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Study on Characteristics of Soil Temperature Changes
in Arable Land on the Loess Tableland
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Abstract: The variation characteristics of soil temperature in 2011 were analyzed in an arable land, based on
the soil temperature data measured at the soil moisture-heat monitoring field at the Changwu agro-ecological
experimental station on the Loess Plateau of China. The results show that soil temperature at the depth of
0—20 cm displayed an obvious daily variation in arable land while it can be expressed as a sine curve at the
depth of 0—10 cm in winter. The soil temperature amplitude decreased gradually and the phase variation of
soil temperature displayed a gradual lag with the increase of soil depth. The soil temperature amplitude is the
maximum in spring, the middle in summer and autumn, the minimum in winter. The curve for soil tempera-
ture of sunny day is smoother and the soil temperature amplitude is bigger than cloudy day. Additionally, a
similar seasonal variation of soil temperature was observed in arable land and bare land, but the time that the
highest monthly mean of soil temperature occurred between 0 and 70 cm in arable land was lagged compared
with bare land. The highest monthly mean of soil temperature at the depth between 0 and 110 cm varied from
0.6C to 1.5C which was lower than that in the bare land, and the lowest monthly mean of soil temperature
was from 0.2°C to 1.1 C lower than that in the bare land. The daily mean of soil temperature in arable land is
obviously lower than that in bare land, and the difference value decreased significantly when a rainfall occurred.

Key words: soil temperature; seasonal change; diurnal change; loess tableland; arable land

LR RAE S LM HORBL R R I Wik R R AR X B A BT 43 A B
TR N T2 —. LR E R EED R T8 AR SRR R s R L oK s sh A

75 B #B :2013-04-01 & @ B #H:2013-05-18

FHMAB . EHERHREEE ST (41171033)

EE B AL (1987—) s 2, HR Pe B - 78 B2 - A 58 A, 35 B =R 3 348 B 5 T A 98 . E-mail:hhh369761897@163. com
BAEMEE X SCIRA960—) B Bepisz B ST 5L EE N F KOS SRS S . E-mail: wzliu@ms. iswc. ac. cn




55

o AT A R R DX L R B I AR AR T Y 125

TR T RV it R S (RS AT
PR RGO K - I B R AR L AZ B T2 R
T R 58 2 B2 5 7T DR v v 2 0 b UL T
FRACA R LR . (HEXN TAEW A & T LR
JE BT T RE X 80 A W w5 0 b R Y S A 2
K2 TEAEY) A K B B H: 4 9808 B2 5 R R o 4 98 iR 2
A 2257 B BRI . ASCR 2011 4
B I DX S R R D 0 6 W B B T i X
T RGN T A H S 12 7y 2 A R 21 72 f
ik 73 A A 4 4 i Xk HEIRL I Ay S L K 78 H R
FET e 38 k32 55 P DR M 398 02 8 S () 5 A N9
AR AR R A B 58 35 IX Al 318 3 BEERE

1 M55k

L1 #REHR

B A P EERE 2 B A B s Ol AR A R
DI TR N BT = N2 /N1 7 2 T . . L (VA
107°40"30"E,35°14'30"N, %X 1 220 m, KM% J8
B3/ STAE PN iy =Y R P Ut =l - N BT
B ARl 2B 7 K 58 4 O R 9K e K = B A 1y B A
b IX s ZAEF R 9.2°C L1 AP —5.1C,
THCEB A 22, 4C, 24 =100 F B AR LR
2 994 °C B4 P K i 584 mm, 4F 4 F K 0 A5 R
B EBER 79 AHX 3P H. EEFEHEKEDN
5020 LA b AR H B # 2 218 ho RN 171 d. MR K
HIVR 50~80 m, T HERAI KR+, BT H 2
i
1.2 WRFE

