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SRS I RERRAR, Wik g, SRR, 44
DX 3o A AN TR B A U R 22 B SR Ok T T R,
fal PR 52 AT A2 P I T 1 s AS MR AE S R, A
PR AT A B 5 B — i O RL 2 7

3 1Ly T B Y L 8 2 AR &
S T 5 R 2 SR T W S MR K T BE A A
YR — LE BT ST A AR L5 1 AR AR B
B B AR E EAT TRRSE ), AR LA
IR AL E b 751 AL bR R . & B3RN0
A SRR TR, (K T B Ak
F—Hi &Y — AR — A S8 B R SR 5
B A BRSO A R . AR
DAFB I L1 1 AR A4 X P B A0 TG Kbk DX HE 2 1 0 Jok
WP (2 900 ~3 300 m) = MM,
A AR A R s, AT B —
WiV ) — LI SEN R A orhe . A B ke ey
AF HEAEMFRR B L A (AR AF , 5 4 Ml T A A [ 4
SRR AL B RO OB AR E B A AR R, R
M —HE Y — N R o . AL BEfkeEt
HILRAR M, DUB RS S AR R BR .
B E A [ 2H 40 6] 9 M AR LA S 0L, Nl =
FEMR A 75 22 90 10 20 5 A8 TR ] 45 58 2 R SR AILAR AR
A [ I 25 2 1Ly 3t b X (4 A 5 3 ) 1 A A Ak
AR PR AE AT ST 4R LR ) BEE AR s

1 ARSIk

1.1 ARXHER

IF 58 DXL T AR 3% Ll AR O3 X B P 7K AR X
B HERR A B (100°17'E, 38°24'N) , ikl i im
F12.85 km®, K4.25 km, PIEIHFEL 4.2, ik
2 600 ~3 800 m, fEXRIE-0.6 ~2.0 C, FHH
FEIF 41 893 h, HARSTEEIIMEN110.3 kW m™,
LT K E430 mm, FEHZEKLET 080 mm,
AEYHIXTIRE R 60% , @ i FE21 1 51l M AR RO
S VAR E AR, KBRS RK,
32 K o3RRG T 298 BT 22 Rl EL AT B dnb 3 ERR 1Y
FEP S AURN R gk MR R, AR 2R AR
YO 1L Ml R AR A L L b BROPR B AR B IR L

NEARIAE RS . KIS AR 5 X Y - e
MR Ry Ll S AT A | Ll BRI A £ L I L E A
Fof . I B TR 2R Pl KA A
DIAFE TR N S o o o o < o S T/
F A AEAENFIR2 600 ~ 3 300 mibAHF, ETRAMEY E
SO 5 W LLE A A o0 A AR 3 300 ~
3 800 mF g LA, S M HE R AR Y 32 2o Al
i BRI o 82 8 B POR B SROIR 4 A 7R S8
K X2 600 ~ 3 300 mBf3E AL A, 5
BH e 55 4t RV B2 8 0 A s HER LSRR 4 87
( Potentilla fruticusa ) . RFHIL ( Caragana
jubata ) MNP ( Salix gilashanica ) 55, ¥
FEARTE (Polygonum viviparum ) . BFEE
( Carex atrata ) &% (Stipa ) %, HEEZE 1
JEREA NS emZity, FEMAILPEE (Abietinella
abietina ) . TBR#E ( Cirriphyllam cirrhosum ) .
Xft#% ( Distichium capillaceum ) . {0 H #%
( Bryum pallescens ) %,
1.2 #MRFA%E

