Fig. 1 Schematic representation of the hybridization and backcrossing
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Tab. 1 Segregation and linkage analysis of leaf shape and color traits in backcross families
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Tab.2 Variance analysis and genetic parameters of main traits in different phenotypes
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A%/ mm 17.428 <0.000 83.35 11.24+2.14 9.94
PRI M E R /em? 6.476 <0.000 82.97 24.37+9.10 30.21
SPAD{H 3.279 0.001 66.37 24.86 + 3.84 3.83
e 13.756 <0.000 80.75 115.47 +23.95 9.89
A%/ mm 5.432 <0.000 64.82 9.57+ 1.64 5.16
EHEH(2) A em? 5.565 <0.000 77.99 3348 £8.94 9.08
SPADfH 2.534 0.004 59.09 32.17 +2.68 1.78
ACI 101.961 <0.000 98.97 12.18 £ 4.83 34.56
P/em 6.582 <0.000 74.31 93.76 + 22.62 8.49
A%/ mm 4.071 <0.000 54.14 8.39 + 1.65 4.78
U2 (LZ) I EF/em? 5.588 <0.000 80.63 17.52 £5.49 10.93
SPAD{H 3.838 <0.000 72.61 32.76 £3.76 327
ACI 49.967 <0.000 97.91 10.50 +3.21 23.85

E: SPADE AR M SR AN & 1, ACDHIET R EIRH FIEL. PEIVTZSHTER,

(R*=0.983, P <0.01), X% B 1Z A5 A GE A 2 H 1A A
W EAEKE. ARARRRATRAEKSH
% 3.

£ Bp KX &, Bp2 FRIMA A, HEL A&
(173.92 cm) 5 A4 1124 H 35 K (3.08 em/d) 33 J& [4]
KREFRZENL, WA S A B B (58 17533 K)o LK
ZH, L2 5 L4 ARKRFHBIHE, Hh L2 i A4 -
1 H 38K B (2,80 em/d), L4 1B 8 55 Kk o o 1o
(157.39 cm). Z K &, 72 H it i Kk 1 (139.64
em) 5 3 A P2 H 1K (2.09 en/d) ) 8 35 = T
flt Z KK R LZ K RZH, Lz4 &K ) fcfE (BLig
R R 11118 em, AT HIEK 1.66 cm/d) .
24 HZAEEMBERRREMNERE

KA BOESS &R B R EEN Z AR RHT
PRZGEE VI . IR EFERZR, BX RSN
2R 2B (Bps L) 5 8 2K (Z, L2 43 mll 34T AT
SRR LA K B0 B T E AR, TR bR #E 2R
B35 = 0.85; FH BB FWIA K 5 W E IR, 5
WFRUE NGB = 0.60. FERRRANEEED
KT s FIE 4,

gpm B, Bp2 5 L2 B2 MR AN, A K
PERFILGH, AT A B AR o 2R, 72,
LZ2 5 LZ4 3L 3 MR A NE, H LZ2 AEK-U

BRI, 22 5 LZ4 NAEKARARIFR . Ak,
77 5 LZ7 BEE1S 0 BUK, HH ACI 73 5k 22.64
A1 16.23, 3 T R R REAR A, v AR g 5 Y
P T FOUM AL E .
3 9t gin
3.1 MESHaMERS B RSN R

AR T 12 AN IR 20 (Bb Pp) AR 5L
-2 (bb pp) BEA[FIAE, BRIV 3R1F 2445 (bb Pp)
HARRA, HIR N 26.01%, I 52 0] 22 & Fh 5 0%
AT RGP TR 8 A L o AR o R ST st
fEsefd, WARET SRS T 2L, 4 PRI
ELR A 101011050, RTT, 66.67% IS 245 55 L i 2
TR B BESTI, Horb 9. f11 KRG R 52 4 B2k,
FAAEAE E o fl /R I A A %

SRS B LA 1 T BE R 2L RE T A
B DR 1 25 R AR S U710 ] R B A AB MR A5 115200 AR
W T8 R 5 A58 o, 78 HEBR B i A 23 25 5K &R I
L E S R TEE R RS, 3. 4, 7 & 10 K
RAFAE & B A (P < 0.05), 28 #4843 A 4E
37.11% ~ 44.73% 2 1], V358t 4% I BE 2 42.16 cM.
Z B R O I 50 oM, i B TR R R (B/b) 5 i £,
K (P/p) 2 18] A S5 R . X P9I A S H 2
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Tab.3 Logistic growth models and fast-growth period parameters of plant height for each family

