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Abstract ; [ Objective] The complexity of different forest types was evaluated to determine the main factors affecting stand
structure and provide a theoretical basis upon which the precise forest management can be developed.[ Method ] A total of
30 permanent sample plots comprising different stand types ( Betula platyphylla forest, Larix gmelinii-Betula platyphylla
mixed forest and Larix gmelinii forest) in Cuigang Forest Farm, the Greater Khingan Mountains were investigated and 13
indicators selected to consider four aspects, namely stand structure, forest tree size diversity, forest dynamic and soil
conditions. The stand complexity was evaluated using the radar chart method. [ Result] The diameter distribution of the
three stand types was found to be in the form of an inverse “J” pattern, with the overall tree distribution generally
random; however, slight uniformity was observed. The tree size differentiation was inferior and middling, while stand
density varied from medium to dense. The maximum stand mixing, Simpson diversity, Shannon-Wiener and Pielou
evenness index results were obtained for L. gmelinii-B. platyphylla mixed forest, while the maximum stand volume and
healthy wood proportion were observed in L. gmelinii forest. No significant differences were observed in terms of natural

regeneration, soil organic matter, and soil humus layer thickness in different succession stages (P>0.05). The forest
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structure complexity was observed in the order of L. gmelinii-B. platyphylla mixed forest (0.45) > L. gmelinii forest

(0.37) > B. platyphylla forest (0.31), during which the stand mixing, the Simpson diversity index, and the healthy

tree proportion were the main factors affecting complexity. [ Conclusion] The overall complexity of the forest structure is

inferior. For the subsequent forest management, increasing the species diversity and improving the forest environment can

promote positive progress in forest restoration and succession.
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Table 1 Basic characteristics of the plots
Hom Seitun B o L Mo I
forest type statistic item avera; ase mean DBH dg::f: S(tﬁl":;:nsh)y proportion of proportion of
BF volume LF volume

1/ME min 39.00 10.76 11.03 633.30 65.36 0.04

FARAH max 46.00 14.24 14.20 1583.30 99.43 31.89

BF 44 mean 42.20 12.18 11.89 1 140.40 76.01 16.82
PrifEZE SD 2.03 1.28 0.94 329.07 10.70 10.68

R R % CV 20.73 10.51 7.91 28.86 14.08 63.50

H/ME min 45.00 10.51 10.86 866.30 25.72 35.16

FARAY max 66.00 15.55 15.32 1 550.00 52.03 61.47

MF 44 mean 54.40 12.39 12.27 1 257.00 40.56 52.78
FRifE2E SD 6.73 1.43 1.34 240.78 7.93 7.16

R FE % CV 12.37 11.54 10.92 19.16 19.55 13.57

% /IMH min 49.00 9.88 9.51 600.00 5.18 67.88

FKAE max 86.00 20.86 16.48 2 250.00 19.54 93.53

LF F-H)H mean 62.60 12.56 11.62 1 501.90 12.15 83.46
FrifE2 SD 12.09 3.07 1.90 488.08 5.72 8.12

B ZE % CV 19.31 24.44 16.35 32.50 47.08 9.73

H BF. HMEMK Betula platyphylla forest; MF. 24 ZJEMFA-HABERASHK Larix gmelinii-Betula platyphylla mixed forest; LF.24ZTE A Larix

gmelinit forest,, KAl The same below.
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Table 2 The evaluation index system

P VR T
evaluation index evaluation  evaluation
standard value
qel1.2,1.7] 1
HARS G diameter distribution LA H 0.50
FRIE S A 0
F ¥ uniform angle WmESERE [0, 1]
IR3ZRE mingling ErEbE [0, 1]
K/ AL dominance famdsbs [0, 1]
BRI crowding Mg [0, 1]

Simpson ZAEHFE %L

Simpson diversity index

Erfgts [0, 1]
Shannon-Wiener 35 %%
Shannon-Wiener index
Pielou YJ5] 8% Pielou evenness index

