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C, N and P stoichiometric characteristics of leaf, litter and soil for subalpine

forests in central Yunnan, China
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Abstract: In order to understand the nutrient cycling and system stability mechanism of five typical forest ecosystems in
subalpine of central Yunnan province, the characteristics of the typical forest leaf-litter-soil ecological stoichiometry were
studied by measuring the contents of leaf, litter and soil C, N and P. The results showed that; (1) C, N and P contents of
five forests were significantly different, among which the contents of C, N and P of leaf and litter were all higher than soil in
each forest type. (2) The N and P resorption rates of five forest types were ranked as Pinus armandii forest > Pinus
yunnanensis forest > Evergreen broad-leaf forest > Quercus semicarpifolia forest > Keteleeria evelyniana forest. The P (' mean
value of 61.20% ) resorption rates of all forest types were higher than N (mean value of 36.48% ) , indicating the relative
shortage of soil P in this region. (3) The C/N, C/P and N/P of five forest types presented in the order of litter > leaf >
soil, and the N/P were ranged from 10.17 to 15.31. (4) The contents of C, N, P, C/N and C/P in the leaf of five forest

types were significantly positively correlated with that of litter. There was a significantly positively correlation between litter
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and soil C, N contents and N/P. The contents of leaf N and P were significantly positively correlated, but the contents of
soil N and P were significantly negatively correlated. This study explored the stoichiometric characteristics of nutrient
elements between “leaf-litter-soil” , which provided theoretical data for understanding the nutrient status of forest ecosystem

in this region and revealing the biogeochemical cycling.

Key Words: ecological stoichiometry; forest type; nutrient resorption rate; C, N and P contents; the central

Yunnan province
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VR4 5 L 4] ) TR o 5 e A AL, [] 2 AR AR 25 R G WL AN 35 43 1 T At AP PO L A
R A AT SRR, ORI R AR R T AR BTSRRI IR Kyl TR I7 o0 i R A AN v o0 i
1A IR A Ui A SR B BN 2 (AT AR A LR G R AR -9 - TR R R i
HA WMz 2250 DU, 98 C N (P FEAR - 5 - B0 2 o (9 A28 T it R A B 4% 243 TR F) A

HAEFSCER X T4 78 BRMRAE 25 2 G0 19 37 200 PR ML BOAS () 2R 285 R 2 0] 37 0P R Ak B A T 2 1 B o

HRT, A AR S RG2S R R E B AETE R 29T, McGroddy 457 3 i i 58 28R U T 7k
ARG IERR IR R AR FT R BRAR) € NP AR A R iR 2 BT AR AT P Y C NP EG (A8 S PR
e Han 461 IR 753 R A HRSR A WBIEAT 4, D5 BRI H N A1 P 2 BB FE O
SRR T N/P AR I JC A 5 A5 Ak TR BRG0P 7 I A B, R SR K U 7 W 4 fi
Wi S X 08 s 0 e L 5 T (S Ik B 5 SRR AR AR AT TR L L 5 R -3 R U AL A T R G R L
RBWIAF A I C-N VG R ARG . RILnr W, HETE X bk A: 8 R 404 B 2= AR R Y
W2 A —2H 03 0 5 (R B A v W sl S5 )RR It U % o R b A O — A R AT I B i
AN/ L2 A T ZE AR PR AR X, 0 D6 F /R AR IX T ST AR I X B 4 b X7 AR X 5T
TR 2 T T 245 2 Vo PR AR PR DX I A 5 ) Ay 4 0

