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Stoichiometry Characterization of Soil C, N and P of Pinus massoniana
Plantations at Different Age Stages

LEI Li—qunl’2 ,LU Li-hua'? ,NONG You"* ,MING An—gangl’2 LLIU Shi—lingl'2 JHE Yuan'’
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Abstract ; [ Objective | To investigate the concentrations and stoichiometric ratio of soil organic C, total N and P in
Pinus massoniana plantations from young to mature stages in order to enrich the basic research of P. massoniana e-
cosystem in stoichiometric field. [ Method ] Four P. massoniana plantations at different ages (6 -, 16 —, 23 —
and 35-year-old) in Pingxiang of Guangxi were selected as the research object, three plots in size of 400 m* were set
up for each of the plantations. The soil samples were collected from 0 =20, 20 =40, 40 —60 cm depths respectively
for measuring organic C, total N and total P, the ratio among them was estimated. The LSD method was used to test
the significance of single factor. [ Result] The contents of soil organic C, total N and total P in 0 —20 cm soil layer
of P. massoniana plantation were 5.73 —15.56 g - kg™', 0.63 -1.23 g - kg ' and 0.17 =0.33 g - kg ™", which
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are 1.51, 1.31, and 1.06 times of that in 20 ~40 cm soil layer, and 1.97, 1.58, 1.06 times of that in 40 ~ 60

cm soil layer, respectively. The concentrations of soil organic C and total N increased at initial and then decreased

as the stand age increased, while decreased with the increasing soil depth. No significant difference was found in

the soil total P among different stand age and soil depth. Stand age have statistically significant effect on soil C: N
and N: P (P =0.001, P=0.000), the soil layer has significant effect on soil C: P and N: P (P =0. 000, P =0.
014). [ Conclusion] The contents of soil organic C and total N begin to pick up from the mature stage. The change

of N among different stand age and soil depth is the key factor changing soil N: P ratio. The ratio of soil C: N and C

: P is mainly affected by organic C.

Keywords : Pinus massoniana plantation; stand age; CNP; stoichiometry.

T 10 48 AR S A R N IS 2 1 AN A
BUA FHE A2 25 R G0 A AN ) RUBE 9 LR W RE 1 1 i 7
ZHEAFICR A, LS TT R A 523 HAE
RS S TR LA . B R E TR HLA
M EZH TR (Rl CONP) I ER &R AN
TCER 1 FCABDN A BILAAR 1) G BEEARPAE KXo B R 2
PR TR A DB P . A 354
) R, XS HE P Y A KK F USRS R GRS
WA HEER AR . BT ES RS+
BA BT R R, TR AR A S RSB TR0
RGP AR 5 20 BR A 56 2 M OHO 4 BRI A2 Ak
AR 7 55 B At , ) 48 T AR AR AR 25 2R B8 IR 55 Zh RE A AR
WA B A G BRI,

+3E CNP He 2 A AL SO g € RS
N R P R BRI, J2 1354 BL5T 4 R o
FRE ) — D EEAE bR, e T 3 AR CNP AR 3R
FEAE'™ . BT RS T IR 3 MR (7 a
17 a.25 a) ¥R ( Cunninghamia lanceolata ( Lamb. )
Hook. ) N TARAY 43 C N P HFIE, & BUFH A 1 ARG
3G, THEAHL C 4 N 4 P& i gd W m, +
) C: N FlI C: P EZZ LA Cm, # T
VXS 14 2,39 a ZABRIR Y R AL (Pinus
massoniana Lamb. ) A\ THABTFEIRFEH], 3 C N,
P 3 BRI S8 0T B, B A N TARSZ N AP
(1) 3 ] B A1), (ELARHE X NP 3 4 BRI 11 52 1) 5 AN
Fo AFEFHIIIEEE A 5, 80 UM% XL AR
W X 7% A ( Larix gmelinii (Rupr. ) Kuzen. ) BEyE
AT FE B, 138 C NP &5 ik Fifi 25 AR 1 15 i
REAIG, 3t ) B W IR p %, C: N Hl C: P BEAR S
AR, AL, 1 C NP & SR s
RACCY AN AP ER NP € v N E 1] S HEES S
FAAH G R E M, 5 Z 2P B ER T

