55 45 55 3 S & 7 i Vol.45,No.3
2025 4F 2 H ACTA ECOLOGICA SINICA Feb.,2025

DOI:; 10.20103/j.stxb.202404130814
XA, RIEE , B 55T 385743 K A8 HARE B R A2 AN T AR shs R A A= 2524 4%, 2025,45(3) :1339-1350.

Liu J C, Zhu G Y, Lii Y.Site index model of Chinese fir plantation in Hunan province based on site, soil nutrients and their interactions. Acta Ecologica

Sinica,2025,45(3) : 1339- 1350.

ETaui tEXRSRETEERANBAELZARALR
37 35 E AR B

XARR,ARET, S B

T MO BN R SRR BE KV 410004

R 0 SR 7 VA RS e i w2 5153 P R = Kol (VS E D R i a0 N2 R k¢ 3 1 1 W B RVl 1 W = 1 S = s K (B SRV
HFEHETY | AN TS A B — Rl L. 35T 40 Bl s A2 AN TMORE b v S 249 08 35K B0 A A AR 80, SR A
B bk T BENLER ML K-means ZE 8RR LR IR A 500 [0 U3 404, B A Sk 35 50 T 0 340 7 A I B0 37 i 5 1 3852 0 TR 7 O
Vet IR TR I F 5 S | IR 4 R A B A A AR 2R PETR A S b FE OB RS 32 I AIC  BIC FI R* %6 3 MR FE AR A
PRI A ROR , 5 R A Sr MhFE B0 A S5 SRR LR A B m g i 2 B 1o R | A AL 2R 2
B ST bR S R A > 3 B > RSN | + 435 0 B S SRR N A AL > R > 24 7 Mg AT AL R SR AR
TN R IR 24 30 ( Gompertz) (R*=0.6876 ,MAE = 6.6922 , RMSE = 2.7448 ) ; ¥4 1 £ 57 i1 | - 335 43 K H:A2 T 2 TR0 7 (140 1 A A TR0k,
BEST AR T 22 0.7827 ,0.7765 ,0.8400 5 LIKE BE =95% WIAREIR IS A Gl B S M SR 2H |+ S5 43 JS TR 20 R0~y i - T 3E % 73 A8 TS 7Y
ZH B TR AR TR B AT L BRI A IR T T 13.05% (12.52% F1 21.42% , #H H 44 25RO BOIR A48 8L AIC BIC 4 A%, %
IRV w51 8 SR (A E R P O R Gy e NE R R SR 3 I I VA M R e R B 1R LRV L W w5103 V4
N, 3537 b+ HEFEA 58 TR Y 22T ST A8 B AT I A ) A R A A, S AR A LA ST M- - 3R 4y 2 B
AL g AL ) B e ST AR UL« H g = @ s Xexp (=bXexp (=eX Tssxyne ) ) +& ssvc » 7 A TR 52 2% 57 3t 451
TFREARN TS M BT

SR AZAR N AR S R T 5 38855 5 IR S8 BAE 5 7 s Ao Y

Site index model of Chinese fir plantation in Hunan province based on site, soil

nutrients and their interactions

LIU Juncheng, ZHU Guangyu ™, LU Yong
College of Forestry, Central South University of Forestry & Technology, Changsha 410004, China

Abstract: Studying the effects of site factors, soil nutrient factors and their interactions on the growth of average dominant
trees, and construct site index models with site, soil nutrient and their interactions, respectively, can provide insights for
site quality evaluation of Chinese fir plantation. Based on the analytical data of average dominant trees in 40 plantation plots
of Chinese fir in Hunan Province, quantitative method I, random forest algorithm, K-means clustering and nonlinear mixed
effects regression analysis were used to determine the site and soil nutrient factors that significantly affected the dominant
height growth. The optimal basic model was screened and a nonlinear hybrid site index model containing site, soil nutrients
and their interaction effects was constructed.Three evaluation indexes, AIC, BIC and R*, were used to evaluate the fitting