TRV I g L DI T3 R 2 5 i D 7 7 e MR T L 3 = ) R M B DR 45 45 RO R BRI , 2 — >
S MR AS R W, A R R A 2o 3 U A R AR TR SRR ROl S AR Y B
IR B R G R R AESEA T ORS00 TR BOIZ AR IR B ARARAE 28 R G855 43 43 e R AE AR AR
OUHAT BRI S PRI AR SCRA AR S A DXCSORIES A ET  BACRH R 5 8 o B8 1 119 5 L v I i 1L i 0 R A
DAL (=AM ( Pinus yunnanensis forest) AEILFAMK ( Pinus armandii forest) | i 2% [{# M Ak ( Evergreen broad-
leaf forest) . LUARAK ( Quercus semecarpifolia forest) L K IEFZMR ( Keteleeria evelyniana forest) ) NGNS | il
TN SE A RRARAE S RGP AT R 1 C NP E R IRTEN R RS B A% 2H o (R e A
HE) C NP Z IR A AHE G AR GaCIET [1F RLUR AL (1) AR ARARE B ) < AR A -0 P it - 387 € NP AEZS
et A R IE Y X SERFIE X AR 3 S AN 0 9 7 (2) & ARARAE 25 R G0 A - v - 98 % 41
T C NP A2 SRR A (] A EDCHK 7 it L AT DI 48 DIl RS R A 28 R G % 7 e R A AL
MR G AT E T Hr LR B
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11 Bi5c s
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101°16'06"—101°16'12"E.) , J& F H 3 #aly 5% , J2 25w BT AU 3B A0 5 0 #haly pg R A ek P s X, B
AN TARAFAE . % XHEIR 1260.0—2614.4 m, AR 15°C , 4FFFK I 1050 mm, F7K EZEHTE 5—
10 H o RIELILH LTI L L0500 | i XA BRI, B9 DX Ay v [0 30 AT b DX DL R Pk
% R AR S 0 BB SR AR ARAR X, 23 A1 A SEAE P R R (Phoebe chinensis) 2% 1 ( Reevesia pubescens) M ik
(Arthropteris palisotii) 5 98 Bl 137 J& 324 B, 12 DX 1 24 3 B Vi 4 1 o v 22 ) b ) i 50 A AR AT, R 22 A
B BRARIE L g M PRt s o PRSI PR P 1L B R TR SR B I AR g LUV AR ( R D v LR AR ) S5, b
LR MR Fh 2 158 R KA ( Castanopsis carlesii) S ( Lithocarpus mairei) A& B2 ME ( Betula utilis) = 22t B
( Rhododendron delavayi) “F-#fi %% ( Dichotomanthes tristaniicarpa) 55 | H:H AL 3 i Sk KA | G -] AR Rz #E ) HL
29 60% J At
1.2 it

AAIFFERF SR T Ak LU AR A= 25 22 58 B S A UL AF 5 0l DX 5 il 80 1) ZRARE 7 A 95 2 7
AR AR LLAAAK | H SR AR i LLBR ARG AZ AR . TR Fp AR AR B R 3 7 b S5 PR AR T A T S A3, 51
BRI E /N A 20 mx20 m, M3t 15 A AFBLANE 1,

R1 5 FHERMEBI M EAGS

Table 1 The basic characteristics of the plots in five forest types

MZ A 4A
s \ - - - e roptgy  BHIE
Fesie it R R e e yaNics . Canopy
Forest type Plot number  Altitude/m  Slope/(°)  Aspect Agesa  ameterat  Average density
breast height/m
high/cm

TRIAR(Y) 1 2193 13 NW 22 10.2 8.4 0.73
Pinus yunnanensis forest 2 2158 15 NW 24 12.5 11.0 0.82

3 2236 12 NW 22 11.0 9.0 0.75
S ILFAFR(H) 1 2119 18 NE 19 12.3 10.9 0.60
Pinus armandii forest 2 2178 20 NE 18 11.0 10.3 0.65

3 2156 19 NE 19 12.1 9.9 0.73
BRI (C) 1 2258 13 NW 16 9.5 9.0 0.85
Evergreen broad-leaf forest 2 2193 15 NW 14 9.0 9.2 0.90

3 2236 16 NW 16 8.9 8.9 0.87
IR (G) 1 2208 16 NE 14 9.0 4.5 0.92
Quercus semecarpifolia forest 2 2373 14 NE 15 10.0 4.0 0.88

3 2281 15 NE 15 10.6 4.0 0.90
EIAZAR (D) 1 2288 10 NW 18 11.3 12.1 0.65
Keteleeria evelyniana forest 2 2375 12 NW 19 11.0 15.0 0.70

