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Abstract

Aims The establishment of seedlings is a key life-history stage during the regeneration of plant populations. This
study is to investigate the effects of forest canopy condition (large-sized gap: >150 m’, medium-sized gap:
100-150 m?, small-sized gap: 50—100 m?, and understory as control) on the establishment of Castanopsis fargesii
seedlings, and to guide in Situ management and restoration of subtropical evergreen broad-leaved forests.
Methods We conducted a 3-year in Situ seed sowing experiment in the Jinyun Mountain National Nature
Reserve under different canopy conditions, and monitored the growth and survival of C. fargesii seedlings for
three years (2014-2016).

Important findings We found that: (1) the emergence of the seedlings lasted from July to December, and the
emergence of seedlings was delayed under large canopy gaps; (2) overall germination rate was (62.8 + 2.0)%. The
averaged survival rate during three growing seasons was (65.1 + 2.2)%, with wither being the key type of seedling
mortality; (3) there was no significant difference in the germination and survival rates under different canopy con-
ditions in 2014, but significant difference in the survival rates in 2015 and 2016; (4) seedling growth among can-
opy conditions showed no difference in 2014, but distinct differences in 2015 and 2016. The seedling growth in
large- and medium-sized gaps was significantly promoted compared with those growing under closed canopies in
terms of total biomass, plant height, base diameter, root length and leaf number (except for the specific leaf area);
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(5) for each of the four types of canopy conditions, leaf mass ratio (LMR) and stem mass ratio (SVIR) of seedlings
growing increased within last three years, while root mass ratio (RMR) and root shoot ratio (RSR) decreased. The
LMR in large-sized gaps was significantly higher than those in closed canopies, but not for the RMR and RSR. The
results suggested that the initial survival and growth of C. fargesii seedlings may be supported by the nutrients
stored in seeds, and thus less affected by canopy conditions. However, in late-establishment stages (i.e., the sec-
ond and third years), gap size could become a key factor in affecting both the seedling survival and growth. And
large- and medium-sized gaps could promote the seedling establishment success for C. fargesii.
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(Yang et al., 2015; Larson et al., 2016; Piiroinen et al.,
2017).
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Reddy et al., 2017; #E ML, 2018), MixT
Vg o R P AR 2R (Zha et al., 2003, 2012;
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YER . U4k, #mim ™ E R iR, e s, id
3 B 84.5% 1) K AR G A 1 A7 A 22 R RE AR (51 #EFH,
2015). #5421 S AT 2 SR A IR B S B I AL
SRR, X — KT R A v s R B T A A
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AL N E RN A Bt 22 N v A e
TR N ER10-12H, HESIEH N0 T
o R TR B oN0.46 g, = N (%IR58 R T8
RENTSN%, FhF KRNI R R0 R R A
S (B 77, 2016) . ¥ Bl W1 IR B 77 O E 8,
REAT T RO, WO B A F R
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R BRI TR A S

Table 1 Basic characteristics of sowing plots in forest gaps and understory

MR i Ty LR FEZELFAR Main boundary trees i &
Canopy condition  Area (m?) Types of formation Age (year) fh Species M2 DBH (cm) ## H (m) (ﬁsgflurn?gl;ﬁ)
KE A 175 N TR AH 2 ¥ C.fargesii 20-45 15-25 484 + 48.4°
Large-sized gap Selective cutting of .
Castanopsis fargesii 1AL Symplocos sumunti 1020 10-20
B 185 FefBl K C.fargesi logs 3-5 ¥ C.fargesi 30-40 15-20 513 +30.9°
iEHE Machilus nanmu 20-35 1525
C 19 Fefflk C.fargesii logs 6-8 ¥ C.fargesi 25-50 17-20 697 + 104.3°
G M. nanmu 20-35 10-20
PR A 122 ¥efBI K C. fargesii logs 5-7 IR M. nanmu 20-30 15-25 365 +24.4°
Igva[;di“m'SiZCd WH S sumuntia 1020 10-20
JfiKH Castanopsis carle- 15-30 10-15
sii var. spinulosa
B 140 FfEIK C. fargesi logs 5-7 G M. nanmu 15-30 15-25 447 +36.5°
C 131 BBl C. fargesii logs 5-7 ¥ C.fargesi 35-45 1520 444 + 53.9°
JE4E M. nanmu 10-20 1520
1Al S sumuntia 10-20 1020
PR A 88 FfRl Ak C.fargesii logs 5-7 ¥ C.fargesi 35-55 20-25 169 +30.7°
Small-sized gap R M. nanmu 25-35 20-25
B 72 FefBl K C.fargesi logs 46 ¥ C.fargesi 40-50 20-25 191 +13.3°
JE4E M. nanmu 20-30 1525
c 75 FEfRIR C.fargesi logs 5-7 ¥ C.fargesii 25-40 15-20 199 +9.3¢
JEE M. nanmu 10-20 1520
FEZLAF Main dominant species
¥l Species i DBH (cm) 7% H (m)
WF A 100 - - ¥ C.fargesii 35-55 20-25 40+4.1¢
Understory Sk M. nanmu 35.45 20-25
B 100 - - ¥ C.fargesii 40-50 20-25 35+3.4¢
C 100 - - ¥ C.fargesii 35-45 20-25 39+3.9¢
£k Elaeocarpus duclouxii 20-35 15-25

