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Effect of Perforated PVC Underdrainage Pipe on
Desalting of Plastic Film House Soils

Dae-Su Kim, Jae E. Yangl*, Yong-Sik Ok' and Kyung-Yoal Yoo'

Yangpyeong Agricultural Development & Technology Center, Yangpyeong 476-801, Korea
'Division of Biological Environment, Kangwon National University, Chuncheon 200-701, Korea

Objective of this research was to remove the accumulated salts in the plastic film house soils by installing
the perforated PVC (@ 10 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™ but those of the control were in the ranges of 3.86-
4.53 dS m’, 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 X pH - 106.2, r’ = 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", 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™ 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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Table 1. Chemical properties of plastic film house soils used in the experiment.
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Table 2. Effect of underdrainage pipe treatment on chemical properties of soils during cultivation period.

T D H EC + Ava. Exch. cations CEC .
reatment ate
P oM P.O: < o Ve BS
15 ds m’ gkg’ mgkg' = e L 11e) ) —— %
2003. 05. 7.5 3.86 33 1,158 0.53 14.7 7.5 234 97.1
2003. 06. 7.5 3.04 32 1,028 0.49 13.8 6.7 21.0 99.9
Control 2003. 10. 73 3.74 31 1,004 0.52 14.2 72 20.1 109.1
2004. 06. 72 4.07 32 860 0.31 14.7 7.6 23.5 96.2
2004. 10. 72 4.53 32 849 0.32 15.0 7.7 25.6 89.9
2003. 05. 7.0 1.42 19 481 0.26 9.5 4.8 13.2 110.3
Underdr- 003, 0. 73 1.04 20 455 030 8.7 43 137 97.1
ainage pipe 2003, 10, 69 2,08 20 475 035 10.8 49 13.9 1155
treatment 004, 06, 7.1 241 21 413 031 10.6 55 205 80.0
2004. 10. 7.0 2.88 21 407 0.30 10.3 53 21.1 754
Optimum range 6.0-6.5 2.00 20-30 350-500 0.70-0.80 5.0-6.0 1.5-20 10-15
" oM: Organic Matter
* BS: Base Saturation
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Fig. 1. Comparison of soil EC between the control and the
underdrainage pipe treatment.
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Fig. 2. Correlation between pH and CEC of the soils used in
the experiment.
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Fig. 3. Changes in the base saturation of the soils during
cultivation period.
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Table 3. Effect of underdrainage pipe treatment on chemical properties of soils with depths.

- Soil deth " EC ; Ava. Exch. cations CHC
reatment o1l aept!
P P oM P20 K Ca Mg
cm 1:5 dSm” gkg’ mgkg' = e e 0110) 1 - G ——

0-10 73 345 35 1,093 1.08 117 65 194

11-20 72 347 33 1,042 1.03 114 63 191
Control 21-30 6.0 3.03 16 137 025 6.6 47 141

31-40 49 293 15 48 0.19 50 3.7 128

41-50 48 228 16 31 0.17 43 35 121

0-10 7.1 243 25 671 0.44 114 49 174
Underdra- 1120 72 252 24 660 0.44 11.0 50 172
inage pipe 21-30 73 228 24 756 0.44 114 50 17.0
treatment 31-40 69 4.00 25 715 031 124 54 189

41-50 6.7 423 26 804 0.25 123 6.0 200

" OM: Organic Matter
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Fig. 4. Ratios of the soil chemical properties at different soil
depths over those of the surface soil (0-10 cm) of the control.
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Table 5. Effect of underdrainage pipe treatment on crop yields.
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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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Table 4. Effect of underdrainage pipe treatment on growth
parameters of lettuce (Lactuca sativa L.) in plastic film house
soils.

