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A4 I B A O A R, 20 BT T A A TR 30 B R
o3 i B A2 E T LURRIE R 52, S A0S 3% L X A 0
3 AH ISR B0 X AL B 7 445 K R A 25 T BE Y 52 T
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1 HREH®

1.1 R

fiff 58 X A7 T 48 3% B vk 38 I B0 (38°027 18" —
38°10'39”N, 100° 11'24” —100° 23'55"E) , i} 3k
2 760—4 401 m, 5EHR R 0.5 °C, A [ /K i 420 mm,
B HH R B 60% , B A 2A S A RS P R

A B BT R B RRRE BT A AR BT . AR X A gk
AU ) I A | L AR - T
e LEANELf - BRI . RARF LG KIS
¥2 (Picea crassifolia) . 48 % & #1 (Sabina przewal-
skii) 1114 (Populus davidiana) 55 ; §EAR F 2 R /N0t
& #E Mg (Potentilla parvifolia) \ Y& i #8%% )L( Caraga-
na jubata) B RV ( Hippophae neurocarpa) iR &%
¥ (Potentilla grabra) .M ¢ Ml (Salix cupularis) %5 .
R A R 2 2 (Polygonum viviparum) | ¥ A€ B 5.
(Oxytropis ochrocephala) W 2 5L (Kobresia capil-
lifolia) - W H. 3R (Poa pratensis) %5 , Ff i L A 8
DL,

F1 FEHIEDR
Table 1 Basic condition of plots
B FH/m HhER AR AR TR 22l RIS /% W
Pl 4130 38°00'57"N 100°14'12"E DU 115 T g H 15 5!
P2 3894 38°01'48"N 100°14"00"E LR B A 50 *EIH
P3 3750 38°02'16"N 100°13'50"E FHIR PR+ B 25 £
P4 3732 38°02/28"N 100°13'47"E JINI 5 0 A L B A L -2 it 55 [
P5 3624 38°03'14"N 100°12'52"E JINIV G 08 A LT B A L -2 2 53 [
P6 3533 38°04'01"N 100°12'57"E VAR LN A A - 5 B 35 ]
P7 3516 38°04'20"N 100°1331"E AN G AL AR B 31 &}
P8 3454 38°04'35"N 100°13"01"E LR LR B~ 38 [
P9 3379 38°05"14"N 100°11'24"E VLR /N4 R M B 2 40 2
P10 3365 38°05'12"N 100°11"13"E TR RA- A HTERXG L+ N G e A — 1 27 FH
P11 3250 38°0829"N 100°11'33"E FHE AL~/ N G R — LA R 83 FH
P12 3204 38°06'48"N 100°11'31"E HE B AL~/ NI S -2 A 5 70 FH
P13 3128 38°07'17"N 100°11'29"E FOGNFE R S+ B 97 [
P14 3094 38°07'37"N 100°11'04"E RPN AT e 40 ]
P15 3086 38°08'00"N 100°10'29"E HF B~/ N4 TR - 60 2R
P16 3075 38°08'05"N 100°10'47"E 2R — & 55 SR
P17 3071 38°09'10"N 100°12"32"E T AL - R Y LBk 2 45 5!
P18 2911 38°09'30"N 100°12" 18"E N G A i 96 B
P19 2814 38°10'25"N 100°12"49"E Iy 78Uy AR T 65 2 FH

1.2 HRF=*

121 TEHFEEE

201747 A AEARE ILLREVKIA Tt , AR AR B S
RV V% 2B, DI 8 G 210395 102 (2 814—4 130 m)
LV 19 R AL, B R RBR LR Z R Y Z
Ja eI 43 3 /2 (0—10,10—20,20—40 cm) K4 +

