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Characteristics of soil temperature and water content variation in the western

Qilian Mountains
CHE Zongxi" ", LI Jinjun', WANG Youkui', DING Guoming', LI Shixia', DI Hua', CHE Zongcai', PAN Xin',
MAO Zhiming' ,GUO Zhaoxia’

1 Gansu Qilian Mountains National Nature Reserve Authority ,Zhangye 734000, China
2 College of Grassland Science and Technology of Lanzhou University, Lanzhou 730000, China

Abstract; It is important to study the characteristics of soil water and heat to reasonably predict climate change effects and
to establish an early climate warning system for the Qilian Mountains. In this study, 18 soil temperature and humidity
dataloggers ( HOBOU30) were used to monitor a grassland over a continuous three-year period in the western Qilian
Mountains. Our aim was to explore the characteristics of soil water and heat exchange in this area and to clarify the soil
water-heat interaction effect and coupling mechanism. The results showed that 1) the cold period ( November to March )
accounted for 42% of the year and the warm period ( April to October) for 58%. As time passed, average soil temperature
and water content increased monthly by 3.53°C and 3.23% , respectively, before July and decreased monthly by 4.73°C and
2.55%, respectively, after July. 2) Average daily soil temperature and water content were 6.45°C and 16.26%,
respectively, before 16:00, and 9.1°C and 16.79% , respectively, after 16:00; thus, these values were 1.65°C and 0.54%
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higher after 16;00 than they were before. 3) Soil temperature (P < 0.05) and water content (P > 0.05) were linearly
positively correlated with altitude. 4) As soil depth increased (0—120 cm) , average soil temperature increased by 0.07°C
for each soil depth, and average soil water content decreased by 0.58% for each soil depth. Soil temperature and soil depth
were significantly positively linearly correlated (P < 0.05, R°=0.99), and water content and soil depth were significantly
negatively linearly correlated (P < 0.05, R*=0.97). 5) Soil temperature and soil water content were negatively correlated.
Therefore, the western Qilian Mountains exhibited small variation in soil temperature and large variation in water content,
and both soil temperature and soil water content had a quadratic relationship with spatial variation and a linear relationship

with temporal variation.

Key Words: soil temperature; soil water content; variation characteristic; western grassland; Qilian Mountains
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BT, 2 SRR A B B AT
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R S BIRSTTRS 3E LL LL DXAS TR A 288 AR ) 39 K R A K U I B () S R, R AL X B
IR 3 1A S R MR KA AN TE R 2 5 36 7% B T S A2 AR LMK AN R AEBEAT T H0F AR L 3K 53 1
BB AN 6 BR- VR 15 A - 257K 4 TR A AE T XA T L 58 VA TR 7 S T T A
TRAPIRBE , DA 25 LU A ) - 35 KRR S 3, 7K SCRF MR, RIS XA L XK o i B HEAT T 25

SGEE P E AR L, R DX 4 Bk R b0 3 3R - K #5 KA ELOC R B A B 2 B4 45
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Z PHOKING GER LG TR W, 1 22 IR 0 249 17 0 4R 3% L1 LK PARHIE TR AT . AR SCE s Hr
AT TAIR: (1) R S5 20 R 67 M I RS0l o W i IX L SREIRLEE K o AR RAIE , 48 78 IR K 3 AE R Ta] | 28
(1A% Jr L AORE A AL 5 (2) B 57 T B B R ISR AR | TR St B K 73 )R ML B L ARARNE

1 WFRXH#ER

WD T H N AR L FE 840 A AR P4 XA F2 bR X (39°12745.8"N;99°02°23.9"E ) , Fi B iR 10.8 km?,
K20.4 km, #535 2500—4000 m , iZ i3 B3 2 B3 A 3t 00 i, BR300 SRESR 2R ORI 55 i 55000, R
MO 1.68 km® B 365N 27.3%  AF BRI -0.6—2.5C " AEFEK i 322.6 mm, 4FZE & it 1051.7 mm, 4F
SFEIAARHRE 50%