effect of the model and derive the optimal site index model. The results showed that altitude, slope, soil type, organic
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matter, total nitrogen and total potassium had significant effects on mean height of dominant trees. The significance order of
site factors was altitude > slope > soil type, and the importance order of soil nutrient factors was organic matter > total
nitrogen > total potassium. Among the seven models, the optimal basic model was Gompertz ( R*=0.6876, MAE=6.6922,
RMSE=2.7448) . The accuracy of the mixed model with site, soil nutrients and their interaction type effects was improved
to 0.7827, 0.7765 and 0.8400, respectively. Based on the standard clustering with accuracy =95%, the accuracy of the
mixed model with site type group, soil nutrient type group and site-soil nutrient interaction type group was improved by
13.05%, 12.52% and 21.42% , respectively, compared with the basic model, and compared with the mixed model with all
type effects, AIC and BIC were lower. Therefore, the site, soil nutrients and their interactions all have significant effects on
the average dominant tree growth. The fitting effect of the mixed model with interaction effects is better than that of the
single site and soil nutrient effects. The simulation of the growth law of the average dominant tree based on the multiform site
index curve of the site-soil nutrient interaction type group is more accurate. Finally, the optimal site index model with the
random effect of site-soil nutrient interaction type group was established H gy = @jsonume Xexp ( =bXexp (=eX T gqne ) ) +

e which could be used for site quality evaluation of Chinese fir plantation under complex site conditions in Hunan

JSSNMTG 2

Province.

Key Words: Chinese fir plantation; site factors; soil nutrient factors; interactions; site index model
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M SN M JE 32 050 A VR O K AR S A R S M RO ZE AR DG 3 3 e Al (e ik T ORI 68,
FEIR P A3 B2 245 1 MO B IR X6 A2 K ( Cunninghamia lanceolata ) P53 i A= K AFTE B & 52, e I I A+ 2
LA R PR B R R i SR E N L R o — N R R R, R AN A LY E
B BUSAY T HLR I A G B, R R A K RIS IESE T OR[R] R A A T AZ KT I
BUERKBEAFAE 22 SR T % 0 X O 3 s A K (4 S M e A 4130, 443°F - 3835 40 e Dt 44 o A= K 4 5 iy
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RFGE T HTE | R o M HAS BAE FH RS R O8O A K sh A LA S e A A 1
Mot A EEE LY,
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Table 1 Stand factor statistics

A T HE bR e/ ME SYNIE]
Factors Mean Std. Min. Max.
W5 Height/m 9.8 4.9 0.5 21.2
IR Age/a 14 7.6 1 35
Y Slope/(°) 24.3 12.1 0 44
R Altitude/m 502.6 335.7 146 1030
FHHLIBT Organic matter/ (g/kg) 33.5 13.8 14.4 79.3
4 Total nitrogen/ (g/kg) 1.7 0.5 0.9 2.9
45T Total phosphorus/ (g/kg) 0.5 0.3 0.2 1.9
44 Total potassium/ ( g/kg) 9.5 3 33 16.5

2.2 LAY R HULA F I E

TERE 7 FIE P PR3 ACT- 35 5 A AR Ry 7 48 BRI R Sl i R 18 F XS RSB T LG R
BERIPEAN PR AT G 45 R T AL, 0 B LAY, A SEm B TR 3k U L3k 2,
2.3 T

