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SUMMARY

1. Soil and Yield Mapping and Nutrient Recommendation for Precision
Agriculture in Rice Paddy

Precision Agriculture is a developing technique that can modify the current
agricultural production system dramatically. To obtain basic information for
precision agriculture that can improve nutrient use efficiency by rice plant, spatial
variability of growths and vields for rice plant was investigated over a 0.4ha
paddy field in Kimje, Korea. We also developed some nutrient recommendation
maps from soil nutrients availability. The rice vaniety was Oryza sativa 1. cv.
Samchonbyeo, a early maturing Japonica. Grid sampling was conducted with each
of the 4.3mx10.2m plots in a 35mx112m paddy field. Eighty-eight surface soil
samples were collected before soil puddling to investigate the spatial variability of
their chemical properties: pH, EC, total N content, inorganic N, available P, potash,
and silica. We collected the growth characteristics at heading stage from each
plot: plant height, dry weight, number of tillers, leaf area index(ILAl), SPAD value,
light transmission ratio(LTR). The grain yield was measured in each 86mx10.2m
plot at harvest. Geostatistical analysis and mappings were performed by GS+
Geostatistics software. The yield variations in 86mx10.2m grid ranged from
7.5ton/ha to 10.2ton/ha. The range of spatial dependence was about 40m for grain
yvield. Yield map was correlated with the growth maps showing spatial continuity
in spatial variation. The spatial distribution of N recommendations for variable rate

application showed similarity with the yield map in spatial variation.
2. Effect of Variable Rate Fertilization of Nitrogen Topdressing at Panicle

Initiation Stage in Growth and Yield of Direct Seeded Rice

Variable rate treatment(VRT) of fertilization is a developing technique that can
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increase the efficiency of fertilizer and can decrease the environmental pollution.
This experiment was conducted to verify the effect of variable rate nitrogen
fertilization in rice paddy field. Rice cultivar was Oryza sativa L. cv
Nampyeongbyeo, a late maturing Japonica and rice field was divided to control
plot and VRT plots. The control plot was applied with conventional rate of N
fertilizer, while VRT plot was applied with variable rate that based on N fertilizer
recommendation from soil analysis. Soil samples of each plot were collected before
puddling to make the map of N fertilizer recommendation for VRT of fertilization.
We collected the data; plant height, number of tillers, dry weight, LAI {(leaf area
index), chlorophyll meter values and yield at heading stage from each plot(size;
9.8mx89m) of each field. Furthermore, we took soil water samples by irrometer to
determine the N pollution in leaching water. Geostatistical analysis and mappings
were performed by GS+ software.

Average amount of N fertilizer reduced in VRT plot was 18kg/ha less than in
control. Most of growth values in VRT plot were higher than in control. Yield
variations were 1.96t/ha to 6.43t/ha in control plot, but 5.87t/ha to 8.73t/ha in VRT
plot. Average yields were 494t/ha in control and 6.60t/ha in VRT plot,
respectively. In VRT plot, yield variation was minimized and average yield was
higher than control. Variation of soil water nitrate concentration and average soil

water nitrate concentration in VRT plot was decreased than control.

3. Reducing Fertilizer Application and Rice Growth and Yield Mapping by
Variable Rate Treatment in Paddy Fields

Variable rate fertilization technique is a developing technique that can reduce
fertilizer and environmental pollution. This study was conducted to investigate the
effect of reduced fertilizer through variable rate application on growth and yield of
paddy rice.

The plant variety was Oryza sativa L. cv. Haepyeongbyeo. We used three fields,
and divided each field into control and variable rate treatment (VRT) plot. In each
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plot, gnd sampling was conducted with each of the thirty 10mx10m size cells. We
decide the amount of basal fertilizer and topdressing at tillering stage in each cell
based on soil chemical analysis, and decided N amount of topdressing at panicle
initiation stage in each cell based on plant leaf area index and chlorophyll meter value.
The experiments were conducted in three farmers field; filed 1, field 2, field 3.

In field 1, we could reduce fertilizer N-P-K=7.1-100-64.8% at VRT plot than
control, and growth characteristics of control and VRT plot were similar. Yield was
4.3% higher than control in VRT plot, and variations of growth and yield were similar
in each plot. There was no yield decrease by reduced fertilizer, but there was
experimental error by lodging, and variation of yield didn’t decrease.

In field 2, we could reduce fertilizer N-P-K=236-100-475% at VRT plot than
control, and growth characteristics of control were higher than VRT plot. Yield of
VRT plot was 2% lower than control, but was not big difference. Variations of plant
height and chlorophyll meter value of VRT plot were lower than control, and
variations of other growth characteristics and yield were similar. There was a little
yield decrease by reduced fertilizer, and variation of chlorophyll meter value was
decreased by the effect of variable rate fertilization.

In field 3, we could reduce fertilizer N-P-K=32.2-100-53.6% at VRT plot than
control, and the most of growth characteristics of control were higher than VRT plot,
but chlorophyll meter value was lower. Yield was 05% higher than control in VRT
plot than was no significant difference. Variations of growth characteristics and yield
of control and VRT plot were similar, and variation of yield in VRT plot was very
low. There was no yield decrease by reduced fertilizer, and variation of yield was
decreased by the effect of variable rate fertilization.

There was no difference on nitrate contents of soil infiltrated water in control and
VRT plot, and quality of rice grain in VRT plot was a little better than control.

According to result, variable rate fertilization of paddy rice was effective on

reducing fertilizer without yield decrease and decreasing variations of growth and

yield.
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4. Yield Measurement by Yield Monitoring System

Yield monitoring system is a developing technique that can measure the grain
yield and position coordinate by real time. Yield monitoring system is composed of
GPS, grain flow sensor and speed sensor. GPS takes position coordinate by real
time, grain flow sensor measure amount of grain transferred to grain tank in a
unit time, and speed sensor measure the speed of the combine. We can combine
position data & yield and make yield map by yield monitoring system. As the raw
data included very huge observations, we have to clean yield data and average by
plot.

