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Effect of forest gap on functional traits of Cinnamomum camphora and Liquidambar

Jormosana seedlings at early growth stage

CHEN Longbin"?*, SUN Kun'?, ZHANG Xu', SUN Honggang" ", JIANG Jingmin'

1 Research Institute of Subtropical Forestry, Chinese Academic of Forestry, Hangzhou 311400, China
2 Nanjing Forestry University, Nanjing 210037, China
3 College of Forestry, Beihua University, Jinlin 132013, China

Abstract: Elucidating the effect of forest gap on early seedlings growth and functional traits among different light —
demanding tree species is of great significance to reveal the underlying mechanism by which seedling regeneration is subject
to microenvironment of gap in secondary forest. In this study, the seedlings of tree species, including shade —tolerant
evergreen ( C. camphora) and light—demanding deciduous ( L. formosana) species in subtropical secondary forest, were
used to study the effect of gap size (large gap, D/H=1.5—2.0; medium gap, D/H=1.0—1.5; small gap, D/H=0.5—
1.0) on growth and functional traits at the early seedling stage (1—3 years old). The research results showed that (1) the
significant growth of seedlings was observed among gap sizes. The growth of 2, 3-year-old C. camphora seedlings and 1—
3-year-old L. formosana seedlings were significantly enhanced when growing in medium gap and big gap, respectively. (2)
The relationships between environmental factors of forest gap and functional traits of seedlings were examined by using
redundancy analysis. We found that the functional traits of C. camphora seedlings were correlated strongly with soil organic

matter, hydrolyzable nitrogen, pH value and available phosphorus in forest gap, whereas the functional traits of
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L. formosana seedlings were mainly affected by pH value, soil organic matter, hydrolyzable nitrogen, soil water content,
light intensity of canopy and available phosphorus. (3) Maintaining the higher root mass ratio, specific root length, leaf
carbon to nitrogen ratio and leaf carbon to phosphorus ratio were key ecophysiological traits to reduce the negative impact of

environmental change on the seedlings growth in forest gap.

Key Words: Cinnamomum camphora; Liquidambar formosana ; forest gap; seedling regeneration; functional traits
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AEAESRIE S BN A TR IR R A 8 5 4 KR TR Ll AR/ P TR AT B R IR - 1K 43 A 3R
SYRIBEST FE RN E T S B I R 55 0% BEEREE AR R A O AR 4 EL R R X 4 S BOR B LU R
A, AR ) It A 2 1 AR A8 A T35 A 1) 9k e R AR B L 0/ N T i W S R O T R Tl R ks i
Fr U O i BRGRL LL AT L SRR A 2 S Mk 0y %ot A B Ak S R R ) I E BT RE R L A At XS
[F) Iy R PR [0 A A A LA S5 AN TR ERBE 9 F T R, RS AN [l A B8 SRR 14 22 57, % T A 4
SR ISR PR AR AR 1) A A7 SR e AT R S

ARBE G i A7 AL T ARARAE S R GE D ARBI Y 7 A 0 B8 B R B A SRR AIE , 52 i i DX B 55 4 v D g
bR A e A AE R ARIE A A6 T A e A R AR X R IR 0 T R & R AR AR A RS R Y
SRR O SN DI RE MR (AR EE R L AR ) R KARIE A B s e R, R
T RN i AR 2 A2 5 R 4 P D RE MR A A KARAE 22 S B R ARk, W A A DG 98 2 R
BB 1] S AR R (BRI AR AR, SR R AEAS R K/ NARBR T 4715 D BE PR IR TN A= KRR, /075 e 4y i D g R
AR R BT 439 00 17 S B A S TR S AR SR R K /IR BT 40 Dl e bR R A R 1) 2 25 W )
WF5E A B T3 — 2 A PURBR A 55 28 A 52 0 4 A0 2B A g IS ZE AL AR, o ml D o N T AR B, e ik AR
AR B SRR R S

