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Soil C/N distribution characteristics of alpine steppe ecosystem in Qinhai-

Tibetan Plateau
WANG Jianlin', ZHONG Zhiming” ", WANG Zhonghong', CHEN Baoxiong”, YU Chengqun®, HU Xingxiang',
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Abstract; Regional distribution regularities on soil C/N have been a hot topic in recent years, but currently there were few
studies reporting the soil C/N distribution in alpine steppe ecosystem under different vegetation zones in Qinhai-Tibetan
plateau. In order to reveal the spatial distribution characteristics of the soil C/N on the alpine steppe ecosystem in different
vegetation zones, and to provide scientific basis for understanding a regional specific acclimation of vegetation to climate
change in Qinhai-Tibetan plateau, we surveyed the soil C/N of alpine steppe ecosystem under different vegetation zones.
Collectively, we sampled 67 sampling points. The soil C/N of the alpine steppe ecosystem in Qinhai-Tibetan plateau was
also compared with that of 14 natural transects in areas outside the plateau. The results showed that; (1) Along the
horizontal direction in Qinhai-Tibetan plateau, C/N appeared higher in northwest and lower in southeast. The higher C/N
appeared mainly in the regions with a concentration in the hinterland of northern part of Tibetan Plateau and in the lake
basin region of the northern foot of Himalayas. There were significant differences of C/N among different grassland types and
natural transects. (2) Along the vertical direction of the soil profiles from aboveground to underground, it could be divided
into 5 types of low-high-low, from high to low, from low to high, high-low-high-low and high-low-high of C/N distribution

patterns among different grassland types and natural transects, and there was significant difference of C/N between the

ELTH . EHEARPIAELS I H (41061008) 5 HEZRBHE 4% BT H (2011BAD17B05-4)
rfE B #9:2013-02-13; [ 4% H AR B #3 . 2014-03- 17
# MIRVEH Corresponding author.E-mail : zhongzm@ igsnrr.ac.cn

http ://www.ecologica.cn



224 EAEAR AT R e 2 B U S AR T R R L B A R AE 6679

surface soil depths from 0 ¢cm to 20 cm and the deeper soil depths from 30 ecm to 40 em. (3) C/N was significantly and
positively correlated with average temperature in the coldest month, average annual evaporation, average annual relative
humidity and soil total nitrogen content, respectively. The C/N was significantly correlated with average annual sunshine
hours, average annual temperature and soil available K content negatively, respectively. The effect magnitude of
environmental factors on the C/N followed an order of average annual relative humidity > average annual sunshine hours >
average temperature in the coldest month > average annual temperature > average annual evaporation > soil total nitrogen
content > soil available K content. Due to the complex spatial distribution along both horizon and vertical directions, the
research work of soil C and N and the relationship between C and N of the alpine steppe ecosystem in Qinhai-Tibetan
plateau are highly important. Conclusively, climate is the most important environmental influence factor on the soil C/N of

alpine steppe in Qinhai-Tibetan plateau. Future research work should focus on the relationship between soil C/N and

climatic factor, especially the relationship between soil C/N and moisture factor.

Key Words: Qinghai-Tibetan Plateau, alpine steppe, soil, ¢/n, distribution characteristics
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Fig.1 The locations of soil sampling points of alpine steppe in Qinghai-Tibetan Plateau
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Fig.2 Soil C/N distribution characteristics of different grassland types of alpine steppe in Qinghai-Tibetan Plateau
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Table 1

The soil C/N distribution along depths from 0 ¢m to 40 cm of different grassland types
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42.14+46.37bB

28.81+2.04aA

14.11+11.80bB

13.99+4.90bB

20.89+4.38bB

7.20+0.51bB

10.14+1.78¢cC

34.48+2.44CC

15.60£4.33¢C

14.10+6.71dD

17.79+1.26bB

33.15+6.67aA

14.32+1.51bB

29.87+12.30aA

6.13+0.43bB

INEFREIIR 0.05 KB ENEZE S, RS FHEIR 0.01 KPR B2 R

(2) H = B

HA & BTSSR P R 1 A
Y R R B 2T AR, B R LA
/N ,0—10 em TZBBRA LAE 15.0 LA E 1 10—
20 em \20—30 cm F130—40 cm 1 2B A LI TE
8.80 LN, AU i 0—10 em 21 56.27% 46.32% Fll
39.43%, 0—10 em 5 H B4 1 2 BIGR A LY 2 57
BIikE] 0.01 Ay i 22 5

