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Soil Ecological Stoichiometry of Five Typical Shrubs in Qilian Mountain
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Abstract: The ecological stoichiometric of soil carbon (C), nitrogen (N), and phosphorus (P) is an impor-
tant basis to reflect the process of ecosystem change. This study selected Caragana tangutica , Berberis
diaphana , Potentilla fruticosa , Caragana jubata and Salix gilashanica which lived in northern piedmont
of the central Qilian Mountain as object, to determine the contents of soil C, N and P by field investigation

and sampling, analyze the vertical distribution characteristics of soil C, N and P contents and their ecologi-
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cal stoichiometry in different shrub communities, and discuss the coupling relationship among the indexes.
It could provid a theoretical basis for the relationship between soil and plant nutrients and the restoration
and reconstruction of degraded vegetation in Qilian Mountain. The results showed that: (1) the mean con-
tents of soil C, N and P were 45. 29, 3.85, 0.70 g/kg. respectively, which were higher than the national
average levels. (2) According to the correlation analysis, soil C and N presented extremely significant pos-
itive correlation (P<C0. 01), but there was no significant correlation between soil C and P or between soil
N and P, Furthermore, C and N showed almost synchronous variation. (3) The contents of soil C and N
in the surface layer were higher than those in the lower layer, while there was no significant difference in
soil P between soil layers in all shrub types. The contents of soil C and N showed an inverted pyramid dis-
tribution pattern with the deepening of soil layer in different shrub types, but the changes of soil P were
not consistent with the deepening of soil layer in different shrub types, and the effect of soil layer on soli P
was not significant. (4) The mean soil C# N, C: P and N : P ratios were 11. 29, 66. 99 and 5. 67, respec-
tively, which were all below the national level. The soil C : P and N : P showed a decreasing trend with
the deepening of soil layer to different degrees in all shrub types, but the change rule of soil C ¢ N was dif-
ferent with the deepening of soil layer in all shrub types. (5) Soil C, N and C: N, C: P, N : P had ex-
tremely significant quadratic function relationship (P<C0.01), but the relationship between soil P and C :

N, C: P, N : P was not significant. According to the research, the soil C ¢ N and P content have high sta-
bility (3.99% and 2.66%), whereas the C : P and N : P are important indicators for determining nutrient

limitation. The soil of shrub community is mainly restricted by N element in northern piedmont of the cen-

tral Qilian Mountain.
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AR L XA Sy B ) g 262 T 5l X, A 4R 5
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R A AR 34 1 b7 P B PE KR X,
HO AL 100°15" E, 38°31 N, Wi 3 B 1 AR 73, 32
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—0.6~2.0 C.AEYH B 1 893 h, H4& 5 &
PIE N 110. 28 KW « m *, 4E ¥ K & 0 433. 6
mm, F K R 1 081, 7 mm, 4F YA X0 N
60 %%+ J 1o ZE 2 T 51 1l M 2 AR R A R
T 32 A AR A AR ARIE DA I 5 L A )
M e L) 5 A SR A L KA |
SEAE A= Ll b A W g L N B ) | L JE
do oAbl KA bR TR MRA K A
PR 2 400~3 300 m; WV 1= LU VE P\ R ) + R
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SR A TFHEIR 2 400~3 300 m [ 3 A2 B3 L 5 FH 35k
B AL 53 AT HE R AL ST A 4 58 M (Potentilla
Sfruticosa) RET XY )L (Caragana jubata) .75 Pl
(Saliz gilashanica) 4§ ; HA FEABRZFE (Polyg-
onum viviparum) , BFEE (Carex atrata) FEF 3
(Stipa sp.)ZEH
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BT R A SR SO e T AR L
w/NEE B A LT AR XS L L RIS 5 el g Y
AT B MG . K B A b L T A SR
P TE e R P HE NSRS Py 7 3 AN TE AL 20
m X 20 m 1A R, TR R XS LA v 5 R AR
XFELAN R T VA A R IBORE BN B 2 DA T AR
BEE N 30 mX 30 m, B 15 AR I8 A il S i
AR N R B 4 B R R T R L AR SR
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FIH] Excel 2010 X B 48 £ A1 23 4 43 A1 19 £
P AT R B R 120 3 B AR5 R SAS 9. 2 R —
2R EFL R (General Linear Model, GLM) 43 #4656

