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Abstract: Datong County in Qinghai Province is located in the transition zone between the Qinghai-Tibet Plateau and the
Loess Plateau, this area is known as the “ Water Tower of Xining” , holding a significant ecological status. Maintaining the
good health status of the secondary forest of the main pioneer tree species Betula platyphylla in this area is conducive to
giving full play to its water conservation function and is of great significance for maintaining regional water resource security.
Given the complexity and multi-factorial nature of the degradation phenomena in this region. The purpose of this study was to
evaluate the health status of Betula platyphylla secondary forests with varying densities in Datong County, Qinghai Province,
and to reveal the main influencing factors, thereby provide a scientific basis for the restoration and reconstruction of

degraded natural forests. To this end, the four latent variables-productivity, soil quality, stand structure, and system
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stability — as well as 18 observable variables were selected as forest health assessment indicators, and the weights of the
assessment indicators were calculated using validated factor analysis (CFA), based on which the composite scores of the
health of stands with different densities were calculated. The results showed that the standardized path coefficients of the four
latent variables on forest health were 0.74, 0.90, 0.09, and 0.70, respectively, and all reached the significant level. The
weight analysis showed that soil quality had the highest combined weight (0.3704) , followed by productivity (0.3045) and
system stability (0.2880), while stand structure had a relatively low weight (0.0371). The study shows that soil quality
directly affects the water and nutrient absorption capacity of the stand, and it is the foundation for maintaining stand stability
and productivity. By analyzing the forest health composite scores of stands with different densities, it was found that the
composite scores of sample plots with densities in the range of 300—500 plant/hm’® were the highest, which were
significantly better than those of other density intervals; too high density (more than 800 plants/hm’) resulted in lower
health scores, mainly due to intensified resource competition, which restricted tree growth and contributed to an increase in
forest pests and diseases. Overall, maintaining a moderate and reasonable stand density (300—500 plants/hm®) in the
secondary forest of Betula platyphylla can effectively maintain its soil quality and productivity, and thus maintain a better
level of stand health. This provides an important reference for future forest management and ecological restoration work ,

especially in terms of forest restoration and density control.

Key Words:; forest health assessment; structural equation model; confirmatory factor analysis; Betula platyphylla Suk

secondary forest

MR IR R EENESRGEZ —" SR K bR IR KR AR5 ) 2R S5 2 R R 55 Th
RED R A R AR M E S R A BEBIIETE 0 RAEH 2R IR 55 DRk . FRIEK SRR A B, R HORPEIL T
REALTFRMX Y AR T E KRR IR A KR | IRy BT S M E O Rk, R4S
AN AR TR AR A R B BAT 0 S

ARMRAGE VT 2 BRI LBk PR B 7 OCHEE T, B — Bl R R R G R ikt AT bR
A P SR A BT T WA AR BRI UV TE R 18], 35 Bl o & PR B TR, oAbk o) 25
F AR 2 B

UEARN S5 K FRAR R (SEM) B HLZR G 40 W RE T F 2552 B R LI bR L R 58, SEM AU fift
P IR MR A R DAL ) ) DG TR R A PPN R R A0 5 s . B BB A Vi T 4 7 O 2 6 5 P A AR
A R OC AR AL B 220 o [) 52 % W 38 BLAE ), 3 A% 48 D7 YA A LKA RN 22 AL 2 M AR B Y AN
SRR GG AR PN 7 AR R TR R B A R A TR AR R A K R AR T 3
Bilt SCHRF  ABAE RS2 2 S R GENAAAE I R BR A . 33X B8 07 VAR & ZE 20 90 X 48 R AR, A7 72 EWLPE SR A 7]
R, [7) I 25 55 22 WA s ) AR EC R ), T3k 4 T S AR 28 R G S SRR AR L SEM B A,k 7 IRk 28 i) 5
POt TR IR TS . SEGINEM, BRI Z K TR G 3 i 288 AR 5 (8] 38 58 0C 2R DL R il PR R AR
U7 T JEE I R OB T AE AR VPR AR I B DR 22 I 1 00 T AR BB B, (8 hn A i o B L R ek
A" SEM ZEAWRST Hh i, 28 Hh AR B2 2 AR S RGN TP T T, R R SEAR SE RIS S 45 25 e 0
A B