(3) H %3 e A

(OERRRIERE S o Vi o N R RN i 2

+[EVDE R AT 2 AN AR R R B

2R B 3G, ik A LL B 3 i, 0—10 em 20—
30 ecm A1 30—40 cm )2 (] ik & LE AY) 2% 5 35 3K 3]
0.05 5 0.01 /K- B EM2ER

(4) M- - A

IR AR & FE T | B B ORI B R M

T T B F A+ S AT o B SR AE T 5P+ R K
B AR SR+ T AR R R AR 5 RO
HAL R RP U 7E 0—20 em YU Y, B 2 R

B3I, i Hﬁ:@@mﬁd\,ﬁ 20—30 cm I, bl
2RI, B A LB i K 7E 30—40 em
TR, B A A 2R B B L L B BN
0—10 em . 10—20 em . 20—30 em  30—40 cm 4 1
JZARA A 22 7 3155 0.01 K i F 2 R
(R P+ TABFE A 0—10 em 5 10—20
cm .20—30 em 30—40 cm + )2 [EIANBES)

(5) e -fik- e 7Y

FLFG BV - A P R A R AR S+
HAVE R A SR P+ AR R B R AE 3 S
A HAE R S & 7F 0—20 cm {E@W,F@%i%
TREE B 38 T, B 20 EL 3B 3 Ik /N 5 7 20—40 em 3 [l
PR 2 R R A N, ik A L T K, 0—
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20 em . 10—20 em . 20—30 em . 30—40 cm 4 4~ 12
] B R L 22 5 2435 51 0.01 3K 0.05 /KP4
225 (BREEAEFT S + BB R A 10—20 om ,20—30
em 30—40 cm 3 P )ZEABESR) .
2.2.2 TR it e FE LA ] AR i ) T Ak
AL A FRAE

MF 2 AT PAAE Y, R A B R L4 S AR

AR B 8L LU 23 A 0 552 AN (] AR ALE

(1) e Ll R SRR ety v

1E 0—20 em JW[FE N, BEE T )2 R EE A3 m, +
HERR A LB W, 0—10 em 5 10—20 em + 2 [H]
WA ) 22 5235 51 0.05 /KRy 5 PE 24 55 7 0—
40 cm It [N, BEE )2 TR EE (BG83 W s
/IN,20—30 ¢m ,30—40 em 2 4+ JZ 18] 5% & L ik F)
0. 01 /K-y B E PE 225

®2 AEBHAMTE 0—40 cm TEH T EBRELL
Table 2 The soil C/N distribution along depths from 0 cm to 40 cm of different natural transects

EP/S Ik | K + 4 C/N Soil C/N
Natural tansects Profile smples 0—10 cm 10—20 em 20—30 em 30—40 em
mlel o 90 21.40+24.99 ¢B  23.85+18.58 bB  28.29+17.39 aA 18.00+13.07dB
Alpine steppe
e LU B
mlll{égﬁﬁd 42 32.64+13.79 aA  22.68+16.23 bB  17.74+ 10.56¢C 13.71+10.10dD
Alpine shrubby meadow
[lliﬂ#f}m(%‘%m{% 66 13.36+10.44¢C 19.08+19.86bB  21.31+25.52aA 22.72+18.74aA
Mountain semi-desert and desert

HiLE AT
ik AR A LR 108 19.09£13.11bB  15.27+8.83¢C 20.06+22.34aA 15.88+11.62¢C

Mountain shrubby steppe

(2) FE LT AR A A B

B+ J2 W B 38 0, SRR A L 2 /N
HA.0—10 em 1 10—20 em )2 AIBRA HLHRLE 22.
00 LA I, 1f7 20—30 em F1 30—40 cm -2 Yk & L
PI#E 17.80 LR, AN 0—10 em + 2 54.35% Al
42.02% , 4% )2\ F] 0.01 K0 B EEEF

