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WRXR, &E3FHEAMHEZEE (525 H/tm2. 675 Fk/hm2. 975 Fk/hm2), @it N wE S5 2R
o (BEA, RAEDEE. J&. Pk, Simpson ZFEMETEEL. Shannon-Wiener ZFEEFEEUA Pielo
u B EFRBON VA AR A RS FR 2O . IR (R E . BKE, SILRE. k. 28, 2. 28,
A5, 2B MBS (RUEEEREE. FERERT. IREG. AL ERD W, SR P2, i
A T R A 1 1 X AS A LR B % B e AL o D5 SR T (1) BEAKE ) 22 AP HR ER Pt A2 A O B 551 P58 1 18 A v 344
hn, AR Z RSN AR IR S5 2 M. D525 %5 AR 43 B AR Y 1 = A A9 b =1 41 2 R v
ILF 38.81%, DIT5 % LRI HARANEY AT = AR ANFh L EAH 2 MRy, I8F) 77, 39%, (2) IR,
AR BALBRESE 3 AR E R P ERE 2SR (P > 0.05), HEEE AR EZE K,
TIEMAE, SKE, AALBREEHE/NEERG M, LEEAR. 2% 2. 2. 28, 2BESEHMEA
PR B L (G I A1 JR o 3y, IRAE DOT5 B MR rh S Bk B R, HEHEMANMEEERESE P <
0.05), EARRHFBEFENFCENT HEFESRR. (3) HIRMRMEGERET. MR, IR A8 E RS
PEFE 3 FIAZ ARAS [F) LR B 85 52 PR 7 o ORI B o DR B 3 P2 38 R SR 58 18 Jm ok a3y, HLIAIFE D675 %5 BEAR 7
HisRR A, SHEWANZEEEEEZER (P < 0.05). (4) WHRMESWRE, EAMEY S AKSEYZ R
AP R R AR R R, HARAEY R AR S S A E T RS A O T ey, e
PR R #RS IR BEE M 2 IE A OGIE R DIT5. D675 % FEM oy rh B AEY) 5% FE Mk R R BN IEA G, H
DI75 B My FIL TR A, U e R B A T A ARG, D525, D675 MK rhOR A
HEMIRRZRIAN AR, SRR AEACKS AR B %5 B A 4 1) KIS D975, D525 %5 Bk 43
AR T . BEE I S E RE OC R4 KR I AE DG, T D675 IR LA T B TS
HERIR RERRIA AR, 1 B I = SO AR AL A DR B % P o) e A 1 T o5 o Pl v P B o 5 A7 T
. [4518) AR, BARMGEEE N 675 bk/hm2 £ EZE R HEE N RES . AR SRR
BAAAEE LN, %R m % 5 AR o I AR S ZE Wi B G . R B3 5 (1) A B 1 s L 33EE
FOBEICIRGE, ek EIEFR AR R, SEEERETE, AR REFR 0 FeAl, SR 13RI /), fEdERZ AR N TR
BICESRGNKE 5HE.
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Response of plant diversity and soil properties to
Cunninghamia lanceolata retention density in the understorey
of a compound heterogeneous forest

