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Stoichiometric characteristics of soil C,N,P and K in
different Pinus massoniana forests

QIN Juan*, KONG Hai-yan®, LIU Hua"

(a School o f Resources and Environment ,b School o f Forestry and Landscape Architecture,

Anhui Agricultural University , He fei, Anhui 230036 ,China)

Abstract: [Objective] The changes of soil stoichiometric characteristics in three Pinus massoniana for-
ests were explored in the southeastern margin of Dabie Mountains to provide scientific basis for the sus-
tainable development and production of P.massoniana in this area. [Method)] Three sample plots were set
in 22 years old pure P. massoniana forest (PF), P. massoniana and Quercusacu tissima mixed forest
(PQM) ,and P.massoniana and Liquidambar formosana mixed forest (PLM). The 5 point sampling meth-
od was used for stratification and sampling (20 ¢cm for each layer). The soil nutrient contents of soil organic
carbon (C),total nitrogen (N),total phosphorus (P) and total potassium (K) in depth of 0—60 cm were

measured and ecological stoichiometry characteristics in different forests and soil depths were compared.
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[Result) Soil organic C,total N,total P and total K contents of P. massoniana forest in soil depth of 0—60
cm were in the order of PLM>PQM™>PF. The soil organic C and total N of PLM and PQM were signifi-
cantly higher than that of PF at different soil depths. In the surface layer soil (0—20 cm) of mixed forests,
soil organic C and total nitrogen were 1.9 and 2. 6 times more than in pure forest,respectively. The total P
and total K contents had smaller variability and the variable coefficients were 0. 07 and 0. 10, respectively
without significant difference among different forest types and soil depths. Soil C/N,C/P,C/K,and N/P
ratios in the three different forests decreased with the increase of soil depth. The surface layer soil C/N of
PF was significantly higher than the mixed forests. The PLM surface layer soil C/P,C/K and N/P ratios
were increased by 44. 22% ,45. 83% and 57. 59% compared to PF. C/N and P/K ratios were stable with
weak variable coefficients of 0. 20 and 0. 07. The variable coefficients of C/P,C/K,N/P,and N/K were
0.2—0.5,belonging to medium variation. Soil organic C had significantly positive correlation with total N
and total P contents but not with total K. There was significant positive correlation between total N and to-
tal P with correlation coefficient of 0. 744, Correlations among soil total K with total N and total P were in-
significant. [Conclusion] Soil organic C,total N,C/P,C/K,N/P and N/K in P. massoniana mixed forests
were significantly higher than in the pure forest in Dabie Mountains, especially for surface layer. The

change of forest type had minor effect on soil P and K.

Key words: Pinus massoniana ; pure forest;coniferous and broadleaved mixed forests;soil nutrient;stoi-

chiometric characteristics
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I8 16.5 °CL4EX) H BRI 8 2 064. 9 h, 4E ¥ [k &
1.326.5 mm, 1110 B+ BEA DAAE R A o 32, 1
My b0 2 B Oy RR A0 B AR L B b B pH O (E N
5.5~6. 5, HAT MR SR M 1 Il b 2 M X R g
< b A A

WF ¢ X 50 RRAE S AR 1L Fe B2 . 1 3K 2 #E 160 m
A W22 BB 2 78 20° DL, JR ik 307,
N ERE NIV K W R NS A T R NP A N N2 8
SRR N THMAERIEE SRR 4 40 Z4E09E 1L
BOMCER R A R AR A R R T T | R TR S AR = A
T AR I B2 R AR R AR A, B AN R
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1.2 tHFHtEERRE