b AN R TR E R 7 SR AR TR R R AR

Wb A= R A S R G A MO E L, B
AT G R A PR A AR
PABE T FEAF 117 1) rb MR g R Mol S 36 O AR X
1 4 AR (6,16 .23 35 a) Sy A N T MO BF 5T %
G, 000 T SRR I bR 2 MR AR A 51 R 1Y
TIAHL C o2 N 2 P i AR S R HeAs
JRy , RV 0 U B BEARES 1 A2 AL 4 S B AT Z 1) Y
HARER, AF &R X RN E SR A S
THE AU SRR T ST

1 BRI 58K T %

1.1 R

BIFFE DA ) P4 A 1l b ARl A 27 B 5 e 4
AL L L ARIX (106°50" E,22°107 N) | J& B IE
Pl AR, 5 VIR R A S RS E
FRAE DL AIE S 3 A5 W B0 , F 9 X AR 24 1L
Ji 20.8 ~22.9°C , 4E[/K B 1 400 mm 247, D4R
W R IEAS 0, 7—8 H ik B EE, & ik 500 ~
600 mm, FH[FIZE . H 3R 6 I 5E K B T ALY Lt
2148, + 2 JEREIA 100 em DL b, 4 pH (8 M 4.5
7oty JmR Tt

WU BRI S - R B
ST M SRR — B0 S B AR N TR (6,16 .23 .35
a) NRFFERT G, BRI PRI 3 Hebk gy, ARG
BB IR 400 m® PIEA R, 4 RIS 2 Y
2 940 Kk - hm LA HEMOE AT 3 AR EA TR
TH AN, B3 AF G AR TIEE o WAL 10
a ZEAT AT — OB AR, 55 20 a A2 A EAT 5 R
12,56 25 a AT AT AR =k E AR MR AT PE AL AR
FRAVRIMARUE' ™ KT 4 AR T B RS A T4k
RNG30: B AR (6 a) (PR AR (16 a) 32k (23
a) SRR (35 a) o 4 bR D R AR b 1) B AS IV
SUANTR (WL 1) o AT AR F 2 £ i 446 (Mus-



956 Mok B

E 530 &

f.). R T ( Embelia laeta
(L.) Mez) . #% g & ) T ( Rubus cochinchinensis
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Table 1 Basic situation of sample plots

B I G i w P e owswm SE TR
Plot No. Age/a Longitude Latitude Elevation/m ope gradient Mean DBH/cm  Mean height/m A ensnyJ Cano_py
/° (Bf - hm™?) density

