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Objective of this research was to remove the accumulated salts in the plastic film house soils by installing
the perforated PVC (ΦΦ10 cm) underdrainage pipes at 50 cm depth of soils with cultivating vegetables.
Efficiency of the underdrainage pipes was assessed based on the changes of soil chemical properties such as
pH, EC, and cations, and growth and yield parameters of the vegetables between the two treatments; the
control and the underdrainage pipe treatments. The EC of the underdrainage pipes installed soils after two
growing seasons were in the ranges of 1.42-2.88 dS m-1 but those of the control were in the ranges of 3.86-
4.53 dS m-1, indication the underdrainage pipes effectively removed the accumulated salts in soils. The pHs
of the control soils and the underdrainage pipe installed soil were in the ranges of 7.2-7.5 and 6.9-7.3,
respectively. There was a significant correlation between pH and cation exchange capacity (CEC) of the
soils (CEC = 17.107××pH - 106.2, r2 = 0.759, P < 0.05). The ECs of the soils at different depths were
compared between the two treatments after cultivating vegetables with lettuce-lettuce-garland
chrysanthemum rotation systems. The ECs of the control soils at depths of 0-10, 10-20, 20-30, 30-40, and
40-50 cm were 3.45, 3.47, 3.03, 2.03, and 2.28 dS m-1, respectively, with decreasing with soil depths. On the
other hand, the respective ECs of the underdrainage pipes installed soils were 2.43, 2.52, 2.28, 4.00, and
4.23 dS m-1 with increasing with soil depths. This might be derived from the salts moved downward with
the draining water into the subsoil. The order of cations moved downward was Mg > Ca > K, based on the
ratios of cations at specific depth over those at the surface soil. The survival rates of lettuce after 15 days of
transplanting in the underdrainage pipe installed soils were 98.2% as compared to 86.6% of the control.
The underdrainage pipe treatment also increased the diameter of the lettuce stalk from 12.9mm of the
control to 13.7mm. Overall results demonstrated that the installment of the underdrainage pipes in the
subsoils of the salt accumulated plastic film house soil effectively removed the salts by leaching downward,
resulting in lowering soil EC and enhancing the growth and yield of vegetables.
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Treatment

Control

Underdrainage 

pipe treatment

7.5 3.86 33 1,158 0.53 14.7 7.5 23.4

7.4 3.26 33 1,261 0.65 14.3 6.9 21.9

CEC
Mg

Exchangeable cations

CaK

Available

P2O5
OMECpH

1:5 dS m-1 g kg-1 mg kg-1 -------------------------- cmolc kg-1 --------------------------

Table 1. Chemical properties of plastic film house soils used in the experiment.
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4 20 3.26 dS m-1
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- 106.22 ( , y = CEC, x = pH)

(r2=0.759**) . 
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kg-1 7 4-6
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(Lim

et al., 2002; Ok et al., 2002). Table 2

33-31g kg-1
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19 g kg-1

2 21 g kg-1

.

Table 2 849-

1,158 mg kg-1 407-481

mg kg-1
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2 10 73.3%

481 mg kg-1 2 10

407 mg kg-1 84.6% . 
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Treatment

OM: Organic Matter 
‡ BS: Base Saturation

BS‡CEC
MgCaK

Exch. cationsAva.

P2O5
OMECpH

1:5 dS m-1 g kg-1 mg kg-1 -------------------- cmolc kg-1 -------------------- %

Date

2003. 05.

2003. 06.

2003. 10.

2004. 06.

2004. 10.

2003. 05.

2003. 06.

2003. 10.

2004. 06.

2004. 10.

Control

Underdr-

ainage pipe 

treatment

Optimum range

7.5

7.5

7.3

7.2

7.2

7.0

7.3

6.9

7.1

7.0

6.0-6.5

3.86

3.04

3.74

4.07

4.53

1.42

1.04

2.08

2.41

2.88

2.00

33

32

31

32

32

19

20

20

21

21

20-30

1,158

1,028

1,004

860

849

481

455

475

413

407

350-500

0.53

0.49

0.52

0.31

0.32

0.26

0.30

0.35

0.31

0.30

0.70-0.80

14.7

13.8

14.2

14.7

15.0

9.5

8.7

10.8

10.6

10.3

5.0-6.0

7.5

6.7

7.2

7.6

7.7

4.8

4.3

4.9

5.5

5.3

1.5-2.0

23.4

21.0

20.1

23.5

25.6

13.2

13.7

13.9

20.5

21.1

10-15

97.1

99.9

109.1

96.2

89.9

110.3

97.1

115.5

80.0

75.4

Table 2. Effect of underdrainage pipe treatment on chemical properties of soils during cultivation period.