B RAEERRCE 3B HRE 1714 LR
at L PR R AR 2 IR g S IR R A A B
(] S50 2, I A A S o 8 A B A A B AR
AR, FEE N H RS, i 0.149 mm G , FH 0 2
THAILC. AN 2P EE, [FETH 100 e’ 5155
JEBUSR 00 T4, 5 GPS UL s R A
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M M=
122 TEBEAERNE
THEAPLC &N 2P LA (pb, 1 T115)
A0 5 2 R S A BT R AR E ), R HEC N PAK
ORI AE,
1 C,x pb % d,
ST = ZT (1)

o ST HfiG & (kg m™) ;i A HJERE (m) ;CoRE i
EHEAVLCINGLP) &R (g kg");pb Wi 2+
B (grem™) 5d B 12 R (em) o

1.3 EIESH

K JH Excel 2010 F11 SPSS 22 #5445t 44 1k 47 4k
BURIS it 0#r. FH Origin 8.0 #AHVER , iz HHL A
7 2275 (One-way ANOVA ) 43 B /S [7] 15 45 AR i
TIHEC NP & AR ettt b 22 5 B
/N 2 BOL I T 2 5 LU ;18 H Pearson AH G 43
PrXr g AU A 48 C N P & & M B fbsih &
o Z BIHEAT 1 AH PR o

2 HBRES

21 FTECNPEEEETHHIE

+HEC NP EEASFESA IR 2 IR, &
FESREHZRE C NP EYE TREEHE,0—
10 cm +)Z +HE C N & & 5 10—20 cm Fl 20—40
em 1 222 5 18 35 (P<0.05) , 1fii P & & 7E 0—10 cm +
AR A RRIE R AN R Z 22 R A R
#. 0—10cm 1JZ HIEC T 16.85—163.85mg g,
TEHER 3 086.3 379.3 250 m &b+ 38 C & B &, 7
54 163.85.145.49 14581 mg- g s N 9 &t 11.68—
1.37 mg- g, 7E4K 3 250.3 3793 533 m b i, 47
W14 11.68.9.10.7.25 mg- g P & S AR 3 128 m,
+J210—20 cm &b =, M 1.79 mg- g AR,
THEC NHPAERZHMRENZL B AL, C NF
G+ 2 AT, P AR AR

P AT DL, VAR T, A4 A5 1E] 0—40 em ¥R
FE B 45 C & B AR IR A K, O 17.37—105.76 mg- g,
SEIME A 61.72 mg- g, A8 5 RN 39.19%, Hi il
$%3 379 m F13 250 m 5 H AL 2 5 B2 R
3379 m A fig e, Hk O 3 250 m, VEK 4 130 m i
N & 57 3 250 m g4k 5 HAh g 4k 25 57 B 3% (P<

0.05) , 48 1% 0.77—7.69 mg- g, 14 3.79 mg- g, A
5t Z4053.02%, 1 P & A2 i 0.39—1.25 mg- g™, °F-
¥70.72 mg g, B R A2 5030.65%, TIEP EmAHL C
FINTEZS [ A2 AN

HIECE RN & &2 0] W3 A0 G, o R
R* 7} 0.6854 (P<0.05) ,N Fl P, C Fl P Z [6] JCA#H 5
(F2). & Bk, il 45 C N &R+ 221k
1 R FEA R 20, FE 4K 3 379 m Fl1 3 250 m B
15, 1 P AR F C N & i,

22 TECNPUFITEHEETURE

AR 14 C NP AL o LR IR 25 5
3, BHAE TR T i C/N 2 ARG S IR 10.63—
63.38, -1 21.96, 48 5 Z 50 65.31%, C/N 7GR
2 814—3 128 m INH i , 7F A5 FE 5 (BRI 3 750 m)
C/N 21 T Py (- 2 1E 12,107, C/PAE &
TR 4 130 m AL A%, 3 086 m Ab i =5 , 2% iR 26.47—
149.24, °F- ¥ 82.94, 2% 5 2 B h 42.94% ; N/P 7% i
1.05—8.59, -1 4.82, 8 7 41 52.95% ., AR
C/N  C/P [ifi 1 5 1A 5 B Ree AT B 3 , il N/P AZ AL R
AN, 7E A o AR A B I

