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Simulation on Variation Characteristics of Soil Water Content
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Abstract; Long-term positioning experiment was used to set up four sorts of tillage measures ( traditional
tillage , no-tillage, traditional tillage straw mulching and no-tillage with straw cover) for the rotation
sequence of spring wheat/pea and pea/spring wheat. The monthly precipitation, monthly average
radiation, monthly average evaporation, and monthly crop water consumption were used as input factors,
and monthly average soil water content was used as an output to establish a prediction model of soil water
content based on long short-term memory ( LSTM) neural network, and the validity of the model was
evaluated to analyze the differences of soil water content effect of different conservation tillage measures in
the Loess Plateau gully region of central Gansu, then the model was applied to simulate the dynamics of

the soil water content under four tillage measures in the 0 ~200 cm soil layer. The results demonstrated
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that the soil water model based on LSTM neural network had good applicability for predicting soil water
content under conservation tillage in the Loess Plateau gully region of central Gansu, the average root
mean square error, mean relatively error and determination coefficient of the model were 2. 29% , 6. 79%
and 0. 82, respectively. In pea/spring wheat rotation sequence, the soil water content of four treatments
was increased by 1.49% , 1.61% , 1. 69% and 1. 76% , respectively, compared with spring wheat/pea,
the descending order of soil water content of the four tillage measures was as follows; no-tillage with straw
cover, no-tillage, traditional tillage straw mulching, and traditional tillage in 0 ~200 cm soil layer, the
average soil water content of no-tillage with straw cover was increased by 1.27% , 1.75% and 2. 81% ,
respectively, compared with no-tillage, traditional tillage straw mulching, and traditional tillage. The
no-tillage with straw cover had the most significant effect on soil water content in 0 ~30 c¢m soil layer, the
average soil water content of no-tillage with straw cover was increased by 1.60% , 2. 63% and 4. 18% ,
respectively, compared with no-tillage, traditional tillage straw mulching, and traditional tillage. Soil
water content of four tillage measures was changed with seasons, but the soil water content effect of
no-tillage with straw cover was better than that of the other three tillage measures, the effects of water
storage and soil moisture conservation were more significant during pre-crop growth. The LSTM neural
network model achieved good simulation results on the soil water content in the Loess Plateau gully region
of central Gansu, the soil water content of four tillage measures in the pea/spring wheat rotation sequence
was relatively higher, no-tillage with straw cover was beneficial to improve the soil water content of

farmland in the study area the under four tillage measures, and the most suitable one was conservation

2021 4

tillage measure in the Loess Plateau gully region of central Gansu.

Key words: conservation tillage; rotation; soil water content; LSTM neural network
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Tab.1 Soil bulk density in 0 ~200 cm soil layer of experimental field

2 HEE/ em 0~5 5~10 10 ~30

30 ~50

50 ~ 80 80 ~110 110 ~ 140 140 ~170 170 ~200

ZKF/(grem ™) 1.29 1.23 1.32 1.20

1. 14 1. 14 1.13 1.12 1.11
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Fig. 1 Diagram of soil water storage model based on LSTM neural network
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Fig.2  Cell structure of LSTM neural network
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Tab.2 Statistical indices of LSTM neural network simulated and observed values of soil water content under

