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ERA PR TR + RS AL AR B B4R T
R, RN T AR HE S TH AU 22 1K

1 R H AR

T 37 T 2B WP T 7 B i = SO
VIR (117°40~118°05'E, 30°19~30°50'N ),
i TACW AR IR T, AT, AT
PSR 16.1°C, ATk K 1 500 mm, 4R

H M %2 066 h, JCFEH] 218 d; HUIE LBy
F, R, KIME ST 2000 4F, SFREIAK
SY4ERER 1 740 BR-hm™2, S HBFE%CH 18, Jojitifn
FAL At . AR MAAZA; AR LIS H TS
( Serissa japonica ( Thunb.) Thunb.) . IR /T
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( Viburnum dilatatum Thunb.) %8 E; AR E
WA 1 2% 55 5k ( Microlepia marginata (Houtt.)
C. Chr.). MRkt ( Lysimachia hemsleyana
Maxim. ex Oliv.) . I & % ( Liriope spicata
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2 HERF*E

21 RiEIt

2017 4RJi5, MR M AR AR I AZ R N AR
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WEFEHL, FEHZ IR BT, 18, T4k
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34, (At T A FERT T Ab 2448 A0 1 B xd BE AL
it 14 Yttt Sk il FAON, SEBRIALAE L
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F1 EMERER
Table 1 General situation of sample plots
e AR EL LR 1) wy  OATEE (2018)  BATIRE (2018)
Treatment The retained qzensny/ The mterplapztmg/ Aspect  Slope/(°) Average DBH Average tree height
(tree-hm™) (tree:hm™) (2018)/cm (2018)/m

CK (X&) 1740 0 R 15-20 13.1 10.7

I (47%[Ffk + EFO 1050 450 R 15~20 15.1 1.4

I (56%I[mfk + £ 825 450 # 15~20 15.6 11.8

Il (65%Ialfk + EFfD 675 450 % 15~20 17.2 12.8

S RITE MR EFIEE 0 4F (2018 4 ). 5 2 4F
(2020 4F ), %5 4 4F (2022 4F ) XfRE o174
A, WAL MR T REARKT R, (8 A R
BN IR R A AL, 8 OGS
S B AT e, R RO S AR S 1) g

CETR AR VU, R 2022 47 5 45 A I A 20
DO 7 73 A R 71 5 W 2 2 i VS

22 RWHE

221 #HdEAE (1) MARERIERER K
Mafe . B, METEs. mfRl . BUR e e
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222 ik B SPSS27.0 N R
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TR R )3 E 25 o RS i R e S 1 WS 27 s
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R X
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MIUREERS
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EFHE R
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THIE.
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341 ARG I A B AR A AL A 12 Ao B B 89 R

w o fET A, T I, MARBRR MRS . # ety

BEKF CK(P<0.05), 5 CKAM, T. I,

I &b 38 4 M 42 53 0 38 K T 19.02%. 30.01%.

32.07%; B & W 5K T 10.40%. 14.81%.

21.60%.

3.1.2 ARG A EAY 2T AR T B R 0# R
ME 2 A8, CKImfELl . MmiEs. B F &

WRERTI. I, MM (P<0.05), Hr,
20
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Changes of DBH and tree height growth under different thinning and interplanting
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Fig.2 Changes of stem-form growth under different thinning and interplanting

3.2 [EMREEAMKEMIZARK=EF AL

=210

N 12.16%. 31.00%. 21.27% ( P<0.05),
HAIL Ak A e e S R PR s e A R AR U

321 WAL EAMEMN TSR G A Hm  58.05%. 55.58%. 61.24%, I b B e+ 48 K
Xf 4 AL BAZ AR RTEZS BT 00T (R 2), e (P<0.05),
RIS CKALL, 1. I, AN i3S R 55
2 AELBEMBREKTN
Table 2 Growth changes of crown of different treatments
Qb3 SELIE K KA P /S
Treatment Crown width/m Crown length/m Crown ratio Crown shape
CK 3.29+0.80 D 565+2.17B 0.50+£0.17C 1.78+0.72C
I 3.69+0.85C 8.93+2.13A 0.70 £ 0.13 A 258 £+0.94 A
Il 431+063B 8.79+224 A 0.65+0.13 B 2.07 +0.55B
il 3.99+0.67 A 911+1.81A 0.66+0.11B 2.35+0.61A

e AFKE FERER A FEI )N AN [ E M A B 2 [0 A B 2R (P<0.05).
Note: Different capital letters indicate significant differences between different thinning and interplanting treatments at the same time

(P<0.05).

