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Abstract

Aims Pinus massoniana is one of the major plantation tree speciesin the low hilly lands aong the upper reaches
of the Yangtze River Valley in China's “Grain for Green” project. The objective of this study was to explore the
edge effects of forest gap on the ecological stoichiometry of dominant tree species in a P. massoniana plantation
forest.

Methods We collected Cinnamomum longepaniculatum leaves in a 39-year-old P. massoniana plantation forest
with seven forest gap sizes (G1: 100 m% G2: 225 m% G3: 400 m?%, G4: 625 m%, G5: 900 m% G6: 1 225 m?;, G7:
1 600 m?, and the control: closed canopy) located in Gao County, south Sichuan Province during different sea-
sons. The contents of C, N and P in leaves were measured, and the effects of edges, seasons and their interaction
on leaf C, N and P contents and C:N:P stoichiometry were eval uated.

Important findings The leaf C content, C:N and C:P of C. longepaniculatum at the edge of forest gaps in dif-
ferent seasons were al significantly higher than those of understory plants in P. massoniana plantation. With in-
creasing size of forest gaps, leaf C content and C:N ratio, C:P and N:P of C. longepaniculatum increased initially
and then decreased with the maximum at medium size (400-900 m?). From spring to winter, leaf N and P contents
of C. longepaniculatum increased after an obvious decrease; and the C:N and C:P increased first but then de-
creased. However, the inflection point all appeared in the summer. The nutrient utilization of C. longepaniculatum
at the edge of forest gaps was more efficient in summer and autumn than in spring and winter, indicating signifi-
cant edge effects. The results of principal component analysis (PCA) suggested that gap size, relative light inten-
sity and monthly average air temperature were the main environmental factors affecting the stoichiometry of C.
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longepaniculatum at the different edge of forest gaps in the P. massoniana plantation. These results indicated that
forest gap with size 625 m” had the highest organic matter storage and nutrient utilization efficiency in the edge
areasin all seasons, and therefore had the most significant edge effect on leaf element stoichiometry.

Key words gap size; edge effect; stoichiometry; Cinnamomum longepaniculatum; Pinus massoniana plantation
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e o IR A N AR EE B R T Bt (Dupuy &
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TR (EFREMZEFEZR, 2006; Deeet al., 2014). &
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S AR H IBINA]L 148 h, 4 FH<0E18.1 °C,
PE/K 51 021.8 mm, FIE7RIH, MFEIZR. FEHLET7E
(1) 6 i ) T X 8 /NIEE 78 o B B K = AR R R
20154F (1159 7 (K1) ARV LB 1E, K 5
5, LEEEZ50 em. JE AR A #y Sk
M, A RTE 5 s N AR, R 25 fij B,

©0 00000 Chinese Journal of Plant Ecology



REALE DRI N TG LGRS AL 22 v BRI AR 1083

— [\ [\ [\

(o) [ e oo

(=] (=1 (= (=
T T T 1

[%7K & Precipitation (mm)
»
(=] (=)

s 3
5-03f |
Y —
5-05F |

NI s E] (4- B ) Observation period (year-month)

E1 SRR N LA FRMEA R K & .
Fig. 1 Precipitation during different observation periods in
Pinus massoniana plantations.
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Microsoft Office Excel 2007. SPSS 20.0#10rigin 9.0

Tablel General characteristicsof the sampling plotsin forest gaps with different sizesin Pinus massoniana plantations

WE Gap A Size(md) 24 Longitude and latitude

R Altitude (m)

WREE Slope(®) M Aspect I Slope position

Gl 100 28.60° N, 104.56° E
G2 225 28.61° N, 104.56° E
G3 400 28.60° N, 104.56° E
G4 625 28.60° N, 104.57° E
G5 900 28.61° N, 104.57° E
G6 1225 28.61° N, 104.56° E
G7 1600 28.60° N, 104.56° E
CK - 28.61° N, 104.57° E

423 245 Sw 3 Middle slope
438 26.1 SE 13 Middle ope
408 235 SE 3 Middle slope
424 24.2 SE 13 Middle dope
441 215 S fif Middle slope
418 27.0 SE 3 Middle slope
430 26.5 SE 13 Middle lope
427 239 SE Hi3 Middle lope

CK, MR
CK, closed canopy as control.
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(PCAYHEF?, 4554 Monte Carlo Testi& % .

