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Abstract; Transforming Chinese fir ( Cunninghamia lanceolata ( Lamb.) Hook.) forest into precious indigenous broadleaf
forest can not only provide high-value wood, but also enhance ecosystem service function, which is one of the most
promising management measures of transforming the degraded coniferous forest in China. These transformations can alter the
canopy structure community and the physicochemical properties of soil which caused by the quantity and quality of the
litterfall. However, the impacts and mechanisms of broadleaf transformation on the species composition and diversity of

undergrowth plant are still poorly understood. In this research, the replanted Chinese fir forest, Castanopsis hystrix forest
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and Mytilaria laosensis forest on the cutting-blank of the Chinese fir forest in south subtropics of China were studied. And its
plant species composition and diversity in the shrub and herb layers were investigated. Our observations confirm that: (1)
compared with Chinese fir, the richness and diversity of plant species in shrub layer of reconstructive C. hystrix forest and
M. laosensis forest were extremely significant declined ( P<0.01), while only the richness in herb layer extreme decreased
significantly (P<0.01), and the diversity of the three forest types did not change distinctly (P >0.05). (2) Principal
component analysis ( PCA) showed that the composition of plant species in the shrub layer and herb layer of the transformed
stand changed significantly. Redundancy analysis ( RDA) determined that the main reason for the changes of the plant
species composition in shrub layer was the obvious change of the canopy light transmittance, C/N ratio of soil, soil water
content and C/N ratio of litterfall after the transformation of Chinese fir forest into C. hystrix forest and M. laosensis forest.
The marked changes of canopy light transmittance and C/N ratio of soil were the main factors which led to the significant
variation of plant species composition in the herbaceous layer under the forest types. (3) The variance partitioning showed
that the independent effects of microtopography, tree features and soil physical-chemical proprieties had higher effects on
plant species composition of shrub layer and herb layer than their interaction effects. Therefore, it is important to adjust the
density and improve the canopy structure of the forests appropriately, and ultimately provide more opportunities for the
invasion, settlement, reproduction and regeneration of more understory plant species when transforming Chinese fir into
precious indigenous broadleaf forest. This study provides scientific basis for the operating management and improving of the

multi-functional ecosystem of the plantation forests in subtropical China.

Key Words: species diversity; C. lanceolata plantation; indigenous tree species; undergrowth vegetation; south subtropics
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(5% 3R E 2805 1 & J R S M A I3 DD SR AR T B RSk, SR, A B R BRI AZ A
AR, SRR 2 B S 7 L IERR AL K RE )T [ I Rl AL He A8 45— R 5 A R IR
)R, e 28 UL AN TR 7 e R

BEE BCETFROTR A R EZ TR TG A, NTATE APR38R ST ok 72t b s Y
BBt AR BT K o B T 0 K i B, S EORIR MY S Bt AR IR B e, T [ A T AR 2 K Y
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WE R R AURE B0 R, AT 45 A TR AR R AN AR T JR 74, X T e /KR 5 38T Ay 1k 7k 40
JREF Dy T EAT AR F S R AT b X2 ARG 5 B A 2655 A R R

MR ABEARUE N TR Z e R AR S D RE P RF S M AR AR 2 — 7 7E N TARAT RS2 228 &
Je A A B OCE BRI BN A S R G A AT BE Y 58 88 (e E 21 G ) SO 01 B R BE e i 5l L TR 9 K
/N & 7 w187 L B - ) N R o I B ol o S R (S R P T NI N T B NG b B AT i
PER ST B — . T 0T 3R AN PR A 2898 A IR X AR ARV A 7 0 0 e 2H RN 2 R ) e, K A
—E R AT Bl T AN A TR b B — AL R A ol , A T AR N T AR 25 R G AR A g LS 1 Y
HEIR AR AL HEARFIR EHEAR, AN UBUE TRV B e J2 45 40, T LG 0 v 4 e R o e ) ek 28t
Xt A B AR S 7 A S ()RR s 1 (S s A A ek N AR R 2 R B AR 2R Y P A R S e
FEPER S S AL FATIR TN Z D o ABIEFE R T i ST R AR e by T AR (9 A2 AR ZL AR

http ; //www.ecologica.cn



74 WVFIK A5 A ARPREGE A S e OO AR A0 o LSRN 22 R 52 ) 2933

KEHEMR AR T AR IEA TR A TS, AR RS AR 5 2 - R AR ol 5 AR BEAC 2 AR AR 2 AR W 41
SR Z REVERY AR SO B0 [ R, A R 28 BN TR N T A S RS 2 etk 4R LR} o
et