3 2292 14 NW 18 12.1 14.0 0.61

NW . V5t 7 18] Northwest ; NE ; 51t 5 1] Northeast

1.3 FEARERENT

B XA i PN A ST R AR B 42 (DBH) = 5 em IOMRARAYE AR AR B, X bR AL o 4 BT 5 942 ( DBH ) =
5 cm MM TREARKS I IC W Fh 48 AR R Sy, R RE 34 DLT- 8 B 42 R F- S4E s S bm e, e 4% 3 Bk
A A RIN—EMRARA R AR RERR S (S I AR LA ol L 510 RIS 5 PR ol A3 405 0k o, o o
FEMRALFE AR DGRV B e OKRE 7 E 25T ) o SRR A A M PR A (it BRE B A 300 g (M4 BRZR
B PEAL PN Iy A 2 e A o b o T SR BIUEBORE SR JE AR S A TR A ) A B SR =
B H L TFREARE L P U A 1 5 B 2R A3 AS L 100 emx 100 em FOTETEY)/INEE T AR ST PR P4 256 A [
B (AERFE T N R IZ AR IR J5 i FErPORBRE 95 0 5 32255845, FLUR R S it Aer FURS Bz #E ) | 46 X% 1 i)
T A 0—10 em 4825 500 g, DA SRARMRE ST M S0 50 2 A FJR P& AL A 28 65 CHE T 2
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T B FEItad 100 B 5 T2 , SR XI5 100 B 5 o2 .

FE )i FE P A 5D H,80,-H, 0,185, 20 ik FHE i 9L A0 (LY/T 1269—1999) Ml & Al % i
FERBABT LA (LY/T 1270—1999 ) I W 5 ft 5 - 384 SR FH P S I TG 07 (LY /T 1228—1999) il
RS AR L (A% (LY/T 1232—1999 ) I8 85 1% 2t 5 T A3 A it 250K FH 25 1R B - A AR R 481675 (LY /T
1237—1999) M & i 5 1 .

1.4 B 58

FHHEAR R J7 2253 911 (one-way ANOVA) 43 H AR R AR AR RUAS R 20 43 (6] (AE A it 4 7% iR 358 ) AR )
P AR ARARIEHYE] N P B IR C N P & & Kb e it it 25 5, 44155 C/N .C/P J N/P YL 2
s, R EEE P BE R EIR2E (n=3) , BEHIK TR «=0.05; K H Pearson #H 5 73Hr ik 70 B £ RS
AU E 143 [8] C NP AR AR A A DG 5 SR — Je 2 M [0 U5 43 BT 43 BT izt 5% IX 3545 41 0 (A -
PAVERE AL HE) B NP S AOEHE ) FRA (N P) FHIRICR 2 B IR B 26 o i, TR AT .

Y N(P) &t - % N(P) & i
N(P) BRI (%) = %%wNuwa%(> X100%
B 1 4 BRI (8] 22 225 I E Microsoft Office Excel 2010 H152 8%, Ge it/ #r1E SPSS 22.0 th5E il

2 ERE5S

2.1 FHYH N P R FERICR
FRRMETYNE] N P ISR R 255 (P<0.05) (K 1) o 5 FARME IR A AT N FEIICR S

LN 12.71%—61.17% ,¥I{E 1 36.48% ,5 FhARTY N PRI ISR I A2 LA AR > 25 ma A AR > &5 S ] bR =5 L

BRARS T AZ AR ; 2 ARTEL P IR SRS AL Y0 Bl H44.86%—69.87% , YME J9 61.20% ,5 FhAKT P LM I R F )

KA FAIR > 25 BEAAMRS B L8 8 AR > 2 LLBRARSTELMAZ AR, 45 PRAS P LIRS 3 T N AR

22 MY M 3 C NP SR

o ON ©&P

S FEH AT TGRS C N P AR 3w N
FIfFAERFDES (P<0.05) (R 2) . 5 FIARRALAIN C. %2 w0 e &b
NP PHERLIY 518.56,18.40,1.52 me/es W E 2 E§ 4 §i :
C.N.P P& B 491.62,10.43,0.55 mg/gs it £ 3 ol | K § A N
HEC N P PHIE S0 9.92.0.76 ,0.40 mg/g, g S § :