(3) Ll 7 B S T A Aty

B = J2 R B B 0, S S L 2 e
Hrr.0—10 em L2 A LLAE 14.00 LR, 1 10—
20 ¢m .20—30 cm F1 30—40 em + )2 B3k & H U )
£ 19.00 DI+, £ 1 2 8] 22 5535 2] 0.05 5% 0.01 /KF
M EPE2E S

(4) 1L b T DA JA Y

£ 0—20 em YO N, B & )2 R EE A3, +
HERR A LB WE N s 7E 20—30 em G RN, BEE T2
UREE () 38 T, e 280 LU 3 Wi 3 K5 7€ 30—40 em i [
W, BEE 1 2 TR BE (380, B A LU B Ty, 0—20
em 10—20 e¢m 20—30 c¢m .30—40 cm 4 4>+ 2 ]k
A2 5385 0.01 K19 8 M2 5% (10—20
em 30—40 cm HJZRIZEF AR EIL)
23 HEEEEEEREASRE LIERA LSS

BN FRYE &R

231 TIEA S HIEEE TR OC R
ST B A 43T, S 3R A b S B

HFRSCR TR .

Y=3.9918-0.1261X, +0.0020X,-0.00003X
N=54, R=0.5858"", R,=-0.1546,
R,=0.1724, R,=0.2004 (1)
M () ATRVE Y, B3R AL (V) 54

(X)) (X)) B REAMIC KR, M5 H B 2

(X,) BIEAHRCHR,, MAEIRAER2ZK S Z I H 7

PR T0=0.01 KPR W EMRR ., R, ZmWE

3G 1 i ey R i A A R A A A 2R L 1Y) 32 b P R

TR A P2 R, 3R A L B

PR BE B3GR A 1 T v R B 2 B 9 /)N 1T D

/N TRt 2 B b 3 PR X - 3 L EE 1Y) 52 ) ik

FH bk K

232 HHEmA LSRR FHLR
ST B AT, S IR AR S A

R SCR TR .

Y= —2.4526 - 0. 0019X, - 0. 4422X, + 0. 2624X, +
0. 0002X, — 0. 0006X, + 0. 0004X, + 0. 0041X , +
0.0687X,,

N=54 R=0.7753"", R,=-0.5236"",
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R,=-0.3903"" ,R,=0.4975"" R, =0.1825,
R,=-0.2242 R,=0.2088 ,R,,=0.6634" "
R, =0.5058"" (2)

M (2) FTLAE 52 3R AL (V) (1) 32
SR TR AR H BN BC(X) AR (X,) &
BHYAE(X,) . =20 CHE(X,).=5 CHIi
(Xg) =10 CHIR(X,) AE¥zZER (X)) AR
XTHREE (X)), Ml H ¥ (X,) FEYREKE
(Xg) 6—9 HERKF(X,) 52 WAR /N, R Asf PAE
(3) AT LA, e A L 54 B IR AR
Sl B H BAROR R ZE ko R AR R
A E BB 65 0.01 K PWEELES, HY
=0 CHAUE . =5 CRUE . =10 CRUR A WA K R
MIAIRE] 0.05 KV F V2= 5. RAEIREDR 224K
5 A 5 8 T 0= 0.01 K i 2 AR 56
Fo R, S0 5 e FE R AR S R G Ik
R 2 P FRAR Y H IR AR SR i
BHBSE . =0 CRUR . =5 CHUE . =10 CHUR .
EIZE R MAE AR B o AR H IR
AERRR B H BRI ZE o R AR
FEMSEIRJC R i, TRk AL S e ) R
AR ZE i AT A A R B 1 D R AR B RR
B FIAT X8 S A B AR T dob 208G, 3R P,
A A PR X6 A 9 AR L ) S R S B R KT
233 AL SR TR

ST A i, 57 R AL S R B
PR (BB A

Y=0.0355+0.00005X ,+0.0008 X,
N=54,R=0.2644, R,=0.1744, R,=0.2122  (3)