Abstract: [Objective]l Cunninghamia lanceolata is one of the most important fast-growing timber species in
southern China. This paper investigates the effects of different retention densities of cedar on understorey plant
diversity, soil physicochemical properties and enzyme activities, and provides a theoretical basis for the maintenance
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of woodland fertility and sustainable management of cedar plantation forests. [Method] Three types of retention
densities (525 plants/hm?, 675 plants/hm?, 975 plants/hm?) were set up in the fir-coppice multi-storey xeric forest
of the Jindong Forest Farm of the Jindong Management Area in Yongzhou City, Hunan Province. Understory
vegetation surveys and diversity analyses (family, genus, and species composition of herbaceous and woody plants,
Simpson's diversity index, Shannon-Wiener's diversity index, and Pielou's evenness index and community similarity
index), soil physicochemical properties (bulk density, water content, total porosity, total carbon, total nitrogen, total
phosphorus, total potassium, total calcium, and total magnesium), and enzyme activities (acidic phosphatase,
sucrase, urease, catalase) were measured to analyse the response mechanism of understorey plant diversity, soil
physicochemical properties and enzyme activities to cedar retention density. [Result] (1) Herbaceous diversity
index increased with the increase of cedar retention density, while the change pattern of woody diversity index was
opposite. the sum of the importance values of the top three dominant species of herbaceous plants was the highest
in the stand with D525 density, reaching 38.81%, and the sum of the importance values of the top three dominant
species of woody plants was the highest in the stand with D975 density, reaching 77.39%. (2) Soil bulk weight,
water content and total porosity did not differ significantly among the three cedar retention densities (P > 0.05), but
with the decrease of cedar retention density, soil bulk weight, water content and total porosity increased slightly,
and the contents of soil total carbon, total nitrogen, total phosphorus, total potassium, total calcium and total
magnesium showed a tendency of increasing and then decreasing with the increase of cedar retention density and
reached the maximum in the stand with the density of D675 and differed significantly from the other two densities
(P <0.05), which helped the accumulation of soil nutrients. The content reached the maximum in the D675 density
stand, and the difference with the other two densities was significant (P < 0.05), and the reduction of the cedar
retention density contributed to the accumulation of soil nutrients. (3) Soil acid phosphatase, sucrase, urease, and
catalase activities mostly showed an increasing and then decreasing trend with increasing retention density in the
stands of the three fir species at different retention densities, and all of them reached the maximum activity in the
D675 density stand, which was significantly different from the other two densities (P < 0.05). (4) From the
correlation analysis, most of the diversity indicators of herbaceous plants and woody plants were negatively
correlated, and the correlation between woody plants and soil physicochemical properties and soil enzyme activities
was higher than that of herbaceous plants, and most of the soil physicochemical properties were positively correlated
with soil enzyme activities. The relationship between herbaceous plants and density in D975 and D675 density
stands showed a positive correlation, and the D975 density stands showed a stronger expression, indicating that high
retention density is more favourable to the growth of herbaceous plants, and the relationship between woody plants
and density in D525 and D675 density stands showed a positive correlation, indicating that woody plants have a
better growing environment in low cedar retention density; the relationship between the physical and chemical
properties of the soil and enzyme activity and density in D975 and D525 density stands mostly showed a negative
correlation, whereas soil In D975 and D525 density stands, the relationships between soil physical and chemical
properties, enzyme activity and density were all positively correlated, indicating that too high or too low cedar
retention density had a negative effect on the improvement of soil physical and chemical properties and enzyme
activity. [Conclusion] In conclusion, the cedar retention density of 675 plants/hm? is the optimal density for the
management of cedar and broadleaf old-growth forest. There is a density effect in the succession of understorey
vegetation, and too high or too low density will easily make the forest stand monopolise the ecological niche.
Reduced retention density can help to improve soil aeration and water permeability, promote soil nutrient
accumulation, and increase enzyme activity, thus promoting nutrient transformation, improving forest soil fertility,
and facilitating the recovery and reconstruction of degraded ecosystems in cedar plantation forests.

Key words: Cunninghamia lanceolata; density; understorey vegetation; soil physicochemical properties; soil

enzyme activity
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WA (Cunninghamia lanceolata) 723K E e 77 B LA MBI 2 — N THE COH T F 1SS
Pist, EREFITH 1T AE (XD M, BAERRELRRIC, FHEE. MRS, ARKREE
i (Wang et al., 20100, MRHEHSSLRARM BTG EEE, JE H ATME A2 AN TR IR 2k 3] 986.

775 b, BREEF 755’ BT RKMIMELNERAEFREE, BANLKES RGEMIETTEE
IR, BEERIL T BRI, MR A NS — R A SRR, XS R

BRI BRI AR e PER R T T B, BRI T A AR N TR AT RESE4EE (Chen et al., 20165 Bi et al.,
2007; FKIBEE, 2014), JEAER, EWAINESIFIEIHMTIE HRSOE R, T 7 RIAZAN TR G EFiFE
H- B0l T SR BSOS B R AE AR 50 . ZE I REE . (R HESR 0 B S5 7 THIAL T Ak SR S AR (3L
WiedE, 2020; BHNISE, 2017). BRARIA, KIS ZE RIS E, 7T CUE ks IR A 1 i R i
AR, RTINSy, SR R, VISR AR B A T RS (R, 2020). {HLL
A 9T 32 B PR Rl AR B BE AR (1 2 KR AT sl R AL, SRS AR N TAREF IS A 45 44
HZRENE, Bl R TR RS By e e 5 I R A Bk = R 18, IXMORIRH T A AR N T
M RS2 g MR AE S RGNIIKE S E .,

RO 2 N TARBRIR S5 I B BB bR, R AR A KR BRI R, A THAESR
SRR e M K E YA e ) B AT R AR, 2019). &2 X R 35 B SR M RE A, 3 )
KARBIFHETC, W IR B 5 55 B () U S 5 bR o G R (25 1) S o e, AT S0 iR R AoA s, L3
B KRR, AEWES N EERS IR R — (TRTEES, 2019; Wu et al., 2014), fHYIBESHE
& IR R BB R A AR, WSR2 FE, A FFSE A 3 S 77 n 3R
WA RS S8R S SRR AR, MNiism LR e (Gavinet et al., 2020). WF7R
B, IR R (450 Fk/hm*) B3t & (1950 #k/hm®) AR T A2 AR A KA 3 i de ke, Bt A%
SRPE RGN, AT AR AR N AESE IR E . SRR BRI AR, WA s TR R (A
BEAREE, 2015). (Rtk, WEFEAZIEE ZE SR N 2 FEE, 456 TRt mR . BES s, AT
BATEARAZAN TAIE BRSO PR AR T B M 2 A0S TR C R

AR5 AT R 24 7K M T G 5 3 X I MR A2 ) 522 S ORI FERT B, R FUAZ AN [ £ B 55 55 ) Ak
NEYZ R A BRI R R, BT AR I AR PR N R A S e R A X A2
AR B B FE (NN, NAZ A N AR g 2 35 A ] o 20 R A I HE