R A 43 57 MR R S AL A SR S BRI 25 ) 7 b R 7 0 o> R 4 [ 3R 40 i Ay
Ghrife > f 7 TR IR T T A B BRI ARIE L 3 K 4,
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Table 2 Candidate basic models
b RRL 2 F Fik FF5 R ik
Serial number Model name Expression Serial number Model name Expression
M1 W £ H=a+b/T M5 SRS H=a/(1+bxexp(—cxT))
M2 L/ H=a+bxT+exT? M6 ¥ H=ax(1-bxexp(=cxT))
M3 XA 2 H=a+bxlg(T) M7 IR 2% H=axexp( ~bxexp(—cxT))
M4 # o H=axexp(=b/T)
H WA Mean height of dominant trees in the stand ; T: R43M4E R4 Stand age;a,b,c ARFISE
F3 METFH R
Table 3 Criteria for grading site factors
PF factor K43 bR Standard of division
MEH Altitude & 200m —5¢, 3t 6 2,
Y BE Slope gradient <5° 5°—14° 15°—24° 25°—34° 35°—44°
B Slope position 75 g g T %
17 Slope aspect PR 2 FH 135 2 B ey i)
+ 52 Soil type e AR
RS Soil depth <40cm 40—79cm =80cm
x4 ITEFSERTFHRITE
Table 4 Grading criteria for soil nutrient factors
e 55 AL SR 20 e
Type Level SOM/ (g/kg) TN/ (g/kg) TP/ (g/kg) TK/ (g/kg)
W =F & Extremely rich 1 >40 >2.00 >2.00 >20.00
F & Rich 2 30—40 1.50—2.00 1.50—2.00 15.00—20.00
3t BT Most suitable 3 20—30 1.00—1.50 1.00—1.50 10.00—15.00
i@ ‘H Suitable 4 10—20 0.75—1.00 0.75—1.00 5.00—10.00
ik Z Lack 5 6—10 0.50—0.75 0.50—0.75 3.00—5.00
Wit Z Extremely deficient 6 <6 <0.50 <0.50 <3.00

2.4 BETEN Tk
241 ¥kl

B A7 T 24878 1 AR v ELA s PR R (1 [ g A A 22
A 1ot AR Prs>F” {5/ T 0.05 §ii ik
242 BEHLARMA L

FEHLARMR ( Random Forest, RF) — Ffi J& 3 T YL 5K B 43 22 A0 [0l 13 ) B vk, AR A R G5 44F 1)
randomForest . rfPermute 3558, % importance PR BORE RRIE AR g )ﬁ]ﬁ AR % FH R A BRIk 2 )
1Y% IncMSE ( 3417 2 14 5 A 430 PR RF B b S SR R AR AR ) 3855 0 DV J0 (88, D)0 42 A 2 Bk
MR M
2.5 RSOV AR e

IR ARV (NLMEMs ) J&— R T30 S8 AE et 0 & BE T 101 5 ek B Boe i 8 | g
ST\ ) B84 A O S | S 22 R 2 S R S W AP 3 AR A A LA S A F

Y =f(Bo, X)) +2, (1)
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X ,0=(0,, .0, )%’*mfrﬂﬁﬁ%&mi,ﬂﬂ%}i&f“ p,(x10,,C)FRA 43I B FRon 2] j A ME R 2% i
B2, HSHun & 0 AR5 e liR P(C) FRREG A
2.7 FERIPEM SAG

BERIPEA R FH A5 A7 B A (ALC) DU Hii{E B (BIC) (B REL(R?) CEI4axtiR2E (MAE ) K75 fi iR
2 (RMSE) 5 MFEM 4R

3 HBRES

3.1 e
ST LSRR 22 5 AR A2 AR A A SR R AL i T i 9 7 b 9 1 64 7 S 38 PR T, |
25 0T 3 SE L XA AR P2 iR A R I Sk VA > 3 > - 4
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Table 5 Site factor screening results

R Rl ¥

K i
;ﬂi{ﬁf:jr Sum of H ir; Mean F Pr>F anijr-ks
squares square

R Altitude 98.0529 5 19.6105 4.2631 0.0009 B
Wi Slope gradient 39.3082 4 9.8270 2.4949 0.0454 IE
Y7 Slope position 263.0939 4 65.7735 2.5822 0.1093 ENTE
Y1) Slope aspect 17.3367 4 4.3341 0.9422 0.4400 ENTE S
3 Soil type 11.6665 1 19.9650 2.7182 0.0482 E
4P Soil depth 14.8527 2 7.4263 1.6144 0.2010 ENTE