FRArE L stand volume

iEmEdEbs [0, 1]

IEmfEsR [0, 1]
IEmfERR [0, 1]

100 1
HEHER /9% [90.100) 075
healthy tree proportion [70,90) 0.50
<70 0
=2 500 1
FARTH L/ (B -hm™2) [500,2 500) 0.50
natural regeneration quantity ’
<500 0
s =1 Bg > 3 1
T BB B4 %
content soil organic matter [1.3] 0.50
<l 0
“ =20 1
JE 5 ) R/ em
humus layer thickness [10,20) 0.50
<10 0
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C1. HA245 4 diameter distribution ; C2. £ JUEE uniform angle ; C3.75R
28 mingling; C4. K/NEEEL dominance; C5. % 5 crowding; C6.
Simpson & #1438 %1 Simpson diversity index; C7. Shannon-Wiener
F8 8 Shannon-Wiener index ; C8.Pielou Y%7 5% Pielou evenness
index; C9. ¥k 73 & 1 stand volume; C10. {8 B K (5 [t healthy tree
proportion ; C11. KIK T HiHUE: natural regeneration quantity;C12. 4
HEA PS50 4L content of soil organic matter; C13.JE 7 Fi 2R
£ humus thickness, F[d], The same below.
1 HRAEHEETENEIRE
Fig. 1 The radar diagram of evaluation of

stand structure
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Table 3 Values of structure indicators for different
stand types

ke
o BF MF IF
index
H 24 diameter distribution 1.41£0.26 a 1.3120.21 a 1.28+0.24 a
FJE uniform angle 0.51£0.04 b 0.47£0.04 a 0.49+0.03 ab
TRACHE mingling 0.29+0.14 a 0.43+0.08 b 0.30£0.17 a
K/NHEL dominance 0.51+0.03 a 0.51+0.06 a 0.48+0.06 a
WY crowding 0.49+0.14 ab 0.44£0.16 a 0.63+0.22 b
. s
Simpson 2 AL 0.34:0.142  051:006b  034:0.11 a
Simpson diversity index
™ W v
Shaumon-Wiener #3 0.58:020a  0.77:0.19b  0.58+0.18 a
Shannon-Wiener index
telou Y5] JEF5 4
Pielou K5 BEHEH 0.59+022a  0.90:0.12h  0.56£0.15a

Pielou evenness index

HAEBY (m3hm=2)

stand volume

93.33+30.48 a  112.59+20.26 ab 134.79+47.48 b

HEREA L L/ %

healthy tree proportion

68.60+16.32 a 84.2+10.63 b 90.20£8.99 b

RIRTEHRCRE/ (B - hm=2)

natural regeneration quantity

709+286.41 a  1227+1038.76 a 1 090+584.04 a

I LB i K %

content of soil organic matter

5.48+40.75 a 5.51£26.31 a 5.47£39.97 a

JEAE TR/ em
humus thickness
T R PR AP B E R 22 | AT AN [R] 5B R AN TR AR
FAA 25+ ¥ (P<0.05), Tl The data in table is mean +
standard error, and different letters in the same row column meant sig-
nificant difference at 0.05 level among stand types. The same below.

16.80+3.46 a 16.50£3.92 a 17.50£4.25 a
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stand diameter class

B2 EWHEBEEESM
Fig. 2 Diameter distribution of different stand types
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Fig. 3 Radar maps of different stand types

