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(dbmpkal K2z 7K 0K, T 100083)

WE., FASEFLRKRBERAMGEERLAEY B ZHERBHER(E)IRABABZGLE, AFEHELAK
B %L BB BB RAWRG 6 FHEEA Picea crassifolia #k, #A65E v FAX Larix principis-rupprechtii %, @ # Betula
playphylla # | FiEZFA-LAE T NRTIRARFT B ZH-OHRTIARF S LA KR BRARAF RS E, KA &
WA A X B A E R0, MIEAKRERIFNEAAA R, ARBREHCFNIRAERE, RERBESBHR
HBAT KRB RIS ROT AP AT d . SREN . FEFAS-GRRIRARAN, GEERAERE, Tk
M HRFF B EH-F TR A B R, A E R R R, RPN IEAARRTY, ARKERFAR,
rtE AR R AR R FREF 3 AIMAFOMER KR, KRR A 02423, 0128 82 0.122 2, R Hrakhit ko) LR
T, BARLA, BRI RAEERTEK, Brbicd BRAEEL THTH, FE5H- 981 MR IF KR
AR B R AL X, R T A 27

KEIF ., KEBRFT, FEHERLR,; BHANRBRAK; KA, B, ERIEHR

HESES: 37147 XEFRERD: A XEHS: 2095-0756(2019)06-1166-08

Health evaluation of typical water conservation forests

in the alpine loess area of Qinghai

ZHU Zhu, YANG Hailong, HUANG Qian, ZHAO Jiawei

(College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: The ecological effect of the Grain for Green Project in the alpine loess area of Qinghai, affected the
health status of water conservation forests. However, there is a lack of scientific evaluation method in this area
present. This study was aimed to identify the key environmental factors affected the forest and find suitable
vegetation types by making health evaluation on water conservation forests. Five typical water conservation
forests, including Picea crassifolia, Larix principis-rupprechtii, Betula platyphylla, Picea crassifolia-Larix prin-
cipis-rupprechtii, and Picea crassifolia-Betula platyphylla, in the Taergou Forest Farm of Datong County were
taken as research objects. Three standard samples (20 m x 20 m) were selected in every stand for plant (trees,
shrubs and herbs) investigation and soil properties measurement. The theory of forest health, combined with
expert consultation were used along with the entropy weight method to construct the forest health evaluation in-
dex system. The health status of these five forests were evaluated and analyzed by the integrated health index.
Results showed that P. crassifolia-B. platyphylla was a high quality forest, B. platyphylla was a healthy forest,
P. crassifolia and P. crassifolia-L. principis-rupprechtii were fairly healthy forests, and L. principis-rupprechiit
was an unhealthy forest. In the health evaluation index system, the three most important indexes, or critical
factors affecting forest health, and their weights, were forest fire risk rating (0.242 3), leaf area index (0.128 8),
and degree of pests and disease (0.122 2). Generally, the health of a mixed forest was better than a pure for-
est, a broadleaf forest was better than a coniferous forest, and the P. crassifolia-B. platyphylla forest was a rela-
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tively good tree species allocation model for a water conservation forest. [ Ch, 7 tab. 27 ref. ]
Key words: water and soil conservation; the alpine loess area of Qinghai; typical water conservation forest; in-

dex system; entropy weight method; health index

AR R AIAHSCHTFEIT 46T 20 T2 60 4RA0, HBESIE U5 R R A TR 250 3 — | R
HREPHARESIZE, KEIRFFRE SR BEE VT RARETRA , AT 2R A AL Ak
ARG R ) T ARMAR SRS L, AR FE 0 WA 2 T AR BOIR S Y B2 T B, I
I T ARARAERDIRDL, X TR BB, RS RGIRS TIRE, LA S ARFERL A E
HEFE, MEHAT, HEZEXRMERE T TIEZ0TE, RPN RARR LR PN IT ik
(3 P SIL R AN RUBE O A b ofe L #B LR B2 Te il EX T 7 185 o P8 B b DX 2R AR BT 1 T
FUBFAR AL, Rk, R I 1 it XN AR A8 A ROR B 4 i IR R vk () T RE S5 AR K &R
AR SRR A B R TE S, AT R 7 I Rl i 4 A IR SR MR MRS 2 BB (20 22 80
AR 90 AFAUR) BIE RN TARH Y 5 RSB K SR SR MO BT FEXTR , Glad b i AR AR RSt i A A
F, HE 5 MO B EREAEEL Li(health index) I HEAT 0T AT ELER, LA A it XN TR B0 235 Hg 3 R
Z PRSI RELE R TIPS IR B 1 S ARL A dlE