M (3) FTLAE g R AL (V) (1) 32
FEBEH T2 0—10 em Hb AW & (X,) fis LAY
H(X;), 1M 10—20 cm Ho F Y (X,) .20—30 cm
AR (X,) 30—40 cm MU F AR (X,) AP
T (X)) HE B BE (X, ) 55 e A e PR 5 DU o) - 3
A L TCH W 52, AR R AR R 25 K 5 1 Bl
AT 0=0.05 K V-1 B FHERR, R, %
S 1o i e FE L AR A AR G M A LU 1) 32 AR A A
F& 0—10 em M N Ay EL AL A AR A
B 0—10 cm Mo F A= 9o Al b A= 90 & 09 38
TN, R A 2 B g DR X 38 ke 0 Lb 1) 52
[IF SINEIITE >/ G

234 HIEALLS Y THCR
ST B 43, o R A L S 1
Py BRI A B
Y=0.1623-0.2797X,+0.0134X,+0.0182X,
N=54 R=0.5858"", R,=-0.1546,
R,=0.1724,R,=0.2004 (4)
M (4) AT LAF 50 R AL (Y) 1) 3222
1Y B 7 30—40 em HIEAE (X,) .0—10
em HHEE K& (X;) . 10—20 em HIEFKE(X,),
M 0—10 em +HEZTE (X,) . 10—20 em T IERH
(X,) .20—30 em HIEAE(X,) ,20—30 em TIEH
K (X;) 30—40 em TIEE /KR (X)) FHE 5
Py BRI X A e R L TG I S R, AR AR o R
ZERi g, HHERR A LS Y B 0 06 &R FR i
T 9=0.01 ZKF-A g E PR S, FRAA 500 7 8 =
Ji v FE i A S R e R A L Y R 1 S A
T2 30—40 cm HIERTE Ocm—10em 5 K&
F110—20 em T8 E K&, - R A L BEE 30—40
em TR AN A K 0—10 em Al 10—20 em +
SRR R B hm g, WA, gy R
XoF = SR AR LY 1 5 i 38 b S K
235 HHRALLS B TR
BT B A A ik, dE o7 IR A S 1
b2 B R B s A
Y=0.0354-0.0010X,+0.0205X,-0.6417X,-0.1768X,
+608.6645X,~1049.1271X,-0.8909X,,+0.5470X ,
N=54,R=0.8365"", R,=-0.4825" " |
R,= 0.7873" ", R,=-0.2489 R,=-0.1481,
R,=0.1553,R,=-0.1552 R, =-0.2694
R,,=0.2632 (5)
M (5) ATLAE Y, 52 3Ea A L (V) () 32
I TR 0 pH (H | AR A (X,) | HURE
(X)) AW (Xq) BA DK (X,) Sk AKIEA D
(Xg) KT MEmR (X,) W PERR (X)) 0 & &K
(X)), -3 pHAAE (X,) GHBCA(X,) 2 (X5) .
KRB (X)) (HCOS (X,) I P8R (X ;) \HCO;
(X,5) % H e g b2z DR 7 D0 - S8 ik 280 L T A I
s, RN (5) i E H, AL 5 1 s
AR ) IR AR DG R AR F] 0.01 7KF- 19 i 1
225 M5 AP B DK SRk KA K
foe TR PR R B AR OC RECR I8 5 0.05 KF
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BB EEZE S RIERHEIR 2L, B A LS
A T 56 R Al AT T 9= 0.01 K 2
FVER, R, E e R AR R RS
AR AL ) 2 A e TR A A AL
B B ML B LB BB K AL A W K TR
PEORFIA & Sk &, b, R R A 5
Wi e A S, - e R LU B 9 4 B R A s/
IO 2 A 3mSR, R, AL
2 P50 - 9 R L A S i ok AR B 25 K
236 TIEMALSLZAHNFIHLR

Wit PL Bl DUE B R A L 5 R A
PR 7R e AR A R g A R
SR IEAOCOC R I 5 4E ) H BB AR R
T R A AR GG R, HE XS A
F5xF - R LL B S e R AT ST AE L Rk,