Fig. 1. Comparison of soil EC between the control and the
underdrainage pipe treatment. Fig. 2. Correlation between pH and CEC of the soils used in

the experiment.
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(+)

(cation exchange capacity) . 

pH

(Ok et al., 2001). Table 2

K 0.53 cmolc kg-1

0.32 cmolc kg-1

Ca Mg 14.7 cmolc kg-1, 7.5

cmolc kg-1 15.0 cmolc kg-1, 7.7 cmolc kg-1

. K,

Ca Mg 0.28, 9.5, 4.8 cmolc kg-1

K, Ca, Mg 0.30, 10.3, 5.3 cmolc

kg-1 . CEC 

20.1-25.6 cmolc kg-1

13.2-21.1 cmolc kg-1 .

Fig. 3 . 

80% 103-119%

169-221% . 

CEC

CEC

.

EC

0-10, 11-20, 21-30, 31-40, 41-50 cm

3.45, 3.47, 3.03, 2.93, 2.28 dS m-1

2.43, 2.52, 2.28,

4.00, 4.23 dS m-1

(Table 3).

pH

20 cm pH 7.1-7.3

30 cm 

pH 4.8-4.9, pH 6.7-6.9

(Table 3). 

pH

(Yang et al., 2005).

20 cm 33-

35g kg-1, 20 cm 15-16 g kg-1

20 cm

. 

24-26 g kg-1

(Table 3). 
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Treatment CEC
MgCaK

Exch. cationsAva.

P2O5
OMECpHSoil depth

0-10

11-20

21-30

31-40

41-50

0-10

11-20

21-30

31-40

41-50

Control

Underdra-

inage pipe

treatment

7.3

7.2

6.0

4.9

4.8

7.1

7.2

7.3

6.9

6.7

3.45

3.47

3.03

2.93

2.28

2.43

2.52

2.28

4.00

4.23

35

33

16

15

16

25

24

24

25

26

1,093

1,042

137

48

31

671

660

756

715

804

1.08

1.03

0.25

0.19

0.17

0.44

0.44

0.44

0.31

0.25

11.7

11.4

6.6

5.0

4.3

11.4

11.0

11.4

12.4

12.3

6.5

6.3

4.7

3.7

3.5

4.9

5.0

5.0

5.4

6.0

19.4

19.1

14.1

12.8

12.1

17.4

17.2

17.0

18.9

20.0

cm

OM: Organic Matter 

1:5 dS m-1 g kg-1 mg kg-1 ----------------------- cmolc kg-1 -----------------------

Table 3. Effect of underdrainage pipe treatment on chemical properties of soils with depths.

Fig. 3. Changes in the base saturation of the soils during
cultivation period.



20 cm 1,042-1,093 mg kg-1, 

31-137 mg kg-1

671-804 mg kg-1

(Mansel et al.,

1986; Cho, 2000; Pierzynski et al., 2000).

. Fig. 4 Fig. 5
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. 

. 

Mg > Ca > K

. Kim

et al. (1997) Mg Ca 

.

(EC)

EC 3-9

dS m-1 Kang et al. (1996)

EC (r=-0.9057)

EC 6 dS m-1 60% 

.

15

( )

Table 4 . 

86.8%, 98.2%

11.4% 

. 

12.9 mm, 13.7 mm

0.8 mm .
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Treatment

Control (a)

Underdrainage pipes (b)

Ratio (b/a)

3,384

3,580

2,106

1,650

1,800

2,109

1,470

1,600

2,109

4,050

4,320

2,107

2,639

2,825

2,107

Average
Celery Green leaf mustardGarland chrysanthemumLettuce

1st year 2nd year

------------------------------------------------------------- kg 10a-1 -------------------------------------------------------------

Table 5. Effect of underdrainage pipe treatment on crop yields.

Treatment

Control

Underdrainage pipe treatment

15 days after transplanting
‡ Diameters of the lowest part of lettuce stem immediately after harvest

86.8

98.2

12.9

13.7

Stem diameter‡Survival ratio

% mm

Table 4. Effect of underdrainage pipe treatment on growth
parameters of lettuce (Lactuca sativa L.) in plastic film house
soils.

Fig. 4. Ratios of the soil chemical properties at different soil
depths over those of the surface soil (0-10 cm) of the control.

Fig. 5. Ratios of the soil chemical properties at different depths
over those of the surface soil (0-10 cm) of the perforated PVC
underdrainage pipe treatment.
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