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(FEZAH 29. 7)  Je 0B (FE 2 AH 22, 4) W K R e 1
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TE B3R 3 Fobk 1% i A b B, 43 0 BE 9 A 20
m X 20 m BFETT B BEASFE T A 43 i 4 > 10 m X 10
m ) /NEE T L BE T T AR B 300 m, AS [A) AR 40 b i) b
JEA0-20 cm 2 HEERFAEULER 1,
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K1 AERSEMAMAEINLE(LE 0-20 cm)4HE

Table 1 Topography and soil (0 — 20 cm) characteristics of different stand plots

AR & Variable

MArJE R Stand type

EIRCEN T b

Young-aged Middleaged SR
MR (m) Altitude (m) 262.78+3.53" 279.67+2.18" 261.11 %2, 76
W () Slope (°) 38.89+1.90° 31.67+1.32" 28.22+1.20°
HATBEEE R (%) Rock bareness ratio (%) 45.75+9. 63" 24.41%6. 75" 41.50+14.91°
FHEATE (g e em ™) Soil bulk density (g + em ™) 0.71%0. 15" 0.90£0.11" 0.93+0.21"
35 KA (Y) Soil water content (%) 32.57+5.25" 31.59 £ 4. 50" 30.91+5. 15"
pH fH 6.86 % 0.29" 6.75%0.21" 6.45+0. 27°
FHEATHLBR (g » kg ™) Soil organic carbon (g« kg™") 90. 44 £ 15, 23° 44.96 +8.03" 48.00 £ 5, 94"
;A% (g« kg ) Soil total nitrogen (g« kg ') 6.24+1.38 4.89+£0. 53" 4.85+0. 87"
T4 (g « kg™ ) Soil total phosphorus (g« kg™ ) 0.52%0.09" 0.73+0.14" 0.77+0.14"
T LM (g - kg™") Soil total potassium (g« kg™") 4.21£0.16° 6.52+1.10" 8.29+1.67°
A (mg « kg™ ") Soil available nitrogen (mg + kg™ ") 30.59 +11.81° 28.96 = 8. 06" 37.09 £ 15. 24°
AW (mg « kg™ ') Soil available phosphorus (mg « kg ™") 2.53%1.44" 1.26£0.97" 1.86+0.97"
B (mg » kg™ ) Soil available potassium (mg + kg™ ") 73.56 +36.07° 89.33 +47.18° 79.33 + 34, 41°

TE < [ — 47 A [B/NG 5788 327 A 6l A3 ) 22 52 W # (P<<0. 05)

Note: Different lowercase letters in the same line indicate significant differences among different stands (P <C0. 05)
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(http://phylodiversity. net/phylomatic/) , & F Ge-
nBank Chttp://www. ncbi. nlm. nih. gov/genbank)
e i A ) 1) R R 4 A AR AR AT R TR R 2
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JZ(P<C0.01), 2R 2 3 Fh %5 B (H i B 3 K
THTFZ(P<C0.0D), Bt b & . e )2 FIAR R
FE3FEERAREER (K2, TRENEERL
JEMRT )2 41 PR B R ST 35 25 T RORR B 3 T i
AR 2Ok (P <20, 05) .

3 AR bR TR )2 4 B e BT TR RRURT M - A ) 3
BERFHTZEGE 2). Mgl pi, i pk2) 5 24
AL AATRE S22 1 M s U T R M L A gy S T
AR 2000 58 B AIG . MR G 2 RAR T )2 bR e v B 3
Wit 5 AR A2 T S RGN . 3 AR 2 ARORE )2 B bk R 2
B B35 TR 2 (P<<0. 01, fEMGER Wi
5 BEAE I BOMRGR B fe K AR L I 7EARR )2 AR 35 B A
P Mk B g KA .