different tillage measures and different rotation sequences

,
R A __ AP/W _ A ‘ A AV(/P

M OBBUPE SR PR BOrRR g BRUEE ScT RERA BRI e

o /% /% W% /% M /% /% BRE% E/% 2

T 13.27 13.17 0.72 2.28 0. 86 13.63 12. 83 6.24 2.26 0. 88

NT 13.34 13. 63 2.16 2.52 0. 86 13. 07 13. 16 0.68 2.39 0. 80

0-~35 TS 12.49 13.38 6. 65 2.59 0. 86 11.93 13. 04 8.51 2.41 0. 85

NTS 14.48 13.56 6.76 2.61 0.87 14. 30 13. 41 6. 64 2.61 0. 89

T 14.78 14.73 0.34 2.55 0. 83 14. 89 14. 67 1.50 2.41 0.83

NT 16. 55 15.20 8. 88 2.35 0. 83 14. 37 14. 99 4. 14 2.08 0.72

3~10 TS 16. 16 15. 04 7.45 1.99 0.87 14.71 14. 83 0. 81 2.13 0.83

NTS 16. 62 15. 47 7.43 2.02 0. 89 15. 96 15.21 4.93 2.56 0. 84

T 17.27 15.76 9.58 2.92 0. 88 16. 94 15. 86 6.81 2.68 0.82

NT 15.93 16. 06 0. 81 2.84 0.87 17.09 16. 13 5.95 2.55 0. 85

10~30 TS 16. 89 16. 01 5.50 2.00 0.87 17.72 16. 05 10. 40 2.59 0. 86

NTS 17.85 16.32 9.38 2.45 0.87 17. 88 16. 33 9.40 2. 66 0. 89

T 15.45 15.63 1.15 1.56 0.86 14. 60 15.58 6.29 2.80 0.78

NT 15.49 15. 82 2.09 2.23 0. 84 14. 09 15.82 10. 94 2.92 0.77

30 ~50 TS 16. 64 15.54 7.08 2.10 0. 85 17.23 15.75 9.40 2.99 0.72

NTS 15.08 15.79 4.50 2.14 0. 84 15.35 16. 08 4. 54 2.84 0.75

T 14. 56 15. 64 6.91 2.29 0. 89 14.59 15.73 7.25 2.81 0.79

NT 14.24 16. 00 11. 00 2.45 0. 85 14. 16 15. 86 10. 72 2.90 0. 80

30 ~80 TS 16. 89 15.73 7.37 2.03 0. 84 17.72 15. 81 12.08 2.97 0.78

NTS 14. 69 16. 01 8.24 2.18 0.82 14.57 16. 01 8.99 2.97 0. 80

T 15.29 15. 61 2.05 1.42 0. 84 13.99 15.51 9.80 2.16 0.87

NT 15.51 15. 87 2.27 1.52 0. 84 14. 17 15.75 10. 03 2.91 0.83

80 ~110 TS 14.75 15.82 6.76 1. 67 0. 86 17.78 15. 65 13. 61 2.83 0. 80

NTS 14.78 16. 06 7.97 1. 84 0.87 14. 67 16. 08 8.77 1.98 0.87

T 14. 48 15.92 9.05 1.93 0.76 14. 13 15.83 10. 74 2.00 0. 82

NT 14.98 16. 08 6. 84 1. 65 0.74 14. 96 16. 09 7.02 2.79 0. 80

110 ~140 TS 17.07 15.99 6.75 1.54 0.75 14. 88 16. 02 7.12 2.83 0. 80

NTS 14.79 16. 34 9.49 2.02 0.76 14.57 16.24 10. 28 2.56 0.83

T 15. 04 16. 74 10. 16 1.85 0.79 14. 83 16. 60 10. 66 2.13 0.77

NT 15.55 16. 98 8.42 1. 64 0.79 16. 07 16. 90 4.91 2.01 0.77

140 ~170 TS 18. 96 16. 88 12.32 2.57 0.78 14.51 16. 69 13. 06 2.60 0.74

NTS 15.30 17.19 10.99 2.35 0.73 14. 83 16. 94 12. 46 2.48 0.75

T 18.23 18.20 0.16 0. 85 0.74 17.12 17.24 0.70 2.69 0.73

NT 18. 62 18. 46 0.87 1.05 0.73 16. 90 17.39 2.82 2.28 0. 82

170 ~200 TS 17.19 18. 31 6.12 1.73 0. 69 16. 28 17. 40 6. 44 2.46 0.78

NTS 17.78 18.74 5.12 1. 63 0.71 16.76 17.55 4.50 2.34 0. 80
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TS NT F1 NTS kb 3R] DUAS [0] 72 B2 4 5 T Ak B+ 5
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Fig.4 Variation coefficient of soil water content in 0 ~200 cm soil layer under
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Fig.5 Changes of soil water content in 0 ~200 cm soil layer under different tillage measures and different rotation sequences
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BE KB R ZBUNT NT TS 1 T 403, % 4b
FRE K RSO N 25 [Wi), SFoK 4R 4 FhfFESS
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Tab.3 Characters of soil water content of different tillage and precipitation %
+ 2 E/cm
MOKER fEH T BK ==
0~5 5~10 10~30  30~50 50~80 80~110 110~140 140 ~170 170 ~200
T P 13.77 15.78 16. 67 16.57 16. 62 16. 39 16. 68 17.51 17.93
WRAK  37.42 30. 05 29.79 28.56 23.78 19.96 16.33 17. 11 17.01
T I 13.83 15. 82 16.79 16. 62 16. 66 16. 45 16.73 17.57 17.98
