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5.07% .0.032 /g, MLV LUK e TRARAS BN T 0.005 g/em® . 10.33 em?®/g; T ZEATAAMRH A2 A L IEFTAR - AH X 57k
R, R A R LU B R LTS (2) SRR H TR SR AR A R AR A= i AR (R BE L L AT AR
FRA B ARSI T R 1M A2 A 4R FEAR K FE 0—20 em - TRAL &1 (P<0.05) 5 1 BT AR M AZ AR QAR AR | ATARAR < 2%
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Responses of leaf and fine root functional traits of Cunninghamia lanceolata to

Phyllostachys edulis expansion and removal
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Abstract: Functional traits can reflect the adaptation strategies of plants to different environments. The expansion of
Phyllostachys edulis is similar to the invasion of alien plants, which often causes changes in the living environment of native
plants. However, the response mechanism of the functional traits of native plant functional traits to the expansion and
removal of Phyllostachys edulis is still unclear. The mixed forest of moso bamboo and Chinese fir and Chinese fir forest after
bamboo removal were selected as the research objects, and the pure Chinese fir forest was used as the control. The changes
of leaf functional traits, such as specific leaf area, dry matter content and tissue density, as well as fine root functional
traits, like specific root length, fine root biomass and fine root length density, and their correlation were measured and
analyzed. The results show that; (1) Compared with the pure Chinese fir forest, the leaf relative water content and leaf dry
matter content of Chinese fir in mixed forest decreased by 5.07% and 0.032 g/g respectively. However, the leaf tissue

density and specific leaf area in mixed forest increased by 0.005 g/em’ and 10.33 ¢m’/g respectively. Compared with the
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pure Chinese fir forest, the specific leaf area and leaf relative water content of Chinese fir forest after bamboo removal
decreased, while the leaf dry matter content and leaf tissue density increased. (2) Compared with the pure Chinese fir
forest, the fine root biomass, fine root volume density and fine root length density of Cunninghamia lanceolata decreased
continuously in mixed forest, but the ratio of fine root to root length increased significantly in 0—20 cm soil depth ( P<
0.05) . Compared with the pure Chinese fir forest, fine root length, fine root length density and fine root biomass decreased
significantly in Chinese fir forest after bamboo removal (P<0.05) , while fine root volume density increased in soil depth of
20—30 cm. (3) The correlation between fine root functional traits of Cunninghamia lanceolata in pure forest was close,
and the correlation between leaf functional traits in Chinese fir forest after bamboo removal and mixed forest was high. These
results suggest that Cunninghamia lanceolata can adapt to the changes of space and resource competition caused by bamboo
expansion or removal by adjusting and correlating the functional traits such as specific leaf area, leaf tissue density and fine
root to root length. The results will help to better understand the response characteristics of leaves and fine roots of
Cunninghamia lanceolata to different habitats and ecological adaptation strategies, and provide scientific basis for rational

management and expansion regulation of bamboo forest.

Key Words: Phyllostachys edulis; Cunninghamia lanceolata; plant functional traits; competition; adaptive strategy
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I AR AN B RRE R S i AR SR RE MR 2 A B () AR S E IR TR 2 R
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FBAT (Phyllostachys edulis) FIAZA ( Cunninghamia lanceolata ) J&=F% [E Fa J7 8 M & UL ALY , W& H & FH 4R
A, BT RN BT TR SR 0 TEME R A, B SRR RO AR Y 5K BE ), AN i) A A2 ARARY KT R
EMAZARIEAR™ S BATH 5™ ERZ I AN B S5 A R R BATITFE R A5 B ik i A SR AR S5 (0 15
WA SZ B — 2 AL o IR BATAR R BT AS PT84 AR 4 At T 382, 4R FEAR KB
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—E RN, XA ki 35 3R 0 KO OEIRLA St 23 ) SRR BT IR, T AE- S BUMOR I Jo AR 5
DR MEIR K A ARk, DT 500 J& T ARMRAE 4 0 A= A7 B T AR A 2 RE e S A5 T WU PR 14 Jey T