23 AEEHTECN.PUFITSELIFE

AN R % 14 C NP AL 2 i o LU R IE A A —
EMZES(£3), Ml =l TR ARRBE
PRFEAR 18 C/N IS =, 72144 3 128.3 075.2 184 m
b C/N 43514 28.71 ,63.38 . 53.14, 1 7 L1 FE 3l - 3¢
C/P I N/P 522 B e 14 5 J5 BEAIK AY R 34, 3 Fh R p 2%
B4 3 /NS 22 558 1 3% (P>0.05) , C/N HEFP
R TR AIRSHE A>T 1 4 5 C/P T AMR AN g LLTEE A
A #2538 (P>0.05) , T 5 5 Ll 5 4 /P[]
225 035 (P<0.05) , HARL LA 5 C/N A ] 5 3 Ffi
P+ HEN/P 22 5 OK B35 (P>0.05) ,N/P HEIT ly
e LU A>T AP o 1 B b pl bl T DR B A A
B X 3 C N PAE I L B B R

LA
24 TEUFHERETEFRSSE HERFE
LiEES

0—40 cm T3 C &5 C/P N/P a2 1% B &
WEASE(P<0.01), 5 C/N T RME(R4) ;N EEY
C/N ., C/P N/P 4} i 3 4 5 (P<0.01) , Hirp 5 C/P
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Table 2 Soil C, N and P concentration to the altitudes
. )= ¢ N P b )= ¢ N P
/em /(mg-g™") /(mg-g™") /(mg-g™") /em /(mg-g™) /(mg-g™") /(mg-g™")
P1 0—10 16.85+0.168* 1.37+0.145* 0.76+0.002* P11 0—10 145.81+£6.192* 11.68+0.29° 1.03+£0.012*
10—20 18.27+0.564° 1.50+0.192* 0.774+0.013* 10—20 117.18+4.642° 9.76+0.084° 0.88+0.039*
20—40 16.70+1.834* 1.22+0.190° 0.769+0.012° 20—40 28.58+1.397¢ 1.64+0.229¢ 0.66+0.007°
P2 0—10 78.80+2.288° 5.59+0.070° 0.64+0.474° P12 0—10 112.14+£9.252¢ 8.80+0.123* 0.69+0.032*
10—20 42.63+1.251° 3.33+0.036° 0.42+0.854° 10—20 103.11£3.241° 7.50+0.036° 0.64+0.009*
20—40 23.47+2.360¢ 11.83+0.110¢ 0.31+0.086¢ 20—40 49.68+1.290° 1.67+0.035¢ 0.44+0.013¢
P3 0—10 50.2143.380* 4.83+0.033° 0.67+£0.014* P13 0—10 59.89+0.700* 3.65+0.254* 0.74+0.009¢
10—20 36.53+1.540° 3.27+0.073° 0.52+0.012° 10—20 46.40+3.245° 1.21+0.015° 1.79+0.038*
20—40 17.23+0.321°¢ 1.64+0.036° 0.47+0.023¢ 20—40 14.20+1.571¢ 0.58+0.001° 1.23+0.005°