We introduced Micro-Trak yield monitoring system and installed it on Kukje
575-G combine. In indoor experiment, standard deviations of GPS and flow sensor
were 1.2m and lkg per minute. In outdoor experiment, standard deviations of GPS
and speed sensor were 1.2m and *0.5%. Standard deviation of flow sensor was
+29, but error was increased at cereal tank fills more than 3/4, or at starting
harvest. We decreased errors of acquired yield data by data cleaning and averaged

by plot. Finally, we can draw the yield map using cleaned and averaged data.

5. Making Variable Rate Fertilizer Recommendation Maps by Soil Chemical
Properties

We can determine contents of the available nutrients and amount, type and
timing of fertilizer by soil chemical analysis. And it furnishes scientific basis
determining the adequate amount of fertilizer to achieve the goal of production.
The role of soil examination in precision agriculture is economical and
environmental friendly fertilizer management by soil chemical application maps and
fertilizer recommendation.

We divided experimental field with fixed area and took soil samples every
year and measured soil hardness and ground conductivity by EM38. We analysed
soil samples about pH, EC, NHs-N, NOs-N, T-N, P:0s, K, SiO:, and made kriging

maps of fertilizer recommendation by soil analysis.
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pH and organic matter were optimum level for rice cultivation, and available
phosphate was higher than optimum level. EM38 measurement and the soil EC
were correlation, and the soil hardness was different in before seeding and after
harvest. Soil chemical properties showed a big variation within a field and
recommendation of fertilizer amount was different in same field. These result

indicate that we need variable rate fertilization in each grids of the same field.

6. Optimum Model Development by Business Analysis of Rice Direct
Seeding Farmhouse

Economic performance analysis result by partial budget method of precision
rice farming on cost of production analysis and result of test field in Daesin and
Yonghwa village, Gimje is as following.

1. Rice yield per 10a of research area decreased more in 2003 than 2002 and
cost of production rose more, because management balance of rice farmhouse
worsened more than 2002 in 2003.

2. Rice yield of transplanting is some higher than direct seeding both 2002 or
2003, but cost of production in direct seeding is lower. Therefore cost of rice
production per kg is lower direct seeding than transplanting and management
balance is higher than transplanting in research area.

3. According to test field analysis result, in case of traditional fertilization,
because the fertilizer amount per unit area is more than fertilizer necessity amount
with result of soil survey, yield decrease by excess fertilizer and fertilizer loss
happens and economical loss appeared greatly. While, brought effect of elevation
rice quality with effect that remove amount of loss of 6559 won per a averagely
both direct seeding and transplanting farmhouse in addition to social effect of
decreasing water pollution and so on in case introduce precision agriculture.

4. In case introduce precision agriculture based on result of test field, if
farmhouses share total expense by precision agriculture, big damage appeared both

direct seeding and transplanting. While, in case government help all expense of

_15..



precision agriculture, farrnhouse get economical convenience 38.3 thousand wons/ha
in direct seeding and 77.6 thousand won/ha in transplanting per year.

5. In case, the village share total expense of precision agriculture introduction
and whole farmhouses iIn the village change traditional fertilizer to precision
agriculture, a loss of village is 42,862,000won. While, if government help all cost of
soil survey, that getting economical convenience about 3,888 000won(B/C ratio =
2/73) of annual even if it is no assist for GPS, investment about precision
agriculture is reasonable. Specially, in case farmhouses fertilize average of fertilizer
necessity amount after soll survey, economical effect 1s slight regardless of
government assistance. Therefore, show possibility that can accommodate this
technology in farmhouse in case of government does addition assistance for GPS
expense as well as soil survey to introduce precision agriculture that is new
technology in environmental protection side. Economical benefit is grown by
6,132,000 won that increase 57.8% than case that it is no addition assistance for

GPS expense in village of this case.
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A1A FE 2P ESF R FF AE F4TH AFAM

2
1. A&
437t AAE wet v sgALTEE FAAF A5 O

A Al gt olejd 1% FHE T EXNANAEE FUAA FH594 A
3388 24 ATE 3HH S E By v AT For A% Y
AejAle] gy FAEL tHA Wi St ART Ak FEALL] ALFZE A
A 2F7F 893t dHdAM FdALY] FRES HAGEAM AT AFH
E fsiMEe AABHANY FTHRHY AL FF 2459 WHolg A wet et
st @eld "Hast o '

HAZ FEUI e ALFHdS 23U I old d-&slg A AHJ AuiaAdE
FyPgozH Ao AAFAY, FAA HAFSY 2 AN FAE Fosie
Z2 A A At vFg B EFG APFAME olv] AFFE vHEL AY EY L
deje] BXE Ao #d A7 @83 =345 Ak (Sudduth, 2001). HIZoE
EdE 9 e FAA7 A8 71X AF A} GPS/GIS Al =dE A&ste] AAI%
o7 ZRE QA FHALAES FUHAI}T ATGALTEAE ol &t el Au}
< ¥ F U Aayg e B AFE @E3 ojFoiXa Ar}t. £, THFAA
9} GPS AA¥1E o83 HAZ £8F RUEYP A A7E 823 o]FojAxn
2}t (Drummond, 1999).
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o ARYL FVFAGHOL Mm BAsE Aol WHHoloh WHA M IE(VRT)
& 4B AMZE ARGE g EFAAT AGY TAMo| Yl sheto 7] x3h
S 1T, BUSYE AR Aol AFAL AP Bold Sawyer,
1994). 2 Sol +% Aol YoiH EFU ST Fo%Fse) FRAAE FVEA
SHoE EMSLA S AT FAHLZ o] FojA 1 ULk (Lee, 2000).

