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Woody seedling regeneration in secondary succession of monsoon broad-leaved

evergreen forest in Puer, Yunnan, Southwest China

LI Shuaifeng' , LIU Wande', SU Jianrong" ", ZHANG Zhijun', LIU Qingyun’

1 Research Institute of Resource Insects, Chinese Academy of Forestry, Kunming 650224, China
2 Forestry Research Institute of Pu'er Municipality, Puer 665000, Yunnan ,China

Abstract; Seedling, made up of small individuals of woody plant species in the understorey, is an important component of
many forests and considered as an important source for natural restoration in forest ecosystems. Simultaneously seedling
plays an important role in the regeneration of numerous tree species. Based on space-for-time substitution method, we
treated coniferous and broad-leaved mixed forest, secondary monsoon evergreen broad-leaved forest ( MEBF ), primary
MEBF in the same area as three different stages of secondary succession of MEBF. Eight sampling plots representing the
three different stages distribute in Caiyanghe nature reserve, surrounding the areas of Meizihu and Xinfang reservoir of
Puer, in Yunnan Province, the southwest of China. We investigated seedling regeneration characteristics of woody plants of
MEBF during secondary succession by looking at species composition, density, height level and the relationship with
environmental factors. Overall, we found 2014 individuals of woody seedlings belonging to 101 species ( dominated by
understory tree species) in the eight plots covering 144-m> area. The species richness of tree seedling, shrub seedling and

liana seedling were 50, 29 and 22 respectively, and their corresponding individuals were 1499, 299 and 216. Tree seedling
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was the main component of woody plant seedling, such as Castanopsis echidnocarpa. Pinus kesiya var. langbianensis are
dominant species in coniferous and broad-leaved mixed forest, however, their seedlings rarely appeared in the understory.
The pine seedling stages need more light than shade-tolerant species which can conserve seedling bank in understory and
waited for appropriate chance to regeneration. The woody plant seedling density of coniferous and broad-leaved mixed
forest, secondary and mature MEBF was 183+5.69, 240+20. 31 and 372.5+4. 5 individuals per 18m’. As succession
progresses , the density of total woody seedlings, tree seedlings and liana seedlings all increased, while the density of shrub
seedlings did not change significantly. Celastrus virens as a liana was particularly conspicuous in mature MEBF. Species
richness of liana seedlings tended to increase, while species richness of tree seedlings and shrub seedlings remained
relatively stable along the succession gradient. The Shannon-Wiener index of woody seedlings was significantly lower in
primary MEBF than those in mixed forest and secondary MEBF. The abundance of woody seedlings in secondary and
primary MEBF decreased with the increase of height level, while in mixed forest, the abundance of woody seedlings form a
unimodal pattern with peak at 20 cm. Species richness, however, showed consistent (increasing or decreasing) pattern with
the increase of height level in all these forest types. Distribution of woody seedlings abundance concentrated in 0—20 ¢m in
the three community types. Woody seedlings species richness of mature MEBF was significantly lower than coniferous and
broad-leaved mixed forest when height level was at I and II. Sgrensen index indicated a close link between tree and liana
seedlings and the species composition of the community. Moreover, tree seedling density distribution was significantly

negatively correlated with the slope of the plot, while shrub seedling density was significantly positively related to soil pH.

Key Words: seedling regeneration ;secondary succession;life form ;height level ; environmental factors
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Z5 X gt ] P A 6 D o ST A S 1 T P AT IS TR e BRGHT Z WORR | RRAPR o) ST A R SR B AR U
FR—FIAE BT > 25 P 2 T e DX 2 XU S B I R — A T2 B A X, R R AR A B IR 5 S 4 SR A R
SRARPRIP BT B XU g 5] I R VR A R Ao R v A S TRV, IR IR 5 2 DX 6 o] Pt AR e K 52 1 B
I, X E 2 X Rk A SRR e AR P R AR AR ) SRR B A S AT TR AT iR AR T
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B, % AR SRR 17,7 °C 48 H BRI % 2122.9 h, =10 CHIFR N 6353.5 C 4EE & 1547. 6 mm,
B3R, 5—10 HAZE, 5 RAERE 1Y 87. 3% , AR P37 & At 1590 mm  AHXEEE 82% , ARARHLAT 1
R YNpiAR: N