®4 FREKSEBEMERURMAFBEIERE
Table 4 Index values of the optimal plots of stand structure complexity in different stand types
g ey R
b BF MF LF o BF MF LF
index index
oy A ) ] ] ] ] . [TV
ERA® B e ey || Dden BAEIEA 0.77 0.71 0.63
diameter distribution Pielou evenness index
5 ZHY (m® -hm2
FRE BB BB BEbLsh | PRV (o) 131.12 105.39 194.84
uniform angle stand volume
JB 2% B t :
{LB,X,E 0.43 0.56 0.42 BEREA K 1L/ % . 84.81 90.35 97.30
mingling healthy tree proportion
% TR T
IOl 0.51 0.50 0.4p | FARIHEBL/ (Fr-hn) 617 4000 1233
dominance natural regeneration quantity
R AE [P $3 IEWAG'Y
L 0.42 0.77 019 || LEABLRIII K% 5.12 5.24 5.41
crowding content of soil organic matter
& . S ke 3 G = [E R/~
Simpson ZZHEHEIAL 0.35 0.62 045 | JEPBURSEE cm 19 15 14
Simpson diversity index humus thickness
W oy 422 A
Shannon-Wiener 5 %% 0.54 1.15 0.69 LRE T E 0.42 0.54 0.50

Shannon-Wiener index

overall evaluation value




5

R, 5 KOG PRl XA RIS 28 R 25 4 52 4 P DPAfY 153

TE MR B, IR S L R/ LB B S
Simpson ZREVEFREL MR B R AR A & b KSR
BB 54% BT PRI B BIBRIE 0.5, FE M bR 45
S I (18] 3a) o FAMERRAR T ATEE , W Fh 2 4F
PEAR, AR 2 T FE 2 RO/ N R AL T 25 3
A5 , AR AFEARA  RIRTHA 2 PR
BB AL, R T AT E IR, P T AA-
FIMEIR SR B IR ACTE R/ ESE 15% 135 4
RIKBIEELL 0.5( 18 3b) , TR ICHRIHS, WRh ZREHE
A TG R MRAR KNI ACRR BEATS TH AL T 25 3 i 22
R BB SO ST, Sl o AR o3 i A BB AR
Ao PLLTEM M BIR AL % 4R Simpson
ZREEAR R 23% MR /N T 0.5 (1 3¢) , 7l
AT RE, B A AN R AR AT A i — AR ke
R, AR A /N, H S R AT A
2L TE PRI A o L 3500 T AR 2%
LRS- FIMETR ST T % 22 55 A - L METR SE AR
Simpson Z #1448 %1 . Shannon-Wiener #§ %{ | Pielou
5] FEFRBORIAR 73 3 FUL T EMEARAN 2 22 P i
Mo PROFEERFE IR A AL TR TR b ik B B AR
FUREHE , 7E—SEF8 bR E A I E AR ST PR 2 (]
SIS Ry A RUEE S e HA A 3022 AR AR
Simpson ZFMEFEEL,

309 8

ARG R 25 (B AR B 1] 149 7 32 0 AN [) b o3
RRVLERY S FAE AT 30T o 3 BRI IR R 22 0%
H DX H WL AR S AL DA [) bR 4326 2 1) 35 4
TERT LU R 534 M 10 7K - 0 A 4 Ry LA 53
AR BER A B, AN [ AR R /NARA BT o 1 L A7)
FTLAORFR AR B B R AR ZS o T2 R %22 e
RO IR IR R R AR Ak T AR K
-, FLIE BT DA A A Rl 2 B LU AR
I A A B — IR 2R AR, R 2R
WHFER B, Py ih A48 BORE &) B B 22 1L
PR H B, X SA RSB E . N
AR B FR IR AT LA Y A HEARIEE R AR 5 L
WRABL R 0, 3% 202 1 T I HEAR AL T8 100 S B
B AR RE R RS i MR B AR | SRR
IS5 1] b R AR A2 B BR AR AN A T AR 2D A H]
RARF . BEE BRI B 2E 5, AR i
RSP = UPAS LA N v =N Rk L1y g i 2 M )
FERN R AR R AR A LR R
EM AR E N EE R R

