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Evaluation of Drainage Improvement Effect Using Geostatistical
Analysis in Poorly Drained Sloping Paddy Soil
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The lower portion of sloping paddy fields normally contains excessive moisture and the higher water table
caused by the inflow of ground water from the upper part of the field resulting in non-uniform water content
distribution. Four drainage methods namely Open Ditch, Vinyl Bamier, Pipe Drainage and Tube Bundle for
multiple land use were installed within 1-m position from the lower edge of the upper embankment of sloping
alluvial paddy fields. Knowledge of the spatial variability of soil water properties is of primary importance for
management of agricultural lands. This study was conducted to evaluate the effect of drainage in the soil on
spatial variability of soil water content using the geostatistical analysis. The soil water content was collected
by a TDR (Time Domain Reflectometry) sensor after the installation of subsurface drainage on regular square
grid of 80 m at 20 m paddy field located at Oesan-ri, Buk-myeon, Changwon-si in alluvial slopping paddy
fields (35°22’ N, 128°35"). In order to obtain the most accurate field information, the sampling grid was
divided 3 m by 3 m unit mesh by four drainage types. The results showed that spatial variance of soil water
content by subsurface drainage was reduced, though yield of soybean showed the same trends. Value of “sill”
of soil water content with semivariogram was 9.7 in Pipe Drainage, 86.2 in Open Ditch, and 66.8 in Vinyl

Bamrier and 15.7 in Tube Bundle.
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Table 1. Physical properties of the soil research field before experiment.

Horizon Depth Bulk density : Three phases - Porosity Textural
Solid Water Air Class
cm Mg m’> % %

Apl 0-10 1.18 44.5 40.2 153 55.5 loam

Ap2 10-20 1.55 58.6 25.9 15.5 41.4 loam

Ag 20-24 1.62 61.2 24.1 14.7 38.8 loam

Bg 24-35 1.60 60.3 223 17.4 39.7 Sandy loam

BCg 35+ 1.60 60.4 25.0 14.6 39.6 Sandy loam

Fig. 1. Diagram of various drainage systems.
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Fig. 2. Map of the measuring point of surface water content with TDR.
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Table 2. General statistics for surface water content by drainage methods in experiment area.

Drainage Mean Min Max Std Dev. Ccv Skew' Kut'
Poorly drained
Open ditch 36.17 15.9 49.5 8.48 234 -0.55 -0.90
Vinyl barrier 32.87 13.2 46.8 7.29 222 -0.42 -0.34
Pipe Drainage 23.21 14.8 30.7 3.03 13.0 0.04 -0.34
Tube bundle 28.71 15.7 351 433 15.1 -0.10 -0.82
Somewhat poorly drained
Open ditch 27.21 10.7 393 5.43 19.9 0.18 -0.27
Vinyl barrier 23.99 11.2 39.5 5.58 232 0.29 -0.21
Pipe Drainage 15.26 10.9 21.2 2.49 16.3 -0.04 -0.43
Tube bundle 16.83 10.7 232 2.79 16.6 0.07 -0.80

Skew : Skewness, *Kut : Kurtosis.
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Fig. 4. Histogram for surface water content by drainage methods. (a) poody drained field, (b) somewhat poody drained

field.
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Table 3. Isotropic

semivariogram parameter for surface water content by drainage methods in experiment area.

Drainage Model Active lag  Lag interval Nugget (Co) Sill (Co+C) Effective range R’
m m m
Poorly drained
Open ditch Gaussian 70 5 3.5 86.2 33.1 0.90
Vinyl barrier Gaussian 70 5 9.0 66.8 46.2 0.99
Pipe Drainage Gaussian 70 5 34 9.7 31.2 0.93
Tube bundle Spherical 70 5 3.0 15.7 59.0 0.96
Somewhat poorly drained
Open ditch Gaussian 80 5 52 45.5 69.2 0.99
Vinyl barrier Guassian 100 5 6.3 44.0 66.7 0.92
Pipe Drainage Gaussian 50 5 22 33 34.6 0.73
Tube bundle Exponential 70 5 0.1 8.2 24.0 0.80
A Ao w4 FUEA S5 Ao Wk 4 Wb HiREE Ol B oAl = W 199
ATk, ol H7h= HiaE ofUEt A BEY B AAs A S ’S 1= =oflA 2= A el Ak
&, t‘% AL, Y] FAHEE ool AREEA 9l I FAAEL o] &gt & =& WO o]fs|of Sh=
tt (Chung et al., 2000). HEsA 7R 249e S Aulge] A8
T e 71ofd Alor Hof
2 o
ol g 2 3
A =BGl wakE g S ok deAd
A S AREElr] fske] “vilEeF 9l AAA] = Abdel-Dayem, M.S., M.A. Abu-Sinna, M.H. Amer, and J.