1 #R57FE

1.1 BIF5E X3 R R st A v
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i, HURR 5 2 iU 22 T, A IR /D TR 5 AR IR 2 21°C AR HE 2 1400 mm, A28 & 249K 1300
mm , FXHEE 2R 829% , HMTE LA b A 3, H3ERRILIAE R 5 A S TE B 20358 2
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Table 1 General situations of experimental plots ( mean + standard error)

W T FEAM FAR: 7N KEHER
Environmental factors Cunninghamia lanceolata (Lamb.) Hook Castanopsis hystrix Miq. Mytilaria laosensis Lec.
Wi Slope/% 68.89+4.74a 64.83+4.65a 63.50+5.42a
e fir Sp T4 T T
WEIrAEEL Trasp 0.41+0.16a 0.63+0.46a 0.42+0.24a
PRI * SD/ (Fk/hm?) 832.0011a 773.00£10b 467.00=17¢
4% * DBH/cm 18.76+0.88b 19.53+3.12ab 25.57+1.24a
W Hight/m 14.00£0.69b 16.10£2.47h 20.40+1.85a
ERBELE CT 0.50+0.02a 0.29+0.04b 0.16+0.03¢
VR AL C/N 47.46+3.23a 29.22+0.88b 35.82+3.74b
+ 2 E BD/(g/em?) 1.19£0.05a 1.08+0.08a 1.25+0.07a
HIEEIKE SM/% 40.38+1.79b 39.74+1.79b 48.48+1.69a
ALK * SOC/ (g/kg) 22.80+1.74b 32.17+1.81a 34.62+2.93a
THEEE T TN/ (g/ke) 1.45+0.07b 1.7720.08a 1.930.13a
TIERRALL T C/N; 14.78+0.11b 18.13+0.33a 18.59+0.54a
T HEAE " TP/ (g/ke) 0.32+0.01a 0.24+0.02b 0.23+0.02b
R * AP/ (mg/kg) 6.98+0.44b 11.83+1.54a 8.71x0.51ab
LA TK/ (g/kg) 3.29+1.41a 1.14£0.19a 1.54+0.31a
pH fi " 4.58+0.05a 4.37+0.12b 4.50+0.04a

# ARETIH You %(2020) 12 ;SP. JiAi7 slope position; SD: #/r# stand density; DBH: diameter at breast heiht; CT: canopy transmittance;;
C/Nyp: VDB A L C/N ratio of litterfall; BD; T3 T bulk density; SM; 138 k& soil moisture; SOC; 34 LA soil organic carbon;
TN: 24 total nitrogen; C/N_; : &M/ A Lt C/N ratio of soil; TP £ HE4 W% total phosphorus; AP: 5% available phosphorus; TK: - &4 #f
total kalium [/} —47 AR [F)/NG F R 25 57 |35 (P<0.05)

iz 1] SPSS 17.0 #4520 2 )5 22431 ( one-way ANOVA ) 43 B 56 AN [A] bk 43 =2 1] HE A JZ Fin s A 2 A )
B AP =E & &  Shannon-Wiener $8 %4 . Simpson ff 3 +8 %4 Pielou Y25) BE$5 UF1 Whittaker B 22 AP E R0 HY 22
S (a=0.05),

TEARMEGE Y JESLIRARAFAY 17 NIRRT 0 3 28, WA RUIE W) W7 3% B T ARRRM: . Mkor 2%
(SD) Jes Wi B (BA) JEZiE G (TC) | ﬂ?ﬁ%g(LF)%ﬂﬂfé%ﬁﬁﬁtt(cmu)-ifgijﬁﬂc@ﬁ%-pH fH.
+HERE(BD) ISR (SM%) |, HIEH HLIK (SOC) \BA (TN) | IR A L (C/N,, ) 480 (TK) | 4k
(TP) AR (AP) , ANFIMHEYTEAR SRR TR T 32 A Y2 Rt s i oh  AMEREREE (40, e e T )
2 TSI R 2R DR AR AR (0 ) A A B PT BE 2 Bl R A R SRN B i i AR A e A el - B
P S A RIS 2 BEbE 2 (AT VI S R Y