1 BB

T 5T XA T390 5 4 7K O T i B X 4 AR E (26° 02° 107 —26° 21°37" N, 110° 53743”7 - 112° 1
337" B), AT RFHBIL BRI ZRILEE, WrEE . RAUE. W5 T8 650 m, HiZ 3 Bk REE
DDA DU BRIEARCE NE, LERERK, GRS ER, LIELh g, i X g W R
FA 2R GBI AU X, AR 18°C, Al i 40°C, M fIRIR-8. 4°C, FFF/KEL 1745 mm, FHEKEL]
1225 mm, FEXA R4 HBN$ 1617 h, MR 75% 82%, FETLHEW 302 d, MWAKY 290 d, =10C
HIE S AR IR 5210°C 6

2 R

2.1 PR E

BRI J 4R /NETRAT (112° 087 09”7 E, 26° 13" 40" N) WM F#H EM. ALK T 19
97 FE I, VIR 2500 FR/hm's 2018 4, BT EARFIFH SHARSGE; 2019 E4F, MAEHATH
W, BB 3R EE, 250y 525 ¥k/hm’s 675 Fk/hm’. 975 ¥k/hm’, FFLEMR FH% 1050 #k/hm’ 1)
W FERRAEIAE 20 mm FRIREIH- S (55%MHIAE . 30%AT . 15%FE ). 2022 4 6 H, 1E 3 FiAZ AR B 55 BF (K
S R E 3 HeE AR, 3t o Buked, REHLEAN 20 mX 20 m. FEHBIEARE SN 1.

R PSR LM 2RO

874



L T E MO AR A S31 FHMIEEE 217

Tab. 1 The condition of Cunninghamia lanceolata and broad—leaved saplings in the fores

t
A PR R SR
REEE )k FHE SEEPER Pz FHRE FIRiE

#k/hm’ /cm /m /m? /mm /m /m

525. 00 20. 57 14. 03 0.25 32.50 3.08 1. 04
525. 00 19.09 14. 10 0.21 26. 28 2.58 1. 08
525. 00 22.20 14. 61 0. 30 40. 75 3.76 1.32
675. 00 20. 44 14. 03 0.25 28. 24 2.63 1.32
675. 00 20. 82 14. 20 0.25 35.50 3. 46 1.20
675. 00 22.32 14. 97 0.31 38.40 3.39 1.19
975. 00 18. 87 13. 17 0.21 25.31 2.85 1.45
975. 00 19.51 14. 50 0.23 32.58 3.38 1.07
975. 00 18.35 14. 17 0.22 36.78 3.56 1.42

2.2 WRGE

221 M TFHMIAE 5 M HGTE  RATSHEEL, EEMFEN R MW E 5 4 2
mX2 m H/MET B T ARARYT, 501 mX 1 m B/NET B R EAEY), HEHCs/MET K
FORMAAREAFAE, E. @E. SE%, FIFEEARNARARE B EEE . SR
VIR SRR BEVRARRUE RS, AT

. 45 26
EE = AHXS 22 FE + AT AREE + AEX 56

3
R Rt A
WX = e el 0%
RERETTHh I YK
. }/F\x = e 3 ”
RXTIUE = wmr Bk 0%
o
i g = TR

AR S5 Z 1
MFEEER=S
Simpson 8l D =1 — ZS: Pi?

i=1

Shannon-Wiener 84 H — _ZS: Piln Pi

i=1

wriy s s =H /NS

BEEA LIRS 1S = a2+°b 100 %

X, S NEEPYIAME RN EER, Pi R 1 IAEXZE, a AENMEEIFEL b NHA—
NEEHL IR R, o NP RIS YR 8.

222 YA RE KA FSBERE, R A TP A MO E 5 AR S, EBREE R
BEWG, ARSI — LIS, M 100 oo’ ¥R J)40HIEL 0-20 cm. 20-40 cm. 40-60 cm +ZHIJR
IR, (A S I6 2= AT FIEY PR R T BEL 0-20 ems 20-40 cm. 40-60 cm + 2 EEERERGY, T
HAEYINR R VAR, — A2 T-80°Cokia A T H3ERF S g, — 43 T8 X A AT, KT a3t
TR RERL s, T 3k S B oA

223 RN E FERXHRTNENE; SACERHBTENE; kS R H B TRET K AN
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HE RS ERAIIKERIENE; k. 4. 245, 285 B iR & % 58 AR FE O 5E
P TRl TR T FH T i R I — BV b ik s RERRE SR A 3, 5 AR /KR Lh il s R MR FH
BT R LE il o s I S T S R MR R A IR Syl e

223 23 MR % S Excel 2010 F1SPSS 25. 0 BT G Si it AV, R REE
J5 253 HT (ANOVA) A6 AN 35 B AL B SR ek . -3 Ah M o A 3 s M 45 R 1, SR Pearso
n AR IAZ AR H S MY ZFRErE. E A TR IS O R . BT UES N P A{E +
PRAEZE o