AF5 DX AR e PR Hi I 0 S 1 22 S T I 8 1) 3 0 AT iy, B B o B B R VR O i B W T s A2
( Picea crassifolia) , %550 A A AR R A ( Sabina przewalskii ) 5 BH3HE 85215 FH 3 43 A7 A7 LR Bl A S0 FE Hb A
T B B BB [) 4 1 B R b, b A7 10 W, REAS SIS 2 AT . v [R5 (Stipa krylovii Roshev) |
21K ( Reaumuria songarica (Pall.) Maxim.) .53k % ( Sympegma regelii Bunge ) . 58 40 2E ( Ceratoideslatens ( J.F.

http ; //www.ecologica.cn



14 Beog A A AR LY B R K IR AR 107

Gmel. ) RevealetHolmgren) . J% 1 % ( Achnatherum splendens) 5%, 1 YEZSH FH L) 1) M 4 + IV =5 1L 6 P\ B f)
L b R T R SRR 0.8—2.0 m, 2R, LIV EOCh B R R B R E B R A R
LIV TUASE  pH AE 7.0—8.0 , ASCE LI 5 A0 15 22 ¥ 2700 ,2800,2900 ,3000 ,3100,3200 m A4 |, KR
BN 1,

£1 TEBHEASHERSR
Table 1 The different altitude information table

. j‘\éﬂ\ £ EL A S i A A AVE /G W,
" S R T 7 S 2 ¥ VA % |
X East North Grass Herbs are Average . .
Altitude/m . . Grade/(°) Exposure Average  Precipitation Soil type
longitude latitude coverage/ % degrees temperature )
moisture
2700 99°0223.9" 39°12'45.8" 18 EN 90 15.2+0.3 6.77+0.1 13.4+0.2  285.2+0.2 TS
2800 99°02'59.7"  39°12'42.3" 21 WN 95 18.10.1 4.64+0.3 9.18+0.3 228.40.1 St
2900 99°02'49.9"  39°12'42.0" 25 WN 82 23.2+0.5 5.63+0.2 14902  307.1+0.3 Rt
3000 99°02'34.3"  39°12'33.1" 28 EN 86 20.4+0.8 8.91+0.4 9.8+£0.3 325.6+0:4 Rt
3100 99°02'19.1" 39°12'30.1" 24 EN 78 123:0.2  7.16£0.1  16.29:06  348.2+0.5 A5 1
3200 99°02'12.0"  39°12'28.5" 30 EN 69 10.1+0.3 6.93+0.3 11.29+0.1  356.2+0.2 St
P E bR

2 WRFAE

2.1 SEENEE
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(3200 m) FEPEHAL YRI5 58 E HOBOU30 3R B 3 Zhic s A3, AT R W 67 5 - [m]— T4 Al 4l AN
[ 35 1) ( BEE 2 B3 BRSO A % 3 28 shiX Ry, Bt 18 7 I ARl R )2 % 0—10,10—20 20—
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SRR A 10 min, FELE WM 3a(2012 4 6 H—2015%4F 6 A ) , SILHREUEHE 54 1555200 41,

B R AT AR — K, RAETE AL 2 HOBOU30 B4 , S Ak b AT 4% B, (04 SR S b o5 Bl i
DG | 3R K 5 TR ORI SRR IE B 0 PR A7 R0 A8 | F T R 3 55 5 JLUR i 3l HOBOU30 #47
S LI s 2548 7R KT 1 RPII MR — U, HREk €, 2 7m B0 W DU 1E 5 5 PR, S5 0P BICRAE X ECR AR 017 97 € B
TR PR GRAIEA R 22 1E T AR
2.2 BHRALEES 53y

¥ HOBOU30 HY TR FERNAK 7 W AS 48 42 B B H B 5K /N i AT~ 2 b 3 DA 700 3] 1900 S —
RIEATERAE P XTI 3 a ORI EXCEL 2010 34315, SREGE 250, XF S 80R H SPPS 21.00 1/
HATGE 50T, AR Ge it R I A R AT A, AR BRI SR I BE . B A BER AR A

DY

SEASRE P 1 Ay = 4—8" (1)

A, FR B (0% FOE T 0 WSROI, Y, WSk ok .
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BH AT, RIS 5 H A B8 A B8 W& SR8 P<0.05; # H sh B2y ik 2004840 ¢

y,==0.6702x"+9.2962x-20.413( R*=0.89) (1)

y, ==0.5073x"+6.7941x-4.7136 (R*=0.81) (2)
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Fig.1 Soil temperature and moisture seasonal dynamic changes in west section of Qilian Mountain

