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Abstract; In order to improve the forest quality of Cunninghamia lanceolata plantation, ecological thinning experiment was
carried out to explore the effects of thinning intensity on understory plants, biomass and environmental factors, and to
provide theoretical basis for improving the stability of Cunninghamia lanceolata plantation and maintaining its sustainable
management. Cunninghamia lanceolata plantation in Jiangxi Guanshan Forest State Farm was used for the experiment.One-

way analysis of variance, Duncan range method and Pearson correlation analysis were used. The impacts of different thinning
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intensities (0%, 20%, 40% ) on the understory species composition, species diversity, above-ground biomass, stand light
environment and soil chemical properties were investigated, as well as the response of species diversity to each influencing
factor. The results indicated that: (1) The number of species in the understory increased with the increase of thinning
intensity, and the dominant species in the understory shrub layer changed continuously, while the herbaceous layer
remained unchange. (2) The diversity indices of understory plants increased with the thinning intensity, with significant
difference between 40% thinning and unthinning, except for Margalef index. (3) The above-ground biomass of shrub layer
accounted for the majority of the total biomass and increased with the increase of thinning intensity, while the herbaceous
layer showed the opposite trend. (4) The leaf area index decreased with the increase of thinning intensity, and the canopy
opening, direct light, scattered light, and total light all increased with thinning, with the significant difference observed at
40% thinning. (5) Soil total nitrogen content increased significantly with the increase of thinning intensity, but soil
available nitrogen, phosphorus, potassium, and organic matter contents decreased significantly. (6) Shrub layer diversity
index was significantly positively correlated with above-ground biomass and soil total nitrogen of shrub layer, and
significantly negatively correlated with above-ground biomass, available phosphorus, and total potassium contents of
herbaceous layer. The diversity index of herbaceous layer was positively correlated with canopy opening, direct light,
scattered light and total light, while negatively correlated with aboveground biomass and leaf area index of herbaceous layer.
In conclusion, thinning reduced the stand density, improved the light environment in the forest, and gradually accumulated
the soil TN content, thus promoting the growth of understory plants, increasing the above-ground biomass of understory
plants and increasing the understory plant diversity. Above-ground biomass and soil chemistry of understory plants were the
main factors affecting the diversity of shrub layer, and stand light environment was the main factor affecting herbaceous
layer. In terms of the three thinning intensities used in this study, the optimum thinning intensity of Cunninghamia

lanceolata plantation was 40%.

Key Words: Cunninghamia lanceolata plantations; thinning intensity; understory plant diversity; biomass; stand light

environment ; chemical properties of soil
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Table 1 Sample plots with different thinning intensities

[ pleA [f) ik B2 hits PR E o I P P2 A SR
Thinning Thinning A ; Initial density/  Stand density/ Canopy Average Average
model intensity/ % g (#k/hm?) (¥k/hm?) density diameter/cm height/m
M1 0 13 2000 2000 0.9 9.27+0.55 9.02+1.00
M2 20 13 2010 1610 0.7 9.90+1.06 9.32+0.85
M3 40 13 2030 1230 0.6 11.10+1.14 10.56+0.49

M1 ; [ 4%58 % 0% Thinning intensity 0% ; M2 ; [B]£% 38 % 20% Thinning intensity 20% ; M3 ; [A]{%5% )% 40% Thinning intensity 40%

1.3 Mg R A Y i R A SR
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H A ZE 4387 (One—way ANOVA) Fil Duncan % 257% ( P<0.05) #E4 7508 22 & Heds

2 HRE5S

2.1 AN[A] )RR BE AR PR 2 1 e

TERTIRA Y 27 AR, LR BT A4 29 B, 43 8,52 Fh, BEARZ T M1 LB 7 )8 J& 10 Ft, M2 H
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5 AR5 AR B 2 LR )& 75 H ( Dicranopteris pedata) F1¥)E Bk ( Woodwardia japonica) , T #E A
J2 B 1) e B2 Y AR A DL SR A B R 2 A2k, 7E ML H L3Il B i R (Adinandra millettii) , M2 211128

( Camellia japonica) ,M3 } 21T ( Vaccinium bracteatum) #1524 ( Lindera aggregata) (3¢ 2) .
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Table 2 Top five understory herb layer species and its important value with different thinning intensities

AN [l i) A3 B2 T BEAEL(TV )