2 #R

21 TREFHTHEDSEEMTHIEITHRC. N, PEE

R AT, SR i CF B SR T AR 1) 2
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Table2 Soil physical and chemical properties of the sampling plotsin forest gaps with different sizesin Pinus massoniana plantations (mean + SE)
A HE K BRI pHE AR +HAR LA L
Gap Bulk density Soil water content  Maximum field capacity pH value Soil total carbon  Soil total nitrogen  Soil total phosphorus
(g-em™) (%) (gkg™ (gkg™) (gkg™ (kg™
Gl 1.21+0.09° 2210+ 3.09* 392.87 + 6.44% 403+011°  11.67+299° 0.63+ 0.15" 0.45+0.11°
G2 1.22+0.11% 21.67 + 4.31° 364.43 + 10.04% 422+017* 1115+ 151° 0.57 +0.12° 0.44 + 0.08°
G3 1.23+0.08% 21.39 + 4.08% 37316+ 857* 424+023° 1190+ 1.45% 0.56 + 0.06" 0.49 +0.14%
G4 1.23+0.11% 2215+3.11% 379.47 + 8.85% 424+010* 1267+152 0.64 +0.15° 0.49 + 0.07%
G5 1.22+0.12" 21.40+351® 381.48 + 11.54% 434+021*  11.69+1.21° 0.67 +0.12° 0.47+0.15°
G6 1.23+0.17° 21.99+4.17% 381.24 + 13.21* 434+027* 1190+ 1.54* 0.62 £ 0.23° 0.49+0.12%
G7 1.23+0.26° 21.33+1.96% 359.62 + 6.14° 419+011%*  11.14+137° 0.54 + 0.12° 0.46 + 0.08™
CK 1.24+0.14° 2016+ 2.14° 358.19 + 15.79" 4.46+0.322 9.48 + 0.56° 0.47+0.62' 0.43+0.12°

Gl. G2. G3. G4. G5. G6. G74 HALFEMAIH100 m2, 225 m?, 400 m>. 625m?, 900 m?. 1225m?, 1600 m2HHkeE; CK, sk FXFHE. [RIFIAIE /I

HERMURM G 2 R 0

G1, G2, G3, G4, G5, G6, and G7 represent gaps with the size of 100 m? 225 m?, 400 m? 625 m?, 900 m?, 1 225 m? and 1 600 m?, respectively; CK, closed
canopy as control. Different lowercase letters indicate significant differences among the forest gaps in the same column.

®3 ANFAFTMEILG I TR T 0L

Table3 Environmental factorsin the sampling plotsin the edges of forest gaps with different sizesin different seasons

ME AP0 Mean monthly air temperature (‘'C) P94 iE & Mean monthly air humidity (%) HHXF R Relative light intensity (%)
Gap % Spring & Summer K Autumn % Winter % Spring & Summer K Autumn & Winter % Spring ® Summer K Autumn & Winter
G1 19.43 28.41 21.03 6.45 719 84.7 94.6 83.3 61.7 87.8 55.3 58.9
G2 19.23 28,51 22.05 6.21 724 87.2 94.5 86.1 63.6 90.5 574 59.2
G3 19.67 29.73 21.67 5.98 69.8 89.6 94.7 86.4 64.7 94.8 60.4 60.1
G4 19.76 29.88 22.22 9.03 72.2 90.0 96.3 89.1 67.9 95.4 65.2 66.3
G5 19.27 30.42 22.63 8.43 69.1 88.3 93.4 84.7 68.3 95.0 66.9 66.6
G6 19.92 30.63 21.91 711 713 86.1 92.6 85.2 710 96.4 69.4 68.8
G7 19.80 30.74 22.55 7.10 69.7 86.3 91.7 85.3 718 98.2 70.4 714
CK 18.32 27.66 20.09 3.12 72.5 90.3 93.6 87.3 18.6 16.4 16.2 17.2

Gl. G2. G3. G4, G5. G6. G74r AIARKHAIAL100m?, 225 m?, 400 m?. 625 m?. 900 m?, 1225m?, 1600 m*HIART; CK, bk T THE.
G1, G2, G3, G4, G5, G6, and G7 represent gaps with the size of 100 m?, 225 m?, 400 m?, 625 m?, 900 m?, 1 225 m?, and 1 600 m?, respectively; CK, closed

canopy as control.

