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Abstract: As the essential nutrient elements of plants and the most basic constituent elements of ecosystem, carbon (C),
nitrogen (N), and phosphorus (P) play an important role in biogeochemical cycle and maintaining stability of ecosystem
structure and function. Under the background of carbon peak and carbon neutralization, in order to accurately evaluate the
carbon sequestration and sink increasing function of regional vegetation and scientifically guide vegetation management, we
investigated Pinus massoniana secondary forests of 14, 25, 38, 45 and 62 years old in Wuling Mountains Area of

Chongqing. Contents and stoichiometry of C, N and P in various organs (leaf, branch, stem, root and bark) , litter and soil

E®WAE . fRIPE R E4 T H (20XLB005 ) ; H K AT H 2 01 R HOR B FTIH (KIQN202000502) 5 5048 A AR 4T H (B FHG E
[ 201911251 %)

175 B #5:2022-01-10; % F H#A:2022-09-21

# W IHAE#H Corresponding author. E-mail ; wyih515@ 163.com

http ://www.ecologica.cn



9538 xR 24

of P. massoniana forests at five different stand ages were studied. The results showed that C, N and P contents of
P. massoniana leaf ranged from 444.48 1o 518.03 g/kg, 12.31 to 16.15 g/kg, and 1.75 to 2.21 g/kg, respectively, and
overall presented a nutrient pattern of “moderate C, deficient N and sufficient P” , and the growth of P. massoniana in this
study was mainly limited by N. C, N and P contents in various organs of P. massoniana, as well as their stoichiometry,
were differently affected by stand ages and their variations were different, but were significantly affected by organs ( P<
0.05). C content in bark was the largest, and N and P contents in leaf were the largest in various organs. Litter C, N and P
contents of P. massoniana forests, as well as their stoichiometry, were not significantly affected by stand ages (P>0.05).
The soil P contents of P. massoniana forests were lower ( ranging from 0.09 to 0.41 g/kg) , but their stoichiometric ratios of
various soil layers were generally higher and differently affected by stand ages. C, N and P contents, as well as their
stoichiometry presented the significant correlation between various organs and litter and soil of P. massoniana forests ( P<
0.05). C and N contents in leaves were significantly positively correlated with soil N content, but P content in leaves was
significantly negatively correlated with soil N content. Therefore, for the P. massoniana secondary forests in this region, our
findings suggest that appropriate forest management measures such as increasing soil nitrogen fertilizer or replanting nitrogen

fixation trees under forest should be taken to enhance the capacity of forest carbon sequestration and sink increasing.

Key Words: C :P :N stoichiometry; organs; litter; soil; stand ages; Pinus massoniana secondary forests

B (C) R (N) BE(P) VNPT E IR U R A S R G AR AT R, 10 AR Yy Bk AL 2 I B A
U S RO IR e M T T R AR AR T A SRR RS AR L EOR (EEE
C.N.P) A KR RIS P — i S A RONED T, C N P SRR U] DI E A i ae
3 R ST BAE P X PRI AR AR I3 BT RE 3 1, At DAy 4 R A A A A R ] GB35 e i v R T 357 T 483 5 ARy 1Tt 44 31
BLEI AL TR R B . DIEDRE R RS R G Y R L3 ¢ NP SRR B 8
ZAR ST OF BAEY A LAY N P i R BRI AR A K R B ) i IR T Bt R RASIR] X
S AR A KRB B C NP 3 i e A A A R AR AR AT ST, X AR 25 A ot B 48 7 AL £ [ i 1
B LR DA DX I A o R D REAR HL A JE W E 2 A B A B S 3