B ATE £E AW £39 EF vSE A=} AFNAES FykT AP
AE 9 $AFAEE A4ste] B 2AS¢ IUEARPoz pAgozN AW
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se) 9o,

2. Ag 2 By

e

AFE AR HA HAFHok LA FREF0.4ha)ll A 20013 5L RE 109 Alo]
FAETE HANE AFSsld AAHUAGD APEERLS u-B2 22% ¥Fgowy
BEHAe &7 137 AR, 84 2A vAPe AF $rEgE £
of st AFEAY NuAAEL FESAHFERYG FaAE 2 gulsin At
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e s 3 FdANIT SETESAY 2

XY #EE 1I2Zmx3dmEBA EY A8 43mx51mTASZ 0~10, 10~20cm o}
2 4 AFY 712 EAY B4 EG st BA4L AAs49Y. pHS ECE &
AR, AaE Kieldahld, A48 Eudyy, 252 44334, 742 IN
CH3COONa H&9 goz 71z} 42 BAsud.

HFABFAFLE EF A A% 288 Al 24 vbd (o]F4, 1998)¢] ub
2 AL, e JRANZFS dgn AR JlFeg Uyo] ool Ao o)
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TEEe AF W A A4
N(kg/10a) = 22.76 - 2.72 x OM(%) + 0.05 x SiO2(mgkg-1)
P205(kg/10a) = & AAF 100 mgke-1 £

= (180 - E¢ P205 mgkg-1) x 0.1
(H A A1H] % Bkg/10a)

AT AlE AR 45
N(kg/10a) = 12.74 - 152 x OM(%) + 0.028 x SiO2(mgkg-1)
P205(kg/10a) = F&EJQ4F 100 mgke-1 22 =
= (100 - E< P205 mgkg-1) x 0.1
(FEJAE 100 mghg-1 o] 4N EF LS FA|E)

AEF R 7 71z dHeoldHe 29 13 ol 47 T4 AEF PHS ol
FR3AT. AE A3 TFL T8 ZAYd ol8HE Fuple 4dF F
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Fig. 1-1. Data sampling point of the rice paddy field.
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B &40 Z} XFAR43x102m) SHER Vx ASFE £AEY] A 2
Z, BEF, AEFTE SAG, 247 AAES A e=w Hrietr] Astd 42U A
A 4(LAD, SPAD, 353#&(LTR)ES FA3A ol & F3 Lo ZAze] A]AR
ES o83y ASF (=g AU B S| 2 xZAAEE Fhiloe R
Aosle] AxFF 7|22 T 2ALE AAQGTH

ol EY, A4S, 7839 ABES TR GS+ AZEAE o83 EAA
Bo] Fzhiol gt o]&F XS Semivariograme E A 3F F Kriging7| € o] &3] E
F 58 FEIx, 93NNE, ASEAR, SEFAAEE FAEAH

3. 4% 92 »F

7 BEY 54 BERXE

AN 23] Ak E EAL R 13 I, AE 2R EHS AME AYE]
At

Table 1-1. Chemical properties of the Soil

pH EC NH;-N NOs-N 718 P05 SiO: K
s cn'’) (mg kg 1) (g ke (mg ke )
5.28 118.3 89.1 62.2 35.6 103 G8.9 2435

490-5.64 76.0-278.0 64.4-254.8 30.8-170.8 22.1-43.0 60-182 52.7-158.1 171.1-4115

Ald d EFo BEALE F8 HAEY FUWIANE E 29 FINYEH NFREH
1y 29] SemivariogramS E3lo AHE 5 . FFEe] A E BAESIE Qb
2 /718, A4, 4 TE BT 099042 FFERI v FIRa, AdEAYE
Yel & Range?l 232~6448 X EY S 5dE & ITYE&Fo] EAguT

—



(29 2. TAY 54 FEEES 5y $71B29 Q4L g
PYPoR T4HE AR FolAE REE Bm, FAL %Eo) ¥I 9% Yo
A3 wolx: LEE Rgow, 2t FYRLC 2u FA FUFoz o7 Eol

As £E2E 99 (24 3.

Table 1-2. Geostatistical parameters of the soil chemical properties

Nugget Sill Range Q R* Model
oM 0.100 41.830 23.20 0.998 0.586 Spherical
P 1.000 924.000 35.90 0.999 0.806 Spherical
SiOe 1.000 910.000 33.60 0.999 0.805 Spherical
K20 30.000 3247.000 64.40 0.991 0.997 Spherical
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1-2. Semivariograms of soil chemical properties and fertilizer amounts

variable rate fertilization.
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Fig. 1-3. Kriged maps of soil chemical properties in the paddy field.
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v AFAF A=

A 2o AHARZIESE ESAAEN A3 Avg 2R e oE o5 2
AT Al DA AP AMFL TP (PP AFHog =23l ¥ 37
¥ 2, 48 A3 TRl L ZAEIY Y. WRANFHZY] Qe A QA ®
T 0950132 FNFFI ul$ #3849 T, Range: 319~4448 Ho AFAH|ZEH
Foll= &G o] EA3

29 49 AP FHF EXEE 24U, 583 FEE T A9, FAAY (ke
/10a)2 BT 18017 HA 1470944 Hd 22747tx BEX 3l FFHA 2272 Wo)
A 7938 BRQ3, A4AY H(keg/102)2 HF 7882 HA 250004 A 12017
A xS BEFUA 2272 WHolASFE 34622 veigth AEQ Aule] A A
M F(kg/10a)2 FF 10092 H2 8249014 Hu 127374x BXsly EE:HER}
12782 WolAlsE 7948 R U3, AQAAH Fke/10a)& HF 08622 HZ 0.00014
Hdl 40172 £33l BEAR 1322 WHolASFE 06562 el i Ad|ge
gGEo] ¥xn 5&E g A gygom Ha FolAe EEE HY:, AL A=
TEREel B dA YFoz HA oAl BEXE 2y