A PRGN LS8 AR AT AR AL 2 T RS A SR O 3177 22 53 #T (F )
Table4 Two-way ANOVA on the effects of gap size, season, and their interaction on C, N, P and their stoichiometry of Cinnamomum longepaniculatum

A3 K5 Source of variation C N P C:N CP N:P
WETHF Gap size (G) 198.314" 2.072 5.789" 126.905"" 342,956 78.855"
Z=1i Season (S) 2.848 670556 540.694"" 257.959"" 278.434™" 4,560
MEMAxZES Gap size x Season (G x S) 3.594 3.084 4701 4.454 3.020 9.219”

*** p<0.00L; **, p<0.01; *, p<0.05.
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Fig. 2 Carbon, nitrogen, phosphorus and their stoichiometry of Cinnamomum longepaniculatum in the edges of forest gaps with
different sizes in different seasons in Pinus massoniana plantations (mean + SE). Different capita letters indicate significant differ-
ences among seasons, and different lowercase |etters indicate significant differences among forest gaps. G1, G2, G3, G4, G5, G6, and
G7 represent gaps with the size of 100 m?, 225 m?, 400 m?, 625 m2, 900 m?, 1 225 m?, and 1 600 m?, respectively; CK, closed canopy

as control.
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T, ELFRGANGHI KA MG NGB EE ST
R (E12C).

AR ZET BLM AR EAS AR B 1 2k (1 C o i
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Ak B R, BEAR T TR KB S T, AR
LR ER, ANFZE R AP AR E
TR K1) S It S P Ja T AR A e 3, TEGAME
WGP ME R ETTEUKE, FEIILE, %
MR 10 G AR AR B CFr Bk 2R T = 1Y)
s, HAFEZENEZRAEE, AN, PEEYE
JelRfE TR Y, AR R 2 i/ ME.

22 FRZE *ﬁﬁirﬂL*%&MTE#EH'I'H%%VI'EI:I:

A B C:N b C:P32 AR T T AR AN 2= 45 3 25 1Y
BE W, NP E AR *ﬂﬁiﬁl H5FERRZH
YRR 35 oM o BB L 2R Fr C:INTE DY 2=
BREFTHT(#2D);, HCPER. K &ZFkK
GUIMNLRME NG BE /T T, £EFERGCL
MG2HP AR M G U G B2 = TR (BI2E); M
N:PTEH K GAM GO & 14 4 23 i T AR F,
AN CAE LG BE =TT, EEFSHE
W2 SN TG 2 5 (K2F).

AN ZE A AR EAS R AR B IL 2 CINAZ L
AR, B AR T ARG K ST 5, HAEGAME
DA ORAE . AR 7 C:PSCNEAFZTA —
B e ads, BT A R THE R, GAME
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NG BRAE AN [F)Z= 75 AR N PRE AR 2 T A
BRI R e B3 FTHE P& R R,
TEGAIGOM E LG A I KN MH . W ENKE, &
FRNAE, SREDLSG KA N AE f C:NAIC:PH)
BRTHERAE AR, BAEERERKE; A
N:PTCREEARAE, .
23 BIMEETFIHENFE T2 ERIEXT TRk

LA R T 5l FCE &, NS &,
P& . CN. CPEN:PHATPCAHET, BIRINHET
HOHH AR AL T AR I B AR ST AR (R HE SR
TE{H R F1)1£98.4%, WL, SH1. 2HEFP il /(A5
IR ) 5o A A i SR A T s I . 8
Vi S E AR B4 P. H PR 8210,
MR TR 28 AHE 7 Rl ok i K, B2 5 Bk = .
THEAC, AN H PSR SAR T R 52 A
I, FHXS G S 2HE P Sl ok AR, FLUCOR A Y
RUR(GERD). HES3ATHI, MRETHA. SKE. T4
C. &N. 2P, H- VSIS AR; sy Az - Fr
NEREIEN, S HR TR mECR, R
JE FCE & AN:P, H PR X mAE i C o &
JNPRZIAEL /N, X AR vF SRR AR IO, R
M ANE &,
3 Wie
31 hiEHHC. N, PTESENH