1 6 106°54'40.32"  22°02'16. 19" 291 15 8.03 5.17 2797 0.8

2 6 106°54'46.54"  22°03'33.53" 304 15 9.15 5.23 2 940 0.9

3 6 106°52'33.77"  22°03'45. 64" 497 26 7.32 5.93 2955 0.9

4 16 106°54'36.63"  22°01'27.51" 262 30 14.09 11.46 1186 0.6

5 16 106°54'26.24" 22°01'34.78" 282 25 14.57 10.76 1356 0.7

6 16 106°54'47.60" 22°01'35.10" 250 20 15.86 11.31 1186 0.6

7 23 106°55'07.48"  22°03'39.45" 275 23 20.69 15.61 545 0.5

8 23 106°54'59.46"  22°03'44.53" 241 30 22.14 16.26 600 0.5

9 23 106°54'46.54"  22°03'33.53" 252 30 22.14 14.87 576 0.5

10 35 106°53'55.82"  22°02'50. 14" 297 30 25.05 19.78 455 0.3

11 35 106°53'49.66"  22°02'41.16" 306 25 26.01 19.96 450 0.4

12 35 106°54'04.73"  22°02'48.28" 270 25 24.02 20.05 448 0.4
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1.2.1 £33 RE 2013 4E7—9 ATERAN AL
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I, 0 ~ 20 .20 ~ 40 40 ~ 60 cm + TR A BUEE,
B4 500 g, diFmIsEge s . HAAK TG BE 4t 0. 15
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P BEMEE SE RS B N, 6 a MR B E T 16 a
M, 16 a PRoT 183 T 23 a F1 35 a #h43,23 35 a
MBI R EES . 4 DR HIEAYLC S8R0
~20 cm )24 8.88 g - kg™, Zp 5 20 ~40 40 ~
60 cm T2 1.51.1.97 1%, LB BE +ZH 0 2 2

BA . [Fl— 12 AR 0 ~20 em + 2+ A HL
C FHH 23 a Mo W FMRTHE 3 A5, 4030
6.16 35 a [l 41.3% 75.3% .86.7% ;20 ~ 40 40 ~
60 cm )2 +HEAHL C HFRIA 23 35 a Mhor i
ik 6 a #1116 a bRy ,6 a bRor B2 & T 16 a P53,
] — AR )2 ,6 .16 23 a Mo HHEAHL C 5
WFERIR KO0 ~20 cm HE R E ST 20 ~40 cm 1
J2,20 ~40 em + 2B EE T 40 ~60 cm 1 J2;35 a
M0 ~20 em HE2HEHLC FEEES T 20 ~40,
40 ~60 cm T2,

H1 22 2 W% ,4 DRI 0 ~ 60 em +38 N &3
{E4350°4 0.91 .0.69 .0.58 .0.79 g - kg, B Kl
ARG S RAAR G 1,6 35 a M4 35 T 16 a Misy
23 a by, 16 a PRor B3 E T 23 a Midr. 4 AR
W HEN S RAEAEO ~20 em +J2/2£0.93 g - kg™,
Sk 20 ~ 40 40 ~ 60 cm 1 )21 1.31 1. 58 £,
FINBE 2RI 8 E A, W — 2R FEME,0
~20 em + 23N FREHN 16 35 a o B F
BT 23 a gy, BEINT 6 a #53;20 ~40 em +2
FHEN S HEFIHK 16 .23 a Mo BEILT 6 a oy
F135 a R4y ,6 a AT E & T 35 a bhsp;40 ~ 60
em £2HHEN EREMHN 16 23 a B EMLT 6
a PRI 35 a Moy, KA TR E 2T, F—HKiBA
[l +)2,6.16 35 a pRsr -4 N S 5K BN 0 ~ 20
cm 2B EET 20 ~40 cm 1 )2,20 ~40 cm 1 )2
BEFHT 40 ~60 em +)2;23 a thor H3EN S5
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B0 ~20.20 ~40 em + 2B E S TF 40 ~ 60 cm
+ZE.

H 3% 2 AT, 4 AR 0 ~ 60 cm -4 P 5 53y
H43 504 0.21 .0.17.0.17 0. 17 g - kg™, KI N 6
a WS THE 3 MM (H TR 257 4 Ak

WP A0 ~20 cm +/2/20.19 g - kg ™' 4%
Ik 20 ~ 40 40 ~ 60 em +J2H 1.01.1. 01 4%, +
P ER )RR E, TR R
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Table 2 Concentrations of soil organic C, total N and total P of the various soil layers at different

aged stages Pinus massoniana plantations g kg™
JLE il + )2 Soil layer
Element Age/a 0 ~20cm 20 ~40cm 40 ~ 60cm Mean

6 15.56 £1.20Aa 9.56 +0.50Ab 6.69 £0.53Ac 10.60 £1.01A
16 7.61 £0.42Ba 5.54 £0.38Bb 4.14 £0.29Bc¢ 5.76 £0.60B
TOC 23 5.73 £0.24Ca 4.10 £0.35Cb 3.33 £0.18Cc¢ 4.39 £0.50C
35 6.61 £0.28Da 4.29 +0.21Ch 3.84 £0.57Cb 4.91 £0.56C

