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Spatial Variability of Soil Moisture Content, Soil Penetration Resistance
and Crop Yield on the Leveled Upland in the Reclaimed Highland
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Spatial variability and distribution map of soil properties and the relationships between soil properties and
crop yields are not well characterized in agroecosystems that have been land leveled to facilitate more
cultivation of the new reclaimed sloping highland. Potato, onion, carrot, Chinese cabbage and radish were
grown on the coarse sandy loam soil in 2004. Soil moisture content, soil penetration resistance and crop
yield were sampled in the 10 m X 50 m field consisted of five plots. Sampling sites of each cultivation plot
were 33 for the soil moisture, 11 for the soil penetration and 33 for the crop yield.

The results of semivariance analysis, most of models were shown spherical equation. The significant ranges

of each spatial variability model for the soil moisture, soil penetration and crop yield were broad as 33-35
meters in the potato cultivation plot, and that in the Chinese cabbage cultivation plot was narrow as 5-6
meters. The coefficient of variances (C.V.) of moisture, penetration and yield were various from 14 to 59
percents in five cultivation plots. The highest C.V. of potato yield was 59 percents, and that of the radish
cultivation plot was as low as 14 percents. The required sample numbers for the determination of soil
moisture content, soil penetration resistance and crop yield with error 10% at 0.05 significant level were
ranged 8-40 for soil moisture, 7-25 for soil penetration and 424-4,678 for crop yield.

The variogram and distribution map by kriging described field characteristics well so that the spatial
variability would be useful for soil management for better efficiency and precision agriculture in the

reclaimed highland.

Key words : Spatial variability, Reclaimed upland, Highland, Soil moisture, Soil penetration

N
1970t o] M7k AAE Ald e AT AkS
AL AL B e AAFE A /HZF (Shin
et al, 1974)& 3oy, 2EY e E=ANE
TEste] AFPE vpre s M-S 3 ATk 5
3 AHA T dEAG] AHdr HF o
Al B WEo] A4S HAESIY FldRE e
ol AEE Fo=x T HusgletAY AAEE
wrol T HAS FHaE] A% AFHS &
oAtk AFS ol A Este] we ZASH HW

H 402006, 3.21 4 & :o2006. 5. 22
*04 in X} Phone: 482314001546,
E-mail: 20060123@ktng.com

EoFe] otAo] REZ o7 AolslA WAEe] FIAE
Aol AwtHow BdsiAl HH, ol wgt Egs
o9 B Arrt Fd 2 deAx ek
A =] Ao wel A&l AA ol Wk

Z AlFo] ymA Hrt J@E—t— #%@Pﬂl ‘;‘ 43
Uo 9ojsle] Ja-& WA =HI T4 2 57143
W43 #AA (Taylor et al, 1966: Jo et al, 1983:

1997)7} 2tk Ryu and Eom (1986)2 #ro] 2|3t
F S A 4] 8}ol 4] potentialS -0.2
#e vl 221% STEHA



124 WS g o AE - o gE - AT AT AU - Aol - B4

J BHEE 64% STFHATGL st FEA S FE
Z7Ao] des F23S AJAEE vl 9991, Kim et
al. (1

997a, 1997b) 2] ZALA Fe] oslH EUdn 3d
Fo] AFEHOZHE 20-30 cmol FHe] i3t 2
Z1A glell o]g EZe] o] 4ol A 2
AE, oy g 7

ate] F7HA wHolAd
71RO R FoAE A
A Agto] wrE} (Brady, 1980: Patel and Sigh, 1981)
AAES wE FgolFol dUHCE FUHTE &t
U AAH o R EHO o]Fo] AgEo] AF W o
FEo] M Ao Z HolW (Kim et al, 1997b), ©]

=

Aolth (Journel, 1996; Myers, 1986).
St A W B FE3 A digd A7
(Cho and Kim, 1997; Hur et al, 1984;: Jo et al,
1983: Jo et al, 1977)¢} F7@olgdol tigh A+
(Park and Yoo, 1989: Park, 1987; Park et al.,
1984a: 1984b: 1984c)&= € vt Jo}k HAAE

il

B Ageta T ABFwe] RESG vasAy
' 59

ol Hl
o

213
o
oXx
2
=
e
ofl
N
3
o
‘2
rlr
=

o

L ANAE ADse] Fuse wd
2 B G
3]

hs)

KK

o

ES
vk, I

° oy
e on 2

ool mE (B A
T e
=
B o
N
=
N
1o,
i
0%
s
L
o
it
oo
Q‘L
fd
Y
s
O%{A
p‘L
38

jus)
=
o

O ol oY
(DAY i
o3

rL o® ye
2 g

o

fr =
o W
S o R

Mo oxl Ok
T

Amo o y@
= >
A\

fol
=}
o [o
2
=
ol
o
&
fl
o
=2
20 ot
° s
Lo >
— oy
o MC

o
o
i04
ft
t
fo ez B 4 &

o L
F
B

& Sreltt (Fig. 1). 2=y 7HZE Ao AFHA 54
I A S o LT wEH2 AL F
AZ= FFs Fol B ol Nz Ao AdH
MZE Aol FFS ol I X PAFHe B
Uely, B4 o] A At gl dde T
of Zlol7F dAskA & B oYt Ax BEE
AdE B doldE gdskA gt 22 HE
TEete] XA FLAE] AAk wF, 5 P F
vg Auistdon, 7+ ZAE AuHALS 500 m’

(50m X 10m) o]t}

Fig. 1. Photography showing reclamation and leveling of
mountainous land.
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Fig. 2. Measurement points for soil moisture content and crop yield (a), and measurement points for soil penetration resistance (b).