ANRI AR 53 28 B8 46y 52 P R/ IMIRUR Ry 242 %

A - FAHEIR AZ AR (0.45) > 24835 FAK (0.37) > H
HEMR(0.31) , Mo 2549 52 22 AL T R 45K F X
SRR X KDL NE L L X Y PE A 5
FAALL, 24275 B - FAMETR SE MR I PR AT 25 40 B S
WAL T H A P ASBRAD , = BR A b BEVR 5 HL A
BI5], RKARTHT RAF MO P 7E A K 3By g
AR AN FEAFI P R 1R 28, Rl X F oK | 28 S0f
135 Y2 e RIS R 7 S 2 R = 3201115100 s ) 117 N
Ay IE [ HEAT 76 I MR R TR R MR
AT R (AR BRI ) R o A i /N R g )
A B/ NE AR e MO R IR IS . FIHERR
HRACHE R/NLAS B AR B AF 54% A IRF) 0.5 1Y
PRUEFE PR ZK IR A5 ML AR RS AR AL,
A 2 (R AR 3 B 1) B, M X AR A3 i R 3
B ) f5c 3 JURR AR SR AR HEA T 25 A R | 3 S 10 v
AN FILA 2 AR B, f AR 53328 20 ) T B 9 0k
T 5 BB RO B AR A A5 1 Vs o M ke 4 A = R
WS DR o e R b R R 24 TR -
MR AR 15% K355 0.5 FIFEFRER , R 4%
FARRMAL LS BTN A B A AL A & 4 LA
BEHE IR SE A1) 5 SR PR AR SR P AR 119 5 4 G
2, DI L ) de A A s R R YR A AR R 23%
KikF] 0.5 BFEFREE R, AR S5 /AL 288, 14 n
AR £ B  H A1, 43 ) 398 o ) oA
AT RS HIE ) AR ) e A b e Jre . g
SERACRRAR G, G2 95 UROR) FH RN R JR 22 8 i o7
Je, AN 3 1) AR R B8 U 5 1 55 Db R & J8 19 °F- i bR
B, —KIHEIFARRETE UM M BLA 2548, 1
FEt it SR A R

MR S5 R 24 R R AR Z A5 R
BRI EE R MR A M6 g IR0 4 4>
J7 DS AR 540 2 2 e A T VPN, B U R 3L T B
HI RG22 W b X (R AR S 2548 LA RO B 5E v, I
{H-AHP P iR MR AR S &, WA T2 IR
Brizer AR B9S2 A PP 25 R s W,
FHTAROPIRZS PRAN J5 T, {HL I 1 5 48 4 R o %
BE M R R Zn), it FRBIAE 2, G55
RECETETFN R AR IR R ISR X AR bR T
BOF W 255 8 BN MR G5 R A TP, ok
T BRI 5K ) i 3R 22 SR I SC A1 5 R R4 1)
FRER A —, BRBIEEEEARNE
iR UL HB R B B0 AR ST A 4 T R
% HAL S AE T ebn A 270, YRE B £ R
AN EEE B BOM A G5 M8 PR S 1 S PR 5 S R
(B0 B R B, 8 AR (AL T YR A (<0.5) DAY



154 (RN N A N s O (S G = B N )

AT 4

JEAE BEAR, SCAE R B AR A R, B2 5 A
v B RSy PR T AR, LA UL T30 355 R A R i
FRE L, MRITEEAE B PE A i JCGE— ) PP 1A 25 A
T AN E R PEANH8 bR R 5 85 % R ARG AL (4 D
MBS RAHIE 52 & 3 Rt —
BRI BRI (A R R T 12 , T S 4
HOIT SR AR ARES F 228 IR AP T A

4 & ©

1)3 MARAL MRS AR S A 2484 )7 B Bk
OG5 T PSRN 22 75 AR A AR AKF- 23
A Jm 2R BN BEAIL A1, T %22 P - I HETR 28
MR R 2 I3 A s AT N R BE T
FHEAR TN 2 2 Y I - MR TR AS PR R AL T 45 3, i
PLALTEIE AR T SRR s MR BE R AL T v
SRR AR L A % 4 TR ACE  Simpson AP FE %K
Shannon-Wiener 8%(F1 Pielou 2] FEFREL, 30 2%
BT - METR SE AR i AR 2% 22 V% I A BRI
MRoTE BRI AR 5 L R RAR T 8 L +
AL - B 2 R FEAE 3 AR AL AR
AR,