1 M5 %

1.1 HFREER

ANy mPE L XA E B AR RLRI R TSI R RIX, RERUR IR  FRATOR | AU
¥, H AR B AR M R R A, AR E R SE , KB A RUAESE IR T SR iE 200
W, ZIX FEASEF AT T TIR ErPA SRS BT AW IR AL T AR PG T T R ]
1% 1% A IR B (36°43'~37°23'N, 100°51'~101°56"E) , i db & +- 55 Jo 55406 2 Ly b 1y sk oty V4K A
2 280~4 622 m, J&m R RREPEAUEE, ZH XAR X RE K O 523.3 mm, AEPHRIRN 4.9 C, VY
ZEKAEHA 1 762.8 mm, SENTLHYIN 61.0~133.0 d, FIRIHIEECN 0.56~1.32, FHKH 2 m-s; L1
FE bR | S RS 4 A AR JOE [ % F A BRI AR, AT R 3 A
Wk 25~35 AN T MK, EBIAWFE FiE S Picea crassifolia, T % Populus cathayana, [1HE
Betula platyphylla FIAEILTENHS Larix principis-rupprechtii %5 ; FEARA LT Armeniaca sibirica, HRE&HF Po-
tentilla glabra, ¥74% Caragama koshinskii, VYR Hippophae rhamnoides 55 ; ARG KOKJE Melilotus offici-
nalis, S Artemisia argyi, J#/ANYE Taraxacum mongolicum, CJE Carduus nutans F1 K Z5 5 Leontopodium
leontopodioides s
1.2 tFiigE

2018 4F 6-8 J1, 7E75 A Il [l 5 A6 BB IR VARG HEAT RAE AR A 78 4 i S92 1 B9 A ) ik
fifi b, EICY ML 5 M BDK IR FRAR, TS PR RILRRAR . ISR RA R AR
SEMRHANTE W AZ- IR SR, BEROK IR TR AR RS 3 3 20 m x 20 m AUFRIEREHE, AT 15 brifEre
b BRTEREHL I VEREE S AEHD BT AN . I BRI 1) S50y TR AR — Bk, [ AR S Y
R HRTZ X ST A B AR e WA T TEAS AR ERE B N AT AR R, JE A | AR
W Wi, BfR ., SR BRECE . TETRAREE T NER 4 R S A E R E 5 5 m x 5 m AR,
ICRIEARME | MBS, R NEAETT ORI 1 m x I m FEARRETS, ICREAFE | %
B, SRR, ALY 15 BARAERE R A L ILER 1,

2 AR BT AR AR R R A

2.1 N FERIEER

TEM R PRI B R RN A OCHE, —ERb: | B3 1a MR ARMEERITM Febn il R B
SN DR REPEM 45 SR e PE . AR s SE SR e e AR B s, A 4G e AR bR |
T MR PR AT RR L AR AL 3 28 7 N84, Kb atAa il B SRR X BRI T T IRV I 9E . S 446
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Table 1 Basic information of standard sample plots

