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Spatial variation in surface soil sulfur in the temperate grasslands of china and

environmental constraints
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Abstract; Using field data collected in six major temperate grasslands on the Inner Mongolian Plateau and the Tibetan
Plateau ( Qinghai and Tibet) , we analyzed spatial variation in surface soil sulfur and associated environmental constraints.
The concentration of sulfur in surface soil (i.e., 0—10 cm depth) was significantly higher in the Tibetan grasslands (430.8
mg/kg) than in the Inner Mongolian grasslands (181.4 mg/kg). The surface soil sulfur was mainly in organic form, and
there was relatively little inorganic sulfur at the sampling sites that can be absorbed by plants. The percentages of inorganic
sulfur at the sampling sites in the Tibetan and Inner Mongolian grasslands were 24.5% and 14.7%, respectively. The
concentrations of surface soil sulfur were significantly positively related to surface soil carbon and nitrogen and negatively
related to soil pH. The C/S and N/S ratios were low in all of the study sites, indicating that sulfur could be the major
nutrient constraint in vegetation productivity in the temperate grasslands of China. In the Inner Mongolian grasslands, the
concentrations of total sulfur, solvent sulfur, and adsorbed sulfur were significantly positively related to annual precipitation
and negatively related to annual mean temperature. However, in the Tibetan grasslands, most sulfur types were not

associated with climatic factors, except for solvent sulfur, which was significantly positively related to annual precipitation.
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Fig.1 The sampling sites of Inner Mongolia (a) and Qinghai-Tibet Plateau (b)
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Table 1 Some information and soil chemical characteristics

K pi=R=1 ) A9E a1 C N
e oo S Wt e M e ety O O W
EXGE 1 -1.8 327.6 6.8 28.1 2.8 287.4 10.0 97.9 9.8
Meadow grassland 2 JAON -2.7 322.0 6.3 37.1 33 324.0 11.1 114.6 10.3

3 F O 0.6 307.3 7.0 20.2 2.0 223 9.9 90.8 9.2

4 -15 424.0 6.4 454 3.9 374.7 117 121.1 10.4
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Al 2 S Ay 4k C N
ts o Wt e M T e Y 05 W
5 3.1 416.2 6.6 19.1 1.8 194.9 10.5 98.1 9.3
6 33 396.5 74 12.1 13 21.8 9.1 54.5 6.0
AR R 7 BhbkuE A 33 339.9 7.7 18.1 1.8 202.3 10.1 89.6 8.9
Typical grassland 8 i L L 2.6 239.5 73 11.3 1.2 139.3 9.4 80.9 8.6
9 IEHE 3.6 357.3 7.7 14.3 1.6 232.7 8.7 61.6 7.1
10 DU F 4.4 275.9 7.6 1.5 1.3 148.6 8.6 77.2 9.0
11 FRIEIX 7.3 359.1 7.5 19.4 0.88 86.3 22.1 2245 10.2
12 e 7.5 330.7 8.3 11.7 0.69 114.2 17.0 102.5 6.0
TR 13 MR A 4.1 202.3 7.7 4.1 0.46 75.1 9.0 54.9 6.1
Desert grassland 14 IR B 4.1 219.5 7.5 5.5 0.70 93.8 7.9 58.7 7.4
15 pINA SRy 5.7 187.0 8.2 4.6 0.55 91.6 8.4 50.1 6.0
16 TRIT T 7.9 260.5 8.1 4.0 0.22 92.7 18.7 435 23
IR 17 2B A 15 527.6 8.0 342 34 768.3 10.0 4.5 45
Alpine meadow 18 gz B 1.5 451.7 7.8 40.0 4.2 418.9 9.6 95.6 10.0
19 W% 5 0.5 406.2 6.7 101.3 8.1 842.9 12.4 120.2 9.7
20 L2 | 0.7 285.9 7.7 30.2 1.7 378.4 17.4 79.9 4.6
A E R 21 HhRRSE L A -4.5 282.2 8.2 30.7 1.8 327.2 17.0 94.0 55
Alpine grassland 2 MR B -4.5 307.3 8.1 14.9 0.76 471.9 19.7 31.6 1.6
23 EE A0 -2.9 316.8 7.9 13.0 0.36 2323 36.2 56.0 1.5
24 TEH -1.8 4313 7.8 14.6 0.51 185.8 28.9 78.7 2.7
RGN 25 L f 2.6 428.3 7.4 59.7 5.5 752.8 10.9 79.3 73
Mountain shrubby 26 REFH 3.6 387.0 7.3 27.1 3.2 508.9 8.4 53.2 6.4
grassland 27 H B A 6.3 365.2 8.2 4.9 0.47 111.1 10.5 443 4.2
28 H U B 7.2 358.8 8.0 11.4 0.52 408.9 21.9 28.0 1.3
29 T4 B 7.5 318.0 8.4 53 0.38 306.6 13.9 17.2 1.2
30 SEHE 3.7 302.4 7.9 3.8 0.54 806.9 7.0 4.7 0.67
31 Sz 6.5 285.6 8.0 6.4 0.95 181.6 6.8 35.2 52
2 BRI B 3.2 254.0 8.0 19.7 0.96 190.3 20.4 103.4 5.1
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Fig.2 Concentrations of sulfur fractions in different types of

