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O OEURGKEAT B AR ERARTE AR F R IIEAFRNEL, KE 0~100 cm + 2 435
R, RS E 88 A, R E LN C NP REEASLETEL ONCPRNPHATTHE, SEFN. &
;T EBEREECNPAEHMESF N 2.12.021 g- kg™ #1043 g - kg™ ;C/N.C/P Fo N/P 318 4 5] % 10.83.5.0 F»
0.48; +3# C NP X C/N.C/P R N/PWERZHI KT 10%EL/NF 100%, 8T HE%L %, L3AAF A3 +E
CNPAERHEAANFHERMALEY W, EFATHO0~20m L E+3E CABEZEE T &M F M (P
<0.05) , & F# 20~40 cm + E 8 C & E B EF & T 8 7% #(P<0.05) ;0~20,20~40 cm 7 60~80 cm + E A F3# N 4
BEREE TH &M (P<0.05) ;P 487 0~20.60~80 cm #7 80~ 100 cm + B B ¥ & T4 4 #(P<0.05), &F
W HREHA A LIECNERRES A, MATFHEREN M TR B, RN A ARG NERRE Y, £+
B C/NEFRE LA AT R FEREZR(P<0.05) , Pl Akdfm, & FHRI1K;80~100 em £ B +3% C/P &
WA E B EA R ZE £ R (P<0.05), 0~20 cm #120~40 cm £ ERE T, 8 NP EF R LM A H 7 R =
B LA §EEF(P<0.05), B ATHES, T AR IK, BEAHEX SN EN, £ CN.C/P MNP 5HER
FHMLBERE KHb4E frﬂiii%prﬁé’J?%\%?ixk
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The soil carbon, nitrogen, and phosphorus contents and their
stoichiometry under different land uses in loess hilly region

BAI Yi-ru"?, ZHANG Xing"?, BAO Wei-bin""*, WANG You-qi"*?, ZHAO Yun-peng'’
(1.College of Resources and Environment, Ningxia University, Yinchuan, Ningxia 750021, China;
2. China-Arab Joint International Research Laboratory for Featured Resources and Environmental Governance

in Arid Regions, Yinchuan, Ningxia 750021, China)

Abstract: Land use change will break the balance of carbon (C), nitrogen (N) , phosphorus (P) in ecosys-
tem, thus affecting the mineralization, transportation, absorption and utilization of C, N, and P elements in soil.
There were 288 soil samples collected from the 0~100 em soil layer in millet, alfalfa, caragana, and jujube land to
study soil C, N, and P contents and their stoichiometry of C/N, C/P, and N/P. The results showed that the aver-
age soil C, N, and P contents were 2.12, 0.21 g - kg™' and 0.43 g - kg™', respectively, which indicated poor nu-
trient status. The mean values of soil C/N, C/P, and N/P were 10.83, 5.0, and 0.48, respectively. Variation co-
efficients of SOC, TN, TP, C/N, C/P, and N/P were between 10% and 100% , indicating moderate variation.
The results showed that land use had remarkable effect on soil C, N, P, C/N, C/P, and N/P. The 0~20 cm soil
C content of millet land was significantly higher than that of jujube and caragana land ( P<0.05). The 20~40 cm
soil C content of millet land was significantly higher than that of alfalfa land ( P<0.05). The soil N contents of 0~
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20, 20~40, and 60~80 cm layers of millet land were significantly higher than that of caragana land ( P<0.05).
The soil P contents of 0~20, 60~80, and 80~ 100 cm layers from alfalfa land were significantly higher than that of
caragana land (P<0.05). The soil C and N of jujube, alfalfa, and millet land tended to distribute in surface soil.
The soil C and N of caragana land scarcely decreased as the soil depth increased, which indicated high ability of
carbon fixation capacity. There were significant differences in C/N among different land uses (P <0.05) with
highest value in caragana land soil and the lowest value in millet land. The C/P under 80~ 100 c¢m soil layer was
significantly different between caragana land and alfalfa land ( P<0.05). There were significant differences for 0~
20 and 20~40 cm N/P among different land uses (P<0.05) with the highest value in millet land and the lowest
value in caragana land. The canonical correlation analysis showed that soil C, N, C/P, and N/P were significantly
related to environmental factors such as soil depth, clay content, and soil pH.