3 BREKRSH Logistic BRI R EA RS

\ BEEE LB K
HER2ER XA f(jﬁjjni R K HEMIE  HAMSOR EKE THEMK  SENEmE
AT ) T (4D (AHD/em  (ADG)/(em-d™)  LLZ(RRA)
Bpl 153.20bc 181.33abc  0.990 8 164.33abced 198.67ab 87.70ab 2.56bc 0.57ab
Bp2 173.92a 175.33¢ 0.988 7 160.00d 191.00a 92.19a 3.08a 0.52b
Bp3 129.77d 182.33abc  0.9872 163.67cd 201.00ab 76.06b 2.04d 0.58a
Bp4 165.47ab 184.33ab 0.983 8 166.67abc 201.67a 95.87a 2.74ab 0.57ab
Bp5 133.97cd 178.33bc 09840 160.33d 195.67ab 77.20b 2.19¢d 0.58ab
IEH 2R (Bp)
Bp6 151.07bc 181.67abc  0.9879 164.00bcd 199.33ab 87.70ab 2.48bc 0.58ab
Bp7 147.80bcd 184.00ab 0.989 7 165.67abed 202.33a 85.95ab 2.35bed 0.58ab
Bp8 144.90cd 188.00a 0.9934  170.00a 206.00a 85.23ab 2.37bcd 0.58ab
Bpl10 146.43bcd 187.33a 0.994 3 169.67ab 204.67a 85.49ab 2.43bcd 0.58ab
Bpl2 142.40cd 182.00abc  0.9844  163.00cd 201.00ab 82.71ab 2.18cd 0.58ab
L1 124.79d 181.67ab 0.9912 164.33ab 199.00ab 72.53¢ 2.09¢cd 0.58a
L2 154.96ab 178.00ab 0.9852 162.00ab 193.67ab 88.43a 2.80a 0.58ab
L3 119.40d 179.00ab 0.984 1 161.33b 196.67ab 69.30c 1.96de 0.58a
L4 157.39a 181.00ab 0.990 5 164.33ab 198.00ab 89.44a 2.68a 0.58ab
L5 136.20cd 181.67ab 0.9857 163.33ab 200.33a 78.14abc 2.11cd 0.57ab
Bt ARt (L) L6 148.30abc 183.00a 0.9859 163.67ab 202.33a 86.37ab 2.23bc 0.58ab
L7 155.03ab 183.33a 0.9894  164.33ab 201.67a 90.15a 2.42b 0.58ab
L8 137.07bed 185.00a 0.992 1 167.00a 202.67a 80.01abc 2.24bc 0.58ab
L10 97.83¢ 175.00b 0.9920 161.00b 189.33b 52.61d 1.82e¢ 0.52b
L12 127.57d 181.67ab 0.9859 162.33ab 201.00a 74.29bc¢ 1.92de 0.58ab
Z1 106.67¢ 184.67a 09919 166.33a 202.67ab 61.97cd 1.71de 0.58a
72 139.64a 186.67a 0.9872 166.33a 205.67a 81.97a 2.09a 0.58a
73 113.93bc 186.67a 0.993 4 168.33a 205.00a 66.35bcd 1.81abcde 0.58a
74 123.79abc 184.33a 0.990 0 166.33a 202.33ab 73.75abc 2.04ab 0.58a
75 131.00ab 184.33a 0.989 0 165.33a 203.33ab 76.15ab 2.0labc 0.58a
76 106.90c 176.67b 09855 159.00b 194.00b 57.52d 1.66de 0.51b
BRI (Z) z7 86.70d 160.67¢ 0.9930 152.00c 170.67¢c 34.95¢ 1.95abed 0.36¢
78 108.27¢ 183.00a 0.990 0 163.67a 202.67ab 63.06cd 1.62¢ 0.58a
Z9 116.77bc 184.67a 0.991 8 166.33a 203.00ab 67.73bcd 1.85abcde 0.57a
Z10 117.83bc 187.00a 0.989 3 167.33a 207.00a 68.90bcd 1.73cde 0.58a
Z11 116.17bc 185.33a 0.991 8 166.33a 204.33ab 68.20bcd 1.79bcde 0.58a
Z12 118.23bc 185.67a 0.9889 166.00a 205.00a 69.40bcd 1.78bcde 0.58a
LZ1 80.01e 179.00a 09930 163.33a 195.33b 42.47de 1.34b 0.51a
LZ2 103.21ab 186.00a 0.990 8 167.00a 204.33ab 60.12ab 1.61ab 0.58a
LZ3 95.47bed 184.00a 09933 166.33a 202.00ab 55.38abc 1.55ab 0.58a
LZ4 111.18a 187.00a 09910 167.00a 206.33a 65.43a 1.66a 0.58a
LZ5 100.67abc 184.67a 09915 165.67a 204.00ab 59.00ab 1.54ab 0.58a
LZ6 94.00bcde  164.67b 0.9929 152.00b 178.00c 42.81de 1.65a 0.40b
(L) LZ7 83.83de 161.33b 0.993 4 152.00b 172.00c 34.64¢ 1.79a 0.37b
LZ8 85.93cde 185.67a 0.993 7 167.00a 204.00ab 50.12bcd 1.35b 0.58a
LZ9 95.23bcde  182.33a 0.9932 167.00a 204.00ab 50.12bcd 1.35b 0.58a
LZ10 97.50abcd  185.33a 0.992 6 166.00a 201.67ab 55.20abc 1.54ab 0.58a
LZ11 80.20e 183.33a 0.9950 166.00a 203.67ab 56.67abc 1.50ab 0.58a
LZ12 98.20abcd  180.33a 0.993 7 166.00a 200.67ab 46.47cd 1.35b 0.58a

