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FNIMABRGE C NP AL2ATHERRAE Kl A N AR 300 2 BRI R DU VL W 25 38 TR B X1 R VL8 R A =
BINASIA BTN G, R 2 MR o] A 52 7 i, A6 X BURUEE T R AILEE % 32 AN BRI AS N TR 4R 4 AR (< 9 4F
IR AR 9—20 AF 7 AR5 21—60 AFAR™ A5 > 60 AR PR AAK) o ME A N TAR LSS b 28 it R iy C N P & 50 A
fRAETTRRIE . WFSEAS SRR . (1) BEARER RS I, il 25 A AR 5EA HLEK (SOC) A% (TN) & i1y K, T + 58 2 (TP ) Fli# L
% (Olsen-P) JC i A8 Ak H. & 3907 THARAKT- (P & EIE 5510 0.36 ¢/kg F15.43 mg/kg) .+ C:N C:P FIN:
P 7E—E RS (< 60 a) WEATHEINAYREE, (2) BEAMRIRIE I, dA8 N TARE 5 ¢ i e B 2810 N P & EEFRAL, MR i €
N.P & R4r HITE 498—506 g/kg . 11.66—15.46 g/kg.0.66—0.95 g/kg Z 0], IMATHT FAL24T T4 C:N C:P FI N :P FfARE S i v
B, WA i NP BIEHT R B, M NP LA A MRS B3> 16, (3) MEOGAT BT 45 SRR W, i 2% A bk 1 4% SOC A1 TN
HA W EAE WA A NP B B EAR DG, [RIE R N A S TN JOAHSCHE i AS T A P & it 4 Olsen-P
WEIEAE, WA AT R L C:NLC:P FIN:P 51 f C:N C:P B RZFEME, MR N:P 513 C:P N:P &
BFIEAMI(P < 0.05), mLLEATIL b8 NTobR H 3 322032 P 343 BRI, ELBEARIEIG I, P BRI, seAbhZis it v NP %
WA PHEZN, Bl v 5 HOTRAAE T 2R G R . ARG il Ze kit i 5 180 C NP i+ R RHE M
HXR AT 20 RGEMNER RSN THES REMFRDIRG, A RSOE T FR bR siR eI Wi s A 48 35 30,
KRR M AR AR BRI s TR R AR S
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Abstract: Camellia oleifera is one of the four woody oil plants in the world and it has been cultivated for over 2000 years.
Recent studies have increasingly focused on carbon ( C) , nitrogen (N) , and phosphorus (P) stoichiometry, which reflects
the interaction of vegetation and soil and reveals soil nutrient limitations. To understand the C, N, and P stoichiometric
characteristics of C. oleifera plantations and the factors that limit the growth of C. oleifera during stand development, we
conducted a field experiment to investigate the plant leaf and soil C, N, and P contents and their stoichiometric ratios in
different stand ages in Hunan, Jiangxi, and Hubei provinces, in China. We randomly selected 32 C. oleifera plantations
across the subtropical region. Using space instead of time, all C. oleifera plantations were classified into four stand ages:
under 9 years old, 9—20 years old, 20—60 years old, and over 60 years old. The results showed that: (1) the soil organic
carbon (SOC) and total N (TN) contents of C. oleifera plantations increased with the increasing stand age, while the total
P (TP) and Olsen-P contents did not significantly change during stand development and were always maintained at a low
level (average values of 0.36 g/kg and 5.43 g/kg, respectively) ; soil stoichiometry (C:N, C:P, and N :P ratios) showed
an increasing trend in under 60 year-old forests; (2) the leaf C content did not vary significantly with stand age, while the
N and P contents decreased with the increase of stand age. Leaf C, N, and P contents were 498—506 g/kg, 11.66—15.46
g/kg, and 0.66-0.95 g/kg in all tested C. oleifera plantations, respectively. Leaf C:N, C:P, and N :P ratios increased
with the increasing stand age. The leaf N :P ratio was over 16 in all stand ages. A correlation analysis showed a significantly
positive relationship between SOC and soil TN, and a significantly positive relationship between leaf N and P contents. The
leaf P content was positively correlated with soil TP and Olsen-P contents, while the leaf N content was not correlated with
soil TN content. The correlation analysis also showed the significantly positive relationships between leaf and soil C, N, and
P stoichiometric ratios. In summary, C. oleifera plantations were mainly restricted by P, and P limitation increased with
stand age. In addition, N and P acquisition had a synergistic effect in C. oleifera, and there was a broad quantitative
coupling relationship between the leaves of C. oleifera and soil elements. We suggest that the input of P and the balance of
soil nutrients should be considered in the management of C. oleifera plantations. Our study systematically analyzed the
stoichiometric characteristics of plant and soil C, N, and P in different stand ages and revealed the nutrient status of C.