3 SR
3.1 AFEASALR T 2 TR HE A 1) 5200

311 FEAF A AMB AR A AIAE 3 FALALR B LR LA F] 34 B} 45 J& 55 A
fa1, 18 Bt 23 J& 24 FOAAK) . D525 % FEM I HHILAT 21 B 24 J& 28 FIELAKEY), D675 % FEMK Iy LA
20 B} 25 J@ 31 FhELAAEY), 1 D75 % FEMR S AT 20 B} 30 J&@ 36 FhEEAKEA), ok, D525 ZEEAI D675 %
JEMR N SEABREAR L S5 R, 61, 02%, 5 D675 253 A1 DIT5 B AR N ELARHEAR MUEZ TR HURIK, H
50. 00%, AL, A2 AN B & LM AR T A I ALk - D525 H LMY AR A 13 B 16 J& 17 Fi,
D675 % FEAR Y AR ARG ISEAT 14 AL 18 & 18 Fit, DI75 B My P ARAM YIIEA 13 B} 14 J& 14 Fh, Hop,
D675 # AN DIT5 #SEM T AR AN LSS e, O 77, 42%, 10 D525 % BEAN DIT5 % FEAR T B AR
MABEFR AR, 9 64. 52%, ULWABTE RS AR B % B MG, MRS AA IS R, B 1R
[ 7 o

A D525 D675 B D525 D675 G D525 D675

K1 EARANFREE R N EARRARAEDE . & MR
TE: (A BEARAL: (B) BEARAM: (OO EAFMAM: (D) AEFMLR: (B) KRABAM: (F) ARA&FALK
Fig. 1 The family, genus and species composition of herbaceous and woody plants in the
Cunninghamia lanceolata forests at different retention densities
Note: (A) The family composition of herbaceous plants; (B) The genus composition of herbaceous plants; (C) The species com
position of herbaceous plants; (D) The family composition of woody plants; (E) The genus composition of woody plants; (F) The

species composition of woody plants

312 ERFe KA T B HARNFERE AT EAREY) TS % R T i FE{K . D52
5 BT LUER IKAE . WRATIH . AW BEE 3 A, X =M LA b B SR 70 20. 63%. 11, 51%.
6. 67%, JLit 38.81%; D675 % FEAK N L LLRATIH | Bk 2k USRS 050, FEE S50 18. 01%.
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9.07% 7. 14%, JLit 34.22%; D975 % LM T LIIRATIH . Bk IRER Rk S AL SR, BEEE 50N 9.
75% 7.08% 6.71%, Lt 23.54%. D525 % N E A YT = KL E W Fh & EAG 2 FIARE T D675 % EFI D
975 ZEE 4yl 4. 59%F1 15. 27%.
2 KARANIER B 2 AR AR ) BB

Tab. 2 The importance values of herbaceous plants in the Cunninghamia lanceolata fores

ts at different retention densities

Wk HEEE/%
B B pi D525 D675 D975
$K# Smilax china - 2.64 2.82
FEHFl Smilacaceae HEJE Smilax
FAREE Smilax glabra - 1.21 -
WFELEFRF Primulaceae R 7% Embelia BANFRIE T Embelia vestita - - 3.36
ZEHi#l Plantaginaceae /K& )& Veronicastrum G/KE Veronicastrum stenostachyum 3.88 1.71 3.63
JEWEl Lamiaceae HHHE Tsodon FA Isodon amethystoides - 0.77 1.7
% )& Pueraria % Pueraria montana - - 2.03
S &l Fabaceae
WM EE)E Callerya BEACXY ML Callerya dielsiana - - 1.64
F4:#EJE Stephania G5B Stephania cephalantha - 0.61 -
B &t Menispermaceae
205 )&% Pericampylus WA Pericampylus glaucus 6.43 4.15 4.47
#470% Lygodiaceae 470 E Lygodium W4V Lygodium japonicum - - 0. 86
WA JE Lophatherum WM Lophatherum gracile 11.51 18.01 9.75
)& Miscanthus T Miscanthus sinensis 0.83 1.66 3.81
AAE} Poaceae
SRKEJE Oplismenus SRAKEE Oplismenus undulatifolius - - 4.01
JRHJE Setaria 4B Setaria plicata - 1.18 -
EHERF Marattiaceae Wi JFE3E )& Angiopteris AW BESE Angiopteris fokiensis 6. 67 - 3.86
BMEL Piperaceae BAMUSE Piper 134 Piper hancei - - 1.16
41 J& Trachelospermum %4 Trachelospermum jasminoides - - 0.8
ekl Apocynaceae
A% )& Marsdenia U3 Marsdenia sinensis 0.95 2.32 -
Z#$l Zingiberaceae 11ZJ& Alpinia 112 Alpinia japonica 2.84 - -
42 A Thelypteridacea MRS Metathelypter
) B hER Metathelypteris laxa 1.32 - -
e is
IRl Violaceae HEJE Viola LESE Viola diffusa - - 0.92
HEHYSEJE Youngia RIS Youngia japonica - 0.62 -
%%l Asteraceae
4H%)E Synotis HEM-&H39 Synotis nagensium 3.24 - -
540 Selaginella delicatula 1.02 - 0. 82
1%} Selaginellaceae #H1)& Selaginella R Selaginella nipponica 2.13 - -
VLE %M Selaginella moellendorffii - - 0.89
H 9% Gleicheniaceae THJE Dicranopteris T°H Dicranopteris pedata - 1.17 -
NG TERR Dryopteris marginalis - 1. 34 -
ikl Dryopteridaceae i F 5 )Jm Dryopteris [ 85k B % Dryopteris championii - 2.43 2.82
[E %3k Dryopteris campyloptera - - 1.13
BEBEREL Actinidiaceae BEpkE Actinidia BAEIER Actinidia eriantha - 1.28 1.17
HmiE Vitis K E%i% Vitis chunganensis - 1. 59 1. 87
WAL Vitaceae LR Nekemias LS8 Nekemias cantoniensis 2.41 3.45 1.21
4R )& Parthenocissus LRI AR Parthenocissus laetevirens 0. 69 7.14 -
AL Rosaceae E¥FJE Rubus P YL Rubus lambertianus 3.18 1.11 2.56
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7%l Solanaceae
15 XJ#EFRL Sabiaceae