K JH 22 3% 105 3 D i 2% G 00 5 DR PR b N T 000
PR ) Fl g 7oA W (/N — &N E—F E KA
A L MR % AR G e o A IR S T R TR A% R A
B R 4R A DB A7 it 2 55 00 0 . AR AR IR
W —50~+80C,iR%+0.2C, fFRMMEIETH
BT mu B 10 mo iy R I BE S i) 3 v, e
W58 0 em,5 em,10 cm, 15 em, 20 ¢cm,40 cm,
70 cm,110 cm,250 ¢cm,320 cm,400 cm,500 cm, 650
cm,» 800 ecm Fl 1 000 cm, ZEK R HL %R B 110 cm, 320
ecm, 500 cm F1 1 000 cm + 2 &M iKA = MMERGE .
B RER K ERE B 58 1.0 m, 1.5 m Ml 2. 0 m. Ik
PR 3 %) A T B2 )2 DA R A Y I A R B 2 1 A
A R B R K PR B 2.0 m,
WA 15 min, Fdi R AESR A Shid & . 2011 4F /&
KEEFII N 4 7 20 H L &/NEREFY O 10 A 21 H,
A SC AT B A 2011 4 1—12 HALES Fril o—110

em 2 H IR AR . BRI R K R
W AR R E W H E W s, R A Microsoft
Excel 2003 ¥E47 505 i) 5 3N K F iy 224,

2 450

2.1 TEBREMBTHEE

P 3 P K 422 U R B 6 S5 345 AR 8 [ 4 S 1
PR B R R R AR BR O - HER B H
k. LA 2011 4F 1 A .4 A .7 Af 10 A B AL I
KTz s FHIE 1D MR (=8 KT /A, T
— ) (- S BRI AR T A R B B
A H MR 0 B AR ARAE (B D . 1 AR 45
T A IR BE ) H AR AR AR — 3L AR R
H:0—40 em (& ZE 0—20 ecm) + 2 HA B IE 5% il £k
R H AR ERAE . Hef 020 em (%42 010 em)
HAS AL B 55 222 (0 em) - HEIR B A9 B AR L IR (H
P WD) e K - H 5 v 0 i 0K I B8 390 1 I ) A B
B % 2 TR A B SR B Y R 0 T R
- 35 H i v RN R AR T B A B D e S . [
FEAS TR 2747 4% B AR TR) 4 )2 - S0 04 H iR L H e
e A IR B LR B % B ) 3804 TR ), R ) H R
WEFRK K ERBRZ AT/ L5 H &M
RAGRE R R E R FERZ L%
B .

F P& 13 ] 4% 2y v iR I O R B R B R+
HEW B 0 B AR fb R SR oL, 3R 2 R R e R
HIAE ARG H R GREA R BE H BT/ . A
] f) 2 LA S K - R B Y H AR b B — A B
A, H S fb i 2R 5 0 7 1 L O L HE IR EE 9 H 4R IR
R, LR RE R A R ) H AR R R e, B
B M s H A HE IR R Y H R R D X B
Zoa KRS W R R 0 B AR % Y
L8

MR R 2548 0 R - HE s IR R AR
T B R 22 (8, SRR Sy - L B 0 B iR R CH AR D L 3
K/INZ 8 - 4 H AR Ak b R B DL R KRR
T[] A E 5 R R . - R TR BE H B 22 1 KN X AR
F A R DL AR 2 K K S R R A3 B W Y AT R
Wi, 2 1 R H 4 R H AR 220 A ¥, N ]
DA 4% FH 26 J2 0 ST B 0 HI 50 25 B K ol TR 8 34
I, H 25 BTN s RN ) 2 R H R A A
f.HEEG—5 A >EFG6—8 A)>KFEC11 1)
>XZEA2 A—KHE2 A).



