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Characteristics of soil temperature variation in karst area and its relationship

with environmental factors
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Abstract; Characteristics of soil temperature variation in karst area are of great significance to the study of soil activity and
microclimate change. To verify the variation characteristics of soil temperature in karst areas and its relationship with
environmental factors, four typical land types including Zanthoxylum bungeanum (HJ), Hylocereus undulates ( HLG) ,
Lonicera japonica (JYH) and wasteland (HD) in the Karst plateau canyon were taken as research objects. Soil moisture
monitoring system ( ECH20) was used for continuous fixed-point monitoring of different sites. The dynamic change
characteristics of soil temperature at different time scales and its relationship with environmental factors were analyzed. The
results showed that the daily variation of soil temperature was characterized by the sharpest diurnal variation of soil
temperature appeared at 10 cm, and the deeper the soil depth, the smaller the diurnal variation. There was a great diurnal
variation of soil temperature in summer but a smaller in autumn and winter. The diurnal variation of soil temperature in HL

and JYH were significantly greater than that in HJ and HD as the soil depth deepens. There was a hysteresis effect in the
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diurnal variation of soil temperature. The daily variation of soil temperature at 10 em and 25 c¢m of different land types
showed a cubic function. The variation of soil temperature in different seasons was as follows: HLG> HD> HJ> JYH. The
vertical variation characteristics of soil temperature was that the deeper the soil layer in summer, the lower the soil
temperature was. The deeper the soil layer in autumn and winter, the higher the soil temperature. The vertical variation
coefficient of soil temperature was greater in winter than in summer. There was significantly positive correlation between soil
temperature with atmospheric temperature, solar radiation and soil moisture content ( P <0.05). There was also a
significantly close correlation between soil temperature variation with soil properties such as soil bulk density, porosity, soil
texture, and organic carbon. The diurnal variation of soil temperature in HJ was the smallest, which has a close relationship
with the higher soil moisture content and porosity, the better soil water holding capacity and the smaller bulk density. The
soil temperature regulation capacity of HJ was the best among the four land types, therefore, the land type of HJ can
improve soil properties and soil fertility to a great extent in the process of ecological restoration in karst areas. This study
provides a scientific basis for ecological restoration and some reference for ecological benefits evaluation of vegetation in

karst areas.

Key Words: soil temperature; land types; environmental factors; karst
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. AEWU( Zanthoxylum bungeanum Maxim) 4824 ( Lonicera japonica Thunb) ‘K& ( Hylocereus undatus 'Foo-
Lon') %X F2 B A AL AR AR AR, PRI AR, U T R AR S T A .
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Table 1 Status of the sampling sites

FiH Ttems AEAUHD SR PYES SicHh
Pepper land Honeysuckle land Dragon fruit land Wasteland
HEFR Coordinates 25°39'40"N  105°38'50"E  25°39'01"N  105°38'23"E  25°40'25"N  105°39'61"E  25°39'36"N  105°38'42"E
153K Altitude/m 713 716 705 731
TG Coverage/ % 70 85 45 65
Y Gradient/ (°) 18 25 15 12
Wi Aspect/ (°) 10 25 242 131
+- M Texture A R 1 HigE+ A+ HigE+ A+ i+ A+

1.3 Fdnabssrtr
i 1] Excel 2013 #AEXFBIGHEATEEH /07, K] SPSS 18.0 Bk HEAT + eI B 558 K B4R 5T, T3
AR S A SRR AL B S A5 PR T 1) Pearson FHE0HT , SR A Origin 9.0 #4224,

2 SRS
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IR AR — RN R B e, 1 AT LR, — R A R Y P S iR R
10 em Ahd A, 2R, BB 253128 10 em Ab A SR ) ST RURIEAR (L — XA IR R/ ME
B R B 22023 500 R A6 MU, 800 43 B AE Hb 800, Kk Jp i Hh 900 Fie b 900, AR M 19.9,18.2.21.6,
20.4°C 5 - HEIR R B R ARL AR HH BAS Z20 20 500 R AE AU 17 .30 A ERAE M 1630 K fe 4 1830 Fic il 1800, F i
AN 21.4 .20.3 24.0 21.9°C , IS A HH ILBE R 2 PR H BRRE SRR — K P - 39U T SR 4%
K K e > TE S AU > G AR AE M 10 em b+ HEIRE H AR 5251 A AEAR 1.5°C | AR A6 2.1°C SRR
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Fig.1 Diurnal variation characteristic curves of soil temperature
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21.9°C & HRAEH 20.4°C K Jp M 24.3°C i b 22.6°C ; 2 Z2 43 B M AEHUE 15.0°C (&R fEHD 12.8°C KB R
M 16.4°C Fiitth 15.1°C ; 2 Bk AZF 10 om Kb 155830 B2 349k ok Ol SR bth > Sic > A6 B > SR AEHD . 10 em 40 115
T B AR R AR B ZE AR 2 KO 1 > 4 AR A8 b > 58 b > FE AR, 4 28 Ry e SR 1l > AU AR > £ 4R A6 b > 57
H, AT 245449 0 okt S Y B AR R, HL 4 R 26 39005 5 H AR IR 76 2 B KB (2 3)