FATXF - S 5 A L i e 2 B B A YRR AR
A PR AR 2 AR H e
AR R AR 7 SRS
Bro AF&3AIA, X 7 A28 & iy {5 BT i 3 4>
FRF e, H 2ok Rk 5] 90.11%, Horfr 5
— ER X 2 TTRCR R 61.90% , B A H If
PR AE AR R A BRI R AR
XPREEAE 5 AN R T E , 5B EH X2
DT A 17.09% , i LIS A S EMR, 5 =3
75X 7 22 B TR kR N 11.12% , iy - S 00 &
FARL,, X EEEREE PR 2T ek 2 L 52 M DA K 31 /N
T 2 A XA AR G B >4 34 H RR A El>Fe vl H #8930
SAERSR SAE Y 28 R > TR S > BT

P,

R3 FERKEZEEREFHREER LTSN

Table 3 Factor loading matrix after varimax orthogonal rotation and statistical analysis

K ¥ Factors

¥ 1 Factor 1 [HF 2 Factor 2 K 3 Factor 3

AEF H BEISL Average annual sunshine hours
AR Average annual temperature

e A 35 Average temperature in the coldest month
AEIYFE K i Average annual evaporation

SEIYAHXTIEEE Average annual relative humidity

+ HEHEAER 5 & Soil available K content

F L% & & Soil total nitrogen content

HHE{E Eigen value

21 5#k Cumulative contribution

-0.9456 -0.1556 0.1132
0.8646 -0.2273 0.3497
0.8913 -0.2041 0.3426

-0.8618 -0.1898 0.2659
0.9689 0.0022 0.0092

-0.2926 0.6956 0.6138
0.3599 0.7478 -0.2802
4.3328 1.1967 0.7785
0.619 0.7899 0.9011

3 it 54£iR

IR 78 7 e 8 R0 A A A A 2 AR G iR R Y
WFFE R - 3 A LA o — A 5, JF AR B 0
AWy i g 7 i DL SR AL, RS O O 4
R R EUAE R L B, B A R
W) LR A L 10 A HL - EER A LA 30, FH]
g e B AL S A R B A AR
240Pg[22: . BgILZ 4N, Schipper R I BURis:
B IR/ IMEA 9 .10 1 11 SR Ahi i3 vt 22 3R
RAFAERE ST o T 30k 8 LA R AR 2 R i 28 S
P, R P BA 55 1 B Bk R GOk T3 AU
AR B ANBA P o PRIt o7 ) A [) A A
A A L EE B, A W] A2 28 R G R AR )
A3 A LY Y 25 (] 722 S AT, AT BE TR AR T 1

SRR SR LR I Y 2 T A% SRy AR 2 DR 3R B o o f
A58 SRR SR e RIVRSAL) 39 RU AR PR e 2
AR E NSRRI TS T AP B AL 22
Lhln 23 Al 3 AR AL, B4 SRR W, P48 DL R
TR RV it 0 L I 420 0 3 P v T 308 > i
A ) FRIEHET , AR B AU 22 3 A R
KW LR A LR, NS SR 2 i X
A EREF S I A Ok R E R b 55 U o 3 B
TR A 7 28 20 1 M o 2 LL 3R B e AR 2% 75
1o SR i ) S R L A AR T ARAR
3 L o R R M A M R LG eI R
PN M B AR KRR Y 58 S ARAL LA e 3 ey
1o - i AR 7 = A AR vy - R Y, T K e R DU
Ay -AR-r B R R R MK S R R
b SRR AR LU S B DY AR AR 0 B AR A S B B
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AR S 53 A0 A& Jmy Bl AL L I Ve 1B

DX = AR PR L s S b R S R 1
T 2 DX, AN [) 6 1 B A ) [ R by 3 e R L 22
S IR A3 A R, AN ] R R A A L
L1 % o 3= 3 N e = N 2 e =P =
oA R A AR 5 2R AL, R 42 (0—10
cm) TIER A L S5)K 12 (30—40 em) T 3ER A L
2 KRR R AR S R G
TR HE 28 (i [ B A M ) T 25 [] 20 A R AR 500X 26+
B WAR WA 5 AL s i m JE R AR
SRG A HR  FOTR LA E RO B R
AR HEE MR X,