TE b FE AN ARAE Ml 1Y) 34 1) L 33 88 38 A7 R i 44 55 57
Hi PR AR — B H MR AR (22 4F A2 B — EOAY i
R EREARTEN D RE (P, massoniana) 4
ML BN X BRAR (P. massoniana X Q. tissima) {38
PRI B X WG (P. massoniana X L. formosana)
TR ACHK 3 FlobR AL, B A AR ALK 20 m X 20 m FEdh 3 Bk
PEAT T IERE S R A . TR, DL STIE 1R K
5ANEERE A EAR N 4 cm 1 554 R RAE,
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Table 1  General situation in three Pinus massoniana forests
. . FEJAR
s [H= R 13 S =
I By I T 0 Ty P s N 1 1 W/ Wk ONE
. bk - W48 /cm WK /m m=E/ Y% ;
Forest  Proportion ., Average . Slope Slope Slope Dominant
type of mixture hm™*) height Average  Altitude aspect gradient position Arbor species
E Density DBH h ) Cover . )
in tree layer
N 105 784t Northwest 23 1 Medium 60
o N L
bk — 1510 9.2 11.9 99 4t North 18 i Medium 60 SR
PF P. massoniana
85 Jt North 20 § Down 70
TR X 90 1t North 15 F Down 70 CHEAR PR LT
WEER 3 1120 10. 3 14.1 . T P. massoniana,
B A 211 (450) (3. 9) (9.8) 115 P4t Northwest 18 #1 Medium 80 Q. tissimas
PQM 138 4t North 20 I Up 70 P. strobilacea
HREM X 142 P54t Northwest 22 F Up 65 DM E WEF
WA ) 1 050 10.5 13.6 . N . P. massoniana ,
wakk 20! Gl A9 ALD 153 Wt Northwest 20 £ Up 19 P strobilacea-
PLM 118 4t North 18 1 Medium 75 L. formosana

7 . PF. Pure Pinus massoniana forest; PQM. Pinus massoniana and Quercusacu tissima mixed forest; PLM. Pinus massoniana and Liquid-
ambar formosana mixed forest; %5 P EHE B BEER B EAO(E . T A .

Note: PF. Pure Pinus massoniana forest; PQM. Pinus massoniana and Quercusacu tissima mixed forest; PLM. Pinus massoniana and Liq-

uidambar formosana mixed forest. The data in bracket is Q. tissima or L. formosana. The same below.

1.3 TEFHSAUE

W NIEF A1 R A Y - HERE S [ 258 5 S B SRR
T RBRA A FRAR AR R A B R KT R 1 AR
SRR ERE 3 FLAZ 0. 25 mm G DL A 4 4 A I 3
Gy o, HHEAT AL iR P % R B A TS i B
PO, 34 U R LI L, 4 4
W 2 R AR B T LU (B vk I, B2 B0 5 1R FH 2K
FA B T 2 s DA 1 4% TOUHR b B A5 it A DU 3
1.4 BIESH

K SPSS 17. 0 G143 B 44 A % B4l 28 47 AH

X5 One-Way ANOVA 757 2 51, 3 A LSD
B IT 2 E L.
2 HRE50
2.1 DEMAEHEMKMTEFN C.£N.£P
e KE=EMWETWL
a2, &% MA 0~60 cm + 2 T A L
C.4x N. & P 4 K &R SRR XNEIR
M T AN X RARIR S K> T BN alibk . H R
itk A ML C A4 N & & E 10T 2 i s,
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M4 PA4e K &EE3 RN ZERARE. 5
RMAXMERLSHKLEEAN C.2 N 2P 2 KF

R A Al MK 4 ) R T 56. 43%,60. 85,
11.49% 1 10.34%,

x2 DEMIMHKEO0~60cmTELEANC.EN.2Z2PMNELKEE

Table 2 Contents of soil organic C,total N,total P and total K at 0—60 c¢m soil depth in

three Pinus massoniana forests g/kg
AL FHEAHLC +HE42 N +hEL P T4 K
Forest type Soil organic C Soil total N Soil total P Soil total K
LMk PR 25.17+1.54 b 1.48+0.03 b 0.7740.02 a 52.02+1.58 a
0B AN X BRERIR 22 Ak PQM 54.25+2.97 a 3.42+0.03 a 0.8140.03 a 55.5540.97 a
R X MR PLM 57.77+2.03 a 3.78+0.04 a 0.8740.03 a 58.0242.04 a

TE R BUE N P I = bR 227 R 80 B Jm AR A R 58 ROR 22 5 B 3% (P<<0. 05)

Note: The value is “mean®SD”. Different letters indicate significantly difference at P<Z0. 05 level.