Table 1-3. Geostatistical parameters of fertilizer recommendations for variable

rate fertilization

Nugget Sill Range Q R? Model
N(H) 0.010 5524 31.90 0.998 0.720 Spherical
N(L) 0.001 1.728 32.60 0.999 0.733 Spherical
P(H) 0.270 5.997 44.40 0.955 0.878 Spherical
PL) 0.001 1.692 33.10 0.999 0.935 Spherical

* N(H) : N recommendation for high yield

N(L) : N recommendation for low input sustainable agriculture
P(H) : P recommendation for high yield

P(L} : P recommendation for low input sustainable agriculture
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Fig. 1-4. Kriged maps of fertilizer recommendations for variable rate

fertilization.



o A%E R 5% Ax

X 4%} 9 5 62 APYEF] F8 ASH W SHFol Frivloldd 27 BYE
Fde JeEhdls v A5 Qe 23, dIAHAS(LAD, SPAD, AAFAN
0470142l 31, Ranget 2840~57.848 Rol FoE Mol EAEL ¢ 4 ).

o outel ARF, BYF, BEALANAE AR Rol BRgEMHo| EASA @

T AoR AdHAT. TGSl EAEle AKFANE dAFHoE BEMFo] @
2 gE BFeR HA FolAE U EEXE JERAY (29 5, 6).

57| =AY ASF AEE 1Y 691 HuRA, AEFL HF 3656g2 HA
25.67g A Hh 4653g7tA] X3 FFHA 493gR WHolAlSFE 7428 BYW, =
e FTE 97.89emE HA 92.40cmol A A 103.56em7bA] 2 ¥ st FEHR} 2.1lens
Ao AlFE 46398 RAow, 9B T BAdFE HF 369702 HA 315044 F
H 447874 A BXE St EFAR 307982 WHolAlFLE 11972 el 57 A%
€2 WMol e Ao 2AE] 5t HAHASF(LAD, SPAD ¥ FE74&
(LTR)S FAst AXE AT 27, A¥IAXSE BF 41622 HA 26104 &
W 5927+A] B Xt BFHA 0718 WolAFE 5838 R, SPAD#e HTF
4265302 HA 3626904 Hdl 46907tA EX s ¥FHX 22602 WHolAtfe
18788 BHow, FEIHSL HJTF 1628%= Hix 10.37%°lA Ho) 2307%7 A 2%
st BEEHA 233%2 Aol ASFE 6982 el
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Table 1-4. Geostatistical parameters of some growth characteristics and rice

yield
Nugget Sitl Range Q R’ Model
Dry weight 21.620 27552 57.84 0.215 0.102 Linear
Plant height 1.999 5.961 57.84 0.665 0.582 Linear
No. of tillers 168.000 915.000 540 0.816 0.016 Spherical
LAI 0.202 0.584 28.40 0.6>4 0.503 Spherical
SPAD 2.210 6.283 39.80 0.648 0.511 Spherical
LTR 0.120 5477 5.90 0978 0.011 Spherical
SPAD*(1-LTR) 3.700 6.983 57.84 0.470 0.533 Linear
Yield 2748000 5497.000 53.30 0.500 0.852 Spherical

* LAl : Leaf area index

LTR : Light transmission ratio

SPAD*(1-LTR) : SPAD=*fractional radiation interception o< Biomass growth
rate (dw/dt)



| Dry Weight |

¥ 2899 ., L
=] * %

= » s+ o *
81933 N *

s

E 966

@

7]

0 128 255 383 51.0 638

| Plant Height |
8 668 P
s .
T 45T o4 Dese
s o *
2 23—
D
w + $ + + +
0 128 255 38.3 51.0 63.8
| Number of Tillers |
@ 1041t ¢ 4, .
£ 6941 .
g
E 347 1
k4
w + + + + +
0 128 255 383 51.0 638
| Leaf Area Index }
8 07174 . v,
= * *
Q s .
2 0478¢ / . .
[ » ¥
Z -
g 0.239¢
4
17

0 128 255 383 510 6338
Separation Distance

| SPAD |
9 8.792 .
- "
E 5.861 ’./: .
2 ol
£ 2.931
9
oL l + ' + + t
¢ 128 255 383 51.0 638
| Light Transmission Ratio |
8 7.513 * e .
= A *
-1 &
‘= 5.009 . .
g * o s *
‘E 2.504
74
w2 k + + -+ + -+
0 128 255 383 510 638
| SPAD*(1-LTR) |
@ 9103 *

0 128 255 383 51.0 63.8

| Yield }
= o
2 37221 te
= Prad
g
E 1861
@
wn

0 128 255 383 51.0 638
Separation Distance

Fig. 1-5. Semivariograms of rice growth characteristics and yield.
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Fig. 1-6. Kriged maps of rice growth characteristics and yield (continue)
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Fig. 1-6. Kriged maps of rice growth characteristics and yield.
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Fa&FANAE Qgtel 0503, Range’l 53.3m=E F3HHojAdo] AR o, A=
EZo] w3 d5Fex HA FolAv FTA BEXE DA AKFe P Ank
Hog dXEHAH HEFFLS HF 861.90kge 2 Ha 75056kgo A A 1020.56kg
7tA BEsled EFHA 6820kg o2 HolAlFE 12628 RYow, 3o ¥ A
e tie ik AFHUY. &8, F=2FFL JEF 2 d9HAFY 122 F
o ZAa#AZ AN, &7 JFEFAE FA% £ ABRAAS AAHAAG
(X 5).

