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(1. SRR I 7 PR 5 TR ST , A R T 560 SRS 1 L )1 5 A AS TR BTG, <M 730000
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MR AT B S, DA b7 13 Ab A UL DN AR 1 (7 Fh 4200 ) S et 4, 8 3 LBk A2 ORI A pH 55
PACPE BT AR IR 1, 20 BT T AN [ 382 A3 2 A i b - el B 20 A R S S R 2R, 4R R W] :0—20 em RJZ LHE4
W A0 A HT A ST S 4 3108 (0. 5020. 14) g/kg . (2.69%1.61) mg/kg. (14.8420.59) g/kg FI(151.03=117.57)
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Distributions pattern of phosphorus, potassium and influencing factors in the

upstream of Shule river basin
LIU Wenjie', CHEN Shengyun" ", HU Fengzu®, SHA Na’

1 Qilian Shan Station of Glaciology and Ecological Environment, State Key Laboratory of Cryospheric Sciences, Cold and Arid Regions Environmental and
Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

2 The Analytical Testing Center, Northwest Institute of Plateauw Biology, Chinese Academy of Sciences, Xining Qinghai 810001, China

3 Institute of Plant Nutrition and Analysis, Inner Mongolia Academy of Agricultural Sciences, Hohhot 010031, China

Abstract; Soil phosphorus (P) and potassium (K) are indispensable elements of plant growth, and their content change
could affect biogeochemical cycles of carbon, nitrogen, and other elements. The study of spatial and vertical distributions of
soil P and K is crucial for the sustainable development of alpine grassland. Further, it is critical to understand regional
mechanisms of biogeochemical cycles of soil carbon, nitrogen, and other elements. Thirteen typical ecosystem plots
(including seven soil types) were selected, and two or three soil profiles from each plot were investigated. This study
occurred during the summers of 2010 and 2011 in the upstream of the Shule river basin on the northeastern margin of the
Qinghai-Tibetan Plateau. Distributions of soil P and K, their influencing factors on topsoil (0—20 cm), and the soil

profiles were studied. These elements were studied by analysis of soil P and K contents, other soil properties (such as soil
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organic carbon, total nitrogen, pH value, and so on), and meteorological factors ( mean annual temperature and mean
annual precipitation). The results showed that soil total P, available P, total K, and available K contents in topsoil were
(0.50+0.14) g/kg, (2.69+1.61) mg/kg, (14.84+0.59) g/kg, and (151.03+117.57) mg/kg, respectively. The
correlation matrix of the variables showed that there were significant positive correlations between total P contents in the
topsoil, mean annual temperature, and soil silt proportions. However, there was a significant negative relationship between
total P contents in the topsoil and mean annual precipitation. Meanwhile, there were significant positive relationships
between available P, soil organic carbon, and total nitrogen. There was a significant positive relationship between soil
available K, soil silt content, and mean annual temperature. The densities of total P, available P, total K, and available K
mainly concentrated in the 0—40 cm soil depth, and showed a decreasing trend with soil depth increase. Total P densities
at different soil depths had a positive correlation with mean annual temperature, which increased with soil depth. Our study
indicated that air temperature and precipitation were the main influencing factors for soil total P contents in topsoil and its
spatial distribution. Because of similar soil parent material, small variances of total K in topsoil for the seven soil types were
observed. The content of available P and available K contents could not meet plant growth need, and grassland management
is an important factor for content change. Air temperature is the main control factor for total P and K densities in this study
area. These results could provide fundamental data to clearly identify the P and K content status in alpine grassland soils.
This, in turn, could provide new insights with which to understand the biogeochemical cycles and mechanisms of soil P, K,

carbon, and nitrogen in alpine grassland ecosystems.

Key Words: Shule river basin; soil phosphorus; soil potassium; soil type
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Fig.1 The location of thirteen plots in the upstream of Shule river basin
1.2 FERMIREE

TE 2009 4 TAE RSN I e H 13 b FEAE A8 1) (3R T 50 m x 50 m) , HIEREY/NT 40 Holl
PR R MR R R RO R R UL T2010 1201 14E7—8 |, [ 48 &% A s B2 — 3 M A R 24

R1 BT L 13 SRt IBAE BN R E T EER g R

Table 1 Location, altitude, soil type and vegetation type of thirteen plots in the upstream of Shule river basin