oleifera plantations.

Key Words: Camellia oleifera; plantation; stand ages; nutrient limitation; ecological stoichiometry

BT RFRMRAESRE T REE M EZFfb o R (FEdEm(C) A (N) B (P) 1 (K) Bi(S)
TR SR ) AT — TR, BRI A R AR A MU S RAES RGP OO RN SHEA T
A AT R 2R YE RS HLE A KSR B R TS R BMIIRE, HAET,C:N P fh2aitmeahy
TR 32 B T IR o i 5 R HemR s fhad B2 AR ds A vE D) R A K R M e R S 2 A
ATSY , A A A A2 T i BB AS S AR 4 1 2B R SR 0 BRADIR L 4, i 19 CoN T C P RO BAE B
WAL R fE— e PR L WA R R FA R i R A N PR A AR K 3R 40 R A A SR FR 5, T
TP A A K SR BRADIR L, BRI W9 R, 240 N P<14 B} AP A K 325852 N BRI mh A N
P>16 W WA K FEZ P BRE ;24 NP F(EHA T 14—16 B 4K Z N 1P SEREFRE . Han 25505473
Mo 753 Fhfk AR A oTE RO R A A B, 5 BRI A b [ XA A K S 2 E) PR A
SFRAIX I E NSRS RGN, S8R A C N P HHEHEAEZES  ah, Mt
F BTG RE A F R S B B ) AR AR AR AE , 72 2 AR Ak AR BRIBUAR R AL K B B R R B
FHHGE , FPRMEAS R A B B AR R A2z i i s i 2 B 2 SR N R AR S5 ) T 5 R SR T A )
R fb2Eit i, FaE s R OIR O A Fe 5 it A 2E b i, A2l il A R B, BE A AR A3, Jh A
( Pinus tabulaeformis ) W F A2  N o P S EUEHE R A pgka s R KRR, 3380k 21t
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HS5MYM R IR A E TR R VIR G, 5 R EE i e - A P B | ISR A R S S A ) i R SR
TR X DU ZEAT R BB NS B AT S R B SN A B RE B e DU Z=AT I oAb e i NP HAE S A
PR B E A HRTAFR R R E AN TS R G D, - b2 56 R B R,
X T LA [ 0 SR A3 B 45 AR S RGNS AT 205

125 ( Camellia oleifera Abel) J&H & I ARATRHAEY) , BA 2300 Z24F AR 7 b, 78 3R [V By X Jak
JUEZ AR, TRV 300 T3 hm® ' IEARSR AT ARG K T AR S 30T — R A ), AR A B G AR
GEAL HUHRE 125 R HEFR A= AT H AT AR ST, S0 A it T A R bR
PETE B AP AER R B RS R R A B AT RO R T S R R R, K
AT SE AR S A2 T 22 B B, DA AT 218 BB X [RI AR Il 28 N T RS X4, 2565 53 B A [
BB A N TAR SR B C N P & i SO L R N EARAE S R G PR [R) ki 4338t
AR R . BRI N TR S RGERY SRR PR AE 5 IS AR TR 2 BRI PR - [ i R a2 kA 7
B2 BT R R A B AR I