HRARE AR 2 DA AR Bl 55 TR AT, e 2 XU e i P AR 0K 5 IO AR PR B At TR S PR S 3 b 2 B ik
TPEP oM . I REVE AR N — N 2R 8« AR XU S B I MOR TRV, 52 T, Gt B i [ (k52
TE B L2 ( Pinus kestya var. langbianensis ) ARG FR B EF R TR SRS A= 2 AR SR R AR, R TR 3 AR
FEGAE MG T WK PE R 3, B B R, SR TR B2 I R 2 500 e R Sy e A
( Castanopsis echidnocarpa ) , ¥ 4 W) F 5 4 K fof ( Schima wallichii ) . /N 5 ¥4 ( Castanopsis fleuryi ) . Kl #%
( Castanopsis hystrix ) . B 1B ( Vaccinium  exaristatum ) . 23 M B B ( Toxicodendron succedaneum var.
acuminatum) G A1 K ( Photinia glabra ) %5 ; K 32 B4 Bh Ik 8 & 4 (Ardisia scalarinervis ) | JF& ¥ BE M %4
( Vernonia extensa) % ; AN F 545 12 ( Dicranopteris pedata) \TEHIZIKS (Scleria levis) 55 ; BE AN Y) £ 8242
#1( Smilax spp. ) HKILEE (Brandisia hancei) %5 ; A A3 /D | £ R 2T A &% (Bulbophyllum orientale) 55
YR A 20 XU S i) R 2 S A AR P /K P S 300, A P SE P B R 7%, 0 A A R S R T8 30 5 1
IR R 2ESR ,T%ﬁ%ﬁ*)%f%éﬂﬁz%ﬁﬁﬁﬁw% JER AR ( Lithocarpus fenestratus ) AW, N T £
T8 ( Machilus robusta) %5 ; WEAR FE B A JER BN 3555, AR T EAEH BREBHKF B WK ( Woodwardia
japonica) %, JUATE XU S5 RE PR S B0 A 75 S BT 3 AR PR AP IX I ORI, e R )2 2 b o i
JilBE AR AR % ( Castanopsis calathiformis )  Z1 K g 83k 41 5k ( Lithocarpus truncatus ) ¥ #8471 #% ( Lithocarpus
grandifolius ) 550 F ; HEAR F LA /N 48 5 ( Fordia microphylla) \£F R JREE R ( Mycetia graeilis ) %5 ; AR 32 %L
= B Z W HK (Arachniodes henryi) BRI Lf411LZE (Alpinia bracteata) 55, [ BHEYE T T AR+ FIAK
geb b B AE A % 2 ( Peridophyta ) A1 2%} ( Orchidaceae ) AE47) , A AR 1 AS AT 47t 02 122 b IX 28 XUHE S ) i AR ) —
A EZRHE
2 MRFAE
2.1 FEMBCE KA

HRAREETH T R = DB R AL, LA S TR I TR] A D7 125, 7 2009 4F 11 A 2 12 A 724K 1250—1650 m
U] PN ST b A5 AR BLY B, e I 1] 38 P 91 B R TR S bR I 2 2 XU Bl b R 5 0 2 XL gt i - iR 4
3 BB, SR PSRN BRI B B M B DRI R O B s A 3 S (REH T AN 30 mx30 m, Hirp g
AN SR A AR E AR 2 A ILTTREHL 8 4>, B MR M NS 36 1> 5 mx5 m FEIT AT IR AR DT P A, %)
FELN B =1.3 m BB ARAAEY) D s A 24 FR A2 B s A A S5 R s R TR ARRE D7 o ) B — 43
B8 N 1 mx1 m B/NRETT AT ARAAE Y A B A R T S BN T 1.3 m BRI B S A AR
g ARG T R EEBRHIAE 0.5 m DATFS G0 SN RS BREO =, 7EAE b0 S D0 f 4o 5 B
TEERE A, L RREN 0—20 em MM E R 1 ke, [AIN ARG AR T RAE S v T3 5K | A
pH {B e - HEAHUBTAF A, 238K /30 HTHET1: (GB 7833—87) 5 A H R 3R JT 15 (GB 7843—87) ; -
5 pH (E I FLALIN SE ¥ (GB 7859—87 ) 5 - 3EA7 HLJTTH] H B R B0 480 1k- S INAATE (GB 9834—88) , FEHIAME AL 4N
1 PR,
2.2 s
2.2.1  HIEYIFRE A R N A