TS N A3 A0 ) AR R R AR IR A K
M H R 2idk, A T3 I AR HE + . BE T
HbVEHE 1 BUAVE R W 2 A RETE AR, 20094F
L 7 HE &8 V8 it Bl 6 R 75 0 = A2 M IR VR R 5
X4, LAMEIR2 900 mg ks, SRATBS R Rk
FR I B iE4&2 900, 3 000, 3 100, 3 2007
3 300m 5 & AP AT R ICE TR ATRR, 3ES
FOFATRE, AR 9820 m, [RIISIEE3 300 m Ll
R W 5 T I 1) R BCE T34 MR, AR S A
FE20 m, 7EHNEE I B WA S AL & T 1570 FF
b, FEHLTEG ALK /N 20 mx 20 mo B FHFHEGPS
TIBS - W8 B2 ASCI 7 i — AR W3k . R ERE
B B RN ) A B, XL P B AR K T T
em I HF = ERHET B, SR, B
e R AR BE AR IS S, TR RE DT 4 A
FIX AR A HEE 7512 mx 2 mBERFET, id3#
REARME B, B BES, [REEAHE
AREETHNEE T mx | mPEARFET, JHd&HEAR
e B, mEL SIS (K1) o ZERITR
B, BEMFRBEE (2 900 ~3 300 m) JIE, Hilx
F2 ORI AT B I R B 3 R AR, BT
100 mifk FEFEAR0.44 CAady, ARIRE/K G 5 Je i
(2900 ~3 200 m) J5¥/ (3200~3300m) (Y
e
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Table 1 General information of the sample sites along the altitude gradient studied
o BIZEBE W2
LEES . o T N b g
o IR i B A7 B ANES B e 5ek i AR A B Coverage (F. H
Ff = Diameter at .
Altitude Geographic Stand age Height Canopy Canopy degree of  #£ | HiIA<)
Sample code breast height o
(m) location (a) ( ) (m) (m) density shrub layer ey
cm
(%) (%)
100° 18" 15" E
Al, B1, C1 3300 81 4.87+0.95 630+1.32 4.68+1.32 0.12+0.03 60, 70, 85 70, 80, 98
38° 32" 08" N
100° 18" 15" E
A2, B2, C2 3200 88 29.80£5.77 8.87+2.30 4.07+0.64 0.50+0.17 40, 2, 15 60, 75, 60
38° 32" 13" N
100° 17" 49" E
A3, B3, C3 3100 74 23.67+4.15 6.87+1.05 3.54+£0.53 0.60+0.17 15, 7, 18 50, 85, 95
38° 32" 41" N
100° 17" 49" E
A4, B4, C4 3000 75 1522+2.19 7.60+1.54 3.15+0.23 0.69+0.09 15, 1, 18 20, 95, 95
38° 32" 41" N
100° 18" 06" E
A5, B5, C5 2900 36 12.33+£1.03 5.67+0.86 2.70+0.28 0.72+0.12 10, 10, 10 30, 30, 30
38° 32" 42" N

(DCover degree of ground vegetation ( grasses, mosses, lichens)

1.3 #EEESNE

F20134:9 H 17—19 H FHiff = A2 A KB R
EAEY A SRR S . TR ML BE AL I R oA i
HESF N F T AZE, SiER. 6. M. dt
DU Ay T SR B B AR A A v L A (ke B A I
RSVGREAS 404 s BLAMNERE T N R HLES 5] o ik
PRI AR B — SR s M AT 2 RUOR AR, WA %
N4 R R4S W R v ) BE TR ik 100 B i
Tk, &, B aie. HERCRE0 ~ 10 em
TR, REFNTRIERRZNEEMNEDZ, &
AMFEHLAE T FIR BRI TR, RAR
AR, SIbrZed, DHEsid100H 6, HT -4
e, AL BESENE ., WEInES oG [11]
For, mRR L MG VE RN S ARk G T S SR FH A TR
PRI E 5 B R & ) A RCR AU
W, ik AHESP AR E; HE2ERH
L E ZUE AT IE , 28R A B @k
TE o B SN S = A IR
1.4 FHitHHh

i Excel 2003 FISPSS17458 1143 By #5446l 5
AT HATAT AL . Gt ot sl [Tk
WG A2 MAEPI L A VR ) RN - A A [A] 20 43k
A WA AL AT HO 3N RE b SRR 3
B, SFEoSESHRERN RN, st a el
TR RS S i LR . AR 3K 75 16 2= A2 M 4

A KTE N AR A e . AL BRSO
s He oA ) — g 3R RSP S B AP 244
TEXS AR e . A B i b T LA et
i, AT RO RS ARG, B IR T 2 0 A i
IR —00 0, RABEZRTT 208 (One—Way
ANOVA ) BILSDILHEAT B E TGS, AR
Pearson REH AT

2 45 B

21 ME—#EY—TENKR. §. B
FFE

XoF A ]V 35 46 BE T U o A2 R B A I A
TSN E A BB . R BEE T T
(K1) o WEIRTEUE 1, BRI, AR
M. A& B R BUON A W A A8 AL B A R 22
S ENE . Hdr, R RS RO, HE A
AL HI398.0 ~ 466.0 mg g ', ¥ }432.4 mg g,
fe & AR MR R 0 22 A R (p>0.05) ([
1A) o &Yk & 5 A Wi, 2o A8k
[l 334.8 ~418.8 mg g', H{H H379.9 mg g,
WS AR 3 100 m A3 200 mAib & A= A8 1k
(p<0.05) (EI1A) . L8RS &S5 RS
AR R, RO & AN WG, AR A
H75.10~139.5 mg g™, ¥IEN110.4 mg g, WK