2.2 FTEBREIIEHTHISE

e AN R BRSPS T G SR AR N R AR R I = 2 S, M H AR B ) B AA
—E ML B R R L RN TR W s B A TR R IR R (K 3) . i 4 nTRLA A
(7 24 - e e I B S R AR 22 57, B 00 0 O AR 1.19% Sic il 1.0% K JE R M 1.4% G B AE

http ; //www.ecologica.cn



2742 JAE = 41 4

2.0% , ANJA] - M 2SR - 498 o L AR S R AR/ s BR R 430 AR AR 2.6% (TiiH 0.8% K R HE 2.3% |
LA 2.3% , & 2501 IR AEAR 4.6% il 1.8% K IERHE 4.0% &8 AEHL 5.2% , Bk 42 3 R
AR S AR IR AU JOR R A AR A B R KT, BB i A BE R A, DU b 4
TS S R TRR  H BB,

x2 ATRRELTIFERE QTR

Table 2 Diurnal variation of soil temperature at different depths

A A e UL gy HCR
Land types Month Depth/cm Maximum Time Fitting function Correlation ,
temperature/ C coefficient/R
AL 7 10 36.9 17:00  y=-8.132x%+10.394x%-2.15x+25.678 0.860
25 27.4 18:00  y=-8.030x+14.467x%~5.977x+27.251 0.883
1 10 13.7 18:30  y=-6.971x+12.821x>-5.343x+13.455 0.836
25 13.8 20:30  y=8.380x°-10.017x>+1.963x+13.728 0.948
Tic Hh 7 10 29.4 17:30  y=-8.547x+15.097x> 6. 122x+29.304 0.869
25 29.5 17:30  y=-8.967x>+15.463x%~6.074x+29.281 0.872
1 10 13.5 18:30  y=-3.898x"+8.858x2 - 4.409x+13.383 0.834
25 13.4 19:00  y=-4.7022>+9.948x%~4.703x+13.280 0.833
K et 7 10 33.4 19:00  y=-7.570x°+13.954x%-5.913x+33.173 0.887
25 30.8 23:30  y=6.117x>-6.339x2+0.194x+30.760 0.951
1 10 14.5 18:30  y=-5.743x>+11.272x%~4.995x+14.307 0.833
25 14.8 23:30  y=7.979x°-9.299x%+1.642x+14.626 0.952
BRAEH 7 10 29.2 16:30  y=-9.714x+15.967x>-2015x+25.678 0.897
25 26.9 22:00  y=0.256x"+3.398x2-3.379x+26.997 0.884
1 10 11.8 17:00  y=-8.364x"+14.175x>-5.327x+11.440 0.863
25 11.8 21:30  y=1.965x>+0.310x>-1.678x+11.661 0.901
2l ge ara T we
304, 2 g, 24 | Pt VW
“hay, 2 e Soan

AAAA 22 1 24
“hap a8 & 56006006,
B, 0O 0006060
2l AAAAAMAAAA 400900000, 22 $9%600,, edoge Goo!