1 HRF*E

1.1 FEHb IR A R R AR

WFFEIX (25°21'53"—29°42"6" N;110°28'17"—115°34'47" E) i T RS TLPE AL . 3% X 5@ S 40 7
P2 RS AR 17 °C AR R R /K R 1600 mm,  EAGBEALRAE A JFI , 7R 53 IX N 345 32 R ik
T7oRAE, Pl s A 21 A4S TEPE4 7 A, 1AL 4 4>, RAEREHAR [RIARER 93y 4 PRI b 9 4> <9 4
(a) ZhIEAR 10 4> 9—20 4 (a) R =R 6 1> 21—60 4 (a) K= HRF1 7 4> > 60 4 (a) A r=1B LAk, W98 X3k 4
eI LIgEN & R A, T DA RS+ o

TR S R RS T 2017 4F 12 H 2 2018 4F 1 A 7ESERRAY 32 AN ML S A TOMORE P oR AR BT
RMPEHL B E 3 > 10 x 10 m I9FEDT B 3 AW d s o TR d R 7 Nk #E AR ROROL A RV I 25 4
3 KR, TEIMAS R K 2 9 BB B AR 20—30 em ZERIFEBLI 4 £, R 4R 0—15 em K2 LI IR G —A> L 1EH
it BRI BEALIERE— NS, TSR AR R PE b DU AN 5 7, 2 BRARS et A0 F A P 98 5 SBCTT i
M 30 Fr B O H B OIRE Tk A RSt RN REHBER 3 S RIERE 3 At AR
HORAE 96 4y L HERE AT 96 (it R ke . - HERE Sy [n] 500 % 5 Pk s ol AR R XA B, 1 2 mm i, 3
FES E AR AT G B T 5E 3G HLBR (SOC) A& (TN) 4 (TP ) FI#E A (Olsen-P) & &, M A FE S AE
105 °C 7% 30 min J5, T 55 C #tFZE4EE, Her o 100 B, HFMEMN A C.N Ff P &8, FIH GPS it
SERFENLE (K1), I SR AR ] S Wk T AS
MRS AR 55 E TR ASROARI bk s AR S K S5 {5 R
B(&E1D,
1.2 xR C NP JLEE

T HEA BB (SOC) 2R FHAMIMER: 5 5 4% e B A
FRVES VR 3 AR A A W v B rh A, ik s 5
min , 3 25 FHGRIR VRV VR A, 380 TH FE Y B2 I 2k
HIFEAA RS R 2R (TN) SR 2B i T G- 3
HFHML(AA3, Germeny ) 73BTl 2 , 5 1= i R B 0 Ik A
FRINAKT HREW 2 45 min 5, B 2R, TR shiE S 250 20
IR (AA3) B 3 EALINE Rk &8 (TP) RAHA o 115°E
FALEE AL-FRBE T LL L e, A ALl = i e B 1 SANABEHEST
FEa X L AE30min 5, KPR B le At g, H Fig.1 Sample distribution of field investigation
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FRBRBT I T I AKE S I VR AT S €8 R, SRS FE 43 6O BE T AE 700 nm K LY 8 132 RO (B i
(Olsen-P) R FHBRTR 25N -SHBA BT 0 €405 , FEXUT AR HTINA 0.5 mol/L SRR 5N, 180 r =¥ 30 min, i Y& 5 ]
FRBR T (I ARE S VR A T 0 00 SO0, SRS TS G EE T 882 nm A TR LAy BSE OO GAE i As T
A C HAERHITE MU 5E ( Elementar Vario TOC, Germeny) ,N il P Y R FHUR B R -1 S AL 0 &1 Bt
AR SRR AR T & BB R B U, SR R AR R AR PR EUMA G AL A A 250 20 min, ANk
ETLR, HEMBERE L OAME O, FIN#A 10 min, BRR Z 80 SIS, B HE R, K shiE 1Y
(AA3, Germeny) EREE
1.3 HIEgit 5500

K H1 Excel 2010 F1 SPSS 16.0 B BARIEATEE 04, LSEFM R C:N C:P AN :P fboAit i ek
FHBR R R R 5 22500 ( One-way ANOVA) H1 [ Ducan 7243 5K 56 A [R] AR 3R R C
N.P & C:N L C:P NP AR (o = 0.05), K Pearson A7 AWl it i 5 -4 ¢ NP
THZIB KRR, BHRF RN PR bR 2