B bR (E,N) K/ m Rat? &S] T T
Sites Coordination Altitude Soil type Vegetation type
LHG1 96°11'24",39°44'43" 2519 TRAFBE A iR
LHG2 96°18'26",39°41'09" 3016 FRE5 £ e AL F
LHG3 96°24'59",39°37'57" 3438 B+ T FE R
LHG4 96°30'09",39°32"13" 4105 FEHR L TR A
LHGS 96°30'21",39°30'14" 4216 FEHR L VKGR AE
SLP1 98°1831",38°25'16" 3882 FH+ o FEHL A
SLP2 98°16'14",38°21'17" 4014 445+ IR
SLP3 98°20'51”,38°27'59" 3863 HEL THPERLA
SLP4 98°19'24" 38°28'33" 3890 JERE L 1o FEHL )
SLP5 98°1449" 38°32'29" 3936 B+ o JE R A
SLP6 98°12'20",38°3302" 3832 JEE i L
SLP7 98°06'14",38°37'55" 3740 FEG + [HESY
SLP8 97°57'32",38°46'31" 3636 RS+ i FE R
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1 m® (%) 3350 v, 454350 1 18] bR K F 30 m, #% 0—10 ,10—20 ,20—30 ,30—40 ,.40—60 ,60—80 F11 80—100 cm
Oy JE R IERE L (R A5 20, R B S PRIRIE ) 452 A T A 2 R A 1A BB S
1.3 RS BT R b 2

IR A = B SRR WS JE AT AL EE . AR 2 mm 05T pH A PR B 22 | 3 0. 25
mm i 1 T2 AR MRS SR . 28 (GB7852-87) Al & (GB12297-90) FIAHBALLL 4
2, 450 (GB7854-87) A ALEN (GB7856-87) Fl S G RE w2 177

2 S R B A O

YD = ihi X BD, xY, x (1 -C,)/100

KX ,YD b, BD, .Y, fil C, TR AT R (kg/m”)  HEZHEE (em) (BEAF (g/em’) RS
i (g/kg) F> 2 mm kA& &,

RS KR A MR A A SRS I Lia 20 FIesh s s B 5 e H Ak R LR
G (AR SR AR REK ) AR 43 B Fn [T 43 Bl SPSSTL. 5 45818 25 P < 0. 05 BRI HAT 2%
MG L
2 _n%'—ﬁﬁ#‘r
2.1 OR[R] 2R 2 R B S R T

G 3T _E AN [A] IS 0—20 em R)Z 3% pH H 20 AR M AA S SRR 2 s, fTU
F il A RIZEA B pHIE Y K T7. 70, bk 38 KAR I + 3R 2 H I 5 i (0. 69g/kg) , HLHE 1

R2 BT EHEARELEERR 0—20em RELIELH AU . SHNERHESE
Table 2 Contents of soil total phosphorus (P), available P, total potassium ( K) and available K at the depth of 0—20 cm in the upstream of

Shule river basin

ez £y +JZ/em W/ (g/kg) AR/ (mg/kg) 20/ (g/kg) AR/ (mg/kg) pH fH

Soil type Soil layers Total P Available P Total K Available K pH value
TRAR 1 0—10 0.71x0.01 2.30+0.31 14.80+0. 24 465.10£21.33 8.4020.08
10—20 0.66+0.01 1.40+0.28 15.45+0. 31 323.43+38.71 7.98+0. 03
0—20 0.69+0. 03 1.85+0. 64 15.13£0. 46 394.27+100.17 8.1920.30
PR+ 0—10 0.68+0.01 1.38+0.56 15.08+0.20 182.27+59.61 8.0020. 06
10—20 0.58+0.01 1.94%0.19 15.09+0. 13 124.61+30. 53 7.70+0. 19

0—20 0.63+0. 07 1.66+0.39 15.080. 00 153.44240.78 7.85+0.21
e+ 0—10 0.62+0.01 4.34x1.17 15.84+0.39 63.77+27.36 8.3420.09
10—20 0.54+0.01 4.01+0.83 14.25+2.67 71.43+7.65 8.23+0.04
0—20 0.58+0. 06 4.18+0.23 15.05£1.12 67.605.42 8.28+0.08
FHi 0—10 0.34+0.01 0.85+0.31 13.27+1.08 128.25+30.32 8.2320.09
10—20 0.18+0.01 0.700. 09 13.770.67 84.62+26. 04 8.0620.07
0—20 0.26+0. 11 0.77+0. 11 13.520.36 106. 44£30. 85 8.1520.12
B+ 0—10 0.44+0.01 2.91+0.34 15.34+0.36 106.12+18. 69 8.1620.42
10—20 0.47+0.01 2.6320.28 15.080. 61 125.15+17.13 7.87+0.47
0—20 0.46+0. 03 2.77+0.20 15.210.18 115.63=13.46 8.02+0.20
JES + 0—10 0.50+0.01 2.68+0.63 15.08+1.67 175.15£17.61 7.93+0.08
10—20 0.46+0.01 1.68+0. 13 14.56+1.13 187.39+19. 86 8.22+0.04