FEHL  RETE SRR, SEY N/ (mxm )
TR WEHm e BE(C) EERE/m B A BE
a2 F/m? RIC) ™ cm ZRPixFdL -
Pe-1 400 2960 AN 15 10.96 11.71 2.89x2.98 0.66
FHilg =k Pe-2 400 2949 LAY 21 9.08 10.87 2.94x2.47 0.62
Pc-3 400 2887 Bk 17 11.35 12.03 3.02x2.86 0.60
Lp-1 400 2840 LAY 14 11.48 12.83 2.80x3.17 0.73
RNV Lp-2 400 2910  BAM 13 11.81 13.07 3.05%3.01 0.76
Lp-3 400 2887 AN 11 11.63 13.01 3.02x2.87 0.81
Bp-1 400 2944 LAY 18 9.47 11.29 3.39x5.18 0.75
[SEi Bp-2 400 2944  BAY 18 10.53 11.78 3.25%3.96 0.71
Bp-3 400 2910  PHYE 20 9.85 11.43 3.47x4.13 0.69
Pc/Lp-1 400 2877 BBk 19 6.12/11.62  6.38/12.65 2.03x2.30/2.99x3.19  0.61
HFSZ-LICTEHH Pe/lp-2 400 2956 KB 20 9.26/11.66 10.37/12.25 2.69x2.43/2.86x2.62  0.66
Pe/Lp-3 400 2860 Bk 18 7.28/10.87  7.36/11.75 2.34x2.37/2.47x2.83  0.62
Pc/Bp-1 400 2955 Bk 18 7.30/7.15  8.91/11.86 2.62x3.12/3.08x3.44 0.73
FHHF - Pc/Bp-2 400 2939 P 21 4.37/10.38  5.81/1421 1.91x2.15/2.93x3.84  0.79
Pc/Bp-3 400 2915 Bk 20 6.37/8.56  8.95/12.03 2.65x3.07/2.86x3.54 0.75

UEWI: Pe, Lp, Bp milCRFWE a2 AALTEMHAH

GBI G E I DIRERR PRk X GRS 121 A/ NBEHEA TR REPEA 300 3 4 AR5, TEIBLAE R T
ISR AN SEAR AR AT 7 AU, IR0 JZ AN A48 bR o (EE X L AT/ GBI b7 SR 7K
UURIEMAEA TRV . Fh T 7 ¥ = T B DR BT T TS AR > AR I SEAE B % il
NRTFRRMARE FEPEAN SR PR SRR O 8 i e B DF TS BURBERI L, 255 AR AR GBS | 5T
DK PR FRAR LRI OO L A L, E R RGN Bl al AR SR e AR e BUR A S5 04 T,
Pe—EE S AT XK SRR R ORI R, BB AR AR b | RS PEAR bR A Al Fp 2k g
b 3 AR 11 bR (R 2),

®2 HFMERIEMIERER
Table 2 Assessment index system of forest health
— bR ZHE R
SEHMEREE TRARBEE €, MAABIAE C,, FEAZE Shannon F84Y C,
B tERebs SR C, WHRERE ¢, KREH C,
FHRSE Co(em), FHE 0~60 em F-H IR RFKE Co(t-hm?), JFEPIEE Cllem), FEIIARFFKE Co(%),
RIS C),

[IESE 25 =1 a8

22 FEMIERREENITE

TEMFRHR AT 4000 M AR AR AUE MRS AR . O R PR B vl i@l AL AR 255 Pl 2503645,
FEPR TS E S 2 (RGP TR R R 25 AR R ) S bR e Ak b e U
22.1 REHAFEEEHE OFAEBE. PO EIRARZERARE, Qs Bormasa . FIH
WinSCANOPY 2006 #4154 1 56 )2 70 BT AN AHE 2 = 50 I B R RUAY 8:00-10:00, 7E 25 HuTA 1.3 m AbXT IR
KIEZ VTR, BRAFEHIERE 3 AN, B 530 5~10 5K H L POt bt B IR A, 3K
A BR R b 19 5 J2 T R BRI 2 T R b, RO EA = (1 -7 2 T B ) x100% , B FEAZE
Shannon-Wiener 48407, H'=— Y, PInP., Ht. P=N/N, N WFEMEATEMA, N, JkE s i f

FORREEAE, PONE A LG (X A, S WA REARI R, ORESIARLER] . ArifEre s N Tr AR
JEMSIAMB S TR B EZ L, ORI 7ef MR R NI 3 S5 2T ), SF R PR ICE 10