AT SRS AR S A2 TR AR O A R R DCI ST R AP M (L K R e, X AR [
DI S [ BRI T e oA T B BEA i R | 3 0 A S A A i R AR HEAT T R E X A
MR BAE A E A SR AR AT T U Y A A B S R | R R R AT AR A A
THERFE RGN A . DR (Pinus massoniana ) 523 [E R 77 11131 Fr g X 3= 22 1 MRS Rh ORI S £33, 7E
HAr e [ ARG PR A R A RARIE BRI PR R LA A IR 55 TR Oy i HAT 28 R VE ], X T2
FASRUE, LATEAT G C N P AR TR 90 B AR v fE ATbR, A s A5 BF 5 T S M m J L st 55
PR TR 3 A A A T RRAE 48 T B9 1T U152 S R N AR i AR A | 3 A 2 e
TR RFAE 00 AR 4 B A R R A T B B AR R AR (R A ) AR FE AR AN R 33k ROR B i 2 %
b AR R IRMA ZSA AR AR AR A0 DL R 4 TR DAL 5 R FAARIE B IE I DD e

B L DA T D WAL 3891 0 S U W 8 DX, R R A A ) A S K R R AR S T BE
DX, AR S XA 23Rk 17 DRIV DA TR 1 XS, BT DX AT BRAR BT IR AR SRR 32, b LA B )
FATRIR (WA ) MR 2 X O (RN 38 B o5 A DR AR 80% L 1) o AN SCAE R L DX A R3S VI IX [ A
MG, DL AN KIR UM BT TR G, X 5 AP ) S AR A4 B (i B ARAIE) (s L R 3 C
NP i A S R R AR AT AT TE , DA S i L XA [R) ARl 19 55 A AR IR AR bR € NP AR 254k
SRR ARAL K | SRy oA A BB 11 DX B R MA BRI 5 1 T D BE B BURL 7 BRI A | I 2% X IR AR
NRPER A E A PR LR S H K

http ; //www.ecologica.cn



23 4 FER A MR PR 1L X B R AARIRUCAER C N (P A2 T BERHIE A2 R 9539
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1.1 BREIXHEN

WF5E XAz T3 P BT X G AK37) ( N29°4'—29°52" | E108°28'—108°56") , Ay V. FRHT 08 14 2 XU A, I
LA SR L AR AR 15.4 °C AR I 1300 mm, & DU )1 8 Ll X, DI A oA = SF2
AR AR 800—1500 m, HHELIRD & WU EACH R BHE SRR £, R 50—80 em, BHTIX[EA 3%
EHEARARMIN 32.45 km® , R 35 385K 93.8% , b 1 AR AACHE 4 Sy U AR &5 S i AR (B BT AR MRAE 4 LA 5
B 2 K ( Cunninghamia lanceolata ) . #1 K ( Cupressus funebris ) . ¥ % ( Pterocarya stenoptera ) . 5 X
( Cyclobalanopsis glauca) HEILFS (Pinus armandii) 58 32, Horb B R AAAR 2B AR AR BA 2K
T X A ER(Lithocarpus glaber) JFEWS ( Toxicodendron vernicifluum ) %5 , WR43-43 )2 G ., E AR 2 78 75 2 AR AL 1
50%—80% , £ EA KZEF(Litsea pungens) 7l ( Mallotus japonicus) 55 ; WA JZ 7 15 A8 L E 30%—70% , F
B 15 ( Miscanthus sinensis) S Bk ( Woodwardia prolifera) ERT-FE ( Dicranopteris linearis) 5%
1.2 BTk
121 FebiE

Fig R ZEMRl Ry 2003 4508 3 151 pig J7 1l DX B FEAA T IRARARME A 1) 23 B o4 - A AR ( <20 a) (PR (21—
30 a) EFAMR(31—40 a) JHASK(41—60 a) JFBHR( =61 a) TR TLIX EAT AR T b 4 1A 19 5 2
SRR AEMLIIE (14 a) TPIAKR (25 a) JTBHBR(38 a) UMK (45 a) Al 2K (62 a) , B MRS 43 5115
B3NSR 30 mx30 m A MLAREHD 2 15 D IAIREL (R 1) .
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Table 1 Characteristics of sample plots for Pinus massoniana secondary forests