Keywords: land use mode; soil carbon, nitrogen and phosphorus; stoichiometry; environmental factor; ca-
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L1 #HREER

SKAREX AT BEVE & K AE H (109.47°F,37.18°N)
SRR 1 049 m, Sy RS %) B - Ry B B VA AR X
J& Tl o T R R, AR AR R 400
mm A, FEERTE 7—9 Ay, BRIRE K RE
LIS Ry - 25°C ~ 38°C, 24 F A E8.5C, H
HRS (8] 8.35 h, SFH4 XU 1.19 m « 57", PR AH X
H60%, TIELIB BT ERE R A O F B
OB L, MBS RS A K Rt R T 1A
W 3~6 km - km™?, RIARIMBEL 1.8 7 1 - km ™
ca, MEHURAMERE N RIRRIR F A L
(Ennisetum centrasiaticum) MM ( Thymus mongolicus

Ronn.) JAEEEL( Setaria viridis L. Beauv.) &5, FIRTTHE
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ARE B4, N T AL 7 5% (Caragana Korshinskii
Kom.) VPMII (Salix cheilophila) . 346 i T (Medicago
sativa L.) 55,8 W R F2H K (Ziziphus jujube
Mill.) . 75 (Armeniaca vulgaris Lam.) | ¥k (Amygdalus
persica L.) F(Pyrus spp) %5,
1.2 #H#mRESHERNE

TEWFFE XN AR AR A AR O, PRI 4 Fip g Y
AT A BT A T EAE AT A AR,
e AERAERR R 8 a, #7550 20 a, B R 12 a, B
] B R i AR, AR WL 1, 74> Bla iy b
B PR Y = AR E 30 A 4 DR
SR AT T 212 AR A AR R
J 0~10,10~20.20~40 .40 ~60 .60 ~80 cm 1 80~ 100

em A AR A HIERE S 4 A IRA I A1E R
SYEORE 1 kg FE FESRECH 288 4>, HERZK
T BIBRZ= 5 s i 100 B 5 4 . 34T HLER
(SOC) R FH HE K IR AP A A 2 A (TN) SR P i
TR 20 (TP ) R HBRIE BRI L i,
1.3 #HBEBSH

FIFH SPSS 18.0 A4 iE 47 %548 b 28, FI F Sig-
maplot 10.0 {3171 &, | ] Canoco 4.5 3 {4k
FTHLTUAHIC A3 BT, SR FH B R R 7 22 73 BT i (one-way
ANOVA) Fl Z 5 H K 50 19 e/ I 35 1 25 S 0k
(LSD) th#& AN [\] 4 1 A FH 7 =X 18] 9 22 5%, R A
Pearson #2¢ R BT A Rl 48 AR 8] AU AR & PE . C/N
C/P 1 N/P BRI,

x 1 REMUER AN ER

Table 1 The vegetation and topography status of the sample positions
R b ZE 55753 R BepE d- 3R I 7 = TR
Sample Longitude Latitude Elevation/m Slope Land use Main vegetation community
#F Millet 110.23° 37.80° 1260 9° A& H Farmland #F Millet
P L e Y
B Alfalfa 110.23° 37.81° 1260 210 £ Grassland HELVKERUM
Alfalfa \Stipa bungeana Salix mongolica
ok Caragana 110.22° 37.53° 1267 19° #EA Shrubland ) ﬁ% NSNS X
Caragana ,Stipa bungeana ,Lespedeza bicolor
A Jujube 110.23° 37.78° 1245 15° FhHL Woodland AR Jujube

2 R

2.1 18 C NP REAFITEHESITHF

2 & 288 BRI M B G T RRAE (A, 0]
DB H# L R X 4 C N P &3 HRAL, 7
PIE 900 2.12.0.21.,0.43 g - kg™', BEHARAEX +
HEFE YA, C/NLC/P FN/P 1Y 3448 43 9y
10.83.5.0 F1 0.48, 28 Ak [ 43 5 o~ 5.07 ~ 26.33
1.77~12.22 F10.15~1.47, 785 28007 L) s ke ot -
SR S A AN ) 25 AN, B0 A () B B B AR 2 v,
14 C N.P . C/N.C/P F1 N/P HY78 53 R B KT
10% H/NF 100% , J& T i 55 7 B AR S | 32 4 i
JEHY VEWRE it AT S PR 2 R e B
22 ARLMFAFXTLE C NP EEDWIFE

W 1 AT IAS Y 10~20 em A1 20~40 em +
FIRE T, b L8 ¢ &R, I E S B
E e MR 23.0% , Hkr S5 33.1% , Ho A0 AR s
28.0%, #TH10~20 cm + )2+ C FH S5 &M
IR AR 2E 5 5835 (P<0.05) , 4 T-#1 20~40 em +
BrEgECHRS5EHER T E (P<0.05),0~20
em f120~40 em +)Z2 3 C S EHE 3 F+H
FIH T ZE 25 A 83 (P>0.05), 40~60,60 ~
80 cm F1 80~100 em LT, 4 Flt 4= i 1| ] 7 X 4