Bk

i
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2 900 mfif 7 b F AR T HAb MK & (p<0.05)
(FT1A) o &b, AN R w7 4 g
& R/ MRICR . MR > Aifgd > T3, v,
T = A2 AR e LA T 90 001 20U 3 Rl - 458 1) ot
FErh, BRSNS

B TER R0 B 038, R A S AW
L FE12.69 ~ 1734 mg g, YHEH14.83 mg g,
R REAEHER (2900 m~3 100 m) BFEm T
W (3200~3300m) (p<0.05) (K1B) .
&Y A & MR 2 900 mE3 200 mH & A

G

M Leaf e ii7&4) Litter

500

400 +

300 -

200 -

100 1

mEE
Content of carbon (mg g ™)

2900

3000

RAR
Content of nitrogen (mg g™")

B Leaf @ ffiyg4y Litter o 13 Soil

Wi/, RS 300 mHA R RN, sk
T H8.20~15.77 mg g', YIMEK12.12 mg g,
R EARNER2 900 mAI3 300 m i@ m T HAb K
(p<0.05) (EIB) . HHEASEAWIM, 28
LG H6.05 ~8.28 mg ¢!, HIENT.39 mg g,
MEHE2 900 m T3 4 7 i 1 3 IR T A I 4R AU
(p<0.05) (EI1B) o ANEEHRI R AP
TR RBE RN MR > #ivEY > &
e, SRR A Bk R RNIBUT 2 — B0 .

SR R 7R ) | I W 0 b i it s RAN ) =]

o 3% Soil A

3100 3200

=
B

2900

3000

12

WA
Content of phosphorus (mg g™')

a it Lgaf ot Litter o 35 Soil

= =
. Ed  Ed
3100 3

200 3300

2900

3000

W AFVNGFREFRRI R . AiiE ey . B, sk
represent significant difference in content of C, N and P in leaf,
M —HiE W — IR R . AL BES EERE

Carbon, nitrogen and phosphorus contents in leaf, litters and soil

K1
Fig. 1

3100
W Altitude (m)
TEAREHR 223 5% (p<0.05) Note: Different lowercase letters

litters and soil of the forest systems different in altitude ( p <0.05)

3200 3300
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B, AL N0.58 ~0.78 mg ¢, H{H
K/NH0.67 mg g™, 3 000 mFI3 100 mM F B2
I E T HAR R S R (p<0.05) (
1C) o L2 /N 5 B i, 78 Ak il
}0.50 ~0.76 mg g™, PIEK0.57 mg g, 3 300 m
TR B T HAER S &= (p<0.05)

50

900
800
700
600 +
a 500 F F
3) 400
300
200
100

o j Leaf oAL{E4) Litter

o +3 Soil

a
~2900 Y3000 3100 3200
o f Leaf oAiEd Litter o135 Soil
4
2900 3000 3100 3200
o f Leaf B A57&4) Litter o 13 Soil C
a a a

Il

2900

3000 3100
W4 Altitude (m)

3200

3300

(E1C) o Mo A W iy 28 (LR
AL FEE H0.60 ~ 0.99 mg ¢!, ¥I{E }0.81 mg g,
1542 900 mA13 200 mh 7 & 1 K T H AL IR B
T (p<0.05) o AREFRM . A& A+ 55
B B E I MRy g > R > 18, A
A AR 2 A3t . RS RN

H: AEVNGFEREF R . A& HEERC - N. C @ PHIN : PEARIER 22 5 W 3 4k ([7<0.05) Note: Different lowercase letters

represent significant difference in C : N, C : P and N : P of leaf, litter and soil of the forest systems different in altitude ( p <0.05)

F2 0 —AhE Y —HHERC N C Py N« PASBARAE
Fig. 2 Variation C : N, C : Pand N : P in leaf, litters and soil
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E

22 MRE—H#%E4—LIEMC N, C.PFIN:P

EBNEITE LR AREHE

PO N IR g ) R ¥ N N L2 7/ |
TR . A, BEAESIEIFEEC N, € P
FIN = PHCHEAT TAEE 30T (E2) , KNEH 50
C: N, C: PHIN : PLb7EFf SRR MR R BN
ANFE A Je 22 5 B, Horp, HilE s A2
MR C o NEGIE#EE I, A2l 22.95 ~ 36.72,
Y 4929.79, EiER3 200 mAI3 300 mAbC @ N
Ewm T HALEK (p<0.05) (E2A) . Ktk
C = NECREW Gz @i i, )5 721443 300 m
WAk, 284k h21.41 ~41.61, 414 K33.25,
2 900 mAMI3 300 mAYC : NI K T H ALK
(p<0.05) (K2A) . :HEC : NELARfL AL A [R] 0T
FC s NS RL A, A2 4kEF R 12.41 ~ 20.70,
PIEH15.03, AFRVERC - NH2E A R
(p>0.05) (KE2A) . W R HidEY A L850
C o NEEBER/MEIR R &Y > R > B3,