EoF (A4 T-15%, AWES POR djeo) n
o Ul 9RRF A = o) BA, “ORIEF = 27 B

o] =%otef 7|AF e 197 WA (B i), HEA
S obA (&Ee ud), Beht S U] b 2R )
FAES AASte] S Ao iRt JHBAE &
A= A=A A v (Geostatistical methods)S 0]
$abd Aigs] dsd Novue ekl 49 42

= Hla Bl ohe

2 YAl (36,17 mm), HEAHE
(28 71 mm), YAS (23.21 mm) &2
uggon, 3t AN ATl oAt 13.0%
= tﬂ7‘]HHT (23.4%), H'GApr} (22,2%), TP (15.1%)
o vjs] 24 ollA] SHgtego] gk AoR ettt
EoRalare) o2 whiele1ue BAR )t v)

=
=13
=

ST BEZ (sil)2 w47} oirEeER]o) Ba) uj$-
EFA| oA v Y ZJo)7h E=giEiglon, E3

Hjg ol e-Rako] olrle Moy EEghe 0.72
YAl (86.2), HIEAREE (66.8), P (15.7)9f H]
3 wob wol7h M Fel4o] fof sl olgt uj
S wL 2 Ao Uepid,

Deelstra. 1987. Subsurface drainage in irrigated lands

Proc. 5th National
Drainage Symposium, 14-15 December, ASAE, Chicago,
pp. 168-177.

Bouwer, H. and R.D. Jackson. 1974. Determining soil pro-
perties. In: van Schilfgaarde, J. (Ed.), Drainage for Agri-
culture. Madison, WI. pp. 611-666.

Chung, S.O., J.H. Sung, K.A. Sudduth, S.T. Drummond,
and B.K. Hyun. 2000. Spatial variability of yield, chloro-
phyll content, and soil properties in a Korean rice paddy

and its effect on soil and crops.

field. In Proceedings of Sth International Conference on
Precision Agriculture. Unpaginated CD-ROM. Madison,
Wisc.: ASA, CSSA, and SSSA.

Freeze, R.A. 1980. A stochastic-comceptual analyis of
raimfall-runoff prosesses on a hillslope. Water Resour.
Res. 16:391-408.

Johnston, K., J.M. Ver Hoef, K. Krivoruchko, and N. Lucas.
2001. ArcGISTM Geostatistical Analyst extension User’s
Guide. ETRI.

Journel, A.G. and C.J. Huijbregts. 1978. Mining Geostatistics.
Academic Press, London, pp. 600.

Kevin Johnston, Jay M. Konstantin Krivoruchko, Ver Hoef,
and Neil Lucas. 2003. Using ArcGIS Geostatistical Analyst,
ESRI ArcGIS 9 tutorial manual. pp. 306.

Mahmoud, M. and A. Yomota. 1998. Use of a covariance
variogram to investigate influence of subsurface drainage



ZAAA] T ol A HilT A Bkl A AIA 7INe o817t Bt 811

on spatial variability of soil-water properties. Agricultural
Water Management 37:1-9.

Milly P.C.D. and P.S. Eagleson. 1987. Effects of spatial
variability on annual average water balance. Water Resour.
Res. 23:2135-2143.

Reeve, R.C. and N.R. Fausey. 1974. Drainage and time-
liness of farming operations. In: van Schilfgaarde, J. (Ed.),
Drainage for Agriculture. Madison, WI, pp. 55-666.

Wesseling, J. and W.R. van Wijk. 1957. Soil physical con-
ditions in relation to drain depth. In: Luthin, J.N. (Ed.),
Drainage of Agricultural Lands. Madison, WI, pp. 461-504.

8171 2004, SR BRI Ao #2207, 27

o] &AY. 2009. GISE 0]&-3t HAA| Y A|5}2] 2|L5}st
A 5445 Addista vhapet e =i

°0]3]%4. 2008. H|2] 213} mEo] w2 Fe]7] H7HH o
;H:d—/H 0:1@‘-1:].]61-_,31_ /\4/\]-2'_71 =R

AxY. 2005. GISE o|-83F Fetat FAA+ Aok

FAHsE A Addigta AR =5

| F<L 2007, AF-FASE Al mpzE A

2|4, 2004. GIS2| TAA F7F B4 o] &3 s
1,% T‘f'___.\,gobk]— J_]-Ol— 7<—114-1:H751—*7 /\«l/\]—tﬂ-_r]

S50 ZFAL 2004, 5 AAL7 | HERHI AR

'é_ (HHT\\_





