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Abstract: As one of the main plantation management strategies, thinning plays an important role in improving biodiversity
of forest ecosystem in China. However, the effects of different thinning intensities on undergrowth plant functional groups are
still unclear. We investigated the changes of four different thinning intensities for eight years (slight thinning, ST, 34%
moderate thinning, MT, 50% ; heavy thinning, HT, 74% ; no thinning control, CK) on the understory vegetation and its

related environmental factors in Cunninghamia lanceolata plantations in subtropical China. We found that the different
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thinning intensities had no significant influence on the grass species richness of plant functional groups (P>0.05). MT
significantly increased weed species richness of plant functional groups (P<0.05), while HT significantly increased fern
species richness of plant functional groups ( P<0.05). ST significantly increased the species richness of woody plant
functional groups (P<0.05). The ST, MT and HT could significantly increase vine species richness of plant functional
groups (P< 0.05). In addition, the different thinning intensities had no significant effect on the important values of the
functional groups of grass and woody plants ( P>0.05) , but HT significantly reduced the important values of the functional
groups of weeds (P<0.05). Meanwhile, the ST significantly decreased the important values of the functional groups of ferns
(P <0.05), and ST significantly increased the important values of the functional groups of vines ( P<0.05). Principal
component analysis (PCA) showed that the composition and distribution of understory plant functional groups of ST and HT
were significantly different from those of the no thinning control groups. Overall, the interpretation rates of forest and soil
factors on the variation of understory plant functional groups that examined by the variation partitioning analyses were
similar. And the forest and soil factors could jointly determine the variations of understory plant functional groups in

Cunninghamia lanceolata plantations.

Key Words; Cunninghamia lanceolata plantations; thinning intensity; plant function group; species richness;

environmental interpretation
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Table 1 Basic situation of the experiment plots

A X7 v ek o o o i X s T
o e L L
(g/kg) (¢/ke) (g/kg) (mg/kg) (g/kg) (#k/hm?) (m%/ha)

XFHE CK 1.66+0.20  0.31x0.01 1.34£0.12  79.00£27.22 24.30£2.68 14.71£0.16 ~ 5.26£0.50 1566.67+19.25 0.85+0.00 43.07£1.18

FRRERFE ST 1.80£0.14  0.26+0.07 2.42+0.25 85.33£14.08 15.48+4.85  8.40+2.48 8.23+£2.54 1572.22+81.84 0.85+0.00 40.89+2.22

FPEEEEE MT  1.67+0.13 0.43£0.04  7.35£2.75 205.00+£77.62 24.80+8.10 14.27+4.10  3.86+0.19 1005.56+20.03 0.75+0.00 31.10+1.59
A HT  1.94£0.12  0.38+0.03 2.12+£0.09  60.67+22.58 21.23+4.56 11.32+£3.11  5.09+0.40 538.89+24.22  0.70+0.00 22.29+0.61

% HR . No thinning (tontrol,CK;%E”Z’IE@f;SIigh[ thinning, ST} ot 3 ] 4% . Moderate thinning, MT; EV A Heavy thinning, HT; A% Total nitrogen TN;%@%; Total
phosphorus , TP ; 281 ; Total potassium , TK ; %4 ; Available potassium , AK ; A HLEX : Organic carbon, SOC ; 138 % L : Carbon to nitrogen ratio of soil, C/N; THERMBELL
Nitrogen to phosphorus ratio of soil,N/P; % & . Density , SD ; B ; Crown density , CD ; 4 &5 Wi £ Chest height break area, BA
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X AR R 1 T A EEE YL 10007,

KR F J7 255317 (one-way ANOVA ) 4351l FUHEAS [R1 % 25 70 22 [R] (4 A8 ) T B 1 40 b BRI B 22 (B 1Y
ZE5 KN, FIA SPSS 11 Pearson J7 % HHERIM S I F 542 AR T MO A4 D BERE Y Fh 88 22 (E HE 47 4H
Kb, Biit i BRI R SPSS 24.0 for Windows F3EAT , R/ 3% 22 538 (LSD) HeA I Z IA] Y
2R WE MK 2 E S P<0.05,