2 36 455 6 1 R OMESE, HIFEFEE XK PR IR AR 1169

AW, FAFEFHRP—AREE 110 m, FEA 10 mm PENEFRIA T, DUBEF A IR BEVE izl £ iy + 18
JEEEME, DA 10 A0 05 4308 B EE ) S S4B A i A ) - (S . © -4 0~60 em P34 KEF
KA, FEREFIOK IR AR bR ERE PO B, 325 3 N3, FHERJTAE 0~20, 20~40 Al 40~60 cm
WY IR, BEZE 3 RER, A MISEI SR AR 1A i R AR K E LR, A
2T R FLBUE MR KRR R, SJa WA FEHLY 0~60 em Y 35 KRR K S THHESEIE
P=(W=W ) /(W ,-W)x100%; (1)
W =10 000Ph. (2)
K(OHMK ), PR HIELSLLEE, W B R KK (t-hm?), W, AEATI R (g), W, Wt
FERTIMET it (g), Wo N ERERIFR I SE4EK 12 h MF (o), h NEE HIEERE (m), ORISR
FRTE Y I R FFKR . FERR D PRUERE B NI X F RS 3 4 25 em x 25 em FO/NEETT, FE/NEETT N TE 2
JRIEYI )R BE T IURE , ARG TR NS VDI e KRR w5, I Im] ) O 75 ek b Bk i (i o i
wo), SRIGHCE TR H, 7 80 CA4M T Z 1 5 FRRFR i (T w,), B FHET AP P RE A
N A E UK 58 4IRK 24 h JFBUH , 28 T JE PR AR E (AR R w,) . AR 3)HHEREY
RRFKFE(C),
C=(wy—w,)w,x100% (3)
222 EWIAFGEE A RIS IX SEBRE SR SRR 2 PR A 4 D, AMES B T %%
44y, W34, MHE2 45, N14r(E3),

®3 HRNEREMIERSRInE
Table 3 Standards of forest health indicator classification
Y E
1 9(445) 43 43) M2k(24) V(1 45)
o AR Tz KA SZHALAR<20% SZHSLA 20%~50% SRS > 50%
KR AR, AGREKR ARKER, EERXIE S PR, EHARRAK R, ™A Xk

TEPEAEAR

223 agiregAREA TP TERROR AR, SIEPREENAGE—, M HAFEE bR Z A A
22K, IR ZXPEM AR PR TAR AL AL B ASBIFFE R AR B 20 [ 4 B A TR AL A 3, TEAH
KABPRIIAREIL AT S =(S=S0)/ (Su=Suin) , FAHKIEFR IR AT S =(S0a=S)/ (Sus—Suin) o FeH1:
S RFEFIREAAE, S NIEPRSEPRA, Su MIZTEPSTEIT A PR B RE, S, HIZFEARTERT A bR
HEFEHL P A iR/ ME . T A BRI TR AL B S b F [0, 1], AW FEAMAR T, R AR H o FAEE
TebR, HAFEARII N IEA AR O L E FE B MUK B REE 2 s hr, Sqt, WEKR, SAEEN
IEAHDG) o FRMAE BTN TEbnbnifEfL (B I3 4,
2.3 1FMIERINERE

PP FEAR A R A2 e 5 ARARAE B VAN 45 2R, Bl PN FR PR A R 2 A T AR BT 1 G
S, ISR AEAGE AL AN TR A, A BURTELR G 75 B A TE b S AR A5 88 4 TR
R S B RN R e TR bR AL . 805 1915 BV () BN ) 26 B 068 A R A A 05 2 BB, HA R
(WHHLRAZER A, RS —Fh LR A B ik . Ha AT .