VE: [R5 B 5 AN R 78R /R 4 Duncan’ sy I8 E0.05 /K P 2 7 B3 .
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Tab. 4 Phenotypically superior families selected based on comprehensive scores

MeR 27 K& AR5 He4 FERFA
13 2xi (Bp) Bp2 0.894 1 A (R R173.92 em, H1#3.08 cm/d)
gt (L) L2 0.901 1 A (B 1154.96 cm, H#92.80 cm/d)
B (2) 72 0.602 1 A KA B (B 11139.64 cm, ACI9.72)
LZ2 0.719 1 K- FE P Y
g (L2 N
Lz4 0.675 2 AR RE111.18 cm)

T R RROL S & SR R Bt AT 2 MEIRGE A PR . 20288 (Bp., L BUEKE A O B B FR, M ERE(Z, LOFMBAEK SWEER. 46

POy ZE T AR SRR B8 B (5 OB A S A5 Y

Gl AR 2 B b 22, TGV S B TR SR I 1
AR ity A 53 B CAn S R Y S8 AR Ak ) o IR, A 20 55
() 32 B R AT ik 88 A F B R I it 415
MR

DNA FH JE {4 1 4% 5 (R 3% 0K 1 1% 0 3R WAL
A Fr AT AR B, BRI I HE BpMYB113 )5 8))
T IX CHH & AL R IE, FBUERMRAL; &
AL USR8, IKBhAE T RAR R, i e 2
I (Raphanus sativus) W IR S UEP . AHE 5T, £3,
7. £8. 9. f11 XA R % & b2 2 s, Hoh
ZP9. ZP11 XA SR AR 2 231K 100% . HE LAE,
ZP9. ZP11 Ha itk p SRR E 3T X kA H K %
HJEAK, TE A Th e 3R 19 A0 9 L S S ], A T 2480 2
PE P AL B M D) REBE LT 2 A . A LEHLE %
S, ARG P A T RE B AR T 3R A BB S5
ERAE M T BPMbP), 58K bp L T44
J&, TAAAE P 4 Bb PpCIE & 48O A bb Pp(
M), TEIETE R pp BLERHAMA .

HETH R Bt (M B2 )5 Bk %
W I8 A8 A% 1 1) T — 2, (R B AR IR 4 WL Cn
BpMYB113 JA 3l FIX i) CHH H FEAIR ) i 7 ik —
IR . JiF 22T 3@ ok 4 5 R A B AL (WGBS)
B F FEAL R 7 PCROMISP) XA 3 i 43 85 K R QA
(1) BpoMYB113 J& 2 X F B 4k K P 3547 B 4 A il
DAVEAL b i it (1) & BRA: o

KT BpMYB113 5426 I C R : B4 =
SRR B RS RA RERY. (5%
R SIMYB113 WIS 4 R A L R SstURODP,
$&78 MYB113 DIReAAAEVIF 04k o B A Bt 5
I SR BB R E R, MOFEAR TR E
IR BRI RBE(Z + LZ)SPAD {H(32.46 £ 1104 % 2
T4 28 (Bp + L)(23.85+ 1.53)(P < 0.01). i%
SR EEH ZMEDCEER M IURART . 4546 30k,
DU T B S R AL : (1% B sk fid 2 &t 36 1 1A
PAZEFRR A R 7 GBI D s ()R8 AE Kl %
B, BRI Z 400 T, (HEERE S B R R

s GOAAEHERS BpMYB113 7E e th IR 4748 2548
IE R R RTRE, (BB EEEYS . 48 1, BpMYB113
X HERS I R 1 AR T e o 32, 5 g
AT BE DA R FE A o 3, (R 25 SPAD W T+
PENAFAE R /R I ER R o AR d ChIP-
qPCR. W BE LA AZ BN R R & RGPt —
IO IE
32 ERKEUEMRONEXR