ARl Caprifoliaceae

B} Moraceae

PERl Cyperaceae

5 Bkl Athyriaceae

Wik Al Dennstaedtiaceae

5 £ R} Blechnaceae
Tkl Amaranthaceae
AL Urticaceae

M ER %Rl Commelinaceae

BE5EER] Papaveraceae

it &R} Oxalidaceae

& Solanum
THXEE Sabia
A Lonicera

¥JJ& Broussonetia

¥J® Ficus

EHHJF Carex

W& Diplazium
ik % RJE Microlepia
B J® Pteridium
HE 8 Woodwardia
LEME )8 Achyranthes
#%KAEIE Pilea

i % & Commelina

LHEJE Corydalis
¢ B )& Oxalis

Y5 Rubus buergeri
=0 Rubus rosifolius
1% Rubus corchorifolius
H2% Solanum lyratum
RGN Sabia swinhoei
B& Lonicera japonica
W) Broussonetia kaempferi
BIRIE Ficus sarmentosa
WAL Carex brunnea
+FEE Carex cruciata
SFHE R Carex nemostachys

KRG R RARR Diplazium viridissimum
NG ERR Microlepia marginata
Wk Pteridium aquilinum
5 Woodwardia japonica
WiH-2-18 Achyranthes longifolia
WEVSIKAE Pilea peploides
WS 5 Commelina communis
IEIEH Corydalis racemosa
WESREL Oxalis corniculata

- 5.42 1.76
4.33 3.23 1. 58
- - 2. 06
- - 1.91
2.5 - 4.85
1.5 - -
- 0.8 -
- - 1.4
1.67 2.47 -
2.47 4.63 3.30
1.67 1.04 1.35
6. 04 4. 04 6.71
1. 56 7.2 2.75
2.03 9.07 7.08
4.19 4.24 3.30
1.04 - -
20. 63 1.42 -
1.95 2.02 -
- - 4. 68
1.34 - -

D525 % FERR N AR AAE W 3 2

23. 28% 6. 19%,

S 51°4 58, 93% 7. 82% 7. 30%,
YRS FD, B8 63. 46%. 9. 60%. 4. 33%,

DIAEZE L SR SE. 255N,

Fh A 2 AR T D675 25 A D525 25 55 (1143 il e 4. 51%F1 30. 33%.
F 3 AR ER R AR N AA ) Y

Tab. 3 The importance values of woody plants in the Cunninghamia lanceolata forests at

different retention densities

IX A A E EAE 2350 29. 91%.

Fit 59. 38%; D675 HE MEAMEM EEDMZE L. KRR, SRSEEYOI S, EEE
JLit 74. 05%; D975 HE NHEAMM EZ LA ZE L KLU A
Feit 77.39%. D975 B FE T EARAET = KRB

L HEE/%

# = i D35 D45 D65

27 BFERl Styracaceae ZRAE Styrax A{E e Styrax faberi 2.32 - -
#HEFEIERL Primulaceae 22L& Maesa 221l Maesa japonica 29.91 58.93 63. 46

K& Clerodendrum K5 Clerodendrum cyrtophyllum 1.87 5.32 -

JEER} Lamiaceae HJELE)E Premna S8 Premna microphylla 23.28 7.3 -
2Pk JE Callicarpa Y1488k Callicarpa rubella 2.35 1.57 3.68

KERAl Euphorbiaceae 518 Triadica 11541 Triadica cochinchinensis - 0.82 -
A ER Aquifoliaceae KXHE Tlex F£4 3 [lex pubescens - - 1. 04

KAFR} Poaceae Y18 Thamnocalamus AT Thamnocalamus spathiflorus - 2.40 -

WAL Anacardiaceae hEAJE Rhus EhERAK Rhus chinensis - 1.09 -

H L& )& Serissa NHADE Serissa japonica - 0.66 -

PEEF}L Rubiaceae
KM &A4tJE Mussaenda KM A48 Mussaenda shikokiana 3.39 2.32 9.6
EEMME Ficus pandurata 5. 04 - 4.33
%%} Moraceae FiJE Ficus