_— WRAE 37.25 29.76 29.18 28.07 23.12 19.58 16. 11 16. 08 15.92
Yi &
T B 13.79 15. 80 16.73 16.59 16. 64 16.42 16. 70 17.54 17.95
RAK 37.33 29.91 29. 56 28. 42 23.62 19. 68 16.28 16. 19 16.05
TS I 14.32 16. 11 17.03 16. 84 16.92 16. 62 16.96 17. 82 18. 44
i AR AE 37.08 29.56 28.91 27. 84 23.05 18. 94 15.83 15.76 15.57
7
T B 13.62 15.58 16.51 16.26 16. 18 15.95 16.36 17.21 18.71
RAK 3314 26.08 25.54 25.32 21.08 16. 81 13.74 13.51 13.28
T BIE 13.71 15.65 16.57 16.31 16.25 16.03 16. 44 17.28 18. 83
N A AE 32,55 25.69 25.34 25.13 20. 73 16. 42 13.28 12.72 12.32
JIN A7
T (s 13. 66 15.61 16. 54 16.29 16.22 15.99 16. 40 17.25 18.77
ARAR 32.88 25.91 25. 46 25.25 21.01 16. 63 13.62 13.39 13.21
TS I 14.13 15.91 16.79 16.53 16.51 16. 34 16. 82 17. 68 19.19
AL ER 31.89 25.42 25.20 25.02 20. 41 15.92 13.08 12. 32 11. 69
T H 13.24 15.33 16.33 16. 19 16.37 16.19 16. 54 17.34 17. 94
WRAK 22.95 13.85 11.78 12.96 8.73 7.99 6. 80 4.56 4.35
- ¥ 13.39 15.38 16. 36 16.27 16. 42 16.25 16. 69 17. 40 18.01
- ASRER 21.95 13.36 11.24 12.52 8.31 7.56 6.25 4.32 4.20
i 5
7 i 13.28 15.36 16. 35 16.21 16. 40 16.22 16. 57 17.37 17.98
TR AK  22.52 13.76 11. 62 12.89 8. 62 7.85 6. 67 4.49 4.29
TS ¥ 13. 84 15. 69 16. 60 16. 46 16. 69 16. 54 16. 94 17.77 18.39
e AR ER 20.82 13.13 11.15 12.30 8.22 7.42 6.09 4.15 3.91
o v ¥iE 12.56 14.52 15.53 15.27 15.36 15.28 15.71 16. 48 17.88
AWRAE 18.02 11.23 12.59 14.85 16. 09 13.37 13.21 12.08 11.85
- ¥ 12. 69 14. 63 15.56 15. 41 15.49 15.38 15.79 16.52 17.98
N ARAK 17.80 10.73 12.19 13. 82 13.53 13.18 12.71 11. 64 10. 92
VAN
s I 12. 62 14.57 15. 54 15.35 15.43 15. 34 15.75 16. 47 17.92
WREA 17.96 11.08 12.36 14. 65 16. 01 13.22 12.95 11.84 11.43
TS B 13.18 14.94 15. 89 15.74 15.57 15. 65 15.98 16. 89 18.28
WRAK 17.63 10. 59 10. 02 9.19 8.52 8.05 7.84 7.05 7.02

PV 5 G - 39 2 7K 3 1 o A 40 A TR 4D 2 B i
X H U7 R AR 2N 2.29% , F # A X IR 22
6.79% , V¥ PesE RECH 0. 82, FR K4 " I F BP
T2 BT 0 ~30 em 4 2 9 + 55 k%
HAF- AR 52 22 R ML 2% , 0000 OKS BE A ey T A AR
AU AE A AR SRR A5 40 4 1 3 2 1) 5 AKOR T x IR
J2 SRR R . AR RS E T LSTM b 2 )
28 TR DRI 2 IX. 38 2 7K R HL A B RS B, T
DR NAL LR o =l A K R NI R (S i S S
0 ~200 em 2 3 & KK [ HEH B . 5 A BF 5L
FE N 5 T B (SOCHS > 4 5% 1 FVE W RE KA R
AT, B % 18 U AE 205 I S5 A o R &
(9500 , i BRGS0 4LIOKE J3E B - 2 38 A R B
TE S5 IR FE b, AT LA ok 14 0 5 10 24 SR 4%
10 i — A 41 A TR AL A 2 0 K R R JEE

SRMEY SR R AR A 3K 2 A
R T SR — . SR B W gt &

P/W AR 7 5 v A% GERRAE | S BF A% SRR A AT
i LA KA BB o ) S KRB WP R AR 8
wh 4 OB R R i A 0 S K A BT R, 1 i A
0.33% ~0.62% . MAMITEY,P/W $1EF 5 th
4 PRV I AY 1 2 SR S WP AR 51 43
BN 1.49% 1.61% \1.69% Fl 1. 76% , & W W 5% 45
AP 22 5 1) PR AT R RO R
ey iy 2 NSNS A IS YR RLE K VEZE S TN

KA B FEUE S, AP P A 1 i T 2 25 42 & &
R )ZAM T KA R B B K IRIVE T, R4 Pt
PRSI T 4 3 & 4L K 70 fE 1 B KT 1% G b
PR A A A R R W, G VB 1 1
T,0 ~40 em 42 T E KR EAL G REA U] B2
Fio RIS B R W], BB 0 ~ 10 em
TR LR SRR R, AP TRV A0 ~
5em.5~10 em .10 ~30 ¢cm f 50 ~200 cm + )2,
1B GEBHERG AT AL 5 Bk DL S S 9F BT 5 5 1L S Bk
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MHE, EESKES SRS 1.41% ~ 5.13% |
1.38% ~ 5.03% .1.07% ~ 3.45% #1 0.89% ~
2.23% AR EBHEREHEXT 0 ~30 em )2 H 5K
R R S5 ol B, e BB T AR B R SRR
I AR S R B /D IX R P O B T T LA 3R
J2 KAy 2 R B/INR TR, RN 2 AR AL SRk &
25 em £ L Z PR SEEARCZE, T
Bk T B, Mm$EE 0 ~30 ecm + 2 19 + 85 K
RO