126 W% A o AZ - o4 -

L]

a

Semivariance+ lag®] =719} &4 =71sta, IU=E

7(h) = G- C[l-exp( - ) (6)

RS Skt ASE QAT AVHOE o= A
el Huigrel £Qsdl, of Ak silole @

o}, Sillo] A nuggetS W Zre AH AE e Bz A
o] vk, sl =2 S W lagE rangestl H
o} Rangew F7H]E4 9] dAE 9viste Ao
AST F AR o] ARERE Aold EAjdeE
oA ge e A2 & 3l W = oy
St = = Frolth 11
EHOZ lagk 0o T3 AW
semivariancet 022 F oo} 3tAwt A= A 7k
S z+=d), o] & nugget effectdt 31, nuggetS AlS
AR A olate] grhdolst YA 5ol AEY
T e e Holz ATET (Yu, 2003).
NEel B8+ 2F  wruRe) 278 gl
AZeie Aves 44
ATt (Park, 1987). EFHX7F o o
9 kil

FEolA EEDS
o
o

X0
N = 7 (7)
A7 de A 27H=s B wor A4
A=

Zdu o 0H
2

F71E] FEF>
FEver RESY H4H vd FEodeY f 1
QAikel ¥ Za 9 madlge] o] WATh
Lee et al. (2002)= A99]#| (saprolite)o] 7}7bg E2)
EE AES HEYS §7159 FFo] 2, ik
I 5go] FreiH, ZAFH vtvlE 2 a2
FEFol 7173A BES vlgt dAAS] Hoi
th weba FERgo] o] Foll Eke AHAe)
of A=K Fo AT AAV H

> rﬂd

ol
-

i}
oo b

0
38 o

1z
ox
o
=
=
e
o

o
K2
of
olgh
rx
ofo

(Robbins et al., 1997, 1999: Eck, 1987: Whitney et
al, 1950). ¥ AlFExZNA K71=e] Fgo] @A ¢

S AL xFol Y T AL AT L FE
gl Hge A4S A LA A 23] A3
BAEEE Y A& 2d7ke] 58 DA Au) Fo w
AEYE o 719dsts ez AzEn, 18y &
T3 v e ko] e Ao R ulFo] 4Z9]
EAZ NE 24" BEYS AEE =017] 8 w71
o B3 B Lgo] HE FES A= Ax
FQa AW Eoko] JEFHS oA 1ol & A
o2 #dHET

EUsEo HEx  Fig 32 7F9o] 8¢9 1URH
5U7FA] 87 mm WA 8Y F¢l 13U AT FZE

FAA 2HEY 2AYIE BT A4S F 4
Fapel wxo 2 Aol7h 98 % 5 Atk A @
B F 8 ol A7kl ABd Fo vhehd B A
9o RERC|N FE RE}F BiHF0lL 7Y
A B, ol el AN #Us 2SR
Y 24A9 AYol} Axel JFL WETHE 2
2 oulgth od@ BEUT EFRAL oo 3
Qo) FRol FRIAAL Bt ol AT A% E
FEAT AN o] Be] Av AFW & U
S ovjsn, Hasd o B EFFE

= 2~

(Flanzuebbers, 2002;
(Flanzuebbers, 2002), FE2HF=

Naidu, 1998)° HdgS wHA H+=d olgd &3

MEe £E% BHel AF £R PuE 9P
2 FA HA, tobsl olE @ GFo] RAHOE 4§
sfo] me] ANE HEAL & 9T (Brye et al

2004), BT} Fie] &4 -«;f;vﬂ FEE 54 9

Hog &7 Qo0 B 4+ 3l
9. #daA 29 Zed 2A4e FoHHe REoE
Qe FA Ho] AFS BLH 243 FHeA
ZA0) W AZAe] gdol FAHelT A
] Gt ge we + A

Table 1. Means and ranges of the soil properties sampled from the five cultivated plots before experiment.

Soil pH Av. Exchangeable cations
O.M. NH+-N NO>-N
texture (1:5) P20s Ca Mg K
g kg'I mg kg'I —————————————— cmole kg'1 ——————————————
Mean SL 5.6 21.8 14 17 124 20 1.3 048
Range 5.5-59 24.2-32.4 5-28 5-28 89-183 1.3-24 0.8-1.9 0.36-0.64
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Fig. 3. Kriged maps of the soil moisture contents at day 5 after 87 mm rain. The interpolated values were determined by kriging for
each of the investigating points: (a) radish, (b) Chinese cabbage, (c) carrot, (d) onion and (e) potato cultivation plot.
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Table 2. Descriptive statistics of measured point data and estimated soil properties and crop yields.

