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Effects of Spring Irrigation Quotas on Soil Water and Salt
Transport under Condition of Subsurface Drainage
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Abstract; Aiming to explore the effects of different spring irrigation quotas on soil water salt distribution
and crop yield in salinization irrigation area under the condition of subsurface drainage. Taking the
conventional spring irrigation level (2250 m’/hm’) of open ditch drainage as the control group ( CK),
four gradients of 100% , 90% , 80% , and 70% (W1, W2, W3, W4) of conventional spring irrigation
water volume were set under the condition of subsurface drainage, total five treatments. Leaching effect of
different spring irrigation volumes combined with subsurface drainage on moderately salinized soil was
studied. Water and salt distribution, salt leaching effect, control effect on groundwater depth, oil
sunflower yield and water use efficiency were analyzed. The results showed that because of the larger
irrigation volume and less drainage, the soil moisture content in the root layer of CK treatment was
higher, but there was no significant difference in W1 and W2 treatments. W1, W2 and W3 treatments all
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had better desalination effects after irrigation. The soil desalination rates in the root layer were increased
by 18.47, 18.24, 7. 75 percentage points compared with that of CK treatment (P <0.05). There was
no significant difference between W1 and W2 treatments, and both were significantly higher than that of
W3 treatments (P <0.05). Due to the smaller irrigation volume in W4 treatment, the soil desalination
effect was significantly lower than that of other treatments (P <0.05). While leaching salt, W1 and W2
treatments had better leaching effect on soil salt isolates. At the same time, with the increase of irrigation
leaching water, the ionic composition of the soil was developed in a benign. W2 treatment had the best
time for the groundwater depth to drop after spring irrigation. The groundwater depth was dropped to
0. 8m at the end of May, which was the best time for oil sunflower planting. W2 can better maintain soil
moisture without affecting normal crop cultivation. The yield of oil sunflower in W1 treatment was
significantly higher than that in the other four treatments (P <0.05), which was increased by 3.27% ,
3.54% , 6.46% , and 17.98% compared with CK, W2, W3 and W4, respectively. The treatment with
the highest soil water use efficiency was W2, which was not significantly different from W1, and
significantly higher than CK, W3 and W4 (P <0.05). In view of the above, from the perspective of
increasing production alone, W1 treatment was significantly higher than the other four treatments (P <
0.05), which was an alternative mode. If it was limited by water resources, it can be used to reduce the
amount of irrigation by 20% ( W3 treatment) , the desalination efficiency was slightly lower, totally 2. 99
percentage points lower than that of open ditch drainage, and the improvement cycle can be increased to
relieve soil salinization. From a multi-angle comprehensive analysis of soil salt control, water saving,
stable production, and water use efficiency, a 10% reduction based on conventional irrigation and a
combination of underground drainage technology (W2) was an appropriate choice.

Key words salinized irrigation area; spring irrigation ; subsurface drainage; desalination rate ; water and

salt transport
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of oil sunflower in 2019
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XTHRAL (CK) , % B RS HEK SN 5 A HEE K &

2025 m*/hm’;W3,1 800 m’/hm* ;W4 ,1 575 m’/hm*) , 3£
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M, SHE RV, B HEK A IR 3
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NI T KA B 25, FEWEAK R #E WK, 5 AL 4R
0. 67 g/L, FEWEACGHE 1K ZZE 0L, HE K 2 K RT3
S EB K B F AN SR 1 iR, wIah
[ (0 ~ 100 cm) P34 5T & 5 /K R L0 22.57% , L
F(EC) N 1.27 dS/m,pH {H N 8. 8 ZiAfy, M ¥ 1%
SRR ARE B T wife £, iR
B X MR AR BRI R AN 2 Frs . REEHEAK/NX
T BERAE AT IRAERE RS 0 2. 5.5 .10 m Ak, % AR
DX 3R A A A B AE BEHE K 74 0.4.12.5.25 .50 m
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Tab.1 Irrigation water ions content

BEWKET S0;-  €l- HCOy CO3™ K*+Na* Ca®*t Mg®*
weRE/

2.08 2.8 0.49 0.17 7.39 2.25 2.08
) 100% .90% 80% .70% ( B W1,2 250 m’/hm”; W2, (mmol-L.~")
F2 WX TEEERELER
Tab.2 Soil physical quality in experimental area

FBHE/ em AT/ (g-em ™) TR 7K/ % H [ 57K %/ % HREKE (em-s™") F- ek
0~10 1.420 ~1. 425 35.02 ~35.24 21.23 ~21.78 3.968 x 10 73 #wt
10 ~20 1.426 ~ 1. 464 35.22 ~35.42 21.92 ~23.04 3.939 x10 3 i
20 ~40 1.468 ~1.472 36. 04 ~36. 57 23.87 ~24.26 3.798 x10 -3 T+
40 ~60 1. 470 ~ 1. 476 34.63 ~35.19 24.00 ~24. 65 1.238 x10 73 i
60 ~ 80 1.483 ~1.488 34.08 ~34.74 22.92 ~23.47 2.073 x10 73 i
80 ~ 100 1.485 ~1.490 34.82 ~35.33 23.94 ~24. 18 5.176 x10 ~3 i