FHE(C. camphora) I (L. formosana ) 433 J2: T8 [ S $RA YR A= ARHp =52 F0) i o T 19 ] P o AR 7 1 o)
L = s N TN EIP R 74 e S ol i 1 NG Rl SRS e o O (<92 8 SN S T B A WA DO 42/
MK ATt 3 B EEAE N (HIRE N RINRTE BT 22 PRI I 52 N RS R ik
DEFA AR AR AL, AR IR BT R X | e A 18 224 i ik A ) AR SRS A A AR, T e it N TR e it 2+
I AR o BRI R A AR I A B R AR — 1 ARSI AL 3 AR X 3 R R/ INARBR T A A R A 4))
BT IR I, 20 A 1 SR R A MRS ] R/NARBRE |, 7 W R T 40 v B AT 0 185 I ) A A R AN 2 RE PR
MARACREE , BTEERDT . (1) ANRIARBR A 52 BRI A 4 v 0 2R 28 5 5 (2) BB 4 v AR 8 38, PR 4
THREHRAS AN [RIARBE A e 7 ARAE . EID R RETEIR 4 £ B2 1 &, 7 A AR R 7 41 e 7300 2 35 9 Bl IR AR B A1
AR N TERLEE AR B ST BT U AR ARG B SE T R S AL S G BB A0, O S 1) F N AR B AR i A
PR MR S HE

1 HARMWRIARTZE

1.1 BRI HEA

TR AL T VT VG S AR AR LI AK I (117°137E,29°307N) | 12 X 380 A 28 0 0 3l By 2 XU 4F -1
H JEBHECR 1900—2000h , 4EFE RN A 1800—1900mm , AF-F-HIHIXHEE K 75% , 4E X3 K 18.5°C s HuE MK 1L
Tl s TSRS RILIAE 4 A XA TE U £0358 0 T by 1 it A A Sy v - ol i — i S el IR SR, AR 2 3T
ARLIARAE | 35 4% ( Castanopsis sclerophylla) \¥EAK ( Sassafras tzumu) | 75 % ( Michelia chapensis) . A faf ( Schima
superba ) R AR A B, 25 B~ (17.33+4.15) m, Al FH B R 0.79 0. 185 H 8] 2 48 9% 0 45 & 01 ( Ligustrum
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lucidum) & FRK (Symplocos stellaris) FI41 4 ( Photinia serratifolia ) S8 HEARAGY) , Y4 2 FE 4 (1.49+0.30) m,
PR N (68.7311.75) % ; I JZFE#E 3= 2 R8T H ( Dicranopteris linearis) W 24§ ( Pertya pubescens ) FIXS I
JBE ( Paederia scandens) ZE FAAE ) 25 B 4 (0.30+0.17 ) m, 44 55 B 4y (28.52+19.21) %,

1.2 FEHA B SOR S

2019 472 H fy, BEHPHYE 3 B FEAR — B0 AR R R o0 32 Uk AR R AR B i, Sl A 1)
FIE I ARA I (G ARLRE SRR ) AARB , D MR B i B R 5 Bl b 3 0 ) e B RO A B2
TS E AR BR  F-34 ELAR (D) IS AR ] 6L A 38 38 FE M2 R R 8 B, BRCHD - S4BV R bR i
GARWPEYI R EE(H) o ARYE D/H AAETEFEBRER /N B AR B /N 5328 KRB (D/H A T 1.5—2.0)  HARER
(D/H AT 1.0—1.5) FUNKBR(D/H AT 0.5—1.0) 3 FhALBR, LKA THCE 4R B AR50 R 5t B8 | Ab B A6
M E 3 ANEE I 12 S ARBRE D,

2019 4 3 Ay AT R AMRI0 A B, 735 B0 BRI [] K/ INPR B P9 E A R R AR 9 Sl L, 76 B4 PR PR 1
Hgell 0.5 mx0.5 m AURRITHE B8 RAE K 35— 30/ 1 AR AE A A 9 & 15 Bk, 36 5 17, 47 6 £k, 12 M
iR AE AR A S B ST 360 # , REAR AR 3 AR 5 o ARAE S8 S , X 1 S A PRI DX 35k 14 358 43 4
SEHEATE S, GRAEARBR I AU RIS R A AN A . S RE4E 3 AR 9 A, BB R gl i AR K AR A
MR ARIHE BT . B4 7 H X 0 A 45 T E S dR AR A TR A (32 1) P REAFIRERE R, E24
1. (1) TEMS BHIC = KA, BT 2 0L (TOP 1300, H D) W52 4l b 07 56 2 375 )6 38 0 ek 2 I T ARG
L SH (2) FIREHE 20 3K 43/ 5/ H T 38 D0 2 (L (TDR 150, H ) 0 2 )y 1 AR B - SR AR B 7K R A
TR AL 5 (3) TP AL A BEALIEHL 9 BRAFR AT S, R A& RORTH U bm -~ RO SR 4 v i ik s R AR
D A St 2 PR BT AR  ZE R I8 Am s, A AT vRAR IR |, Y ] S5 2 I 2 AH DG R .
1.3 FERAEH

