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Dynamics of Soil Temperature Under Different Methods of Straw Restoration in
Black Soil During Seasonal Freeze-Thaw Period
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Abstract: [Objective] To investigate the effects of different straw returning methods on the temperature of
black soil during seasonal freeze-thaw period. [ Methods | By monitoring the field temperature, the soybean
field was selected as the research object, and two types of returning methods were set, namely, straw
mulching (FG) and straw mixing (FH). The amount of returned straw was 30% (59 670 kg/hm®), 60%
(119 340 kg/hm*) and 90% (179 010 kg/hm?*), respectively, and the bare land was designated as the control
treatment (CK) in a total of seven treatments. Four soil depths of 5, 10, 20 and 30 cm below the surface
along the vertical profile of soil were set to analyze the characteristics of soil temperature changes during the

freezing and thawing period under different straw return methods and amounts. [ Results ] (1) Straw
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returning to the field resulted in the soil entering various freeze-thaw stages at a time lagging behind that of
the bare land, and effectively raised the range of the minimum soil temperature and lowered the maximum
temperature, of which both the maximum temperature raising and lowering occurred in the FG90 treatment,
which were 3.0~6.1 C and 1.5~5.2 °C, respectively. (2) Straw returning weakened the soil temperature
variability and correlation with air temperature. The maximum coefficient of variation and coefficient of
variation and correlation occurred in the bare soil layer of 5 cm, which were 6.54 and 0.82, respectively. The
minimum occurred in the 30 cm soil layer of the FG90 treatment, with values of 0.82 and 0.26, respectively.
The relationship between soil temperature variability was CK>FG30>FH30>FH60>FG60> FH90 >
FG90, and the relationship between soil temperature and air temperature was CK>>FH30>FG30>FH60>
FH90>FG60>FG90 >FG90. (3) The freezing and thawing rates of bare land were the highest and the
freezing-thawing periods were the shortest, with a freezing rate of 0.19 °C /h and thawing rate of 0.60 °C /h.
The minimum freezing rate occurred in FH90 treatment (0.04 “C /h) and the minimum thawing rate occurred
in FG90 treatment (0.05 °C/h). (4) With the increase of soil depth, the soil freezing stage and thawing stage
gradually increased, but the freezing duration gradually decreased. The effect of delaying freeze-thawing was
most obvious in the FG90 treatment, with the freezing stage and thawing stage of 8 and 10 days,
respectively. [ Conclusion | The results of the research quantitatively described the temperature characteristics
of black soil under different straw return measures during freezing and thawing periods, and clarified the

differences in soil temperature effects between different straw return measures, which is of great significance

in guiding the rational use of straw resources and conservation tillage in black soil areas.
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Fig. 3  Soil temperature distribution
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Table 1 Characteristics of soil temperature variation characteristics in different soil layers under different treatments during

freeze-thaw period

W +RERE/cm : o Kf\%%%%m% ; : A : ey . EMJCM\E& . N
TR/ CREmE/C REEE/C  CV R* B/ ChRalE/C RIGRE/C  CV R*
5 —3.6 3.7 —11.0 6.5 0.75 25 12.8 —2.9 355 0.82
10 —2.3 4.2 —81  2.54 0.66 1.3 8.2 —25 175 0.6
CK 20 0.3 1.8 —50 2.0l 0.55 0.4 1.8 —2.1 159 047
30 1.1 5.1 ~30 106 0.52 —0.6 1.6 —1.9 143 031
5 —3.1 3.6 —91 597 0.71 2.1 117 —27 317 0.80
10 —1.9 11 —70 182 0.66 1.2 8.1 —2.0 171 0.67
FG30 20 —0.1 45 —36 125 0.55 0.2 3.9 —2.0 154 0.44
30 1.2 18 —1.0 086 0.51 —0.4 1.5 —2.3 133 0.29
5 —2.7 35 —84 350 0.66 1.8 10.6 —2.6 300 0.76
10 ~13 3.6 —6.0 1.3 0.64 0.9 71 —2.0 L7106l
FG60 20 0.5 43 —27 117 0.52 —0.1 3.0 —2.1 129 0.38
30 1.6 46 —0.6  0.85 0.51 —0.5 0.9 —2.4 127 027
5 ~1.8 3.4 —65 313 0.62 0.9 7.6 —2.6 255 0.67
10 —0.8 35 —51 126 0.60 0.3 5.4 —25 144 0.54
FG90 20 0.5 3.7 —2.6  0.98 0.52 —0.4 2.4 —2.5 1.08  0.36
30 1.7 41 —01 082 0.50 —0.8 0.1 —28 093 0.26
5 —3.6 3.7 ~108  5.74 0.73 2.5 1.7 —2.9 349 0.79
10 —2.0 1.0 80 247 0.66 1.6 8.2 —2.0 168 0.68
FH30 20 —0.6 46 —46 1.2 0.51 0.5 3.9 —2.0 146 0.51
30 0.8 1.9 ~16 095 0.44 —0.2 15 —2.3 137 0.33
5 —3.0 3.7 9.7 3.52 0.69 2.4 10.6 —2.7 334 076
10 —15 40 ~7.9 160 0.58 13 71 —2.0 165 0.61
FH60 20 —0.6 4.5 —43 130 0.47 0.5 3.0 —2.1 158 0.43
30 0.9 48 —14  0.93 0.44 —0.3 0.9 —2.4 133 0.34
5 —2.4 3.5 —78 319 0.68 2.1 7.6 —2.6 330 0.74
10 —2.1 3.9 —65  1.53 0.58 11 5.4 —25 155 0.61
FH90 20 —0.4 13 —38 130 0.43 0.3 2.4 —2.5 152 0.46
30 1.1 L5 —12 087 0.42 —0.4 0.1 —2.8 132 0.34