grassland
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Table 2 Correlations between different forms of soil sulfur and impact factors

5T X Research Areas pH C N
e 42 Total Sulfur -0.787"" 0.894** 0.964 "
Inner Mongolia KPR H,0-S -0.661 " 0.812** 0.798 **
(n=16) W BB Adsorbed-S -0.520" 0.762** 0.743
HHLEL Organic S -0.778** 0.866 ** 0.949 **
T A 4T Total Sulfur -0.574" 0.614" 0.676**
Qinghai-Tibet Plateau KRR H,0-S -0.446 0.744 " 0.789 **
(n=16) W BB Adsorbed-S -0.540" 0.811** 0.789 **
FHHLER Organic S -0.473 0.374 0.434

# EFAR(P< 0.05) 5+ * AREFAML(P< 0.01)

WSEATIESE X 16 D REHLI AR -2.7—7.9°C (R 1), HAE¥IBEK SAERRAR OO R AR B 3E . @ Xt
HHEAREE SKIE TG W BT AT LS AR A YRR AK A DE AT A BT, S5 SRR B (18] 3) , NS LR
RZE TR SR EM R E TMIE(r= -0.8707" ) , SRR B B E IEA I (r= 0.65277 ), BI4EY
Gk g ) i M X - MR S D BRI IX HIE e S R, 5 R AR, NS 1
KPS PR TR B PR B 5 A PR R D MR AR DO 855 . T I S8ty S A LR BT o L AR A PR 5 <M
AR R BRI i — 2L

(E e SR T X 3R 2 e | HUR K MR S AR Y R K AR DCC R T P= 0.05 B i F MR (r=
0.497" ) , HARIBA RIS AR F A G PR A 35
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2 IR (181.4 mg/kg) B /T F A [F) 26 B2 3 Bl %) db 38 1 i 5 i 1 48 4 5 % & (501.7 mg/
ke) U R TR R B S A PN 5y SR B SR 2 A AR A (249 mg/kg) s TR R LR A i
[ V-2 5 B AT, E B AR T R A B 3 R AR A R Y (R 3) . A&
P F LR SR E R, — 8Ok, 3 AR EORET A AR Y WA K e
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FHOR R A S RGP EE GRS FE S B B AR R A T RIS, 3 TEHLER
FR) 5 R AR TR A B A IR MAC TV D 2 2 B A B4 it i LA B 3 R A Ak R R AR Y AR SR
PR St R AR v DR B 3R 2 A JC LR P o L 2 R T 2 BG  F YE H DX E A K M H (Y
5%) " G E ARG 4 P X — EL BRI (29 209%) 1

TKIEPEBAE R T B R AR 2R ST B 1 T 285, LA A R0k e 2 o e iy e 0 1) B 7 %8 06 o
B ARZKIE PG I S0, 5 20 A 52 1 S 1) 52 M 58 A 5 T VAR B A ) i sk B B8 58 4 W ISR T
W By 2P B A SR PR SR T, 7 P AR PR R Y e R A K M - W B T DR
EARIEAL T Eh 004, AWFs R Y 3 pH by 3 1, SOT AWM fe K, SRR B pH 9T 2 R
B 54 pH> 6.5 B MR FHE C AR I G 7R BIoR AT W2 PR A 26 TCHLBR Hh T o LB R R R R, X2
M TS0 e i PO A OH #F2x 5 SOT JEMsE 4 5B 24561, NI FRAR SOT M . A 5T
NS 5 G e S R A ) R S Bt - S ) B R T 1 R A