2) AN[RIBR 3 2B B 55 G5 52 28 M /MR YK
RN LBV AN - FIHETR SR (0.45) > 242 P
FAMR(0.37) > FAHEMR (0.31) , H P iR 22 B B F
Simpson ZFE P I AR 7 L AR A 2 i 20 Ak
BRI R R, ROR AR
AL A M B AR #E R AR TR 4y =X 4
IR Z2 REPE ;38 4 B B AP R R AN (g R AR
AR AR ST LRI 3, TR E ZRARAF 75 4K
SN Y R 18] 64T

S % 3Lk ( reference) :

(1] AR A F R AL 25 v A2 RS (R 38 W B A4 Ak 23 45 4 BF 5
[D].dbat . Jb sl K24, 2013.DU Z.Study on stand structure
of degraded spruce-fir forest in Changbai Mountain at different
succession stages[ D ].Beijing: Beijing Forestry University,2013.

[ 2 ] JCHRIZRpR 4 B2 [ M ] .4 R Jb ot MOl il hica, 2011
KANG X G. Forest management [ M ]. 4th ed. Beijing: China
Forestry Publishing House ,2011.

[ 3] ZENNER E K, HIBBS D E.A new method for modeling the
heterogeneity of forest structure [ J].For Ecol Manag, 2000, 129
(172/3) :75-87.DOI; 10.1016/S0378-1127(99)00140~1.

4] B, BB AR5 S5 2 b PTG R 1] M Bl 2,
2020,56(9) :143-152.ZHAO Z H,HUI G Y.Advances in struc-
tural diversity of stand structure[ J ].Sci Silvae Sin,2020,56(9) .
143-152.DOI; 10.11707/j.1001-7488.20200916.

[ 5] FARDUSI M J, CASTALDI C, CHIANUCCI F,et al. A spatial-
temporal dataset of forest mensuration for the analysis of tree spe-

cies structure and diversity in semi-natural mixed floodplain

forests [ J |. Ann For Sci, 2018, 75 (1) 11. DOI. 10. 1007/
s13595-018-0688-8.

HRIEL, 5Kk 5 T, B A S5 RARIR S MR B SR AR IR /Y
(EEM[T] Al A, 2016,52(5) : 1-8.HUI G Y, ZHANG G
Q,ZHAO Z H,et al.A new rule of 7 value of natural mixed forest
optimal stand state[ J ].Sci Silvae Sin,2016,52(5) :1-8.DOI;
10.11707/7.1001-7488.20160501.

[ 7 ] HUI G,ZHAO X H,ZHAO Z H et al. Evaluating tree species spa-
tial diversity based on neighborhood relationships [ J]. For Sci,
2011,57:292-300.DOI; 10.1093/FORESTSCIENCE/57.4.292.
TERIRE, B IR, kA FER A AL T 4 22 P W BA MRAR A3 {2 BE DT
BrrgE[ 1] B R AR R 22 4 (B AR FARR) L 2010, 53 (6)
81-86. YAN SY, XI Q H, TIE N. Forest health assessment of

—
o)}
[

[8

[

Kedum-Larix gmelinii in cold temperate zone[ J]. J Nanjing For
Univ (Nat Sci Ed) , 2010,53(6) :81-86. DOI;10.3969/].jssn,
1000-2006.2010.06.018.

R Y, XUIENI, ThE, 25 RIRMAR 23 IS5 HI 25 5 15 JU F

FE[ I ALTAO K225 4, 2013,35(1) : 16-22.DONG L B,

LIUZ G,MA Y,et al. A new composite index of stand spatial

structure for natural forest[ J].J Beijing For Univ,2013,35( (1) :

16-22.DOI; 10.13332/j.1000-1522.2013.01.016.

