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Experimental research on precision surface irrigation technique for
well irrigation district in semi-humid region in Shandong Province

MA Haiyan' > ZHANG Zhanyu' DU Zhendong® LYU Ningjiang’ LI Qiguang® WANG Xin’
1. College of Water Conservancy and Hydropower Engineering Hohai University ~Nanjing 210098 China
2. Rural Water Conservancy Research Institute Water Resources Research Institute of

Shandong Province Ji' nan 250013  China

Abstract Precision surface irrigation experiments were conducted for two consecutive years in a typical experimental
winter wheat planted area which represents the conditions of the well irrigation district in the semi-humid region in
Shandong Province. Suitable irrigation design and management variables of surface irrigation were studied through
experiments. These experiments were simulated by the SRFR model which is a surface irrigation simulation model. The
model was validated and the process and performance of border irrigation with different combinations of border length

slope discharge per unit width and inflow cutoff were studied. The reference values of irrigation design and management
variables of surface irrigation are presented providing a basis for optimization of the surface irrigation design and
management variables for the well irrigation district in the semi-humid region in Shandong Province. Based on analysis of
the experimental results some suggestions are put forward a reducing the gradient and improving the roughness of the
irrigation borders by means of land leveling b maintaining a suitable border length of 60 to 70 m and ¢ maintaining

a suitable discharge per unit width of 3t0 6 L/ s m .

Key words surface irrigation simulation model irrigation design and management variable semi-humid well irrigation

district in Shandong Province
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1
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Table 1 Design parameters and measured parameters of experimental plots
/L sm ™!
/m /%
18 30 0.04 3.0 2.1 0.7 0.7
26 50 0.04 4.5 4.4 0.8 0.8
2009
29 70 0.05 4.5 4.5 0.8 0.8
34 90 0.06 4.5 4.4 0.7 0.7
8 30 0.05 3.0 2.6 0.8 0.8
30 50 0.05 3.0 2.7 0.7 0.7
2010
31 70 0.05 3.0 2.5 0.9 0.9
36 90 0.04 4.5 4.7 0.7 0.7
1.3
a. 180
3 10m 1 = 160,
b. 1~2 24 h 24 h gE N
£
3 0~1m S
c. = 10!
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Fig. 1 Variations of relative elevations along border

length direction in experimental plots
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Fig. 2 Water flow advance processes with same inflow cutoff
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Fig. 3 Water flow advance processes with same discharge per unit width
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2.2
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Table 2 Irrigation amount calculation for experimental plots
/ / / / /
m % L sm ! min m’/hm~2
18 30 0.04 2.1 0.7 5.0 299
26 50 0.04 4.4 0.8 5.7 376
2009
29 70 0.05 4.5 0.8 7.6 367
34 90 0.06 4.4 0.7 9.9 399
8 30 0.05 2.6 0.8 4.3 282
30 50 0.05 2.7 0.7 7.9 367
2010
31 70 0.05 2.5 0.9 14.7 351
36 90 0.04 4.7 0.7 10.3 459
R}
—SRFR >
SRFR
3
3.1
Kostiakov Kostiakov-lewis Green-Ampt Philip Horton
Kostiakov Kostiakov
Kostiakov
I = K¢ 2
[— mm [—— min K—— mm/min «a K «
SRFR Kostiakov K «a
n 6
7 0.045
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Fig. 4 Comparison of simulated and observed curves of water flow advance process
4 SRFR
3
Table 3 Fitted values of infiltration parameters and border surface roughness
3 3 K/ mm min~! a n R
6 3.85 0.29 0.045 0.998
9 4.43 0.30 0.045 0.996
0.992 15 1.57 0.21 0.045 0.997
3 16 2.01 0.24 0.050 0.9%4
2009
25 2.16 0.22 0.040 0.998
12 26 2.20 0.21 0.040 0.996
33 3.34 0.27 0.040 0.998
34 4.32 0.33 0.041 0.998
2 4.20 0.35 0.045 0.997
3 4.20 0.44 0.050 0.992
2010 8 4.41 0.35 0.045 0.998
K'=3.56 mm/min 9 4.34 0.33 0.042 0.99
a=0.30 3 4.20 0.35 0.045 0.999
34 4.60 0.35 0.055 0.998
3.2
3.2.1
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E, = —
qt
n-1
1 Al I + I 1
Vl = 1000[ Ireqxc + ZI( 2 : Ax/ ]
Jj=n,
E,— Vi— m’/m 1,.——
L x, m n n.
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E, E, SRFR E, Eq
4
4 4 SRFR E, E,
E, 60% Eq 94% 2009 Table 4 E, and E, obtained through simulation of
25 26 15 16 water flow advance and regression using SRFR model
E./% Eo/%
Ed
Ea 75.5 96
9 69.5 96
15 29.0 91
2 16 28.8 92
2009
25 25.5 91
26 22.1 91
33 42.2 92
34 62.4 94
46.9 91
4 3 49.0 91
2010 61.8 93
E, 9 55.3 94
El E. 33 65.7 95
‘ ¢ 34 70.7 95
E, SRFR
15 16 25 26 6 75m
q 9 82m
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Ey
K=3.56mm/min « =0.30 n=0.045 E, Eq4
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Fig. 5 Relationships between E, and E4; and border length
6 ¢=5.7L/ s m 0.4%