Mean 8.88 £0.5%a 5.87 £0.57b 4.50 £0.61c
6 1.23 +£0.07Aa 0.83 +£0.04Ab 0.68 £0. 14Ac 0.91 £0. 15A
16 0.89 £0.10Ba 0.65 £0.10Cb 0.53 £0.07Bc¢ 0.69 £0.07B
TN 23 0.69 £0.14Ca 0.59 £0.03Ca 0.47 £0.03Bb 0.58 £0.05C
35 0.91 £0.05Ba 0.78 £0.01Bb 0.68 £0.03Ac 0.79 £0.04A

Mean 0.93 £0.09a 0.71 £0.06b 0.59 £0.06¢
6 0.23 £0.05Aa 0.21 £0.04Aa 0.18 £0.02Aa 0.21 £0.04A
16 0.17 £0.01Aa 0.17 £0.02Aa 0.18 £0.01Aa 0.17 £0.01A
TP 23 0.17 £0.03Aa 0.17 £0.03Aa 0.17 £0.03Aa 0.17 £0.01A
35 0.17 £0.02Aa 0.18 £0.02Aa 0.17 £0.02Aa 0.17 £0.01A

Mean 0.19 £0.02a 0.18 £0.02a 0.18 £0.01a

TR FAFTA /NG 5B R % TTRIEA R L2 22 5 W35 (P <0.05) | [FISTR AP A S 55 R 200 RTEA [ Mk 1] 22 5 1. 3% (P

<0.05),

Different lowerease alphabets in the same line indicate the element has significant difference in different soil layers( P <0.05) , different capital al-

phabets in the same column indicate the element has significant difference among different ages( P <0.05).
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T2 C.PRIN6.16 a R EH T 23 afi35a
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mT 23 a,535 a kLB EES . BE—B AR
T2 F,6.16 a sy 48 C.P R A 0 ~ 20 cm
TEBEEET 20 ~40 cm +)2,20 ~40 cm BEEH T
40 ~ 60 cm 12,23 .35 a PRy 3 C.P ¥HFIM K 0
~20 em +/2 BFERHT 20 ~40 40 ~ 60 cm )2,

BT AT, 4 SRR E A AN A0 ~ 60 cm
T2 NP 2.85 ~5.61, FlAIEH NN
WA . FRDRZ Ty 25 0 A 2 B, MRS L )2 X
N.PH B (P =0.014,P=0.000), £E
FLA R ,0 ~20 ecm 12 3 NP RHH 16 35 a
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+4EC:NLL
The C:N ratio of soil

+3C: Ptk
The C:P ratio of soil

20~40 40~60

RN PLHE
The N:P ratio of soil

TR REE
Soil depth/cm
"6 16823035

) — AR KRS 58 30K 1% L2 0 R T U AEAN R AR i 1) 22
S (P <0.05) , [7l— B R /ING SRR AR AN [R] 4 )2 i)
LRI LR B (P <0.05),
BT 4RI SRR N TS 12 18 N C. P NP (Y22 ALHRE
Fig.1 Changes of soil C:N,C:P,N:P of the various soil layers in the

four aged Pinus massoniana plantations
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FitELREXE

H13% 3 MR BT 45 SRR, 3 €N 5L
C & RN E RACHE, 54 N S EAHCIHEA
FL, L C.P HAPLCFEAREEMANE, 5P
FEASCPEA B, BEWIT ST X 5 A N AR 4 45
C:N 3 C.P FEZAHLC A, LIENP LY
N SRR FENAH, 542 P SEMK
PEA

*3 BEMAIHRLIECNPIERUFTEMEXE
Table 3 Correlation of soil C,N,P content and their
stoichiometry in Pinus massoniana plantations

BiH kem C N P C.N C.p N.P
C 1 0.799* 0.826™ 0.686™ 0.734**  0.071
N 1 0.740™ 0.142  0.520*  0.453™
P 1 0.454* 0.266  —-0.246
C:N 1 0.661" -0.343*
C.P 1 0.440 **
N.P 1