1675 2 0 ARG 5 T HE KB R TN R T A
ATP 5 NADPH, S5 E I LK E SR R 164,
FEAE SR A KB B (AR B 540 e BLAE
BN, 3K — R AEAE 2R A 2 R A B B A AT )
ARSI, RS R EOR, R R A Kt
MRERFEZRRERZEMMCHENEKES
ACIL: = —0.513, P < 0.05): L KR A K & 72 ¥k
(139.64 cm) H# A B AE K 5 (81.97 cem) P B & = T
KBELIME, 5 ACIC. 72K F 2K BE K {E (12.18);
MW B AL R & 27, LZ7 (1) ACL 4y 5135 22.64
16.23, & m THREMME, (AHES . #ERAKE
B A . R 4 AR SE T RRI A ME SR R S
7R A K B A AE B B 1) R A B b 98

GG SO T AR, R R AR A A
A AL AR 7 R A(30.21%), H &K %
W0 AR (ACD I K R i84% Jy ik 98.97%(2)
F197.919%(LZ), 3B 52 i s AL 45 ], e e BLpR
BRI, 5 82 Fhob T ad s i i USSR R
RS R R, AR AL, ZiREK S
B BRI R o, S B OIR 5 AR KR
rE e R o 7ESEBRE MR, 7 ARE B 3 5
7 B bR MR Sl TR SRR E, AT ek iR
B ACT I B R R R (G0 27, LZ7) FAM -5 S
REAEE, MR E SR K S O RR R TR
FHUNLZ2.
33 BEMRREMIASE A=

AW I L) N AR A2 B ] Fy— Bl A2 )
BC, 7 BB —Z MRS G VP 2 R k™ & ok
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W, BT SEBL T BRI AR 5 S R RO B AR
(AL R A, BC) B H bRk 48 it 22 24t 40
ik 26.01%. @I JE R BUE L A RBUE R 2 IR
LEETEM IR R, ARHFFM 4 FhR B ik 5 AN
SR R SRR, NESAETIR R 2 AN(Bp2. L2);
KRR, NIEAERKRARK R 2 /1N (22, LZD.
ARK-EPERIR R 1 N(LZD) . thAh, 27 5 127
BEEEF 0 RISTHESRHE, (A ACI 235 5 T K8
B, BRI EANE, IR A sl # A Mo A
THRMM TR o

AW FETIGE I 3 S o e AR 2 s
L AR KB A D AT S (R b S 3
JRERIES. BEERMNE, ST RN KR
AFAETEAE BAGE A A A R SR ARG I (7] R, 0 0 58
T A B R I M T RE w55 o J5 SR R T R IS AU X
Z e ig, 5t AEIBR AR ITFM A F XK
R TE RN, o St F 0 X S A ) 5 R e
JE SRR AR .

4 % P

A LAZRE I S5 I 0 AR I 55 1 RO M A o
A, W B A B RS TR SRR RS, 18
N T HERHEIR 038 4% 23 BERHIE X 5 A KRS O &,
e 2 AR AT . R BB LUT 3 A

(DEZE BC, #EAA B D3R 13 22 H bk
R, IR N 26.01%, 1UE S [R]AZ 5 i AT SEEL R
& PRREE RS

(2)66.67% 15 Z 32 24 43 25 L0 Wi 35 i 25 o 7K
11101 FAB I (P < 0.05), Hirb 9, fl1 K R5%E4
B R SRt R A I i € 35 TR [R) A7 AR 55 B 3
ZHAE 42.16%)

(3) BRI MbR 5 0k o A KA AE WU o0 B LA : 2E
KA K R 22Kk 139.64 cm, 1E7 & & mIEH
ACIL N 9.7 55 MFE K F 27, LZT(ACI K 22.64.
16.23, ke 5 2 A (RO FEZ ot Ll o JE I 22 IR E5 AT
i, 9 3% 3 AR 7 (Bp2. L2 Z2. LZ4). W B A
(Z7+ LZD A K- - B (LZ2)3 KR 7 M,
R BR P 1 HE R B —FH 4 e F A8 i Pk & SR AR O
AL

5 X X W
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