0—20 0.48+0.03 2.18+0.71 14.82+0.37 181.27+8. 66 8.070.21
HEL 0—10 0.31+0.01 5.48+1.92 14.40+0.35 25.01+4.69 8.14+0.06
10—20 0.57+0.01 5.41£2.17 15.70+0.26 52.08+14.27 7.86+0.01
0—20 0.44+0.18 5.45+0.05 15.05+0.92 38.55+19. 14 8.00+0.20
BB IX 0—20 0.50+0. 14 2.69+1.61 14.84+0.59 151.03+117.57 8.08+0. 14

http ; //www. ecologica. cn
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AR (0.26 g/kg) 5 R L RJE LA RS R (5. 45 mg/kg) , FE L HRAK(0. 77 mg/kg) ;0—20 em KJZ
TS RIERCY 13.52—15. 21 g/kg, 28 SRR /I, )2 3304 85080 7 15 5 5 0 KA S 1+ (394, 27 mg/
ke) , el AP £ (38,55 mg/kg) .

BRI 3 0—20 em 2 IS5 (0.50 o/kg) /NT A 3RS BEE | Ham it /N T35 3 I
SYTIERAPN PG X (K 3) , KRB LA TN 2.69 mg/ke, W 85 T 80 AR AR 1 X )i
T4 [ AR, 22/ N R R LR KR P PR L X (% 3) . KB IS BT 5K
e JE VA DRI 98 78 g L DX i b A 2B 25 4 (151, 03 mg/kg) 5775 6 e JEUMIS 3t DX BEAR — 3, (H IR

T e S VLR DA 1 PR G S I X (% 3)

F3 BHALF—20m RETERHFTESESHMMRALLR
Table 3 Comparison of soil total phosphorus (P), available P, total potassium ( K) and available K concentrations in 0—20cm depth soil

between the upstream of Shule river basin and other regions

X 35 W/ (/kg) BB/ (mg/kg) B/ (g/kg) B/ (mg/kg) BEAREL 27 3Lk
Region Total P Available P Total K Available K Samples Num. Reference
i b 3 0.50 2.69 14.84 151.03 13 PN
T S = VLR IX 1.30 12.00 21.92 230.00 2 [13]

T 98 e SR b X — 2.48 — 139.55 3 [15]
DU P b s L X 1.07 5.50 18.11 227.49 7 [14]

v E 5 0.60 3.40 — — 2473 (8]

IR e S A - SRR 1 RN S T B A S E e AT S Rk 4 R, 2B SRR (R=
0.69,P<0.01) AFHFEKE(R= -0.79,P<0.01) Fl - IEH K & & (R= 0.56,P<0.05) EA I 3E MM,
ARBES R SAP(R= 0.54,P<0.05) 2A & HEA BEEMHIL(R= 0.64,P<0.05) , HHEARH S
HAHHR & (R=0.62,P <0.05) FAEE IR (R= 0.59,P<0.05) L HA BEFEAC,

F4 020 cm RETEFHFESESHELEBRUERMSERFREXESINER (n=13)
Table 4 Correlations between contents of phosphorus, potassium in the 0—20 cm soil depth and the other soil parameters, climatic variables (n

=13)

e . . pH i o F LK REE BREE KRS AERRIR AEB K
3P CSoil properties -
pH value TN/(g/kg) SOC/(g/kg)  Sandy/% Slit/ % Clay/ % MAT/C MAP/mm
27 (g/kg) 0.07 -0.07 -0.03 -0.44 0.56 " 0.07 0.69 ** -0.79 **
308 (mg/kg) 0.24 0.64% 0.54* 0.16 -0.38 0.31 -0.44 0.19
S8 (g/kg) -0.19 0.18 0.20 0.21 -0.25 -0.07 0.08 -0.16
FE (mg/kg) -0.03 -0.32 -0.51 -0.48 0.62* 0.08 0.59* -0.24

TN total nitrogen; SOC : soil organic carbon; MAT: mean annual temperature; MAP: mean annual precipitation; #* % 37~ AH I PEM 3 (P <
0.01); * FRAMHXMRFE (P <0.05)

