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Water-saving Irrigation Technology of Rice Based on
Regulation of Depth of Saturated Soil
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Abstract; Putting forward easily-observed and operate rice water-saving irrigation regulation indicators is
of great significance to promote the large-scale application of rice water-saving irrigation technology. The
method of pot experiment and model scenario simulation ( Hydrus —1d) was used to study the variation of
soil moisture and the depth of saturated soil during the drying and dehydration of paddy fields under
different water intensities. The quantitative relationship between the soil moisture and the depth of
saturated soil were established. The results show that the soil moisture and the depth of saturated soil
during the paddy field dehydration had a good synchronous change law. The correlation coefficient
between the measured soil moisture and the simulated soil moisture was 0. 758 by using the Hydrus —1d
model, which can better simulate the synchronous change of the two in the process of rice field
dehydration. Both the experiment and the simulation results showed that there was a clear quadratic
parabolic relationship between the soil moisture and the depth of saturated soil in the water-saving
irrigation paddy field, that was, the depth of saturated soil was increased with the decrease of soil
moisture in the process of rice field dehydration. In addition, based on the quantitative relationship
between the two and the traditional critical value of soil moisture index, the critical value of the depth of
saturated soil index was calculated, and the critical value of saturated soil depth in each growth period
was ranged from 0. 27 m to 0. 50 m, forming a water-saving irrigation technology of rice with saturated soil
depth as the control index. The technology used easily-observed depth of saturated soil as a control index,
which overcame the problems of high monitoring cost and low measurement accuracy brought by using the
soil moisture and a fixed number of days in an anhydrous layer as the control index, accurately reflecting
the field moisture status, and at the same time, it met the needs of large-scale application of water-saving
irrigation.
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Tab.1 Soil basic physical properties
HERE, LEE, DRI E KRR RS %
em  (grem?)  F/(em’eem™) BVRL BPRL Bk

0~10 1.11 0.53 68 17 15
10 ~30 1.32 0. 47 68 17 15
30 ~50 1. 40 0.43 67 19 14
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Tab.2 Root depth, root zone and soil water lower limit of rice in different periods

EEM 53 BERTIN Sy gl SrBESS I R 2R FFE 1615 LA
A Bt 06-01—06-12 06-13—06-28 06-29—07—-10 07 -11—07-28 07 -29—08-08 08 —09—08 —28
K /em 5 10 30 40 40
HOK TR 80% 6, 70%86, 65%6), 80% 6, 85%6), 75%8,
WRZRE/ cm 20 20 30 40 40

T 0,28 AR TR S KR
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Tab.3 Control index of evapotranspiration intensity and seepage intensity in rice fields at different stages mm/d
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%1 2 3 4 5 4 3 2
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irrigation paddy field

IKAEAR R )2 1 B K F2 5 100FN 1 S8R 2 [A] 77
TERGFRIOCR , B EAENT B T B 1A
S I R T R AR S KR Sl
R A LR i s ] ) 28 T 3 0] 52 A A G OC &R
et ml P 2 R AR A LR B A A R A 2O
FOEIRNER 4, Jo RECR AR F] 0.96 DL L,

B2 17K EE RS AR I IR e 3
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Tab.4 Relations between soil moisture content and depth of saturated soil in different growth stages of rice

BUIREIE/ (mm-d ")

EEM

1 2 3

£k R? ke R? ik R?

ZPEERTH 9= -0.6479H? -0.1439H +0.5074 0.9850 §=-0.690 6H> -0.125 1H+0.5052 0.9605 @= -0.461 7TH*>-0.157 3H +0.5040 0.9858
SEERH] 9= -0.8545H% -0.2154H +0.5029 0.9940 g= -0.603 7H* -0.144 7TH +0.4989 0.9763 0= -0.460 4H*> -0.1356H +0.5035 0.985 1
SVEEE 6= —1.5303H% +0.5538H +0.4049 0.9658 6= -1.227 1H* +0.3169H +0.4451 0.9856 6= -0.880 6H> +0.076 6H +0.4831 0.990 8
AR 0= -0.6952H% +0.014 3H +0.4656 0.9753 9= -0.509 4H> -0.054 2H +0.4726 0.9909 9= -0.5259H> -0.092 6H +0.4732 0.990 |
TR 0= -0.4829H% 0. 039 4H +0.4552 0.9867 6= -0.6243H>+0.036 6H +0.4529 0.9629 6= -0.528 2H*> -0.017 8H +0.4627 0.9926
FLAW 0= -0.5273H*-0.017 1H+0.4538 0.9735 0= -0.8845H*+0.169 7TH +0.4525 0.8764 0= -0.787 1H>+0.1423H +0.4496 0.9864