3 itk
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PRI B, bR e 25 72 g R 4R w5, 2 i K
20 W T AR A5 AR 4% B/ DN, RV 4 1 8
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TR AT AT R B, b 16 a i bk
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OrRE ST B A R TR R E Ak P A S . A
MRE PRI PR DR ASr 3 e RIS A BE MR 43 9% B, Ry
AT T BP0 ol 1) AR 2 S R 3 T 464, 0 o ]
KA T 4R A, TR 9 P B 4 35 DA 2
YR AL S R, AT SR R,
B T BE PR3 AR A S R B e, 1 22 T B PR AR
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VFAR B I8 B A 2557 BT 5714490 o 125 A
TR B8R o, TR L T R AR RRE TS, A ) T By
RO SRR I, L2k FoRE, DR
AN TAR LA HL C 4 N &t B 12 580 72 7 e
1, XA A LR gs et ™, £ C N F %
IR T RSP AE , G e R R S, 2 S
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6], m R T AR X, HAEF e, EEREG
Wi e PR BRSO U A A KUk, i
o WAL T B K B IR A BESE L, HAE 0 ~ 60 c¢m
TR AR A R T RS K A TR 4
J (R AT, 34 P SRR SRR Y . AT
FIX - HE P REFER A, % XA Bl A K 72 0T RE
Z | P AR

+- 48 C:N:P J2& A LS4 A Ao A Y —
ASEEFEAR, 0 T HE 4 C N P [ fb e F 1
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SEHRRBCFE RS, BAKAY C:N LRI LA LT
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B C:N B =R, AR T B A N 2ok 2 A
Bt KRB, Y 4 C:N AR, 8 i
AR RS N R oR i 3 g, I 4
AR RN N AR L HE C:N SFH{E R 8. 48 (KT
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>35 a SR (6. 18) [l bi: + 18 C:N B [a] 25 55
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FrhFEE W C N F45M P IR 0 8 R R AR, 15l 1
58 C:N FFZe P RRAR

38 C:P 2 RE Y A L R
P ol R EE IR I [ 47 PRV I — AR AR, 54K
) C:P Lo+ P AR I — AR T B
FAEPE M, Y 4 C:P >200 BF, A C FEKIR
BEREI, 5w 4 b A OB, PR R AR R
24 1358 C:P <200 B, 25 th B RS C R
PRGN, P R A E . BFAEIX 4 A
W4 S RAA N TR 48 C:P ¥{E R 31. 66, /N T 200 B
EFIRE LI C:P SF-H{H 105, KB K 6 a 2 Ak
(37.47) > 16 a Lk (34.31) >35 a B2k
(28.93) >23 a JFEMK(25.97) , FRiE X+ C:P T
B, 10 B A AR B 3, 5 b Rl R
P 2R AR

14 NP A FHAE N % 0 BRI L AR B2 W S
b, 46 7 A8 0 A6 K G B b 4 388 R B3 1 L
B BEIEIX 4 RIS S RS N Tbk 3 NP 2y
{68 3. 87 AKX F A 138 NP FI{H 5. 20, I N
35 a B (4.69) > 16 a FSHL(4.04) >23 a iiF
AMR(3.49) >6 a ZhlEHR(3.27), & LEX+

HE NP A BRI (H 4 AR T R A LT AR
T P E SR AL ELAR AT , MRS RN
THE NP 54 N i IR B S RO G, 54 P
S AR B2, BT N AE A [R) bR 18] R AS 7] +
JZ ] 78 AL 3 NP AR EER N . N pasfk
BN R RS DA OE , A LT =A% (1)
TEWAIE o YA HLAL 2 B ZGE S 08 Y P ) R 3
HgEr S PRV AN i R S R S R s AR
26 1200 A [ 2 3 A Xk A AR S5 W B e B,
FERA N T (18 a,900 #k - hm ™) 45 i v 4 42k i 3k
5580.07 kg + hm >, it s5™ Kol D RSN T
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