Treatment Survival ratio’ Stem diameter*
% mm

Control 86.8 129

Underdrainage pipe treatment 98.2 137

"1s days after transplanting
t Diameters of the lowest part of lettuce stem immediately after harvest

Ist year 2nd year
Treatment Average
Lettuce Garland chrysanthemum  Green leaf mustard Celery
kg 10"
Control (a) 3,384 1,650 1,470 4,050 2,639
Underdrainage pipes (b) 3,580 1,800 1,600 4,320 2,825
Ratio (b/a) 106 109 109 107 107




AMANA AN ARHH A 7

AZEZA B 7137 AP Tl A a3
A Fol £ ASAEE Hel nie} o] 3
ZAMgE Aol M E 22 A7 YEeth £ AE
7 AR 1A R = FF/dF/ A% 2Ad R
o= Ax/AHE AuistATt FEF] vues ol

ToF A7 sLE WA 19;125_% AA 3

T ZABIY 10a ©F FHORZ FAtsigon Zt
%%‘E froul HXHU} FA g o] F8 e
o] 6-9% A UEbgow AAAE HFFH
= 71% =4 YEFST (Table 5).

E by mlo PN 2 N NIO

~ (@]
= i

AAANAE Ao vste] Ao Aw] ol
Bot %o 4RAA] $HNT ECHH EoMAE 7
3 FR3} FRe) F4b AsH 9
AUE EASA Hol AE] 9% 99

02
Mo
N

)

e}

Al

u}

re

re

-

rir

re

B

o

fru

-0,

o

ﬂ

uicd orﬁ

ST

1o

N

_13, ot rlo
B

S I
00
o
=
oX
o
fru
l
(e}
O
8
)
5 2

cm)& GAWFR AX
Alojstaral
pH, EC, %ol &
TAS Bg et

AT A 2d s EYO] st s
L B tolA] 386-453 dS m o]

S dAMEH AR FE 142-288 dS m
Hetlo] fr3 dAMTE AX7F EYS ECE oF 2
W7kl AN E & F AT fF dAMTEHE A
g 2 FAE e pHe 7H7t pH 6.9-7.3 3 pH
72-752 YERY A 37F tha @gkoy A sk~
E<Fo] pHoll Mgt Aurx o= —S— FTolATh =
gt B4k pHe Fol2A3&F Atold= CEC =
17107XpH - 1062 (1= 0 759*%)¢] AAAAS 1}

"U
<
o
o
ofl
=
).
m”¢l>
o{ﬂo==
LY

fUlOIOJiOHi",iiEIOémE—\.i:(OO

ox ML
B iy
{1 M

_1
I

N

e Atk FF/AdF/E70s Auls & Ege ECE
AolWg A A A ToME 0-10, 11-20,
21-30, 31-40, 41-50 cm ZoJol|A z}z} 345, 347,
3.03, 293, 228 dS m'E UEhY} =07 Z$E EC
7b gl oy ¥ gAu SRS AA g ‘M%ow

L 243 252, 228, 400, 423 dS m'= Azog 7
= BC7b Z7bsATh ok wE@ A A 9R7F A
A9 533 WiLd GREE} 23S 459 2ol
4e EPHY) dROR BAHUG. EFPo
Ay Foleel BE WS AW 2T I =
ek gl ek MR BE Mg ) Ca ) K £2
2 saelsAel 2 e Uyt £3 aAWMS
B A e 22 AMAGNN 432 AT
159 ¥ AZEL 08202 v} TAE T 866%
of wlsl AEEC] 114% Z7HIS O F ANT =

S ek Qs E719 AAE
Ae A A3 FAETE 129 mmoldoy
FAM R AT A9 137 mmE Z7H6kY
A RN FFS Fv AR HUHEA
Lol ARERE ARt @ﬂﬂ A A B

RIoft o0 T 4 off N ok

g L

Cho, S.H. 2000. Soil testing for available phosphorous and electrical
conductivity of saturated extract of the green house soils. MS
Thesis, Kangwon National University, Chuncheon, Korea. p.1-44.

Choi, W.Y. 1997. Development of absorbent-microbe mixture for
desalination of green house soils. MOA, Gwacheon, Korea. p.1-
105.

Ha, H.S., M.S. Yang, H. Lee, Y. B. Lee, B. K. Sohn, and U. G.
Kang. 1997. Soil chemical properties and plant mineral contents in
plastic film house in southern part of Korea. Korean J. Soil Sci.
Fert. 30:272-279.

Hur, B.L., and Y.S. Song. 1995. Salt accumulation and amendment
counterplan of soil under economic crop cultivation. Proceeding of
Symposium on the Agriculture and Environment. p.44-63.