2019 4£5 H 17 HiFATH#E,5 H 31 H ATt
JRAERERD , AR P by vk ] H 25 (RTRRIHZE ) | b
o 33 7 60 em, #RHEE 20 em, il iE & IR E
(& N JF 508 46% ) 260 kg/hm” , BEFR 4 (&% N

JF M0 18% )290 kg/hm? | BRIRAR (& K, 0 JFi4)
#50% ) 150 kg/hm”* | Jifi AP J& Sz BV 35 M BEIEA T A
TR BRI 0 TR BT 55, R % BE 4. 95 x
10*#k/hm*,9 J 25 HUHR, A= 5 BIAS 2047 AN
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L—RE BN E ,mm

D— i HEZK i, mm
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JF7R, CK Ab #3557k 68 W1 W2 W3 W4 435
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Ab PR A MR A R A A B L, TR W3 A B
IR N H HLHE K1 80% |, TE K BB/ KR A 3T
O3-S B A I (R B ARG A | SR IRV R R
MHZET.57% EEM EEARKESR, W1 5 W2
Ab B K B AR T AR, W B IR RO i T W2,
W1 W2 4 BRHEE S5 0 ~ 100 em + 3 EC 43 5 7E
0.22 ~0.74 dS/m 0. 36 ~0. 72 dS/m , &b B[] G i 3%
ZE5E WA A FRFE/K & e/, HOG 4 383 3 R e R
ARG 2 WG EC 7E 0. 63 ~ 1. 47 dS/m, JE K545
ANV B 3R o S AR R R,
2.1.3 hHEfiER
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AN ) b SR I 5 WA N T KO R 2 45 2 g
AR 0 ~ 100 em 4 8- 49 i 45 2 bl KB /IMK IR
W1 W2 CK W3 W4, W1 W2 b3 bk sk 3% B 45
U R ROR B0y, IR A 1 3 5 T CK b3
(P <0.05),0 ~100 cm + 3 Eh R =1k 52. 97% Al
49.94% | 43 B8 CK 7 18.33.15.30 4~ | 43 A,
W1 W2 Zh3f i) + i Eh R0 i 3 25 %, W3 b3
+ IR RIS T CK ACFRERN B 3, W4 Ab B h
FREEMT CK(P <0.05) , JBEEh R A5 w58 (W
1) AR R U LR TEREE (0 m) 4 W,
W2 A3 A R R B Ik 56. 43% (52.37% , [N
RS 1R OK A4 T, - e 7 F UR U i T I
K K3 ) A (BA ) TE AR AR Ak, S B R
A (A 98 ) 3T (%) L o vk e sk R
0 ~20 em T3EMLER K, HLBEE + 5 0R I B 5 m
IR RN W HE A AL PR A K
90% M VA L-BF,0 ~ 100 em HIEBEER R T HIAHEK

HZEMR R FEEMGTE 0 ~40 em )2, HIERBEL
R RBNMER N W1 W2 W3 CK W4 (K 6), 1K
EHEK AT i PR E R4y, W1 W2 4bBE O ~
KF CK W3 W4 hFE(P <0.05), W3 AbFE 25
T CK F1 W4 &b (P <0.05) , i Eh FH 45.49% ;
W4 Lb IR R I 25 AU 13.29% |, i/ i E K
AN DUAE & R bk e AR 2 £, W W2,
W3 AbHRGE 5 35 HLA R 0 R AR AR 2 1
AR CK AR By S 4 5 1 18.47 ,18.24 .7.75 4
Horm . W HEK AL B A B ERE K 5 80% M L) I

AR (0 ~ 40 em) BEER ML T WA HEK , H
HEJG L REPRIE M IE R AR K
*3 ZRAEARATETEREE
Tab.3 Soil desalination rate in different soil layers

of each treatment %

T IZHE/ em
hBE S KSEEE 0~ 10~ 20~ 40~ 60~ 80~
B/m 10 20 40 60 80 100
0  67.26 61.25 57.79 55.53 63.71 40.88 56.43
2.5  64.16 59.25 54.07 54.02 51.72 50.00 54.30
Wil 5.0 57.52 56.28 50.26 50.77 50.00 47.89 51.16
10.0  57.06 55.15 48.60 48.53 49.62 46.95 49.96
SERIME 61.50 57.98 52.68 52.21 53.76 46.43 52.97
0  65.73 58.41 53.77 50.59 47.50 47.95 52.37
2.5 65.28 55.74 54.30 50.41 46.43 41.98 50.72
W2 5.0  62.23 54.24 52.53 49.11 43.88 44.19 49.59
10.0  57.92 54.18 50.35 46.12 40.66 42.12 47.06
S 62.79 55.64 52.74 49.06 44.62 44.06 49.94
0 57.84 52.17 45.83 30.36 23.64 18.75 34.72
2.5 54.19 49.68 44.72 29.41 22.47 16.90 33.09
W3 5.0 46.19 46.31 40.54 25.71 21.98 16.28 30.15
10.0  41.35 38.58 39.70 25.37 22.05 16.13 28.64
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Fig. 6  Soil desalination rate of 0 ~40 cm in each treatment
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Fig.9 Changes in soil water storage and salt accumulation
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