1@:-@2;/gnj; (i=1, -, nz j=1, =, m). (4)
() = »k=h}n (B f;=0 B, filnf;=0),
28,
Wj: m L-H, ’ <j:1’ T m)o (5)
‘;UJM

KOMKG)H: H A5 j PR IEARANE, W, N5 j SRR BN 1), S N5 o FEMLES j 35 4RY
PRUEALAEL, @ A% i FEM; DR BRAE R AR
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Table 4 Standardized data of forest health assessment index

B G 5 C C, Cs C, Cs Cs C, C Cy Co Cy

Pe-1 05024 02857 00820 1.0000 1.0 0 00000 07670 05806 04761 0.102 6
Pe-2 04091 0.0952 00000 0.8750 1.0 0 03158 10000 06774 05812 00513
Pc-3 03264 00000 00343 1.0000 1.0 0 02105 08401 06452 05266 0.0256
Lp-1 00424 06190 03292 0.0625 0.0 0 0.6842 05954 04839 01374 0.0000
Lp-2 00557 07619 03676 03125 0.0 0 1.0000 05310 03871 0.0000 0.059 8
Lp-3 0.1877 1.0000 03448 0.1875 0.0 0 08947 06179 04194 0093 0.1111
Bp-1 00557 07143 06438 05625 0.5 1 03684 00000 00323 05452 09316
Bp-2 00304 05238 06625 0.1250 0.5 1 06842 0.1194 0098 0.6667  1.000 0
Bp-3 0.0000 04286 06522 03125 0.5 1 05263 0.0548 00000 04967 0.8205
Pe/Lp-1 09424 00476 04320  0.000 0 0.5 0 1.0000 08506 0.8387 05898 0.068 4
Pe/lp2  1.0000 02857 04278 04375 0.0 0 05263 07849 07419 05206 01453
Pe/lp-3 09675 00952 04569  0.250 0 0.0 0 07895 08109 07097 04377 03419
Pe/Bp-1 06531 06190 08131  0.500 0 0.5 1 06316 0.6958 09677 09218 05983
Pe/Bp-2 07357 09048 1.0000 0.187 5 1.0 1 03158 0.6285 1.0000 1.0000 0.709 4
Pe/Bp-3  0.6653 07143 08847 05625 1.0 1 05789 06781 08710 08241 06496

BEWl: Pe, Lp, Bp BIREF MR, AT HAF

WIEAK(4)FI(5), MFRAREA B APFAFE PR TR, 15 5 Ml R PR IR ARAE AN FE AR
AR (H ) FIRCER (W) W3 5

x5 ZMEBRITEMIEROERENE
Table 5 Entropy and weight of forest health assessment indicators
LD C oA Cs C Cs Cs ¢ Cs Co Co Cu
I 08536 08996 09127 0.8930 08294 06616 09435 09342 09213 09345 0.8202
A 0.1048 00719 0.0625 0.0766 0.1222 02423 00405 00471 00564 0.0469 0.128 8

2.4 EMriER

PMEEFDEM I AR S, 1S UMERRIE R . BOIZEGITHNE | SR BT B0E DA SN T 28 M 25 1%
SRR AR LB S RS PSR, FEX ARARE EE VT i AR SR BT 1 H S B BT s
TR AN 5 FhEC B AR IR FEARE BRI A T T AN LU, DRIHCR FHZR 5 8 808 Sk 1 Tk
WA, A TRBOE R E @RI A R T & 4806 (5 B T IR &, & — X L3 58 5 I
TR HIPM AR AT

11
IIH:ZSIijoO (6)

K(6)H: Ly N i AR S B, S7, NS | AEHLER j FRPROURRUELLIE ; W, 2R j F8PRIAEE; i N
B i REHh; ORI RPN AR bR
3 ERGH®R
3.1 HMERERKS
ZHERTNCT MR HABETE, 456 15 IE 8 L DOK IR TEARL BRSO, K AR R £y
4RI, SIS 4 NMERESES . DeBT . (R WARBRAUN R . BRI ARIE IR 6,
*6 HFMBRERXSIRE
Table 6 Standards of ranks on forest health

fe A5 s Tt WAk Ak
fe 4L (0.7,1.0] (0.5,0.7] (0.3,0.5] [0,0.3]
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32 HMEERITMHER

Xf g FE R X5 RS K IRIRIRARIL 15 BUbRuERE s EA TR DA, ARG 2230 (6) TR A bR ke
MR R, TR IMARTERE M A R A5 2, 2R ILER 7, 5 FlOK IR IR ARG IERRIG BRI . HilF =
F2- BRSO DL BTRR, FIHEMCRIEERAR, 1SRG S A2 - LI AR SSHO LRk, A
LT AR AR, KIERRTE AR RERE BN KR/ N SRR B A RTRASAR | REpR Ak,