AW R s, R A S 5% AR
I Rz R AR TIESA T HER
FHIEMICOCR, MAE Y B B AR 0 R
TR R E TGO R, 1 LE PR R ZO0 T ik A
FE S M) AR IS P 2 A 34 A0 X 18 B > 4R 3 H #R
PR > B v A 2 0l > AF 1 R > AR 4 28 i > - 0
SRS RS IR A, R R
FERL A 25 2R G0 T I AR L B Ry T A P PR
SAEAR, WR, F#s s R RS RS T
e A M5 AU T R 5K g PR G R F
FEN RS 5 e FE R A AR R G R IR A LS
FUTE R, X —BIFFE A RS AR L R B R TR A2

R ZR S ) LI R 2 ] b | 2 e G LR A
A7 2 TR MRAR ) R B L S A B AU 2 S
JIP e g SRR R LGS AR R B KSR G
(RS2 AR IR0 15 bt KA 3t DA 4 vk
RIS IR A OG5 A T (AR M3/ K
fik/ H IR0 R HAECE B L A A
PE S AR B A AR OG0, M Ui B b 1 1 pH
(I SRR L 2 35 TE AR DG | VT3] AR )i
W - BRSO3 I A O
RIS AE SRAR B, LR A AN TS 2 A 1 4 i i — 20
AW,

— SRR, FHEA ML C/N 5550 il 8 2 R
PO AR, O P O S A U 7 2R A i shd A rp, R
i ERR A , A H A FORM L A 2 MK,
TIHAPUZE C/N HAEARERIIA WL R A B 5
PEAERT, B LAEAS A LR 50 R0 & B s
ARSCHIFFEAE R s (3R 4) , 75 8 g Jit ey FE 8 i/ 2
FGE 19 A H MR 4 A4~ 5 SR s Bk R EE S 2 {E
Py T b A T AR A A T AR AL R AR A
M v FE UL R P B RGN | N 5 T
SR T R S AR BT R AR | B Ak
G NI TR € SR N R e G 2
s e ) AR b B T 2 e R IR

*4 FHEERREERRERRASREMEATHEX 0—40 cm B HEEBE L
Table 4 The 0—40 c¢m soil C/N of alpine steppe ecosystem in Qing-Tibetan Plateau and other areas

257 Types

+4 C/N Soil C/N SCHR References

= ZE LR M B Alpine mountain temperate steppe

VLR FE R Alpine meadow in Three River's Headstream Region
43R 13 Global soil

AT MEVE H Tidal wetland in north Jiangsu Province
W7 ET IR 3 AR Temperate mixed forest

AT ZE AR Tropical seasonal forest

T Gk [ AR Subtropical evergreen broad—leaved forest

# 4 5 JF 4 H Farmland in Loess Plateau

754t Hl Farmland in northeast China

ZRAbERAEAR L F b Saline-alkaline degraded grassland in northeast China

W52 KEFSFFER Stipa grandis P. Smirn grassland in Inner Mongolia

JUVPEAE KRR L Natural pasturable grassland in northwest Sichuan Province

Y i e FE VT Alpine wetland in Dangxiong
WAL = FE R ) Alpine meadow in Haibei

9.52 2
9.50 8
13.33 24
10.72 28
12.60 29
9.46 29
13.12 29
8.15 34
8.82 35
11.38 36
9.35 37
10.81 38
24.80 39
11.40 39
20.39
20.32
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T TCR T R e R R R AR RS 19
Y AR 4 A 7SR M e A LL R ST B A 3R A%
FAEBRGEPETEEKY, EEX—HEn 5K
PR T 0 e B A R FE VA (R S BR ) T - e
B BT A RT RE S e i TR R, T
FLE MR, J IR VE R R 2 56,

B E I ASCRR ST AT LA Y TR e R e E
JRAEAS RS R A L B PR R A B
TRZS SR BEHOIRZE 5 7040 B A% Jmy | AN ) b 2 A ]
H AR FUAS [F] 1 2 - ek A L 22 55 0 3, 2
9 o I e FE AR S R MR A L B o L I
BERFREAmEE,

B b R B AR W) IS B SR AR AT 5 B e L T
) IR , RO
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