JZI 7 LR P Important value in different thinning intensities
Layer Num. Name of the species Family and genera
M1(0%) M2(20%) M3(40% )
HEA)Z 1 HHi A (Adinandra millettii) INFFRHL IR 24.22 — 5.89
Shrub layer 2 B4R ¥ ( Vaccinium bracteatum) FERS LR R 16.19 9.66 7.5
3 A ( Vaccinium vitis—idaea) - BY AL BT B 13.11 — —
4 &35 (Ilex chinensis) AHRAATR 12.15 — —
5 ERRA (Rhus chinensis) BERRHER A 9.64 — —
6 AR (Eurya japonica) IZERHE AR — 7.27 —
7 M (Loropetalum chinense) S2MPHEA R — — 5.33
8 1125 ( Camellia japonica) INZERHLZS R — 13.74 —
9 FAE ( Symplocos paniculata ) IR LB — 11.09 —
10 BB ( Rhododendron pulchrum) KBS AER Y — 6.47 —
11 H#R( Quercus fabri) 723 Bk — — 4.61
12 525 ( Lindera aggregaia) FERHL AR — — 7.49
LW N 1 12F ( Dicranopteris pedata) BB HE 56.21 46.42 26.77
Herb layer 2 1 ( Smilax china) HAEREZE 14.77 — 8.78
3 $i1% 9% ( Woodwardia japonica) L EBRRI IR 14.54 13.51 20.94
4 B3 ( Miscanthus floridulus) RWAEE 12.16 — —
5 FHEE (Smilax glabra) HAERESE 2.33 — 7.55
6 19, 7% ( Stenolomachusanum) LA R H SR — 9.34 —
7 IR ( Lophatherum gracile) RABHRAT IR — 8.87 —
8 1% ( Melastoma dodecandrum) P4 PIRLER AL SR — 5.86 —
9 2 19 8% B BR ( Dryopteris peninsulae) % T BR LB B B — — 15.98
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Margalef 45 U7E 209% 1 409% (14 5] 58 B2 (W] L B A7 35 22 5%, WEASJZ Simpson 45 KU Pielou 15 BU0E % 8] 56 2
[B] ¥4 TG i 2 22 5% (P>0.05) , {2 Shannon-Wiener 8% Margalef 35§ £0{7E G014 5 814K 40% 0] & % 57 (P<
0.05) . BRI, BB 75 B F] 40% , A4 2 B E T N R 2R
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Table 3 Species diversity index of understory vegetation with different thinning intensities

JZIR LREPEFE R AN[RIEI K55 BE Different thinning intensities

Layer Species diversity M1(0%) M2(20%) M3(40%)

WA Z Shrub layer D 0.76+0.02a 0.89+0.03b 0.92+0.01b
H 1.53£0.09a 2.41+0.26h 2.80+0.08b
E 0.92+0.01a 0.92+0.03a 0.92+0.02a
N 1.80+0.18a 3.80+0.75b 5.1+0.51¢

HAJZ Herb layer D 0.45+0.23a 0.69+0.11a 0.76+0.05a
H 0.84x0.41a 1.45+0.21ab 1.72+0.11b
E 0.58+0.23a 0.74+0.10a 0.81+0.04a
N 0.87+0.37a 1.69+0.57ab 1.92+0.19b

D : Simpson L EFEEL ; H : Shannon-Wiener ZAEMEFEEL E : Pielou ¥15) FEHEHL; S: Margalef = & JEHE 50 FIAT K H AR R £ R 22 57 3% (P<
0.05)

N3 4 Fis  FEARZB T EZ SAEY & K, 5 ol 51.25%—78.42% , H M3>M2>M1, FEHME
ARl b A=y X6 AN [] PR P B ) i b A R A B R R, A [ ) P B2 ] () B s 23 B A ) e 1 2 B
P51 (P<0.05)  (HFEA)Z M 1A Wi S T o5 A= 9y e A9 o R £ 3 B8 A 86 I n 6 o, i AR 2 AR B, AR
KT, BRI Ry 409 I AR T R 82 A s B R K- (£ 4)

F4 TREKEERTEDM EEME

Table 4 Aboveground biomass of understory vegetation with different thinning intensities

ER7/)s =37 N[Al ] 4455 B Different thinning intensities

Biomass Layer M1(0%) M2(20%) M3 (40%)

