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Table 1 Experimental scheme of irrigation water amount under intermittent combined irrigation ( 1CI)

AR B AR B

s =21 LSS S st 2
Fresh water Brackish water
Treatment Brackish : Fresh=2 : 1 Brackish : Fresh=1 : 1 Brackish : Fresh=1 : 2
irrigation irrigation
PR T
0 22.2 14.8 11.1 7.4
(em)
TR W 12
22.2 0 7.4 11.1 14.8

(em)

(MAmount of brackish water; @ Amount of fresh water
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Fig. 2 Effects of ICI on characteristics of soil infiltration
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Table 2 Fitted parameters of cumulative infiltration and downward depth of wetting front relative to ICI mode

b3 (] &2 45 9 50 min (] &2 5 30 min ] B2 HEE60 min [ B ZH A7 5120 min
Treatment 1CI SO ICT S30 ICI S60 ICI S120
2:1 1:1 1:2 2:1 1:1 22 2:1 1:1 1:2 2:1 1:1 1:2
M%%%ﬂl“; 0.3589 03561 03542 03733 03706 0.3605 0.3864 0.3829 0.378 3 03911 0.3673 0.3475
R’ 09936 09988 09986 0.9984 0.9994 0.9995 0.9983 0.9982 0.999 3 0998 0.9991 0.9986

@Fitling coefficient (A)

(%)
(=]
T
esieshes]
o

3]
wn
T

—
W
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TR
Soil water content (%)
b [\
(=)

0 i .
5~10 10~20 20~3030~40 40~50
+ 2R E Soil depth (cm)

BT UK HEWE . SO SR T, 468 T i) B2
A RO min Az EE 6 T ) BR LA 630 min
PEATHENE, A 25 TR R A K VR AR, il
TSP KA AEAE L IBABARIE N, A FTAEW M
WA T

Sy T T 43 T A L4 S o -3 Ak
RIS, 5 A K 1 T AR R K 25
JEE, Y AR

S| z-2]
DTkl
X, ZAEZW SRR, %; Z R HHEEK
RIFEIME, %; NRIREEZEE

13T AT, TA] Ak 2H 5 B T A K 34 5 B 3 i
TRVKHEM . TEM B AR, BRIy

E, =1 (4)
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Fig. 3 Variation of soil water content with soil depth under ICI

J3E 55 [ i ] 9 5C BRI 2, InEdL & He BT -
ZAEF, TE BRI TE O mind2E & 230 min. 60 min .
120 minftf, HAJERATETE0.96 817 . HEKLY
B BB TROK T o HE K RE AL ) B M T s, i
BX TR LR A B R Al BE S, I RUSOK 21T B fE
R AR, BRI K BE T, (H SR A
BN, ST AN T, O R HEEK
BRI AT DU AU
2.3 [EEHSERN TIERE R TN

N T WS 1]k A G T L SRR 2 Bk
VERCR, BIALIEBER AT U] . LI Eh R
MR ITETE

S, -8,
iR (%) =IS—><100 (5)

1

R3 BERESERLTIEEKHEE

Table 3 Irrigation uniformity under ICI
AR [] Bk 20 5O min [E] 8 20 A 30 min [E] 8 21 A #E 60 min 6] 8K 21 5 #8120 min
Fresh water I1CI SO ICI S30 ICI S60 ICI S120
21 1:1 1:2 2:1 1:1 12 21 1:1 1:2 21 1:1 1:2
0.91 096 096  0.94 095 096  0.94 096 096 094 0.95 096  0.94
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X, SO RIERIIR S G, g ke SN 1
T, g ko AR A MR A2
Y B AR AN R AT

H4n] A, XPFUraab, 765 ~ 45 cmfEY)
WRBEX, THORABER, (H A B2 5 HE R T
It 5 2 i T RUBOK B, SRR 2
BN o JBIR K ZH B AT XS R 38 0 5 ) 22 S AL
W3 WROK I W K LG R R, R R ROR
b, AR TN R R R K ER R (8]