C. N. P4ty 5 thie i B 1L a
JCER(ENRF A E AL, 2013), HHEAEAEYES
T B R BRI TR IR R S E G PR B I ]
=5 MR SHT AR R

Table 5 Correlation coefficients of environmenta variables with ordina-
tion axes

AR &
Environmental variables

HEF 4 Ordination axis
P15 Axis1 H2%h Axis2

METH Gapsize 05064 02453
% # Bulk density 0.1345 0.3335
%7K Moisture content 0.0380 0544 2"
B ORFEKE Maximum moisture capacity 0.0750 -0.3817
pH{A pH vaue -0.0270 03811
+3E45% Total Cin il 02511 05105
+3E 4% Total N in soil 02103 -0.5528"
+ 44 Total Pin soil 04254 03566
HF¥950E Monthly average air temperature 0.3716 06595
A FH38% Monthly average humidity 0.446 6" 0.2100
HHXS 8 Relativelight intensity 0.0997 08114

*** p<0.001; **, p<0.01; *, p<0.05.
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Fig. 3 The principa component analysis (PCA) on carbon,
nitrogen, phosphorus and their stoichiometry of Cinnamomum
longepaniculatum and environmental variables in the edges of
forest gaps with different sizes in Pinus massoniana plantations.
TC, total C inleaf; TN, total N in leaf; TP, total Pin leaf; C:N,
C:Ninleaf; C:P, C:Pinleaf; N:P, N:Pin leaf. BD, bulk density;
GS, gap size; MAH, monthly average humidity; MAT, monthly
average air temperature; MC, moisture content; MMC, maxi-
mum moisture capacity; RLI, relative light intensity; STC, total
Cinsoil; STN, total N in soil; STR, total Pin soil.
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2015) J% WL K # 111(16.06 g-kgY)(1E B %45, 2010)
WX NG B, XA R A R IX w2
Y AERE Z N PICERIMKIA (K35 XL 55, 2016), i
AR SCR] B AR B B D R PR ELIE
A g S50 70X BT R P 1 M 4 PAT AR S A [ 2
TERA R, 54 E LIPS & BRI 4 R (&
B4, 2016)— .

R — EREE BT LR Y A7-fit CRL 2R
HH YR KRS )1 (Elser et al., 2010), N« P& & I &1
WIE— 2 A5 FIRIAN. P E FR IR IR I1(ER
WS, 2017). AT, SWREGLZMEN FCE &
PUZE¥) B3 = TR, P AN, PEEERE L
GO T, BEWHERIAZHN . KE S8R
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SEA AR RO B A 2%, SRR R AL, MR %%
R B 47 b 2 52 BH ' LS AN T T B B A ) AR AR Y
LR 5 R AR A (B SE, 2011). PCAZMHT R,
HAPE SR R S A FCE R RN EE
IEAHRKR, 5PEREMAHERNEG RHM, HNF
=PEEAAHE S AR RS, BRI
B PR /N, R H B8 116 2% N R4S (Chen et
al., 2013; Pan et al., 2015; 4= 5%, 2017). JeA [
CRIEMAEN EERICKIE, Sl W& &HOMAZ
RS 51 E B R AR (S, 2015) . AR U
0 JE (84.5%) 5 MKk T i JE (85.9%) AL, {HIU %k X
6 5 (55.3%-98.2%)37C i1 T K T~ (16.2%6-18.6%),
FEAEE RN s, 7o 2 0 R R B R
BIA R TG IX a6 EE R, dhim i mx A
BRI & R SRR R, [FHERE NI 7 B 5, 18
IR AT IRA

