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ABSTRACTS

using landscape and soil attributes by application of geographic information system(GIS) in 48
tobacco fields during 2 years(1996 ; 23 fields, 1997 ; 25 fields). The soil fertility factors and
fertilizer effects were estimated by twenty five independent variables including 13 chemical
properties and 12 GIS databases. Twenty five independent variables were classified by two groups,
15 quantitative indexes and 10 qualitative indexes and were analyzed by multiple linear
regression(MLR) of SAS, REG and GLM models. The estimation model for evaluation of soil
fertility and fertilizer effect was made by giving the estimate coefficient for each quantitative
index and for each group of qualitative index significantly selected by MLR. Estimation for soil
fertility factors and fertilizer effects by independent variables was better by MLR than single
regression showing gradually improvement by adding chemical properties, quantitative indexes and
qualitative indexes of GIS. Consequently, it is assumed that this approach by MLR with
quantitative and qualitative indexes was available as an evaluation model of soil fertility and
recommendation of optimum fertilization for tobacco field.

: Field test was conducted in Chungbuk province to evaluate the soil fertility
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Hlizslz] Hete] EFEAR H3IAAFE SAS Z
Z12(SAS Institute 1995)2] REGZEXjol| H-<&5]
£ MODEL % STB ®®ell &Jzte] E£4e3ich
Ecoko] Aekx] x| MODEL 7% STEPWISE
WHew tFAY HARAL sl WA
&9 @7l Sstel w4 Qe AEE Akl
ARAFRIE A3t HEARA 24l
g HgE 29l P wRHae) Zde dud
72 wide] AG 7S dedsle] mEesich
:1_3]_1_ TR 2 o] giA] ¢ 01-0 A A A Eolz A2

EL class® FEste] Autwl AaEd A F e} 3
GLM Az}l H-<45]= MODEL 4 SS3 &l
osle] FEE ALES etz ARAFR)
2eAle FAsgeh ole B4 FEeH v
e AAE AEEA g E7 A<D 93 e
A FHREZA BF A JHEE 24
dE F7 whyoleh. 3 Hrlel E4E EE
Age oAy HEAE sy A
COLLIN % INFLUENCE
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E ol slelo] 28]
344 9 g 24 Flstel ARt

ARE 7A2A) 2oke] 3}t L Taple 13 2tk
EoF pHE 45-6.2, #71F % 5.0-26.0g/ke,
FEAA T 95-1103mg/kg, AAeEL e

Table 1. Chemical properties of experimental soils

0.75-41.0mg/kg, FAH f7lelA4Le] Hrtz
E¥E KCLA-N (90ColA 447 A3 44
g2johe] ek 11.9-52.3mg/kg?] B3
Horh a8lx B F ALREY 2%
EA43 Heso] AxZ o] &E= NaHCO; A&
o] A4 FFE(200nm)= 0.769-2.1942 F-E5]
o] AAE TAEAL] tjorsl 3EAS Helow,
ol5% AY g9 EJE SAEHN ¢ vSkE &
oz} vl g &7 Hrloll o]g&lqich

Ax ok WHsHA d==EE TV AY
B 785 Table 29 2l 9 dEolle T+
9 7d o] 24 788kg/hadllA] |t 4006kg/has
A ek sulle] Aol UehE 97dkel: H4
522kg/hacllAl 2t 2293kg/haA] oF 4ule] o]
Z Hgith olgg Az A" AR ohef
3 &S BAS Uehlle Zoln FAEYY 3}
AollA chekel REE B AR WA
ek Au|Fe] AgFe Fu|tEoh ggtew 96
o= # 4 1625kg/hadllA] 2l 2838kg/haZ <F
L7919 XolE Rgw 9ndells #4 1146kg/ha
ollA] i 3116kg/ha® °F 2.8w2] X}jo]E Hof
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chekh Aulhbeg Jebgch w4 el
Eokx A4 Feko] =L 2/ EAAE FulF

o] zigiFo] AulTe] AFFLet ol Ak et
o <2 el QAR Wdxel Aol
AplFA o He AT vlEs) da)

NO;-N NH4-N  pH
Year

OM. AvaP.Os Exch.-K Exch.-Ca Exch.-Mg CEC EC.