WL A0 2 3 5 R S AR | e i b 10 bR, B b =
& & A1 Shannon-Wiener $8 5076 MK 2 FIAK T 2 35 2
B e B N5 BEAR A R 8 (R 2) . TEMRE ), ik AR
B Shannon-Wiener $§ ¥\ 35 & T 41 & MOFN 3T 24 AK
(P<C0. 05), H i AR i 4 Fh 3= &5 B W 3 0% T 40 i Ak
(P<<0.05) ,H 5 2k 2 7oA i 3
2.2 HEYBEANTIEREN

PCoA 43 H7 (1) 2 B, 41 8% bk 1 MOt 2 FAR T
2R 7% 40 AR AL (PERMANOVA, R® = 0. 238,
P =0.076), % —H @ ARART 2 5 HAL % 2
WO TE IR T 37. 77 %078 5 5 5 55 —HiDKE 9y i Ak
r S MR R PR 1 bR L 2 RORR R 2 43 I, R AR R Y AR
SRy 17.32% . MOE)ZE MM T )2 Faith's PD ¥ 4)
B8 PR v R BRI AT AR e B S 3 RS /N ) REAE
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L 2C ], BEE B R AT MOEE AR T Z MY (NRISSOLFE 2(b) . 78 b, BRORE 2 400 2 v 245
HETE I R A N R AE (NRI> 0) 5 ¥ B & 10 MW ISR AL MM T J2 AP0 1 v O i R K1
F2 IMHSHBEMNTENEREBE

Table 2 General structural characteristics of the canopy and understory of three forests

MArJR Stand type

JEIK 25 KRR AE A
Strata Structural characteristics zﬁﬁ%_ﬂ‘ EP ﬁ%_% PR N
Young-aged Middle-aged Near- (
forest forest Near-mature orest
N . -2
M J2 ! %?“E‘?(** Ahm ) -2 331+112°" " 461+ 123" 939+ 141°" "
Canopy Individual density (tree » hm )
W A A 8 . w2
;iiu't ﬁii{iiﬁee h“}:m ,)2) 1550 + 204" * 581+ 129" 319497 *
T e . -2 )
iiﬁig;ﬁ (t};‘e‘; . ;m,z) 1881 +200°" " 1042 + 194 1258 +190""
fﬁj;?ij%mber 6.28+2. 08" 2.33+0. 43" 1.34%0.11°" "
R=q N 2 . -2 § -
E':FEET(;“; . h}r‘n“lz)) 7.06%2.82%" 11.71+2.67°° " 43.02+17.32""~
Mo AT e hm ) . g ghe - g e
Tree aboveground biomass (t » hm ™ ?) 18.9£9.6 49.1£11.8 157.9+24.2
@ﬁfﬁégﬁt () 5.42+1.46" " 7.93+1,20"" " 13.90+0. 94"~
Sf 2R (0 .
éﬂ;ﬁg%vfr;ge ) 64.6+11.5*" " 58.3+£6.1°" " 73.5+3.3"" "
i{fﬁi%ﬁms 5.89+1. 45° 9.11+2. 26" 7,22+ 2. 49%
- M =Y
gizgﬁgggi;‘g Tiffx 1.14 % 0. 45° 1.87+0.22" 1.35+0. 25
N . -2
MFR THEEGR - hm O i, 889+ 211° 456+ 81" 297 + 347
Understory Individual density (tree » hm )
ek 3R BF . -2
?;iu't ﬁiify(ﬁee h‘;‘m ,>2) 2 997 + 419° 547 + 135 150 % 31°
T . -2
i:ﬁi;ﬁ (:Z:; . im,z) 3 897 + 390° 1003+161" 447+ 52°
fjﬁiiﬁi%ﬁmber 4.38+0.95° 2.20+0.37" 1.50 0. 11°
- N 2, -2
;ﬁzﬁfj&? S, 41341, 48" 0.80+ 0, 26" 0.47+0.15°
Mo AR (e hm ™) b . a
+ + : + :
Tree aboveground biomass (t » hm %) 10.01£3.80 2.30£0.83 1.45£0.43
g’i?ﬁéggt () 3.67+0.27° 4.13+0. 53" 4,99+ 0. 72"
F R 0
g’i’;‘;’%vf;ge %) 27.6%6.8" 39.3+11.5" 20.7+8. 4"
?{Ei%ﬁnm 8.00+ 3. 08" 9.78+3.53° 6.33+ 2. 87"
Shannon-Wiener {54 1.27+0.50° 1.86+0.47" 1.51+0.50"