®3 PEEBFERASRGMEMMRRETIEEREE

Table 3 Soil total sulfur concentration in different ecosystems

A Types %%(E;L:;”ur Reiffzce
A2+ Black soil areas of Northeast China 405.0+24.2 [12]
VLG4 JLEBARAK Forest in north Jiangxi Province 491.3 [14]
[E]YT30] I 2 L Wetland in Minjiang River estuary 1613.2+874.4 [20]
SV RBIREBEPE Lasiocarpa marsh in Sanjiang Plain 3175+606 [19]
ST 55 Australis marsh in Sanjiang Plain 4444+190 [19]
NS B M LB L Xilin River watershed of Inner Mongolia steppe 249 [5]
626 K B R AR B HE Grassland of the Great Plains of North America 501.7+221.9 [18]
R FEAK LU IV V5 e 50 5 L K SR AR MK Natural forest at the southwestern highlands of Ethiopia 1082 [2]
VRFEA L T V5 RS %55 JEBE b Cultivation at the southwestern highlands of Ethiopia 635 [2]
BRI K A KSR FEH Natural grassland of volcanic-ash soils in Chile 610+20 [4]
M52 B Grassland in Inner Mongolia 181.4x91.9 RIS
5985 AT Grassland in Qinghai-Tibet Plateau 430.8+243.3 NS

32 FRETHRS TN TR

AHFGE T, b AR | K S R U B A A S - CON R B EM KR, X E Wang'™
Solomon > S N IBFFE 45 R, HHERT R 5 4 C N Z [ 7E7E (03X P B4 A G | (R R 78 H 19635 0y
W5 b AT BN BRI DA - AT R PE Y BIFSE R, FE I 3 v i >t o — 2 ek A A W 1 7 P-4
WA 10% 2 AN, AR A LB, 5 44 C AHEL, B3 N 5 R AR SE S R TN B X v BB R T
| FAB PR A b AR R W AFE . Nicolas %52 ZEWFE i & B, B JFURE X H3Erh i N R S 5
ARRL R WL, EAE A N FD S BB R A DGR B85, A 2R n B N 2> $2 A R AR A I RCR

— kP, C/N B M i 48 C N E IR TAR B0 R 48 bR, B 0 T A2 S5O0 + ik | BUTE A Y
Mt [RIRERY, 4 C/S TN N/SHETE& AR R G, G AR W) 418 205 AR B 3 T EZ AR R EH .
Stevenson "' Bf5¥ B ,C/S (HYEH IR AALE 7 0], B3X — (B KT 400 B, B 27 3G 0 Y —ERT
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200 B, B3P R PUE I T ALVEH ;24 38 C/S {EAE 200 3] 400 Z [a] A}, +3E R SO REA MNA HLEL
BB ARG A PR, ABFE 2 5T XA 138 C/S SEXE# A IR F] 200, 1X B IRE N 5t FH 9
JEUREHb - S S AL T A B AL RO B, AR, 0. R. BETTANY 2505 e C 2 8HE T 65 4R Ik FT
WFFEET & B, - 3a & S AE X I E) R R T 38% , 58 C N &t 0 5l N I% T 44% 1 49% , L3 C/N/S (HAE
/0N, 3K 2 B 3R T HCHT - M E T S EON A AL AR EE JT Lt C N SR, X PR AR RS, Dawit
Solomon 4 N\ 2 FERFFE P & B, AT KO B R 3RS C/S R N/S B HE PG ZR MK AR 22 RV A2 IR
i A A LT b B AR 3 B A e R A - 8 3R R R A R A 7 g g BRI A R 1 3R T
2, N g 2 o s i 2 B A S R G- S g
3.3 SR TR MR Y S

ARWFFE R, NS B R R AR S R & i SRR R B U C, SEMFOK R BIEMHXKER, 5
+48 C N EFEAREH T Z R RS (BIEE A I, RERTFEEY W E SIEAILRN S &,
ARSI A IR b XA LR Y & i d R (181 3) o 3R 5 2 SR E B UIAHOC SR BRI, 48R
AU (O (e e S VI e st 2 <3N S w2 )l = e w2 S W T A o N = w31 = 93 1) 5 AT ]
RS R, AR A B TR REE |, 396 ML A SR TR A >, LA Ak A R A DR A R 4 AR A
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