T 1A JRE L5 DA 118 5l A 5 e it 5 e e D A ek A A AN L W B e T KB Y
5. FIME( Betula platyphylla ( Carl.) Suk.) ZEAR A iZ 3 X 32285 R AR R A= AR S X8 P /K P50 57 D RE & H5 1Y
FEMIPRBL NN B T2 M D5 LR AR 2 R, FIMRSEARTCES B AR BT, a2 fs i R 2R 1k, iR
TINS5 Z VN Z R B AC R AL G ARARAG B VE I 12 X LA 4 T RN R A M 73 A = 2852 e R 23R S HAR LG &R
PRI, 0 AR AEAMRIR A IR G , A SCR TS5 H 5 RS 8 Jr ik VPO 75 1 4 3l B 1) U ME R A bR I, 2585 % 18 4%
FRERIZE MR AR AT MRS (R FRRARTOL , O il Rk A 4 BN AR B S BRI 1 o cdis

http ; //www.ecologica.cn



12 4 FESC AR TR DT AR I A AU A MR R PP A —— LA R B 52 P T 3 B 3

1 HREHER

AR S RO T 77 T8 P T T R B 5 R (1] 1) S BAR AR AR 28 100°51'—101°56", L 46 36°
43'—37°23" BT R g ORI BT - e G A d AT R IR TE 2280—4622 m, PR K K 506
mm/a ZEA7 SRR 0—6 °C . RIEE R BRI R W 24 G s st £ LA - RS A
TR 4 IR AN A AR e JEUORRE R U X B SRR T, R AR A AL 55 ¥ 242 (Picea
crassifolia Kom) \FAME 54 ( Populus cathayana Rehder) A3 [FIAA ( Juniperus przewalskii Carriere ) FIAEICTE A2
( Larix principis-rupprechtii Mayr) . WEAR)Z 2 /NBE ( Berberis L.) 484 ( Dasiphora fruticosa (L.) Rydb.) 5§
M, FA)ZE FEBRYA P E ( Elymus dahuricus Turcz. ) F13F 5%; ( Fragaria vesca L.) %,

>z

' WHEHR/m
} . 4601
% 2230

O i sihL

E1 ARXERE
Fig.1 Study area

2 HERERTZE

2.1 MM E SR A

FPAMEL T 2023 4F 5 A —8 ATEH 18 Kl B 5 2 A0E IR F M IT R A, dede A RN
[ A MEAEARAE 3 19 B B DR ST HD PRI 25 A (HUE | 3 K046 ) AR —BUH Z NSRS BN (3R 1) ik
B 24 mx24 m WAREREH O SRHEER SR B SEEEAE R SRS DI IT I SR A AR N BRI AR AR B
W AR T R S AR RUE B PR A MR B 268 TR Bt AL 34, 2 T s IR 12 S
W A 5 35, 2008 0—20 ,20—40 ,40—60 em =2, I FHFR T1EUIR - BURE , I 5 38 2 B8, ]It
FER IR, A A5 53 IS B2 BP0 2l A W A S0 ) - SR e A BB B4 78 /IR A S5 Al ] SE 0%
%= ME A
22 WM
22,1 FRAMMERRVEN 8 bR M HAE B8 o T i

ARMRAEFREPEAN b, 4584 7 FRA AL (SEM) ) & —Fh B e T 5., BENS W] s Ab 3 22 A A8 B[R] 9 52 440
R, SEM 454 T BT 430 MBS AR /3 (U0 i, 35 FH TR GG IE R, dl i SEM, ] DLBf & 25 IR 84
AYALHL , N3G VPAN ARARAEBRR L o G854 7 R AR Pl 79 A 308 2 8, 100 s B R AR VS e A8 1 5 WL A% £ 2
[ YOG 2R A BRI AR S Z A C R