Shannon-Wiener index

TE AT AR /NG B8 R R AR A3 ) 25 5 25 (P <20, 05), " 7 43 53R OR R — bR 43 AS TR Ak 2 2 i) [R) — R AE 25 5 8 3 (P <20. 05) (B it 35 (P <<
0.0
Note: Different lowercase letters in the same line indicate significant differences among different stands (P<C0.05), " and "~ " indicate significant

(P<20.05) and extremely significant (P<C0. 01) differences between the same characteristics of different layers in the same stand,respectively
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Fig.1 Principal coordinate analysis of the plant communities in canopy and understory in different stands
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2.3 HEYBEEYMARTAUNIERIEF

RDA 43 #r 45 SR R W, B & 02 B 17 A [F] B bk
0 STEN = N NP T .7/ 7 N A R Al o e
A 2EPE T A W 3 BT L AR 0 5 A AR A A AL
LT 3R Sh AR ORE 22 RDA A58 . i 4% R® = 0. 458, P =
0.001, 8 3(a) s B F 2 RDA £ . i % R* = 0. 294,
P =0.001,& 3(b) ], &R 45 k) Fr M A B 19
THREEAFZRZEABR KM 2ZERLE 300,
(D], M M FAEY R (TAB) R HLE

(SOM) A A F (RBR) | + 325 5 (SBD) Mk e
FEREECO MR 2ZREZMHEELE 3(a), % 3],
- Ak R TR A B L PR 43 5 A R i) A
SERRRET 10.7%.2. 1% 1 3. 0% By S LR 3(e) ],
= H SRR RO 4. 1% . 1 A Sk 24 v R AR 43
SEAEEPE R LR R BER N 15. 7%, T2, it
—2F (70. 6 %) 1 A W) BE T A1 AR Ak R A B A RE .
SOM.TAB.RBR F1 CC fi# B 1T K& my 2 [ 1K 3
(b), 3 3], 3k 2 M o0 R AR 23 45 4 R 1 1 AL [
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BEHN 11, 2% i3 T P & SR b g B 9 LB 1] 3D ]
- 38 IR 7 FIAK 43 45 F TR G S TR f BR SR Ol 5.4% .

RDA 45 % %8, pH.SOM, TAB, CC.SBD #l RBR
JE MR TEE 2 AR 2 A8 9 B A G [] 9K B PR 2

051 (@ (©
SCP
pH .. [ ]
[ ]
. 4 YAF Soil chemical Soil physical
§ of ,° o MAF properties properties
MF
= 00 ot "N 0.107 0.021
= SOM s g
& . SBD
- TP
n | ]
0.030
PRI CERAFAE
05 Stand structural
RBR l characteristics
CcC
TAB Residuals = 0.542
1.0 0.5 0.0 0.5
RDAL: 42.85%
(b) RBR @
0.5 o
o T X B R
Soil chemical Soil physical
° o properties properties
& a & SBD)
§ A o8 0.021 0.012
~ 0.07
2 SO T A A Oo
fa) 2 °
I~ TAB a <) >
o 0.022
03 AR
' pH A YAF Stand structural
KA characteristics
o
CC " NMF Residuals = 0.706
1.0 0.5 0.0 0.5

RDAT1: 27.95%

YAF: G M MAF : AR s NMEF 384048 s SOM: £ A BB pH: H 48 pH TP R84 TN £ 1% %0 SBD: A
SCP: + 3B FLERE s RBR: A A B % TAB: b [ AEY & CCOE R R . (o) ANREIMRMRE 2 A8 Y 415 + 5 X 1 F bk 43 25
FREIE B TUAR BE 4307 5 (o) AN R bR 43 AT 2 A8 1 4 A5 1 338 PR bR 43 45 K R P 9 TC AR BE A3 BT 5 (o) 338 IR bR 43 45 g A 44
PRI J22 A 0 2 I ) 1) O 25 43 A 5 (D) S TR T RORR 43 235 4 AR G bR TR V2 A A A R ) 1 T 22 4 fi