BIEWS Ficus formosana 1.16 - -

11%5F} Theaceae 11Z5)JE Camellia % Camellia sinensis 6.19 2.41 1.66
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AL Tteaceae SRR Ttea IS R Ttea omeiensis 6.18 - 1.20
f.2=%l Rhamnaceae fZ=J& Rhamnus - §RZE Rhamnus leptophylla 3.24 0.98 -
HnEL Araliaceae KSR Aralia 8K Aralia elata 2.93 2.82 4.07

Z5ERF} Hydrangeaceae ‘#1LJ& Dichroa W Dichroa febrifuga 2.65 0.84 2.46
HMEL Urticaceae K& Oreocnide MK Oreocnide frutescens 2.54 7.82 2.81
M RERE Phyllanthace VEE Nk Phyllanthus flexuosus 2.01 1. 10 1.79
M RFERJE Phyllanthus
ae BT Glochidion puberum - 1.23 -
2Rl Rutaceae HUE Zanthoxylum MU Zanthoxylum scandens - 0. 58 0.84
AT Litsea WWASHR Litsea cubeba 2.43 1.81 1.47

%%} Lauraceae
I #HUE Lindera W H Lindera reflexa 2.51 - 1.59

313 FERFARKAM S H I RS T

EAMYIN Simpson ZFEMEFEH. Shannon—Wiener ZFEIEFEEIN Pielou 2] EFRBIIBAZ AR EEHS
KRR RTIE R, H, AR AEEEEARSE) Simpson ZAEVEFEEAN Pielou Y21 EIEEE R &
PEZER (P> 0.05), Ifi D525 %5 B MR Shannon—Wiener 2 FEVEFEBUR ZET D975 Z25 B R (P < 0.
05). TARAAEYN) Simpson ZHEVEFEH. Shannon-Wiener ZAEIEFREL. Pielou 5] BEAREIIBEA AR IR EE
SR (R NG B, (EAZARAS AR B 8 FE AR 31 Simpson ZREMEFREEUR Pielou SIS B LR ELER
(P> 0.05), D525 % M) Shannon-Wiener Z ¥ Fa £ = B2 3% = 1 D975 % (P < 0.05).

a

E LR
Plant diversity inde

S S =2 =R bW e
S i o > = W o
1 1 1 1 1 1 1 1 ]

ab
b
a aa I
* o B 13, 2a,
I
ﬁ I I i i i .
T T T T T T T
Simpson Shannon-Wiener Pielou Simpson Shannon-Wiener Pielou
A B

K2 ARAFOR B3 BN EARARAAE) 2 FEE HE 2L
Fig. 2 The diversity indices of herbaceous and woody plants in the Cunninghamia lanceo
lata forests at different retention densities
Ee () FA; (B) KA. NE/NGFEAEISADFERE % LELE 0. 05 KT EZR 2 T,
Note: (A) Herbaceous plants; (B) Woody plants. The different small letters indicate significant difference among different
retention densities 1in the Cunninghamia lanceolata forests at 0.05 level among the three months in the same forest, the same b

elow.

3.2 AN[AIASALR B 2 B - 33 BRAR 4 5 (1) 5 )

321 B F oA HERMT IERSRER, IR EEAN RS AR E R 2R R
= (P> 0.05), HYFEE LEFMEREE FEMESE, TIEAREMFC, REIEE N, BA%E
UFEAGE K. o, 76 0-20 cm ()2, D675 BEM M LIEAER A, N 1.16 g/cm’, 7E20-40
em [RIH 2, D975 B LR A E A K, N 1.16 g/cm’s 7 40-60 cm 112, DIT5 B Ak4rH
FIEAER A, N 115 g/em’s FKEK R IE K S, HIEE KRB 2 N 2 TR,
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{ELERNFEF AR EE B IR iR G BEMEZER (P> 0.05). #£ 0-20cm [+ EH, DIT5 %5 EEMA 157K
KK, N 31.60% TF20-40 cm [-LJEH, D675 %M HIEKFE N 27.59%, NEK(E, 7F 40-60 cm
12, D675 BEREEMR B KR IR, N 27, 35%. AL S T I3 iR A g s S AUK IR &, BALER
[EEARFIR AR B E IR HZRIAEE (P> 0.05), 78 0-20 cm FHZEHT, DI75 25 kKA AL
BRIER A, N 57.90%, 7E20-40 cm IEZH, D675 %M 1S FLERIE R A, N 57.87% 1E 40-60 cm
M+ ZEr, D525 % FEMA R FLBR B &R, 9 58. 17%.
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Fig. 3 The effect of soil physical properties in the Cunninghamia lanceolata forests a
t different retention densities