P4 0—10 112.15+0.896* 6.97+£0.110* 0.81+0.009* P14 0—10 120.07+0.553* 5.58+0.052* 0.73+£0.019*
10—20 84.74+1.120° 5.90+0.035° 0.72+0.027° 10—20 37.82+1.876° 0.344+0.022° 0.90+0.032*
20—40 43.30+0.140¢ 4.24+0.112° 0.66+0.008° 20—40 23.36+0.200¢ 0.17+0.016° 0.49+0.048°
P5 0—10 106.54+0.293* 6.88+0.007* 0.76+0.033* P15 0—10 163.85+3.001* 5.59+0.339* 0.71+0.020*
10—20 82.82+2.349° 4.63+0.527° 0.59+0.015° 10—20 79.1442.418° 3.134+0.054° 0.544+0.019°
20—40 52.2940.125¢ 1.98+0.096° 0.56+0.035° 20—40 13.35+4.195¢ 0.40+0.002°¢ 0.20+0.023¢
P6 0—10 96.37 £4.175° 7.25+0.013* 0.744+0.028* P16 0—10 72.39+4.195° 1.73+0.003* 0.50+0.022*
10—20 66.18 £0.378" 4.26+0.013° 0.67+0.098* 10—20 36.16+4.195° 0.33+0.034° 0.37+0.031°
20—40 68.15 +£5.056° 4.34+0.107° 0.87+0.014° 20—40 20.21+4.195¢ 0.25+0.001° 0.39+0.020°
P7 0—10 48.17+4.126" 4.00+0.016° 0.83+0.025° P17 0—10 85.60+6.081* 3.40+0.233* 0.44+0.036*
10—20 41.34+7.925% 3.08+0.079° 0.81+0.011* 10—20 41.57+1.467° 3.01+0.116° 0.44+0.004*
20—40 27.23+2.476° 1.83+0.066¢ 0.76+0.077° 20—40 26.78+0.671° 1.90+0.086° 0.30+0.009°
P8 0—10 89.39+6.161* 7.43+0.388* 0.714+0.019* P18 0—10 74.79+0.561* 3.56+0.257* 0.79+0.007*
10—20 51.93+5.181° 4.20+0.349° 0.634+0.076* 10—20 44.10+5.787° 3.35+0.200* 0.97+0.188*
20—40 92.51+£0.478° 6.61+0.745* 0.734+0.008* 20—40 13.01+£0.347¢ 0.53+0.096" 0.74+0.334*
P9 0—10 145.49+5.757* 9.10+£0.197* 0.90+0.002* P19 0—10 60.71+0.019° 1.38+0.013* 0.86+0.053*
10—20 103.84+1.782° 5.04+0.068° 0.94+0.041° 10—20 43.9842.975° 0.43+0.007¢ 0.60+0.024°
20—40 67.95+3.464¢ 5.31+£0.399° 0.92+0.030° 20—40 24.49+2.028° 0.524+0.011° 0.62+0.019°
P10 0—10 60.82+3.58* 4.38+0.048* 1.15+0.014*
10—20 45.89+2.311° 3.52+0.088° 1.07+0.063*
20—40 43.08+0.273° 3.51+0.161° 1.08+0.070*