B T BB BE (R 3R, B R Cos PR SE R  n
Ja N, AEALIEE 510.2 ~ 739.8, YI{EH M655.7,
C: PHAE2 900 mibh B E K T HAB WA BE EC - P
t (p<0.05) (E2B) . thi&E¥IC : PELEA L
B AR LR, AR LS 398.6 ~ 698.1, H{H N
484.1, fRIFH2 900 m i F KT HAMMEHKC : PH
(p<0.05) (KE2B) . HHEC : PG N
Je BN, ARG M 134.1 ~219.7, ¥I{H N
194.1, BALHEIR2 900 m 5 AR T HoAh g 3k 6 ir
(p<0.05) (K2B) . ARFHEIFH . HidEY
THEWC - PHOBYIE R/ MK A > #id& )

>t 4,

BE AR B6 BE (38 i, RN+ PR S SE H ni
JE BN (E2C) , 224 EI18.13 ~ 26.86,
KM }22.48, fKiEH (2 900 m~3 100 m)
N:PHEBESTEEHK (3 200~3 300 m)
(p<0.05) . WHEWMN : PHEEAR B AWK
NI, HARARYE I M6.71 ~ 26.28, YI{E M 13.30,
2 900 mAYN = P2 T HABMEFIK (p<0.05)
(K2C) o H3EN: PO AR RN - P
FeAR AR LA, T H SRS IE N - PHOE 4
I, ALIEHIRT7.96 ~ 16.56, YE }12.26, 2 900 m
AN = PLE i AR T HADE R (p<0.05) (A
2C) o AFEEHRM . HivE YA LN - PLILAY
BIERAMKK R R > A& > 38
23 MA—#E#Y—LTIENC: N, C:PFN:P

RIFE KM

AW GERE AN [F] I 06 B2 W = A AR I R —
WidE Y — 1 HERAC : N, C: P, N : PR Z [k
17 T Pearson Ml M Hr, M A5 +31EC : P A
41N « PHCZ A A B E (p>0.05) .
Foh A T p <0.05MAHE R, AT LLE I
TER TR (3 300 m. 3 200 mA13 100 m ) 75 ifF
mEMR R S5kiEY . RS R AAE Y S
THERC : NE R B EAE (p<0.01) , IM7E
KR (3 000 mAI2 900 m ) AS[A]ZH 43 W5 #§ =2 ]
C: NI RHEBZEIEME (p<0.05) o ANHEMEH
RS HTE Y MAGTEY S 1 HEC © PAHSE MR B
AR AL A, B b TR 3 e T AR 1 22 55 W 35k
(p<0.01) 2 TR 2ERBENE (p<0.05)

2 ME—#EY—11EC  NFIC : PRITHX R

Table 2 Relationships between leaf, litters and soil in C : N, and C : P

C:N C:P
IR - - -
Altitude (m) RS EY i h 5 4 &Y 5 1 RS MivE¥ 5 + 1
Leaf and litters Leaf and soil Litters and soil Leaf and litters Litters and soil
3300 0.937" 0.913" 0.932" -0.892" -0.883"
3200 0.902" 0.763" 0.884" -0.782" -0.632"
3100 0.834" 0.603" 0.812" -0.823" -0.705"
3 000 0.704" 0.709" 0.703" -0.702" -0.645"
2 900 0.553" 0.703" 0.674° -0.673" -0.636"

*, p<0.05; **, p<0.01
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3 U ®

3.0 ME—#%—TIENR. . B3 SEST

. A . WHEHAEY TR, AR . B
Ji . AZFREER A ) R TR B A 2R 23 -2
ARG, ARIE IR [FERE 1 ARk . AE it
WRI AR > MhivEd) > L5, BE S 8 RO T
Y>> L MR RS =K T 2 ak49 2 il b
Y F B (464 mg '), WAETIER
AR 3 R U AR B A 214801 mg g, FIE
Py Y N W TV AT S B R = Wl 1 e o6
YR 2 A& (201 mg g7 ) MFREAG Y
RAETFH SR (202 me g7') ", Hilg =M
YIEN RS EAAXTEEZ . 52K B
(1.80 mg g71ﬁ1.99 mg gfl ) ANFR E M A
(L5mgg™) ML ™ ™ mf B R (0.67 mgg™)
B BARF 2RO AR E K. v, #8515 i
AR Rk . AL BEE IR T 2k A =
WY k. A, BN ERE, XFES5EFES
FZ PR B B — T A ol R S St A S 5 1 ey BH ¥4
P14 by 3 B KRR BE S e T IR B L MR EE L MR
XPEFRWRN . A BEEA —E MR,