[10] EHMR, HRK, ET5, %5 T w (HIEI 4 E IS RIRTRSE
RBRSTIRASTFTL ] il MO B 5T, 2020,3 (2) 4348, 59.
WANG S,HAN D X, WANG Q X, et al.Stand status of natural
mixed forest of Larix gemlinii based on m value method [ J].]
Temp For Res, 2020,3(2):43-48,59.DO0I. 10.3969/j.issn.
2096-4900.2020.02.009.

[11] S, B AR R S I B8 T ARSI R MR B R EAL
FeEWFE [T ] ARl R4 242, 2016,38 (1) : 1-10.HUI G
Y,ZHAO Z H,ZHANG G Q.Priority of management measures for
natural forests based on the stand state[ J].J Beijing For Univ,
2016,38(1) :1-10.DOI; 10.13332/§.1000-1522.20150358.

[12] 5R%E4Ar , M BOGHE. AL 5T U Ll MIAR A 2528 15 bR 2s 8] 45

FI o3BT 5 3P40 [ 0. ARl B 22 BF 5T, 2018, 31 (4) : 75 - 82.

ZHANG L J,SUN C Z,LAI G H.Analysis and evaluation of stand

spatial structure of Platycladus orientalis ecological forest in Jiu-

longshan of Beijing[ J].For Res,2018,31(4) :75-82.DOI: 10.

13275/j.cnki.lykxyj.2018.04.011.

BRI, VON GADOW K, #Haif , 45 Gt fh k& [ M. L

5t P E MOl AR, 2007 :26-34.HUI G Y, VON GADOW K,

HU Y B.Structure-based forest management [ M ]. Beijing: China

Forestry Publishing House ,2007 :26-34.

[ 147 B2/ AN [6) 38 B B o) T 28 MR MR A R SF AR [ D] 1A UK
W AR AL ARl K 2%, 2015. CAI X X. Forest health assessment of

coniferous and broad-leaved mixed forest in different succession

[9

[

[13

—

stages[ D ] .Harbin ; Northeast Forestry University,2015.

[15] WG B e b AR E R 7 i LU R /DB
WK A I ] Aol B ,2011,47(11) :114-120.HUIL G Y,
ZHAO Z H,YUAN S Y.Evaluation method of forest management
models: a case study of Xiaolongshan forest area in Gansu
Province[ J].Sci Silvae Sin,2011,47 (11):114-120.DOI; 10.
11707/j.1001-7488.20111118.

[16] B hfe W LT AR RS FRAE B9 BRAK F AR BEIT 4 LA
ANPEILARD R BIT T ] Al B2, 2011,47 (12) :9-16.ZHAO
7Z H, HUI G Y. Forest naturalness evaluation method based on
stand state characters:a case study of Gansu Xiaolongshan forests
[J].Sci Silvae Sin,2011,47 (12):9-16.DOI. 10. 11707/j.
1001-7488.20111202.



5

R, 5 KOG PRl XA RIS 28 R 25 4 52 4 P DPAfY 155

[17] W=, E W0, M 4, 55 20 T 5 20 M 26 1) R AR V-0 BIF 5T
(] rhmg Al BHEE R 2 2441, 2015, 35(8) : 13-16,22.TAN S
Q,WANG X H,XIAO W et al.Forest health assessment based on
complex network[ J].J Central South Univ For Technol,2015,35
(8):13-16,22. DOI; 10. 14067/j. cnki. 1673 - 923x. 2015.
08.003.

[18] ®/NE , ZEBRF, 3458, S AZ AR A A S5 MM 5345 (] 2574 53 #r
BB [ T Mok Bl ,2015,51(7) :37-48.CAO X Y, LI J P,
FENG Y, et al. Analysis and evaluation of the stand spatial
structure of Cunninghamia lanceolata ecological forest[ J].Sci Sil-
vae Sin, 2015, 51 (7). 37 - 48. DOI. 10. 11707/j. 1001 -
7488.20150705.