W EAEYR (g/m?) HEARZ 143.19+4.56a 183.90+6.12h 234.99+7.34¢

Aboveground biomass RIAR R 136.22+4.25a 88.82+0.83b 64.66+1.97¢
BAEYRE 279.41+8.75a 272.72+6.04a 299.65+6.92h

T o5 B A i L % HEAR)Z 51.25 67.43 78.42

Proportion of the total biomass RIAR R 48.75 32.57 21.58

#®SEREW EARZE Simpson $5 %X . Shannon-Wiener 5§ %  Margalef $8 (-5 ¥ A I A= ¥y 8 45 S A% i 2%
IEAIZE(P<0.01) , B A JZ Shannon-Wiener $8 £ 5 H. 52 W 3 IEAH & (P<0.05) . M #E A JZ Simpson 8§ %8,
Shannon-Wiener 8% Margalef %% . 54X /2 Shannon-Wiener 5 %035 F A M b A= ¥ & S 0 W 35 T A 56 (P<
0.01) , B2 Simpson $5%  Margalef 4545 5 H 5 i 3 FUAIE (P<0.05) . HAR SRS AW & W&
Fe(P>0.05)

2.3 R[E] T R AR By AR S ARG

WA 1 PR RIS AR EOG AR B G AR SO IR LA 84 b R) A0 32 A 48 T3 o (H T AR

TR B NG, XTS5 BT ORI AR , AR 8] £ 5 TR AR B2 2y 40% A7 1 25 22 57 (P<0.05)
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Table 5 Correlative coefficient of species diversity and aboveground biomass with different thinning intensities

Bk SREPEFSRL HARZ YR FARZ M AR M b SR
LK Species di " it Aboveground biomass Aboveground biomass Total aboveground
aer pecies Cvesty of shrub layer of herb layer biomass
WEAJZ Shrub layer D 0.855* -0.962"* 0.282
H 0.903 ** -0.962 " 0.414
E -0.038 0.011 -0.084
S 0.894 " -0.923 " 0.476
HIAJZ Herb layer D 0.597 -0.671% 0.197
H 0.748 " -0.820"" 0.293
E 0.531 -0.566 0.243
S 0.620 -0.757 " 0.074
* :P<0.05; * % ;P<0.01
50 - b !
o owskity b !
1 20% I3 ab |
I 0%l oL
40 b ab :
ab : ©
§ ol T % : %
2 1 9
G _I_ | k=
> | Fo)
=PI ! &
| &£
|
|
|
10 |
I
|
|
0 |
BEITE  AFESDE AFREHDE ARSI AR
(60) Direct Diffuse Total LAI

B 1 AEEEEERT IR
Fig.1 Understory light environment index of different thinning intensities
CO . 5&/ZTFE Canopy openness; Direct: KT 56 Direct solar radiation under canopy ; Diffuse : 5K F#8% Diffuse solar radiation under canopy
Total : # T EEHR Total solar radiation under canopy; LAI M T 84K Leaf area index; o Hi AR R 75k 25 5 8 3 ( P<0.05)

A AT 45 S R K2 Simpson 45 %X, Shannon-Wiener 45 % . Margalef 48 %0 5T ELHOG R B 3% 1F
AHIE , Margalef 5 %55 i 11 AR R R B 3 (U 5S (P<0.05) , HA)ZE Simpson $8 505 HK T B 416 AR HUHHE .
AR EEIR R 2 E A G, 5 R 2 3 HHH G s Shannon-Wiener 841 Margalef #8451 5 62 97 B AT
FLHE TN AT BRI R 2 ARG, 5 i T AR Fi 3 A DG ; Pielou S8 ST HAHOEE B
FIEAH S, 5 BUE SR B A (P<0.05) . BVAORTE , MRS FA Z Y Z B8 505 6 IR B 8 BOH
KAEERZH R (£ 6)

2.4 R[EIEHGR AR PR 2 5 e

WE 2 s FESE A AR R, 4w A USRS T | A BT B e B ) i B 4G K
[T T == (a2 o = s 5 o = W o LRG0 €53 I S Wi M L A7 1B 0V - e o = W 4
T3 DL R R A B L AR (] [ i B (R A 2 25 S LA A A 1 SR AL S R R AT A [ A A
) e8] A 2 22 5% (P<0.05)

AN AT 25 SRR EARZ Simpson $5 % , Shannon-Wiener BEESESA S EEREEEME(P<
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0.01) , 5 Ak A8 &5 B AE(P<0.05) ; BN, #EA)Z Margalef 15805 2R & B S0 W E IEATE,
HA)Z Shannon-Wiener 8805 + 1SR & & 2 B LM C, Margalef 15505 &8 SR 2/ & B2 T F R
3 (P<0.05) (Kl 3) .

