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Analysis of Vertical Structure Characteristics for
Spruce-Fir Over-cutting Forest

CHEN Ke-yi' , ZHANG Hui-ru' , LEI Xiang-dong' , LOU Ming-hua®, LU Jun'
(1. Research Institute of Forest Resources Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;
2. Ningho Academy of Agricultural Sciences, Ningbo 315040, Zhejiang, China)

Abstract ; [ Objective | To further understand the status and development tendency of spruce-fir over-cutting forest
more by quantitative analysis of the vertical structure characteristics for spruce-fir over-cutting forest in Jin’ gouling
Forest Farm of Jilin Province. [ Method ] Based on the 12 Spruce-fir over-cutting forest sample plots with area of 1
hm’, the stands were divided into upper, middle and lower layers according to the canopy competition height
(CCH) in stand. Each layer was used to analyze the distribution of diameter at breast height (DBH) , the species
composition, the segregation, the competition and the distribution pattern by the investigation data. [ Result ]
(1) The effect of the CCH method is reasonable. The CCH, the mean DBH and the volume showed extremely sig-
nificant difference at 0.01 levels. (2) The diameter distribution shifted from the reverse " J" shape distribution to

left-skewed unimodal distribution with the increase of the height of storey. The difference of peaks between upper
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and middle layer was great. (3) The difference of tree species composition in each layer was little, but the propor-
tion of volume of the coniferous species in the lower layer was on the low side. (4) The upper layer was more likely
to be higher on the mingling, and the variation tendency of mingling was different with the increase of the forest sto-
rey for different tree species. (5) The average competition pressure of the forest storey decreased gradually with the
increase of the forest storey, and the variation tendency of the competition pressures of the tree species with the
changes of forest stories was basically consistent with the overall average change trend. But in different forest sto-
reys, the species with different growth habits had different competitiveness. (6) Most of the forest storey followed
the aggregative and randomly distribution, the upper layer was more likely to occur in a random distribution, and the
lower layer was more likely to occur in an aggregation distribution. [ Conclusion | Based on the comprehensive anal-
ysis, it is find that the stand is still in the progress of restoration succession. By this method it is enable for us to
more comprehensively understand and describe the status and future development direction of the over-cutting forest
structure, which can provide a reference for the sustainable management of over-cutting forest in Changbaishan
Mountain area of China.

Keywords : spruce-fir stands; over-cutting forest; vertical structure; quantitative analysis; synthetic characteristics
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Table 1 The condition of sample plots
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Plot code Stand density/ ( trees » hm ™) Area/hm’ Slope aspect ~ Grade/(°)  Slope position  Altitude/m Crown density

1 722 1 4 3 T 742 0.59

2 817 1 #dt 5 e 752 0.66

3 890 1 At 15 i 760 0.76

4 873 1 AL 16 i 773 0. 66

5 1027 1 b 5 s 780 0.70

6 988 1 Fdt 15 = 792 0.82

7 1025 1 b 5 T 771 0.77

8 850 1 b 5 T 732 0.75

9 809 1 #At 5 T 749 0.71

10 833 1 b 5 T 759 0.76

11 878 1 AL 5 IS 769 0.65

12 1017 1 #At 3 = 773 0.73
2.2 SMAE AR 5 LA RObR G 1) S0t SO0 000 175 250 , B BIF 8 X A S

TG, MR AT LA R R Ay, Ry A
485 VER 3 07 1k ) B s, AS U5 SR € o O R Ot
JeFE P m kR ARIE o U TE TR 4544 /Y 5Ll |,
AT SRR AR 04T o BRoR FH 28 MRS R TR O]
HARD AL AT IS o3 A, 2 8 Tl 22
b HE— 20 MO 8 3 ST 1 S 25 0 S0, X ARy i 28
] ZE R AR S AT 38, 23 )0 Bk T A B AHES ) 56 5
RS RE BT 58 A1 AR 36 48 BOR iE AT .35 1
o5 1 £ RUBE o
2.2.1 R EXI S ARBETER W E G 5E P B
( canopy competition height, CCH) ] 5 Xt = ¥ 12
i bR A T A3 ] 43 )2 R0 4, BV AR O3 45 4 v
L) g BE 2R A DG A T TR DTk 22 53X —2E
SR AR DA BB 25 A o B —
ARIZE I 3 BEARL , FF bR 23 v 8 g — BR AR R T A i
MRIZR IR R . BARCRATLA T 33 2 2 e 1
ST, B A 2 AR M A