Table 1-5. Correlation coefficients among growth characteristics

DW PH NOT LAI SPAD LTR SPAD: Yield

(1-LTR)
DW 1.000
PH 0.073 1.000
NOT  -0.017 0.109 1.000
LAI 0.843"  0.360" 0.106 1.000
SPAD 0.184 0.555"  0.141 0.506™ 1.000
LTR -0.064 -0416" 0029 -0160 -0.195 1.000

SPAD=*
0.180 0637 0.106 0.487" 0907 -0.590 1.000
(1-LTR)

Yield 0.395™ - 0120 -0.052 04677 0280 -0.030 0.304°  1.000

B A7 Z2AE FEIA, £8F Axe ESY Ad SHARSE 33 X
A FAdel A3, EF HA el &% dFAn|FAES dAHoR {FAG
H EXE BYon, FheEHe EAFRY AKJFELS AAMHor FIFA
=9 RAR F3 oEH FXE Bt AE8FHoE W 32 Fa3 ASAAE
WA T dEHez BEIY, ol FHAHA EY EHEY YL T
A #eld £ AS AR AdGHUY

OH
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AV RAEEE FUANZoEZA sEsd. 284 Fdd U@ AFE Y
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Table 2-1. Chemical properties of the soil

EC NH4s-N  NOs:-N OM P05 SiOy K
pH
(uS em™) (mg ke M (g kg V) (mg kg ") (cmol kg )
trol 6.8 165 44 52 346 189 424 0.65
contro
(6.3-7.7) (118-238) (28-67) (39-70) (17.6-62.1) (127-217) (25.3-142) (0.21-1.14)
65 167 78 44 34.0 88 3HE 0.37
VRT

(59-7.0) (121-223) (45-146) (28-59) (14.2-528) (36-297) (195-74.1) (0.23-0.93)

b A S L e

MEAE AT 2339 A2ANALIES ESFAN A3 Aulz A3 whyd
Hel EYARE JlEz2 EZFFIR 4 NFE AulEe wgHoz EEEd
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o, R§e 07228 2o AFA 6 FHJole 2 A& =3t



{Nitrogen Fertilizer amount}

w
s
=N

o
o
-]

e
)

Northing [m]

0 e 1 |
0 98 19.6 293 39.1 489 587 685 783 88.0 97.8 107.6 [kg/lla]

Northing [m}]
3
=]

| ke/10a |

0 98 196 293 391 489 587 68.5 78.3 88.0 978 1076
Easting [m]

Fig. 2-2. Kriged map and operational map of nitrogen fertilizer

recommendation for variable rate fertilization.
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Table 2-2. Statistical parameters of growth characteristics

Dry Weight No. of Tillers Plant Height Chlorophyll
(g) (unit/m’) (cm) meter LAl
control  VRT control VRT control VRT control VRT control VRT
Min. 3354 4387 21333 26667 9093 9093 24465 25790 291 3.06
Max. 7286 80.01 490.67 48533 104.80 11193 539.76 620.04 6.76 7.25
Avg. 4953 5529 330.67 355.03 9694 101.10 390.69 45832 4.81 5.25
SD 8.59 877 6507 48.18 360 457 6280 8803 089 0.81
Cv 1735 1587 1968 1357 371 452 1607 1921 1849 1541

Table 2-3. Geostatistical parameters of growth characteristics and rice yield

Control plot Nugget Sill Range Q R2 Model
Dry weight 0.206 0.934 9.3 0.780 0  Spherical
No. of tillers 0.171 0.892 14.8 0.808 0.393  Spherical
Plant height 0.665 1.082 50.7 0.385 0.938 Linear
CM 0.758 1.170 50.7 0.353 0.818 Linear
LAI 0.199 0.964 9.3 0.794 0  Spherical
Yield 0.170 0.919 9.3 0.815 0  Spherical
VRT plot Nugget Sill Range Q R2 Model
Dry weight 0.138 1.018 89 0.864 0  Spherical
No. of tillers 0.213 1.046 114 0.796 0.232  Spherical
Plant height 0.658 1.255 49.8 0.476 0.957 Linear
CM 0.493 1.085 47.7 0.546 0914  Spherical
LAI 0.258 1.010 17.1 0.745 0612 Exponential
Yield 0.457 0915 32.1 0.500 0.870  Spherical

* CM : Chlorophyll meter value
LAI : Leaf area index
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1.050

0.700

ivariance

]

0.350

Sem

1.050

0.706

n

wvariance

0.350

Sem

| Leaf Area Index |}

Sem

P b
¥ 1 L ¥ ¥
QO it4 228 342 456 570
| Yield |
“\ ....... A ® .
i hd -
¥ L] ¥ ¥ ¥
O 114 228 342 456 57¢

Separation Distance

a. Control plot

Semivariance

variance

| Leaf Area Index |

1.096 } .
hd *
0.731
0.365
¥ Tt T Y T
0 114 228 342 456 570
| Yield |
10503 ... .
[ d ¥
0.700 1
0.3501
i ¥ ¥ 1 L]
0 114 228 342 456 570
Separation Distance
b. VRT plot

Fig. 2-3. Semivariograms of rice growth characteristics and yield.
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Table 2-4, Correlation among growth characteristics of VRT plot

Dw NOT PH CM LAI Yield
DwW 1.000
NOT 0.732** 1.000
PH 0.337* 0.117 1.000
CM 0.035 -0.042 0.385%* 1.000
LAI 0.212 0.198 0.442** 0.090 1.000
Yield = 0.999*= 0.728** 0.317* 0.031 0.160 1.000

* DW : Dry weight NOT : Number of tillers

PH : Plant height

CM : Chlorophyll meter value LAI : Leaf area index

o WA g

jHead Rice Ratiol

35.6

26.7

17.8

Northing [m]

3.9

Ri
9 98 196 293 391 489
Easting [m]

a. Control plot

{Head Rice Ratio]

Northing [m|
3
-}

8.9

58.7 685 783 880 978

107.6 | % ]

{
¢ 98 196 293 391 489 587 685
Fasting [m]

b. VRT plot

Fig. 2-7. Head rice ratio of each plot.