AR SMA A , GEr R A R AR R B B e AR EAR e A 4y i i W R AL B, &) i BE AR 18 m®
BT AR EAFE 2 iR AR E R TR TR HER BB A Y B iR . ) SR = (A 2 B+ A AR ) /
2 HoH KN 2 B = (R LR/ BT A R 22 ) 100, FIXFATUEE = (AR BOAE /BT FR AR ) x 100,
2.2.2 Wb ZRAERREL

YiFh R R £ E E T A (BN #P%L) .Shannon-Wiener $84UF1 Pielou Y45 FE+5 %1 .
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S

Shannon-Wiener ¥5%% H=- 2 (P,InP,)
im1
Pielou 5] B 5% E =H/InS

P, S Mgl e IR B, Pi RAEAS PR T 0 AT AR G A AR e

®1 HHIREET

Table 1 Environmental factors of plots

Bt R TRZHK

YA Zo M 2 B AR

A R PR

57 Types coniferous and broad-leaved Secondary monsoon broad-leaved ~ Mature monsoon broad-leaved
mixed forest evergreen forest evergreen forest

45, Location Mg (xR FeBHI A SRR X

153K Altitude/m 1350—1380 1340—1366 1246—1280

i Slope/ () 16—25 10—26.5 10—15

Wil Slope aspect RG] (PR 1] PR, R

7 Slope position g k. wh

FEARBEFE Tree density/ ($£/0.09 hm?>)  535.33+100.46a 632.67+41.38a 774x114a

FEARBE I Shrub density/ (#£/0.09 hm?)  22+14.1b 46.67+23. 84ab 186291a

HEABEBE Liana density/ (#£/0.09 hm?)  39+2.31b 90. 67+30. 48ab 205£110.5a

+-398 5% /K8 Soil water content/% 27.44%3.51a 26.96+2.25a 20.98+4. 13a

FIEATE Soil bulk density 1.28+0.05a 1.360.03a 1.160.05a

pH 4.99+0. 09ab 4.77+0.08b 5.34+0. 06a

A B Organic matter/ ( g/kg) 34.69+1.46a 30.51+2. 11a 40.67+5.53a

K [FTEAE P A FF R RR 25 B3 (P<0.05)

2.2.3 HEHRR

SRR R SEARG, DAREARRA KB . T, 18 <10 cm; 1,10 em< 5 <20 cm; 11,20 cm
<HiE <30 em; IV,30 em< 5 <40 cm; V ,40 em<PH 5 <50 em; VI,50 em<Hi 5 <60 cm; VI,60 em< T = <70
em; VI, 70 em< P B <80 cm; X ,80 em< i E <90 cm; X ,90 em< i 5 <100 cm; XI, 100 em<H & <130 cm;Jf:
Gt AR R S 2,
2.2.4 HARMERE

AR R B Serensen 840 CC=2C/ (a+b) ,:H, CC Fy Sgrensen $8 %51 ; C R 4l B 2 55 A0 N BE % R A
IR IFNEL; @ FN b 43515 0T 401 F P 5 AR AV L0 BRI R R
2.3 BlEorar