F1 BELEABEMBFZEHEREBERL
Table 1 Basic information of sampling plots of typical shrub community in Qilian Mountain
)E'}Er‘ﬁ: N #i JE/(){ ﬂﬂﬁé 2f B . A7 B B
*E%ﬁjéiu j:z%))c i%){gﬂ;ﬂ /’E f)ﬁﬁ i}j’iﬁﬂ /EE )\% Ground i | Tﬂjlr_d))L
Vegetation t Soil depth Soil lj‘j: Altitude g X/o Aspect/® Growth diameter Coverage Average
egetation type Jem Soil types /m Slope spec status ;mo‘sne /% height/m
BHEIH YL Caragana jubata 60 A 3300 40 NE — 20 60 0. 60
M Salix gilashanica 60 A 3300 32 NE + 26 55 1.40
4 &M Potentilla fruticosa 60 A 2 900 33 E ++ 16 90 0. 90
W /NBE Berberis diaphana 60 B 2 600 30 W — 20 70 1. 80
H % #% JL Caragana tangutica 60 B 2 600 22 SW — 25 50 1. 40
WA @R 4B S — i+ R LA

Notes: A. Alpine meadow soil; B. Chestnut soil; —. General; +. Good; + +. Excellent
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5 Fh LA HE AREYE 0~60 cm )2 CNLP & &
PIE 4 9 K (45. 29 £6. 42) g/kg. (3. 85+ 0. 67)
g/kg.(0.704+0.02)g/kg, 3 C: N.C: P.N: P
PIE 291 09 (11,2940, 45) . (66. 9949, 89) (5. 67
+£1.00) (K 2), 6 MEWRZF REGUEIY 2. 86 %
~17.64% ¥ )8 T 55748 5 (CV<T25%), Hp £
N:PHESRB RSN 17.64%, 14 P %R
RBURIN ALK 2,86 %0, ASTR)HE A JS AL ] + 3k 2
HREREE S B2 (P<<0.05), HHM#% C.N
AR . S A AR 25 R B 3 (P<<0.05),
G LRSS A 58 P & i DL & A R VR I
e O T HAG RS (P <<0. 05) , BB LA
EIAR, 13 C s P AN = P LU S M 75 I
B AR (111, 2947, 91 FI(9. 0740. 01) . LLH
TR LB K. 20 90 g (17, 4242, 13) Fl (2. 40 +
0.05), ANFEAEHEARTIN; +1 C: P AW & (P
<C0. 05) 5 B H5 /)N BE I 4 58 Mg A o AN (7] 4B 4 2 78 %)
13N = PR L (P <0, 05) ;1] A [7] 48 9 28 A
X C o= NS A X /)N SRR G LR v 1 0
C: N, N (13.2840. 85) ,(H 5 4 & H Fll 75 i
MBS 22 50 N 35 H T #i X LA 48 C 2 N i

ik R (7.23420. 700, 5 H A DAHE V% 25 5% 1 35 (P
<0.05),
2.2 AEEMBETEASUETEREESH
HHE

5 Fofr s AU DA 9 1 98 i U L0 A R AR 40
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2N SN 2ESARE  HH AR Z 25 5
HP<<0.05) ;&g LIEAN C S Em TH
MREVE I PR VE e N & TR
HHPRZEEAIC. 2N SERS. 258
81.56 g/kg.6.80 g/kg. H 7 XS LA, 70 %1 Ky
17.50 g/kg.2. 03 g/kg, XF 5 Fh i M BEVE KU, [H]
—WENRARF L )Z M L P ERARE, HA
FIVEBEE N TR T AR g, HE
G LRER LA P A BE )2 IR 2 RN G
NS R RN SN WA N I VA e e ey
ol R A 1R R S WINER: - N =y R
BTN LBEVE L4 P & bl )2 iR A b
BN, XHANIR— 2 RFEENEN gL P
T, KNS EME LIES P S REEER T HA
TENRE Y (P <0, 05) , 1M oAy 4 Fh i ARE #% 2 ) 22
SRR B E KT

