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Abstract: Sulfur is an indispensable mineral nutrient element, which required for the growth and development in animals
and plants, and plays an important role in organic husbandry. The purpose of this study was to characterize the distribution of
soil total sulfur, nitrogen, phosphorus, and potassium nutrients in different meadow types and topographies, and to explore
the relationships between soil total sulfur and other nutrients in Hequ grassland of Qinghai, China. The total sulfur content of
soil and plant samples was analyzed by ICP-OES (iCAP6300), and the contents of total nitrogen, phosphorus, potassium,
organic matter, and soil pH were determined by conventional soil nutrient analysis. There were significant differences in the
sulfur content in both soil and plant samples from different meadows, but no significant differences were detected in both soil
and plant samples from different terrains. The soil total sulfur content in the study area was 1 023.98 mg‘kgfl, and plant total

sulfur content was 4 120.20 mg-kgfl. The average soil organic matter, total nitrogen, total phosphorus, and total potassium
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contents were 134.35, 6.44, 1.95, and 23.05 g’kgfl, respectively, and were higher than the average levels of these in the
Qinghai-Tibet Plateau. Soil total sulfur content was positively correlated with organic matter content, aboveground biomass,
and plant total sulfur (P < 0.05). Soil carbon : sulfur ratio was between 58.90 and 102.18, indicating that soil sulfur was in a
net release phase. The current production mode that the element has only output and no human input has not resulted in a soil

sulfur deficiency, and sulfur is not a limiting factor for soil nutrients and the livestock industry in Henan County.

Keywords: soil total sulfur; plant total sulfur; headwaters of the Yellow River; carbon sulfur ratio; mineral elements; organic

husbandry; grassland degradation
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Table 1 Status of sampling sites in different meadow types
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Sampling location
FTAL IR 8 B0 0 7 5 4 B R P B B 86 471 BL €0
AR P O BEIE T AR A SR RO A

http://cykx.1zu.edu.cn



551134 EtNY AN

T bt 9 A K T IR 23 23 A RFAE

2237

B TR A (ICP-OES) #E AT e s HIEHRAH
KRB AN O 1 S =S A B 30 [A] Bk 2 A A
(ADA) ZEAT I 22 5 1 38 5 /K & 1 I 2 SR 5 & 2 bt
% 3% pH K pH i (#5574 FE28-Standard) I 5€

TR R 1 BT IR 1 28 AR 58 B s 3k AT E
%%, SR J5 # FHl Excel 2016 #F 4T ¥] 25 &b 2, i@ it SPSS
17.0 A AT GE1F 43 BT FURH S M 2 i, 45 R P38
B FNbR AR 22 KR o 2 PERL IO R LR 5 2
Hr (One-way ANOVA) ] &% /) & % 7% 7 7% (LSD) 1
% H L (0= 0.05), 18 A Pearson #H 5 43 #1 i 1T 7%
o ' A A G PE A T

2 HRE5SM
21 EMeRi. MEEYMERTREINRSH

2101 ARZEMEM A, H EAEmE L HIEAN
R AT

T B A B D SR, LA S AR D 55 R 1k

(F# 2). BEAF AP LIRAEY) &0 LIEG VLR
TE R EAEY RS T AR SE A, BE N B [H] A
FUEAAML RN RS EYFEREER
(P <0.05), -3 4= i A M b A B 4 B A fh #a 3 —
e, BEAE A > 1 R AL B > A
DN A L VA ) AT L B R AL B R R S
I A B AR A 4.2313.95 F113.93,

212 AFEFEFE R, W EEYE L EEAEN
Jii o> A

AN TR 7% 8] Bt A 39 35 O 55 R M (3R 3), PR
] (6.64) > PH 3 B (6.56) > B I i) (6.34). 3 2K
TR Y A A R ERARE (P> 0.05), HY L
1% 45 1 LE BH I B ) (4.12) > O e B ) (4.08) > [ 3%
Fi ) (3.75). ST ) RN BH R R AR, L
W ZERRNEZE (P>0.05). Py GRS &
1%, 1M 105.22 grkg s L5 P e 305 2 f) 22 57 5B
# (P<0.05),

x2 FTRXBEARELRBINREE

Table 2 Soil sulfur and organic matter content in different meadow types

Y& #5 Parameter

B 48] Shrub meadow {H 24k 5 fa) Marsh meadow L1 3 5 544, i8] Upland meadow

H_b-2E 4 Aboveground biomass/(g'm °)
3G HUR Soil organic matter/(g-kg )
4457 Plant total sulfur (PTS)/(mg-kg ')
34 Soil total sulfur (STS)/(mg-kg ')
fEY AR AR PTS @ STS 4.23+0.78
pH 6.30 = 0.38b