BITERE AR TASRA R By s BT 5 AR AL, Y ke b BAT A B 2hfE
MR & A T B AR AL i DG TF A 5RO I AR I R ZR MR AR S i 1) B S X
FEAR I B AR Z AR AT BB AT 5K S ARBR 18 AV 2 . AR AT- 12 RIS (MF) DL EATIZ AR
(RF) XI5, LIAZARGEM (CF) g3 B (CK) |, %F A B AT 5K AT IS KL R BRBATIR AR B AR T fig
PERASA, LA BB AT 5K S AR BRXTAZ A b R A 4R S e ATTIRIAR DG E i 2, B T3 s A2 AR X B AT
Pk R ARER T2 DBEmE BLXS 5, AT 5 B4 B AT 7K LA SR AR AR 48 52 s 4R (b2 i afe
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SRR IR | PR T, DU, AEXREK RN 1613.9 mm  AESEYR N 16.4 °C ., RIL FEBR MU, Tk
100—200 m, T3 B R EZ DA AMM BTN 32, A2 AMN RIZ AR AR, Z N T
B HARYY 21.33 hm® . BATAREWI N TREIF 288 09T, HETRE 7340 TSR, B BB AR
KAL) 3.47 hm® , bR EBAH LK ( Callicarpa bodinieri) . H 7K B Hil ( Mallotus japonicus ) %5 A LA K Wi Bk
( Hypolepis punctata ) j@ﬁ’ﬁ( Woodwardia japonica) AW
1.2 BTk
121 KRt

T 2008 4 REESE XN AZ A AR, il B AR EDR0E A2 AR AE AR, 5 R LR 228 1 B AT AR
W52 I 1] R AR M i B 5K I R — o AL (29 0.73 hm?®) I BAT-FZ AKIRSSAK, AIKEEF 2018 4 4 H#HEE
Wy -A2 AR SR B BGR  XIGHEA T BATHYRAR TR M EATAZ AN, IFT 2019 4EFFZF 2020 4757245 516
SR DI N AT SR S AT 0 LA YE B ke G B A 7 A

T VE T L SR A AL B BAT-AZ AR TR SR AZAR LUK L K EATAZAIR =FbRor 7 B bk o3 v i
FEHLTE AR 10 mx20 m R 4% 3 A4, TAE K22 (2020 45 7 H) BATHR RN, 1T $iAR Yo 24 K0 /e B¢
J7 N RENLIEERL 5 BRAZARFEA T 7 AR AR S AR AR | I P b A R RSB A T o8 A %8 B A ) T A, A b
ATEHLIA 1,

R1 =S EMEARRR

Table 1 The basic general situation of the sample site in three types of forest

" . . L DAWE pAEE B
\ LHAKE OIE  RABE  BUEEVE b n
PhorER . . . . Chinese fir . Chinese fir Moso bamboo
Soil moisture Canopy Chinese fir Moso bamboo . diameter . .
Forest types . . . diameter at density/ density/
content/ % density height/m height/m . at breast ) )
breast height/cm . (#/hm?) (#/hm?)
height/cm
2 K 4l
K/f\)k)M( - 23.1+2.68b 0.90 6.1£0.25a / 11.6+4.10a / 1733+157a /
Pure Chinese fir forest
ESUEZ NN
Chinese Fir release forest — 33.4+1.62a 0.45 3.5£0.21b / 5.7+0.59b / 889+189h /
after removal of bamboo
B AR
Mixed bamboo and Chinese  26.5+1.93ab 0.82 2.820.15b 8.6+0.61 3.5£0.12b 8.4£1.75 878+214h 1092£259
fir forest

B AR B AR 22 s B R/ NG FREFOR A FRMME 0.05 KF2RAERE

122 MR RETTE

T 2020 4F 7 LG 3—5 d J5 iy LA, R B 7 e B AZ ARRERRR 6 1) 2 B PG A DU AN I 1) i 7R
B, IRIE 10 ot e Sesimt R, BEREMIM F A a5 1 A B4 Al 0] S50 = B T i 2
A MR G E
1.2.3 MRk

FREH N BEALIEERL 5 A RAE A TE bR R M RVE Y , 32 B 4550 T, AR R 200 em® B3R T), N2 ] T 4%
0—10 em, 10—20 em,20—30 em Z3JZHURE B2 B o008 A B B4 4 51 B 3056 2, P AmE Ttk
MAE
1.2.4 R Ihaet Rl e