®6 TREMKEERTYUMSHEERSRINERIRNHEX RS

Table 6 Correlative coefficient of species diversity and light environment index with different thinning intensities

JZE LR BT LR B M ESE AN HURE M BHOLR NTIPAC e
Layer Species diversity ole) Direct Diffuse Total LAI
HEAJZ Shrub layer D 0.518 0.739* 0.584 0.647 -0.616
H 0.548 0.736* 0.589 0.649 -0.644
E -0.392 -0.332 -0.407 -0.408 0.238
S 0.612 0.739* 0.616 0.666 -0.702*
HARJZ Herb layer D 0.650 0.853 ** 0.778* 0.815** -0.820**
H 0.716* 0.914** 0.824** 0.872** -0.854 "
E 0.485 0.715" 0.623 0.666 -0.695*
S 0.775* 0.869 " 0.843** 0.870** -0.802**
3 itig

3.1 A[FEEER BEAZ AN TN AR S50 5 Wik 2Rt

[B]HF AT AR AROPR 2 5 BE B ART RBE S e, et T DG R 2 [ £ BEAR R A AR I, W i v 22
ZRPEREREZAEM . AW B AR B 5, AR5 B BE 2 BRI, AR T IR FIK 43 2 AR 45 31 B
e FRMREE P A A HERRL ) TR R R, AT TIORK T 88 7 2 A A i, TR T2 D0 4 2 s 3 i O B 1] £
53R HE AR AT AE Ak , 33X vl BB T A0 A 5 AR S ST I I 484 0 1)l G B8 AT B8 AN 0] T i I AR 0 A A T A M T 15
2 IR AEEO R AR L AR P R A B PR AR S22 13 0 e 2 SR X TR B LA S
WL FEAAE ) O T, X LEREASAR ) ] BEL B B 11 e, DRI S 20 = [ £ 5 2 T REAS 2 I 3 Aol 12 0
ORI R

YAV L B R G AL RS BGR I3, (24 BEARM R | A=) 22 P m] LR ey 22 B A 25k A
PEOTRIBRERE N . FEARBETE T KT 2 RE A R W TR] i B g B g n , 2 W 18] (A 95 45 TARE
EPAERKEE X SREH LR 80, HIRRGREE T 2R 8] 40% , vl W] RA2 st fh ZRerk, BCm
EHOT AR N A AL, ST )T SO AR AR AL A A R, ELAE R ) AR XA B e v . X T
S PR )R A IR B — i SR, A BE FE 70 A MR N RS , oA i A K e AR BT BT, fe A R
N T A B S, T4 B R Z AP (H3X S Alice Nunes 558 N2 AOBFFE S5 SRR TR, AR AR 1]
HRJE A R 2 B HE ROF R S A 3B MR Rl N b = 5 B A2 BRI R 32 B, X ] RESZ R AR
OYREBE ] B AN TR B
3.2 ST I ARN AR Yy ih 2 Bk

o bRy Ao R DU RERETS LS M Z RV 2257 . TEARBESE R HEAR R B AR S AR R R AR
Py i AR AR RS S AR Y B3 LT XS EALAEAE NI e 4 2R — 20 e R AT g
JEX MR HEA T ) FR AR AT LA R A SZ B 8 2O B AR R A2 AR K R R oe s i oA
J2 A i I ) PSR et S b R AR P R R X T RE SR TS AR T ARERER
Hh, B 1) B AR bR o3 BE A BB | O E AR S I B 22 A RS IR A B, EL O A Ryl o LA
15 A R AR RISE S 7, A= MR A SR A AR BN B30 4 G R AR A 5 4 e ok, AT S 35O AE
KAZ BB REOCHELE SRR R AR AR b A i PR 2 M 5K X T R R AR 2 A )
0] I AR BT S RN S 43 BRI Y DTRR K
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