2 HREHS

2.1 AFEMIEMZE AN TAREEE C NP & LA R L

M2 AN TAR LI SOC X &k 17.37 ¢/kg, SOC &5 & BEAKEE I K38 0, {H7E 21—60 a F1> 60 a FRiE
ZH (B 255 N 2 3 TN S5 R 1.52 g/ke, TN & i BEARIS (38 KA —ERRE I, < 9 a MK ZH B 3
T HA =AML 13 TP P25 58 0.36 g/kg, 14 Olsen-P VX7 H 0 5.43 mg/kg, TP F Olsen-P 7
KM P TR EZS (F£2) (P <0.05),

AN TAR bzt L C N SMER 11.23 ARSI N, BIEfbit i bk C N A —E 3, {BAE 9—
20 a \21—60 a Fl> 60 a MESLLAI 2 A B3 AN TAREEIb2 AT R L C P B{E R 57.2, R it
Fb NP B{E R 5, AR N, 38 e C P RN P A —E RN, (H< 9 a F19—20 a AREAZHIR] G 3%
#£5,21—60 a Fll> 60 a IR A ITC R EXEF(F£2) (P <0.05),
2.2 AFEMIE AN TAR R C NP fr LA R L

WA C P38 80 503.47 o¢/kg, M Fr C & S FEARIS G KT 8 5240, it i N P& &0 13.49 o/
kg, A N 2B BEAR IS B934 K — SRR AN, 21—60 a FI>60 a LS M P &85 0.77 o/
kg, M A P 2 i BEAKES (38 KA —E R AU/, (H 9—20 a, 21—60 a A1>60 a ML IC i E 25 (£ 3)
(P <0.05),

®2 ATREKSEHEFHRLE C NP RERUFITEL

Table 2 The soil C, N and P content and its stoichiometry in Camellia oleifera plantation at different stand ages

~ A BB HA . \ .
age/a (g/kg) (g/kg) (g/kg) (mg/kg)
<9 10.52+4.27a 1.1420.32a 0.35+0.22a 6.27+6.46a 9.17+2.41a 37.21x19.36a 4.09+1.86a
9—20 17.67+6.02b 1.50+0.40b 0.40+0.23a 5.69+5.15a 11.63+1.83b  51.63+22.25a 4.43%1.71a
21—60 20.44%3.22bc  1.71x0.34bc 0.30£0.09a 4.13%1.57a 12.05£1.16b  75.42+30.23b 6.25+2.39h
> 60 23.1126.87¢ 1.85+0.59¢ 0.3420.14a 5.09+1.65a 12.57£1.20b  75.26+28.51b 5.94+2.12b
¥iE 17.37 1.52 0.36 5.43 11.23 57.20 5.00

RIS A R INE FREF R A IR IE ] 22 5 .25 (P < 0.05) Akt E i P UL TP SRS AGHHE

TS AT Ak 24t b €N R C P SE3{E 45 R 39.33 F1 701.86, FEAMKELIG /N, C :N 1 C:P 5 —
EFREEROM (B> 9 a M TR E . WAL N P BB 18.05, BEAKESE /N, N : P A5 — & F5 B 1
JnAHAE< 9 a, 9—20 a Fl 21—60 a MIRH H TC I E 255, 76 9—20 a, 21—60 a F1>60 a MESL HIC I 3 2= F
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(%3)(P<0.05),
®3 FREKEMEREF C NP RERLFITELL
Table 3 The plant leaf C, N and P content and its stoichiometry in Camellia oleifera plantation at different stand ages
i fikk ¢/ AN/ W P/ [ e w B
Stand age/a (g/kg) (g/kg) (g/kg) C:N C:P N:P
<9 498.49+12.94a 15.46+3.70¢ 0.95+0.24b 34.20+8.61a 559.05+158.45a 16.55+3.31a
9—20 505.47+12.45a 13.44+2.97b 0.75£0.19a 39.63+9.81b 711.36+170.85b 18.36+3.81ab
21—60 504.58+11.16a 11.66+1.41a 0.66+0.15a 43.85+5.13b 800.55+181.06b 18.38+4.21ab
> 60 506.05+10.53a 12.61+2.51ab 0.68+0.15a 41.64+8.17h 787.33+181.33b 19.22+4.36h
H{E 503.47 13.49 0.77 39.33 701.86 18.05