[RIFUA R /ING iR 22 Sk 3, P<0.05,

N/P S IEAHSE, iS5 CO/N ML, PS5 C/P 2
WEMAK, 5 CON NP IR FMHEH, SES5C/
N.C/P N/P Z [AJ A 5N B 3, R 25 A 5 C/N 4]
3 IE A 26 (P<0.01) , T 5 C/P 52 B 35 1E A 56 (P<
0.05) s W3 JE 1] 5 C/N 24 i 25 1EAH ¢ (P<0.01)
MR35 N/P &2 I 2 171 AH ¢ (P<0.05) , T3 [m] 5 N/P

SR R R OC (P<0.01) , NS5 R0 Br , A g 2 A
TR B 1) %) 13 C N P AR 2= T i LU AR AR 52 0 22 57
R, Hookh C/N S e K, R A N/PL, C/P. A
WA, 3 C N PILAT R Z Z RPN E A5
Wi, JLFRPREE R 55 C/P AH DGR3 22, BB i3l C/P

ABER AR, AR X AR RE
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Pl P2 P3 P4 P5 P6 P7 P8 P9 PIO PIl P12 P13 P14 P15 P16 P17 P18 P19
FRAER
Bl +HEC N P& R AR (0—40 cm)
Fig.1 Soil C, N and P concentration to the altitudes (0—40 cm)
10 - 1.4 - 1.4
3=0.0687x-0.5027 12 L 4 1=0.014x+0.6653 12 - L 4
8 R=0.6854 PY @ #=10l63 .
1.0 1 1.0
o B= * o =2 **
b 0] 008 o ®e b 0.8 *®
§ m £ 06+ o * o £ 061 & <
A~ \d L 2
04 ® ** 04 - *%
2 -
0.2 1 0.2
0 T T 1 T 00 1 1 T 1 00 T T 1 T
0 25 50 75 100 0 2 4 6 8 0 25 50 753 100
Cl(mg-g) NAmg-g") Cl(mg-g")
K2 A[ETER A C N PR
Fig.2 Correlation of soil organic C, N and P at different altitudes
E30N &
160 4 =z cp .
Il M
140 1 . E o b
be
120
q = f bed }
100 4 < od cd
% % % de de
3 80 1 7 of %
Rt fg 2
60 - s bie
& gh . gh
1 dh d
20 fga fg o] fo e efe] o] fof] fef] ] fod] ef] ef|] ef]
fg qeltl’ cd qa_flJE bed= bed= | g a E be 5 %ch a fo fo d fe E be of g
0 L 1 E T 1 E 1 1 _] 1 —l 1 T j 1 —l 1 T —l 1 _I 1 T T 1 1 _I 1 —| 1 1
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 PI1 PI2 PI3 P14 P15 Pl6 P17 PI8 PI9
KR
AR/ING FREFIR A R 22 5 .3, P<0.05
K3 AR A5 C/N L C/P N/PEEIE (0—40 cm)
Fig.3 Characteristics of soil C/N, C/P, N/P at different altitudes (0—40 ¢cm)
3 i FEOPRRE Y LR R RO R T I

31 TECNPHEETRISE

TIPS RS R B IR £
KR, AR V5 540 W) P AL St 7 g 4 52 4 SR

SAGELL B AE R Z A BAE PR A5 A BAT 2 2 ]
SRR . AW TEIFR 2 814—4 130 m, 4
ARMRA-HEC NP A5 i i 4 2 R BB A 3G AR, 3
FEHEREST IR, P& RAMAKC ING A
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K3 AREEHERTTC N PUFITESE
(0—40 cm)
Table 3 The stoichiometry characteristics of soil C, N

and P at different vegetation types (0—-40 cm)

F4 TEUFHEILSHERFIEXES R
(0—40 cm)
Table 4 The correlation between soil stoichiometry

and environmental factors (0—40 cm)

iK1 TR . . .
C/N C/P N/P  C/N C/P N/P
Byl /m
BT 4130 1356 2647 200 16.54° 54000 4.02°
3894 13.26 98.03 7.39
3750 10.63 59.28 5.58
3128 28.71 3223 1.12
EEEA 3732 13.10 96.88 7.40 20.10° 80.51*® 5.06°

3624 1922 11845 6.16
3533 1482 9492 64l
3516 1334  46.00 345
3454 13.16 11242 859
3365 1292 4401 3.4l
3250 1336 8593 6.44
3075 6338 8427 133
2011 17.64 4169 236
TeAMk 3379 1554

3204 16.04

104.16 6.71 28.36* 105.89* 4.99
139.33 838
3094 3886 6799 1.75
3086 2858 149.24 522
3071 1738 118.85 6.83

2814 53.13 5576 1.05

SRRSO HI A 7R 7N 5 B R 2 T 1] 2 57
% P<0.05.

TR AR, FE0—40 em B HEC N F
0 2 [E] A0 A FE A — B0, P AR S C
N &, C.N AP & 5 - ¥ {E 51 51 R 61.72.3.79
mg-g, ¥ETHE0—10 cm HHEAHLC AN HE
(341 24.56 .1.88 mg- g, Ifii P & & 0.72 mg - g ' Ry ik
FHEO0—10cm H3ELP & HEH0.78 mg- g,
PEWIZ 1 4% C & it TN I P & AR B =
0—40 cm 1 J2 C N & i (197 ¥l 25 [ 48 57 RAE
K1 P A5 ) AR S BB/ X — S50 5 B g A
MBS 25 AL . R R )2 L2 SN R R
FAEE TSR s, B SR AR Z
£, B C NBRSZ HHERE T 2 R A, i 32 A W)
PR 5 ) o ik LA SA ) W ORI FE S5 s mm)  TTAEAE
BRI 25 [ AR S22 5 i e 4 P i E 22 i £
YRR 5200, SRR FR IR E i sh X 42 P 5%