BICEE 3 T R 2% b R R R R 00 R A A R
KWL, ASTR]IE) BRI E] | 2 RO - S £ AR
M 327 35 ) 8 2K, W T BR2H 5 8 T8 2 HOx &
S it BAA H S . i RN R
WFEAEI AR TR, AEE] BRI [E] 80 min, 120 min
B, AEHHEL 151 22 ERARE,
1252 1R ZFERZE; fEREE N30 min,
60 minfhf, AL A A 22 F A B MEUK A
PEREBRARNT T IR AP 2 T A A B

F4 BEHEESEREATHIIESBERREE
Table 4 Soil desalinization rate of different depth relative to ICI mode ( % )

[ Ah J R
N . 10em  15e¢m  20em  25e¢m 30em 35em 40em 45em 50 em 55 cm o
B P EY
0 4WkK?Y 72.03a 72.44a 75.47b 74.44a T6.4a  T444h 7539a 75.06a 66.47a  57.26a -46.04b  73.57a
0 fUdik® 45.79h  46.73) 45.69n 44.731 43.74k  43.93k 41.62m 39.671 36.09g  24.20d -1542a  43.11g
0 2:1 68.03d 67.08d 66.73d 65.75d 66.73c 65.69c 64.77c 48.11g 44.24d  13.88f -131.5h  61.9cd
1:1  68.69 6803c 67.72¢ 72.55b 62.83d 62.95d 63.24d 68.73b 39.44f  20.77e -150.5j  63.9bc

1:2  69.64b 70.34b 77.53a 70.7lc 73.66b 74.63a 74.63b 66.11c 64.13b  37.73¢ -143.2i  71.26ab

30 2:1  61.10f 59.01i 5791k 57.86j 56.16g 54.71h 52.63gh 52.67d 34.75i  2.18h -53.49c  54.09def
1:1  59.99g 59.96h 58.96i 5891h 54.76h 52.67i 54.76f 51.56e 32.74k  -4.12k -57.62d  53.81def

1:2  61.16f 61.06f 61.10f 58.96g 60.04e 59.01f 52.73g 44.38i 35.02hi 6.52g -57.45d  54.82def

60 2:1  60.81f 60.74fg 58.71j 46.09k 44.31j 43.911 4391k 43.93i 33.48] -4.12k -98.78f  48.43f
1:1 59905 60.88f 57.691 58.76i 51.37i 42.92n 41.951 4191jk 35.41h -24.041 -127.0g  50.09ef

1:2  61.89e 61.93e 61.93e 60.88¢ 59.87e 58.81g 52.39h 42.09] 35.44h  0.54] -90.43e  55.03def

120 2:1  6227e 60.6gh 54.93m 44.58m 44.6j  43.46m 44.43] 41.37k 30.941 -55.60m -158.7k  47.42f
1:1 6219 62.02¢ 61.0lh 59.96f 54.71h 49.46] 46.30i 45.28h 42.18¢  1.58i -141.3i  53.68def

1:2 6199 61.06f 61.07g 58985 58.99f 61.19¢ 58.16e 50.89f 47.981  38.20b -195.71  57.7lcde

He F—3PARFFRERREFRENE (p<0.05) , IEEFERBEE, AERREEL Note: Different letters in the same column

mean significant difference (p<0.05) , and positive/negative values means desalinization/ salinization. @ Interval (min) ;

(@Combination ratio ; @ Mean soil desalinization rate; @ Fresh water irrigation; (® Brackish water irrigation

3 W 8

) FH B4R K S AL TT LAV g =, g LT
o BRI 0 L T, AR TR
WK AWM | ) BT 5 MR RS —
AR B RS T TRV P E AR o R K 4L R O
TR R AL T SRR A A AR B SRR, H
WA A A R R R A A B L
PRI T, PR AL A HEE R A R T R
T, TR R BE S A SO I e/ 2 AR X A R R

Gp 0 fEEE X, M T LSRR A
BLBT B R SR o & s Bk, S Rk o W 3k B R
R, PR IR AHEBE 7 bk vk, SR &b,
R O b, MR R T, SAR IR 455
BA B, HARKZ R SRR ke
fi OV A I B, P A S 24 S 4 i PR T i
FERE: Sk LA L, Ehikib HE R T
SEREE, SHRUSUK AR E T kA HER
i - HREE R R AR, g T R A B RE .
] B4 P8 YR S — I 280 194 P V) 55 K 98 DR 4 A
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Effects of Intermittent Combined Irrigation on the Characteristics of Soil Water
and Salt Movement in Farm Land of Salt-affected Soil