5 Folr LTV AT 9% - AL 2 Tt Lb R 0 A3 A R
fEaniE 2 fias, mE 2 aTLAE N, £ C: N B+
JEIMR A AR E 2R B H WG ILEEE 0~
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Table 2 Soil stoichiometry of five typical shrub communities in northern piedmont of Qilian Mountain

o HHLC 4N 4P
gﬁr}ﬁ%}%e (c)(l;fl:[wl(r)tf ni?rootgin phc};g;:i)lrus C:N C:Pp N:P
/(g kg D /(g kg D) /(g kg D)

H & #3% )L Caragana tangutica 13.7442.45d 1.8840. 15d 0.78+0.05b 7.2340.70c 17.4242.13e 2.4040.05d
§if % /NBE Berberis diaphana 34,7145, 04d 3.3840. 20c 0.6640.05¢ 10. 3640. 85b 53.24+4.09d 5.22+0.12¢
&% HF Potentilla fruticosa 62.05+8. 60b 4.7940.29b 0.9140.07a 13.2741.02a 67.9944. 42¢ 5.26=40. 15¢
YEH Y L Caragana jubata 41,0245, 34¢ 3.0940. 21c 0.48+0.03d 13.28+0. 85a 85.0345.84b 6.42+0.04b

H M Salix gilashanica 74.93+10.81a  6.10+0.46a 0.6840. 05¢ 12.2940.86a  111.2947.91a 9.07+0.0la
-3 Mean 45.29+6.42 3.85+0.67 0.7040.02 11.2940. 45 66.99+9. 89 5.67+1.00
A5 5 Z B Coellicient of variation % 14.18 17. 40 2. 86 3.99 14.76 17. 64

H:0~60 cm 13 C NP &4

5 A LR B A /NG 58 3R R S (A A (] 22 5 2.3 (P <<0. 05)

Note: The contents of C, N and P in 0 — 60 cm soil were the average value of five soil layers, and different normal letters indicated significant

differences among different shrubs (P < 0. 05)
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40~60 ecm +JZ C: N 5, 4 5 A 35 b Wi BE 7%
30~40 em 1) C+ N fx . HAE AL RIS 6. 33
~15.34, ANFEVEMNFFEE T C: PR )JZMIKE
BT A [ A A8 A R S H 7 B L | 4 R AR R VR A
X LEETE 0~10 em +J2 C: P fewy, of i /N EERIS
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TR 12.02~108. 83, AFIFEMNKA L5 N : P
B = 2 00 % 1 A5 Ak R AR AR TR] Bl 2 R s R
XL EEENBERT IR YE LA N s PORBIR B2
Vit N SR AN b e R D IR
N = P&/, HAE S AL 1. 84 ~10. 94; 11
C:P.N: P IEHBMARK L C: N,
2.3 BBAGEMBETEESKFUTERMTEANXR
HE3ALUAEN, FEANC 52 NZHER

W FERL IR R (P<<0.0D), 144 N &
BEAHL C Mg KR EH A ELIEAIC 54
PUKTHEENEEPZHEXLAYARE HLR
BE/AN, HEC: NSEHEC: PN: PR EFE
TWRERBCER(P<0.0D),HECPHEHEN:P
R EL IR R (P<<0. 0D X R B H .
TR S FIEANL C. 2 N ZE YRR
EW T REB LR (P<<0.01) fH 5 14 P %A
R AE R, o RIF g4k 5
M FEEEEAE AR, £ C: N 5EHLC &=l
HHEAIE) R* (0. 83) T N & i (0. 69), i + A
LCXf -3 C: NEmER; - C: P 5AHC
SEMAHEAA R (0.80)E T P& 0. 13),# +
BEC:PFREZEWHILC FEMW; LHEN: P E