7053 AN [F] [ AR P b BT A2 AR (R R 4
PESEST AR K, XAZ AR T KSR R I R idE
T THR5E (32 2), (B ] i 2 oAb 3 il 22 4
B DR SR, K L 1T, M RER
KW CKBS T 40.00%. 30.00%. 32.00%
(P<0.05), M5MAiHEMEKRERANE
;1. T, MAABMEEREERT CK (P<
0.05), T 5MikrEPEERESFANRE,

322 EERLE AN KZ R DG A

FH % 3 AT, W 5eE 2% B RIS S A RS b 2 i
Ab B B G BRTSE I KE N . T AR (E 34
K, 430l 61.99 m?, 43.95 m®, HIRHKIK K
MALEE, T4b3, CK, Hr, CK5 1. I, M4
TR (B e R T AT B 2 S, T 5 T Ab3E]
R it e T 22 R B 3 (P<0.05) ;5 AZAR A TAk

L=<l N Bl N AR e 9 S A ER SRR 2 G =3~ S o N
5tk 2 T R L R B Y AR S R BRI R . CK>
[>T>M, w0 CK H s A el i . A e {A
FUMERREERA, Tl k5 R B Fp b # AT DR
AR 68 2% T AR RTARY e (AR A o AR

3.3 EXSEAMNNEMEEZAKS FENFN
3.3.1 1R 5 I et A A A 2 A4S AR R KA AR etk
LR Ye R4, A HR B
5, AR BAAR LR LR K AR, AR
MROTE TN IR T RS AL PR S A
UK, H022m°; HUCH TR, 25 0.21 m’;
CK /Iy, 4012 m’, B ARMIME TN RN
CK>1>II>M, 5 CKA#, 1. . MACBEEAYAR
NEMN TR T 27.50%. 28.15%. 36.94%
(P<0.05),
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Table 3 Growth changes of three-dimensional canopy of different treatments
W78 R T AR E W 76 R THI ARVAR S AR B WA TR A S R
Ab P - L e e
Average canopy surface Coefficients of variation for Average canopy Coefficients of variation for
Treatment 2 o 3 o
area/m canopy surface area/% volume/m canopy volume/%
CK 31.65C + 15.73 49.70 17.82D £ 12.46 69.92
1 52.91B + 17.59 33.25 32.92C + 17.09 51.91
I 61.99A £ 18.74 30.23 43.95A + 18.09 41.16
il 58.94AB + 15.71 26.65 39.15B + 14.98 38.26

i AFRKE FERER MR ) NS B A B 2 [0 A B 2R (P<0.05).
Note: Different capital letters indicate significant differences between different thinning and interplanting treatments at the same time

(P<0.05).

F4 EXREMEMARBRAMBRIAMRSIERNEKTK
Table 4 Growth changes of single tree and stand volume of fir plantation after thinning and interplanting
=ty A CK Ab3 T AbE 1T AP
Index Treatment CK Treatment | Treatment I Treatment III
BN Single tree volume/m® 0.12£0.08C 0.18%0.10B 0.21 £ 0.09 AB 0.22+0.10 A
4> & Stand volume/(m®hm™2) 226.12 +37.11 A 163.94 + 22.84 BC 162.47 +33.27 C 142,58 + 18.26 D

. AFKRE R FIN ) N A B A B 2 [0 A B 7R (P<0.05).
Note: Different capital letters indicate significant differences between different thinning and interplanting treatments at the same time

(P<0.05).

3.3.2 ARG IR vt A B Ab A AR AR L5 A 0 7 o
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Fig. 3 Structure of total stand output after thinning
and interplanting
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Table 5 The timber assortments timber-produced rate after thinning and interplanting
; INGER NN LEEYY) PNE ] 2 5
vy Small strips Small diameter  Medium diameter Large diameter Fﬁﬁ . bl Vit
Treatment Materials Firewood Waste wood
of wood wood wood wood
CK 10.64 £+ 19.05 A 42.87 +30.23 A 17.57+£29.38C 0.73+5.51B 7180+6.85C 6.66+6.84 A 2154+ 193 A
I 423+1241B 35.15+32.08B 29.16 £+33.48B 6.36+20.05A 7490+4.05B 4.23+282BC 20.87+1.29C
Il 124+777B 26.77+33.55BC 42.63+3442A 553+16.05A 76.16+4.05AB 3.44+4.00CD 20.40+0.73BD
il 0.97+6.92B 25.09+31.26 C 4258 +3299A 8.02+20.71A 76.66+268A 3.03+1.95D 20.31+1.68B

i AFRKE FERER MR ) NS B A B 2 [0 A B 2R (P<0.05).
Note: Different capital letters indicate significant differences between different thinning and interplanting treatments at the same time

(P<0.05).