http ; //www.ecologica.cn



4 xR 45 %

x1 EMERBFRR
Table 1 Basic situation table of sample plot

T D S .7 S B A S S
Plot No. Elevation/m agera OO AensIT ) height/m DBH/cm aspect/(°)  gradient/(°)
1 2826 16 0.45 138.89 20.97 31.03 38.21 27.23
2 2974 45 0.44 190.97 9.59 28.76 335.21 36.33
3 3009 43 0.47 208.33 7.76 19.48 320.89 24.14
4 2890 44 0.41 27778 16.91 32.93 358.36 23.64
5 2843 43 0.44 295.14 14.84 18.26 6.53 28.78
6 2855 47 0.48 312.50 15.93 28.50 337.83 25.92
7 2870 48 0.53 312.50 14.88 29.50 16.26 2.62
8 2840 46 0.63 347.22 20.55 25.98 43.53 24.69
9 2847 48 0.52 381.94 1471 29.81 343.30 31.34
10 2819 47 0.57 416.67 15.85 23.53 253 29.56
1 2756 45 0.54 520.83 13.48 2111 1434 18.25
12 2796 46 0.4 572.92 17.58 19.99 7.56 31.35
13 2780 44 0.54 572.92 13.03 17.48 315.47 28.73
14 2840 47 0.5 729.17 16.97 20.23 357.61 11.32
15 2796 48 0.6 746.53 16.37 20.00 3.52 28.49
16 2797 4 0.63 §85.42 10.77 11.86 340.04 30.78
17 2901 46 0.64 1024.31 16.49 18.16 330.66 30.79
18 2850 43 0.63 1788.19 14.77 10.59 14.93 17.71
19 2869 02 0.67 2343.75 9.43 8.17 23.82 16.01

W) 0° R IEIL 4T iE%% ; DBH ;. Diameter at Breast Height
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Fig.2 Theoretical model of forest health assessment
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Table 2 Evaluation method of fire danger rating

ME R BERE/() /) ME R /() B/
Point  Elevation/m Slope gradient Slope aspect Point Elevation/m Slope gradient Slope aspect
1 <2800 >30 (145,215) 4 (2900,2950) (15,20) (37,72) ;(288,323)
2 (2800,2850) (25,30) (109,144) ;(216,251) 5 >2950 (10,15) (0,36) ;(324,359)
3 (2850,2900) (20,25) (73,108) ;(252,287)
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Table 3 Structural equation model hypothesis of forest health assessment

BB R A (ESsEi=s BN E

Assumption Hypothesis Assumption Hypothesis

number content number content
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{7 BER 36 « 380 A 0 et 4 B P — Bk A AR 3 R PP B FH B SE T8 A AL 4 B B T8 ( Cronbach’s alpha) %
£, —MIAN Y Cronbach’s alpha Z%(>0.8 B, a5 B R 4F, /v T 0.5—0.8 B, Rt (5 B2 v 457 s U A 5
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Table 4 Forest health evaluation index score grade

o BE ik — 25Tt

AR BIER

WAESFEIEFE N (4510 0.711 .0.841 .0.606) , #F— LW F TSR fA B0ME . 25 BT

WA WER AR GRS Grade score
Latent variable Observation variable 5 4 3 2 1
A= SR /m =19 [16,19) [13,16) [10,13) <10
Productivity FH 2/ em =28 [23,28) [18,23) [13,18) <13
RS i/ m =46 [37,46) [28,37) [19,28) [10,19)
WA ERERE/m® =165 [129,165) [93,129) [57,93) [21,57)
TR RS =3.14 [2.98,3.14) [2.82,2.98) [2.66,2.82) [2.5,2.66)
LR HRHE/ (mg/kg) =28 [21,28) [14,21) [7,14) <7
Soil quality ifi A (mg/kg) =818 [683,818) [548,683) [413,548) [278,413)
HE (mg/kg) =260 [227,260) [194,227) [161,194) [128,161)
AL (g/ke) =173 [141,173) [109,141) [77,109) [45,77)
+ I (g/cm®) <0.78= [0.78,0.91) [0.91,1.04) [1.04,1.17) 1.17
WorE5H BT 2R EH SER — BHE IR — fij £
Stand structure fiRE [0.37,0.39) [0.39,0.41) [0.41,0.43) [0.43,0.45) >0.45
PN =0.55 [0.52,0.55) [0.49,0.52) [0.46,0.49) [0.43,0.46)
TR R <2.5 [4.7,2.5) [6.9,4.7) [9.1,6.9) >9.1
RGRIETNE I HUE R <5 (5,10] (10,15] (15,20] >20
System stability HIEFEE <5 (5,10] (10,15] (15,20] >20
KA R AERA MERA AT A VLS TS
N R ek L=}y e Y &
x5 TIEMESKIT
Table 5 Reliability Statistics
W e I EL T A FE R L TiE
Latent variable Alpha KMO N}lmber Ldt.ent Alpha KMO Nlumber
Cronbach’s a of terms || variable Cronbach's a of terms
FRMRIEEE Forest health 0.893 0.807 18 RS54 Stand structure 0.688 0.674 4
3 Soil quality 0.861 0.812 5 RYFaE 0.734 0.774 4
72 H7 Productivity 0.834 0.794 5 System stability
KMO #5048 1 Kaiser-meyer-olkin
F6 BERMNELENYE(KRERE)SH
Table 6 Revised measurement construct validity ( model fit ) parameters
2t 3% 3 T FEE i E HO(E 3 L R 4R 5L 7 24 35 T BE 5