FEXTAE AR W B E R 2 AR AR B R R G W B R R N & R AT B R O 22
(One-way ANOVA) K56, 445 FF b (1) 41 v 25 B -5 FH WA M A5 [ 64T Pearson AHICAMAT . SCH BIrf 8
PITE SPSS17.0 W5 ak, & KPR P<0.05,
3 ZBRESH
3.1 ARAHEY AR AR

TE 144 m® WA ETREH IR A ) 2014 MROKA KWW, Joh Fe AR 4y 50 Bl 1499 Bk, #E R SET 29 Fi
299 tk, AL 22 A 216 Bk, H AR IR RL B SR ARATE Y A H A AR I, 2R XU SRR bR 3 SRR
o B A AN R 2 B BRSSP IR Gl i HE AR S e &)y e A RS A2 )2 64,9 23, 31
511,79, 6% h LS Rl B A A 2 v B BE AN 7 0. 73 5 IR R RUH SR IR AR TR G v EAR G S5 A
A7 1 E R 23S 2 68. 85 .19.35 5 1. 8 5 AR KUK i AR IR R4l i HEAR A B 5 A 4 10 B
FUE AR 57.29 13,59 15 29. 12, JERIFER 3 A FEvE SRR B Be b 20 i i) S5 2 2H A, 70 U TR AU 2
AR EASKE W A F B ( Celastrus virens) ) FEE{E 1] 3£ 9. 85,
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K2 REBBENBRAFTENHENERERREFTE

Table 2 Importance value and life form of woody seedling in secondary succession

R RS B WA A K
Community succession stages Species name Importance value Growth form
BT RETRACHK JGRiI¥% Castanopsis echidnocarpa 13.03 ek
Coniferous and broad-leaved REFE Toxicodendron succedaneum var. acuminatum 8.93 EIN
mixed forest HI#% Castanopsis hystrix 6.02 EiN
BEACMS Rapanea neriifolia 4.11 EiN
BB HE Smilax hypoglauca 3.93 A
2 IIAELAE Gordonia chrysandra 3.56 EiN
JERIBENSZ Vernonia extensa 3.47 AR
£1 K Wendlandia tinctoria 3.29 AR
R Neocinnamomum caudatum 2.83 EIN
[ B HARS Vaccinium exaristatum 2.83 AR
HE Other 48 -
TR A 28 R G bR S Hil#% Castanopsis echidnocarpa 22.18 TrA
Secondary monsoon evergreen BAREE Aporusa villosa 5.30 PN
broad-leaved forest 21 IR Wendlandia tinctoria 4.12 Fi¥N
AT AR Lithocarpus fenestratus 3.85 EiN
BT Smilax hypoglauca 3.22 A
LiSIN A Castanopsis calathiformis 3.01 EIN
LLAEARBRME Olea rosea 2.87 A
21 KZZET Litsea rubescens 2.74 AR
AR Rapanea neriifolia 2.66 Ei%N
JEALPENSEE Vernonia extensa 2.25 A
HE Other 47.8 -
AT R 4 bR @ HiI#% Castanopsis echidnocarpa 28.91 TrA
Mature monsoon evergreen MAFIE Celastrus virens 9.85 A
broad-leaved forest LIRS Litsea rubescens 3.75 U
1 535 % Smilax hypoglauca 3.01 HEA
BT Smilax hypoglauca 2.94 %N
RARFE Castanopsis calathiformis 2.81 PIN
JNHFAE R Fordia microphylla 2.741 A
SEIRREE Gnetwm montanum 2.41 A
AEFEAIAR Lithocarpus fenestratus 2.27 Ei%N
W AEWIM Piper flaviflorum 2.07 A

H & Other

[#8)
o

.24 -

3.2 AAEMHEEESYMEEE

i 3 AT LTI, 3 A BERE SO W B0 ACA R D 28 B DI S - TR IR 5 b > U 2 2 S
SR PR B BRI SRR, BT KL S5 Rl 75 A4 2 5 05 T ISR, Y/ 7 L 5 b
FEF IO HORGI T 3 AN THE ORI B e 00 5 0 5 IR IR 5 NI b AR 0l 0 B, L Ik
T K SR BR B BRI S b B Y A O O AT, AR 1 T AR 0T T e A 9 7 2 5
B,