FHR K FARB e AR R 26 4, R BP0 bs - RX 51 AR 4l B O 4R ( AR/ T 2mm) AR ( ELA2
KT 2mm) , 13 TG AR BT AR 0 B BCT . AR R 4948 {L (EPSON Expression 10000XL3.4, HA) 45
RS B A ARAR AN H | PRI AR R0 FT 84 WinRHIZO ( WinRHI2.0 Pro 2005, i k) I 52 4 AR 1 g
TRV e L AF S H, KRR AR 25 b e A (i b4y, FLrbivy 5 42200 st T AR B A 0 23, s o
ST E——X W, Wi br&)s B HE T 105°C FA4F 15min, T 70°C FHET 48h EfEEH . AL TR
SRR R PRSI B AR AR ZEFNER M T EARESS S FHEILE AL (Kjeltee 8400, 727 ) FilH Jk
G5 B OB (ICA 7400, Hr ) i BEARZ T 7 2R S FA ALK & &

R1 HEHEAGRLER
Table 1 Overview of sample plot
HRBRFREE A F Environmental factors of forest gap

I e T AN by ORER BRI

e % TR TR Soil hydrolyzable Soil available
Treatment ~ Gap size/m> L %iﬂl Canopy light Soil water j:ti%'@/)dﬂig Soil organic Soil 'y ’
Canopy leaf . Soil pH nitrogen/ phosphorus/
; transmittance/%  content/ % matter/ (g/kg) temperature/C
area index (mg/kg) (mg/kg)

LG 1789112852  1.27:0.27c  53.03¢7.19a  15.51#2.11c  4.75:0.39a  52.26+6.54ab  28.42+1.15a 199.43:12.98c  5.3520.74b

MG 130.44%15.07h  1.32¢0.23c  41.65+6.90b  19.85:3.63b  4.76:0.4la  54.82+4.11a  28.16+0.84ab 232.71:2022a  6.84x0.55a

SG 81.63+13.71c  1.6120.12b  34.23+4.75¢  22.17#2.11a 49120332  51.55%5.78b  27.74+1.10bc 207.84x13.53h  5.08+0.53h

NG — 1.79+0.21a  27.14%3.20d  21.49+2.49a  4.74:0.43a  50.54%3.67h  27.25x0.84c 205.98+8.63bc  5.37+0.36b

FABAR R 3 AE T B A T bR ;LG . KARBR Large Gap; MG FARBR Medium Gap;SG:/MKBR Small Gap;NG: M F Non-Gap; A [f/NG F-REK /R A ]
FEI I SHOUA 32257 (P<0.05)

1.4 MRS FEAR T
MBREAL(m®) = axbxm/4, Hd a b 435I A PR Bl A G R iR E (%)= (BT H/ 2T H) x
100% ;M E b (%)= (T B/ 2tk T 8E) x100% ; 25 E (%) = (Z T B/ 20T 5 ) x100% ; 40 AR K (em/
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g) = ZOARA B/ AR AR i 5 LU TRTRR (em®/ ) = WHTETRL/ A
1.5 ik

FI AR 2 7 2293 H7 ( Two-way ANOVA ) HCAEAF 7% FIAR B A /N6 0y 1 A 4988 R 2043 B 44 i 140 5% i )
FHEALPRI R T 225317 ( One-way ANOVA ) Fllfie/IN i 25 22 5715 (LSD ) HL AN [IARBR F 4 i i A 4 2B W it 4 e 5
IHREMEIR AR A9 25 5 5 15 FH TUAY 20T ( Redundancy analysis, RDA ) X&) i B PR S ARBR A [F] BR 5 R 119 56 &
HEFTHEST ; R FH S RF 1R 7 ( Monte Carlo ) B4k 56 6 22 5 M 4y i A6 K ) £ BT RE MR TR IR R 7 e B 5t
A3 MT BB Al ALY TE R 301 (4.2.0) h52 8 (R £ ; ggpubr  ggrepel Fl vegan 45) |

2 GRS

2.1 AFER/RBT 4 A KA AE A2

R 203 7 AR o T AR AR [R] D/ VAR BRI AT % 1) 0 2 B4 S (BT 1) o 1 A4 A A Ay 1 ) g
HARTEA R R/ NARBR ] 24 70 W 2 2 5 (P>0.05) 5 AR S A I B 35 2% | v SRR I A 458 %o 38 A 40 1 ok v
R A ) e AR AR AR R, 2 A A T 3 A A o 5 4y e R i 20 01 S 35 B 8 16.779% A1 12.119% , 42 73 531l b 25 4
24.11%F1 18.68% . A4l Bk ey MIAR S5 ARBU AR L2 IEAHSCIC R S AR LU, fE MR B E B P 1 AR AR