6 60 ~ 140 m 400 ~ 600 m*/hm* 40 ~ 60 mm
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Table S References for selection of surface irrigation design and management variables
/ /
/% m* hm™? L sm ™' /m
0.3~0.6 400 ~ 600 3~6 60 ~ 70 0.8~0.9
5
a.
b.
60 ~ 70 m
c. 3~6L/ s m
1 J. 2004 3 9-11. MO Zhengtao LIU Yanzhen DONG
Yunde et al. Analysis of Border Irrigation Experiment J . China Rural Water and Hydropower 2004 3 9-11. in chinese
2 J. 2003 19 3 54-58. LI Jiusheng
RAO Minjie. Field evaluation of water flow performance and application efficiency for border irrigation J . Transactions of the Chinese
Society of Agricultural Engineering 2003 19 3 54-58. in chinese
3 OR D WALKER W R. Effects of spatially variable intake on surface irrigation advance J . Journal of Irrigation and Drainage
Engineering  ASCE 1996 122 2 122-130.
4 M . 1994.

STRELKOFF T. A computer program for simulatting flow in surface irrigation furrows basins borders R . Phoenix USDA ARS Water
Conservation Lab 1993.
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6 . J . 2002 4 4 16-20. FEI Liangjun. Infiltration
parameters from irrigation anvance data J . Water Resources and Water Engineering 2002 4 4 16-20. in chinese
M . 2000.
J. 2005 1 32
-39. LIU Yu CAI Jiabing BAI Meijian L.S. Pereira. Evaluation and improvement on field irrigation techniques for Bojili irrigation
district on Lower Reaches of Yellow River J . Journal of China Institute of Water Resources and Hydropower Research 2005 1 32-39.

in chinese
9 . J. 2007 38 5 529-537. XU Di LI Yinong. Review on
advancements of study on precision surface irrigation system J . Journal of Hydraulic Engineering 2007 38 5 529-537. in chinese
10 . J . 1997 25 3 51-54. LI Yuannong

LIN Xingcui. Soil air resistance changes of accumulated water infiliration and their effects on the infiltration parameters J . Acta
Universitatis Agriculturae Boreali-occidentalis 1997 25 3 51-54. in chinese

11 . J. 2004 23 5 53-55. MA Juanjuan SUN
Xihuan LI Zhanbin. Effect on soil infiltration parameters of infiltration head J . Journal of Iirigation and Drainage 2004 23 5 53-
55. in chinese

12 . J. 2006 22 3 188-190. LI
Xuezhuan FAN Guisheng. Influence of organic matter content on infiltration capacity and parameter in field soils J . Transactions of the

Chinese Society of Agricultural Engineering 2006 22 3 188-190. in chinese
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