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A Study on Salt Removal in Controlled Cultivation Soil Using
Electrokinetic Technology
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To verify that the electrokinetic remediation is effective for decreasing salinity of fields of the plastic-film
house, field tests for physical property, chemical property, and crop productivity of soils have been conducted.
The abridged result of those tests is as follows. In the EK treatment, the electrokinetic remediation has been
treated at the constant voltage (about 0.8 V cm'l) for fields of the farm household. At this time, an alterating
current (AC) 220 V of the farm household was transformed a direct current. The HSCI (High Silicon Cast Iron)
that the length of the stick for a cation is 20cm , and the Fe Plate for an anion have been spread out on the
ground. As the PVC pipe that is 10 cm in diameter was laid in the bottom of soils, cations descend on the
cathode were discharged together. For soil physical properties according to the EK treatment, the destruction
effect of soil aggregate was large, and the infiltration rate of water was increased. However, variations of bulk
density and porosity were not considerable. Meanwhile, in chemical properties of soils, principal ions of such
as EC, NO;"-N, K*, and Na™ were better rapidly reduced in the EK treated control plot than in the untreated
control plot. And properties such as pH, P,Os and Ca’* had a small impact on the EK. For cropping season of
crop cultivation according to the EK treatment, decreasing rates of chemical properties of soils were as
follows; NO;™-N 78.3%> K" 72.3%> EC 71.6% = Na* 71.5%> Mg2+ 36.8%. As results of comparing the
experimental plot that EK was treated before crop cultivation with it that EK was treated during crop
cultivation, the decreasing effect of chemical properties was higher in the case that EK was treated during crop
cultivation. After the EK treatment, treatment effects were distinct for NO; -N and EC that a decrease of
nutrients is clear. However, because the lasting effect of decreasing salinity were not distinct for the single EK
treatment, fertilization for soil testing was desirable carrying on testing for chemical properties of soils after
EK treatments more than two times. In the growth of cabbages according to the EK treatment, the rate of yield
increase was 225.5% for the primary treatment, 181.0% for the secondary treatment, and 124.2% for third
treatment compared with the untreated control plot. The yield was increased by a factor of 130.0% for the hot
pepper at the primary treatment (Apr. 2011), 248.1% for the lettuce at the secondary treatment (Nov.2011),
and 125.4% for the young radish at the third treatment (Jul. 2012). In conclusion, the effect of yield increase
was accepted officially for all announced crops.
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Table 1. Physico-chemical properties of soil used in field experiment.

Soil depth  Texture  pH EC’ oM P,0s NO;-N  NH,N K Ca® Mg~ Na
1:5 ds m" % mg kg'1 ------ mg cmol. kg'1 ------------
Topsoil SL 7.40 8.95 53 786 8124 20.7 1.8 19.3 6.0 42
Subsoil SL 7.36 7.22 4.1 895 379.0 19.9 1.4 14.9 43 22
"Electrical conductivity, iOrganic matter.
Table 2. Vegetable cropping system of four times in two years.
Croping times  Cultivated crops Transplant time Harvest time EK treatments methods  Fertilization methods
Chi bbage, N Itivati ti ith .
P rese cabbage Feb. 2011 Apr. 2011 on ctitivation tme wi Non-fertilizer
Green pepper 21days
ond Chinese cabbage, Sep. 2011 Nov. 2011 During 'crop cultivation NK fertiliz'e'r,
Lettuce with 50days standard fertilizer
Winter- bbage, Non fertilizer,
3 {HICIErown cabbage Jun. 2012 Jul. 2012 Non treatment on ertzen
Young radish soil testing fertilizer
th Chinese cabbage, .
4 Jul. 2012 Oct. 2012 Non treatment Non-fertilizer

Young radish
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Table 3. The changes of soil physical properties by the EK treatment.

EK treatment Soil depth Bulk density Soil hardness Porosity Water infiltration
cm Mg m” mm % mm sec’
0~5 1.22 5.77 54.1 132
Non treatment 5~10 1.19 10.3 55.1
10~15 1.21 13.3 54.3
0~5 1.18 3.8 55.7 253
EK treatment 5~10 1.17 10.3 55.7
10~15 1.23 9.2 53.6

Table 4. The changes of soil physical properties by the EK treatment compared with before and two years after.

Treatment Soil depth BD Porosity Solid Liquid Air
Mg m’ %
. Top soil 1.30 54.8 452 40.0 14.8
Before experiment )
Sub soil 1.23 54.3 45.7 40.1 14.2
After experiment Top soil 1.18 554 44.6 39.8 15.6
with EK Sub soil 1.25 52.8 472 42.1 10.7




FE Hol= A7 Hof FHsiAY ke WA Y=
o2 yebgth

a2 B YA EFYTE BA% A7 0.1 mm
ol o] FlldErol FAE T 40,7 %2A EKA 29
30.0 %ol Blsto] E=A Yely7] wiwel EKA e =4
PehS Hshe Ao B 5 A Pt} 53] 1.0 mm
o|AFe] & QJoke Bt 14,9 %, EKA 2|57} 11,9 %A
et $7t3712] e (0.25~1,0 mm)of| 4 Q] Taj4
1} vlseste] F41719] Eekyduty @42 2715 7HA
UL FFE F= Ao AU,

> ol

X 1233

EY0| 5tshd St  Table 62> EKA ] 3l & B
o EKE 2|3t Slg=et o] w2 B4 0~10 cm FE9}
10~20 cm A E 2] YRt Eoslshg o] Mishs vhepdl Ao},

12} FA 2T Eoke] EA4E B pH 7.4%1 73t &vte]
2 EOFOo g BC7F 8,95 dS m & S =1
] G wj$- on Ca”' T} Na'FHFE 9 22
Q1 2HHA] Bkt ARt 548 7L ISt

2 B sledS A EY ECo| ¢ XZ* 8,95 dS
m o] Aol 21U7F EKX 2|2 3 5 2,26 dS m & 75.3
%7} WOl A}, 287] FA2) = 5,70 dS m ' 32}7|ofl= o]

Table 5. The changes of water stable aggregate accumulation by the EK treatment.