218.78 +49.04b
161.37 +52.11b
3928.10 £ 204.80c

916.06 + 191.45¢

231.50 £ 61.08a

110.47 + 26.63¢
4 053.45 + 193.56b
1031.23+176.77b

3.93+0.51b
6.41 £ 0.54b

235.62 + 50.72a
180.56 + 64.67a
4 388.53 +130.73a
1110.14+£270.41a

3.95 +0.74b
7.29 +0.39a

AT AN Fl/ING PR R R 2 7 (P < 0.05); K3 [A,

Different lowercase letters in the same row indicate significant difference at the 0.05 level; this is applicable for the Table 3 as well.
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Table 3 Soil sulfur and organic matter content in different topographies

F8 45 Parameter

P % 4] Flat meadow PHY% %) Sunny slope meadow [f13 #48 Shady slope meadow

H1 b /=4 Aboveground biomass/(g'm )
434 W5 Soil organic matter/(g-kg )

)42 Plant total sulfur (PTS)/(mg-kg )
384 Soil total sulfur (STS)/(mg'kg ')

234.03 £ 56.21a
145.84 +47.31a

4 185.78 + 183.73a
1016.41 +215.56b

198.89 +48.71b
126.59 + 31.02b
4 048.30 +231.15a

244,96 + 65.68a
105.22 +23.72¢
4117.04 £ 167.11a

1008.41 +211.07b 1078.24 + 143.27a

Y4 - £ PTS & STS 4.08 £ 0.66a 4.12+0.70a 3.75 + 0.42b
pH 6.64 + 0.452a 6.56 +0.57a 6.34 + 0.49a
22 BEMHIEFEFRSSE AR > Ly b R A ), E N R R S T M
221 AS[F) ST B - 4 s 0 A A AR JiR Ak A A VH AR B AR [R] (P < 0.05) (R 4). AN[AE
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Table 4 Distributional characteristics of soil total nutrient in different type and topography meadows

T H Ttem 27 Type 4% TNAmgkg ) 4B TP/(mgkg ) 44 TK/(mgkg )

#E M\ %5 48] Shrub meadow 823+ 1.21a 2.00+0.28a 21.30+2.37b

LRGeSt e

Types of meadows VB FAk 5 f1) Marsh meadow 6.01+1.16b 1.77+0.37b 20.04 + 2.78b
L3t 35 5 4k 5545 Upland meadow 5.98+1.19b 2.00 +0.25a 24.64+1.51a
% f) Flat meadow 6.54 + 1.09b 1.92 +0.32a 21.99 +2.16b

ki

ﬁ)pography of meadows  PHI 1 Sunny slope meadow 5.83+1.12¢ 1.97 +0.28a 25.02 + 1.46a
[ 43 i ] Shady slope meadow 6.75+1.53a 2.03+0.18a 2430+ 1.74a

R BUANTR] AN 5 - B R AN R) B A R Bl 25 1) 2 ) 22 5 e 25 (P < 0.05); TR (A

Different lowercase letters in the same column indicate significant difference between the different meadow types or the different topographies at the 0.05

level; TN, total nitrogen; TP, total phosphorus; TK, total potassium; this is applicable for the following tables as well.

x5 ARFEBM=EEALIREHFSTHED

Table 5 Soil available nutrients in different type and topography meadows

1 H Item A Type AR AN(mgkg ) H 2% AP(mgkg ) AR AK/(mgkg )

" J WM Ei 45 Shrub meadow 512.00 + 68.66a 12.65 + 3.26a 274.23 + 36.34b
Ty/iifmeadows VB Ak H45 Marsh meadow 414.87 + 78.80b 13.19+3.38a 21136 +48.31c
113t 35 )54k #545) Upland meadow 406.32 £ 59.47b 13.89 + 3.26a 335.05+61.13a
s SEWERE f] Flat meadow 446.99 + 71.80a 13.41 +3.25b 287.21 + 50.79b

7 [a] 43
Topography of meadows FA 3% %45 Sunny slope meadow 373.46 + 63.46¢ 12.76 + 3.86b 352.83 + 54.54a
B3 &g Shady slope meadow 431.39 + 47.02b 14.52 +2.82a 276.28 + 61.13b

AN, available nitrogen; AP, available phosphorus; AK, avaliable potassium.