322 F MR oA TS ERZARE S RN BN SRS, IR R S B IE
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PN EEZERRZE (P < 0.05). TIERESEMEORE R HERRF IR 2R S8, D675 % EMI )
TIEAAE A EAE 0-20. 20-40, 40-60 cm LFEHBAR| T HRAME, HEHEWMEEGREEER (P <
0.05), 3feamE, M. SEE RN R RN e E RS, HiEKE I D675 % Ak
o, HEHREWANEEAREEZES (P < 0.05). 3 FASALR R % B 1A o 158 4805 5 57 bl R B 255
RIS Bk oz & AR, (7 0-20cm L2, D675 B AR/ ) 138445 5 D975 % B2 T W #k
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Fig. 4 The effect of soil chemistry properties in the Cunninghamia lanceolata forests

at different retention densities
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Fig. 5 The effect of soil enzyme activity in the Cunninghamia lanceolata forests at di

fferent retention densities

3.3 KARMREHE. WHHEYZ RS RIEME A A

TR TR IR A I RN T3 BE PR PR AR IR AR DG e T FA ], NIRRT LLE Y, EARRE S
KRAMY) Z RS R 2 AR R, HARAEY R E A YRS LB LIRS M AH
Bmr. IR (BRAFLBRED 55 LIRS E 2 IEMOCKE R, KRR S & KER, 25
TEERFEEMER (PC0.05), 54, 2%, 2 TEEREE M (P <0.0D), SHEMAAMENE
e, 2ASTEEWEEIEMEX (P<0.0D), 52EEEEMEZEEMIX (P <0.05), HEHEMEHES
TKE, k. 2. 2. SESEEREFEIEMX (£<0.05), 52K, 2EEEEMEEEMX (P
< 0.0D), MREEEMES2mR. 2. SHEEEREEMX (P <0.05), 528ESFEEMREEIEMHX (P
< 0.0, MRVERERREEE SIS EAENE . FEAEREE M 2R E IEMAHE (P < 0.0,

FMERE SR I Y LB TE . LIRS TER AR IS TR, R R—AFAZ AR B 5
FERIMR I i & AMBIR I RIE 2 Rt 53R . WS AR B BE S AR NI G Rk E, DIT5. D675 # FEAK
SR EARREY) S ok RRDUNIEM IS, H DI75 % B/ RIS A5RE, 1M D525 %5 FE pR4r i B AR YY)
L FERIOR R WK IR FAE G, A AOR B % FE I T i A R T R AR ) A K . D525, D675 %5 FEAR 77
HORAHEY) 5% FE R RRINTEA DS, T D975 %5 FEM s AR A 5 % BE % R RN A5G,
B AR AT EARA AR A A E AR KR . WIS AR % % 5 H I B MR . BRI R ROk
D975, D525 % FEMR sy L IEIALPE T . BRSS9 R OC R ERR BN ARG, 1T D675 % FEAk 4+
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Fig. 6 Correlation Heatmap and Dynamic Ring Heatmap

s HLNREARPH : H2 NRABEH: H3 AR AFEH: H4 ABA Simpson F6%L; H5 NHEA ShannonWiener #84(: H6 NHIA Pielou F53:
WL WARARHH s W2 WARARBHH : W3 AAFEH ; W4 JyAA Simpson $8%0; W5 JyA A ShannonWiener $840; W6 JyAA Pielou $8%(; SP1 Hd
BT, SP2 SR FLRRRE; SP3 AL E K, SCI AR R SC2 ARG R SC3 bR S R, S04 9 R SC5
LA R SCo A LIRS B SEL N TIRERMEBRERERIG M SE2 N L HET S A s SE3 N IERERERGIG P SE4 N L IRIRERS M.

Note: Hl is the number of herbaceous families; H2 is the number of herbaceous genera; H3 is the number of herbaceous specie
s; H4 is the herbaceous Simpson index; H5 is the herbaceous ShannonWiener index; H6 is the herbaceous Pielou index; W1 is the nu
mber of woody families; W2 is the number of woody genera; W3 is the number of woody species; W4 is the woody Simpson index; W5 i
s the woody ShannonWiener index; W6 is the woody Pielou index; SP1 is the soil bulk weight; SP2 is the soil total porosity; SP3
is the soil water content; SCl is the soil total carbon content; SC2 is the soil total nitrogen content; SC3 is the soil total p
hosphorus content; SC4 is the soil total potassium content; SC5 is the soil total calcium content; SC6 is the soil total magnesi
um content; SE1 is the soil acid phosphatase activity; SEl is the soil acid phosphatase activity; SE2 is soil catalase activity;

SE3 is soil sucrase activity; SE4 is soil urease activity.