2.2 AR eE R G S A RE

FE R AR+ AR Rt R A4S JEES HRAE o B e AR AL
PR REANGR 5 FR . IRAREE L h B 2R A 283 B K (4059170 0. 61 F115. 13 kg/m’) , FEWR T h 2B FI 4>
HIBREE /NSRBI 0. 11 F12.91 ke/m?) 5 THPE L P SR B AR IR (2. 26 o/m?) | T 208 - oA 200l % i e
(0.41 g/m?) 3 JKAZTR + P B A R B Fe K (349. 10 o/m?) |, FEVR + A U % 1 /N (10. 46 g/m?) 5 i
T AN () 28 78 - M v b Al A A | A R AR B B R A A RRAE LI 2, SRR S RS A 4 s
S RO AR S B B PR 0—40 em , JEREE IR FE RN T B AR, Ho KA
FERES 3501 60 em DLT 4%+ 2 B85 B de e, L JURD - 588 A rh il A A50RE | A BRI O o
B — A KIE R 2

http ; //www. ecologica. cn



5434 A E = 324

*5 B#WLBEMARTBERBLRRELLE G . 2HNFUHEE
Table 5 Soil total phosphorus (P), available P, total potassium ( K) and available K densities in different soil type in the upstream of Shule

river basin

RR: £y LW/ (kg/m?) W/ (g/m?) LA/ (kg/m?) AR/ (g/m*)
Soil type Total P density Available P density Total K density Available K density
JRAFEE A 0.61 1.58 15.13 349.10
P45+ 0.50 1.20 13.53 76.70
FER 0.11 0.79 2.91 10.46
FHi+ 0.29 0.41 9.99 54.05
R+ 0.31 2.17 11.99 73.33
FEE+ 0.21 1.02 8.54 90.38
BEL 0.24 2.26 6.95 22.74

oRkEE Y ottt ot oREL o8t edM5E oWEL

g 020 T o500
:f 0.16 - g 4.00 f
%? 0.12 %g 3.00 Ty
’ﬁg 008 | #3200
5 0047 E 100 ]
2 0 &= o L B =N i
0—20 20—40 40—60 60—80 80—100
1.20 ¢ 100.00
80.00 7

080 60.00 |
40.00 H:
0.40 | -

20.00 |

RN
Available K density/(g/m?)

80—100

R
Auvailable P density/(g/m?)

wn

IR Soil depth/cm

B2 TIEFNEARERESB GRS EMNG T EN S HE
Fig.2 Distributions of soil total phosphorus (P) density, available P density, total potassium ( K) density and available K density on

soil profiles

2.3 IERIIOAN[FE R R PR S SR R OC R

F6 44T 0—20 em ,0—50 em FISERR HHEURAEIX 3 A T HEUR 1 2 W A S50 L 280 A R0 R
SRR KR EE TSR, AR IR EE (0—20 em ,0—50 em FISERR S8R EE ) (Y 4l S0 % B
SRR 2 2 TEAR DG B 2 URBE A3 N AHOC R BCE WG N, 0—20 em )2 &M R AR K
R B IEAOCKE R ;0—50 em TZ A RN E B 5RO R BE EAHXCR,
3 i
3.1 £20—20cm HIEBE S B LW T

BT X 0—20 em 3R)Z 10 B0 A R AE R B IR T R R e LR DR Y 1] P
JEF S L X AR AR B i e A BRI A SRl A e I T A R A B SRR RIS
SRR 430 X A A K ) A R R R = 3 R TR T R A AR TR (1) 4
TR R TR R ; (2) 4 F 2SR DUREDE R o AT UL B b 45 B it A2 52 e R
AR S RN EERERZ —,

SEMEKERZ LRSS TR 2RSSR STFYRERA B E EME(E
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Table 6 Regression coefficients of soil total phosphorus (P) density, available P density, total potassium (K) density and available K density

to climatic variables (n=13)

ST B T B RO AR AR R
Climate TR Total P Available P Total K Available K
Soil depth
factors R P R P R P R P
YRR 0—20 cm 0.80 0.001 -0.40 0.18 0.03 0.91 0.54 0.06
Mean temperature 0—50 c¢m 0.82 <0.001 -0.20 0.50 0.26 0.38 0.55 0.05
SEPREREE 0.94 <0.001 0.06 0.85 0.64 0.02 0.66 0.014
AEYREK 0—20 c¢m 0.40 0.90 -0.23 0.46 -0.58 0.04 -0.06 0.84
Mean precipilation ~ 0—50 cm 0.37 0.21 -0.27 0.37 -0.11 0.72 0.04 0.90
SEBRIREE 0.48 0.10 -0.17 0.57 0.17 0.59 0.14 0.66

BFSEIX )2 1 0 4 i SR 2 b B SR 76 S [) 39280 eh s AN (2 2) . B2 SN
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