Yuv-Abs. “KCLA-N

(mghkg) (mghkg) (1:5) (ghg (mghkg) (cmolkg) (cmolkg) (cmol/kg) (cmolkg) (cmol/kg) at 200nm  (mg/kg)
(1996)
Min, 1.1 1.9 45 50 128.0 0.1 1.0 0.2 6.7 0.2 1.2 11.9
Max 54.2 222 6.2 23.0 730.0 1.0 7.6 5.1 15.8 24 2.0 73.2
Average 10.3 87 54 137 4597 0.6 3.8 1.1 10.6 0.5 1.6 30.1
(1997)
Min, 6.0 05 47 9.0 95.0 0.2 0.5 0.3 56 0.2 0.8 19.6
Max 75.0 41.0 6.2 27.0 1103.0 1.2 7.1 2.7 14.9 1.1 22 230.1
Average  28.7 53 5.2 18.3 414.1 0.5 2.5 0.8 9.6 0.6 1.7 68.8

" Ultraviolet absorbency of 0.01M NaHCQs extract at 200nm
2 The amount of NHs~N mineralized fromsoil in 2M-KCL solution for 4 hours at 90T

n=23(1966), 25(1997)



o2 ALE3 Q18-S sl Aol v E 7
Aol wpZ HAA|u|EE Ex e 2
Al a7 g A2 Ak Qi)

Table 2. Yield and dry weight of tobacco at
harvest stage

No Fertlization plot Fertilization plot

Year
Stem Leaves Total  Stem Leaves Total
---------- (kg/ha) ----~------

{1996)
Min. 382 788 1256 844 1561 2653
Max. 1932 4006 5938 2127 2838 4964
Average 938 1585 2523 1494 2209 3703

{(1997)
Min. 204 522 787 525 1146 1808
Max. 1771 2293 3904 2335 3116 5412
Average 780 1284 2064 1625 2059 3684

n=23(1996), 25(1997)

Table 32 ol Fd A4, A 2 4
3], 129 & Vebd Hojrk. Fu|F9] 4dFo
Fre Az 96d50)  1.8- 68.0 kg/ha® <
300) o]l AlolE B, 9TdEONE 4.7-58.2

A B¢ H8E Hr}

kg/haZAl oF 10uH9] Xlo]& Kol 7FzpR)e] chok
g HEEE Bk AnFe AL Fake 96
W%l 127 - 98.1kg/ha, 9TENE 16.7 - 60.0
kg/haZA] ehekdk Anuke-g uetdch o= Z
A &oke] FEFFsHol HlEE EXo A e
theFslehe A& AlAska 9ok

T A4 A4, Q4 ZE RS A
& 7ZAA Y] v&x e9log y#sla Ey An]
TAA Fule] AdFg A4, A, 2F FF
Fe TAR ke AAMlE, AawE, 9| E
g ZEu)g ARZ aesle] EokEA TS}
43 9 3ABAE E4slglch
AlARE Fgstol Tl AfEy
A, U AE FFEE BSE 9907 7

I Al TRl o)F ke FAIRE gk
Hgdstg sesto] AWAAS Table 40 Jeb
ek &R Qolbelle wid r=0.72-0.999] &
A e 4TS B 2adzke] Eg u)RolA
% r=0.67-0.949] 43-& Jebioh =3 g7y
Z¢E BB EIADANE r=0.46 - 0.882] So)4 ¢
< AWPAE HyleH, H&E 297} vl
ol vlSEFE nganst ety w2
o 4L ek

Table 5= 9=4H v]E&%
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9 ugay 293}

Table 3. Amount of nutrients uptake by tobacco leaves

S No Fertilization plot Fertilizationplot
ite
-N P,0s K20 Ca0 MgO T-N P50 K:0 Ca0 MgO
----------------------------- (kg/ha) —=——-—————mmmmmm
(1996)
Min. 1.8 2.9 14.4 7.2 2.4 12.7 4.7 31.6 19.3 6.0
Max. 68.0 32.8 87.8 93.7 56.3 98.1 25.3 62.4 108.1 44.0
Average 214 8.3 32.1 27.4 10.9 51.9 124 46.4 52.2 16.6
(1997)
Min. 4.7 3.0 14.8 34 1.2 16.7 6.3 55.9 16.3 3.8
Max. 58.2 17.0 81.1 41.7 154 60.0 23.2 158.9 99.8 21.9
Average 17.8 7.8 39.7 15.8 5.2 34.8 12.1 90.0 63.8 114

n=23(1996), 25(1997)
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Table 4. Correlation coefficients for the relationship among dry

and fertilizer effects(1996-1997)
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weight, amounts of nutrients uptake,

(I)Dry lZ)N lZlP KZ)K llﬁlFert. (;”Fert‘ KﬂFert.
year weight -uptake -uptake -uptake T-effect N-effect P-effect
1996  N-uptake 0.723