HFE 435 H7 ( Principal component analysis, PCA ) 735l LB AZ AR BLAT HE R FUR ZHEM G HHE A2
FRAS A ) i 2L B0 0 SRR B 5 SR T TUA% 201 ( Redundancy analysis ) i) 22 52 0 BIF 5% FF HLE K 2 RN R AR 2
FEI YRR LR ) e EELIASE R T, 431K FHHEA 2 R AR 12 1) S B EAE A B, b R Z P R B s
ek 15 (FEDTHE0) x75 (A SR JZ W EUEFE Ry 15 (FEJTE0D) x 31(WIRhED) . (e 28 5 A RDA
O3 AT Z W 2 A R A, e g ) ) B SR R S 1 0—360° 2Z [8] 1) 5 67 71 5 45 ok 0—1 Z [H] 1Y)
A (transformation of aspect, TRASP) , #4/A=CUNF .

TRASP = {1-cos[ (m/180) (aspect—30) | |/2 (7)
3, TRASP 5 3R 5, aspect % FEINAS B35 10 5 A BE > WA FREHS OB, B rp T 320 51 R A
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1.2.3 BEATIRAE >

DA E PCA #1 RDA 4r#Hr#57E CANOCO for Windows 4.5 34 A7,

15 JH“ Vegan™ 04043 HLAY  Varpart” DI REXT 52 M0 A J2 RN A 2 W) Fh A B GOHLTE T R J2 R R0 4 i 1
AR 3 28435 11T 7 2243 f# ( Variation partitioning) , ZF2/F1E R 3.01( R-Development Core Team 2009) |-
BAT A AT R 283 5 A% (Hellinger ) ¥4, 3z 75 BRI 7R 4% 28 A 355 TR 7 B A S 800 DB ATT =2 Tl Y
SEH N, P AR R A 2B 85 DR It 7 00 B8 58 UM KPR 2 B AR A R A B R T

2 ERAW
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FZFMAR A R EHEMRAIHEA)Z LK HEDI W (F) AZ ARG () (ZHELRAR (FT) R A A ik 2 T Dy
o TERARZR ARG T AT KT SRR b R R LT 5 i T T 2L HE AR LR k2R
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Table 2 Dominant understory vegetation characteristics of different plantation types

Moy REEIZI S # J& FEMTAEY
Plantation types Community layer Total number Family Genus Dominant understory vegetation

IKAEF Saurauia tristyla DC.

ZA Lk Oreocnide frutescens ( Thunb.) Miq.
Cunninghamia lanceolata HEARZ 51 30 42 2K Cunninghamia lanceolata (Lamb.) Hook.
(Lamb.) Hook 1 Piper hancei Maxim.

F 446 Mussaenda pubescens Ait. f.

4 FBM Cibotium barometz (L. ) J. Sm.

EEM:F5T Microstegium vagans (Nees) A.Camus
HARZE 27 18 25 KIS EBR Blechnum orientale L.

B3 MERZE R Adiantum flabellulatum L.

2L Hydrocotyle nepalensis Hk.

214k Castanopsis hystrix Miq.

¥ Cunninghamia lanceolata (Lamb.) Hook.
HEAZ 26 16 22 JU Psychotria rubra (Lour.) Poir.

R R Embelia laeta (L.) Mez

ZEMHE Ficus pandurata Hance

B3 MR ZE R Adiantum flabellulatum L.

4B Cibotium barometz (L. ) J. Sm.
AR 15 11 15 IRV Lophatherum gracile

RegEH Selaginella doederleinii Hieron.

EFFERSE Scleria elata Thw.

KEHE Mytilaria laosensis Lec.

¥ Cunninghamia lanceolata (Lamb.) Hook.
HEARZ 23 18 21 2Lk Castanopsis hystrix Miq.

FH M4 Ficus hirta Vahl

PRI B Calamus simplicifolius C. F. Wei

A HARERBR Adiantum flabellulatum L.

ERTEFE Dicranopteris linearis (Burm. ) Underw.
HAR)Z 14 9 13 4B Cibotium barometz (L. ) J. Sm.

%I FEWK Blechnum orientale L.

IRV Lophatherum gracile

FaR:i3

Castanopsis hystrix Miq.