126 /e o SR 1 %20 %
9} 1
B = BHRAHIH)
s s
BR(ALSH)
o o © 2 © © © © o o o o s & @ & & & 2 @ @ & = o
(=] (=] [ =] (=] [ =] (=] [ =] (=) [ =] (=] (=] (=) [=] (=) [=] (=) [= (=) [= (= (=) (=) (=) (=]
S & F ¥ % & & ¥F Y H S & S & ¥ ¥ % & &§ « © X S &
B [8] B[R]
50
40 i R4A17H)
£ 30 =
i 2
i 20 ]
10
0 . S S — 2 . S S S S S —
(=2 [ (=2 <> <> <o <> (== <> < <> [ (=1 (=] (=3 (=3 (=2 (=2 (=3 (=1 [==] [==] =] (=]
(=] o [ o (=] (=] [] (] [] o fe-] (=] (=) (= (= (= (= (=) [=) (=) (=] (=) (=) (=]
S & F ¥ % & & F ¥ & S & S d ¥ ¥ % & & « 8 X6 S &
i B[R]
O &}
= £
1 o]
o o [ [] [ (=] (=] (=] (=] (=] (=] (=] (=] (= (=] (= (=] (= [= (= (=) (=) (=) o
S & < U ® S N - ¥ ®© & & S N <+ U ® S & % ¢ & & &
— i — — — N (o'} — — — — — [\l o
B (8] B 8]
30 18
23 16
20
i .”‘,.5:5,&:;,_,_‘ £ g OO o e
= == o e Bl 8 12
10
0 . S — 8 S R
(=] (=] (=] (=] (=] (= (=] (=] (=] (=] (=] (=] [=] [=J [=] [=J (=4 [=4 (=4 [=2 (= (=) (=2 (=]
(=] (=] (=] (=] (=] (=) (=] (=) (=] (=) (=] (=] (=] [=] (= [=] (= (= (= (=) (=) (=] (=) (=]
E & +F ¥ & & & ¥* 6 & S & S A ¥ ¥ & & § « 0 X S &
B [8] B[R]
——0cm —-TO—5cm —A—]10cm —=15¢cm —<—20cm -—®40cm
E1 AEAFTHBEBXMARBRREBTEEENETL
£1 REHTERERAK=ENZRATL
+ERE/ecm 1 H 2 A 3 H 4 A 5H 6 H 7H 8 H 9 H 10 A 11 A 12 A
0 7.2 17.1 27.3 36.9 22.4 17.9 11.9 7.4 7.0 13.9 9.3 7.5
5 1.2 1.4 5.4 7.3 7.0 6.8 4.7 2.8 3.0 5.7 3.5 1.5
10 0.9 0.7 3.8 5.1 4.5 4.6 3.1 1.8 2.1 3.2 1.8 0.5
15 0.7 0.4 2.9 3.8 3.6 3.6 2.5 1.4 1.7 2.4 1.3 0.4
20 0.5 0.2 2.1 2.7 2.7 2.7 1.8 1.1 1.3 1.7 1.0 0.3
40 0.1 0.1 0.4 0.5 0.6 0.5 0.4 0.3 0.4 0.3 0.3 0.2
2.2 TEEREMNESTTH JEE BB e R e B, R 2 R R A B n,  HER

& 2 e 5K 0—110 em [A] A [F + 28 +
BER R A ¥E. i 2 AT AL A SRR b 4 R
JEE 118 27 A0 A A — 30, 38 2 0 B0 gl e 1 AR Ak
B R2 F R AR R K H O IR m AR IR

AP 25 3 W I/ 0N » )V 49 A v A e AR BE S 3 A B )
BT e s A R 2 A P8 B AT IR B B A I [A) A [
E s 8 ) 1 a5 v U B 3 ) AN [ AR IR
KHO—15em#E6 A.,20—70 em 7 7 A ,110 em £F 8



55

o AT A R R DX L R B I AR AR T Y 127

HsKRH# 0 em #E 6 A ,5—40 em f£ 7 H,70—110
em 7E8 A, AU H K& H 5 cm,10 ecm, 15 em F1 70
em + 2 H P 3 B R BR R A S T 1 A
A RESREH 70 cm K& DU )2 09 H 35 55 R
JE A B ) AH R, RE E KB S5 7E 0—70 em +
JZ R 338 ) S 8 B v T R R B A I [ S

1 2 3 4 5 6 7 8 9 10
At

——0cm ——5cm —4+—10cm ——15cm —4—20cm

11 12

2.3 7-8 ARESHRLLERENESR

VTR 362 55 b 5 % WL 48 5 4 2 0 L % 1
R BCH L WA 0 b MR L SR T e T
R B2 K B 0 b T 60 3 R [ DR ot
O BRI R TR, 2011 4F % KB A
BRI 4 A 20 [ .10 A 15 [ 28 T kUGS #BFh 4/

H1 I 2 38 T A B 0—110 em 4%+ 2 19 H F- 4
I e R AR IR B /N TR TR b . L3R 2 S 1) 4R T i
P 23,6 C B ARR B — 5. 7 C 5 AR PR Ml B
TR 25, 1C, e iR —4. 6 C. & H 0—110
em [A) 4 4 2 (9 73 SF 19 e e T BE AR TR PR 4B 0. 6 ~
L5C, AP R AR AR TR 0. 2~1.1C,