IR SAT $4 w5 DR AR o AR 8 RN - J8 57 53 S F AR i 38 3 % IneMSE 48 AR 4T LUHR , B BIL AR AR GAL 1
SR EEMHET N SOM>TN>TK>STP , H i VL7372 B SOM TN Al TK X AR LA ) 5 47 1 3 5
M, FE A AN 1,

3.2 FLREBIRIMRIG Sk ee

BT 40 Herf b 40 AFARBT AR SR BE , DALOLIAACT- 2 5 o R AR i AR [ AR i 4 A ST AR SO
REAEAY SE L R 15T A nls BREIUG 2R 2 1 7 A BRI | LEE M1—M7 AR 481 A 25 1, 3 6 mlH:
o M7 SR 252 LA ROR B b B RIPEM FE bR R*(0.6876) Fit K \MAE (6.6922) Fil RMSE (2.7448) fic/N | A
R BEPERLA R B U1 Compertz F5E7 hy f A FEAHAR TR (M7)

F6 EMRBAMAER
Table 6 Base model fitting results

FHS Model a b ¢ R? MAE RMSE
M1 12.4607 -21.0471 — 0.3995 9.5547 3.8033
M2 0.4453 0.9138 -0.0127 0.6836 6.8821 2.7704
M3 -3.7913 5.6492 — 0.6809 6.8981 2.7724
M4 20.1693 8.0317 — 0.6863 6.8807 2.7701
M5 14.7936 7.0615 0.2278 0.6740 6.9301 2.8072
M6 19.2274 1.0451 0.0636 0.6872 6.8523 2.7649
M7 15.7070 2.6500 0.1485 0.6876 6.6922 2.7448

a.b.c NFERIZEL ;R2 W %E 221 Determination coefficient ; MAE ; -3 46X} 5% 2 Mean absolute error; RMSE ; ¥ 77 #1222 : Root mean squared error
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( HBxPDXTL) [RR A58 R* iy, AIC {H . BIC t Ak,
WK 3 4> 32 e MK 41 G i or S A (ST) B fin &2
ZH a LIBIRIRLA 0 KRR G, H R 2R 0.7827, ALC
A 1430.3250, BIC & 1448.8440 , [H It <7 Hb 2 RIAE Ky
BEAILASN 1) e ARAR R M7-1 JE =R F .

H,=(a+ag) Xexp(=bxexp(—cxT) ) +ep (3)

K Hig, B @ A ST R AL AR A A3 &, T,
R i AT TR AE IS 0, b, c AEERIBEL, ay,
HBENLE R ZHL, 6, NIRZET, R,
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Fig.1 The order of importance of different soil nutrients to the
average height of dominant trees in the stand
SOM: fi HLFT Organic matter; TN ; 4% Total nitrogen ; TK : 4 #f Total
potassium; TP ; 27 Total phosphorus; * /R P<0.05, & 1% 78 &%
MRS ARN KA BERI ; = FIR P<0.01, RYNZALH XK
IS AL A R

W T G M PR T K2 7 M R T g BEHLASON FASL TR M7- 1 5 SR 260k B A b B A 0t i 2, TR
R 0.6876 2T E 0.7827 , B E 24 13.83% , Uk HH 7 Hb X AR 388 i AR K S i sy b 2

x7 SHBEFREINELEER
Table 7 Random effect fitting results of site factors

BEHILZBON A 1 E ik

Random effects Parameter a b c AIC BIC R?
construction combination

HB a 17.0700 2.5203 0.1242 1456.5790 1475.0980 0.7132
HB b 17.0693 2.8555 0.1274 1441.7790 1460.2980 0.7319
HB c 15.9246 3.0479 0.1540 1437.0090 1455.5280 0.7344
TL a 15.9342 2.5918 0.1418 1465.6230 1484.1420 0.6930
TL b 16.1384 2.6270 0.1381 1463.7790 1482.2980 0.6961
TL ¢ 16.2074 2.5739 0.1357 1461.6330 1480.1520 0.6989
PD a 15.8440 2.6837 0.1463 1463.5470 1482.0660 0.7013
PD b 16.5406 2.8397 0.1367 1446.8780 1465.3970 0.7218
PD c 15.8912 3.0827 0.1571 1440.7620 1459.2810 0.7297
HBxPD a 16.8503 2.6537 0.1330 1457.5740 1476.0920 0.7299
PDXTL a 16.0738 2.6337 0.1407 1461.4520 1479.9710 0.7080
HBXTL a 18.1819 2.5355 0.1170 1451.2850 1469.8040 0.7263
HBXPDXTL a 20.2146 2.8527 0.1140 1430.3250 1448.8440 0.7827