Ie Ak, RIAR A 23 B R AS R, 3453 A [R] T AR bR
[CRUE TP I 51 = e < | P AN W 7
(Galhidy et al., 2006) . A 7RI, T R/ NKE A
- C. PEREA RERN, EAFZE, CH Rk
AR K SE TG M, HL3 o v B B G3-G5(%
SEGAH A WA R =i =, 11PH & B AR AR
i, f£— e fRE L3R TR - AR AR
(Reich & Oleksyn, 2004) . PCA s 132 BH, %M C
TE. PEESHPYSIE. HPRE. KRk
TS KRG BN, FITEZ(2013) MR 7t
R PR S KEREE, H UK/
B, R L ST AR TR AR WEIE
RGBT T LEMGE, S A m) & SRR 4 AR
R R 6 A N NPk o)
TR A5 1k (Galhidy et al., 2008). /NUAKE L2
MR 3 ) B Bt 5 SOk B 55 HoK r & R, K
RUBRTE 121 25 R Hh o B 42 52 1R BE 6 3 S R (7 b T
R HoK oy 28R R, BT A R PR RFIE L 1)
TR E K Bk ZE B I RAT-F4, ART s 2k
Ko MR E LSRR T KRR E, &R
MRFEEFIT A R (R /NS, 2014) VA
FRAE WL K 20 8 L (Arunachalam & Arunachalam,
2000) 1 - 338 Zh #  AE P) ) Z BE (Sylvain & Walll,
2011), IXRELFZEXS AR EER . AKKE .
TR SR RO i 4R 5 B NER

3.2 SH#EMEC. N PULEHELEDHR

i C:NAIC:PA] 5 75 A= ) & (C) Fl 73 43 LB %
Z, BPFR R, B 1 C:INAIC: PR AE %
N. P %% & (Elser et al., 2010). AHF 51, #k
& RN REAE I B C:NAIC:PE W B Z5m, HAR
FEUEHELEHRE S TART . AR mE Ak
WO SRR T 20, e i\ KBS
Bo o2 1 gk sh&(Kern et al., 2013), T 5
RIER IR BIEF (IS, 2015), A& UL
J 5 T AR AR R TR () X IR 85E, R s A A
WS o Bk AR, DR 1 S
Fi 43 FI) A0 JE 7 2% (Schliemann, 2011; 5k i 5%,
2015), WRZIWEH THEMIFR > IS R . RE I X
TR 2 AR R TR (5K B AR
2016), 1INV SHEMR R TAER, XE IR
AL ARV EE FRRAE R . [T, #RE
WGP E IR TR T (B TiE %, 2014),
T IB) 55 40 s A8, ot 38 9% 00 I Bk 2 4 e i sk
T Hb LM R IRy A A, B e T A RN
VIR HO R R . TR HI SR (2015) BT 7C R BH, M 1L
SR TE A B R B AR TR, RTE
AT A FE AR RIE AL 2 IR ALR, (R IEE IR o
W SR P « Foerel o5 (2010) t A A ' R I AT K, 48
UHiE K, S REARE 8 77 5015 B PR 43 i AR
T, NI AR A A AR B AL B 7 1 7 40 Al T
DR B 32 25 AR 0T 577 43 WA R LR B B i &

B E B, PR TR A 2 3 8O & L %
Hb e FECA [ 8 ARAS [ B K T BE DY L5 B Bk
Fc 1T 410 A 20 e g K HASE 3, T T 2 T el AR R 4 B
F A o AT, ASEZRTT AR B CNAl
C:PRE MR & AU KT 5 B, HI7EGAM i 1 %%
SR KAE, 7759 FIH R R, GARE I C. N,
PILE /7 Bo A X P, 1SRN TE W3 . fERE TR
dr, RS IIC. NATIPL it & il — EAH
ULAC, #ies'F3C. NFIPEIR &R A F(Elser et al.,
2000; Fan et al., 2015), 1F—J oz Mkaid &0k 5
AR ORI R BEFE. NGLEGAM 14 4,
CINFIC:PEFt, RAEMARTHEN PHIXS 6 Gk 171 CHH
st E R T K, IGARIGTHR E 114, C:NAIC:P
TR, RALHEFAEN. PHIXT 784 110 CHXAS 2 1Y
J5 A A - C:NFIC:PAS (b 34 ) 1F GAMK B i 2 i B
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B A, X — SRR L T GARK B 1 A
C. N. PILE AN PHEPRES AL XIN PEFRICER
R R RCR, DGR3 . — 5T, ZEE
R 2R 0 R MR Rigim B /£ S8, A
F2 53 TG E I T 7K DA 72 WA R USRI FH (Ca v 4%,
2015), 7K 73 ik I Ks 5w B AE Y6 7743 To 3R IO,
G E LG LIS K TR ECKEPEE R T HAK
W, TR RIRn A R4 T R A
Kok, H—J7m, REARE LS B s
2 SEHEI A FLAE N ECOS ], SFLBE 13 i,
ZAMEAE Uk S, T GAMK T 14 2 1 H ) I A 5 R
B T M ZE s A Y 0 TR HEAT ORNS PG 2R MU
FIH.