B CHmBAAR,HERYARE(P>0.05), +
58 C bl R A A A OR R 2 ]
fe it (F, ,=12.198,P<0.001) A5 FHb(F, , =4.007,
P<0.05) C & 22 5 W 3 A7 5k b (F, = 0.644, P>
0.05) FIAAMAK(F, ,,=0.651,P>0.05) ol FHMEZESR

0~20.20~40 cm 1 60~80 em +ZHE T, +
HEN A TR m A AR AR, A TS R
N 25 500 b 78 b i 36.78% , LT Sk b i
90.82% (P<0.05) , LL &R ARy 39.26% , 40 ~60 cm
F180~100 cm + )2 13 N S &7 4 Fi -+ HF
RZBEFARE(P>0.05), 5C FE—5k, +1#
N & bl R B EH AR 2 Z 0 N &
AR ETE L (F, |, =10.800,P<0.001) FI4+F
Hi(F,,,=528,P<0.05) 257 W& &M (F,, =
0.311,P>0.05) FIAM K (F, ,,=1.009,P>0.05) &
WEER,

B =1 U e o N i B L DS S Dl B =
SEPERC/N, A T M RN A A G, A A% b N AR
A, Hrb i 78 MR 4B HE 0~ 20,60 ~ 80 cm Al
80~100 cm L+ 27 E 25 (P<0.05), K&+
I, B T FHL(F, ,=5.408,P<0.05) 4b, HAh
3 A O R0 3 P S RAEAE R 2 6 2
SAEZE(P>0.05)
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Table 2  Statistic characteristics of soil properties and its characteristics of stoichiometry in the study area

LT AL FEE RRIE e/ MH Frifiz P 22 AR5 R A
Soil propertly Number Mean Max. Min. SE SD CV/ %
FHLEK SOC/ (g - kg™) 288 2.12 5.38 0.67 0.05 0.89 41.98
2% TN/ (g - kg™) 288 0.21 0.68 0.06 0.006 0.10 47.62
4t TP/ (g - kg™") 288 0.43 0.85 0.26 0.003 0.06 13.95
C/N 288 10.83 26.33 5.07 0.18 3.03 27.98
c/p 288 5.00 12.22 1.77 0.12 2.05 40.98
N/P 288 0.48 1.47 0.15 0.01 0.22 45.12
~ 4 [
£ a
.23r
w3 a
= a
3
= 1r
&
0
0~20 20~40 40~60 60~80 80~100
+- 8% B Soil depth/cm
0.4r
‘§° - 03 a
L5 ) ]
uﬂﬁ § 0.2 ab ab a a
Gz :
0.1
H
0
0~20 20~40 40~60 60~80 80~100
+ B FF Soil depth/cm
0.6
~ a
‘;D 0.5 ab b ab ab 2 b ab
. 2045
2
8 03f
o= 02t
401

0~20 20~40

40~60 60~80

80~100

+ BER FF Soil depth/cm

T Millet

CI 1 45 Alfalfa

I f7 4 Caragana [ &4 Jujube

T BRZLONRIER (n=3) s IRZEL LI R PR R — S e AIR] A 7 51 22 57

FE(a=0.05), T,

Note: The error line is the standard error (n=3). Different letters in the same column mean significantly

different at 0.05 level among different land uses. The same below.
B1 ARELMARAAFTXTLECNP SENEENT

Fig.1 Vertical distribution of soil C, N, and P contents in different land use types

23 ARETHFAAFRIN TEEESEZITEHME

S9p=A )

ANTR) A= A 5 o s 3 ¢ N P A2
St dEm s A S A AT AR, C/N J& 4
R R BUBE A, i H AR 1 ¢ N AR
THE /P RIER P AR EEIE AR, M N/P
ST R BRI SR HI R AR — B2 s
+JZ C/NFEARR LA N2 W B B E 2R
(P<0.05) , Hoby S b i i, 43 1 MU AIG, #9225 b O
~100 ecm )2 C/N ¥JH LA FHILE 44.82%, L1