Cultivated . . .. .
Variables Units Mean Minimum Maximum S.D. C.V. (%) n
crops
Moisture(0-10 cm) vIv%e 129 21.3 2.27 18 33
Potato Penetration(0-20 cm) MPa 1.44 2.73 0.54 38 11
Yield gm 330 60 674 192.97 59 33
Moisture(0-10 cm) vIv% 15.1 20.1 3.12 21 33
Onion Penetration(0-20 cm) MPa 1.06 2.32 0.46 43 11
Yield gm 322 132 546 84.22 26 33
Moisture(0-10 cm) vIv% 124 19.9 2.34 19 33
Carrot Penetration(0-20 cm) MPa 1.06 1.75 0.38 36 11
Yield gm 201 111 328 45.32 23 33
. Moisture(0-10 cm) vIv%e 14.8 27.8 3.75 25 33
Chinese K
cabbage Penetration(0-20 cm) MPa 1.43 1.74 0.36 25 11
- Yield gm 2008 1310 2600 309.58 15 33
Moisture(0-10 cm) vIv% 16.0 20.7 224 14 33
Radish Penetration(0-20 cm) MPa 1.68 4.03 091 54 11
Yield gm 1804 1078 2732 31551 17 33
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Table 3. Semivariogram and their estimated parameters.
Cultivated . . Nugget, Sill, Range Proportion, )
Variables Units Models r
crops Co Co+C (Ao or 3A0), m C/(Co+C)
Moisture(0-10 cm) vIv% Spherical 1.580 6.308 3333 0.750 0.863
Potato Penetration(0-20 cm) MPa Linear 0.113 0.362 35.00 0.688 0.504
Yield gm Linear 10.000 76454.157 3347 1.000 0.983
Moisture(0-10 cm) vIvde Spherical 0.910 10.150 12.52 0910 0.833
Onion Penetration(0-20 cm) MPa Spherical 0.000 0.205 5.00 1.000 0.000
Yield gm Linear 4260.000 8425.769 3547 0.494 0.622
Moisture(0-10 cm) vIv% Exponential 2.660 6.534 58.83 0.593 0.563
Carrot Penetration(0-20 cm) MPa Spherical 0.000 0.151 10.06 1.000 0.065
Yield gm Spherical 134.000 2057.000 7.98 0.953 0.042
Chinese Moisture(0-10 cm) vIv% Spherical 1.150 14.640 5.90 0.921 0.000
cabbage Penetration(0-20 cm) MPa Spherical 0.018 0.138 5.00 0.870 0.000
- Yield gm Spherical 8500.000 93200.000 5.90 0.909 0.000
Moisture(0-10 cm) vIv%e Spherical 0.780 5322 11.47 0.853 0.361
Radish  Penetration(0-20 cm) MPa Spherical 0.001 0.801 12.98 0.999 0.610
Yield gm Spherical 4700.000 101700.000 5.90 0.954 0.000
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Fig. 6. Experimental semivariances (filled square dots) and the fitted semivariogram models (lines), for soil moisture contents (a, d, g,
k, m), soil penetration resistances (b, e, h, k, n), cultivated crop yields (c, f, i, 1, 0).
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Table 4. The approximate number of samples required to estimate mean value of the soil moisture content (SMC), soil penetration
resistance (SPR) and crop fresh weight (CFW) on the five cultivation plots in the saprolite piled upland.

Cultivation crops Variables Unit Measured number, a Estimated number, b a-b
SMC viv% 33 13 20
Potato SPR MPa 11 11 0
CFW gm 33 4678 -4645
SMC VIv% 33 27 6
Onion SPR MPa 11 10 1
CFW gm 33 913 -880
SMC VIv% 33 8 25
Carrot SPR MPa 11 7 4
CFW gm 33 424 -391
SMC vIv% 33 40 -6
Chinese cabbage SPR MPa 11 5 6
CFW gm 33 1979 -1946
SMC Viv% 33 13 20
Radish SPR MPa 11 25 -14
CFW gm 33 2288 -2255

" Required number of soil samples for error with 10% at 0.05 significant level from the measured sample numbers of 33 for soil moisture content and

cultivation crop yield, and 11 samples for soil penetration resistance in each cultivation plot.

Table 5. Chemical properties of the soil after harvest.

Av. Exchangeable cations
Crops pH(1:5) oM. NH4+-N NOs-N
P20s Ca Mg K
g kg'] mg kg'] —————————————— cmole kg'I ——————————————
Potato 55 33.7 14 15 193 26 1.7 0.95
Onion 5.1 355 16 19 133 1.6 1.1 047
Carrot 55 377 14 14 162 2.7 14 0.61
Chinese cabbage 54 350 16 22 199 25 1.2 0.68
Radish 5.7 29.5 15 19 221 30 1.5 0.79
Average 54 343 15 18 182 25 1.2 0.42
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