Jung, Y.S., J.H. Joo, S.D. Hong, I.B. Lee, and H.M. Ro. 2001.
Discussion on dilution factor for electrical conductivity measured
by saturation-paste and 1 : 5 soil to water extract, and CEC of
Korean soils. Korean J. Soil Sci. Fert. 34:71-75.

Kang, B.G., LM. Jeong, K.B. Min, and J.J. Kim. 1996. Effect of salt
accumulation on the germination and growth of lettuce(Lactuca
Sativa, L.). Korean J. Soil Sci. Fert. 29:360-364.

Kim, D.S. 2004. Effects of the perforated underdrainage pipe
installment on the salt removal in the plastic film house soil. MS
Thesis, Kangwon National University, Chuncheon, Korea. p.1-28.

Kim, J.H., J.S. Lee, W.I. Kim, G.B. Jung, S.G. Yun, Y.T. Jung, and
S.K. Kwun. 2002. Groundwater and soil environment of plastic
film house fields around central part of Korea. Korean J. Environ.
Agric. 21:109-116.

Kim, P.J., D.Y. Chung, and D.K. Lee. 1997. Effects of soil bulk
density on saturated hydraulic conductivity and solute elution
patterns. Korean J. Soil Sci. Fert. 30:234-241.

Kwak, HK., K.S. Seong, N.J. Lee, S.B. Lee, M.S. Han, and K.A.
Roh. 2003. Changes in chemical properties and fauna of plastic
film house soil by application of chemical fertilizer and composted
pig manure. Korean J. Soil Sci. Fert. 36:304-310.

Lim, S.K., C.Y. Chung, Y.S. Ok, and J.G. Kim. 2002. Competitive
adsorption of Cd and Cu on surface of humic acid extracted from



N

72 1< -

o

peat. Korean J. Soil Sci. Fert. 35:344-351.

Mansel, R.S., J.G.A. Fiskell, D.V. Calvert, and J.S. Rogers. 1986.
Distribution of labelled nitrogen in the profile of a fertilized sandy
soil. Soil Sci. 141:120-126.

McLaren, R.G., and K.C. Cameron. 1996. Soil science: sustainable
production and environmental protection. Oxford University Press,
Auckland, New Zealand. p.178-285.

NIAST. 1988. Methods of soil chemical analysis. National Institute
of Agricultural Science and Technology, RDA, Suwon, Korea.

Ok, Y.S., Y.S. Choi, S.E. Lee, S.K. Lim, N.H. Chung, and J.G. Kim.
2001. Effects of soil components and index ion on the surface
charge characteristics of some Korean arable soils. Korean J. Soil
Sci. Fert. 34:237-244.

Ok, Y.S., S.Lim, and J.G. Kim. 2002. Electrochemical properties of
soils: principles and applications. Life Sci. Nat. Resour. Res.
10:69-84.

Ok, Y.S., JE. Yang, K.Y. Yoo, Y.B. Kim, D.Y. Chung, and Y.H.
Park. 2005. Screening of adsorbent to reduce salt concentration in

plastic film house soil under continuous cultivation. Korean J.

A -

I

o
o,
ne

Environ. Agric. 24:253-260.

Park. C.G., Y.S. An, J.S. Yang, and C.S. Kang. 1998. Soil chemical
properties under plastic film house of Kyunggi districts. Kyunggi
Agriculture Research 9:169-176.

Pierzynski, G.M., J.T. Sims, and J.F. Vance. 2000. Soil and
environmental quality. CRC Press, Florida, USA. p.1-418.

Song, Y.S., HK. Kwak, B.L. Huh, and S.E. Lee. 1996. Use
efficiency of nitrate nitrogen accumulated in plastic film house
soils under continuous vegetable cultivation. Korean J. Soil Sci.
Fert. 29:347-352.

Tanji, J. 1990. Agricultural salinity assessment and management.
ASCE. p.487.

Yang, J.E., D.Y. Chung, J.G. Kim, and J.B. Chung. 2001. Soil
contamination and agriculture environment. p.82-125: In Yang, J.
E. and Lee, G. S. (ed.) Agriculture environment. The Korean
Society of Agriculture and Environment.

Yang, J.E., C.J. Park, Y.S. Ok, K.Y. Yoo, and K.H. Kim. 2005. Fate
of nitrogen and phosphorous in hydroponic waste solution applied
to the upland soils. Korean J. Environ. Agric. 24:132-138.