CCH =a-C, +H, (1)

A CCH s e 658 s B 5 o R R B
C, M s Hy BT o

HRAE AT TR AR 23 53 J2 A 5 SR AT R, Ja
Kb r g 3 ~ 4 21000 gL g bk i B4

032 AR EARE RARERTIRZ . F R
MAT N R PROR B IR 25 S 8K T T JRPROR 32
R 3t A5G B AR s, FE 2 AT I 5T 1 A
X S 5 A g A S 2 T By
AR 5, R R e K R K — R ORI
HH CCH, 8, B A R L AMRZE W B A B 4 7+
FK A W R TR T CCH, MR R A AR
2 FLA S, T CCH, il B TR E KT
55T CCH, MMARRIA M ; e o B0 = 1% F
CCH, (HMFT A MARR AT MIZ, (1) Pk R
B a By IO BB R 7E 0.3 ~ 0.5 ZJA], 454 5
AEFRE O, SCrh o BB R 0.4,

2.2.2 ABsHMAE BIESHKZEBERS MG
LI PG A B R EOE 0 BAR A TS
F s A UL AR BE B s 1 eRBOR T A A [ AR 2 1
HARGAMEO . W H B 5A0 RE 4 . Weibull
PRI%K Jogistic PRIEL . 11 45 0 bR %K | 100 pR E0R 22 10 X R
i&%[},n—%] .

2.2.3 AP BAZE T E A SCR AW L
P& G I F A SR A HE S O 22 i 1R 38, 4l iR A% Fef 1]
(A BB B AR R AR



53 4

BRBHIZ , 45 : =R A2 MR ELASH R A 0 A 453

3
1 p o
Mp, = \/(271)3 (n; + zvij)' (ZUNH + ZWU)' (zuj,jn + z%) ';zvij

A on gz (8] 4548 BT H O A SBARARER, 0,
R RAR @ 5 I FHARBA BB ol S [F) B, AN TR o
=1, 22,0, =050, AR AR B AR B A (4 48 ol 5
R %, A [] Bsf Vije1 = 1 ’fiz,vj,jn =0, & Unns1 =
32w = v M HACH A A u (A TF
w0 =05 R w0, =1, € w, 0 = u, 50, 4
IR AR A TN KL, Mp, AR SRS, Mp, e [0,
1] # Mp, BRI 4324 0, (0,0.25 ], (0. 25,
0.5],(0.5,0.75],(0.75,1 15 A~IXJa], 43 516w &
55 P SR AR TR AE 5 AR R
2.2.4 KASEFRIUE ARICRHENIZ %
S AL T A2 A BUMROR 58 S 8 K0, SR MR A 14K
ZIET RN RARN

1 - (al +a, 'Ci')'
cl, = — L.y 3
" n = 180° ! (3)
. arctg(H/L;) , 30 H, > H,
Aops 0, =[O S
arctg(H,/L;) L
H - H.
arctg( J L
Lij
1 H > H !
G = ’ﬁn% ! L’Ui:szljs
0, 75 nj=
l,ﬂl]%Dj > D,
© o,

o Cly se e 8 50, H, 90 SR 5, 1,
AR AC AR 57, Ly X R 5 AH SRR Z 8] Y S
*2

n n n 1
(2)

n KL HLIC AR AR IR %R, €I, e [0,1) , 5U(H
K, WM TR 32 1) 5a 4 R 180K
2.2.5 MARERE A ETHE EERHENZE
STV RL R G RO R X R B A RS A, T
7o H A 24 250 L ity S G 3 T e T PR AR £ K
a0 = P DANIE- 8 = RN W

W, = %ZZ]

1555 A4 a /N TAREA o
0, 75
AR AT AS

= W-Ww,

(4)

iﬁ':':':zij =

- (5)
oy

e 0 D K AR AREL, W bkgy
IS990 U, W, WBEHLAMATAR 5 T4 40 RUSE O S
WYL, o RIS, #5 | e | <1.96(REKT
o =0. 05 i I S I0F, T 50 17 A B WL A3 A 5 45
|y [ =196 15 W > W, i KRGS, W
< Wy B U R 5I 505
3 HBREAM
SEER
AR 2L 2, LR e e 5

e AN JEEIE 15,4 ~23.4 m Z ], P31y
AE21.9 ~27.1 em Z ], E R LU EAE 31.8% ~

3.1

EiREM AR R R R R EARFSR

Table 2 The condition of each storey in sample plots

WG CCH/m

S #E Mean DBH/ em

E L E Total volume ratio/ %

-, o
O T B Y B S L R SR T
Upper Middle Lower Upper Middle Lower Upper Middle Lower