R Te NFEVNG FREFRIRME IR R D 72 5 12 2 (p < 0.05).

— means nothing. Different lowercase letters showed significant differences among canopy conditions’ quantum flux (p < 0.05).
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8 FH B[R] 287 22 43 AT PR T PR 58 R 15 4
Mol B -0 R 2 R BT AT R, WML 2 E L, T
MRTER B B (0 Rh 7 R R ShEE R, kK
febr AR TR BAAEREEES, BEMEK
SFN0.05. EdE o BT R 3.3 1858

2 #R

2.1 HEMFHBEES
B P 1 BEART & R N(62.8 + 2.0)% (CFIMEFR
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B R I N(63.2 £ 3.5)%- (63.2+3.8)%- (61.3+
4.5)%F1(64.4 £ 4.6)% (K1),
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B R Fol 1~ T8 IR B A s, AR NI
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B 911 H B R IR A7 B 2 2 T HoR & AR
(El2).

22 HBHEBNFEHNS

2014, 2015F120165F A=K ZER B4l B 3473

FHN89.7 £ 1.2)%- (76.0 £ 1.9)%F1(65.1 +
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Fig. 1 The germination rate of Castanopsis fargesii seeds
under different canopy conditions (mean + SE).
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Fig. 2 Monthly germination rate and germination process of

Castanopsis fargesii seeds under different canopy conditions
(mean + SE).
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Fig. 3 Temporal dynamics of Castanopsis fargesii seedling
survival rates (mean + SE) under different canopy conditions.
Different lowercase letters showed significant differences amo-

ng seedling survival rate under different canopy conditions (p <
0.05).
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Fig. 4 Ratio of the causes of Castanopsis fargesii seedling death
under different canopy conditions (mean + SE). Different low-
ercase letters showed significant differences among the causes
of seedling death under same canopy condition (p < 0.05).
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Fig. 5 The interannual variation of the growth indicators for Castanopsis fargesii seedling under different canopy conditions (mean
+ SE). * indicates a significant canopy effect on a specific seedling growth indicator at a given stage (**, p<0.01; *** p<0.001).

2014 F20164F, 4T AR 85E T #5 %)) i ot & B
RN ZE 5T B LU I N TR 38 m, i AR LU AR e Lt Bl s
B PEAG; 20144 A KF0R, RIS IR BTN %)) 1 i )5
b, 2R LR & LL A 5 35 52T (p > 0.05),
{EXF AR e EL A 2 52 (p < 0.05); 2015F120165-4E
KR, WXL &L R EL
AR e LA B AT B 2 520 (p < 0.05), {HX) =ikt
TR FEFM(p> 0.05, K6).
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3.1 MENEXNFEAAEEZN