BENLBON A E T HB PD TL 53 3 W T HERR 2/ A a b o SEASREBELAL 23 50 3 252 80 b T HEAT IR & A A A

AIC: {5 B i Akaike information criterion ; BIC ; DU {5 B i Bayesian information criterion ; R? ; | € 2 { Determination coefficient

3.3.2 TP ST I SS R SN AR R R g 5 A AT

R 2 7 M DR T 2 SR K 40 Bt t] o3 B 21 Fh 7 2R | bl 3 22 1) 37 b 28 AR A AR (1 iy
P RS FERAR A AR K B R RS AL a B IARRRE | L)L = 95% HUNEE (R [ 18 ] K-means SEISEAG
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A 1 57 b 2SI R ST MR AL (STG) , RN 4 KA IRBIR ISR FE bRl . HARREZE R I K 8,

FH 2% 13 AT RAST H 2R R ZH 1 R BEAILS R A TR AR M7-2 S5 IEREBIRUA 1L, R M 0.6876 T+ 0.7773,
PIEHEBEPER 13.05% ; FHAHIAY M7- 1AIC | BIC # R T 43.7760 , Ui WA RIS M5 47, 5 1 37 b 28 R 20 1
BEALN X A2 AN TR S AR i B 2 AR M7-2 IR h

Hge = ajSTCXexp( —bxexp( —chjSTC) ) +& 516 (4)
N Hgo WS DSLHBZETY IR LA T8, T S j AL B AR 4E 0%, b, c WIS,
Qe WG | ST HZR BV BB, &g WIRZET, T IA],

IR M7-2 25 3T 7 ST (9 A2 AR 298 37 b 3R B0l 26, ph 1A 2 W20, 4% 7 i 24 760 2 A5 700 il 28 41

BRI R UESE T ARV B 58 FPE b S R 1 IR R R AR K R AT

£ 35
3 s
g 30 STG1
ks s = STG2
®8 IHEXDEKER i e ST
i i < £ 20 STG4
Table 8 Clustering results of site types z S
o 15
RIH M5B SR A Re
.. . 2= 10
Cluster numbers Precision Site type group  Sample size =2 s
<
=
1 0 I 34 g o
2 76.3 I 105 = 0 5 10 15 20 25 30 35 40
3 90.7 it 40 il Agela
4 958 v 121 2 EFIHERANSHIIIERNE

Fig.2 Polymorphic site index curve based on site type group

3.4 T HHER U AR IR G A S T
3.4.1 T RHEFRIN RN ORI 5 43 A

ARBEFEREDTTE X 700 17 A LRI, LU S 355 0 A M BRSO, 05 BT S RO A&
X, SRR BIBENLEON Qe SR o ERORINCSL, HE R E(RY) RIBME BB (AIC) 5 DU B
it (BIC) VEA KR, LA & fe AL B 2L

®9 TEFSEFHUIBMMEER

Table 9 Random effect fitting results of soil nutrient factors

BEHILZBON A 1 SHAE

Random effects Parameter a b c AlC BIC R?
construction combination

None —

SOM a 16.0075 2.6768 0.1446 1451.7450 1470.2640 0.7138
TN a 15.6011 2.6626 0.1483 1462.9920 1481.5110 0.6992
TK a 16.2174 2.6343 0.1316 1444.8430 1463.3620 0.7247
SOMXTN a 16.8164 2.7228 0.1362 1442.8930 1461.4120 0.7361
SOMXTK a 16.5588 2.7322 0.1335 1433.0240 1451.5430 0.7513
TNXTK a 16.4080 2.6597 0.1327 1441.7570 1460.2760 0.7393
SOMXTNXTK a 17.9053 2.8072 0.1256 1420.5130 1439.0320 0.7765