3.2 IR RIS B H AR LRRE

& 2 Sy HEIR R UK AR H AR A | 28 B - 405 S 1A (7.:00—19:00) A 805 B EE (P<0.05) | 78
b H R “IRZ I y= 1.408x°-8.6517x+9.0207, [FIIH R AL R4 0.47 5 (b) W] H1EsK 435 I [a] 42 fhthn 52 —
WL, AR, 22 3 A EE (P>0.05) , 16:00 3R e, 1200 fA, 700 4 I B Ast ] 4 384 1 i
B, 16200 SRBIAARL , SR I B 8] A 1S M/ 7K 53 7 :00—12:00 Bl (8] A4 5 i T~ R, 13:00—15: 00 Fifi
B[] (3 T3 R, 16.:00 Hh IR /ML, Ry 10.01% o 7K 43 HABAEAN K, 75% HI7K 53 b AE 16.39%—16.54%
ZIA1,25% K 5 /N T 16% , iz, HZARERILA 11600 LAHT 3PN 7.45°C F37K 534 16.26% ,
16:00 VUG EHIREE A 9.1°C , 447K 53 K 16.79% ,16:00 LU HELART 3436 5 1.65°C , /K435 0.54%
3.3 R EERIK A A [ AR AR
331 HEEREERUK IR AR

At R | KA SR 0 S PG A, e SR SR A R IEACC R y=
0.0023x , Bifi ¥ 35 () TH R 4 R, B 2 B 3% (P<0.05) ; B3R SR MA EME KR y=0.1623x+
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R — ZU (R ) AR E — ZHRUEREKE)
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Fig.2 Soil temperature and moisture diurnal variation in west section of Qilian Mountain
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#Ek Altitude

4 J W T AR LY B R R K TR
AR L, RS [R]85 1Y) - R UK kA T 17 [l )3 40 E3 BEUFERE RS T HERE kS HEL
A K i F R I ,2?:.’ REN. LHEEFESLTEREALZL Fig. 3 The variations of soil temperature and moisture in
T% 1 *H 3‘é 5‘,& /% ( y= 0.0661x4 6:5414 ) y% % /z{[:\ %ﬁ ﬁ l%'} different altitude in west section of Qilian Mountain
(R*=0.99) , 25 % (P<0.05), eI EEHE + 2 HE
Ryt N, 24N — )2, LIEFE RN 0.065C, KA H LEHREFALENHELR (y=
-0.6251x+13.679) , H i R BRI (R*=0.97) , 25 W35 (P<0.05) , 7K 43 bifi - 5808 5 i 18 Ky, £ J2 1
hn—J2 K3 F38072,0.58% .

Fx2 TEBE KSESEGELNEEENST

Table 2 The significant analysis of soil temperature and moisture on different altitude

G573 KT/ % TR/ C (274 3K/ % T HERE/C
Altitude Soil water Soil temperature Altitude Soil water Soil temperature
2700 13.4+0.61bcd 6.8+0.09¢ 3000 9.8+1.32ab 8.9+0.02e
2800 9.2+1.12a 4.6+0.01a 3100 16.3+0.39d 7.2+0.03d
2900 14.9+0.83cd 5.6+0.02b 3200 11.3+0.97abc 6.9+0.07¢

FE IR EDR , RS RN PR 0R 25 53 3 (P<0.05) AR IR 5 RERR 22 578 .35 (P>0.05)

3.4 HHERERUKSHKER
5 AR L VG B b - SRR AN ek 43 ) 56 2 TRl 400G, 32 IH S R A bl U G &R
Bifi - 3 R P A B8 AR 4 B R S e, e R R T 25 R B (P<0.05) , THHEEE N 6.62°C i, KA K, N
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Fig.4 The variations of soil temperature and moisture in different depth in west section of Qilian'Mountain
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Fig.5 The correlation of soil temperature and moisture in west

section of Qilian Mountain
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2, B AR (P>0.05)

4) HIERE S )2 (0—120 em) BA B FHMLIEIEFSE (P<0.05,R*=0.99) , K5+ 2 HEA &
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