1 2 3 4 5 6 7 8
B #

——40cm —o—70cm

B2 2001l EREASKAMFAELIELERENTTEN

9 10 11 12
——110cm

o K 4—12 A A AR R L 0—40 cm 6] [f] — IR
+ 20 H R E AT TR 7 H 8 A
R H 5K IN 4% 1+ 20 £ HER EAE 0. 05 KF LAFTE
DEXES . MEMAMZERAREGR 2D, HI,
DU B 7—8 F X A~ A A R IR A 4 13 B 22
S AT T

x2 REAMKAMHIEEEZSET-HE

R om 4 A 5 A 6 1 7H 8 A 9 H 10 A 11 A 12 1
0 0. 460 0.216 0. 098 0. 001 0.001 0. 247 0.483 0. 334 0.106
5 0. 390 0. 654 0.253 0. 001 0. 000 0.471 0.634 0.982 0.745
10 0.927 0.891 0. 665 0. 000 0. 000 0.288 0.932 0.656 0.268
15 0. 947 0. 880 0. 662 0. 000 0. 000 0. 250 0.958 0.555 0.197
20 0. 850 0. 926 0.788 0. 000 0. 000 0.159 0.651 0.332 0. 760
40 0.831 0.704 0.961 0. 000 0. 000 0.237 0.818 0.526 0.296

TE R EE O Rl — R A SRR H PR TR P e

A T 55 PR PR b A [ % 1 23 1) 8 3 2 (R
PR3 ) - 538 - 32 R Dl 25 A T ) 5 3 IR D
UnlE 3 B . LT AR 22 1H .

9 150

7 140
P s 30 g
® H
E 3 120 B
&

1 10

R 14

i r
07-1 07-11 07-21 07-31 08-10 08-20 08-30
BHEI(A-H)

H ] 2 —<¢O0cm —®—5cm —4+— 10cm
——15cm ——20cm -o—40cm —a— 0—40 cmEdy

B3 2011 £7-8 AREASHKAGFRALELEEENEE
HITET 3 AI AT, 7—8 H 22 EA#RAE 0 C LA L il

FH AR PR b ) 38 H P20 R KA I H O3
XFEERNK 78 HIEMHF EARERKIES, HAEK
b T Al IR — LB DU R KGR )2 R 5
K % I A i S 1 B4 7 e i B A T b 3R AR AT
Fho B DR A IR R AR A I b K2 (0
cm) (14 22 1B 35 K BE VR B2 (0 38 0, 25 (6 38 Wi /s 7
27 H2ZE{H k3 & K{E.0,5,10,15,20,40 cm 1 219
ZHMIK N 7.0,4.5,3.0,2.8,2.5,1.8C;7—8 A%
TR EMEMKRK N 2.5.2.1,1.7,1. 6,1. 6,
1. 2°C 5 RN 23 B S B A1 A H 5 0K TR s 3 3 1 1) 2
B X BB KA = 2 09, 4 B AR I H
Hb AT A T 0 25 S . S Ah W OR RN AR
- HE 7% & VL I 3 $AE RO L (A5 R IR Hh - S R 2K &
FFLI R Ly R B 2 A B A VR i AR AR
FH & vh 78 J FVEL It BCRA T | R 1 A 450 R A R D



128 /e o SR 1

%20 &

I A FERITAA PR Ml 398 00 45 9 552 B B 4 22 52 /) » T
SR 3G R S 2 MR e S A L R
AR AN T LT A S R A 22 (b . 3
FILAE 1.7 A 27 H AR B 50k R M - 58 H S 28 B2 Y
ZE{RL IR, WO 3 H O Y SR B E AT X L 2 A

(K D,

HIIEL 4 AT LAA AR S 0K R 4% 4 )2 0 3 L2
(1 22 (ELAE L R /D - P 3 30 )2 1 1 L S AR L JRE 1 22 1
R TC A i H 5 P A 22 (U R 7 15
00 ZE AT ik Bl KAE . RIZ M ZEE A5 25C,

60
50
,C\)40
£
E 30
20
10 L L
S O O o 9O O 9O O O O o O
S © © & © & @ & © © © o
S N + W ®w® S N * VW © S
— = e = o= N N
A
—>*—15cm —<—20cm —#40cm