TE:CV Oy A e B 5 R 80 R2 DA [R] 2 b e i 3 5 DR A0l 3 A A Sk R 4

23 AREBEHIEIEHARXNLEARMITREZOIIE
2.3.1 EMORL MRS AE — BN LR E

FE 0 C LA B, e & A R A A R, Y R A
0 CULER, +HER /AR, MR EE 0 CAL
Wi, 3R A R A R B Y R K 0 CCRE N
K A R R I B RE L I R A R R A
HEATGETT (3R 20, LAE A3 BT+ 3 10 VR 45 il R RS AE
12 2 AT, N FRE R B B Bl AR I B IR 45 A
5 em H)2EEEAEHRBMIEA,CK A# 5 cm + 27
KA 4 WRERRLAE PR 5 L 76 SR A 52 T R R A R 2
FoE & S B Hofth + 2R R AR VR 3R . FH30 Ab 3
5 em RJEERA 2 WIHRAIG IR , Hofth + )2 A & 2 o b A
H, HAWMP S em 22 R A4 1 RiGaGER, 15
HRaE MR RPN CK>FG30>FH30>FG60=FH60=
FGI0>FHO0 ; fift R B K F Ml CK>FG30>FH30>

FG60>FH60=FG90>FH90, ®] A& tH,CK (1% f
PRI AT HoA 4 B 3 A Ry 30 %6 B G AT B 25 4 H
) % R A FF BT 38 34 FE 4R 60 V0 B, 2
A 7 20 5 445 8 R R ) F 7 55 340 F ) o R K
TR A F L 9 Y34 iR 90 V6 B, BT 40 FH Vil 3
/N, R 3 i RR A A 9 A R 4 55 -
) VR gl R S RS A 3 T 7 185 o - 3 R ot A Y 27
i R B R A . R AT P S A HH b VR R 2 KT
CK {H BRI H ) VRl 8 11 35/ F CK, Al RS2 f5 FF F1
SR A AR A S A A A P AL B Y 3%
P T 3 B