B A Bt i KBRS RS FZKSAUEBLAA IR, A5 S, R Image J #XPFETT
AR R SR, SRR ORSEE 0.01 mm) T2 M, FIHL 7K (K5 0.01 o) FRIBUM-ff
BT FR TR FEME R 4 °C B9 SEREEREE PRI 12 h, W 3R i /K 4 5 L RS FR BT B A &, FRSE
JE I RN 70 CROBEAE VLT 2 E R AR I T, SRS AR S © AR A e AR A T S A D e MR A
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Wi, HHEARKIT .
Fem- AR [SLA/ (em®/g) 1 =M A/ 1
T & & [LDMC/ (g/g) 1 =13/ M if i ef 5
AT 57K 5 [LRWC/ (%) ] = (- fief i -8 ) / (4 i fif o -1 8
L LU [LTD/ (g/em’) ] = M/ (T AR xR )
1.2.5  ZIARTIREEIR B &
Peib B B IR H BAT-RZ ARSI BT AR P2 AR R BAT R X2 FF K, PRk B 25 ko BAR /D
F 2 mm PAZARYNMR , FWEDS - ROUAS AR (41 B, FHHE A L DA A AR S AR, R AiAR A 70 °C LA P4t
+E A BOR R AR T B, AR AR A b D e R bR . TR AT .
AR [SRL/ (m/g) 1 =R/ MR T HE
AR BE [RLD/ (m/em’) ] = RAC/FRTT{A TR
AR [RVD/ (g/em?) ] = T H/HAA
MR [B/ (g/m?) ] = AR T 5/ B J1 e 1h FR
1.3 Husdba
AR Origin 2018 ( OriginLab , 35 [E) I8, F SPSS 22.0(IBM, % F) #7508 880 #r . R £
T5 2253 M HUAE = AR [IAZ AR &0 B AR D REPEIR 9 25 50 (B & KSR P<0.05) , Bk WA 2y 2443
M4 7 a3l A 2R 3 B AR B FH X A2 A AR T e MR 052 i, I ] Pearson A 9G53 BT 20 B 45 AR 431 A
YR DI REMAR BT AH S SE 2R

2 HREHS

2.1 ARRBRIGAZARMN B DRerAR

SRR IRASARAAZA M TR AN T 10.328 em?®/g, M =T ARM A AZ A H - TR S 25 R AR
T 24.995 em®/g( P<0.05) , AS[EBRASE] -8y i & A T 0.328—0.563 g/g Z 0], S AR L, IRAS
MREPAZAR I T 5 & TR T 0.032 g/ g, T RATAZARBRAAZ AR -1 B 7 it i 1 (P<0.05) . S AR4
MAR L TR ASHR S BATAZ AR R AZ AR AR 7K 43 380 T 5.07% \21.37% , HASRIBR 3 A2 A it AR X 5 K o
PIFFERE 25 (P<0.05), S ARLIMA L, 1 38 R 2 2 7742 ARMR A2 oK i 21 21 %5 B8 43 53 38 i 17
0.005 g/cm®0.017 g/cm’, ULEHBATY TRFEAR TR ARIRAEIRK I RE ST, (02 Lo 1 B B 338 (A5 1R sS AR b A2
ARBEE A FDE TR A TOE A VER 4e ks A A K R — e se 5 ),

2.2 A2 AGIR I BEHR

I 2 AT MR X AR EUAR TS AR AR B AR A Pk D) S AR AR K 235 B 4 A d 3 52 1 ( P<0.05)
R VR BT T AR AR Pyt R AR AR AR 285 B AT 0 252 ( P<0.05) 5 Mo 5 R BE 1 28 BAE D LUAR K AT 18 2%
S (P<0.05) .

SRAKRGMA L IR A AR AE 0—20 em H AN, 78 20—30 em HIRAEREK, i £ A2 A
PRAAZA LR K AE 0—30 em +IRANY B EFEK (P<0.05) , S ARAIMAM L, IR P4 IR A2 AR K
R AR B AR AR Y B BRI (P<0.05) 5 BATAZ ARMR RS A MR AR A 25 B RN A AR A ) A A%
AT Z BB T AR BEAE 0—20 em HIRALRE(R,20—30 em +IRANAG PN, BEW] A3 0 BATY 7K
B R BRT R TE S S A2 AR R PR IR R B i o i ARk
2.3 AR R 4R D) REMARAR G S BT

SRR AR ZEAR T REPEAR Z B AR OGO R R B AZ AR SR b AZ K 4 AR T RE MR () AH G PR Ry
B (R 3) MBI AM(IE 4) ZIRZEM(F 5) it D ae R A DS R . AHARAR 2% B | A AR (A ]
B D S AR A ) B A A ARSI P B3 A DG (P<0.05) , I A X 5 7K i 0 i 21 21 8 3 e A A2 Kb B3 £
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Fig.1 Changes of leaf functional traits of Chinese fir in different stands
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Table 2 Two-way variance analysis of the effects of stand and soil depth on functional traits of fine roots

HF SRL/(m/g) RLD/(m/cm?) RVD/(g/cm?) B/ (g/m?)