LS. SV e Y B fm) Hifi W e FRE PR HEERE +REE
Stand Pﬁiﬂ;ﬁ; Ahfﬁ L Slope Slope Slope Density/  Canopy Mean Mean Soil Soil
age gradient/(°)  aspect position (Fk/hm?) density height/m ~ DBH/cm types depth/cm
14 1 1040 18 NW20 TH 2650 0.75 10.3 8.8 B 85

2 1070 10 NW40 L3 2025 0.75 9.6 10.5 HhE 80

3 1112 15 SW75 TH# 1650 0.60 11.1 11.5 HifE 90
25 4 1100 20 NW45 il 1800 0.90 14.3 11.5 Hhy 70

5 1010 28 NW20 T 1900 0.90 14.0 13.1 iy s 80

6 1038 15 NE40 T 1225 0.80 15.0 15.5 kR 80
38 7 1125 2 NE20 L7 1650 0.90 15.1 153 HhE 80

8 1130 18 NW65 L1717 1575 0.80 15.1 15.2 Wb 70

9 1115 17 NW65 T 1100 0.75 15.7 16.3 HhE 60
45 10 1045 18 SW35 T 1575 0.85 15.8 14.2 Wb 80

11 1059 20 NW25 T 1025 0.85 16.9 17.2 Hhy 60

12 1056 17 NW65 T 1100 0.75 17.2 17.0 HhIE 90
62 13 660 20 NE20 T 1150 0.80 18.7 20.2 Ehp 85

14 691 18 NE20 Lib3 650 0.80 18.2 19.5 Wk 75

15 661 20 NE40 il 1050 0.85 17.8 18.1 Ehp 90
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85CHEARHET 2 H 5, I HUM AR MLES 6% IR S FAR TS SR A Sk REAR G2 WS 2 I i i, SR R
FHEE AR TR PP A5 - AL AR i 1 C 3 it s SR R R — SRR T A, 2 i L TG R0 T 45 1Y
N.P &,
1.2.3 HdEabsg

K FH Excel 2019 X417 A0 B E e HIE , FFH SPSS23.0 FFHEATAS [RI AR i 25 EE A KSR IR A KB AR
& B Z 8] ANE 220 JE C N P & A S 2= F i 19 B R 2K 5 22 93 HT ( One-way ANOVA)
o LSD K Bk 1 22 8 35{E L 3 B Pearson 32 A AHCHE 53 HT

2 #R

21 H4E C NP &a LHAER IR

NSRRI D BANE I C SR A LR 444.48—518.03 g/kg Z[A] N &AL 7E 12.31—16.15 g/kg Z[d], P
TAREAE 1.75—2.21 g/kg Z ), o BFif C N & i B BEARES Se 3 in 5 BEAR, DA 25 a B K, Mgt P 5 i
MILL 38 a ek ,45 a s/, BVERE  ARIEXTER T C NP &R IE AR B35 (P>0.05) (B 1), [FIFEHL, AR
XF L RRAMR B2 C SRR T P SRR N B (X AR C N S AR P & Eh B
Wi (P<0.05) , Horf1,25 a HEAME 1 C S BENT 45 a I F &, 20500 492.72 511.33 ¢/kg;38 a k7 7
N FaW I BEMT 45 a (5=, {H 38 a R N S8 T HAAMEE Y5 &2, A FAREE SRR P &5 K/
HEF h 45 a(1.85 g/kg) >14 a(1.76 g/kg) >25 a(1.57 g/kg)>38 a 5562 a(1.32 g/kg) ., 2/ EM, 25 E X
B DR C N P S RA BEVI(P<0.05) (Bl 1), Br45 a LMD, HAMKE DR EZ R C S
I 2 T A AR A MS AN Y N P S e AL AR B (P<0.05) .

