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Effects of Different Ion Compositions in Brackish Water Drip Irrigation on
Soil Salinity, Maize Ion Uptake Characteristics, and Yield
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Abstract: [ Objective] This study aims to investigate the effects of drip irrigation under mulch with groundwater
amended by different cation types on soil salinity characteristics, crop yield, and cation uptake in maize.
[Methods] Field experiments with mulched drip-irrigated maize were conducted in the Hetao Irrigation Area
during 2021—2023. Using local groundwater as the control, four chloride salts (Na™, K, Ca®", and Mg*") with
identical molar masses were added to create brackish water treatments (ECa4 dS/m) with distinct ion
compositions, designated as Ty,, Tk, Te., and Ty, The study primarily focused on soil salinity and cation
distribution, as well as crop growth, yield components, and cation uptake characteristics. [ Results] Brackish

water drip irrigation with different ion compositions significantly altered soil salinity movement and cation
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distribution in the root zone. The T, and Ty, treatments promoted substantial salt diffusion beyond the mulch,
particularly in the 20 — 50 cm soil layer, where ECe increased by over 80%. In contrast, Ty, treatment retained
salts within the root zone, indicating ineffective salt leaching. Under the different treatments, the Ty treatment
significantly increased leal K concentration, showing a strong positive correlation with yield. The Ty, treatment
resulted in the most significant Na™ accumulation, with the highest increase in soil Na" concentration in the 0— 20 c¢m
layer, exhibiting a negative correlation with yield. The T, and Ty, treatments significantly elevated soil Ca®" and
Mg*" concentrations while effectively limiting salt accumulation. The T\, treatment achieved the highest yield over
three-year period (1.797 7 kg/m® in 2023) , whereas the CK treatment yielded the least (1.394 7 kg/m®).
[ Conclusion | Adjusting ion ratios by adding appropriate amounts of K', Ca®", and Mg*' to locally high-sodium
brackish water prior to drip irrigation improves soil water-salt conditions and increases crop yield. These findings
provide theoretical guidance for safe brackish water utilization and salinity control in the Hetao Irrigation Area.

Keywords: brackish water irrigation; yield; soil salt accumulation; crop ion uptake characteristics; Hetao

Irrigation Area
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Table 1 Soil physicochemical properties before maize sowing in experimental site
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Table 2 Field treatments of brackish water drip irrigation with different ion compositions
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9.4% . Ty Ab 3 it 5 4F PR 2 8K, 2021 4F i
# 0.301 51 kg/m?, 2023 4F- I+ 5 0.318 51 kg/m’, {H 1L
2023 4F 77 4 . 3 [\ FF 2 1.609 2 kg/m?, # CK 2021 4F- 1%
M 24 15396, CK Ak LAY 71 R 8 78 2021 4F 2 38.44 g,
2022 4F- P 2 36.16 g, 2023 4F- A5 T [0l 7t & 38.86 g Ty hbh
T % 7R T AR A FR A, 2021 4F L2022 4F L 2023 4F 43 Bl A
44.92.36.81.,43.3 g, 7= 1t A\ 2021—2023 4R AR 5 T
# M 1.540 2 kg/m* 3 % 1.655 7 kg/m”, ¥41i§ 7.5% -

223 FRAFLEMEBETRELSHE ZFHREENY
KM T 2021—2023 ORI HE R AEYZE v BH B
F BT TS 7 R R AR DG M AR (] 6), R W] 45 2
B AFAE ARG . M B - (K) 577 i 5
1E A 26 (2021 4F r=0.85, p=<<0.001; 2022 4F =0.72,
»<<0.01; 2023 4E r=0.78, p=<<0.001) , [a] i} 55 7 H i &
IEAHX (3 a3 r>0.76) . ZEFENES T (Na D) 5 7=
L f A 96 (2021 4E = — 0.68, p=<<0.01; 2023 4F
r= — 061, p<<0.0D , H 5 A K & B #F 7 A ¢
(r=—059~— 049 . HFEZN R, e 1
(Mg 577 B i IE A OGE AR 1S 58, A 2021 45 (1 v 45 48
5 (r=0.51, p<<0.05) # T+ = 2023 4F ) i H & (=0.67,
Pp<<0.0D, MIIZF ,EHEET(CaHHE RS
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FR R SRR 58 (J1<<0.4, p=>0.05) , HLH: 5 7 kL 1 (9 A0 56
P DA 2021 4F i1 HP 25 G R 26 G=— 0.3 1855 & 2023 4 6
Gt E X G=0.08), NS ERFEMERE, ZHE T

compositions from 2021 to 2023

(W Na' Ca’HZ 5 R RO, SRR,
MR K5 Mg B H R i 5 I AR G i 25
Na 9 J& 015 77 B 3R B s G A5G s 3 AR DG 45

®3 AEBFABMABABET 20212023 FEYEM FER S~ RHE

Table 3 Crop stem and leaf dry weight and yield characteristics under brackish water drip irrigation with different ion