NG SG MG LG
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1 AEXNRBEI N EFEFIELD SRS RN
Fig.1 Effect of gap size on seedling height and diameter of C. camphora and L. formosana
LG : KPR Large Gap; MG : KB Medium Gap;SG:/INHRBE Small Gap ;NG KT Non-Gap ; AN [Rl/ING F8E 3R AN [l RE L[] (9 S HCEL A 8235 1
25 (P<0.05)
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2 AEA I 3 AR AR I 4V R T 20 0 S R 11.73% (15.83% F1 24.76% , A2 4y B4R B 19.06% . 13.14% FiI
20.25% , 3% Ut W R ARBRAE B8 b B9 8l i bk e G HOR AR B ARG I (H M AR 1R A AR A AR ] 1

MR T 25 R (R 2) , B iR B A i | SR 4 i FIAR R L A2 S0 AR08 R B /N i) 5%
M 34735 B4R 2 2 K- (P<0.01) 5 254 Wy it FIZE T L 32032 AR 8 (1 S 35 5 i), {F 25 5 LG 32 AR B R /DN 5 i) J 25
(P<0.05) , T 2545 52 FIARBR AR/ N SE I A B3 (P>0.05) 5 HHE HAZ AR IS FUAR B /NG S M 1 R 1385 ot
AN AERE R B A /N R A8 TR0 X6} A 40y i R A 40 i R B L 40555 T ) 3k 380 A0 S 38 i 57K (B
AW EASAR IR N B L AR A Y 2R AR AR R A ) i 2 AR R B RN R
M $47 35 A I8 3 7K 5 AT L AZ AT I PR S A 8 3, 2 PR B A/ IN ) i) J 3 5 1T 25 7 LRI B LG AZ AR I AR R
KNI FE M IIAN G35 5 (A | A7t AU B TR/ IN B9 58 B 2500 %o AR A= 0 ) 52 i ks 1) 8 3 K, % i A i L
A AR T L g e B (N LB A Y R R bR s I AN B

K2 PEEVESEHENNERFESNER

Table 2 Results of two—factor analysis of variance for seedling biomass allocation patterns

- 7 5 KR F
Tree species Source of REWR ZEWE SEmR BEWRE AR e ML
variability Root biomass ~ Stem biomass ~ Leaf biomass ~ Total biomass  Root mass ratio Stem mass ratio  Leaf mass ratio
FFfi C. camphora AE (a) 150.40 ** 156.60 ** 87.14 %" 321.29 %" 119.89 ** 56.45"* 2.10
FRBRI/N(b) 20.28"* 0.27 505" 5727 13.72"* 4.00" L11
axb 3.06 " 0.45 1.00 1.10 297" 0.36 0.51
WA L. formosana A (a) 128.75 " 41.10"" 222.84 " 112.35*" 5.15*" 0.94 0.98
MBI (b) 13.65** 10.00 22.87°" 17.35 " 3.03" 2.30 0.40
axb 9.64* 0.45 243" 246" 2.63" 0.62 0.67

25T BB, B R4l AN [ KN B AR IS T i A B BRI BCAHIE A E I B 22 5% (B 2)
| AFAE R A B A A 3 FhARBR TR 2 S5 AR X IR 4 0 8 5 25 5% (P>0.05)  HAE AR T |2 4F A Al 3 4F
AR A R L T IR B AL B (P<0.05) , RARBR A/ NKRBRE] A S E i 22 AN B N 1—
3 AEA L AR W Ay BCARAE A 3BT IR, 1 AR AE B AR A I AR I Ll g g, 36 42.41%—46.74% W E IR, 25
AR, A 21.09%—26.35% ; 215 2 AF-FNEH 3 AFAR R b AIZE TR bb 430l S 3 RIS A T o8, b B b Bl 4 8% AR
A RE . ASFER/INRBR T APy i o Bo AR R A T 22 5, B 2 ARBR IR AR A 388 K, 3 MR IR A i AR B LL 3 2
B R AR B 25 5 F AN I L AEAS ) K/ AR B T] 25 59 R R 2%