HH & 1 AT, R RIS B AN 25 FF C:N.C 1P N =P A8k 35 [l 43 W 7E 33.42—380.88 . 204.31—482.51 .
0.98—8.69 Z [H] , B Xt Th A BL% C:N . C:P N:P ¥ EEFEZM(P>0.05), FRTH C:P & MiE XL
AN T AHIEZR) C:N L C:P N :P B2 ] . (P<0.05) , Horf 38 a DHREAMRAY C:P N :P B35 T HALAM
1% C/N AR T ARG . [FIRT,38 a B AN C N C P 353 5 T HANMES , L 45 a DRI 1Y
C:N.C:P A, 70500 144.08 .392.99, #5E X & MEE M C:N C:P NP ¥4 I E 50 (P<0.05) , %I
R A RIS B AT/ C N 1 25 i T HABAR B, YO K, LAY C N e/, 2, A RIS E R AR BT I N <P
PR T HARSSE , LAY NP e/,

2.2 %W C NP & O AER IR

ANFEMIE DRI ETEY) C N P &1 2L TE 477.95—494.67 g/kg . 7.95—9.68 g/kg.1.32—1.73 g/kg
ZIE],C:N . C:P N :P W58 7E 50.47—65.96 ,292.86—390.82 .4.81—5.98 Z [0 (K 2) . BAFE , LY
NP & P BEAIE S K IF K, L 25 a S ik, V&Y C Sl 45 a &K, AR, 5 A
7Y C:N C:P N:P HJLL45 a Wi, (BJ5 220 AR W ARg X 5 A M7& Y C N P Fr i JOH A k2
T FE s A 1 2 (P>0.05)

2.3 13 C NP EELHAR R
L 2 AT R [RIARES B EEAM AR O J2 158 C N & LL 45 a & i K, B 25 53R W (P>0.05) .
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Fig.1 C, N, P contents and stoichiometry of different organs of Pinus massoniana in the five stand aged forests
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Fig.2 Litter and soil C, N, P contents and stoichiometry in the five stand aged Pinus massoniana secondary forests

ARG F IR D RARATE Y ] — L2 A RIbR g 2 (8] 22 57 2, AN RIRE T EER Al — AR AN R )2 22 ) 25 5 .25 (P <0.05)

RS EEY LB LR P SEEBFIEMHE, S50 +)2 C NSEEBFEAHG, DEME C N &S5
5T N & i MR P iR B A, W5 A C S i B UHDE M OC R B -0.688 . -0.715, HhE
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TEZIE C NP EEBE—EMMHME(R2) ,RHANO0 LECHTESHENFEEREIEMI(0.814);0
FEPHFREMSAFENSTEEREAME, 5ABLZEP SEHNEEFTEME; A +)2 C N FEHHHL
P S BN > R B )2 N SR In g B RN (P<0.01) ;A £2 P & B £)2 C Sy
A5 B 12 PN R IEA DG MR 0.717 ,0.593
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3 Fit5itie

3.1 HEMEM RILMESE C N P AESETHERHE

R Bl A5 25 R G BR RRORR B, 249 o5 it BB it i ) 309%—350% ™ | T AR pRB At 22 /D Fr L € S
AP IEREIE . AR R RIS S R I C AR TE 444.48—518.03 ¢/kg ZIH], SF-HI{H N 478.12
g/keg( 1) A TIERYIM A C &5 (423.8—530.2 g/kg) , B T 2BREGAEAL Y F 1 © & (464
g/kg) " B T PO X T RS A TARERI C i (443.3 g/kg) Y EIEAR TS D RS KR MRER T C
S (485.3—502.6 g/kg) P UEIHIZAFSTIX SR A AN C S AKE T, BRI D EMHAMSE C &
AR, B C S RARAT, 5 DRI DA C & S FIMEAR S B HET R H > T > B RS Uil 5 i ¢ Bk
ARG, R T B,