Eh M £+ H/(kgem 9 F &/ (kg'm ?) Hhi /g Ph/(kgem 9 ek 4E
CK 0.625 944-0.048 02b 0.324 844-0.024 47a 38.44+3.1c 1.394 70£0.105 30c 0.59+0.04a
Tha 0.854 9040.094 16a 0.301 5140.032 87b 44.82+4.8a 1.489 20+0.161 20b 0.56+0.05b
2021 Tk 0.687 214-0.006 98b 0.287 1640.031 82¢ 44.92+4.9a 1.540 20£0.149 30b 0.61+0.04a
Te. 0.845 6540.087 79a 0.373 394-0.043 69a 48.1445.2a 1.57590+0.157 70a 0.5640.05b
Ty 0.818 8640.081 00a 0.352 654-0.038 51a 44.69+4.7a 1.636 40+0.165 00a 0.58+0.04ab
CK 0.877 0640.065 79ab 0.323 2740.023 85a 36.16+2.7b 1.404 20+0.105 84b 0.54+0.04b
Ty 0.820 084+0.107 81b 0.301 5140.039 44b 36.81+5.1b 1.379 30+0.187 31c 0.55+0.06b
2022 Tk 0.847 764-0.084 77ab 0.312 054-0.034 72b 36.81+3.9b 1.544 70+0.154 03a 0.5740.05a
Te. 0.833 754-0.083 02b 0.336 334-0.037 32a 38.97+4.3a 1.532 60+0.153 28a 0.57+0.05a
Ty 0.866 5940.095 39a 0.353194-0.039 17a 40.5244.4a 1.642 30+0.178 43a 0.5740.05a
CK 0.930 854-0.073 04c 0.324 844-0.024 63c 38.86+2.9¢ 1.464 40+0.113 81c 0.5440.04b
Tha 0.870 4040.098 95b 0.318 514-0.035 81b 46.1745.2a 1.609 20+0.177 48b 0.58+0.05a
2023 Tk 0.899 7140.086 92b 0.313 624-0.034 05b 43.3044.6b 1.655 70+0.156 33b 0.58+0.05a
Te. 0.884 8840.093 78b 0.337 9640.037 22b 45.484+5.0a 1.761 70+0.189 42a 0.5940.05a
Ty 0.919 704+0.091 64a 0.354 8940.038 98a 46.19+4.9a 1.797 70+0.178 85a 0.59+0.06a
T [ BN [ /NG S B 78 AN T Ak 3L e] 22 57 1 3% (p<<0. 05)
(a) 20214 (b) 20224 UES
Mg [0.15 0.1 0.68" 0.71" * 1.00 g | 018 015 0.79""~0.58"0.83" ' 0.84"-066" 1.00
IH-Ca? -0.62" HCar 022 061" I -0.79""-0.72" 1.00
K K- 0.76"70.85 0.68" 1.00 06
IH-Na* IHNa Bt 0.670.72" -0.72" 0.22 1.00
*Mg? Mg 0.09 0.09 WKL 02
*Ca? -0.18 2%ca> | 0.12 1.00
K pUBYA 0.697 Ea'ql 0.68° 0.82°°0.75™
#Na 0.14 0.55" 1.00 “Na* *0.59'1).(»8" 1.00
g 0.67" 0.76" 1.00 g 40811 0.88"" 1.00
[ER A i i 0.72“ 1.00
R -
LTE g |00
g%%%&ﬁ%é$%%§§%é$éﬂ§ Af%%&ﬁ@¥%¢%§§%é&&%§

(c) 20234F

Hwmg | 015 0.1 0.68"
It Ca?* 0.19 —0.62"
K 0.72"~0.58"0.75™

HNa' 065" 0.18

0.07 RN

m 100

-0.17 (X3 .00
0.14 —0.55" 1.00

0.67" 0.76™ 1.00

0.79"°-0.61" 1.00

=0.73""-0.67" 1.00

R PR

e *%%%p<0‘ OS;**i’%ﬁip<0. 01;***2%i<p<0. 001,
6 2021—2023FAEAETEVMEHHEBEFRESHS~EHHEXN

Fig. 6 Correlations between cation contents in crop stems and leaves and yield components under different treatments from 2021 to 2023

(d) 2021—20234F
Mg 0.21 -0.10 0.74 -0.54" 0.77"'
I Ca2 0.18 0.56"

K

0.72"°0.81"

IHNa' -0.12 0.68

0.05

- 10.18

0.85 1.00

B 8E20.79°°0.71""
0.22 FURTAR X%

g 0.78""|

TR 0.(»9" 1.00

0.66™

0.12 i
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