Geit A g bt

Statistical testw

Absolute consistency index

Value-added consistency index

Simple consistency index

X2/df RMSEA  GFI NFI IFT CFI PNFI PCFI PGFI

SBEACHRIE Adaptation standard <3 <0.05 >0.9 >0.9 >0.9 >0.9 >0.5 >0.5 >0.5
S 0.790 0.830

AL ZHL Parameters of this model  1.094 0.034 0.79 6H 0.8 WH 0.983 0.982 0.711 0.841 0.606

X2/df .

K75 L H 1 Chi-square/degree of freedom; RMSEA ; Y77 #1322 15 {8l Root Mean Square Error of Approximation; GFI. Jd Bt & 5 45

Goodness-of-fit index; NFI.; FRifEILA 484X Normed Fit Index; IFI; B4{E LA 84X Incremental Fit Index; CFI. FLEGE AL EEFE %L Comparative Fit Index;

PNFI; f#

FEEL Parsimony Goodness-of-fit index
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ZIPEFRAERLA FE %L Parsimony Normed Fit Index; PCFI; & 21 LU HEHE BE #5844 Parsimony Comparative Fit Index

; PGFI.
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WG 7 T ldls  RGERRETE LR AR ) Z R B R A SR (P<0.01) , RUE EA 4%
AR AR SC IR S5, (E 7 R 28 B AR L, QbR o3 4540 1 5 S 45 50, LR 35 HK-P A 22 5%, PN
0.033  f§# T 0.01, X —22 5 AT REIR T FMELAR A B — B R R AR 528, ST 4 15 200T RE 52 2 BR ), DA
RT3 4 B R SARXT 2], S ECT PR R AR, S TR Z KPR, 58 445 Bore e aE AR 5T
HAT SR BAT B2 S, RO B O T RER Y BRGS0 2 0 T Bl AR A R A S S A =G = D3 4h,
8 PRYHRIE RS EHI/N T 0.7, HE/NT B BLAY AVE 89°FJ7 42, BIGE I 2% 3872 B 22 o) A — & A A
S, AR =2 18] SCHA — 52 X 3 BE, B K5 ) DX /08B BHAR

R7 BARRERSHENXSRERESITE (IR

Table 7 Sample data convergent validity test statistics ( path coefficient analysis)

brifEte ARpRifiEde

WAEAS B NERAL C.R.

Potential variables Observation variables i it Bt it S-E. (t-value) P SMC CR AVE
std. Unstd.

v R /m 0.802 1 0.643 0.937 0.749
Productivity FHHE/ em 0.878 0.930  0.127 7.300 ok 0.770

B E MR/ m 0.804 0.877  0.135 6.502 e s o 0.646

AR E R E/m®  0.894 0.932  0.122 7.626 e s o 0.799

- TR 0.943 0.939  0.115 8.185 e s o 0.889
T A/ (mg/kg) 0.912 1 0.831 0.962 0.838
Soil quality B4 ( mg/kg) 0.872 0.903  0.095 9.498 ok 0.760

B (mg/kg) 0.906 1.115  0.105 10.580 ok 0.820

FHLIE (g/kg) 0.928 0.896  0.079 11.358 s s o 0.861

T (g/em?) 0.958 1.082  0.087 12.469 ok 0.917
MIrE5H R 2G5 0.827 1 0.683 0.727 0.416
Stand structure faR B 0.725 0.674  0.221 3.053 e o 0.525

K/NHAL 0.548 0.682 0.2 3.403 e s o 0.300

TEFHREL 0.396 0.424  0.199 2.127 0.033 0.156
RGFaENE g e R 0.815 1 0.664 0.841 0.588
System stability EiX S 0.996 1.199  0.152 7.869 ok 0.992