R7 BMERIERSER

Table 7  Forest health index and grade

TEBEAAL fe 4R 4k {E AR R A fe 4R 4k TS
HIFBF Pe-1 0.382 ik HERAZ-TE M Pe/Lp-1 0.355 Y i
HIFBAZ Pe-2 0.371 ik HGERAZ-TE M Pe/Lp-2 0.329 Vi
HIFBHS Pe-3 0.348 ik HIERAZ-TE M Pe/Lp-3 0.331 Y ik
AEALIENTAL Lp-1 0.164 N5 TG 2 AZ-FAHE Pe/Bp-1 0.739 7o
AL TS Lp-2 0.203 Atk H 2 A%-F1HE Pe/Bp-2 0.821 i
LAt IENTS Lp-3 0.235 PNiE TG = A2-FAHE Pe/Bp-3 0.811 e
F1#E Bpl 0.606 TR
F1#E Bp2 0.594 fiadsss
F1#E Bp3 0.552 Tt

M AEBE R & B KR SRR DG 3 B, AR R . 5 PR ISR T 5
A% Shannon 85T FAMBEP MR A 8, W/NBIRFIONE AR, AR, SRR M,
DCEEF A B . MR ORI KBS R AT OC 2 FLR, K IR TR SR AR R DA I v B AR AR T
RERYEHEDS | fBERIEMHRFR T 13 0~60 cm PRI RRKR | A5 YRR K 87E P i KEKR 3 Tifsts
RBAE—E PR I R SRBE T . 1518 2 A2 - FIMEIR SS PRI U 7 1 e A 1 B G /N U EdR, JFLUR 7%
)NV BB iy N S <y o o L 7 N e g R Sy e I | A o9 0 N ES T A P
KT FRAB DN FE AR IR 1Y SCBRGE T h &2 B, AR H T R R B 25 2 R A Y BUCAT HEAE R 6 137,
A TR R AT SR FRA E A5 I 5 R g TR 3 2 B A (L 73301 0.242 3 F10.122 2(3K 5),
FE 11 W FEbR AL T4 1 ARSE 3 467, S — 2D I0E 173X 2 WS e bR o i 2R

PRI AE K R — SR R, HAR RO A At R B L2 191 AT 32 BR T FR M8 A $5c gl 7 st
(AN ZS [B) AN SEEEE, FURENXT S5 FuK ISR MAL T BB BERL T SEA 70028 ORI, B, MOA
TAMERAENME L &, FIEST SRk S3IAR0 MR R SRR RIRA LR, HIK,
RS Sy SN L Sy TR BV oy i ey M S e e B W N | D) o N S Ea S 27 S e 11
TR YR ZRENE, 0] IS R e E s S —Or T, oT AZE N TARZIAME N R N THEE 1, W
R PRSI T2 BRI B, I AR ARARB KRS, I DL BOAR A T ) K J A DR AR i R 55 100
T, fEmEmHKIEESRRE T .

4 2

ALK IR RSN TP A, (R A B BA B, P R A R Y
AT KBRS I BUE RN AR R A AP I SRR B T R R B W R A B Y 22 A
To TESJRNTMEEE SRR, Al i R U™ M AR DX K22 4 B BRpo B 3 B 36 25 1 A
R AR K

AWTER: HEEAZ-FMERSSMERREAE 5 LB KRR SRR e, R — b EEBCHE (Y K U5
T ER, BB RSEME R R, ARG, n DO ORI E B, SEis bk oA
FARBL ARt ey N T AR

IKITIR AR R OS5 A MU PRI o AT R EK IR SR ARG B B — E 1Y
HNEHE TR (ERTHAU M X o HAD DI REAIAR Y, AR RO i B E e 3 & i P e b, I
Hb, KIS FEITAN CEFE bR 1 DN E PERE PR AR eI 73 S50 T, B AU & S —E0 ], (T35
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