1 EoR,3 Midka, AP C. 2 N &P
A4 K A 2 Bl A ] 4 )2 G BE 0 38 i i 52 B0 5%
BEAR A s o R S AL C SR B %S T
4k (P<<0. 05) . B MM ali k£ )2 (0~20 em) +
AL C &R 12,32 g/kg. fE 40~60 cm £ JZ W H
R Rk 4. 96 g/kg, HR R E A 59. 74 %0510 2
FRR AR R L HER ML C & =435k 23. 68 g/kg

(LAY X RBRIRZS MO 1 25. 36 g/kg (Zh A X W
FrIRAMO & T alitk, R)Z LA C TR
Ak o B R A7, 9890 F1 51.42% . IR MK T 2
(40~60 co) HHEAHL C T RUBHARZE LIEARE
FRAC AR B S T AT 2 £, 2 FORRIE 22
MAF AN C FEILREER.
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Fig. 1

Variations of soil nutrition content in three Pinus massoniana forests

Different letters indicate significant difference at P<C 0. 05, the same below
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2 3 (A X RRARTR 3E 4K 0. 81 g/kg Y X
WA A 0. 90 g/kg) . HIRZEM A L Z2 4 N &
B Tk, Hrp R 2 54 N & & 24k
2.6 f%, 3MpMREI, 134 P2 K S L)Z
TRBE B 3G A2 AR AR /1N 22 5 oK 5K 3 18 2 K (P>
0.05) HTE 3 FhARAS TS LA 2 i 38 bk s T4tk

K3 WR.3FMMHBMEEAINC SEANT
4.96~25.36 g/kg, FH¥{H R 15. 24 g/kg.AE 5 R E

A2 5

0,48, )8 T 4 XU AE 3 Fh I R b AR
AN CFEEA2ZERER, LIES N FTRHEKR
K 1.49 g/kg . ¥R 0. 96 g/kg, J& 448 7,4
BI7E 3 R AR AL 4 N &t bR R, L4
P4 K &8585 ZE0r % 0.07 F10. 10, & 55 48
SOHEARRIARR ] 4 P4 K a8 i/, Hofd
B, A AR 2 AL C e N

A [P R g o o 250 T A P KA K i,

3 DEMRIHMABLIEBELSEFRISNEITSH
Table 3 Statistical analysis of soil total nutrient in three Pinus massoniana forests
AT BB ﬁjﬂﬁ/] F'i/l\ﬁ,{ ﬂ‘]{ﬁ/l ﬁ‘{ﬁ?ij{ AR FECY
Soil total nutrient Sample number (g s ket A(gA s ke (g« ke 1) (g - ke ,) . Varl{alble
Maximum value ~ Minimum value Mean value Standard deviation coefficient
+ 34 HL C Soil organic C 27 25. 36 1. 96 15. 24 7.30 0.48
+ 584 N Soil total N 27 1. 49 0.42 0. 96 0.42 0. 44
+ 824> P Soil total P 27 0.31 0.24 0.27 0.02 0.07
+ 34 K Soil total K 27 21.21 16. 10 18. 40 1. 86 0. 10

T CV<0. 2 AT, 0. 2<<CV<C0. 5 NP AR SH:,CV=0.5 AR, TRE.
Note: CV<C0. 2, weak variability;0. 2<ZCV<C0. 5, Medium variability; CV=>0. 5, Strong variability. The same below.