AEIHE B RS C RN 2 ' 2. = = 2z =2
SRR, 298 576.03.517.49 15,07 mg/g. L g2 2= g2 f& s
AT C B 22 A R L b o 8 T (P b I T
0.05) , JHTE T C 4 BEBR 3% SR HR SN 22 5K B (P> S T R
0.05) , 14 C #r BEfE 2 R MAIEL R b o 22 5 R R T A
AR T A = RO, AR N A 7 A SR S

DI HRRIN R HM (2542 me/) MMM (24 g\ S sueppsemimn NP st Bl CPag it )
08 mg/ g) %E“K Hﬂi s {EE% %?ﬁ%zﬁﬁﬂ s ﬁﬁﬁ Fig.1 The N and P resorption rates of plant in five forest types
80 e P10 8 D 2 B Ay S B I AR e L BR AR (2 (MeanSE)
ﬁ%( P<005) . Z([EJ;M(EE P é\%&*ﬁ%nf \Uﬁ%ufﬂ] Y : ZEAAAR Pinus yunnanensis forest; H: % (LA MK Pinus armandii
L N N — forest; C: H 2% [ I K Evergreen broad-leaf forest; G & LI AR K
j:i%qjig%%}mj\j Kﬁﬁﬁ&%ﬁ.ﬁ 2k /E\: EF‘ tﬁ% u+ P @EE Quercus semecarpifolia forest;]i T A2 K Keteleeria evelyniana forest.
MBI E 2257 (P<0.05) WA AL P o mori—ton N, p AcKI2 5 5, KNS
F o JCH 22 5 (P>0.05) FREF AR N5 P) BRI 2 5 5 (P < 0.05)
AR A, S BAREL C NP 5 i BR = AR A C

http ; //www.ecologica.cn



7652 JAE = 40 %

RIS > SRS R MR TUR SN R S PV I > 1 b R R AR AR AR A
M C B EAER YR T )22 SR (P>0.05) , M A =R C & 5 7845 4153 1] 1) 2 57 4 3 ( P<
0.05) , ILAh,5 FAREY N P & AR AL A A 1E I 35 22 5% (P<0.05) .

2 5 MAHEREWI AEN ST CNP SR (THbifkits)

Table 2 C, N and P contents in leaf, litter and soil in five forest types ( Mean+SE)
AT Forest type

o A

Content Item

PREL/N N
Pinus

Yunnanensis forest

LR
Pinus

armandii forest

GE LR
Evergreen

broad-leaf forest

i LLIBRAR
Quercus

semecarpifolia forest

ERTEV N
Keteleeria

evelyniana forest

ik C/(mg/g) Yt 485.70+8.07aD 482.40+5.86aD 576.03+5.87aA 512.67+3.21aC 536.00+7.59aB
&t 491.00+1.01aAB 473.54+3.09aB 517.49+3.24bA 491.67+9.93bAB 484.41+4.68bAB
+i 5.00£0.01bD 10.68+0.06hC 15.07+0.07cA 13.17+0.01cB 5.70+0.01cD
A N/(mg/g) Tt 25.4242.07aA 24.80+0.34aA 17.80+0.15aB 12.70£0.13aC 11.30£0.03aC
by 10.30+0.11bB 9.63+0.04hC 11.32+0.22bA 11.03+0.11bA 9.87+0.09hC
i 0.64+0.01cD 0.69+0.01cC 0.97+0.02cA 0.83+0.01cB 0.67+0.01¢CD
W P/ (mg/g) k7L 2.36£0.07aA 1.62+0.03aB 1.54+0.02aB 1.25+0.01aC 0.84+0.04aD
A 0.76+0.03bA 0.49+0.01bA 0.56+0.01bA 0.51+0.04bA 0.46+0.01bA
4 0.46+0.01cAB 0.40+0.02¢B 0.34+0.01cB 0.40+0.03¢B 0.41+0.01cB