BEHLAOV A T SOM TN TK 4034 EHEA HUR A8 280, B HALE a b .o & H4 BEHLION 53 S5 4~ 2 B L 0 0 1710 A 0 A
e
HH2% 9 FJ 01, SOM TN Fl TK 2H-4 BN (SOMXTNXTK ) IR A Hi % R e, AIC 1 BIC &A%,
WK 3 A F T ISR T2 5025 (SNECT) IR BB a FBRIBLA L B e tE, LR
0.7765, AIC A 1420.5130, BIC & 1439.0320, R 38 55 40 FERIAE Ry EAILASONE 1) e AR 7R M7-3 TE =0 F .

Hsvper = (atagyper ) Xexp (=bXexp (=eXTgyper) ) +& syeer (5)
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1 £ T H I 7 B e 2R R BEALRLN AOAR R M7-3 5 SE RIS RURS AR LA Br e 7t , PR 4% &
RPN 0.6876 $2T1HZE 0.7765 , B4R 247 12.93% , P 30553 KRR 30 25 20 KA $2 0
3.4.2 T MR SRR BRI S ST

2 10 FEDRE - HEFR Ry 4 A+ 3857572 (SNECTG ) 3k I R ISKG ARt

128 13 AR RS 15 B ) 4 5% 43 2 AUV R ALK (TR A A7 M7- 4 5 3L REBERIAT LG, R A
0.68764E T+ 2 0.7737, HIAAE BEHE R 12.52% ; AHELAE AL M7-3AIC | BIC ¥ R T 30.9220, % T L g 40257
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Table 10 Clustering results of soil nutrient types iu'(_,]f: é 20 SNECTG3
"H*_ £ SNECTG4
RN \ LKA AR L3
K BE . . 5
Cluster o Soil nutrient Sample R 2
Precision . 25 10
numbers type group size 5
= 5
g
1 0 1 52 § 0
» 8.8 1 55 0 5 10 15 20 25 30 35 40
’ LRI Agela
3 92.5 I 57
4 96.7 v 136 B3 EFIEFROLBANSEIIMBERME

Fig.3 Polymorphic site index curve based on soil nutrient

type group
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Table 11 Random effect fitting results of site and soil nutrient interaction type

RfATL SN ) 1 SR G

Random effects Parameter a b c AIC BIC R?
construction combination

SSNMT a 27.4934 3.1560 0.1028 1324.2440 1342.7630 0.8400

SSNMT ; 37 Hli- - 4657 43 3¢ H 257 Site and soil nutrient interaction type

12 11 AT K S b - 4857 43 28 B SRR S BEHLAKON (TR G 57 RS 0.8400, AIC 2 1324.2440, BIC K

1342.7630, 57 -+ 38555358 T AR R ML IOALHS M7-5 k=R
Hisganr = (@+assyyr ) Xexp (=bXexp (=eXTsqur ) ) +& s (7)

S RERIRE RS BEA L, R R RN 0.6876 2712 0.8400, H4H LY 22.16% , i W 57 -+ 45 35 3 38 HAE
FAXE AR e B HE AT B R
3.5.2 TS 3SR H R R AN AR AR S 40 M