Factors daf F P df F P df F P 4 F p
RS> Forest stand 2 195.260  0.000 2 342364 0.000 2 23.492  0.000 2 119.901  0.000
2R Soil depth 2 1.934  0.173 2 16.828  0.000 2 1.193  0.326 2 19.427  0.000
ﬁﬁiﬁﬁfﬁ 4 3.232 0.036 4 1.776  0.178 4 2.426  0.086 4 1.400  0.274

SRL: LR & Specific root length; RLD ; 4IARHR %5 Fine root length density ; RVD : ZIHR{AFI%E EE Fine root volume density ; B : 4R A= ¥ i Fine

root biomass

3 Tt

31 BATY KA S REME IR R

PRI TR S AR W 0 DI IR AR RE T LA B PRI At B W R I L IR AR REAE 1 B A
W REZHE T A A B EREE 0 S HAE Y i 52 4 b S RS 0 AP R, 52
ARAEHRXT HEAR LE , TR ASAR FRAZ A B HE M T B T, 3 T RE R IR A P A2 AR K2 B BAT YRR (K 1) ,
(AR 5 R AT 5 5 ORI BE 2 A5 BR AT IR S B A S REMEAR We 7, T 25 A7 A2 ACBR AR A2 K L i i AR B e
KT RE S ARG PO IR FE R A O, T R RAEAE A X 35 50 BRAFRE D I B4R Bl 45>
AT B, AT SRR A A i S AR . AW A B B i e B AT AR g i, ARk
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Fig.2 Distribution of functional traits of fine roots of Chinese fir in different stands at three soil depths
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Table 3 Correlation analysis of leaf and fine root functional traits in Chinese fir forest

SLA LDMC LRWC LTD SRL RLD RVD
LDMC -0.72
LRWC 0.692 0.002
LTD -0.915 0.939 -0.343
SRL 0.426 -0.934 -0.358 -0.754
RLD -0.301 0.879 0.48 0.66 -0.991
RVD -0.27 0.863 0.508 0.635 -0.986 0.999 *
B -0.321 0.889 0.461 0.676 -0.994 1.000 0.999

w TEBAHE(XEM) R 0.05 B, A A ; SLA . EEI 1 AR Specific leaf area; LDMC ; M4 5 & fit Leaf dry matter content; LRWC ; M4
X5 7K i Relative leaf water content; LTD ; -2 2125 B Leaf tissue density

R4 EMTMARKBPEARE ERDEEREX X RS

Table 4 Correlation analysis of leaf and fine root functional traits in fir release forest after removal of bamboo

SLA LDMC LRWC LTD SRL RLD RVD
LDMC 0.936
LRWC 0.965 -0.812
LTD -0.969 -0.82 -1.000 "
SRL 0.361 0.011 -0.593 -0.581
RLD -0.139 0.218 0.393 0.379 -0.974
RVD -0.155 -0.492 -0.109 -0.094 0.865 -0.957
B -0.22 0.137 0.467 0.454 -0.989 0.997 -0.93
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Table 5 Correlation analysis of leaf and fine root functional traits in mixed forest

SLA LDMC LRWC LTD SRL RLD RVD
LDMC -0.995
LRWC 1.000 ** 0.997
LTD -0.108 0.004 -0.085
SRL -0.965 0.932 0.958 0.365
RLD -0.828 0.882 0.841 -0.468 0.652
RVD -0.205 0.306 0.228 -0.951 -0.059 0.719
B -0.681 0.753 0.698 -0.655 0.465 0.974 0.857