KA 0.716 0.854  0.145 5.884 ok 0.512

NATH 0.429 0.565  0.180 3.139 ok 0.184

w5 R PAE/NT 0.01;S.E. . FafETR2E Standard Error; C.R.: I 5 L Critical Ratio; P: W3 E/KF P-value; SMC. P Z H Ak R
Squared Multiple Correlation; AVE. SRy e PR Average Variance Extracted

RS BAWERSHUERBLEITE(BERLIMT)

Table 8 Sample data discriminant validity test statistics ( path coefficient analysis)

At AVE ARMRAE R ROGRIETE MorE5H g V)|
Variables Forest health  System stability Stand structure Soil quality Productivity
FRMAEEER Forest health 1

FRGAEME System stability 0.588 0.695 0.766

MRAFEERE Stand structure 0.416 0.094 0.065 0.644

3 Fi i Soil quality 0.838 0.901 0.627 0.085 0.915

A7 77 Productivity 0.749 0.740 0.514 0.070 0.667 0.865

XML AVE P 7 22738 Sefib i

Chi-square {E} 137.473 ,df= 130, Chi/DF = 1.057 , R IR AU G BE R4, 4E%HELG BE 484 (GFL) 2 0.796,
FEAATEE(AGFT) A 0.731, AR T HARFR#E( >0.90) , (HATE AT 220 I N . 207 AR AR 22 35 1L ( RMSEA )
4 0.034 KT 0.05, BEFRIRL B R AFR4LE

EIEJG R T B AR R N & 3 i, ARV AE AR Sk A 7= ) | 38 ot a R385 48 R 2R e e e X R MR fE B —
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B IR 7 AR AL B8 A2 2R 800051 0.74,0.90 ,0.09 F1 0,70 , 32 B3 DU B2 2K 55 ZRbifd B 22 18] S 77 A8 S 2 1) 1E [f)
R SE R AP AR, BRI, A= 8 P A I A 8 4 X 6 o 43 3104 0.80,0.88 ,0.80,0.89 Al
0.94, f i i H i k398 o e B B UL A i A PR 67 e 405514 0.91,0.87.,0.91,0.93 A1 0.96, 1 iX
SO AL XoF - AT VAR e EL AT SR R R T RGO A R 1 R A A 43 SR 0.83.,0.73
0.55F1 0.40 , A FEAR G fip AR, (H AT RE U8 BH L AE Rl iR MR AT 2509 D7 T VR FH . 3R G e 1 25 v R0 2% o
1 R i £ 43901 R 0.82,0.99 ,0.72 F1 0.43, FRUI R G ke 8 PEVE AR i 5 ik SN AR e Z M O R i 3, A
— 8 PR %o AR R o DR 1) R Ay B 5 ORI A28 S (%) PRI £ A 1 380 3R B B T 8 3B KT BiE T ST A A B
AR, TR PR R0 T Rl

e 0.64
@ s
0.80
4 0.77
0.55 .88 qzﬂjﬂﬁjﬁ% @

0.80 = 0.65
I G
@ iy = 0 80
i G

0.94
e I G
@ 0.91 it

0.74, 0.81 S W |0'76‘
591 O
AR : : L=

o BT 093 TR |

0% wr <24

. %
N %01 0.83 et | 046

@ 0.73 AR E |

0.55

0.70 030 | PN |<—‘0'30 &

e <20

048 0.82 ¥ AR |

1.00 - 0.99

0.43 PGE 1 | 0.51 @)
N el

Chi-square=137.473 DF =130 Chi/DF =1.057
GFI=0.796 AGFI= 0.731 RMSEA = 0.034

B3 #ZiFEEEEIEREE
Fig.3 Structural equation model correction path diagram

Chi-square; K75 ;DF: F F1 R ; AGFI. JRIEHI & B F8 5L

3.2 FRMREREIEAN SRR I B E 4R

i TR 9 A AR BB TR — AL AR AR I AN S B AR R B, 5 T AR AR B A 9
PREGECESS R . S5R WoR , 285 AU h RSB O RUELAR K, O 0.3704 , 2 ] L3 o 7 ZR bR A i rh i 2 2256
FEMME . ARRLIARRE) L S ALBREE R A B TR R A RRK PR 5, B R I B AROR 19 A R 3
SERRMAES RGRINL DAL G . TERTFERE LA | SR g R 45 R 8RR AR B B0 S 0 Iy S 2, ) il 2 K
IMERE R H OGN R
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A= ST ZEA AL N 0.3045 , 7E AR 7= B R v i RS FIOR 7 T AR S R A R e g, 43 oM 0.2181
H10.2064 , X P8 A5 ELHE B T AR AR LRGN A HEEAR A 7= 17K