IR, 45 6 BF AN RA AV EE N 0 B e 45 31 10 ASIREEE 7, o -3 P 5f B3 20 (TN) | B34k
(TP) -34SR (TK) HELHN (AK)  HIEA LK (SOC)  HIERRA L (C/N,,) FI AR (NP, ) s K53
TEAEIRIT R L (SD) FRAMREABE (CD) FIARA N =5 Wr AR ( BA ) o 2R 180533 (PCA) A2 AR N AR
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Table 2 Composition of understory vegetation in the plot

ThREREIE A # & fif L/L R

Functional group type Family Genus Species Name of the species

REAE YD REH 1 10 11 SRR Oplismenus undulatifolius ( Arduino) Beauv.
Grass tEM ) BB ¥ Setaria palmifolia ( Koen.) Stapf

JEB Arthraxon hispidus( Thunb. ) Makino
1B Oplismenus compositus (L.) Beauv.
FEM 2 Thysanolaena maxima ( Roxb.) Kuntze
ZREFE YT RERE 18 25 28 TR Centella asiatica( L. ) Urban
Forb 1861113% Alpinia chinensis (Retz.) Rosc.
11132 Alpinia zerumbet ( Pers.) Burtt. et Smith
{5 Curculigo orchioides Gaertn.
M BEH Commelina communis L.
BRASAH Y DI REE 15 20 30 23 Tectaria phaeocaulis (Ros.) C. Chr.
Fern REIE IR Allantodia viridissima ( Christ) Ching
¥ Cibotium barometz(L.) J.Sm.
BUEETEPR Cibotium barometz (L.) J. Sm.
P 25 R Dicranopteris dichotoma ( Thunb.) Bernh
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ThRefE R B & T Y2 FR
Functional group type Family Genus Species Name of the species
ARAR YD) RERE 30 47 64 #2211 Maesa japonica ( Thunb.) Moritzi.
Woody WERA Schefflera octophylla (Lour.) Harms
2K Cunninghamia lanceolata( Lamb. ) Hook.
= X% Evodia lepta ( Spreng.) Merr.
H A A Antidesma bunius ( Linn.) Spreng.
HEATE Y DI RERT 23 33 37 RN Blumea megacephala ( Randeria) Chang et Tseng
Vine EJHE Uncaria rhynchophylla( Mig. ) Miq. ex Havil.

5410 Lygodium japonicum( Thunb. ) Sw.

ZENEHE Gynostemma pentaphyllum ( Thunb.) Makino

3% %F Cayratia japonica ( Thunb.) Gagnep.

AR R 7 22 0 Bl R B, R ] [B) i A B
FEARN TARBRR R FEAE P D R A () P Fb =F & 2 35 T
FEZEF(P>0.05) , 7EAS[F][A]fom 2 b 205 o B ] £
fifi A FERE ) D RERE 0 W o o B B W 3 i TN B A R
FETIARZH (P<0.05) , 177 4 B 0 e B2 (] £ 55 % B4 (P>
0.05) A F ALY DI RERF R I Ah 1 & E W 22 5,
JE TR BRI ) AR 2% SAE ) ) REARE (B) X P P =
HIe i E 25 (P>0.05) , AS[R] [l £k a8 B b B ) gk S HE
VI RERE YRR £ 6 B 22 R B3 (P>0.05) , {H 2 X
HEAD RIS AR Y D REAE A ) A = 5 B IR T EE )
FRALFE(P<0.05) , AN [ ] A58 X A AS 1 49 ) RE A 1)
YiFh =8 B 7 AR B (P>0.05) 5 X BRAR HER
A YD RERE AP FD B B b RN B (] AR AL 3L
TREZER (P>0.05) , (HH W AL T 42 5F 18] 4% &b 2R
(P<0.05) , X HEALS A REA ALY D) RERF D) B 3= B2 3y

Fig. 1
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1 AEEMEEETEMIERNYMEEE

Species richness of plant functional groups in different

thinning intensities

BfE =TI pRiER 22 A TR 22 57 W35 (P<0.05)

AR TR v RN TR (R R AL B (P<0.05) |, H = [B) A5 B ] G 4 35 25 57 (P>0.05) (1)
2.2 N[ [A) AR R Ab B AZ A TR AR ) 2 RETE H B A S