M B S N PRTAE AR TS RS R i P
FRILHEM— N EE PR (Han et al., 2005). HAj K&
B 5N g 3 o B 1) ) BB TE A R 3. AR b
RIA — 2 (Wassen et al., 1995, Koerseiman &
Meuleman, 1996; #ti# X 5, 2016) . A& 3k H
Glisewell (2004)73 H (Rl A 2 RGRME: Ak
N:P/NT-100), FEY)AE K SZNBR T N:PAT-208), 46
MK Z PR, AT P& Z B, YN P
PR A1) B AN 32 — 3 PR A1) o ASHIT 7T R i AR AE AN 2 AR ]
ME LG HN:PEIFE10-20 [8], HRHEX —FrifEr] 40
T X AR AE K SN PRRE AR, B Tknrst
it A3 A S SRR o 12 1 XN Pl AR BN PRR I FH

EYI e R o A S B B R S A
KATHA B V)R (0 JT 84%, 2015). AHF AR I,
ERKZRIARE I B X 3795 708 ISR AR T 5 425,
WEIDGHNFEE S, — 1, EEREREH
(=1 FF, R A PR o 2 R KR A T A
R (2= 5014, 2017), DAL Fr e B ERIAN L PG 2,
THEWRER R, CNL CPEUE; fEEZE, WAL
SREEIGIN, PR TSR, YA KR, RERXE R
0 % P W VAC T B AN % 40 i A ol B (2 R AR
2016), [AIUEN. Pro 2k FE & i ol AoRe 1M il 241 B,
C:N. C:PJtsr; ERKTE, MR A DEIRRSS, IR
H, HYREAK, RRERIEE g, BAEMAR
RN, N PITRIREERE 5, C:IN C:PHF R
i, MEAZE, AR K, a2 i
2R, B IRIUER RIS E AR A P B At feke B ol
A 249, Ny P& THE, CNL CPREERK. H—
J7 1T, VR TE P01 U 2 CRINSS J6 2 1) E R R

www.plant-ecology.com

(Arunachalam & Arunachalam, 2000; 5k B 25,
2016). A i 51 % B B 20 BRI I A AR T A 53 5 A A
T HE B o R ANV I A o AR AR I E R 1T
Bee i, RIS BE 2 16 3% 4 i 5 L D R (5K 4
2015). B 5T X3 T Ry 2 RS Ay, A S A]
P Z P59, B RKZRB0 i I iR 18 B A 5 m)
PEE M E DG BRI . (R IR YR
XTURVE I 73 A, JETTAE 7R v R A

4 “Eip

A PN AR NI S N BUE -
AL CA RN, PHRAFIH RS E s TH T
TEAL S B A K - B W R ia s, HE
KEERE., ERRAETH, ¥ G (625 m)ME
B kE P HUR & B i, C. NL P foa T
AT, BB R, R NTFRE SR A
TMRFEA G F R LR A

HEEWH B RAHLLIETR]A B (2011BAC09B05).
E R G AFHF A4 (31370628). w9 )| 4 A At
%|9R B (12ZC0017). v9 )| 4 FFH T & 2 587 B
(2012JY0047). W) B 2 F JT AL B A X 2R
B (11TDO06) A= w9 )I| 24 K 5 & 4] )| 4 i+ % R B
(201410626032).

B At Rk K A AR LB R P IE E )R
BEIFIRA . EASH IAET 4T 09 8.
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