AT EER 25 A AR AR AR, R 0.0371, [A7E BAARSE bR rh B 2 RS AL fie s, 0 0.3307, 31X
R R ERARRCE AR, R 2R G TE R B S5 o A BA B R J2CE&E i e & B A
SRR A R RN O R B2 2R A E SR 2R A B T AR AR e R

REFE MR ZE Ay 0.2880, Horr, 5 R BE A9 BN R AR o bR, O 0.3367, 57 FL R IR AT g
S R Ry NS 118 = Vi R A8 1 P =] T B SR 2 LR e R ey NS R = R g 0 e e
FIMEMR Y T AR R, s BRI KR S5 G B AL 4300 R 0.2761 1 0.2425 , ixX SE48 hR Rl s T ARAK &R
guimieoE b, 28 LAk R4S TR AR LR G AR U AL, BT 2 RS RN R AR R AR LA A Sl
A AR

R HHERERETESER
Table 9 Calculation results of forest health index weight

Hirz HEN 2 & Eitan= & A
Target layer Criterion layer Weight Index layer Weight Final weight
FUN s 3 77 0.3045 SEEIR 0.1856 0.0565
Forest health IR 0.2042 0.0622
-5 0.1856 0.0565
LR VAT AC-¥oAS s 0.2065 0.0629
- T ER i 2K 0.2181 0.0664
otz 3Ny 0.3704 A 0.1987 0.0736
TR 0.1899 0.0703
A 0.1987 0.0736
HHL 0.2031 0.0753
R 0.2096 0.0776
MorEE 0.0371 TR 2R 0.3307 0.0123
AR 0.2908 0.0108
KN AR 0.2192 0.0082
SRR 0.1593 0.0059
R 0.2880 9 e R 0.2761 0.0795
TR 0.3367 0.0969
KA 0.2425 0.0698
NATHh 0.1447 0.0417

3.3 PIMEH YRR (RN 25 2R

TR R 10 Hf FIAESMRCE A b AR o 4% B RN B R 25 5 45 0 O TR A0 40 BT, & AR 43 4% FE 7E 300—500
PR/ hm? X [B] P A FE BB 2R 515 0 e i, FE B 6.7 .8 .9 I 10 I Z5EE 455343 514 0.5906 ,0.6396 ,0.5332,0.5009 FI
0.6171 , X SEFE M LI B s AR P2 MR GeRa e P . X ARG 2 E7E 100—300 #£/hm* F1 500—800 #£/hm’ (%)
DX [6) P9 A RE HE, | 25 B A543 AR AT (EBRBSAIE T 300—500 #%/hm?, % %5 B8 3 800 #k/hm? BIREHD , 255154
A, S HOE AR A 16,18 119, HZE G150 511 0.2544 0.3054 H10.3467, H:77 J135 kR M 0.1655 50.7555
ZIA] AR5 A5 53 N 0.1967 F| 0.7554, R Gefe i MA5 70 A 0.2176 3 0.7013, £ 5 57 15 70 A 0.1842 3|
0.6442, FMKF B0 R K R4 o e i S 3 BV L

HRARE P 4 v AN AN [ Ak 43285 B DX T ) AR i 255 5 A5 0, FEL B 38 M 25 53 0 B (X1 K 360 ) ] LAAR: HE Ak
Gy FEAE 300—500 FE/hm () FRMAEE R 25 5 1550 Be i, R 0.5773+0.0563 , B EPEARIC R a, B L X (] 11
fa IR I B 250 T HAB 35 B X ], FRA3 35 4 800 #k/hm? LA b A ZRAK M e 255 5159 70 i AIK, 24 0.3488+0.1005
B EPERRICY b, e AR BRI B BT = AN B X A, Ak, AR5 S 100—300 #£/hm* Fl 500—
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800 &/ hm’ [l R AR HELE G155 M 0.4758+0.0739 F1 0.4655+0.0893 , i & MEARIC M ab, 2% A4 3 X [a] )
RIS EG T IR B2 S, (25 800 #/hm? LA I (b) K fA7E B35 25, i B K LA
ARG R £ 575 53 B MR 43 88 B 104 28 Ak 52 3R ST s sl iy ) b R 32k . 7 rh 45985 182 (300—500 A% /hm? ) DX [H] 1A
AR R 25515 43855 , 10 195 (800 Bk/hm? LA 1) B Ik (100—300 Bk/hm® ) RARS:25 BE 2x S B R 55 15
Oy FRE, FEMRITEEIE R 300—500 KR/ hm? i, ZRARAE L 1500 B &R T,