ARG F R [ — L A R RAL ) 22 5 025, AR /NG 7R [ — MR R 41 21l 22 57 1825 ( P<0.05)

2.3 MY EEN L3 C N P kR L

5 FhARMEAE Y I P TS AT R C NP AbSE i U RIAAE B 2 25 R (P<0.05) (K 2) o SRR, A
WF5Erh 5 FbRAL C/N .C/P N/P BRBUAIRATE M SAEY > 18 5 kgt 75T Fn+ 48 C/N B(E 551
h 3179 47.26 12.65,C/P BIES3 710 386.41 919.42 25.80, £ MHUMIAEY H C/N C/P MK = FH bR <1k
AR < SR A AR < 5 LLBRAR <TETIAZ AR, Horp /N RS ARAL[RIAF A .35 25 57 (P<0.05) , T C/P BRIEIAZ RS
FAN AR 22 FORBA R (P>0.05) ; & ARBURIJA TS C/N F7AE .35 22 5, C/P W RN = g AR B 2% T H:
A% 4 FMI ; SRR 3 C/N C/P YRR = REFAMAEIAZ AR R 2 KT HAY =R (P<0.05) .

5 FhARAURE Y I N/P 75 10.17—15.31 [8), 3448 0 12.27 , Horp A IR 5 41, LA pR R ] G (i 35 2%
(P>0.05) ; JA7EM N/P 7E 13.66—22.14 [i] , ¥I{E K 19.51, H 5 = B AAAR I 25 B AR A1 , LA bl ] TG i 2 2%
S(P>0.05) ; 13 N/P 7E 1.42—2.84 [a] , ¥J{E g 1.94 , HohBRAE IR (N/P 2h 1.70) FIELMAZ AR (N/P Ky
1.64) JoHH I 22 5 A LA 45 PR i) 22 57 1 25 ( P<0.05)

2.4 RPN JAEM  EHE C N P KA AR R

5 FRARARISEURE YT PR 95 iR LA A A [B] C NP & i M AR 2 1T b Pearson AHOC BT R B (5%
3) : = EMAMAEYI T SRV C % i AR B IEAH DG (P<0.01) N P i34 2 B 3 IEASC IR 5 3 N
N/P 210 1EA I (P<0.05) ; & SR IE M ARAE Y it 5 7% it C & i S0 3 IEASC(P<0.01) ,P &t C/N I
C/P S FIEARSE V5 3R C N &R A N/P 28 35 M OE (P<0.05) 5 1M A LA AR 5 L BR AR 35 2
AR SEEN C FRE B FIEHXE(P<0.05); FIMZ KM EN 513 P &8 20 8% A (P<
0.01), &K F7#r,5 FAREUEYI M S87% 0T C N S 20 W& IEAHOC (P<0.01) , 1ff P & .C/N il C/P
B E A AT 5 130 C N S &M N/P 2 B3 IEASE(P<0.05) .

R3 5 HHEMEREYH AEMH 51 C NP EERUFTEILECME(Person 10%)

Table 3 Correlation of leaf, litter and soil C, N, P contents and stoichiometric ratio in five forest types ( Person test)