ARBR = A 2 AR E T IE D S AR G (RS [FIARBR AR, 2 i A 0 15 < %) Wit B A A
WRZES(E2) , WHRas SRR, MELD e/ T R E Y S5AK T JC 835 22 5% B R AR fE 0 1 2F
Y AR (0 AR 2 AR 3 AR A gl A TR B 3 25 SR KO 5 FOMR B AR 4y i A 4 e AR 2R AR A Rk
LA, 4 5 4 e 1 AR 2 ARAR RN 3 AR AR 16.29% ,29.14% 1 44.67% ( P<0.05) , XF#R
FAH AR R BCRRE AT R B, 1 AR 4 AR T ELAE R B R OB 2 32 K T 0 IR, 25 8 A
FOPRBR T 2 5 X R it b2 R B 5 2 AR AR A AR L 2R LRI L AEAR PR S AR [ T
RS 3 AR L) P AR TR LN R b 0 BRI A 25 R 3 (EL R EL A rPORRBRURT R AR B R 34 B e
ARBRFBRT X B2
2.2 ARFRIFK/RB R 2l Dhse R 22 1k

Xof R RN 41 1 S I A A B Be D REP AR A 3R 3R T 22 43 B 6 W, 41 v DI B MR 52 A i BRI R /N e L
S HAE ARSI AR AR AE W] 25 5 (3R 3) o AR RIARER IS/ INXF 2 Fh &Iy i L i 1o RURI 26025 £ LA SR 40 1
A ZNAR EL AR A5 M0 1738 B4 8 35 7K (P<0.01) |, KFARAR B i b B4 5% 1 15 3] (35 /K (P<0.05) | H 2 Fif
SIHT B 2R L DA R B A A0y 1 ) Il B i I R LRI B L ) RE R AR B 3 (P>0.05) o BRAM IR AT
bl i S S PRI RS A 0 25 S | 2 A0 R S ELAE FH AR S el AN D k(B 7 A 40 1 20 AR L AR K 52 AR BT 4
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Fig.2 Effect of gap size on biomass allocation patterns of C. camphora and L. formosana seedlings

P RO ZERIM LY 5 S A R 0 L AR RN TR FROR AN R/ AR BR )8 A M B 835 25 5% (P<0.05)

R3 PEDRERHVNERFESTER

Table 3 Results of two-factor analysis of variance for seedlings functional traits

it i ;’iﬁ“ﬁ*‘ tg}'jﬁf” W N R A
Tree species sariabliy oot length eaf area leaf nitrogen ~ leaf phosphorus leaf C/N ratio  Leaf C/P ratio  Leaf N/P ratio
i C. camphora S (a) 112.60 ** 15.24 % 7.04 % 1.12 3.00 1.25 0.17
RERAN(D) 2.49 4.01** 571 0.54 0.98 0.47 1.09
axh 4.31% 0.50 645" 171 443% 3.24%* 1.43
W L. formosana 4 (a) 42,48 8.05%" 9.52** 0.84 0.50 391" 478"
FRBRR/N(b) 32.22% 6.06 9.75** 5.97** 1.81 333" 2.03
axb 1.38 0.80 5337 0.72 3.94 % 1.47 1.59

FRAUA SN DD REPEAR A PR BRR /A T 9 (U2 S B (6 4) 1 A T R A
ORI /IVBRIE TS0 R, 5t I BR34BT AR, 6T XA R & BB 51
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Table 5 Results of monte carlo test on different environmental factors of forest gap

firkeR v » HEMEATF
HEEHF Interpretation rate Importance rankings
Environmental factor o e e i m e i e
C. camphora L. formosana C. camphora L. formosana C. camphora L. formosana C. camphora L. formosana

b i
iﬁﬁﬁ“ﬁ 37.38% 30.53% 43.90 19.97 0.001 0.001 1 2
Soil organic matter

KA
j:% KIREER, . 18.75% 17.99% 4.89 4.02 0.004 0.001 2 3
Soil hydrolyzable nitrogen

BT
i‘ﬁm B 18.19% 32.45% 35.54 73.89 0.001 0.001 3 1
Soil pH
j:g%ﬁ)&% 0.37% 0.03% 8.23 4.21 0.002 0.014 4 6
Soil available phosphorus

HEAIKER
i% i 0.21% 5.12% 1.81 5.38 0.133 0.007 5 4
Soil water content
ER TR
i 1—@} *Hﬁ, 0.00% 1.72% 2.62 1.10 0.064 0.337 6 7
Canopy leaf area index

in‘ V=g
:t%ﬁ%r; 0.00% 0.02% 1.63 0.71 0.189 0.513 7 8
Soil temperature
F R
TRE 0.00% 4.16% 0.82 11.10 0.468 0.001 8 5

Canopy light transmittance
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Fig.3 Redundancy analysis of C. camphora and L. formosana seedlings functional traits in relation to environmental factors of forest gap
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