s ow JEEAFE (W) K 0.01 BF A SEME R B

PRGF PIAZ AT T3R5 e I A FH B 05 o PGS 5 7K Bt 2 WCAB 0 0 7K 43 B AR R T, RATAZ AR BRI
FEA G FERU/ N 58 R BOE IR TAZ AR RoR 23 BORER o AR AR i b e o B A e ) 37 00 5 B K 70 A
SERETT W BRI VR B R BATY IR SRR AR 2 S B RN, T R AT RS AR
WAZA TSR AR RS, L 2 B I AR AG B I 8 Ak, 5255 20 A 9 9 R B 20 21 B2 S5 A e o
A K 2H SV B RS AR A L o S A ) O SRS BAT R S Ak A . BIESE R WA e D BEMSIR T A
XTI A AR PR I AR A 22 7 A B WA 7, FE AL S R B BE i A i 2 U B i X RS
ARMRAAZA M R i — 2
3.2 BATY IR AR DI RETEAR 1R M

AR E RO > Feor IR R E S, ARROK A3 %53 1 RE T iy LUARAR DR, B 43 iF 7 3 ]
T REE A 0 FUARAS , IR 3AR R WSO G FIFR A3 I RE 01 A WFE R LB AT 2 e 5 AR i 11 5 4
Hh R AR S AR ), R IR SRS SR L IERIZ Y AT BATY IR B N T 3R )2
PR R B A R ARAE 32 BB AT Se S5 i i B A FR T RE T, S5 AR M) A 10 X 7™ 5 D Bt A %8 B B
T AP RIAE T R IUN AR R I REMEAR IR N, PR 2 SE T BATY TSRO (Alsophila spinulosa ) i}
Z R A R LB AT sk g A B AR AR R USRS S 20K 0y FR AR EIR . AR, RATIZ ARMRINAZ
A HEARA A5 0 BERH L 225 A, X SRR BAT R s il D A 5 i TASIKI SCR AR T B AT M 3Ry, AL 2%
PR AR 5L B BB ATIR R A2 S AR GAR A 1™ A 52 M8, A2 AR AR A W B 2 R 2 A9 8 g o b, 3%
B AR IRAEAS A 1 JZWR 2 oK o BE T3 9B AT B R, JEHORAE 322 3R R SR A AE 1 32 2140
i, FEZAE K X IR (£ 1), X 5RT A MR 45 R IR BR R KL, b F AR SR
R EFERIZ RIS, FERARNMRE RGN, BITRAS i R Sk IR N 1 2 G | e
PETIZARMR BRI IR HUK I WAL, IS AR R 245 2 — @ R B AAME R K RIEAR DR 4 R b R AT 42
AP AR AR B FEA i, SR ER BAT G A2 AR RAG LLZE B
3.3 AR AIRIIBEMIR AR G

THY I REVEIRIE FE HAE ) S B A, 5SS R G BV FERA PR b, D REMER R B
X BEURA AR R FIRE ST s AR RE IR U S AR 4 WS K 43 A B 343 B RE DT o ARBIESE R, Z AP PER I G R
B M AR AT A K AR SR B IE A O IR SR AZ AR AL T B PR T RE D e L A
(2R I T AT P K A3 18R 2 TS AR S 2o 18 o L Pt T ARURE 365 17 A 458 14 8 A, DTG 1o Xo VR 52 b o 5
FEORIIIREE AN 5 K A2 GV B AR SR L BRBAT A B R O O U AR BR B AT IR A2 AR
XF7K A3 PR RE 7 BE T2 U85 BE RGN AR > o A2 AR Slibhk b A ARUAR A 25 B 20 AR R R85 138 LA S A AR A 1 o
EIERSE, BERIRZ ARSI b M AR A KA OGP R B 2 AR AU B IR 2, (A2 AR AR A K B, 3
SRAZAR K G B IR WS RE T AR KRG (3R 1)
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KRN R BATY 1K S AR BRI H i MRA MR BA —E R AT 881, ARTES BT S5 h 2l &L
TS e T AR AR B A B E A s, LOE NS B AT K S R Y A8 1] B IR SE A AR AL, (AR B AT
BT AR SR AT Al —E B AR EUR B AT IRAEAZ AR I T4 B B AR R R AR AR
W VLR R 2 T, SRR LR IR RE S W38 T B, B AR A KRB AR 28, KA T80 B
Pl PIRAS o BATRZ ARG | ol FBATHRBRAF BRI, ARIIRETEARS BATAEMA e i AR
R R SRR AR N B R RS A AT Y SRR AR A AR A R AR B A B T 2%
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