F10 BHRABRZRERTINEGEESE
Table 10 Comprehensive score of typical forest health evaluation of Betula platyphylla

JAST 352
4 e ey WOl RARGEM LR G
Sample plot number : ( H&/hj ;2 )y Productivity Stand structure System stability Soil quality Composite score
m
1 100—300 0.6068 0.1967 0.4208 0.3488 0.4425
2 0.3740 0.5655 0.6087 0.3977 0.4577
3 0.2112 0.4670 0.6895 0.4614 0.4512
4 0.7555 0.4188 0.7013 0.4270 0.6058
5 0.3888 0.5879 0.6205 0.2781 0.4219
6 300—500 0.7535 0.4795 0.7013 0.3815 0.5906
7 0.6272 0.7516 0.6323 0.6442 0.6396
8 0.6347 0.4095 0.4129 0.5557 0.5332
9 0.6635 0.5934 0.5134 0.3625 0.5059
10 0.6726 0.7554 0.7013 0.4921 0.6171
11 500—800 0.5107 0.6136 0.5318 0.5455 0.5335
12 0.5413 0.6478 0.5055 0.5223 0.5279
13 0.4473 0.6660 0.2748 0.2946 0.3492
14 0.6597 0.5146 0.4444 0.4870 0.5284
15 0.6624 0.5854 0.2176 0.2768 0.3887
16 >800 0.3049 0.6904 0.4056 0.0516 0.2544
17 0.6247 0.3308 0.5555 0.3399 0.4885
18 0.2792 0.2622 0.4942 0.1842 0.3054
19 0.1655 0.3582 0.5751 0.3168 0.3467
Ay \A
4 it 07 -
5 ML A L 2 0.6 a
AR PN A 2 W ARk A 25 R L 451 5 Zh fig E “ b .
NI Y N are R g 0.5
AR T, RS2 GURIRA TR0 27 f f ,
. N ; , T2 04
GO, (LRGSR MBI ELEA Y 5 [
. . o M f — 203
& AR bRUACR AT ELBCE S BC ORI, LA R 82
— \ — N = 02r
SRRMIINTERE R S S R E AL TN g ¥
AT -9 . . S 0.1
AR TN L5 O RA AR MR RPN 5T, =
NI N N NP VA 0
BRI T D () LR 2 (] 8, DA S AR AR A 100300 300500 500800 >80
ljg/z{:\ gjﬁ E@@@}[ﬁ?ﬁ& . #4322 B Stand density/(Ff/hm?)
N N b N 23V o
ARV ﬁ@i&@lﬂﬂré@%ﬁﬁﬁﬁnﬁ%,h A Ed4 BEWESSHTCBERED)
jj \j:l;%%ﬁ i \M‘éj\glj:%@ﬁ/%%%mfﬁ@ﬁzﬂﬂ gng/l\ + s 77F')|<< Fig.4 Significant difference analysis ( Duncan test)

MAEREAE S — B K1, SR FH 45 4 D7 R LR (SEM) X 4
DRACER BEAT S A AT, RS T 7 A R S DX B ARG RN LAY | -2 5 2 A AN TR bK 23265 JBE 6T P AR b
TERARAS AN, TEARARAE TS B B AR B b | 3 R A AL O 0.3704, J2 52 WAl BRARAEE FE £ 5 19 20 Y B
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HERNE, PR, bRt SR iy A K MRS RGN U LA MUR R A R4l
MARE AT BCE . HHEAHLTT R R S T AR R AR KRR T RN IR 3R T AR X 7K o3 FER 43 1)
WA R 7, I st 3 AR a0 4 P SR A AT k3 T IR B A B K AR K P, A 2 1k T K R R
3 T 1) VA S i) - SR BE RN FR 43 43 A R EL BN 3R FEBEM AR AE T, R bR 2D BRI T 5753 F
IR T3 1) D038 5 9 A PH R S K 43 A S XA A A = AR T B s Y