P-uptake 0.940 0.632

K-uptake 0.996 0.708 0.951

Fert. T.-effect -0.799 -0.563 -0.778 -0.816

Fert. N-effect -0.174 -0.648 -0.136 -0.171 0.365

Fert. P-effect -0.550 -0.455 -0.596 -0.566 0.771 0.511

Fert. K-effect -0.811 -0.609 -0.800 -0.831 0.992 0.398 0.791

1997  N-uptake 0.769

P-uptake 0.884 0.844

K-uptake 0.909 0.894 0.867

Fert. T.-effect -0.606 -0.548 -0.592 -0.584

Fert. N-effect -0.378 -0.517 -0.419 -0.396 0.602

Fert. P-effect -0.240 -0.070 -0.250 -0.159 0.681 0.388

Fert. K-effect -0.164 -0.339 -0.285 -0.298 0.599 0.385 0.350
2 years N-uptake 0.670
(96-97) P-uptake 0.919 0.637

K-uptake 0.939 0.753 0.889

Fert. T.-effect -0.602 -0.554 -0.570 -0.618

Fert. N-effect -0.252 -0.587 -0.238 -0.277 0.458

Fert. P-effect -0.299 -0.289 -0.310 -0.282 0.734 0.454

Fert. K-effect -0.461 -0.509 -0.496 -0.513 0.877 0.372 0.636

"Dry weight of tobacco leaves with no fertilization

@The amounts of N, P, and K uptake by tobacco leaves with no fertilization
Oertilizer total, N, P, and K effect were estimated from differences of dry weight, N, P, and K
uptake by tobacco leaves between fertilization and no fertilization plot

n=23(1996), 25(1997)
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Table 5. Correlation coefficients for the relationsip among dry weight, amounts of nutrients uptake,
fertilizer effects, and chemical properties of soils

YK “Fert.  “Fert. (3)Fert. “Fert.
~uptake T-effect N-effect P-effect K-effect

0.863*+ -0.809%* -0.363 -0.785+* -0.838xx
0.190 -0.285  -0.272 -0.482* -0.291
0.012 -0.319  -0.224 -0.413+ -0.281
0.797#% -0.820%*  -0.402 -0.823*+ -0.840%*
0.521*  -0.513* -0.059 -0.348 -0.522*

0.453«  -0.087 0.067 0.148 -0.307
0462« -0313 -0.150 0.123 -0.295
0.177 -0.100  -0.012 -0.165 -0.454+
0.360 -0.452« -0.346 -0.14 -0.235

ll)Dry lZlN lZ!P
year weight -uptake -uptake
1996 NOs-N 0.894%*  0.670%+  0.912%x
pH 0.192 0.285  0.149
O.M. -0.007  -0.058 -0.011
E.C. 0787+  0.615%  (.820%+
“UV-Abs>  0.490% 261.000  0.473+
1997 NOs;-N 0.337 0.490%  0.510%+
NH;-N 0.341 0.614%+ (.466%
“UV-Abs 0.033 0.218  0.187
(5)KCLA-N  0.340 0.549%+ 0.418%
2 years NO3-N 0.567++  0.592%+  (.662%%*
(96-97) NH4-N 0.349%  0.371%  0.431%+
E.C. 0.442¢%  0.456%%  (0.548%x
“UV-Abs 0.231 0.216  0.330%
(55 KCLA-N 0419+  0.313%  0.488+

0.608%* -0.600%+  -0.208 -0.470%* -0,732%x
0.418++ -0.127  -0.104 0.127 -0.089
0.489% -0.503++ -0.118 -0.421%x -0.667**
0314+ -0.246  -0.023 -0.198 -0.396%*
0.402++ -0.247  -0.201 -0.014 -0.133

[§Y)
(2)

Dry weight of tobacco leaves with no fertilization
The amount of nutrients uptake by tobacco leaves with no fertilization

PFertilizer total and N, P, K effects were estimated from differences of dry weight and N, P, K
uptake by tobacco leaves between fertilization and no fertilization plot.

“Ultraviolet absorbency of 0.01M NaHCO; extract at 200nm

“The amount of NH;~-N mineralized from soil in 2M-KCI solution for 4 hours at 90C

n=23(1996), 25(1997)

T e THE A

2ek7] Sske] 2d7rel ERAT N tistol

3 AAAAFE At Vbl Aol E
' o

3 WAAAS) 27124 2 Brraglel
NlEg vl & W, PulT AYSH %}
S oY AT FoITY AAF Aol
g vE AAAH ] tiste] NO-Ny A

L
7}

Ao
20

N
ol
s
rlo

%e Kol AdAlse Horel
Held e FHubE RE AR
AT AUAE 15 ol HZA Z xpo)

e Hedrh ol AAdau] Eok
Hrtll A Fole A HAAAS

thE A wlste] uu) o] e] Eo
IHE -, 1998)9} F2d 2ol & Vel Weh
upekA] ] Az A Y] D YA FE R
A B NSRS T8 FHrlelHa Y A
THHE A4 wlfa A% g AH
Zdol] we} AgH oz Beh Futel gladok(
Franzen 5, 1996).