TARAFERST (P<0.05),
3.4 HAKRAIMRALEEXEMSEZRIEMN

J T T BRAS AR BRI B AR A AR, X454
B (Xq: BAE . Xo: BEES. Xa: REFE. Xg: 8
RH. Xs: BETEE, Xe: HEIE . Xy HRKEK,
Xg: TR Xo: WREFMBL. Xio: WAL,
Xip: INERIME . Xip: DM IR Xa:
PR IR Xy KEM MR Xi5: FHH
MA . Xig: M MR Xyz: HAM B AR
Xig: HARMEL, Xqg: MAER) #0477 HrAEILAL
B, ISR AR RS A T A, K
P KMO ${li } 0.612, Sig {ti} 0.00, %4845
[ IR R A e, AT AEAT 2 A4 #
341 E 4B K6 WAL, {6 FEMS
() BT BTk % & ik 91.228%, I H 4 3 43 144
EME R T 1, UEBx 6 D T al fe 5% Bk
19 M F6 bR, L, REGX 6~ FEW 5, 49k
Yi. Yoo Yau Yo Ys. Yeo
342 ERSBHAEMEMBELER HET AL
TES— TR E M, RS . W M sEE

B, BB RE ) A R . AR O R
fEmaE AR S AR A RRIE ) R R T
E ENe o5 & 11 1 R N N 9 S VA Y
SRR AL [ S AR R 5 RS VU 3RS AR )
e, IR AR SRR ) A PR R
BT RHE R S rp, RARM 3R . b A R A
JEAE AT SR BRI 0] A R s TESR 7S LR
fEmIsE TR A SRR AL A R A RRAE ]
R

34.3 M2 8 Al A, HAbHMLEE1T
P HES B BRI . AL (1.186), TTAb
F(1.092). [ 43 (0.671) 1 CK (-0.709).
H, ML AT b FEAZES AR KT 0, My
HERIBIE TR K CKINGAR /N T
0, Mo RAR TR IR,

4 b
i8] % 55 B I 40 = A X A2 K A K A0 T R By

eI

4.1
e

AT E R A MR Z —, s

*6 EMOEIER

Table 6 Extraction results of principal compositions

WIGHRHAE(E SRR E AT I7 AN
Ay Initial eigenvalue Extract the sum of squares and load it
ComppEEAt Bit HEF ZRES it HEE SRS
Total % of variance/% Accumulate/% Total % of variance/% Accumulate/%
1 8.831 46.479 46.479 8.831 46.479 46.479
2 3.110 16.370 62.849 3.110 16.370 62.849
5 1.791 9.428 72.276 1.791 9.428 72.276
4 1.342 7.065 79.341 1.342 7.065 79.341
5 1.199 6.311 85.652 1.199 6.311 85.652
6 1.059 5.576 91.228 1.059 5.576 91.228
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Table 7 Principal component characteristic values and load results

eIzt > Composition

Index Y, Y, Ys Y, Ys Yo
X4 0.960 -0.147 0.125 0.136 0.095 -0.006
Xa 0.890 -0.107 -0.201 0.135 0.044 -0.042
X3 0.091 -0.947 0.029 -0.011 0.013 0.009
X4 -0.663 0.204 -0.305 -0.022 -0.004 0.020
Xs -0.919 0.172 0.209 -0.135 0.009 0.039
Xe 0.722 -0.008 0.103 -0.594 -0.120 0.189
X7 0.313 0.910 -0.140 0.078 -0.002 -0.044
Xg 0.205 0.690 -0.302 0.562 0.101 -0.193
Xg 0.826 0.459 -0.024 -0.226 -0.028 0.086
X10 0.801 0.376 0.063 -0.334 -0.042 0.135
X14 -0.709 0.296 0.520 0.106 -0.177 0.202
X2 -0.372 -0.180 -0.862 -0.162 0.046 0.168
X13 0.703 -0.021 0.432 0.029 -0.232 -0.503
Xia 0.397 0.012 0.242 0.275 0.526 0.644
Xy -0.698 0.211 0.214 -0.278 0.530 -0.223
X16 -0.618 0.142 0.192 0.242 -0.592 0.371
Xq7 0.833 -0.239 -0.256 0.196 -0.338 0.109
Xig 0.922 -0.069 0.231 0.178 0.189 0.077
X9 -0.362 -0.453 0.103 0.358 0.126 -0.120