N.P ZlHAESRE Y RN FEREITER , AR DR N & EFMER 13.61 ¢/kg(
1), B B AR T3 A AR (20.5 g/kg) Y FIAsRkAE Y B F 348 (20.6 g/kg) ', &0 P S
SEHIE A 2.00 ¢/kg (1), 5AERMYIM B F BT (1.99 g/kg) P {H B I & 130 [ bl A 4y - S
fE(1.39 g/kg) ™" X ULIZRBRFE X S EBAAEN M N P S SRR BN 8L P T FRME R, NP IR
FUARLH AR A T RS XA ) 2 K A SR A0 (IR B DL A HE AR M NP> 16 B R4 K 3% P R Y
N :P<14 I A4 K 322 N W] 24 NP AT 14 R 16 ZIIE YA K2 N AP LR &Y, A&
WF5E 14 25 38 45 a TLRANEFH NP 43514 6.12.8.69 .6.05 .7.31 (& 1) , BET 14, WAl T3 [ il b A 4 -
FoFBME (14.7) Y RIS M FFME (12.7) ) ORTRARIE D BASS 2 B 1 N P I KT 14, RIAA
W5 X D A A 252 N BRI, 13X 5 ¢ 5 5 A 08 i b A TORKT ) AR [R] AL T 30 S 0 35 v it [X 25 R
TR g X 2 R KRR AR 5% 45 S — 3K, (H R Von Oheimb %52 i 53 4536 AR 25 1 11 X 1Y
FEYIE 5% P R, 6 B X (O RE ) T ) % N BRI

PAAE K 2RO R BRI C N P & i S HAE S b T i U BEAR I A b S AR k7 (B 2 it i 5
M) B AL AR 4 A AN ], A0S v i X200 5 AT I8 C N B B ARIE S8 i LT, 25 AR N 25 DU Bt AR
i) 1 Nl ol A Uy W O e e | N 1Kl wa = N o £ Ky G e 3 I [T ) e 7R
FEAMERIT C B EEBEARIE G e K R R A AR AR B 5, T A S R, B b X T R A T
C NP & i S HAL S R REARIE (AR AL B AS S A 5], (E 359 52 BRI B35 m . AHIEGE 5 AR ET T C |
N 25 BEAR IS BN e B8 N5 B, 41 P S0 L) 38 a By MR, X ST W T AN [RI AR B B i 2 R A o £ 358
TR BSOS RA T 22 52 . (HERE AR XT BAAS#R B 1Y C NP & & S HAR 2# T R AE B s i AR
FHIT 56 BRI X L ) HAT AN P 33X v BB P R S RBAS € NP i A b2 T i RR IR B A2 RS 52
M Ah 38 5% B RAER [E] S ME SRR BR S PN R LA AR, S EX D ER C NP &
i MHAL SRR A B RO E I N P S B B T HAMSE , X 5 SN R 10 SO0
FRAOIF TR 25 R —2) I ST X DAL N P &5 FEAT T & 4
3.2 HEMIETEY K EHE C N P AERETT R R

PRVE R AR BT 35740 10 E B AR R AR M K BT 37 0 0 £ R EDY AR5 5 BN V5 9
C.N.P &t lLRAL T W D A ATED > C P Sl N 27 2 sl w05, 1 0] 4 b o+ 1 S A
FIRRIRIE Y N P S8 SE AL, ARG SR AMAEY) N P & 5 BB, 7 C N C P I BH g 3
T, XS BT T EEAR KT 350 2R A B CRAAE , RIVRE 0 D 2 i B b LAt #8588 P i kP05 97 T R Y g
I A E SR EAE R PR N B A R B ST, VRIS N P R R R IS 4 A A RN 35 43 1A Y
BHE, HS5RED s R 05D A D B AEY NP ARLTE 4.81—5.98 Z 1], Horp D
RN P SRR (] 2) , BT RIAL T30 48 1 2 R AR Y 40 N P17 i AR 5 X 2 R s 0 75 400 4 ff ok
AR, A BT 5 AR -5 HLAR (1 5 A FTAR T8, 33X AT RB -5 A5 B BEAAAR R AR U AE AR, B A4 ol
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RBATA K USRI Y& 53 0 ik 5 22T A5 T DRI AR B A U 7 0 o e %
RE I IR SR A ) | AP SRS X B BN Y C N P & i RO AR S s i U 2 i O A
B,