W e 5 ek B VAR ARG 0 TG, D R R OO
5 X K it 0 8 5 Kt B TR SR O T i, (H
SR R I B R A R R B TR A, A R TR
X R KRR L 38 2, i g SR+
R R T K 3 A RO AR, W s A2 S S
AETEEA TR AT, R RALS RS, nf
AR G EIR R, X525 R T & ILEY
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Ecological Stoichiometric Characteristics of Carbon, Nitrogen and
Phosphorus in Leaf-Litter-Soil System of Picea Crassifolia Forest in the
Qilian Mountains

ZHAO Weijun" > LIU Xiande" > * JIN Ming" > ZHANG Xuelong" *°® CHE Zongxi'" ’
JING Wenmao" > WANG Shunli" * NIU Yun"* QI Peng® LI Wenjing'

(1 Academy of Water Resources Conservation Forests in Qilian Mountains of Gansu Province, Zhangye, Gansu 734000, China )
(2 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China )
(3 Gansu Science and Technology Innovation Service Platform of Ecology in Qilian Mountains, Gansu Province, Academy of
Ecology Science of Zhangye, Zhangye, Gansu 734000, China)

(4 College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou 730070, China )

Abstract Ecological stoichiometric ratios of C, N and P are important indices characterizing process
and functions of a forest ecosystem. Picea crassifolia is an important constructive or dominant species of
the subalpine mountain forest vegetation in the Qilian Mountains, and its forest is a typical kind of water
conservancy forest. Based on field survey and laboratory analysis, the objective of this study with the Picea
crassifolia forest in the Pailugou watershed of the Qilian Mountains selected as subject, the leaf, litters
and soil at different elevation gradient (2 900 ~3 300 m ) were selected to measure their organic carbon

(C) , total nitrogen ( N) and total phosphorous ( P) contents, carried out on ecological stoichiometric
characteristics of carbon, nitrogen and phosphate in the leaf-litters-soil systems of the Picea crassifolia
forest different in elevation gradient and their correlations using the principles and methodology of ecological
stoichiometry. Results show that carbon, nitrogen and phosphorus ecological stoichiometric ratios of Picea
crassifolia forest in elevation gradient indicate that different variation laws and significance of difference with
altitude increasing. Among them, C : N ratio in leaf and soil of Picea crassifolia forest increased gradually,
C : N ratio in litter increased gradually with the increase of altitude and then decreased at 3 300 m. C : P ratio
in leaf first increase and then decrease, at an altitude of 2 900 m was significantly lower than other altitude
C:P(p < 0.05).C : P ratio in litter has no obvious change. C : P ratio in soil first increases and then
decreases, only at an altitude of 2 900 m was significantly lower than other altitude C : P (p < 0.05) .N: P
ratio in leaf and soil first increases and then decreases, the N : P ratio of the low altitude (2 900 ~3 100 m )
was significantly higher than that of the high altitude (3 200~3 300 m) (p < 0.05) . In this systems along
the elevation gradient, C : N ratio in leaf, litters and soil varied in the range of 22.95 ~36.72, 21.41 ~41.61
and 12.41 ~20.70, respectively, and in terms of average of the ratios, the three components of the system
followed an order of litters > leaf > soil; C : P ratio did in the range of 510.2 ~739.8, 398.6 ~ 698.1
and 134.1 ~219.7, respectively, and N : P ratio did in the range of 18.13 ~26.86, 6.71 ~26.28 and
7.96 ~ 16.56, respectively, and in terms of average of either N : P or C : N ratio, the three followed an order
of leaf > litters > soil. All the ratios in all the three components varied sharply with rising altitude, except
for soil C: N ratio, which did not as much (p>0.05) . Three components were significantly positively
related ( p>0.05) to each other in C : N ratio, while hoth leaf and soil were negatively related to litters in
C : P ratio (p>0.05) . And the relationships of leaf with soil C : P ratio and with litters and soil in N : P
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ratio were not obvious ( p>0.05) . The findings of the study help further understand interactions between
carbon, nitrogen and phosphorus in the three components of the Picea crassifolia forest system and their laws

and mechanisms.

Key words Picea crassifolia forest; Soil; Leaf; Litter; Ecological stoichiometry
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