&) 7o0 o 0% *0880g, Gooemeemeweoogan“aannmemﬂsnasﬂﬂau
2 N:\a:OOSGooSOO oo %SZEBDE EDDHBDE'EWEWEBDEIBDDE
g 26 Dﬂsgﬂﬂsgge%e%eooeggqg# 60% 20 + 006)
= SBospgas0as gy R
2 M&’ MWQ
5 24 - : s - - .18 - : - - - -
% 00:00  04:00 08:00 12:00  16:00  20:00 24:00 00:00 04:00 08:00 12:00 16:00 20:00  24:00
Q 18 ¢ Fif 1] Time
e A%
®
H 164 AAAAAA “ranns
225 o - o - fEH
2222990050000, on? PR R - o - UEN
e - kiR
- o - Fighth

12 W‘>®M¢

10 : : : : ' ;
00:00  04:00 08:00 12:00 16:00 20:00  24:00
It Time

B2 AEZFEF 10 cm TERER HTHAFIEHZE

Fig.2 Diurnal variation characteristic curves of soil temperature at 10cm in different seasons
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%3 AEZFT 10 cm TEIEE A THASE

Table 3 Diurnal variation of soil temperature at 10cm in different Seasons

T i Rt i s 5
Land types Season Daily maximum Daily mmlmunj Daily amplitude/C Daily mean
temperature/ “C temperature/ “C temperature/ C
AL ] 27.4 25.6 1.8 26.4
7.8 21.9 20.5 1.4 21.2
% 15.0 13.5 1.5 14.2
o = 28.1 25.9 22 27.0
Fk 22.6 21.2 1.4 21.9
&S 15.1 13.9 1.2 14.5
K e SR = 31.2 27.9 3.3 29.5
7.8 24.3 22.1 2.2 23.1
% 16.4 14.7 1.7 15.5
SERALHY " 27.6 24.4 3.2 25.9
Fk 20.4 18.7 1.7 19.5
ES 12.8 11.4 1.4 12.1

—O— et —o— e  —A— kERH  —— i

13338 ¥ Soil temperature/°C
24 25 26 27 28 29 30 19 20 21 22 23 24 25 11 12 13 14 15 16 17 18

ol 2% ol wE | &%
L 25 ¢ 25 |
& 25 5
Q
=
&
e
2
T a0t 40 + 40 |
551 55 F 55 |
B3 AREVIEEENEETUHE
Fig.3 Vertical variation characteristics of soil temperature in different seasons
x4 FRENVIEEEHREETREN
Table 4 Coefficient of temperature variation of soil profile in different seasons
ZE75 Season AL % FeHh/ % KIe R % SERAEH %
HZ Summer 1.1 1.0 1.4 2.0
#Z Autumn 2.6 0.8 2.3 2.3
£ Z% Winter 4.6 1.8 4.0 52

2.3 BRSEEIA 0 R R A
231 HERARTE OO SR AR A R R
HITE 4 T LA AR R DU RIS RN, A KRS R B R B R nia g, LR AL
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BRBE A BILAR 25 i S bR B U S ek N R A R A SRR B AR R NS/ N s MR i LSRR
PR AL & R S R I8/ . AR R R R ORRL S Y O K e R M > B AR M > Sic > 4E
P 5 33 R AL Rt A BB 15 e 4 D AU > T i > 5 SR Ml > K fe SRl 5 TR R L S 5 O K
Je A > AR > i > G R, BT AR D B AL M > T > AEARUL >IN R

TR AL S IR FUR DI . ARG 3R, £ RE H AR IR 5 A ek W0 kL i A
BE LB AR 3% IEAH S (P<0.01) , SR i A EL AL 3 AR 5C (P<0.05) , SRR & 1 | S FLIURE |
BEALBEROCHEAR R (£ 5) o MAT UL, LR B H 28 08 52 0 380l SUAR P A S A DR 3, AT ALk
B 5 ey, S PR 7 5 AR T A AL B BB, A ) T b S R ) B e S, M Y H
AR HE L B

-m- B -e- BHUEM  -A- kRS —&- itk

N HALBE BELLEE FEBE LB
Bulk density/(g/m?) Total porosity/% Capillary porosity/% Noncapillary porosity/%
1.1 12 13 14 15 16 40 45 50 55 25 30 35 5 10 15 20 25 30 35
10 10 10 10
25 | 25 25 25 +
40 | 40 | 40 | 40 |
55 + 55 f 55 + 55
=)
2
=
= Rk b PAL AHLER
a Clay/% Silt/% Sand/% Organic carbon/(g/kg)
g 15 20 25 30 35 40 45 35 40 45 50 55 60 10 15 20 25 30 35 40 5 10 15 20 25 30 35