NG YA s o R ¥

AN [R] 7% [) - 39 4 SR AR A B R &L
B A A A AL, BH R ) B A ORI LR =
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C:SHICINY LR ZEMZER (P>0.05), {HEEMNH )
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i (P <0.05); 1L s 52 7 A F ) 1Y) CINOHI CIP 2 IK
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AN [ M T 2 () B 3 R, P 9 R 4] CINAT
C:P {2 3% 5 T+ BH 35 A0 B 3 5 1) (P < 0.05); ~F i
IOF1 358 A0 [ 35 B4 NCPLNCS B 2 7 (P> 0.05); °F
MEELA CIS W | TR/ (P> 0.05), H =1
5 ZERAEE (P>0.05).
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Table 6 The ratios of C, N, P, and S in different meadows
T H Ttem A Type C:N C:P C:S N:P N:S
WENEE M) Shrub meadow 1124+ 0.61ab  48.99 +12.20b  101.79+39.79a 439+ 1.03a  8.89 +3.48a
HARA VAL B
Types of ]\/E['arsh meadow 11.58 £0.95a 55.55+17.28a 90.70 £27.90ab 3.66 +1.42ab  5.68 +£2.56b
meadows
Lyt B 5 A A
Upland meadow 10.62+£0.94b  3327+7.73¢c  6243£1321B 3.04£0.67b  592+091b
P54 Flat meadow 13.26+2.02a  4576+11.95a  84.15+2279a 3.52+1.02a  6.84+1.39
7 (8] 53 A7 o 4 54
Topography of  Sunny slope meadow 1027+0.53b  2927+7.72b  61.73+21.40b 3.08+0.87a 578=1.77a
meadows miﬁgﬁ
Shady slope meadow 10.80+0.88b  36.05+897b  70.92+9.86ab 3.44+044a  6.54=0.99%
= 1500 | 2 1500 + ** ‘.
2 - **
on on
g o $°
4‘451000' 4_‘5 1000
s * =2.986 4x + 618.62 T 3%
2 500 | R2=0.5028, P<0.01 2 500 y=—13.404x+1491.8
= 3 R2=0.138 3, P <0.05
5] w2
0 L L 1 0 L L N
0 100 200 300 0 20 40 60
H LI & & Organic matter/(g-kg™) +#E 5 K& Soil moisture/%
o & L
& y=02325r-61448 € & <y T 6000 «*
& 300 R2=0.492 2,P<0.01” %z ° ‘
Z _E .
ﬂig % gy 4000 | $
W2 200 f . pul=
4z N3 <
= EE y=1.989 1x+2418.5
@ 100 b 2 2000 R =04872, P<001
2 E
e =%
<
0 1 1 1 0 1 1 1
0 500 1000 1500 0 500 1 000 1500

T 3AH Soil total sulfur/(mg-kg™)

+ A Soil total sulfur/(mg-kg ™)

2 TIEEMEFIR. AKkE, HEEYENENLMAEXR
Figure 2 Relationships between soil total sulfur and organic matter, water content,
aboveground biomass, and plant total sulfur content

EMKXKRP<001), LEERSEH. AURS
AP R A7 AE 2 U SRR R (P < 0.05); A8 4T
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BENMES 0. &M AR FE MK P<
0.05)0 Btz A1, &4 A - 358 5% 43 2 (] 1) AH DG
AN E (P> 0.05).

3 ig

AT X AR E Y 1 023.98 mg-kg 5

TAb3E ROF B R AR B M 38 11 523.5 mg kg Y AN
FJ Il 2K SR B H A3 1 635 mgkg L K T ARIL=
VL J5 B 5 & L (Carex mivabei) 787% 3 175 mg'kg
Je [T 0] @ 1 1613 mgkg e 7 5 = A [
X $5f, R R B4+ 35 b A 2= ] B, X T g
52 B FE H A H R H 3 SRR A R R R
om0, 5 R O VE VTR R B TR, BF R
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Table 7 Correlation coefficients between soil nutrient contents in different meadows

& hr Parameter 2% TN 2% TP 24 TK ARA AN A &% AP B AK T4 4 STS
2= TP 0.325
S TK -0.543" 0.152
HRA AN 0.823" 0.299 -0.504
208 AP ~0.350 0.623" 0.567 ~0.195
HCH AK 0.179 0.168 0.342 0.657 0.628"
T340 STS 0.117 -0.196 0.300 -0.369 0.135 0.280
W44 PTS 0.595" 0.360 0.241 0.456 0.283 0.370 0.729"

STS, soil total sulfur; PTS, plant total sulfur; **, P<0.01; *, P<0.05.

45 SRV TV A 2 X I g 33 L v R T Ak
XA e v HLRCRIRE, R K, AR T
IR ER, ERh AR ERE, At
e MU A0 A R OR % MmfﬁTﬁﬁﬂj ENGIN
Bon, LA S AN S R R AR KEY)
My EELEEMHIXKR (P<005) R AE R
AR TEREE 4 RE TR, B As ORIE 2% H X R 2 1
AK, BIEY M A E . HY RS EN ST
PRI 1~5 gkg » BFAL R W, RA B B4
BN FE RN 2.6 gkg > BIYEY T EM S BT 2.6
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