FH 2% 12 WHADREST - IR0 2RI Ny 4 4SS - HIEFE 38 B 2L (SSNMTG ) ik B R AHE BERRifE

FH 2 13 ] 0K 37 -+ HE 57 4358 T 2R R A A BEAILRL N (TR A BT M7-6 5 EERIBERIA L, R L0.6876
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FETFE 0.8349  HUEKE BT 1 21.42% ; FRASHE I M7-5AIC BIC ¥ R & T 24.8930, Ui B <7 - + 4 35 70 28 H 4%
R A2 AR A A B R, R M7-6 (AN
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Table 12 Clustering results of site and soil nutrient interaction bl g 25 SSNMTG2
T .g SSNMTG3
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Fig.4 Polymorphic site index curve based on site and soil nutrient

interaction type group
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PRGBS L (STG) | T IS4y 24 (SNECTG ) | 37 Hb- 33543328 B 28 B 20 ( SSNMTG ) 7E
BEHLSON HEA T AR MR A ROR AL, B AIC BIC K2 R*3 MR8 AR #EA TR RIPEMY | I 15 FE R AL ( None ) |
SRR (ST) | 45753 FEAY (SNECT) | 7 Hb- 135543 3¢ B A (SSNMT) UG 25 SRl A TN (£ 13) .

K13 HEEWSERITLE

Table 13 Comparison of model fitting results

H Bt LA g R HLAS N,

Random AIC BIC R? Random AIC BIC R?
Model Model

effect effect
M7 None 1465.1970 1480.0130 0.6876 M7-4 SNECTG 1389.5910 1408.1100 0.7737
M7-1 ST 1430.3250 1448.8440 0.7827 M7-5 SSNMT 1324.2440 1342.7630 0.8400
M7-2 STG 1386.5490 1405.0680 0.7773 M7-6 SSNMTG 1299.3510 1317.8700 0.8349
M7-3 SNECT 1420.5130 1439.0320 0.7765
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AR ZEFEATE X RPN, EL oA S 53 BN v 3 30 W 7 A5 SR A RO AR T B AU A ORI T S A A
RIRA G RCR B T S U | 3R Ir SRR N7 - T3 57 03 58 B ZH B A2 AR N AR, M5 HOR 5 &L
IO S TRAT 6 5 i ) TOEDNRE 2 U5 RO
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Fig.5 Model M7, M7-1, M7-2, M7-3, M7-4, M7-5, M7-6 residual distribution

WFFEE S B A 712 1 8 ek R | SRR B 2 S R AR U A Y iR S Y RO R

IR O IR AR AE 2% 1 A5 PR3 S o 1 o T

1=
o

MR R LE A ISR LR G I WA B A R, TN A2

A LK 8N TR B AR I EOR DR R SRR 0 25 S S IAZ AR A KR A Ik, R )

http ; //www.ecologica.cn



34 XIAG A LT o | SR KOS HAT A ) B A2 AR N T ARST M A g 1349

B R B KA RFE o BB RRIR G , ()3 3 I - ek . R4 WIS i i A2 AR AR 0 3 v ST R TR
VR B ORI X S AR AT 4 S S ;X R K PR AR AL AR A K A R R
PV 4 VAN =3 8- D s NI B AR LR R S0 =t s - A IR e o A s P e e o

T HEFE I RARAA K B ST IR, ASAIF 30 2o AL AP B3k O e A5 30 b 2 R i I S AT 24 e ) R Ay
HFRAHLR 2R 28, HEAPUE P E S K b RuEo R, B S A E SR e R Z MEREE— e R
FHSE R AR S () BB R SR A K i K, 3% 5 X R BAEWF IR A2 AR K R A A O
25 SR —20 L BRI A L AN D A o b o 4 4y, A — R Y L P it P A T AR s MAO
VEFISE AR AR A K27 07 Jo ) 200 6 98 425 s 4 - A 00 A I 2 7 A ke 25 o L P 3 el 4 s 1R g2
HECAAE BRI PR AE K FEARBEGE X AR b i R UL OIRES SRR b & 22 RO AR, R
S BT R S AT b X B A S R G T i — A BB BR ) P F ES IR B R AR bR
M)A [e) bR A3 A i A e W 8 25 5 00 RS I R BRA ML e 20 e R AR JLVE AR (Larix principis-
rupprechiit ) N TARA KA S 4 72 R I & K =42 ( Picea glauca) MRHBR Bl A7) 5 1t 2 PR il B A
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