WAl Qe 7o 2T ¢dn vge 2AEA tdd g We Fasg
o 899 AF599 HEo AT WESUS uP TP fdn v go) Fd
B 2o £X8 Ygit 24z YEhd 9An ve 24 ans 48 39
(g 7). AN A2t A Hd 626%E HA 522%00A4 Hd 73.1%7x B
¥3led EEHA 67%=E WHolAlFTE= 10743 BRa, dix7E 3T 620%2 HAi
55.3%N A Hd 7T7.3%7HA XY BEFHAE 63%2 ®HolAlFE 10138 B
MEAE A F oA B vls) AZ AR Solde YJERIx st
o,

o I o R R

Ful Mg olF WFAN MFet dxFol 22 TAAARAE ¥o] Irrometer
8 HAR F EYTE AuFAA 89 39, AlHIFEQJ] 8¥ 209, 9¢¥ 124 77 &
E3td ES U Nitrate #3232 S35t o] o438 F289% =S FAY549
HZ® 8, 9). B 5 6904 & A7ld EXT9 Ztzte] SAAR G FUOERE 3
FE Uedd. 8¥9 399 Eg5e] ARE BW 39 29 wWFAN FHF =9
TANRE FEHE Boln vk AFAY FHF AT E doz Mgzisinw AlM] FJF
o] A& ol AFe] ¥l: B F Y+ d EFF9 Nitratef o] Ao upe} ¥
7T HaE ZA veidg ¢ 5 Aok 28y ¥ An) o)F <l 89 2099 Data

B Wol FEIE IA e, WBAIN FHF Axge] FAgol o=
= 2 7 AW o' WAL ¥ APEE Yed £ s 22 AFL 1
ol FiFoo] o @FF}E AFANZE 5 AokE AL BAgFEY. o= gxTe
MR A2 o 8€ 33Ul HHA 8¢ 2099 A BEAOI AAE HoE HolM ¢
= FAsAT. 99 1299 B AE oln] & & olio] XY Aoz Au|g
A7 @A 7] dEA WHojrt gAl AAE Aol el

e

P



Table 2-5. Statistical parameters of nitrate concentration of soil water

August 3 August 20 September 12
control VRT control VRT control VRT

Min. 24.9 13.5 20.8 15.0 19.9 15.3
Max. 61.4 88.6 64.5 59.6 166.4 © 113
Avg. 37.5 35.1 - 40.3 33.3 42.7 36.6
SD 9.83 15.65 9.53 9.28 30.11 24.00
Cv 26.21 44.59 23.65 27.8 70.51 65.57

Table 2-6. Geostatistical parameters of nitrate concentration of soil water

Control plot Nugget Sill Range Q R2 Model
Aug. 3 0.097 1.032 7.1 0.906 0 Spherical
Aug. 20 0.165 1.070 12.6 0.846 0.097 Exponential
Sep. 12 0.238 1512 40.2 0.843 0.536 Spherical

VRT plot Nugget Sill Range Q R2 Model
Aug. 3 0.071 1.049 7.1 0.933 0 Spherical
Aug. 20 0.152 1.042 116 0.854 0.396 Spherical
Sep. 12 0.001 1.080 14.0 0.999 0.093 Spherical
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B FEAME drE FANA AFS ESFRE AAF ) BHo] o]Fo|A 3, GPS, A
A, ZYE Ze g g #F7], Ad7, F871 F Fr1Ad FHsio dAg="
AFhE A FPFe=y Ax9 GFEAE AFHE Tl 2¥H 3 Q)

AEEPLE DTS Ve FGHY s st AAE 1m o3t Yz F
B3t X3 EFSA, 454Y, AE ¥ T A 9Ad FA4F A=
TEHF W} vEs o, TA T FUFE <2Ed AR S B syYes
FAEY AMHE B Fa, 72 FAHE Foled TIHA BEI) Uh

RAFAN 7Y S e AnFE AFse A8 EUUAAEY FFF Fdoj g
shefol] Zlxste] olFolA™, FAFH S HA3t=d ol "FHQA A8 71
°lH(Sawyer, 1994). ol& & FA W Z} Ao EF Wolg} AE J& e wa
A viEe sk FAE VY AEde V2N EY AEPEE FFPo] ¥ 24
T BEZFETG sz, FFol 5L Fot HIRE A AHsiy, 8o R
Xl HlE @S F7Mste 9 ARe sy, olF T3] ¥EAIE RS Folm, AHlE
= 873L B3 £ JA o

MEFAEe] d@ A7E "534 FHdSANAN dFRE TFE FTAHLE ojFoAx
Red, i AEE F, S5, 4 522 27FF ¥ XFd i AFE YRGA
T AF olFA3 3 FUlMe AFE AL AFE AFPold. £F St
oA w7t 2aus AEE dAZ BA 33 Y dFolm oo wE =9
EG R ulesd 293 vA 43 F9 EAHo =2z gt B AFE dFo
B XN EF HA wE 7v L Edujo] W Aug}, FE ASAAEHY g
TH WF ANE A AWEste] #PH FHo) vld] o= Fxe] vigg HY
5 den, A2 R M, TF vEe] AAY AFAME Tt FF s @
A 87 AME FAEn, vE FY ERE & F A BIEE AF 9
EgoNe HMFA 7Y e AUYFA 71d =99 JxAEE 831 5y
At

tfo
o
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2. As 2 4y
7h 234 £ 2

2 = ¥ Hye JA oG Al XFE A HWolo FIoz R F 4 F
YH 2 EGY o3y JES 712 & Zivist £ AFA G, AFEL A{A
HE 7122 & 58] AJIANE T8 AuZFe A@sta, oldd HIFAM AHert