T /NG R GE s R R W 4 BloBE 1 R i
B - 59 5 K SR v, i e 26 N 0 Bk R A
B ) IR E KRR AR, AP S5 R AR A A,
AW 5T R W AEAS R B8 A 7 51 AN (] e 7K AR RS [
FHLVEDI I 26 F T, Sofh i 5 1)+ 1 5 7K 26 e G bk |
L5 Bk 1 RS FF 8 35 R & G HFVE RS I 1.19% ~
2.94% , 3% 5 F vE M2 A0 345 [ BF 5T 45
— 5, AMFRELE RS R, G Bk Ak B AL G B AR
RE8 B 0 48 =y R 1Y UK 4 5 i, 78 B K B K I AR
WHRMEEWZERE R E, BEEEHRE
B, S b5 A A R 2 0 38 1RO 35 4k T S B B T A
TR AR KRR . AN SE R R, F K4
B KON 1 B K2 77 AR 0 5% e B R T T SR AR S B R
RME S E KRB ICE T M 2, X 5T &
e T S

PRy B VE RS e 1) PR K B5OR S BEVE 0 A4 B T
WESE TR A o WRp e  BE S R, e
i AT LA B A A AT & K S BT K VR AT, (] B
VeI SO0 KM 1 25 5 B L AR AR A
BHIH . AN 45 L R FEEY A KT (3—
5 H) ARGHHERSFE 55 e bE A o B 35 S 1L S mE
VEMI LG B 4R M H A KR b e ph B R 5 F R
H I KRR TEVE Y A K IR (5—6 H ) 4 b
BV it A 498 55 7K SRR B, 7650 em 2245 AR
R T 85 AR A ARA X, B 3 M B A 1 it 5 1%
GEHFE A e S KR 22 BN B3 M EVEY 4 KR )
(7—8 H) 4 Fhopb 1 15 e ) 4 38 5 /K 3 g 3% 1l 7, O
HAE0~50 cm [ £3ERZIE L T 35 KF N = E

DX, GRS R e o B, X
SR TR /N T AR N T A A e R R
TR AR AR B RBET, WA BN R0 = 5 KR
EENREAEY A K5 I X R K 5 B2 54,
BB AR D K 7 2 R IR, 3w AR i
BRI WIAG R T AR A 5 30 S b i 1) 1 4
BRI B E

4 it

(1) LSTM i1 £ [ 2% 155 704 i % 45 - 1t A5 0L B v
B SRV A O [ B R R 0 A KR ]
L ADLAE N S E A - 2 38 iR 25 Ok 2.29% P
FHXTIERZEH 6.79% , P30k REN 0. 82,

(2) Wi 5./ 3 /N2 R A 7 50 v 4 Bl A 4 it 1
TG KFE S TH/NEZ/BGRAET S, 4 FhpE R
it B R 4 M 1.49% 1.61% 1. 69% 1 1.76% .,

G)ANFRBHERE T, b 5% LA mmE
KRR RCR , BT R MR B2, R KR
Gy b S Bk | A% GE B A B AT 55 RN A 8 Bk R B
1.27% 1.75% F12.81% . @B %X 0 ~30 cm +
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12 R ARG B B B A% G B4R R AR R
(G BEAE 10 1. 60% 2. 63% F1 4. 18% , Tfii 1
fib 2 o B 25 S K Ry 0 L e Bk AR BBk R
Tl FF 8L 5 F0AE 2 BEAE S 0 1.13% (. 1.42% F
2.29% ,

(4) RIEBEVERE IE T A 3 7K OR 395 2R Bl 2 0 &
A AR G B T Y K R A At 3 B
BEESS I, BAED A K AT ORI o B 3% . 78
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W L AR GERFAE | S B FAL G0 BF A A AT L 5 7 29 385 n
3.60% .1.83% F1 2. 81% ; 1£ 1 & /K 73 K 5 451 #& B
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5 BE1E 7S FF B 2% SE 9 48 2.01% 0. 74% Fil
1. 41% 7% 3K 53 52 B B, S b 3 5 1) 138 15 K
ROy AL GEREAE | Bk R0 GE BFVE RS AT 3 25 7 1
RN 2. 74% (1. 66% 1 2.26% .
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