ANTR] [ A5 A BT AZ AR N MO AR A ) D) REAE A B Z(E I AT 0 3 52 (P>0.05) . B ] A4k 2
B2 B ) D RE R T B v T )R AL B (P<0.05) , E RN H A b 34 2 ] 9% A i 35 25 5 (P>0.05) , #%
JE TR £l R 2 A 0 ) BB R 17%) B 1 S 2 (U %IRRT B 32 (] AR A B ( P<0.05 ), Ak Ak 382 ] 1) R A 4 T B
HEEZEFIFALE (P>0.05) . AFALBET AARAFEY) D ie i B2 T & 225 (P>0.05) , R R & i
FAR A Y D RE R Y B (P <0.05) , {H H: kb B a] B A FE B D RE R A0 EAE C W 25 5 (P>0.05)

(K2).

2.3 STA] )R a8 AL B A2 AR TR AR Th BE AR 2 R ) 52 )
Xof A [l 1) A58 B A B AR A2 AR N T ARAR S R4 Sl e B2 iR A T =0 20 (PCA) R B, 55 — T2 (PCA
1) FEE — F B0 (PCA 2) 435l BEASHIF 28 0T A AR T A D REREAS 5719 68.7% F1 16.8% ; PCA 1 K¢ [l A ik
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P08 M e R A2 () (R A B A AR T AR A S REAE I S0 JT  PCA 2 K% B J3E ) F Ak B 60 R A R v B [
AL BRATAR T A D RERE I 00T X R AR N T ARZ I AN (7] 56 B A ] (oAb BRS , HOAK T AR D B2 AN
A0 AR AR PE K A T S 0 AR Ak T ELAS [ 18] £ Ak B 22 8] (9 4K T AR 4 2 BE 2 OB — E 19 22 57
( Fé—] 3) o

0.7 - 0.6
— X
M ® X
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% . : 02} I‘ﬂ
m g 04} §
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b g o3l § ——
£ . = 2} i
=02t a 4-1?
1
01l Jm Ly b ® 0.4
0 S -0.6 . :
REE REE /S VN L ZN 2 -1 0 1 2
Grass Forb Fern ~ Woody Vine H— 4l PCA1 (68.7%)
B2 AREEREETEY S EHIERE M3 REE&EE TR RN ERS ST
Fig.2 Importance value of plant functional groups in different Fig. 3 Principal component analysis ( PCA ) of the plant

thinning intensities functional groups in different thinning intensities

HUH = FHH REDR 2  n =3

2.4 BHERUBR IR N X2 AR RO T AR 4 D BEAE B 52 )

RN T E R W, W S A2 AR MR AR SR ) D BE A 1) 400 b Bl BB I 25 Y TR R 2R
T 280 LS5 PR T R AR ) S R F) 00 o (PO (25 ) IE AR O OC AR 5 S PR A B 1 S 6K 2 R AL )
DIRERE B A B B RO 35 A IE AR OGS 2, T HA 38 X - R BIr A ORI 1 S5 A2 AR TR 25 A4 D fiE
FERIYI AN B EE AR O AN 25 (R 3) .

®3 TEMKRSEFELARAIRRTEDDERYMEZENEXESHER
Table 3 The results of correlation analyses between soil and forest factors and the important values of plant functional groups of Cunninghamia

lanceolata plantations

R /S &S A A

Grass Forb Fern Woody Vine
+ 3K Soil factors
4%A TN -0.039 -0.441 0.151 -0.162 0.196
S TP -0.646 " 0.225 0.462 -0.283 -0.216
42 TK -0.071 0.719** -0.247 0.152 -0.087
FE AK -0.226 0.771** -0.074 0.101 -0.279
FHHLER soC -0.089 -0.2 0.234 -0.192 -0.075
+HEmR A L C/Nsoil -0.074 -0.107 0.207 -0.16 -0.132
IR L N/Psoil 0.797 ** -0.258 -0.516 0.2 0.272
43R F Forest factors
MITHEE SD -0.084 0.377 -0.196 0.257 -0.016
ABHIE CD -0.039 0.279 -0.22 0.268 0.051
Jéq v W T B BA -0.215 0.413 -0.105 0.236 -0.078