4 g

4.1 TR B 5 X AR A ) 5

MR E RS KGR EEH 5y, PRor% Bl RS YR B R R s AR T e
BeZHEL (Rivaie, 2014). FEARGHTLH, 3 MAZARIRE 2 FEAZ A il B 2R L I 34 B} 45 J& 55 FpL
AFEY), 18 Bl 23 J& 24 FhARANEY), Hb, D525 BRI FILE 21 B 24 J& 28 FhEAMEY), 13 Bl 16
J& 17 FhORAKED), D675 %Mk mhIA 20 £l 25 J& 31 e Ay, 14 #1 18 J& 18 MARAMEY), DIT5
BEREHIMRAY AT 20 B 30 B 36 FHESAKEY), 13 B 14 B 14 FoRAKY), B ARSI 2 R
FREE S EERILRENEESR (P > 0.05). B 3FERREZEEMARSR FEDE. & FEEmE
FEMEFREE RAK, (HEEE AR % B RIBRAR, AR E BRI FR Bt i 2 PR, A [ i B2
PR T RE A 98 8 RS AR AR B 25 A RN AAAE ZE 7M. Alem 25 (2015) KI5 B 5K N R 2
FEVER A MR, (2 N TR MR 2 A1 5 BRI A B A e, X 74k
3 BT AR R AR IR, TTRE SR N IR R R TR AR R AR A O, b T 2 B BA AR N A A O RE
B (2021) BERRIZAM PSS Z RS BAEAFEE (650 Fk/hm'~1650 Fk/hm*) [H1¥)TE 8%
ZS, SAMREERIEA T, AT A, D525 BRI T EARE I RT =0 B0 E B 2 A, D
975 B HIPR 4 Fp AR ARG = RS540 B B 2 IR, SR IR B T AR RS R I, FLEE
AFEY) Z AR R AL A OR B 55 BE S I B4 m, MR AR Z AR R S 2 Mk, da M
Mg, v LUE A2 i R id B E MR T A 5 AR AR E B A TS R R Bk, ZAREH
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R BT N R AR AR, (BRI E LT R, USRI N 675 Bk/hm” B
WZRR R WS E E MR N AR ARAFR R B AR (R HAR A A R se g+ AR 3 B K

4.2 FZAARBE S e IR A R A 5

TIERE . SAKER BRI IR B G E bR, )R T IR R S KR
Bett, BN 2L, HEMDN, R IR, FEBOC, AR TR IR UOK 5 R FR 5
(REH#%, 2019, AFFH, 3FEAREEEIRS LIEAE, SRR, BILRELEEESR (P>
0.05), HEEEL AR ZEERIN, WO EEEE SR, BILEREEA /NEE RN, 5 8H (R %
FAAR AT DA SR =495 B IR

T ARFEE R LI E VR I E BN TR AR, SRR A KT TS TR R W E AR AR, KRS
B B AR R KRB (NT et al., 2019). VENEEEHARFY, AT A EHEE D> B
fift, FRyVAICED, PIEER. BMRERADEBONREIZ K EK M EZERFF (Zhang et al., 2018). BHFT
PR 28 B () A K DA SR SRR (1) 3% 20 FK 3 BRI R e RV 2 B T L R TG 3R . B A2
MIEFRICERZ —, EReIEEY Sk R RE, AR oK AR . B AR A RO
IR 3. EARM R, T34, &%, . 8. &8, S5 RYES AR Z RN
et JE R T, AR B S IR e T LIRSy & &, HAE D675 HEMMs T LIRS & &
KFEK, HSHEWANEEEREE (P < 0.05. BT (2017) RIMA N THAEZREFE N 650-14
50 #k/hm’ (RIS FRI P, - 3EER AL R I o 2 R (O KO T 2 JE AR %, AR T4 R — 3.

4.3 KSR RE 5 P o SR M A S

IR EE AR A2 SN AL, SRR A S RGN E RS E B, B R e i s
R AT T 4, HEShE R FE (Yin et al., 2014; Decesare et al., 2020). ARHIF
W, TR VERE R . RERERG. RS, S0 SR PR R A A IR B R T e RO S o, D6T5 %
TR RES . AR DREE. S AR E T E AN EE (P < 0.05), R AL AR
Bl IR R A S, B PR A BT R g o B R AR A E AR R fEE .
FHRAE TR T LAE 1, LIRSV & 5 TR B R R A G, MRS S e ER R
FIEMK (P < 0.05), 52, 2%, S EEEWMEFEIEMHKX (P < 0.0D), HEMERIEHES 2%,
EREEEWBZFEMK (P <0.0D), 5&HEEEMEEIEMKL (P <0.05), HEREENGES M. £
W 2. SESEEEFFEML (£ C0.05), 52%. £ESEERDZEIEMX (P <0.01), PREHS
W54, 2. SHSEERETFMEE (P<0.05), 52EGEERBEFME (P<0.0D), Lk
HEES 5 7 HEFR U RN AR, BRI B LI R 0 e b B EEAEH (Jia et al.,
2019), HREEZREMIEIEE RN (Wang, 2021), REFERGEARAEREIEN, 55 %R~ S (1
e et al., 2019), iX 3 FREGEPEMHE S Ul B LB I 7 A AQ IS S X% FE M ARG BR,  RedR it 2 00
R, MR K

5 &R

FEAZ IR S R MR, R AR IR A A2 55 3 P RN, 8 B3 v B AR 5 A AR 7t T A 2 A5 2
LR, FHAEY SR SRR 20O R, AR WEREA YRS B e, i
MRS POV E S v IR B B AR EE BB M2 5, (IR B B IR s 1 H3iE UE AR .
IR & BN L IRERS TR R A4, KRB R B AT e R e SR B, DR R P B
TR MR R, SRS 7R Ty, RS TR SR e HER) TR Fetl, TRt EAE AR 2R b
ik, AACRER % FEXT RS B St R AR A R 3 R . TR T, AR ORI AL 675 Mk /b’ A2
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