TiH C N P C/N C/p N/P
PR 05817 0204  -0.005 0.4137  0.338" -0.098
= 0.078  0.015  0.390" 0309 -0.08 -0.146
TR 0.026 -0.339° -0.018 0.638" 0.133 -0.329"
Yeip o -0.004  0.143 0236 0.626"  0.053 -0.404"

1 0.825" -0.006 -0.194  0.760" 0.734"
N 1 0.128 -0.606" 0.488" 0.862"
P 1 -0.251 -.586" -0.318
C/N 1 0.023 -0.551""
C/p 1 0.734™
N/P 1

PR 0.05 K R E M TR 0.01 KT LB

Wil AE XT3 /N BRI, P i 7 )2 R AR/ 28
] A5 S AR AR E

MR R 2 B RHIE AR S
eSS AU A5 T e A N R DT 5 i) 4 8 5% O 119 22
S ARSI, 0—40 cm HIEAHLC N
HES IR 3 365 m A3 516 m &b, 76 3 204—3 732 m
S TR 3 075 m LR AR 3 750 m A B+
By C N & i, MPE T SR 3 379 m 13 250 m +
HEC NV &R, X —5518 5 Cleveland % 'Y
R R— FAHEAPUR S &5 IR
KA O, 3 B AL A R T A HLB R AR R iR
i vy w0 A BL T Y R R A AL
D75 VR T4 T R 2 B AN [ 7 4 4
AHLCH B2 R K NWAZ S CHAEfL A
20 o P o Bl R i 52t S Tt i I AR Y i 3
TErREAR 3 128 m Ak + 3 P& 25 0 T HAb I3k
(P<0.05) , A] g 5 12 W 4490 ] P B = BE 5T 19 43 1k
EEP
32 1EC NPUFITELEETUIFE

T HEC N PSR I HIEAPILC N,
P& JC R B I A, S A 3835 43 BRI DL 2L
C NP F2 Wi AU R0 B0 PEFS 45 T i
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Stoichiometry characteristics of soil at different altitudes
in the Qilian Mountains

Gao Haining'*, Li Caixia’, Sun Xiaomei', Zhang Yong®, Chen Nianlai'
(1.College of Resource and Environmental Sciences, Gansu Agricultural University, Lanzhou 730070, China; 2.Key Lab-
oratory of Hexi Corridor Resources Utilization of Gansu, Hexi University, Zhangye 734000, Gansu, China)

Abstract: To elucidate the vertical distribution of soil organic carbon (C) , nitrogen (N) and phosphorus (P)
concentration in Qilian Mountain northern foot, the eco-stoichiometric characteristics at different elevations and
their influencing factors were discussed. The results showed that the soil SOC, N and P content decreased with
the increase of soil depth, and the significant aggregation was observed at topsoil; In the 0—40 cm soil layer, the
average contents of soil SOC, N and P showed a trend of rising first and then declining with the increase of alti-
tude, and reached the highest at the middle and high altitude area. Notably, the variation of P content is small
and relatively stable. The C/N was higher at attitude of 3 128—2 814 m, and especially, the highest at 3 075 m.
However, soil C/P and N/P showed a downward trend with the increase of altitude, and they were all the highest
at the middle and high altitude area, while soil N/P showed the highest level at 3 454 m and the lowest level at
2 814 m. Meanwhile, there was no significant difference in soil C/N and N/P among different land types but sig-
nificant difference in C/P. The effects of the three vegetation types on soil C/N and C/P were: arbor forest > al-
pine shrub > alpine grassland, while N/P was: alpine shrub > arbor forest > alpine grassland. Vegetation type and
altitude are the main factors affecting the eco-stoichiometric ratio of soil C, N and P, followed by coverage and
slope aspect.

Key words: Qilian Mountains; altitude; soil; stoichiometry ratio