[19] @ ZETF MR 2 [ M].3 fit. AL 5T [ AROIl R AL, 2006: 73 -
82.MENG X Y.Dendrology [ M ].3rd ed.Beijing; China Forestry
Publishing House 2006 :73-82.

[20] Bra, 7 R, XIERIL IR L L R Uk A bk 32 bk 73 2 R B 1

PR [ ] b s kol e 2 22 4, 2019, 41 (5) : 118 - 126.

CHEN Y,DONG L B,LIU Z G.Optimal species composition for

the main forest types of secondary forest in Maoershan Mountain,

northeastern China[ J].J Beijing For Univ,2019,41(5).:118-
126.DOI; 10.13332/;.1000—-1522.20190013.

HHE I, TR T AR AR AR S R MO B SR AR B 3 3 Ty s

FE[T] AbEMoll R 2E2740, 2015,37(9) : 1-8.HU Y B,HUI G

Y.How to describe the crowding degree of trees based on the rela-

[21

[

tionship of neighboring trees [ J].J Beijing For Univ, 2015, 37

(9):1-8.DOI; 10.13332/j.1000—-1522.20150125.

BRTE AMA [ M].2 WAL m RS L, 2010.

257-259.L1 J Q.Forest ecology[ M].2nd ed.Beijing: Higher Edu-

cation Press,2010;257-259.

[23] BB KRG ZIR KIRVE AR Z DI RE G B ST [ D] .0
IR ZRAEAROl K2 ,2014.ZHAO L X.Simulation study on mul-

tifunctional management of natural larch forest in Daxinganling

[22

[

[ D].Harbin ; Northeast Forestry University,2014.

[24] [ BUE EBAI AR B R, P [ AL i B D 2 2k
AR U5 BT BE T8 25 B AR BLAR . GB/T 26424—2010[ S]. 4t
ot B bR A M AE, 2011, General Administration of Quality
Supervision , Inspection and Quarantine of the People’s Republic
of China,Standardization Administration of the People’s Republic
of China.Technical regulations for inventory for forest management
planning and design: GB/T 26424—2010[ S ]. Beijing: Standards
Press of China,2011.

[25] A 4 e A 0 o0 3. A [ A TR R A AT HOR ML AR
(M. db 5. 4l 8 W 4L, 1979. The Bureau of General
Investigation for National Soil of China.The provisional technique
criterion of general investigation for national soil of China[ M ].
Beijing: Agriculture Press,1979.

[26] fHBZ  XIRCK, AR 45 BT GIS HORIY SR p VT Ay Al 1
S R R R B AR TS ()] K AR FFRTSE, 2005, 12(6)
251-253. XIE Y J,LIU F F,BAI J H, et al.Investigations on typi-
cal effective thickness of soil layer of Heilongjiang Province based
on GIS technology [ J].Res Soil Water Conserv,2005,12(6)
251-253.

[27] HRIZL, von GADOW K, #¥aif. bk 325 [0 2549 2 ¥ ffy RUBE 1Y
FRUEMEEE] 7] MOl R BF 5T, 2004,17(6) :687-692. HUI G
Y,von GADOW K,HU Y B.The optimum standard angle of the
uniform angle index|[ J ].For Res,2004,17(6) :687-692.DOI;
10.3321/j.issn; 1001-1498.2004.06.001.

(28] BRRE T, KR/INBE B 35 AR AR Z DI RE VAN 5 RIK L[ T]. R

Jepfll K244 ,2012,40(6) :23-25,47.YIN M F,ZHENG X
X,YIN W D.Methods of evaluation and expression of multi-func-
tions of forests[ J|.J Northeast For Univ,2012,40(6) :23-25,
47.DOI: 10.13759/].cnki.dIxbh.2012.06.036.

T SCT WAL B 1 Fe s DX 3 MR 2 00 1) A A A R L
BIRFSE[ D] i . PH IR AR K 2%, 2010. HAO W F. Study

on ecological process and mechanism of restoration and succession

[29

[

of abandoned land in loess hilly region of northern Shaanxi[ D].
Yangling : Northwest A & F University,2010.