Thickness of aggregate >2.0 mm 2.0~1.0 mm 1.0~0.5 mm 0.5~0.25 mm >0.1 mm
............................................. 0ffensrensnrensseennrennneseeaae s s

Non-treatment 6.0 8.9 15.8 27.5 40.7

EK treatment 3.9 8.0 15.1 234 30.0

Table 6. The changes of soil chemical properties depend on EK treatment and its time.

Cropping order EK treatment Soil depth pH EC NOs;™-N Avail. P,Os K’ Ca™ Mg2+ Na
1:5 dS m' mg kg'l mg kg'] ------------ cmol, kg'] ————————————

Non Topsoil 7.4 8.95 812 786 1.77 19.3 6.0 42
™ Subsoil 7.4 7.22 379 895 1.43 14.9 43 22
(Dec. 2010) Topsoil 72 226 259 780 0.66 13.4 29 03
EK treatment .

Subsoil 7.5 2.98 102 815 0.61 14.1 1.7 0.4
ond Non Topsoil 7.1 5.70 247 628 1.56 11.8 35 -
(Dec. 2011) EK Topsoil 7.6 1.37 12 595 0.4 16.5 3.1 -

Non Topsoil 6.9 5.52 281 1,378 1.84 15.9 3.8 0.78

31 Subsoil 7.5 6.60 155 1,074 1.82 12.0 33 0.68

(Jul. 2012) Topsoil 80 198 8 969 0.37 129 26 039
EK treatment .

Subsoil 8.1 1.16 7 865 0.41 124 2.5 0.43

"Electrical conductivity.

Table 7. The decreased rate of soil chemical properties at topsoil by the EK treatment compare with non treatment in a year.

+

2+

T

EK treatment order pH EC’ NOs;™-N  Avail. P,0Os K Ca®' Mg Na
1:5 dS m" mg kg'l mg kg'l ------------ cmol, kg'] ————————————
Before Exp. 7.4 8.95 812 786 1.77 19.3 6.0 4.2
« 72 2.26 259 780 0.66 134 29 0.3
: (-2.7)i (-74.8) (-68.1) (-0.8) (-62.7) (-30.6) (-58.3) (-92.9)
o 7.6 1.37 12 595 0.4 16.5 3.1 -
2 (+7.0) (-76.0) (-69.6) (-24.3) (-74.4) (+39.8) (-20.5) -
3 8.0 1.98 8 969 0.37 12.9 2.6 0.39
(+15.9) (-64.1) (-97.2) (-29.7) (-79.9) (-40.6) (-31.6) (-50.0)
7.6 1.87 93 781 0.48 14.3 29 0.35
Average
(+6.7) (-71.6) (-78.3) (-18.3) (-72.3) (-10.5) (-36.8) (-71.5)
"Electrical conductivity, *The decreased rate of soil chemical properties compared with the soil before experimenting.
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Table 8. The comparison on decreased rates of soil chemical properties at topsoil by EK treatment method.

EK treatment method ECT NO; -N K Cca* Mg2+
%

Before crop transplanting 74.8 68.1 62.7 30.6 58.3

During crop cultivation 76.0 74.5 74.4 39.8 20.5

"Electrical conductivity

Table 9. The comparison of soil chemical properties between non EK treatment soil and sandbag soil that accumulates
migrated nutrients after EK treatment.

Observed date Treatment  Soil depth pH EC oM’ P»0s K Ca® Mg2+ Na
cm 1:5  dSm’' % mg kg-' e eiTe) M p—
Non treat. (A) 0~10 837 397 1.05 1,081 2.32 14.0 491 2.48
Dec. 5. 2010 Sandbag (B) - 10.58  8.11 1.31 866 3.40 9.11 31.2 9.18
B/A 1.26  2.04 1.25 - 1.47 - 6.35 3.70
Non treat. (A) 5~10 69 17159 0.27 1,378 1.84 15.9 3.8 0.78
Jul. 23. 2012 Sandbag (B) - 105 955 0.15 763 3.90 7.12 1.0 12.9
B/A 1.52 1.26 - - 2.12 - - 1.65
"Electrical conductivity, iEOrganic matter
Table 10. Crop growth and yields.
Crooni
r(ipplng Crops Treatment of EK  Plant height No. of leaf Fresh weight Yield index
system
cm g/plant
. Non 242 21.1 177.6 100
Chinese cabbage
T EK 30.5 25.6 400.5 2255
Non 33.7 14.6 242 100
Green pepper
EK 439 16.7 315 130.0
. Non 39.9 13.5 647.0 100
Chinese cabbage
o~ EK 393 17.6 1,172.0 181.0
Non 20.5 - 10.8 100
Lettuce
EK 25.1 - 26.8 248.1
Winter grown Non 259 8.5 18.6 100
3 cabbage EK 23.8 9.7 23.1 124.2
Non 33.1 83 22.8 100
Young radish
EK 31.8 8.2 28.6 125.4
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