K

Mytilaria laosensis Lec.
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T YYD ZREEAR B 25 RN E 1 R, SAZARMRAH L, S0 5 £ HEMRORUR 2 HEAR I HE A 2
Yrkh w8 Ay I B R T 64.55% 11 61.82% ( P<0.01) , Shannon-Wiener #5503 B4k 3 AKX T 73.51%
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Shannon—Wiener 5% . Simpson {3 5 KA Pielou Y2 883 T B A8 L (P >0.05) , Ifii Whittaker B Z 4%
PEFE T IR 2 10 T 2.51 A5 2.47 5 (K 1),

mm {2 K C. lanceolata 3 214 C. hystrix B KB HE M. laosensis
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1 EARBUERIHEMRZHRGERENERAZENYMHEEES SHEENTH CFIMERER n=5)
Fig.1 The plant species richness and diversity in shrub layer and herb layer varying under transforming C. lanceolata plantations into C.
hystrix and M. laosensis plantations ( Values are mean + SE, n=35)
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(PCA) B RRY] AEMEAZE (B 2) 55— T4l (PCAL) FIES — F2 4l (PCA2) 43 51 fif Fee AR W ) b 20 728 5 1Y)
54.2%%1 30.0% , H:rh PCA1 WL G2 ARMRFUK EHEMR S 4 X 53 FF 2K, PCA2 SR UL IR AZ AR AR 21 HEAR
FKZHERSE A IX 43 TT 3 s FE A JZ (8] 2) , PCAL A1 PCA2 3 )it B 1 AR B A 2 A0 4 0 b 2 728 5 1)
29.4%%Y5 24.6% , H:f PCA2 58 &AM D HEMAUK ZHMR X 0 FF, X o2 FR A2 AN TARIEAT I
At I, M VEA 2 RR AR 2 A W Rl 2 R A T W kA | TR 2 A AR R T AR
2.3 FEARMRECHES BTl RIS HEM G HE A2 RN R AR S A 4 ) R AR5 R 7 22 TR A9 56 2R

RN TGS & S 1 R R LLE UK RS RN A A& AR TR B AR f, dF— 0@ %)
AT A B AN IR R 2Z (B A O R AT ICAR 0T (RDA ) |, Z5 R R AR )Z W SLR kA5 19 17 4
e PR T SRR RIS R0 Tt , e 2B 6% RIS K E VR YIR A L SRR A LA 4 D ERBEI P
EVEARZ YRR AL AL A5G (P<0.05) |, HBl e A SR BB A 43T | 5 245 31 76 J 24 6 56 T 4 S AR e J2:
SR T AR Z Y YR R O BB IR T (P<0.01) |, 438 5Kk = R 76 W00 A 1L & 52 i Ak T HE K 2
FEYI IR AL B IR (P< 0.05) (B 3) s AE A 2 XESEIRARAS 1) 17 DA AEHEA Y R FE 175
FER ISR I TIBE , 0 JR Y Wik AL LL R AU 3R L K EE B ER S AR T SRR
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O KK C. lanceolata O 2LME C. hystrix A KEHE M. laosensis

2 2
AR B
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(=)
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-2 -1 0 1 2 -2 -1 0 1 2
PCAI (54.2%) PCAI (29.4%)

2 BARAIRBUSHROHEMREHERSEREMERSYIMER I ERS I (PCA) CFAEARHER n=5)
Fig.2 Principal component analysis (PCA) of species composition in shrub layer and herb layer varying under transforming C. lanceolata

plantations into C. hystrix and M. laosensis plantations ( Values are mean+SE, n=35)
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Fig.3 Redundance analysis (RDA) ordination of shrub layer and herb layer species composition and dominant site factors in C. lanceolata ,
C. hystrix and M. laosensis plantations

TC: /2B VER transmittance of canopy; SM; TIEEFKE soil moisture; C/Np: HIEWIRA L carbon to nitrogen ratio of litterfall; C/N_;: +
HER A L carbon to nitrogen ratio of soil; SOC: LA HLIK soil organic carbon;