[30] Z2MEaE, bR, BE AL, 45 . L PG 7 LLAR R 5 3 2R 2 1 ) 2
[EIAE R T]. VAL R4 2441, 2016, 36 ( 12) : 2505-2512. JIANG
X Y,LIANG L F,BI R C, et al.Spatial pattern of phylogenetic
structure of plant community in Shanxi Huoshan Mountain[J].
Acta Bot Boreali Occidentalia Sin, 2016,36 ( 12) ;2505 -2512.
DOI; 10.7606/].issn.1000-4025.2016.12.2505.

[31] BRLLTE sk —WL, 3 R Y, 55 0B LI RAR U AR AR SR bR S A
SR A BRI 1] MOl R 2241, 2021,41(10)
131-139.WEI H Y,ZHAN Y F,DONG L B, et al. Comprehensive
evaluation of spatial structure state for the main forest types in
Maoershan Mountain[ J].J Central South Univ For Technol ,2021,
41(10) :131-139.DOI; 10.27009/d.cnki.gdblu.20 21.000693.

[32] JR H H D.Liebig’s law of the minimum in relation to general bio-
logical problems|[ J].Science, 1917,46 (1183) . 197-204.DOI .
10.1126/science.46.1183.197.

[33] ixi b, WL BT B RS bR A3 B B 25 5 PP AR O

B[ T] Mol Rl 2021,57(1) :77-84.ZHANG G G,HUI G Y.

Comprehensive evaluation method of forest quality based on the

accumulation and homogeneity[ J].Sci Silvae Sin,2021,57(1) .

77-84.DOI.; 10.11707/j.1001-7488.20210108.

BB AT, SEORE, A5 G v I R MAIT bR S ] 5 4 R iF e

FEURPE [T ] W0 U0 A R OR 2% 2 4z, 2019, 36 (4) : 749 - 756.

HUANG J F, TAN W, CHAI Z Z, et al. Spatial structure

[34

[l

characteristics and regulation for the Pinus massoniana near-
mature forest in the central Guizhou Province, China [ J].J
Zhejiang A&F Univ,2019,36(4) :749-756.DOI. 10.11833/j.
1ssn.2095-0756.2019.04.015.

[35] HEMIGL, B, B A 25 (L R AR B B ST HE [ T ] ARll
Bl=£0F5%,2018,31(1) :85-93.HUI G Y,HU Y B,ZHAO Z H.
Research progress of structure-based forest management [ J]. For
Res,2018,31 (1) :85-93.DOI. 10.13275/j. cnki. lykxyj.2018.
01.011.

[36] BARR, E B, AP BUe. 3 T 00 26 4t A5 23R 52 Mol B8 U
GUHEAR T AL R gL T )] R MO TF 5, 2017,30(3)
46-51.LU D M, WANG Z M, FU H L.Design of forestry resources
statistical data visualization system based on web GIS[ J].World
For Res,2017,30(3) :46-51.DOI; 10.13348/j.cnki.sjlyyj.2017.
0030.y.

[37] 5K b RIRMREE 1 fff 13 bR A IR ZS 5 5 PE [ D] b 5t o

ﬁ]*/ﬁﬂkﬂ’i’ﬁ}fﬁ[yf,ZOZO.ZHANG G G.Interpretation of natural

forest structure and comprehensive evaluation of stand status[ D].

Beijing: Chinese Academy of Forestry,2020.

K ET, HA, R R A s L X RRARAE R 2 R PEA [ T].

Mol Bl2#,2011,47(6) : 143-151.ZHANG G Z,GAN J,ZHU |

G.Multi-scale health assessment of forests in mountainous regions

of Beijing[ J].Sci Silvae Sin,2011,47(6) :143-151.DOI. 10.

11707/j.1001-7488.20110621.

[38

[

(S FRI)