KA TeAL AL R 0 BETE 3 AR B BP0 35 05 5 IR 2 IR s b
BRI BEA G R B K T AT RS AR, AT KU B B B A A L 41T Shannon-Wiener
FERORE /N TR SR 5 v R b
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R3 REBBRAFENHEEERNHEEE

Table 3 The density and species richness of woody plant seedling in secondary succession

Him S YA U S P e
ZAI Type coniferous and broad-leaved Secondary monsoon broad- Mature monsoon broad-leaved
mixed forest leaved evergreen forest evergreen forest
R/ (Fk/18m?) TrA 140 + 9. 64b 192 +30. 2ab 251.5 +13.5a
Density HEAR 30.33 £ 10.04a 27 +£5.77a 22 +13a
JHEA 12.67 +0.67c 21+6.81b 99 + 4a
it 183 £5.69¢ 240 +20.31b 372.5+4.5a
FEE EIEN 17.67 £2.6a 19.33 +1.33a 13 +2a
Species richness HEAR 8.67+0.67a 9.67+1.33a 7.5+2.5a
A 4+1.15b 5+1.15ab 9.5+1.5a
it 30.33£1.67a 34+1.15a 30+ 6a
Shannon-Wiener 5 4{ 2.73 £0.04a 2.46 £0.23a 1.83 +£0.24b
Pielou $5 44 0.8+0.02a 0.7 +0.06a 0.54 £0.05a

3.3 K[l EGORA ) 4 v Yy b R X 2

ARAAEY L BEAE 3 DRV T B rh 2R A G 0—200m [H] 2 JXUHE 25 ] I AR bk 15 1
RN [ 1o JBE G AR A AL A 4 22 JEE S il D i 3 | RIVE A i BEE R A 384 I, IR 22 B M A A1 5 1 Rl R S b
TEAN R B AR AR A BT B AR 2 B B B (i BE G e T o femi (B 1) o MR R EEGch 76 1,
IV V5 i KU SR AR R 2 B2 D e 22, S R SSH e SR XIRMAZ IR 2

Z AU SR R AR 3 AR B P AN [] B GRAR AL ) Al e o R S B O B R (18 1), B TR S bR
A T AU 2o ] I AR AR A HEL ) 401 B A E AN ) g BE SR b = AR 6 T 9 0 e iy, B AU o ] AR
TE2E WP . TS 1T 9, AT R SSMRORAAR W 2l v = o B8 28 W0 35 v T 1A KU i A 158 I
G, U 2 i ] I ARl 25 B g T LR PR 9 B 720 X, B R TR SR 1 IRV e B A2
o TUCHE TR SRR bR 758 XL, B TR SRS U A 2 XU o o PR B S 25 8 T s

160 25
a [ &R AR a
140 L | e e g -
T FZZD Wk B A g 2
#® s 20 b
o 120 2
s, S s |3 a
o | b | @b
R= 3
g @
o = b
Q i 10
» H#
i &
= £
0T
= A 4 0 — 4
I I I vV VI VIiwl IX X X I I I Iv V VI VI vl IX X X
5 BE 2% Hight level 15 B 2% Hight level

E1 REREIBRPIARARENDIHEEERYMEEESH
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Table 4 Correlation analysis beteween seedling density and environment factors

FAKANE 43T Pearson correlation

78 Types ARG i1 AT Wk
Tree seedling density Shrub seedling density Liana seedling density

i) Slope -0.71* -0.451 0.424

i Slope position -0.28 -0.007 -0.168

Y19] Slope aspect 0.011 -0.421 0.372

LA /KA Soil water content -0.553 -0.505 0.17

4 H Soil bulk density -0.064 -0.507 -0.536

pH {H pH value 0.433 0.755" -0.41

A HLBT Organic matter 0.131 0.367 0.311

* P<0.05; * * P<0.01
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