“,
o

D2 o)

do ¢ ox
ot ook
e

e 2 oot
>

riu I};
bt

oot tu

i)
olot

N

- 41 -



1
oft

N
O‘Ol!

My
e
r‘O
oX,
fob

Table 6. Standardized partial regression coefficients of soil attributes for the dependent variables yield
and nutrients uptake by tobacco leaves(1996-1997)

Factor Yield N p K Fertilizer ~ Fertilizer ~ Fertilizer  Fertilizer
-uptake  -uptake -uptake T-effect  N-effect  P-effect  K-effect
NOs-N 1.208 0792 1347 1157 -0494  -0.156  0.070  -0.530
NHs-N 0.165 0319 0227  0.398 0.396 0.045  0.430 0.415
pH 0241  0.168  0.058 0197 -0.469  -0.186 -0.526  -0.191
O.M. 0.037 -0.390  0.113 -0.086  -0.008 0.062 -0219  -0.016
Available P,0s 0210 0.073 0314 0190 -0.114 0.062 -0.223 0.053
Exchangcable K -0.306 -0.033 -0.348 -0.306 0.427 0.261  0.190 0.304
Exchangcable Ca -0.071 -0.29  0.117 -0.082  -0.015 0132 0580  -0.165
Exchangcable Mg 0489 0285 0513 0369 -0.208 -0.185  0.003  -0.223
K/(Ca+Mg)*® 0.063 0064  0.148 0.116 -0465 -0.083  0.052 -0.473
Electricalconductivity -0.939  -0.376  -0.923 -0.823 0.111 0.085 -0552  -0.025
CEC -0.247  0.189 -0.399 -0.180  -0.018 -0.249 -0.533 0.070
YUV Absorbency 0.247  0.191 0091 028  -0.39%  -0.201 -0.199  -0.366
PKCLA-N 0.171  0.036 0180 -0.055 -0.325 -0.269 -0.123  -0.178
Slope 0.144 0011  0.046  0.143 0.021  -0.029  0.045 0.122
Altitude 0.174 -0.139  0.246  0.067 0.106 0401 0565  -0.054
Depth of Ap horizon -0.066  0.000 -0.022 -0.042 0013  -0.183  -0.105 0.066
Gravel content in Ap 0.053 0277  0.031  0.115 0.041 -0.376 -0.376 0.127

"' Ultraviolet absorbency of 0.01M NaHCOs; extract at 200mm
@ The amount of NHs~N mineralized from soil in 2M-KCI solution for 4 hours at 90C
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Table 7. Coefficients of determination () of regression by selected indexes of soil and landscape
attributes for the dependent variables of dry weight amounts of N uptake, and fetilizer N

effects by tobacco

Tobacco Leaves

Year Factor Simple Multple Regression
Regression “'Chemical “Quantitative “'Qualitative
____________________ rZ ————————————— — ——————
1996  “Dry weight 0.721 0.894 0.901 —
©IN-uptake 0.449 0.668 0.668 ——
“Fert. T. -effect -0.672 0.816 0.861 -——
©Fert. N-effect -0.162 0.362 0.362 -—
1997 ““Dry weight 0.116 0.571 0.863 -——--
©IN-uptake 0.377 0.747 0.747 -—
©Fert. T. -effect -0.204 0.597 0.689 ——
©Fert. N-effect -0.120 0.295 0.362 —
2y ears “Dry weight 0.321 0.466 0.466 0.787
96-97)  “N-uptake 0.350 0.553 0.572 0.694
“Fert. T. -effect -0.360 0.362 0.362 0.745
©Fert. N-effect -0.043 0.043 0.043 0.529

)~
(2)

horizon, and gravel content of Ap horizon

3)

Chemical indexes were chemical properties of soils
Quantitative index was considered as quantitative attributes of chemical properties, depth of Ap

Qualitative indexes of drainage class, availables soil depth, recommended class for upland use, and

parent material were selected as class variables and estimated with quantitative indexes by multiple

linear regression.
@

Dry weight of tobacco leaves with no fertilization.

“The amounts of N uptake by tobacco leaves with no fertilization.