(a) #EAKJZ(Shrub layer) :1: $E¥E Smilax china; 2: #2511 Maesa japonica; 3. #EH-34 Pithecellobium clypearia; 4: %4t F} Clerodendrum
bungei; 5: ZERHAE Amischotolype hispida; 6. JEFEWE Ehretia thyrsiflora; 7. HLESE Mallotus philippensis; 8: HLWAE Ficus hirta; 9; K
Clerodendrum cyrtophyllum; 10; KIS Pavetta arenosa; 11; KIHE Ficus virens; 12; ¥.0F B Calamus simplicifolius; 13: 438 Embelia
parviflora; 14; KL Urena lobate; 15 FERBENSEG Vernonia cumingiana; 16 ¥:25111 Maesa japonica; 17: ¥FWMHE Ficus hispida; 18 FEEE
Stephania longa; 19 & Pueraria lobate; 20 %4545 Trachelospermum jasminoides; 21: 2L} Sargentodoxa cuneate; 22 ; £IHE Castanopsis hystrix; 23 ;
WH-IR Pithecellobium clypearia; 24 . JESER Ehretia thyrsiflora; 25 B Ficus esquiroliana ; 26 W B Machilus chrysotricha; 27 . B
HZE Antidesma fordii; 28 K F1# Michelia macclurei ; 29 ; = X3 Evodia lepta; 30, JEK Viburnum dilatatum ; 31 ; 2R FEH Smilax arisanensis ;
32 JuLiY Psychotria rubra; 33 225 AAE Cinnamomum kotoense; 34 MLE K Morinda officinalis; 35 B Diospyros morrisiana; 36 (.
Trachelospermum jasminoides ; 37 ; B Machilus chrysotricha ; 38 K% HE Mytilaria laosensis; 39 KZET Litsea pungens; 40 EWES3
Viburnum fordiae; 41. FATRE Choerospondias axillaris; 42 ; fifiJ#§ Mussaenda erosa; 43 . T-4FEHi Aleurites montana; 44. ZEMAR Ficus pandurate;;
45. = X% Lonicera japonica; 46 NEEEWE Tetrastigma planicaule; 47 W25 Camellia japonica; 48: Y8 Broussonetia papyrifera; 49 &K
Albizia kalkora; 50: WU Piper hancei; 51 WWZHA Sapium discolor; 52: W7 Ipomoea batatas; 53: #2K Cunninghamia lanceolate; 54 ; W¢ %
Ampelopsis sinica; 55: 15 Mallotus repandus; 56 35 Dioscorea opposite; 57: IKZRH} Saurauia tristyla; 58 FREEF Embelia laeta; 59: B
¥i: Broussonetia kaempferi; 60: T % 3% llex rotunda; 61: % 8% % Cayratia japonica; 62. H A %% Antidesma bunius; 63. 1 ¥8 4+ 15
Ficussimplicissima; 64; YIRJEE Pericampylus glaucus; 65; LRFEEE Rhynchotechum obovatum; 66 /MERFT Rubus columellaris; 67 T5HIA
Schefflera octophylla; 68 L HE Millettia speciose; 69 TR A Rhus chinensis; 70 W4t P} Melastoma candidum; 71 L4 46 Mussaenda
pubescens; 72 ARICLL Osmanthus fragrans; 73; 8424 Ardisia japonica; 74: 282K Oreocnide frutescens; 75: *8¥k Callicarpa bodinieri

(b) ﬂlf—\)?:( Herb layer) . 1. EEZ Imperata cylindrical ; 2 ; N HE Preris semipinnata; 3; g Alpinia katsumadai; 4 . WA Lophatherum
gracile; 5. KT FEWR Blechnum orientale; 6 TR R Angiopterts fokiensis; 7. EFFEERF Scleria elata; 8 SHR Cyrtococcum patens; 9
e 2 Costus tonkinensis; 10 PR Hydrocotyle nepalensis; 11 F& o % 55 Tk Microlepia hookeriana; 12 4= Cibotium baromeiz; 13
BRTEFE Dicranopteris linearis; 14 E4:3547 Microstegium vagans; 15: TEEF Adenosma glutinosum; 16; =X A Bk Pronephrium triphyllum
17 112 Alpinia japonica; 18 Fi M4k Z8 Rk Adiantum flabellulatum; 19. R & 5E i R Allantodia viridissima; 20: TR 2% 4 Selaginella
doederleinii y 21 ;. ¥ ¥R Nephrolepis auriculata; 22 ; 35 Dioscorea oppositifolia; 23 ;. ¥k1-% Dicranopteris dichotoma ; 24 . BREEFR Adiantum capillus-
veneris; 25: FFVEREIR Adiantum capillus-junonis; 26 FL15 1% Miscanthus floridulus; 27 FFMtTF Cyperus rotundus; 28 /NEFEFFEL Otochloa
nodosa; 29: B3 Colocasia gigantean; 30 MM B H Setariaplicata; 31: ¥ Thysanolaena maxima
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Fig.4 Variance partitioning of microtopography, tree characteristics and soil physicochemical properties in explaining shrub or herb

species distribution
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