# f P<0.05; * = {3k P<0.01.

Ti 2203 i 2R i, R DR 0 0 Ak BEAZ AR TR N AR DI RERE AL 57 1 53.8% H1 67.9%
IS AR N S AR AR AL S - 66.8% , RIFRETR T i 45.1% , LIS MO N T ILFfRE T 54.9%
IR N TR I RERF A SR O (1 4)
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3 e

3.1 AN ) P B Ak PR X AZ AR N TR A B 22 A1 1Y
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V] A R 3 AR AR 1 T B it 2 — |, AL RERS
TERAE AR B, R AR AR PR BT 6 BB AT MR ok
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PEEBRMAET RE N AEY 2 AR E AT Z A0
VERI™Y . FRATTAF FT 45 SR T, v 8 [ 452 08 3 18 i 2 oA
%mﬁgﬁg@%ﬁjzgg,ﬁgrﬂ{ﬁﬁ%ijj[]j@*ﬁ%yﬁjg B4 HEEARAIARTEDDERNTENKRSEFH
BEG IR B S AR S AR AR T e Ry T EORAR
By g o R A R ) Fig.4. Variance partitioning an.alysis of soil and fore?t facton.'s

affecting understory plant functional groups of Cunninghamia

RETEROMIRF 5B, X SVFZ R AR BTG RANM ™0 | e lantations
g — 5T R I AT AR TR R ZRE e L o e T s0s s b AR T S0 s . - HE R B
R SOR B, P Y R B AR AT RIS IR TR o, R R B A R S
TR BRI, WA N R B2 A 6] e 1l bk
AR SRR 1 R TR S BRI R RIS e ] AR R R AR A ) BE R RR AR R ) T
TE Y H B ARG R 5 1X 5 Reader 28 NAUBFFT S5 RIS Ay AN R AR 2308 /D bk M B il 22
BEME 52 3 AT 5 235 S A R R B ) 1520 ) b 3 AR AR R IS AR 24 R ) D0 B 10 T LA — B, TRl
INT FRMA S RGN AR T, B RS2 SR 00 [ AT e B TR AR ) IE # AR KO B 6 IR K
O3 B IR AR AL B A 6 AN TR K SR R WA AR AR, TSI T B A SR AL LR A
3.2 HHEH AL AN TAHAM T HE Y T BERE A5 0

R A YR 1 R RO N 2 —, R SR PR B S AR YIRS AR E Y 2R
ER R , ZAFER— BB A RIS R Y ALY AR A 25 R G R B AR 4, AR KRR 1 52 %
MAS RS R RE R SR R, e R e M AE S R G il K5 mEERY AR Bos. B4
AR SR L 1) 3 TG S8 3 M R R RS AR TR R R SR D BB A 25 5 5 39 A R sk R i 3 i 5
Mo AR T 22 A DO RERF AR 57 A BRI AE KT R EJC R MW IR N 2 EZ A VLS D
FECBE R RIRHE YR NS S R AR A IS 50 MR TI T RER A T 400 8 5 4, AT
SEMAAZ AR T R DI BERE A A4 . Gartlan %5 5T 3 W] - e B0 (9 K - SR DR T4 W b 22 Bk 22 I A7 A T
AIAHDE AR X AT A S5 SRARML, R AR PR Bl A K B I R AR 22, A7 AT R ARBR 43 A5 i - 48 R i 38 e
SO B AAE ) 2 REE Y BN A A TA N B 1) 2 5 ) B A A ) 2 R A E BRI Y A, R
[F] A PR 3 25 A2 0 338 R AL T RE TR ) AL ) AR VE S R[], AT F ST R BAAR O  BE AR A 3 45 R i A
TR P Ah 2 A A BN T2 EARHIE G E0 R BT AT A AR TARAR T 45 a0 Sh BERE BRI R B3, X
AI S H T AR T A 22 AR 52 e 5 sk [] ROBE AT OC ,  T ARMOAE KRR 5, 8 AEXT KT AL ) 2 4k
RIS S . AR R AR 2 2 A0 I R A SE IR, I ek G ARBR IR 4% TR AT
gEr, Hofth I PR T AT AR 53 BRI X AZ AR N TR 25 AR ) D BE AT 09 52 e 50 B 38 ) X AT i 5 i S8 [ 7
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