C/K.N/P ¥l £ JZ B i mi A Fr AR . 2 Rl 38 Ak
RIS IE0~40 em +ERAR LRI HBEF 2R
(P<<0.05),

2.2 DEMARMHEKMLEANC.£N.£P
ME K KU ZEITERIE

H & 2 AT, SRS 3 AR Al 43 C/NLC/P,

30

C/P
HHo

C/K

+Z % B/ em
Soil depth

WY 2 A 2 ARPF; O 5 R A X R AR IR A ARPQM; E15 B 424 X AR VR A8 MRPLM

& 2

N/K

+E % E/em
Soil depth

LR 3 Rlobk AR R £ 2 1 4= 3 Ak 2% i i R AR

Fig. 2 Soil stoichiometric characteristics in three Pinus massoniana forests



% 2 3

Z A5 D RMARIAE L CONLPK LT R AE

73

M E 2 BT, S A A Ak R )2 L4 C/N B 3%
o TR M, 20 2 PR A ARy 1.3 4% .11 2 FhR 22
MRIE 25 AN B 3. 3 Rl A rh L T R b XA TR 3C
MF)ZE L8 C/P.C/K Hl N/P #5443 51 42
T 44.22% .45, 83% M1 57. 59% ., h R KA 4l Ak
N/K 7EAF £ )2 A4 Bon 35 22 5, 100 2 B 58 bk
Al O~40 em )2 HEN/K BE T FE L, &
0~60 cm )2 .2 MR A N/K BE & T D REM
afipk, FHorh 5 BN XA TR AS R R 2 58 N/K #8040
MARE R T 58. 57 %0 . X Ui 2 IR ASARER R s Al bR
AR T H R C/PL.C/KIN/P AT N/K, 3 Flibk
Bl0~60 cm )2 P/AK g RRAE B EER. X5
TIES P2 K &g R/ N e, B HAE 8k
JELTE0.01 ZE47 8.

M 4 A7, C/NP/K HBFE 2 57 R 557
S 0,20 F1 0. 07,78 S I BEH /IS 8 55 748 5 . AN [F]

M+ 3 C/N 846 T 11, 81~22. 40, Hor i RAE N
DEMAIMER L3N C/N, B E ST 2 FiRL
M., C/P.C/K.N/P.N/K 28 53 2544 7F 0. 2~0.5,
BTSSR, AUR R AERLEENLT.C/P I
C/N 728 Sk KL B C/P HAT B K il B 3 Bl B
DIE T B AN 2 65 50 IR 0 A o TR 1) 45 W 4 430,
C/P.C/K.N/P.N/K 7E 1R 5 #k 5 4l p (] 34 2 91
3 25 S HIVR S MK 3 v T AlURR L T 2 Fl R AE bR ]
ZRARE., C/P AT 20.67~84. 57, {H N
54. 72, AR IR R, X 5 AP C S REIR
AEMR S Al AR ] A8 A A R A 06 . C/K 7R A [] Ak Al [A]
A S C/PON/PON/K B —3(, X 5 - 3
PK TR &F®REEA XL, L C/K.C/P.N/P 5
N/K gt Haz g +3dh CON TR &2 m, ik
C/K.C/P 5HHL C AL —2, 1M N/P.N/K
54 N &R EA 2.

x4 DEMRIMMHELEC NP KHELEITEL
Table 4 Stoichiometric ratios of soil C,soil N,soil P and soil K in three Pinus massoniana forests
b2t L FEA KL R MH e/ ME ¥E bR 2% 5 RE(CV)
Stoichiometric Sample Maximum Minimum Mean Standard Variable
ratio number value value value deviation coefficient
C/N 27 22.40 11. 81 15.70 3.13 0. 20
C/P 27 84.57 20. 67 54.72 23.47 0.43
C/K 27 1. 20 0.31 0. 80 0.32 0. 40
N/P 27 5.21 1.75 3.47 1.35 0. 39
N/K 27 0.073 0.026 0.051 0.019 0. 37
P/K 27 0.016 0.014 0.015 0.001 0.07
2.3 CEATNEMNEKMMITERFRSSHUFEITELL 42 N4 P .2 K &5 LHACE TR R AR OGP0 7
Z [E Rt X 1 Bras Rk s,
Xt EMS 3 FMEL 0~60 cm +)Z +HEFHL C.
x5 DEMAIHHAELEFRSSESHFITEZEANBEXES T
Table 5 Correlation analysis between soil nutrient content and the stoichiometric ratio in
three kinds of Pinus massoniana forest types