10 | . 10 | 10 '} 10 |
25 L 25 | 25 L 25 |
40 t 40 | 40 40 L
55 | 55 L 55t 55 L

B4 Bt EEAREALNER

Fig.4 Basic soil properties of sampling sites

2.3.2 A ORBHEE ST A58 K R B A

B R AR A SR A S I 2 A O S AR R A B 4 7 Ak i W s R R i A AR Y R S WTRLE Y,
R 5 K BH R S AR B AR A B B R B[R], 2018 4E 5 H % 2019 4E 3 H BEAIRIMIE T A, N
31.0C , I KK PHEE S BIAE 7 H , b 428.12 wmol m ™ s™' . FEMM AT 448 43D 10 .25 em Ab 385 1 e (M
HELZE 7 A ,40 em |55 em Ab 38R R e KA BUAE 8 H |, SRR K BH 48 S 5 — > A e 45 TR B 1 58 R
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R KM &AL T A 5B KHES R A ORI R LR e K Y R B 8 A RS K
PRSI IS — A o IR e AR 23 ) R A AR 27.3°C A 4R AE M 27.3°C K e B Hb 30°C | Fii b 28.2°C
SiRE/MEHBE 1 A, o8 1220, KIFAESHR/MEWR & A 75 1 A, 101.96 pumol m™ s7', PUF b + 1838 i
B/MERRAEAE 1 A R R /ME S B AR 12.2°C 48R4 D 11.2°C K e SHb 13.8°C JigHt 13.0°C
SRS K PHAR S AR AL ELAT W] 1 39 R R B (0 Hh B R 5 K PR R A A i e vk, B 2 g, Wi I
R BRI P A ] R A VL BE AR MR AR K, 10 em Ab - HE IR BE AR S KT B R AR B 26.39% 3 HiL
26.51% K e 51 26.38% | 4xARAEHN 31.70% , +- 4600 AR S R + 2 InRmisis b B3R B S SR AR
PHAR ST 2 1 2 M IE A5G (P<0.01) , HAR S B8R AR DG T 2% A OC R ECH 0.959—0.994( 3K 6) , Ui
B R ORI A PR AR

£5 THEEESTRENLERZ EH Pearson 18X REL

Table 5 Pearson correlation coefficients between soil temperature and soil properties

i H Ttems X, X, X5 X4 X X X, X Y
X, 1

X, 0.860 " 1

X, -0.715**  -0.748** 1

X, -0.612" -0.789 ** 0.182 1

X -0.715**  -0.898"* 0.503* 0.864** 1

Xe 0.700 ** 0.895"*  -0.509" -0.855**  -0.969** 1

X, -0.389 -0.153 0.292 ~0.043 -0.040 0.152 1

Xy 0.847** 0.833**  -0.622" -0.658**  -0.752*" 0.696**  -0.604" 1

Y 0.668 * 0.666**  -0.576" -0.454 -0.497"* 0.446 -0.486 0.713 ** 1

X, LIRS Organic carbon; X, MK Sand ; X5 N E A Silt; X, Y A Clay; X; K H Bulk density; X, L BFLBREE Total porosity; X, B
Capillary porosity; Xy : AEEEFLHLE Noncapillary porosity; Y: +- 3R H ZF [ Diurnal variation of soil temperature; #* il # s 435 F R 7E P<0.05 F
P<0.01 7K [ A

*6 TEERESKIE.KMES., TIES/KEZEN Pearson X RE]

Table 6 Pearson correlation coefficients between soil temperature and air temperature, solar radiation and soil moisture content

+ A + R Rt PN L) T HESKE
Land types Soil depth/cm Air temperature Solar radiation Soil moisture content
TERRUH 10 0.991** 0.915** 0.851**

25 0.983 ** 0.891** 0.717*

40 0.970** 0.866 " 0.683 *

55 0.959 ** 0.847 0.710"
FiHh 10 0.990** 0.914* 0.815**

25 0.991 ** 0.916** 0.727"

40 0.979** 0.889 " 0.792**

55 0.980 ** 0.892** 0.693*
KIS 10 0.994** 0.934** 0.817**

25 0.983** 0.903** 0.780 "

40 0.983** 0.904** 0.775**

55 0.980** 0.876 " 0.659 *
SHAE 10 0.990** 0.921** 0.839"*

25 0.980 " 0.896 " 0.842*

40 0.960** 0.858 " 0.642°

55 0.980 " 0.896 " 0.860 **

#* % P<0.01, * P<0.05
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Fig.5 Monthly characteristic curves of soil temperature, air temperature, solar radiation and soil moisture content
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