LIU Xiaoyuan' GAO Peiling"” *  YANG Daming' ZHANG Qingwen’ ZHANG Yuhang'
(1 Institute of Agriculture Engineering and Food Science, Shandong University of Technology, Zibo, Shandong 255049, China )

( 2 Institute of Resources and Environment Engineering, Shandong University of Technology, Zibo, Shandong 255049, China)
(3 Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing

100086, China)

Abstract [ Objective] Researchers in the Salt Soil Laboratory of the USA ( United States Department
of Agriculture, 1954 ) and ASCE ( American Society of Civil Engineers, 1990 ) have brought forth a series
of advice aiming at ameliorating salt—affected soils. Amelioration of salt-affected soils requires for the first
priority removal of excessive soluble salt. However, in actual productive application, the only method

available for reducing soluble salt content in the root zone of the crop is to wash the salt off the soil with fresh
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water. Owing to shortage of fresh water resources, the use of brackish water as replacement has aroused
extensive attention. Reasonable exploitation of brackish water can not only improve crop production, but
also ameliorate salt-affected soils. To explore characteristics of soil and water movement in the fields under
intermittent combined irrigation (ICI) , a lab experiment was conducted in an attempt to provide certain
theoretical basis and technical support for reasonable use of brackish water in moderately salt-affected
soil. [Method] The experimental system consisted of soil columns and Mariotte bottles. The latter was
used to supply water with a constant water head of 1.5 ~2 e¢m. The one-dimension vertical water infiltration
experiment was designed to have four treatments in terms of interval in intermittent irrigation, i.e. 0 min,
30 min, 60 min and 120 min and five treatments in terms of combination of the irrigation water, i.e. simple
fresh water (F) simple brackish water (B), 2:1 (brackish and fresh water) , 1 : 1 (brackish and
fresh water ) and 1 : 2 ( brackish and fresh water ) . During the experiment, wetting front movement and
cumulative infiltration was monitored. At the end of the experiment, soil samples were extracted at the soil
extraction port as quickly as possible to avoid the effect of water redistribution inside the cylinder, and
soil water content was measured with the oven-drying method and electrical conductivity of the soil solution
with a conductivity meter. [Result] Cumulative infiltration was relatively high during the initial stage of
infiltration, and dropped drastically with the experiment going on. Measurements done at the same time
show that the treatments of ICI were all higher than Treatments F, but differed slightly from Treatment B in
cumulative infiltration, and among the treatments of ICI, the same in quantity of water supply, cumulative
infiltration increased with the ratio of brackish water. And the infiltration lasted longer when the ratio of fresh
water was higher. Cumulative infiltration was in good linear relationship with wetting front movement ( R* >
0.99 ) . Determination of soil water content at the same soil depth shows that the treatments of ICI exhibited
an order of ICI 2 : 1 ( Brackish water : Fresh water) > ICI 1 :1 > ICI 1 :2, indicating that soil water
content was positively related proportional to ratio of brackish water. Treatments ICI were all higher than
Treatment F in irrigation uniformity, which was negatively related to ratio of fresh water. In the 5 ~ 45 c¢m crop
root zone, soil desalinization rate was significantly higher in Treatments ICI than in Treatment B, and varied
sharply between the treatments. The higher the proportion of fresh water, the higher the soil desalinization
rate, the more favorable the salt-water environment for the crop to grow in. Significance tests of the effects of
Treatments ICI on soil desalinization rate show that all the treatments reached significant levels, regardless
of combination ratio and length of interval, indicating that the parameters of ICI have important on soil salt
movement. [ Conclusion] Intermittent combined irrigation is more conducive than other irrigation modes
to the formation of a good soil water-salt environment for crops to grow. In actual productive application, a
proper combination ( fresh water and brackish water ratio and interval ) should be designed and used in the
light of crop salt tolerance and depth of the main root system active zone, so as to minimize damage of salt
stress to crops.

Key words Intermittent combined irrigation; Irrigation uniformity; One-dimension vertical water

infiltration experiments; Soil desalinization rate
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