*8 EHABIREEES
Table 8 Principal component score and comprehensive score
TR
bR Principal component (R Ty 4
Treatment Y, Y, vl Y. Yo Yo Comprehensive score Ranking

CK -1.322 -0.658 0.063 0.143 0.008 -0.067 -0.709 4
| 1.050 1.181 -0.309 0.161 0.046 0.084 0.671 3
I 2191 0.650 0.136 -0.632 -0.108 0.105 1.092 2
il 2.308 0.745 -0.036 -0.159 0.028 0.079 1.186 1
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4.2 [EXSEMHMEFIZ A= EF FHE DB
S
AR T W8 A i P 4 14 8 R T D
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Tl S DS CHE  / IN TR AT E S AL 2
f ] F5 B o 65%, MRERAE 2, HBRid e bk
IR T AR B AR JZ A, 5 SO i P T B
W2,
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SR FEE AR5 R A B B e, 5 A T TR R
AN N TARR G | Bl 45T XA e R 5
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FEAER A, B AFE T ARBE b B T
4.3 [EkSEMREMEAKS = ERNEN

ARG R ERL B> 5, b R A
B, EARRBAAM BRI KR, X5
ik LT AR oY — B0, (HRE A ) AR5 1 4
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Effects of Thinning and Interplanting on the Tree Growth, Stem-
form Quality and Timber Structure of Cunninghamia lanceolata

WANG Shu-ren', GUO Li-na', BAl Yan-feng', ZANG Yi-ming?, ZHU Ya-jun®, JJANG Chun-gian’

(1. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. Forestry Technology Extension
Service Center of Qingyang Forestry Bureau, Anhui Province, Chizhou 247100, Anhui, China)

Abstract: [Objective] To analyze the effects of thinning and interplanting measures on the growth traits,
spatial use capacity and stand yield for providing a scientific basis for managing Chinese fir plantation.
[Method] The response of Cunninghamia lanceolata stand quality to thinning and interplanting was ex-
plored by comparing the pure forest of control treatment (CK: thinning intensity 0%, 1 740 trees left per
hectare) with thinned forests (1 :47%; I1:56%; II: 65%) and replanted Phoebe chekiangensis and Sas-
safras tzumu , and the improvement effect of thinning and interplanting on the growth of Chinese fir was
comprehensively evaluated by principal component analysis. [Result] (1) Thinning and broadleaf trees in-
terplanting promoted tree growth of Chinese fir. Forest had the highest DBH, tree height, individual tree
volume, and timber yield under treatment Ill, which increased by 32.07%, 21.60%, 83.33%, and 6.77% re-
spectively compared to CK (P<0.05) . However, the height-diameter ratio, breast-height form factor, the
yield of small strips, small diameter wood, fuelwood and waste wood were lower than CK, with a decrease
of 8.64%, 3.70%, 90.88%, 41.47%, 54.50% and 5.71% respectively compared with CK. (2) The space use
capacity of Chinese fir plantations changed significantly after thinning and broadleaf trees interplanting.
The crown width, crown length, crown ratio, crown shape, canopy surface and canopy volume were all sig-
nificantly higher than those of CK, with the growth rates of 12.16%~ 31.00%, 55.58%~ 61.24%,
30.00%~ 40.00%, 16.11%~ 44.94%, 67.17%~ 95.86%, 84.74%~ 146.63%. (3) The thinning and inter-
planting treatments can effectively improve the growth of Chinese fir. The comprehensive score in treat-
ment Il (1.186) was the highest, followed by Il (1.092), | (0.671), and CK (-0.709). [Conclusion] If the
Chinese fir plantation management is to rapidly improve the growth, treatment Il (65% thinning and inter-
planting broadleaf trees) is the best measure.

Keywords: Cunninghamia lanceolata plantation; broadleaf trees interplanting; space utilization capacity;
principal component analysis
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