El4 7A27 BREMARABTIEEENETL

S O O O 9O 9O 9O 9o o o o o
S 2 S & © © & © & o © °
S N ¢ ¥ ® S N «* v © S
— v o o - NN
I ]
——0cm —+—5cm —4&—10cm
+ 3/
3 5w

ARSCE F 2011 4F 4% H 5 0K PR b 1) 1 98 7 R SO0 )
Bl b T AR IR X A B R A [R] 22 LA R R R
T8 H AR T AR ARAE DL SR AEY) E AR
N AR 5 R IR b R R 0 22 5 AR DU R A5 IR

KA H MR 0 B AR Lk B I A — 3,
EKIH:0—20 em (&2 0—10 em) 2 B 5 4y 1F 3% ih
Lo RARE s R b, R R, R H R
WRE /0N 5 1 8 H A v R AR PR B2 00 ) [ e . O
) 247 A A W)+ 2+ 580 19 H AR IR L B B Fn
o UK T B A R TR R ) o 0 B 1 H R A 2
K AT di/ N s 38 H S5 s A0 e AL B2 HE B0 1) 1) (R 4
BRBR KRR Z A& A, BRI R 1 R
) H AR fb B — A B e . H AR fk il 2 Aok R
T H RS R B AR ISR T R R 4 I
M H AR R E 2. BA — e ks, B+
TRLEE Y H R IR /N . A S5 KR - S8R R A F T
A A e — B B R A TG 18 ST 34 i s F e G IR
5 /N F AR L. 0—70 em 2 48 5 4K A Hi i
H 34 S5 v iR B A B RO [ A TR S B4
7—8 HAH - HE H -S4 B E AR TR M, 7E R
B b P R (0 em) Y 22 18 i K, Bl TR B 1 44
. ZEZE /N, 0,5,10,15,20,40 cm + B2 W #
M2ZEER AN T7.0,4.5,3.0,2.8,2.5,1.8C;7—8 H
FE K R 2.5,2.1,1.7,1.6,1.6,1.2C,
Wee T 2 Y db A IR A 5 K PR b+ R B 1 22 5%

SE k-

(1] BEB R .BE=A, SR, 5. Ry M. Jba . #l %

R At 1986.

[2] Cookson W R, Cornforth I S, Rowarth J S. Winter soil
temperature (2 —15C) effects on nitrogen transforma-
tions in clover green manure amended or unamended
soils: a laboratory and field study[J]. Soil Biology and
Biochemistry,2002,34(10) :1401-1415.

[3] Nabi G, Mullins C E. Soil temperature dependent growth
of cotton seedlings before emergence[ ]J]. Pedosphere,
2008,18(1):54-59.

[4] Hood R C. The effect of soil temperature and moisture
on organic matter decomposition and plant growth[]].
Isotopes in Environmental and Health Studies, 2001, 37
(1):25-41.

[5] Shin H T, Park SP, SG, Yi M H, et al. Temporal
change of soil animals of the stockpiled forest topsoil in
relation to soil temperature and soil moisture[ J . Journal
of the Faculty of Agriculture, Kyushu University,2011,
56(1):9-13.

(6] SRORZE, WhiE, R IF W, 55, MR/ A LR 3 &8 fk
L], K £ AR FEBF 5T . 2000, 7(1) :59-62.

(7] BR&KEE, ok BRZAEME ., 5. RRIBHE 7 X 22 1 LR %
T HOR AR 0 00 107 R AE « - R R R AR R R LT L
FE 4l B} 22,2009, 42(8) . 2747-2753.

(8] BARIE.skE o, J6 4, %, FOKFFA A X & 1+ R
JEE R - e A iy S e L ] Al TR 2 i, 2005, 21(10)
171-173.

(9] 2%k, ESCHA, TTHE. 5. SE M IR o5 R /0 F LR 5
FEAELT ] Al T A% 24,2001, 17(3) : 32-36.

[10] B ERE RO 5 BT ERS 2ELZH
SRR )] TR R BT SE . 200624 (5)
1-4,19.

(111 Al 05 2 BEAR A0 A AN [R) 3 18 7 =200 Bl AR B2 0 X
Ok SR R L], T 5 X O A 5Y L 2008,
26(6):29-33.