1 23.2 12.2 4.1 27.1 18.5 8.6 45.6 48.0 6.4

2 23.4 13.0 3.7 27.5 17.7 8.0 58.7 36.0 5.4

3 18.0 11.0 3.4 25.0 15.4 7.7 73.3 23.2 3.5

4 15.5 8.2 2.5 21.9 11.7 7.2 83.6 14.7 1.6

5 19.9 13.6 3.0 23.2 16.3 8.8 63.8 27.7 8.4

6 16.6 10.1 2.3 23.7 13.6 8.1 73.7 21.9 4.4

7 20.3 12.7 3.0 25.5 17.2 8.6 58.6 35.3 6.1

8 18.5 8.4 3.4 25.4 13.1 7.0 72.2 26.4 1.3

9 20.1 11.4 3.6 25.5 16.6 8.2 64.3 33.0 2.7

10 15.4 7.4 2.4 22.1 12.1 7.3 84.8 14.0 1.2

11 19.6 10.3 3.9 23.1 15.7 7.8 66.2 30.9 2.9

12 22.7 12.6 3.6 22.6 17.8 9.4 31.8 60.9 7.3
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Table 3 ANOVA of condition of each storey

G e 22k YR RS il A ey FAE - EM
Variable Source of variation Sum of squares Df Mean square F-value Sig.
2H [A] 1 574.494 2 787.247 192. 090 <0.001
W5 5 AW 135.245 33 4.098
S 1.709.739 35
2 [a] 1 603. 484 2 801.742 254.525 <0.001
RRellOkes HN 103.948 33 3.150
S 1.707.432 35
20 A 2.202 2 1.101 80. 407 <0.001
EREILE HH 0.452 33 0.014
ol 2.654 35
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Fig. 1 Diameter class distribution of each storey
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Table 4 Values of parametric fitting of logistic

function in each storey

M= 2 Parameters e F 1A W
Storey a b F-value Sig.
EMZE 5.740  0.256  0.998 14 386.197 <0.001
FHZE  4.547  0.323  0.997 8240.920 <0.001
THIZ 3.667 0.545 0.998 6963.968 <0.001
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Table 5 The tree species composition of each storey
2 FERFEILE £ Lt Conifer-

Storey The ratio of main species/% broadleaf ratio

L TE(20.2) B(14.2) 35(13.6) ZI(11.7) |
EME T (10.8) i (8.7) 11(7.2) A5 (6.5) 58:42

A % (15.8) HE(14.3) HL(12.1)
HHRE 4 (121) 2(10.6) (7.7 Ze(5.7) 33:47

H(22.4) ¥ (20.9) J%(18.0)
£0(10.7) (5(9.3) \z(8.2) Hii(3.5)

Tk

I

43.57
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BRI, 45 Hm 1 A [R) B2 17 YR 2 FE 24 7E 0.5
DL b MR SR ACE N 0. 644 (2 6) , 40 T 5 i
TRASIRZS TR AR OUE T o A v b AS [] b2 19 -1
TRACE ARG DA B2 2%, A S BRI 2 1) 22 4k 1
o b R ARZ B F TR 2E B 4300 R 0. 648
0.633.0. 655, WHE{K 7 25 /N e (H A 54 o
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PRI 350 43 T M2 PR BB A TR 5 3¢ v 114 TR 52 BE K
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Fig.2 The mean mingling of each storey of each sample plots
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i s 7 EARIE R IR Bl Oy F2 2R B, FE AR Y
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B REIIR D, 5 AR S A ELL A2
AN IR B AT B TR S B, T B A B ARR
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Table 6 The mean mingling of each species

of each storey

bKJ= Store
k= Mfw; e
Species Upper Middle Lower Mean
Epi 0.705 0.526 0.535 0.634
gl 0. 600 0.563 0. 602 0.586
ke 0. 666 0. 649 0.672 0. 658
gk 0.956 0.727 0.952 0.907
AR/ 0.751 0.730 0.774 0.750
HWE  0.539 — 0.727 0. 664
S 0. 566 0.619 0.619 0. 605
IR 0.578 0.516 0.486 0.554
RN 0.791 0.702 0.576 0.654
NG 0.678 0.724 0.726 0.698
ikt 0.731 0.774 0.519 0.737
fhrt 0. 883 0.779 0.773 0.797
N 0. 699 0.705 0.799 0.722
FIN 0. 661 0. 643 0.679 0. 665
P 0. 648 0. 633 0. 655 0. 644