b~ 1 R A B TF AT 22 A H Rl B Be gt N
e P JIfE 55 1 40 T 3 ) e B B B (Gremeer et al.,
2016), e T BT T SRR e R 5 22 7 A A
T R ISR T AR B . AR TR B, K
Fh-FAEHF A1) 358 26 M (62.8 + 2.0)%, BRAKT
ENIARFE(T5.1%, FEFEHSE, 2016), HELEHE
[R5 MRl K R =i (Abe et al., 2001; Li & Ma,
2003; Zheng et al., 2009). Fi-T¥1HF HME 5 A e
TR FEE DI OB EIR, B P50 IR T A i
R YRR AR ST RO A TR R A A s 7 ) 3
fiho LU AR, FRATTARIN, PRFEIREERT AL Tl 7 (10 K2R TE
BE R (E2), HFRIEE2002)1I0F T4 R —5.
R F R ERR, HREF BT TrE S E
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Fig. 6 The interannual variation of the biomass allocation for
Castanopsis fargesii seedlings under different canopy condi-
tions (mean + SE). LMR, leaf mass ratio; SVR, stem mass ratio;
RMR, root mass ratio; RSR, root shoot ratio. * indicates a
significant canopy effect on seedling biomass allocation at a
given stage (**, p<0.01; *** p<0.001).

FEVNR IS &, 5206 7 M 5 4L 55 (Figueroa &
Lusk, 2001; FRETEEE, 2005).
Tl BRI I TR &)y e A7 175 FH A A FL A E
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1EH, 9 H. 5 S 353 K ¥ 5 (Gremer et al., 2016).
RSNl e < = e S S Y S S TR S
(1) HE TR RS 3 T A SR R 3K T Wi R 40 i e SR 1
HMEPESZIA, ]R8 ST S AP I B R I
PESENE o AT A TR S, AR AR5
XoF A% ol (R R R B TR) LA B SR R, AR B R IR,
FH K E X0 % B A IRAER, 5Fv5EEHE
W32 %5 A% (Quercus  wutai shani ca) F Lh (1] 3% & 4%,
2011)0 AR H R 1 SR B R A R85 ' HE e 5o
WA e, YR MO R AR B
U AEH (Zhu et al., 2003).

3.2 MEINEXNHEFEEI

VSRR T e 58, %) 2 2R 5
R &K 0 (Clark et al., 2013), HE R4
AT R 2 B EAEATL ] (R I 7000 TR A B h A F0 4
MG AA EEE L DAY @ s i 2
HNFFB (RIS, 2002; 5% E %%, 2011), /b FF
GE34F J LA b 0 R R ROR R, )
WEBINERFIAAEAERKT R NGERE EE R
B AT R AR B E R (B B 4, 2014), 55
IREEXF S = A F R TR R P REETEFESE 2
J, PR A I 9 RT e 3 O A 5 1 tH IR 22
AR T A5 4 7 2 s R HEAT T A3 A A8 1
7, A0S T 04 TH AR N 8 7R IR 5T IR X 4 1 A
TEIEZA .

AFPMRGEIR N, B4 TE S I E KRS0 T
AMAE LI EEARCRAMRE : 6.8%, FHRE: 12.2%, /I
RE: 9.4%, HKT: 14.3%), M2 EKZEQ0154F)
FHAEG A TINE, SRR TR IR E . REA
[FIMRTE ST AT B — 25, (EAG
ZWT- R EEMIER. & REYY TN
FEHUHIEA R AT BRAEE 2 =, Ok &
58 7 ) i Rk A6 R R AT e 5 T 54 9K (Engelbrecht
et al., 2006; Bonal et al., 2016), ¥k A HL R
FEHETI R PR AT RE -5 i B AR T 0 AR R A 2k
FIXPE IRV R FIIK A RSO 9% o MR ER B M ER 2
AMERFEIF UG X B E AR P AR R, 3N
KZE(20165 ) AR fa, KT A AR 41 A7 75 2
BE R T/ E AT (E3). B2 RA T
PR ()38 8 5 BA A, HE BB AR, %)
B RIS TE G IR TS AR AR B HP AT R ] . R
B, ARTEPRIE ) RO X 4 T A A B A