W A%, % 2 4 B0l nAE 989, SEF 355 A4 ool dsl Lo}

ar
2 A5 2003 59FE 108 Alojoll HE AA wAEHor 249 3t AF9
H-HeE] olRAR g@ARAXAGqM  o|Fojxoen], HHPH(Oryza sativa L. cv.
Haepyeongbyeo)E F X3t A3t} 37019 fieldE &7 B71¥E= field 1, 2, 32
Uredw, field 12 @& a2 v}t o] FAHA TR 10kg/10aS 538 v|54¥F7)
5 ol&38 TWFIA, field 2, 3& TH ZIAoY ATt Z} fieldE E2 JUyol o
T} WFAIN] A2 F(Variable rate treatment plot: VRT)Z FA3ste] A 37} o} F
Ao, ETE 4&F F718 #d HU= ABNAHIHE AAIEA T, AZFAE] A
T A A HAGN ZHAM AFAN HHE AT dEFoF ABAH] AT
Ale] ojete] = 2z} wrEe] #maol mEkx FAdA ol Fol M

Zl fielde REEE vxn 23S HE F 13 ALE dxn, 21 F 7|8l
g Fo A 18] AL F 1-3Y Atelell olg " #Fo] o] FolH Y. Field 12
69 1190 HE59 7, field 2= 649 99, field 3¢ 69 142 o=t 64 289
AFE HFAN AT 2A 5971 FH R BEAHIE AU, ¥FE=R
Irrometer& A A3t A{ A8 ddo ugby AFo] B field 2& 74 T
of &=u] Al&o] o]FlHon, field 1, 3& 8¥ 10¥ Ao FHALE 31t 9€d H
Zoz A3l AAFX A2 field 16 TEH{7 2 A LGP on, +82 109 10Y
3ol o]l Fol Tt

ZF dzFe A3An A8y 23] d32 42 107m x 36mE  ¢f0.4hacj o,
Zt 3L AAge 2 of 3mrtFe Ru g AF F 100m x 30me HAAAM AT}
ojFojHen, 10m x 1I0m=E F 30719 100mMBHoE FHE ol ZF 789 5

kN
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AGAAN EFAs AF, FESY BFAR T AE F3-) olFojHTG (2 1).

e : Sampling Point

30
[ ] L J [ ] [ ] [ ] [ ] ® [ ] [ ] ®
g 20
Eﬂ ® L J ® [ ] [ ] ® L} [ ] [ ] L ]
Oﬁ
< 10
=
[ ] ® [ J ® ® 9 * [ ] ® [ ]
0

0 10 20 30 40 50 60 70 80 90 100
Northing [ m |

Fig. 3-1. Data sampling points of each plot except border.

U 2% 4% 2 sz

WE R ot dol 74 xFe T FHERZ 10~20mAoldM EFANRE A
o, 7lv] R £4u] ANE&F AA WIF {718, A, TF, #4i gFe —5’:’3?‘%
4t

BEF ZAE FH] A8 o] &37] A3 ¥ Al 109 Aol 23, 2dS5, 9
HAS, A5 T3 A 2AE sgon, 574 2%, 295, dE2F, JaFy
A, AFL2 FF ¥ 2AE ANsET. gBRHASE 6F LI-CORAMY
LAI-2000 Plant canopy analyzer& ©o]l&3 ZAlgeov, 9242 FIgFe o=
Spectrum technologyAte] CM-1000 Chlorophyll meter& A} &3} g}

FF2 field 1, 39] 29 S S o]83ld ZF FYAZ AF} F LAS A
s WS o83 Ao, field 25 B4 V1A AFAdA AL $3yL
EUEY A" o83 3% FRE YS3AUT. £33 FAd 7"z 94F

o] TEE UBY Sl FRYTE SAAYL, Y AT v BHE 98 A
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3 F 9B KettAl2] AN-800 Grain AnalyzerE ©] &3] ©@9#ad olgdz 2 Aupi &

EY ey LdEE S48 A8 45 4 old F 1569749 4 2PE=E 570
A 2] Irrometer® AN o™, 8 A7 F 630 AAAMN EF &5 E AFS
At AFAE EF FEFSFE 9T OrionAl®l 720 Ion selective meteroll nitrate
electrode® FZA3A 479 nitrate FHFE FAH AL

53 EY 2 AS5% AXWE vy o Z Gamma design softwareAl2] GS+ version
3.1 for windows Z21#& oj &3 FEA £48 313, Kriging7| & o]&3)
Zy ¥4 MY FHF AR, ASF ol A&, F8F o] Axg FAsAr

L O 1 e B!

WET AHFE 4 5722 2 Aol GEHTHE 1. 7lus Sgues =9
8 AdY vE 4¥IE ol Agsyn, BUus St axvE D
o, AgAYoRE $Y NRALINE ogstach bR AgddE B@ur
R ALg el webd Au e Zolt vehgow, slulel dHe Ausn 2
ulsh ] FAM ANE AFHE PPS ol&SHAG. Te AuAY AE b
2 Zol7t vehgd EF 29 F$7 b W AuERL, HETF 1, 30] Aln|
b AFAF =4k F7bEE Folst AAR EF AuFe] HaAA i, A4, 7}
d BF chlste 3 2o
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Table 3-1. Fertilizer application of control plot

Amount of fertilizer application (kg/10a)

Appln?atlon Control 1 Control 2 Control 3
timng
N P K N P K N P
Basal 109 88 88 109 73 73 10.3 5.6 56
TS 0 0 0 0 0 0 7.2 0
PIS 2.4 0 0 4.8 0 0 0 0
Total 13.3 8.8 88 15.7 7.3 7.3 175 5.6 56
* TS: Tillering stage PIS: Panicle initiation stage

AZAN AEre] AxveE 248 og3don, £4 6l&e A9l ojFoA
VRT 19 A$-£ 718-5¢971-Fule] 35-35-30%=2 33 EAlsl3, ojdAulsl o]F o)
2 VRT 2, 39 %5+ 718-E£4¥) -l 50-20-30%2 EA138tch d4ake] A&
EZ Wl A FFo] ulf FolA Al FHFo] giRE 022 el HFAIN A
Tole AlMlstA ke, TEY AT FEsEE o8 EE BFAIM] AP
71819} =l 70-30%=2 EAIEAT. RFA 2 Fe] RE AHE FAYL 3
ol F ol .