AT AN O )2 14 C N & R REARE SR ka3 i LOSGARER R (8] 2) | 1 AT AE-S MR I 75 )
BRI TR i, ELARHL L3 C N R FE S AR SR Rk B TS i SR o e AR B R AR 2
LI P AR IEAR T REROKT (2.8 g/kg) % 5 P E LM P T A BROP KT i B — BT B
FE LGN P A R A R, X RS UL T AR R P A IR, IMERFSERET, L C N R
e T HAPUSRIE AL DE , C P Sk 1 A HUBR B D LR P ¥ SR/ N <P S T I P oA AR
AR AR S S RAMAR A 1200 C N C P N <P 2y TR L3P 37KF (C N 2l 11.9,C P 25 61, N <P
H5.2) 1 AEE T A TGAE R Ak TR ST SR AR R A A TR L, X B IX
S FEANAR - A LIS AR A D 02, 4T B FE A AR - A WL AR AR S22 R0 - Mt e T RE I 5% ; (] ef s i 1] 5
ARG LR P OCERED B P ARE R X WRAVITE D AR Z BT LA BAR T P & I, B 5
P S RN Z—,

33 DREMAME-FEY- L C NP ASA TR R

FASAEII AT AT LUB S SRR A S R SR AR 40 C NP A St i e A 1 2 8] B Bip e S &%, 4
C NP {ERHA 25 850 B - U T 40 - 1M 22 [R] (e e S A RR AL 4 AR R RS WY, € N P 3 it 2 .
FESAL AT R L AE B AN 2 B — R e ) — e 2 (8] 3 A7 A — R 1) S 38 A S, R JE LS B AA B9 €
NP A SRR Y | 3 R bR i 2 B DG R B R X S A AR S R — 2 i B R
PAET I VR I A7 AR B O B C N P LR S R, BRILZ AN, & ar B kY L IEr
C.N.P A AR Z A —E B AR R . ALK A LR N i 5 B REME M C iR
FIEMEK, HALZEN SESHLR C SRYERFEMKRCER2) XUV mtE N SEA TREDE
FABEIE AN L3 C it OFHE— PSR T RRAABKAY ISR IGIC T e, AR L08R e T RV F 30 X 2Rk b e
RIEHFTE R M B IE T IE TR R a2 M ¢ &, B0t iy 52, SR, A
FERFIMIE D BAAAR A +)2 N S FIE R 0.95 g/ke, T T E L HEME K (1.06 g/kg) ), B 5
FAME A LER N SEEyEZ  IF EABFFE RV N BR$1E S RAME K SEMTR 05 5 AN [ kg

PRI , 724 BRARAR AL M ek et o AT 5 T, S R 7EIZ DX o R A PR 5 8 B A v, R BB 4
S ZENE BOPKT AL T 00 o £ 5 AR i, L3N S R A R - 03 N5, AT B T B FE A M S [T e 8 31 E
T3, [RIE A TS 45K 5 2% 1) B R AN RARUAEAR AL 18 T HAL AW i —— S AR A9 C N P AEZS {2t
i, 1 AN RESE 42 SR B AN RIRUCLEAR B B BRBE 7, 45 i 75 S S 25 FEAA RARUCLE RN A I Aol JRE A %
MY C N P A AT AFIET ST, DL N4z T oA iR B R AL T AR AR bR A (] B 18 D RE AN 9E— 20 B4R AN
[RI MK B AN RIRUCLEMR C N P AR A i R AR AL WL B, DT S B FE A AR U AR PR 22 35 A BAR (IR Y
(R S
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