SN H A M IR B RE Ah i IR 61

HAER.
33 MEMNENSBEEKNEYE D EHZIT

TE YD) B v B AN AR D B K /N 72 e HLRE 75 Bk
I8 JE I 48 K 2 (Comita & Hubbell, 2009; Chan-
thorn & Caughlin, 2013; Lu et al., 2015), A KARM
RIS B R L m . BT SR 4 P A 57 o
AEBER AR, X T RN A A RO R R
BLH R0 T 4 ¥ () A B B o AR FL R I,
F2MNMERK R, KRB ARG Y i S &
Phims A2 MR A B A K e br B2 & T/
MRE R, BLRPRE R AR o 4 AR X 2
KR A I B (E4). shgs R, MEF2AMNAEK
IR ah, MR RS 4 A K B R R E A,
It HaX P 4 FBRR Bk  o [RI 1B R AR, #%
PRV EKF) rFEREEERA
¥, DAL S ey i A R DR VO 1R % T A £ A [ A
I T AR IR b . BEE R R = IV FE,
S AE T € () Be B 9 9 v AR K 2L RE R
U5, ZNPREFIAR T AR5 B DG IR A A 4l P AR K2
FH0H . R BA —E W IPER, (F KR
AR R AF RGBSR g AR K B A B2
PEREVE R, JF HLBEE I TR G K AN BT 1 55

BE U )& B 1 43O PT 2 R S e AR AR S A
B, MY IE NS o AR 5 1 B B0 SR (6 K 8RR,
2014), MR b 255 LA T L e e 1 R
TEE . ZERIAR3FP I RELS B Z ARk B A% =, Ae
ELARER TR AE Y s e 3o AR TR 384 22 R )
Y BRI, B N REAR N K FR AL BE
ENAES TR bR . JEHE I, SR TR IR
I, FEARNE BT 2 I AR PR Oy L 248 RS2 2K B 1)
WE, LT YRR ] (Morales et al., 2015). AHF 7T
RIL, FEINERKZTFEN, ARSI T (145 4 i T
WK S 22 1) e 2 B 25 IR ZEAE A I HE B3R 4
I H KA AN AR T A 48 2 TR s e 582 i e
2 L 3 KT/ N R B FIAR T 123 g Le il (Bl 6) . 7
NIRRT, BT OGRRBR T, #5452 1A
YL g 5y, e Hod i 3G K A B AR
77 N mCEIER, DUERAA TGS, #4)
HIEMR T ARG KRG AR, ¥4 A
AE R AR R T XERS IS, 2007), Hi Lk
B A A AR R, TR I FUAK R BEAIR
(PIAR 56 LU AN B s R SR s bl o i S ) P AR R R B T

DOI: 10.17521/cjpe.2018.0275

©U 00000 Chinese Journal of Plant Ecology



62 ML IR Chinese Journal of Plant Ecology 2019, 43 (1): 55-64

JSC IS PR B TR)SC 4, B8 S0 B AE SR ASHE B R R s
BB B A o e gh BB A RN 2R, AT
SRAFTE Z G BEIR, 19585 AR S e Filoot ot Bt
TRRISESRe ), et MR e A EEAEH . 5
Gb, ARIMTEIRE T, #4058 B 1 e & 2 i
STy, REHAE R SREE AR, K RUE =Y
5 AT B AN A H 4y AR K 32 PRI A1 (Tian et al.,
2017).

4 FRFNEIW

B B BT A R R LRI (R B, W R R
41 EET Sl FSCAT 3D 0 A0 AR A 3 SRR 1 P A A 1
BRI, RMEAES AR, R T NE
T HITHAE, # K E BB AR, MWE
MBS A AR s AR P AR B R, K AR
G BATE R AR R, I LA e e,
PR AR AR RS E KSR e )8 o)
e EEETHT. g8 5, REBEA—Em AT,
(RIS A5 (0 50 A At it 4 v 4t ol S B A7
WA, K ARG AR TR

o R PR ER) 22 e 55 R LA AR AR ALL A A
Frtk, MRE TP SR Bh AR AR B 2R SR A 2 1
XL T MR A (0 S AR SRR 8 (1 Sk AR
VR EE, RE I FEACET 0 S B R 17 AN T
BT, DMK N AEHA R R A ik
Z RN DB D K SEARRE RS ™ A ARAR, Wl iE
ELAEAE R AN B 1) J7 22 HE R 40 B AR 38 AP,
R HHRERFEM AL JEAh, N4 A
KR S W0 ) GRS R A A e R HEAT K S
S AT B, DL G Se DR DA IR R R B8R
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