T H A 3R (m)

RS5 AEFKBETKBEREES M RGN RIEH ISR

Tab.5 Control index of depth of saturated soil in different growth stages of rice under different water consumption intensities

- FRPT——— + it R ARk A0 - S ERIG A(E/ m
H7 [E] > (4 N Vo = YEL IR
(em?vem™3) BIRIRE 1 mm/d BIERE 2 mm/d BIRSRIE 3 mm/d

43 BERTIY 80 0. 504 0.31 0.31 0.32

SrEEf 70 0.504 0.31 0.39 0.44
BRI 65 0. 504 0.50 0.49 0.50
WA 80 0.478 0.44 0.47 0.43

Z R 80 0.478 0.36 0.38 0.34
AT 85 0. 465 0.38 0.39 0. 40
R 75 0. 465 0.38 0.41 0.42

T R A KR IR AR SRS 2 H s AN R B B AR RIZ IR BE LR 2,

®6 ZEFH Hydrus - 1d kK HEH
Tab.6 Calibrated hydraulic parameters of Hydrus —1d model

T 2HE/em ii}f@ﬂ:ﬁ.’?ﬁpx/(g-cm*) 9,/(cm3-cm’3) HY/(cm’%-cm’s) a/cm ! n K./(em-h™") l
0~ 10 1. 11 0.058 5 0.4930 0.0243 1.4258 5.947 08 0.5
10 ~ 30 1.42 0.0559 0.4408 0.0253 1.4670 3.091 25 0.5
30 ~ 40 1.50 0.0522 0.4163 0.0261 1.466 8 2.30042 0.5
0.6 06
’lg ~05 2 05
2 E o4 Zﬁ %
= © g
£t B
03 o o =5
‘H I T%Tuﬁ/kz%‘: . ﬂ;U']’l'."v /J(}r: % ~ 03
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0.6 e s g g .
- — SR SRR B4 5K S BB E
4
2o 0.3 Fig.4 Validation of soil water movement model
41 E
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B~03 o AWy >
H TIKREEAETI 9 K 5K R AR il £
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Fig.3 Calibration of soil water movement model
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Tab.7 Critical value of depth of saturated soil at different growth stages of rice under different water

consumption intensity combinations m
- W
11 12 K13 #2¥1 #2¥2 #2183 K331 #3B2 #3183
Sy BERTINA 0.27 0.27 0.28 0.27 0.27 0.28 0.27 0.27 0.28
SrEET] 0.42 0.48 0. 46 0. 40 0. 46 0.43 0.40 0. 41 0.42
Sy BESE 0.54 0.56 0.53 0.71 0.54 0.63 0.58 0. 64 0.61
P 0.51 0.52 0.57 0.51 0.51 0.54 0.55 0.53 0.55
2RI 0.37 0.41 0. 40 0.37 0. 40 0.40 0.37 0.38 0.39
il S il 0.49 0.53 0.55 0. 49 0.54 0.53 0.46 0.53 0.52
FLAU 0. 50 0.53 0.55 0.49 0.53 0.53 0.47 0.54 0.52
3.2.3 KA KVE R AR RN - e PR FE bR PR AN IR R R FR AR B /N, O 0. 27 m, 43 BES

LR ARG A R AR R BEAU Z5 SR | 75 7% T K
RERRARL DX M | - SR P 25 DN 2K A Bt b, T T
B R (32,1 mm/d) 3 R TeGE B, IF DUAS R AE
IR 2% A A nl A RS 25 R A e S
(8 B/ IMEL (i 2 2 ) Ay 2 o 98 Bk e 1 ECAR A, PBUSE
T RIETTAR KRS 19 7 P I A A - S AR s (L, A
8 P, LR KR 7 BERTI (AR R B

3 - 3K o T R AR ARG, JHORF L 1 o 0 - s 3
B bR K, N 0. 50 m, X HCAR TR B o
(25 SR AT LU, T 0 - R TR I BB R T 7 3 BE
HBIR 22355 0. 09 m Ab, FERER 3 A B BByl 22
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Tab.8 Ciritical value of depth of rice saturated soil under

controlled irrigation with different water consumption

intensities m
BWEE A FHERE W
(mmed=') OB RB RE B R R
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