[ [/ NG FRER R AN R bR ) 22 5 B35 (P < 0.05)

2.3 BRI A C N P SR 2 R A OC R

A AT AR IS N TR 58 SOC A1 TN 2 B2 1EAHSE, H SOC 1 TN 5 L3 b4~it4k C:N C:P
MNP Z 2 EEEMAE, LI TP A Olsen-P Z[A] 2 W EIEMC, H TP fil Olsen-P 5 +3E{b2%11 & C:P
MNP 2IEMKER , fb2=i e C:N C:P FIN P Z[RIRIEME (£ 4) , A, AN TR C FIN Z
[ TCAR G (AR AT P 2 B IEARE, HR C 50t k2%t C:N.C:P FI N:P &2 IEAE, iR N S50k
b2t €N C:P R B ERAR, S Akt NP 2EMX, HH P S5H 5462 C:N.C:P AN
P AR B ENASC, MR E CoP SR fb2EitE CoN NP 2B IEAC, iR fb2sita C:N 5
MR fbit i NP 2HRAMAHXKE(RS) (P <0.05),

F4 HEAIMKLIE C NP ESERNKFITELL ZEH Pearson X 7T

Table 4 Pearson correlation between the soil C, N and P content and its stoichiometry in Camellia oleifera plantation

e 4 A Bk 2R Ex TR e A T A
Soil S0OC TN P Olsen-P C:N C:p N:P
A Bk SOC 1

A TN 0.919 ** 1

2 TP 0.103 0.191 1

HHWE Olsen-P 0.087 0.181 0.690 ** 1

e C:N 0.656 " 0.332** -0.023 -0.054 1

% C :P 0.664 " 0.516"" -0.540 " -0.24" 0.557 ** 1

Ak NP 0.476 ** 0.442 ** -0.648 ** -0.302** 0.217" 0.920** 1

*1E 0.05 KV ERFHI, = = 78 0.01 KV FBFME, it tbdhm P LU TP & EAAATHR

x5 MFALMKMAE C NP &@ERNFITEL Z B Pearson 18X 5317

Table 5 Pearson correlation between the leaf C, N and P content and its stoichiometry in Camellia oleifera plantation
W leaf B C AN B P A CoN BB C:P HUBEN P
Wk C 1
AN -0.166 1
B P -0.323"" 0.652"" 1
W% C:N 0.236* -0.965** -0.629 " 1
W C:P 0.383** -0.611** -0.944 " 0.619** 1
FWE NP 0.232" 0.207* -0.564 " -0.226" 0.615*" 1

#7E 0.05 K FIWFMAE, = = 1E 0.01 KT FWFHE, MLt ieb g P L TP A AR

A CEESTHSOC SREEFME(r=0.214, P < 0.05), 515 TP il Olsen-P & & 8. 406
(r=-0.304, P <0.01; r=-0.236, P < 0.05), 5T TN SEMHLERZARLLRE, A NSRS HHESOC 25
ZHAM(r=-0.311, P < 0.01), 513 TN TP F Olsen-P AAHE, HHH P & 5 138 SOC 1 TN B3 7 A0
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Fig.2 Relationships between plant and soil C, N and P in Camellia oleifera plantation
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Fig.3 Relationships between plant and soil C, N and P stoichiometric ratio in Camellia oleifera plantation
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K(r=-0.459, P < 0.01; r=-0.265, P < 0.01),1fii 5 158 TP [ Olsen-P ¥J 5 Bl 2 IFAHCC R (r=0.340,
P <0.01; r=0.310, P < 0.01) (K 2),

Brit A NP 48 C N MHCOCR AR SN, A9 C:N L C:P Al N:P LEY 5 580 C:N . C:P Al
N:P S B EAHKRKER(P < 0.05) (&3),
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B0 A2 O RE 15, SEUFSEIX. P R84,
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ARG IS ( Growth rate hypothesis, GRH) AR, AR KGR MRS EA YA C N P b2zt &2y | &
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