16 H015127.12% , AR 26.70% , 4 Ff 4= 1A H
BRI C/N FERE 2 2 0 2 2R 8 E (P>
0.05) ,F¥I{E N 10.72, 2L A 7.23~19.02,

% 80~ 100 cm + /23 C/P 7EF7 S HUFN B 75
Mz 8] HAY 35 25 5 (P<0.05) 4h, HE & )2 /P
4 Fh A 7 2 B 22 5 A8 B 2 (P>0.05) ,
Hrh S T AT 5 C/P B, EfEH /P B
- R Y 1 0 i REAR (F, = 8.455,P =
0.003) , H& 3 F LA 7 =0 /P EAH 12
Z I JC i #2257 (P>0.05) .
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0~20 cm F1 20~40 cm +)ZHE T, 13 N/P
FEAS[A] b 1 FH 7 202 () oA i 28 2% 57 (P<0.05) ,
B F bt Frac bR A, & N/P 0~40 em £
JEI(E Ay S M 71.0% , W E S s 35.1%, e
Rk 30.7% ., 40~60.60~80 cm H1 80~100 cm &
JET 4 R 7 X 13 NP 2R IAEE
(P>0.05), 5 C/P 25, 18 #h N/P Bl + 3R FE
(s A i 2 AR (F, = 8.221,P=0.003) , HE 3
i = R 7 200 N/P FE R TR 2 22 8] TG 3 2%
5 (P>0.05)

24 TEFHC. N £PRELESKFITER
S5RERTFHEXE
MNEITLUAL, £ Cc 5 N.C/P fil N/P H

201

0~20 20~40

40~60 60~80
T HEVR FE Soil depth/cm

HW B EIEA 1 (P<0.01) , 5 P A C/N HH XKtk
A E(P>0.05), HIEN 5P C/PFIN/P EHAW
LB TEAHXME (P<0.01) , 5 C/N HAAH & fAH G
PE(P<0.01), THEP 5 C/N BB B35 T C 6
Z(P<0.01),5 C/P F1 N/P M EMEAR B FH (P>
0.05), C/N Fl N/P B A LK R (P<
0.01),5 C/P #XMAEE (P>0.05), C/P FI N/
P I E IEAH KR (P<0.01)
WIS F AR i o, Horf H RN« 3
FIH A x, KR E BN 2y, 13 pH EHH «,; T
A SRR N AR iy R C oy N
¥y, P Ny, ,C/N Ky, .C/P Ky [N/P Ky, i i
RUAH AT — 38 Z [ A O RAEAT 43 # , WA 3

8r a
6 TAa
&
S
2
0
0~20 20~40 40~60 60~80 80~100
+ B8R FE Soil depth/cm
b
a 3 a a a 7 a
ab a
b a a a a
0 0~20 20~40 40~60 60~80 80~100
I- 5% /¥ Soil depth/cm
Il 7 T Millet CI#i 45 Alfalfa I f7 %% Caragana [ E 4 Jujube

B2 ARLHFAFXTLEC/N.CP MNP HEEER
Fig.2  Vertical patterns of C/N, C/P, and N/P for different land use types

*x3 TECNPREAERUTEHEEXESH
Table 3 The correlation analysis between soil carbon (C),
nitrogen (N) and phosphorus (P) contents and its
characteristics of stoichiometry

IR

. SOC TN TP C/N C/P  N/P

Soil property

SOC 1

TN 0858 1

TP 0.130 032" 1

C/N -0.108 -0.581" " -0563** 1

C/P 0926 0676 -0.246 0.130 1

N/P 0.883"* 0970"* 0.162 -0490" " 0.788" "1

.o« = 7E 0.01 /K | BEHE,

Note; * * means significant correlation at 0.01 level.

JiR A5 4 AR R A AR A, =
0.884 " 55 "MK REL A, =0.702, 5 =4IM K R
K a;=0.638, VUM REL A, =0.178, HAH —
AR RBOA R 53 7K, 38 HOH: M 700 A5 1 R 40
F1500T o U R AEE IR FLR G850, v Fom 11
C.N.P WG friE, M TEIRRAAG — it it
SRR BRI A2 A5 1) SO AF OC R B0 i 1 0 AR A AR 2
TS RAIE 5 PR R 7 Z (R A C G 2R 5 — 4
RUAR B AR Z R G . U, = -0.472x,+0.03 1,
~0.417x,—0.454x, ; V, = 24.789y, =38.730y, +0. 726y,
+4.036y,-25.850y,+37.733y,, 1E U, % ZE0 ik
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Fig.3 Canonical correlations of soil carbon (C), nitrogen (N),
phosphorus (P) and its characteristics of stoichiometry and

environmental factors
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