JLE oy PRI Forest type ik

Element Component Y H C G D Overall

C T 55 R s 0.988 ** 0.439 " 0.995 ** 0.707 * 0.262 0.710**
Y5 L3 0.768 -0.582 0.499 -0.946 -0.970 0.469
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60
A A 1200 AB A
AP a BC C A A B a :
50} . a Ba a 1000 | a a T
14 a
Z 40 + :‘: C & g0t C Al
1) K b o a b
= 30 p i 2 600} AB
K b b A A A % AB Af,B b
® 20 s c c b B 400t B b
ol | Kl |4 b >
1] 200 | D D
)2 c c ¢ c c
0 n A " L " 0 " " "
%3 £3 ¥ 3 8 K7
30 25 5 £5 g8 2&
25 + A a A g S 3 E N@ e
A a a S g #y T £
20 S S g 3 g
- = S S S
& B AB S 2 Q
4 b B b o = 3 § -3
- 15 E a b B g by 2 = g
¥ ol " < - P
S g &
5 D C B C Qi
c c c c
0
£1 %1 %1 51 15 0 dint
2 €& £& EE X8 O %
S =2 = = = “3\ = 3 B 3
MZ  #$T ®mS  mES =S | %
g S 7 S g
3 N S £ =
g S 2 S 2
3 2 = o Q
= E s S 3
£ S 3 3
S g &
S
2 5 ERERMEREY M OFEN S TIEAEITE R CFEEAR IR )
Fig.2 The stoichiometric ratio of leaf, litter and soil in five forest types( Mean+SE)
ARG FEFn R — 4 o R R AR ] 22 57 0 3, R [RI/ING B3R [R]— MBS [RI 41 4310 22 572 4 2% ( P<0.05)
ik
JLHE o FRARIEHY Forest type JEYIN
Element Component Y H C G D Overall
g5 1 0.810 0.475 0.978* 0.898 -0.017 0.478*
N TPyt 5 5 0.854* -0.439 0.930 0.864 0.447 0.971**
T 5 + 4 0.067 -0.985 -0.143 0.423 0.724 -0.309
b A e g 0.577" 0.277 0.496 0.091 0.293 0.544*
p HiMy 5 v 0.587 0.640 0.827* -0.333 0.559 0.807*
ta Yt 5 + 4 -0.498 0.451 0.945 -0.816 0.559 0.436
P55 14 -0.640 -0.120 0.014 0.039 0.199 0.506
C/N TP 5 v 0.853 " -0.268 0.869 0.064 0.943 0.812*
ta 5 + 4 0.161 -0.849 0.434 0.761 -0.798 -0.052
PR 5 4 0.652 0.736 -0.068 0.696 -0.960 -0.420
C/P Y5 v 0.370 -0.021 0.976 0.701 -0.871 0.735*
faynt5 £ 4 -0.697 -0.957 0.995 -0.955 -0.320 -0.050
TR 5 10 -0.303 0.310 0.993 -0.882 0.744 0.352
N/P T 55 R s -0.901 0.760 -0.071 0.803 -0.342 0.178
Y5 0.746 0.980 0.471 -0.157 -0.171 -0.262
g5 1 0.961* 0.615 0.913* -0.715 0.867 0.427 "

Y: =B PA MK Pinus yunnanensis forest; H: %8 LA MK Pinus armandii forest; C: % £k [ K Evergreen broad-leaf forest; G: & LI ER MK Quercus
semecarpifolia forest; D : TEIMAZHIK Keteleeria evelyniana forest; * Frm . E I (P<0.05) ; * = Fnk i F A (P<0.01)

5 Fobk sl < Ag - IS -0 A F T E N P A RS R (B 3) (WFFEIX 5 Fhbko
W NHMP SREDEFMELR(R?=0.7688, P<0.01), M TIEP N AP SEREERFENHLLR
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(R*= 0.7546, P<0.01) , 750t rft N A1 P 2 &2 6] 0 B B AH G M (R? = 0.0169, P>0.05) ;5 FiAkAL N & & 7E
FEYIT JVE A P AR KA S P AR A AR P AR AR A R AR R

09 4 33
O A%
A
0.8 | o a 428
o} i L/l m] o
= 0.7 a3 2@
2 o y=00746x +0.1464 o PSP B~
= R*=0.7688 L)
§ o6 L 1=0.0214x + 0.3293 P<0.01 1 s 5
s R2=0.0169 ® 8 g
. (5]
ﬂ?lljﬂ P>0.05 /@ - o ~
& 05 R 413 gﬂ
A
B
0.4 y=—0.2495x+ 0.5898 o - 0.8
. R2=0.7546
A P<0.01
0.3 I I I I I I I I I I I I I I 0.3
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Fig.3 The correlation between N and P contents in leaf, litter and soil
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