(6)

Fertilizer total and N effects were estimated from differences of dry weight and N

uptake by tobacco leaves between fertilization and no fertilization plot.

n=23(1996), 25(1997)
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Table 8. Classification of non-numerical data for class analysis of multiple regression

Class Aspect Soil Texture Drainage Class Sﬁﬁmll)it;lfh Slope

a  Flat Clay, Silty Clay Excessively 0-20cm 0-2%

b North Clay Loam, Silty Clay Loam Moderately Well 20-50cm 3-7%

¢ North East Sandy Clay, Sandy Clay Loam  Well 50-100cm 8-15%

d East Silt, Silty Loam Imperfectly 100-150cm 16-25%

e  south East Loam Poorly 150cm< 26-40%

f  south East Sandy Loam, Loamy Sand Very Poorly 41%<

g  south West Sand

h  West

i North West

Class Recomm. class Topography Parent Materiais Acidity Altitude

a 1 Foot Slope of Mountain Alluvium Strong Base  0-5m

b 2 Mountain Hillock Dilluvium Weak Base 50-100m

c 3 Mountain Hillock Colluvium Neutral 101-150m

d 4 Hillock Residual V. Weak Acid 151-200m

e 5 Valley Alluvium,Colluvium Weak Acid 201-250m2

f Valley Fans Strong Acid 251-300m

g Alluvial Fans V. Strong Acid 301-350m

h Dilluvium 351-400m

I Plain 401-450m

j Floodplain 451-500m

k 501m
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Table 9. Estimation equation of multiple linear regression by quantitative and qualitative indexes of soil
and landscape attributes for the dependent variables of dry weight and fertilizer effect of
tobacco (1996-1997)

Factor r Equation

“Dry  “‘Quant. 0.491  Y=0.41491+0.006563(x1)-0.31393(x10)+0.0018(x13)

weight  “'Qualit. 0.787  Y=0.248505+0.00962(x1)+0.001947(x2)-0.601606(x10)+0.000378(x 13)+E
st of GI-G5(x20)+Est of G1-G4(X21)+Est. of G1-G5(X22)+Est. of
G1-G5(x24)
“Estimate of x20; G1=0.162905, G2=0.21275, G3=0.14732,
G4=0.12462, G5=0
“Estimate of x21; G1=-0.276231, G2=0.01793, G3=-0.249667, G4=0
“Estimate of x22% G1=-0.05936, G2=0.058701, G3=0.077238, G4=0),
G5=0
“Estimate  of x24 GI=0.22395, G2=0.183845, (G3=0.18228,
G4=0.20667, G5=0

“Fert.  “"Quant. 0.360  Y=0.54658-0.005761(x1)

T-effect  “'Qualit. 0.745  Y=0.60471-0.007173(x1)+0.0065339(x2)+0.090387(x10)~0.006814(x13)+
Est. of GI1-G5(x20)+Eest. of G1-G4(X21)+Est. of G1-G5(X22)+Est.
of G1-G5(x24)

“Estimate of x20; G1=0.58634, G2=-0.205837, G3=-0.197064,
G4=-0.538956, G5=0

“Estimate of x21; G1=0.62776, G2=0.25869, G3=0.34038, G4=0
®Estimate of x22 G1=-0.11243, G=0.19525, G=0.43496, G4=0, G5=0
“Estimate  of x24; G1=-0.111795, G2=123402, G3=-0.38728,
G4=-0.12709, G5=0

“'Dry weight of tobacco leaves with no fertilization

Fertilizer total effect was estimated from difference of dry weight of tobacco leaves between
fertilization and no fertilization plot.

(S)Quantitative index was considered as quantitative attributes of chemical properties, depth of Ap
horizon and gravel content of Ap horizon.

Qualitative indexes of drainage class, available soil depth, recommended class for upland use, and
parent material were selected as class variables and estimated with quantitative indexes by multiple
linear regression.

Estimate value of each group for classified group of soil and landscape attributes on dry weight and
fertilizer effect of tobacco.

x1=NQOs-N, x2=NH4-N, x3=pH, x4=0.M., x5=Ava.-P;05, x6=Exch.-K, x7=Exch.-Ca, x8=Exch.-Mg,
x9=K/(Ca+Mg)"®, x10=E.C. x11=CEC, x12=UV-abs., x13=KCLA-N, x14=Slope, x15=Altitude, x16=depth
of A-horizon, x17=Gravel content in A-horizo , x18=aspect, x19=soil texture, x20=drainage class,
x21=available soil depth, x22=recomm, Class(upland), x23=topography, x24=parent material, x25=s0il
acidity. n=23(1996), 25(1997)

(2)

4)

(9
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Fig. 1. Relationship between relative dry weight
of tobacco leaves with no fertilization and value
by multiple linear regression(MLR) with quantita-
tive and qualitative indexes of soil and landscape
attributes.
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