3.4 MATSRKR
TERREHKY B, BB R AR B 58 4
FEHT HIAE 0. 078 ~ 0. 149 0. 217 ~ 0. 438 ,0. 524
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Table 7 The mean competition index of each

species in each storey

MJZ Storey

sfiig M %}IVE THREZE ;fe {fn
Upper Middle Lower
P9 e 0.100 0.287 0.546 0.183
s 0.086 0.319 0.586 0.411
P bk 0.139 0.304 0.485 0.240
ANEY 0.518 0 0.610 0.479
AR/ 0.071 0.278 0.575 0.311
Evi ) 0 — 0.455 0.304
B 0.129 0.332 0.578 0.364
P 0.116 0.299 0.384 0.188
Ak 0.094 0.308 0.560 0.401
b ] 0.097 0.300 0.629 0.214
K 0.081 0.192 0.152 0.108
T 0.109 0.248 0.583 0.358
=¥ 0.101 0.301 0.588 0.292
PN 0.176 0.334 0.562 0.471
¥l 0.112 0.307 0.571 0.321
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b & AR R S R R A RS, 10 12 5 A o i v
BB B RN o HAR R PR UEHL AR Z Z 8] 53
MREE 225, %A ZH A 8 a Rt FEL
I ATIRSTES MZ th A Al RE L, (H 3 AE B2
MR B AT REPEFCKR , T 2500 AR )2 2 R A RS
Tz BRI Ay B AR R A PR E T A VR 1) SR AR
STIRBE A FEGIIS B Br 2 AR A K B A S 4
FIHER AT th B4, 76 B SRR i 2ok 78 v o) 5
BEAL A AR S . (HAE D ER o bR b N, 7E AR
SR I T R A B O, X AT g i TR AR
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Table 8 The judgment results for each

storey of each sample plot

4 A,
BRSSOy o ) Diasbaion
pattern
AR 0.549 5.136 B4
1 HFME  0.528 570 0.0095 2.957  B4E
FTHZE  0.513 1.362 Pl
R 0.486 1.567 Pl
2 HARJZE 0.527 689 0.0086 3.117 AR
THE  0.503 0.400  BEAL
AR 0.521 2.495 e
3 hAE 0.526 701 0.008 6 3.001 AR
THEZE  0.523 2.657 BRAE
FARZE 0.505 0.533 FtibL
4 AR 0.524 697 0.0086 2.792 @ W
FTHZE  0.512 1.349 Rl
AR 0.541 5.201 AR
5 HAR)Z 0.490 837 0.007 8 1.290 FiBL
FTHZE  0.535 4.449 B
AR 0.529 3.654 R4
6 ARJZ 0.532 800 0.0080 3.937 o4k
THEZE  0.522 2.798 AR
AR 0.536 4.546 B
7 HARE  0.510 800 0.008 0 1.243 Bt
FHZE  0.535 4.312 B4
EHE 0.532 3.673 R
8 HARZE  0.559 688 0.0086 6.778  BE
THE  0.579 9.202 P&
EHZE 0.511 1.249  PBEAL
9 FAJE 0.520 637 0.0090 2.269 B4
THE 0.523 2.571 B
AR 0.494 0.737 AL
10 AR 0.508 717 0.0085 0.971 KL
FHZE  0.485 1.802  PfidL
FHE 0.505 0.591 Bt
11 HFAE  0.502 710 0.0085 0.206 Bl
FTHZE  0.526 3.008 4
EHE 0.488 1.478  BEAL
12 HFHE  0.507 806 0.008 0 0.933 Bl
THZE  0.506 0.773 FEHL
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PO, BR A R IRETE 1 AR B EERBAR ASD, HoR I
FAF P HCEIY IR . XU AR AL TR
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Table 9  Frequency distribution of uniform angle
index of each storey
i RUEE I3 A AR
Iz Frequency distribution of uniform angle index
Storey il Y g
0 0.25 0.5 0.75 1
EHZE 0.71% 19.39% 58.20% 16.47% 5.23%
FARZE 0.57% 19.91% 57.01% 16.04%  6.48%
THIZ  0.57% 19.19% 57.56% 16.20% 6.48%
4 itk
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AR AT B — D KR I, R A
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5 %
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