Ale By B, 45 Ab BAK AR 02 5 em + )2 8 SE 35
0 °C Lh I3 & A= V5 Al OE 30, NBRE AR OR & L B S 36 1
St (3 0 b B R R R BB N R R I CK=
FH30>FG30>FH60>FG60>FH90>FG90, A] 4
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A, 150 B R A 7 55 08 FH 28 A o il oo R 1 SOR B T R
PR B, R 2 3 R /N oy CK>FH30 >
FH60=FG30>FG60=FG90>FH90; f# 7 i# % K
CK=FG30>FG60>FH30>FH60>FH90>FG90,
IR 1 o BERS FF 3 HH 2 A 39 0 - 48 R il 7 %6 5
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H L Y30 B &R 90 YOI, FR 8 HE i o 1 5 K F 7 35
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K, T BRI AR H Oy 26 R R A B g K. 10
em )2 R UR Al R AR IR K A7 CK b3, B4 +
J2 VR B RS A 34 FH 0 S [R5 e A 48 Rl 3 R R R
AR B /T 5 em £ )2 £ A0 HEBR CK & ZE 10 1R
Rl Fof A B R A 1 R R G A i — 25 U B A
FFI8 B ek o A R 2 e .
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Table 2 Statistics of freeze-thaw characteristics of surface soil
4 ' TR R/ fiff VR TR/ B R4 - 2 it -2 5 il _
HEBE M RREE/em o ; ; R B
(C+h"H (C+h " 4 /h HH /h JA i /h
CK 5 0.19 0.60 22.3 12.8 35.0 4
FG30 5 0.18 0.44 49.0 31.0 80.0 1
g FG60 5 0.10 0.30 92.0 35.0 127.0 1
Vs FG90 5 0.10 0.20 116.0 43.0 159.0 1
B By FH30 5 0.16 0.33 8.0 20.0 12.0 2
FH60 5 0.10 0.20 17.0 23.0 40.0 1
FH90 5 0.04 0.08 34.0 24.0 58.0 1
CK 5 0.17 0.56 11.7 11.2 22.9 21
) 10 0.10 0.29 12.2 12.1 24.3 10
5 0.12 0.56 13.3 11.4 24.7 16
FG30
10 0.05 0.17 40.0 17.0 57.0 1
5 0.07 0.49 17.8 17.6 35.3 10
FG60
10 0.05 0.10 80.0 27.0 107.0 1
5 0.07 0.22 19.5 19.3 38.8 6
_ FG90
e 10 0.04 0.05 89.0 29.0 118.0 1
1 5 0.16 0.45 13.0 11.5 24.5 21
bir & FH30
10 0.09 0.15 64.0 35.0 99.0 1
5 0.12 0.44 13.8 12.1 25.9 12
FH60
10 0.06 0.10 104.0 92.0 196.0 1
5 0.05 0.42 14.5 14.5 29.0 9
FH90
10 0.04 0.06 16.0 12.0 28.0 1
2.3.2 EEAZE K MLHE B OLED RS X 5 90 Yo i, ISR T 7 55 )2 IR R T H A AR 3, AR BH

VR T 300 A [) Ak B 5 4 J2 06 R B BB i il I BB D R 45
KAEFTGETH oM (G 3) A A [F] 4 JZ 3 I RE JT I %
20 CR LT/ HE iz 2R 6o H Y, L3R
JETFAR 0 °C K BB By HWE iz R i B L AT
TIER R B IR CK 4R 7R H A9 52 B K 20 U6 U
B BL, 5 45 R A IR AL H T CK 4R Bl B AG S2 Bk
BN U b B B 52 B R BOBR BE W] % 4 J2= R R 45
Filt Al 4 e i) AR

MR TR B DR A LA AR HE 5 em LR UG VREY
B Ry Bede/ Iy, 1 Bl J2 TR A 6 - S5 A4 46 R Y
B AR b Bz @i i, B 5 em bR TE AN TR E R4 B
Bei Je T IR R 4G  AE RLAL B B ST i i AL , Y RS A

5 3T FR S (18 TR AT 1% () BRF A BEL A5 - 3 X B 9 R
R o 33 R i) BEL 1 4 FH A 45 4 49830 B AR AL 22 1% L SE 27 iR
JEAREIGEE . P BE . FGO0 AbFE 5 em )2 55 H A ik P
HEATRVRB B 46 Rl B (%) ) [RD 40 M . DA JE 2% 4 38 R
Al R 1 R AT T A 0 - R AR R R R B
PR A FH i 6 R 34 T, O )2 TR B A 14 o, 3
PR VR n Rl R B R . Bl )2 R B % 3 5 A 3 -
BRURGSHH B WS, £ A0 3R], 5 em )R B E A2 3
K10 em +HEREZAME 4 K,20 em +E R EZME S
K,30 em LEREME 4 K, Bk HE N 0%, 2
AR 7 5,10 em + 2 ARES B 5B M AR ], BE 7S
T3 £ P 15 0 A SR R 45 BB i R

http: // stbexb.alljournal.com.cn



296 KPR

% 38 %

£3 TRLETEFRERKEE

Table 3 Characteristics of soil freezing duration in different soil layers

A3 LRRE/em IRURBTE/d IRRIGTBL/d RESIRHK /d

E RERE/em WREBE/d REBTE/ A RERK/d

5 0 0 17 5 0 0 17
10 0 0 116 10 0 0 116
FG30 20 1 4 106 FH30 20 0 5 108
30 3 5 92 30 1 5 94
5 0 3 120 5 0 0 17
10 0 3 119 10 0 1 117
FG60 20 3 4 104 FH60 20 2 4 105
30 4 8 94 30 3 5 92
5 2 5 120 5 0 2 119
10 3 7 120 10 0 3 119
FG90 20 4 9 108 FH90 20 | 4 106
30 8 10 92 30 5 6 91
3 T i BEERALCHMERTZE Y%, 2 Ml

S IR AR A2 K B 4 A R TR Y B R A,
SR A5 R 0 K e A DR 3RS b SRl R A A A [ £ 5
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T 8 i VR UL R R A o R Y R L X 5 AL UL AR
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