YAF: Young-aged forest; MAF: Middle-ages forest; NMF: Near-mature forest; SOM: Soil organic matter; pH: Soil pH; TP
Soil total phosphorus; TN Soil total nitrogen; SBD: Soil bulk density; SCP:Soil capillary porosity; RBR: Rock bareness ratio; TAB:
Tree aboveground biomass; CC:Canopy coverage. (a) Redundancy analysis of plant community composition and soil factors and
stand structural characteristics in canopy of different stands; (b) Redundancy analysis of plant community composition and soil
factors and stand structural characteristics in understory of different stands; (¢) Variance partitioning of soil factors and stand
structural characteristics on plant community composition in canopy;(d) Variance partitioning of soil factors and stand structural
characteristics on plant community composition in understory
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Fig. 3 Redundancy analysis of plant community composition and soil factors and stand structural characteristics in canopy

and understory of different stands and variance partitioning of the influencing factors
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Table 3  Correlation between soil, stand structure and ordina-

tion axis in canopy and understory

S}E Z\a Ff:rs RDA1 RDA2 r? P
e 2 TAB 0.708 -0.706  0.833 0. 001
Canopy
SOM  —0.998 -0.056  0.775 0. 001
RBR  —0.642 -0.766  0.391 0. 003
SBD 0. 974 -0.226  0.350 0. 006
cC 0. 044 -0.999  0.327 0. 009
TP 0.953 -0.302  0.326 0.012
pH -0.816 0.578  0.193 0.072
SCP 0. 097 0.995  0.118 0.231
MR Z SOM  —0.996 -0.092  0.785 0. 001
Understory
TAB  —0.982 -0.188  0.730 0. 001
RBR  —0.686 0.727  0.501 0. 002
cC 0.218 -0.976  0.408 0. 005
SBD 0. 963 0.268  0.286 0.018
TN -0.991 -0.137  0.256 0. 027
pH - 0.488 -0.873  0.229 0. 044
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Construction Mechanism of Natural Secondary Forest Communi-

ties at Different Forest Strata in a Karst Area of Southwest
China

ZHOU Xiaoguo' ,SUN Dongjing' s WEN Yuanguang'*, WANG Lei*, LU Zhicheng®,
ZHU Hongguang®

(1. Institute of Eco-Environmental Research,Guangxi Academy of Sciences,Nanning, Guangxi,530007 ; China;2. Guangxi Key La-

boratory of Forest Ecology and Conservation,Forestry College, Guangxi University. Nanning . Guangxi,530004,China;3. School of

Ecology and Nature Reserves,Beijing Forestry University, Beijing,100083,China)

Abstract: Taking natural secondary young-aged, middle-age and near-mature forests in a Karst area of south-

west China as the research object,the community ecology method with space instead of time was adopted to
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study the change rule of different stand structure characteristics and the construction mechanism of forest
community at different forest strata. The results showed that the structural characteristics of forest had
changed significantly during restoration process of natural secondary forests in karst areas. The individual
density, basal area and aboveground biomass in the young-aged, middle-age and near-mature forest had in-
creased significantly in the canopy layer [i. e. DBH (diameter at breast height) >>5 c¢m and tree height >5
m |, while those indexes in the understory layer had decreased significantly (i. e. DBH <5 cm and tree height
<5 m). Different strata of natural secondary forest communities in Karst areas had different construction
mechanisms. In the young-aged forest, the species composition was very similar in the canopy and understory
communities. This was related to the extreme high individual density, no obvious differentiation, high rock
exposure rate and low soil bulk density, which stunted the settlement and growth of plants. The main per-
formance was the driving mechanism of habitat filtering. In the middle-age forest, the soil properties and
stand structure were improved,which could provide more diverse habitats for plants. At this time,the canopy
plants had a climate-dominated niche, while the understory plants had a soil-microhabitat dominated niche,
leading to the difference in plant composition between canopy and understory layer. In the near-mature for-
est,the effect of habitat filtering was weakened, and the effect of biological factors was enhanced. The
aboveground biomass and canopy coverage had become the main driving factors for the differentiation of plant
composition in canopy and understory.

Key words: Karst area;natural secondary forest;construction mechanism of community;canopy;understory
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