e ap +HAEHC +HEEN +H4LP +HE4LK < . y ;

Index Organic C Total N Total P Total K C/N C/p C/K N/P N/K P/K
i%ﬁﬁL‘(/ 1. 000 0.960* * 0.886** 0.323 — — — 0.940* * 0.853** 0.408
Organic C
T4 N 1. 000 0.744* 0.234 - 0.954** 0.952** - - 0.559
Total N
T4 P 1. 000 0.155 0.375 — 0. 844" * — 0.733" —
Total P
+HE4 K ) _ Py _ _
Total K 1. 000 0. 561 0.413 0.374

T * RIRTE «=0. 01 /KA M B 25 BB I » « FIRTE «=0. 05 K FHIEM: B E CUBRE) ;* — "R AMK LR R E

FT R KM

Note: * * indicates correlation is significant at @=0. 01 level (2-tailed), * indicates correlation is significant at ¢=20. 05 level (2-tailed) ;

”

“—” indicates that autocorrelation exists and no analysis is conducted.

FORWP.LEAVCEHLEESE N 2P FEM
BEIEMIEP<0.0D), 5 1S K S8
INCP>0.05); 34 N 54 P &80 & FMEX

(P<<0.05) , fHXAREN 0.744; + 2 K 5+ 1S
N.& P HEMEHEHREE.
mES A, LAY C5 N/P.N/K B
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FELN/PN/K EEZ 5] - 54 N &R 150, i
AR KA+ )2 4 N 5/ C &=
AL L HA — Btk 284 N 5 C/P.C/K 24k
WEEME, KA R B AF 0.95 DL s 54
P 5 C/K MCHW %, 5 N/K MM B + 5
4 K 5 C/N,C/P Ml N/P Z 8] J¢ . % bk

3 T’

H T AR 2 TR W) 5 SO b 2 R v 1 1
il 12 KR BB AR R A K T R i 0 4 i
FRAE YA — 58 26 5+ WU 36 S AN [+ A 9 26 B b 3
EHEFR AR O AR 22 T L AR BRI AE X RO L AR
e RRAS 3 FARELUEAT 0 i A L, R SAT AL C A
4 N Bl R R A T R AR AR AR AR
ARG bR 2 AR W 0 I VR ) R AR
AP C Y ZR I T v 2 AR MR 25 R G N 4
Fr bR M EZ Y BRI KT S M EFRITR A
SRR H R gy 4 AR T A T
HESR A3 0 T AR S AR I 1k 6 U VR ) BOAR R
EEAERELHERZE (0~20 cm) , A 6 H 5 ir 7
SR KA HLY) S 3R U R B e A R ER R
M S RZ AR R R R Z  HH LR
JEE B3I S AR AR 2R O3 A U A R I I i
BUBTAC PR D B 37 43 & i 2 SR T
ARARE R[] HAR b 2 180 B A W~ Rt S AR )
DR T 8 5 A [ A of 0 v 0 1 Jo e e HG 0 i R
AR 22 5 DT 52 T AN [R] b 3t 38 5% 0 5 8 A O
RO, 3 R hRRAAARAEL 1, 0~60 em + )2 B R
ik SEAPL C A N & B FMRT 2 RSk . M
2 PR S bR TE] 22 57 HE AR N B (BT DL R AL X
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