A 17 BRI ALEE S 0.3045 , A6 [T AR 35 FR A 1] AR B2 A i e SR A 7 ) ) AR AR
ft B 1Y) AR SlUMGE B 22 IR HE B 1) 25 R AP B, X AN AL TR BEIR AR i 5d ot MoeE 78 s 0870 1+
Bk R e TASRGE R E, PRI, YhRs %5 B 4 6 7E 300—500 AR/ hm? B, B4 1 PR 25 AR o ik 2]
F RS AR B B A IR A 7 OGS B R B MORAE K2 B R I i 2, =
AR 0 TR S0 UE T sk v 2 B X AR AR B 1Y) S TR S

IR R R R SR (B HAE R E S R G B M AR e Moy i M I R RE R R 2002 BET%
JER G E & Mo BRI AE e i R R SRR R e AR B OC R ENR TAES RGP T, 5
SEMOR LL , TR ASHRAE G B8 U5 B RN 5 4343 Be 7 T 5 A7 B R e 38 i Sk 25 25 32 21 L KRS HAR K E I
JE I, A O R AR e PR 22 Y VR 2RSS HA 1 R A 4B R T TR 24 2R G0 T B8 Rt BRECIR S R A A% 0
A7, JEHARTE R X AR PR B 2 IR G5 A 1 52 2 e A 2 R R AL T B 4 (g3l Ik

FE R GeAesE My T, ALCEE A 0.2880 , 2 HH I MESIARAE X AM AL TP B 19 365 1 8 7 J2 f B PN 11 0 2 it
L1150 = A R @ g ) 1) 1 S 7 N2 8 sl ) sl 6 Sy ol 1| B F O 7 N7 95 9 N GO 9 R (o =1
FEU X Y B H AR R RRARAGERR B2 U A 9 1 | o w5 28 B2 MR 7 B 255 o DRLBR 35 28 1 s AR A (34K 3
IR WL IR 2 IR 54, AR AR 7 1 52 MR g R R A RIS RV K B S A AR, (H LT e Al
WHE K, ERSEmAS HgE R A S R GRS Thfe , AR AWK 2 ir i s R el sk g R R

ATIFGE R F 4570 7 A BT P ME R BB B A T A 2 A, B 36 B, X2 /df oy 1,094, 4 F 1—3 Z 1], £F
ARG I ER A6 XTIE B L TR AL RMSEA 4 0.044 /T 0.08, fF A A e Ge i Rl SUEZIR . 4553 i R B Ay
AT RAF RIS IR, EAT Ab B 2% DR G R RN S iR 22 A BE T o DR 3E d PRL T2 far A B 7R 1 8 R 2% 5t Xk
PR B S DTRRFR B, A SR BB AR A (A0 KBS S 0 ) BRI, (H R OV 7 52 ) ) ZE AR R AR 2
BRI, X FPACER 43 A AN T 45 R B AR BB i B e T AR VTN h 2 4R LR B ER . BT
FEFE T IAT AL EE T 75 10 R B i DX ) R A g BRI AR A (SR (%) i — 20 R Al 5 R 2 1 5
AR BETHHAET AN V238 P, A A R 0 3 SR F R S R

5 #ig

R 25 BEX FAMEAR I AR T s i (8 35 A= g | 38 T 8 AR 3 78 v S5 AR 0 2% (300—500 #k/hm?)
HEIE (Y, HAFEE 4R i AR E A MU SRR AR 2 300—500 BR/hm® ik ik, FRIIFEX A% LB,
HEMREIEA VR FHRCR S50 WSO AL RE 71 26 1T Bk BB AR IRES s TELR B AL /AT, 398 it S S i 2% X 3
FREAR SR 1 R LD, il i 0, 2B 7= B2 A ACE Ry B 0 R T RS SR A T AR S B, e T AR
KA 1 5 BRRME R Z B BB R

X TR Sy 40—50 AERIARAY , T2 AR 35 BE (300—500 BE/hm? ) ZEF5 T 40 i i 38 & B0 iy Ak ke
SEMER R AR 2k, DR AT 1 S Bl 6 8, A2 P MR fa B T s 2B A R R IR LS % . 4,
Bl 3S FARM K iz FHBH AR B R A A ROBE PPN & — N HAA T LS 2 SR 5 [l , AR I 45 45 4 B[]
FP B ShASAIF T M5 A A PAG O  E— 248 R TR Mt R 5 AR S I RE 2 M 6 &R, I AR MR R 075 412
HERb2E SRR,
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