O HH#x9)L B fip g /N B TLH G L ZEd I 5 A
Caragana tangutica Berberis diaphana Caragana jubata Potentilla fruticosa Salix gilashanica
100 aA  aA
l aA aA aA
g § 80r o] l oB
{08~ B o
I - oo
%5 28 60 aBf
=57 e
Teh oy 401 o
ﬂ% o gt
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a  20r ]
0 - X -]
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8r aA
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= o TabC
e 6f o o
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KE D s
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=3 2t =
A o
0 [ )
1.2¢
E 1ok aA
il (=]
i os
e
52T 06
ME®
% a< 04
3 02

(=]

20~30 30~40 40~60

A+ ZIERE Soil depth/cm

ATEV/ING T8 R (6] — HE NS AR ) 2 ) 22 5 W 25 R R R B 5 B 3R [ — 2 S [ M ) 2% 53 W %5 (P <<0. 05) . T [d]
B1 R L AL FE A [ e AR 7 S 20 L e PLak L 42 2 4 B 00 3 100 A1 A2 AL

Different normal letters indicated that there were significant differences among different soil layers of the same shrub,

and different uppercase letters indicated that there were significant differences among different shrubs of the

same soil layer (P<C0.05). The same as below

Fig. 1 Vertical distribution of soil organic carbon, total nitrogen and total phosphorus of different shrub

types in northern piedmont of Qilian Mountain
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Caragana tangutica Berberis diaphana Caragana jubata Potentilla fruticosa Salix gilashanica
187 aA,
| bAE ___aA%B aba
15 bA A 3N aAB
Bz 12t aAlL
- - abB T[]
EO or abC
B3
S3 6f
3 -
0 . .
RS 0~10 20~30
160
. 120}
D
EO 80t
401
O 1 1
RN 0~10 10~20 20~30
12 aA
10
Ha 8t
®KZ 6}
m T
S
SE 4t
2t
0 L L
0~10 10~20 20~30
1 ZURFE Soil depth/cm
B2 A% L b A R T AR 7 218 0 4 34 2% T R AE 1Y 3 1 43 A AR Ak
Fig. 2 Vertical distribution of soil stoichiometric characteristics of different shrub types in northern
piedmont of Qilian Mountain
F3 MELLLBEAREMEHZUZUHEFTEZEANXER
Table 3 Relationship among soil stoichiometric of typical shrub communities in northern piedmont of Qilian Mountain
5 Hr Index % Z R Relation R? P
C—N y=0.0620x+0.9030 0.9518 <20. 0001
C—P )7:0.00011'2*0.0092+O.8/101 0.1586 0.3549
N—P y:().0099\1'2*0.0615+0.7721 0.0553 0.7107
C:N—C:P y=—1. 253327 +37.0370—184. 1910 0.7074 0. 0006
C:N—N:P y=—0. 152527 +3. 81042 —17. 0348 0. 6050 0.0038
C:P—N:P y=0.0661x+1.2449 0. 9449 <20. 0001
C—C: N y=—0. 00222%40. 28982 +3. 7106 0. 8330 <20. 0001
cC—C:P y=—0. 01042242, 23112 —7. 495: 0.7960 <<0. 0001
C—N:P y=—0. 0006240, 13862 +0. 9681 0.7101 0. 0006
N—C: N y=—0. 57482 45.7701x—1. 1516 0. 6866 0.0009
N—C: P y=—1.59132"+30. 9419z —25. 0424 0.7102 0. 0006
N—N:P y=—0.0611z"+1. 72222 +0. 0823 0.7063 0. 0006
P—C: N y=56.4208x"—81. 2478z +39. 2998 0.3458 0.0784
P—C:P y=207. 34512 —361. 8889x +214. 4471 0.1326 0.4258
P—N:P y=—0. 96642 —4. 07202 +9. 0343 0.1378 0.4109
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