Zivlel SAule] WP FHFL EG FA T A2E AuF AR (o),
1998)e} A FQ) AlH|A o] we}h A A4k, B HAEAuFo] HAE YL

N(kg/10a) = 12.74 ~ (152 x OM(%)) + (0.028 x SiO2(mg kg-1))

P205(kg/10a) = (100 - P205(mg kg-1)) x 0.1 (FFE QAL 100mg kg-10]43¢ EFe
FA18)

K20(kg/10a) = (0.03 x 10 - K20(cmol kg-1)) x 47.1
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A&ME Y] 8] WFA] FHFLE Fr|AR o) FHE ASF AR T
A7 2L Aoz A JEHASTY G54 FFE V22 o AR
VRT 1& 4% 4 §HCME, VRT 28 EBAAF(LADE, VRT 3& 4B HAF9}
A2 FFE F3 FALAICM)IE 71Fez IZIZ 2t 3o JFH S5 g9
zpol7t HEAUIFS YT 7HA® F 7 FEAR dojF X9 57 ghoe]
ol & FE F vl A o]&3ly FEE AH] FHFES ANINAGD. FuHAE F
=gdol & JdUAAF, 54 TFF d9AAF<AEL §F B g 4 23
d2 LAI=5 CM=450, LAIxCM=25002.2 A&, g9 34 ALAS A3
At

VRT 1 &3 3 (kg/10a)

{3.3 x (450 - CM)} / (450 - BF CM)

VRT 2 F3d#(kg/10a) = {33 x (5 - LAD} / (6 - 3 LAD

VRT 3 F3 #F(kg/10a)

{3.3 x (2500 - LAIXCM)} / (2500 - H¥ LAIXCM)

ZES FHAE Aldle 33 sdAIEE EEAN A B HFAe] AT X
F AR FLAAHY st

% Eg5A

Alg Edo EAXAL 25 mApd FEJSH, 7iv] R FEH] AZIAH] FHZE
F37] 98 ol 2 #F Aol AHAG 7 field WFAY A2 EF 7718, Q
Ab, WAL, AEY] FFEL E 204 B 5 o JHS EZCIUATL @2 Apojzt y
B 2 5 Adg. /fr1Ee] BT H X0l 3% vweR 3E {FE Ri=H
ol H-Hy oS I +F F FIAES HT7] Wi /78 FHol ¥F3
7l Moz FAHAG. 22l JAFH B B 2L FFL JdehiAed o=
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EPUEE ALY o F4FS VFoR Basta ALFE BAE] WBe olamg
dgol TUHoz thHUr] WRolth. Fatel ALE RN AIFHE Fad
MEE T Ay WEe 2 #Fol kA dehddn dusdd. dRsgos §
718 gFo) ¥ FA o] TRODE KB FAFFL ojfd FaAE
aAH] FRFE BA Ve Hx, Q83 2ES FFo] By BB qai 2
g Au] FAFL B YA HA

Table 3-2. Chemical properties of the soil before seeding and transplanting

oM P20 Si0; K
(g ke (mg kg (mg ke " (cmol kg ')
22.7 142 96.3 0.28
Field 1 "
114-34.3 96-187 30.0-158.0 0.17-0.57
26.1 393 170.2 0.24
Field 2
16.0-3b.5 302-504 43.3-296.7 0.13-0.40
27.2 201 79.0 0.30
Field 3
17.5-36.5 73-289 41.1-113.9 0.18-0.45
* 1 mean ** | range
3.3d3% 9 23

7k @A AE g vigdzday

Mz 71vje} £d8] AulFg F38 @3 AFAN AT BEF AR 9
& zEd AnlF Z2A By wE Aie FEY vl BEdn) A6 FS b w2
BEooi(F 3), ¥ we 784 Au|Fo was T3d Fa e A6 ¢ X
=(a" 2yt ZEe MM F3F AEE FAFAHY 3). aruae ALE A
W 2480 AR f71E ¥ F A4S Fo] 100mkeol o2 Ea, F7E
FHFE 2%H #E BA7) BES FFge) TF A01H 11kg/10antt = A4 e

Hoh Akel A X Ul A4 FFo)l diRE 100me/kegol 3] e RFr] 2o
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N2 Ao Aezw Jds AU AHIAE A @Fden, AFS A xPER A
o7} viEtubl FARE iR o] HeE AW ] BlEM A HLE AHFE YEtlY.

Zt AEE AFEE ZIe g FEulY 4 593 Ho BA#e xole 10a 7]
Fog ALT HA 192k, Hl 241kg, TEFL HA 4.06ke, AW 573kge] ¥E7}
EF S

Table 3-3. Nitrogen and potassium fertilizer recommendation and used amount of

basal and topdressing at tillering stage

Amount of fertilizer application (kg/10a)

Field 1 Field 2 Field 3
N K N K N K
Control 109 8.8 10.9 7.3 175 56
mean 9.05 1.39 8.69 2.12 8.57 0.89

VRT
range 7.81-1022 0-4.31 769-976  0-573 7.69-9.61 0-4.06
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[VRT 1N}

W
=

13.71
13.10
12.50
" 12,10
11.47

0 10 20 30 40 50 60 70 80 b 100 | kg/10a |
Northing [m]

~
[~

Easting [m]
3

[VRT 2 - N]

13.09
12.65
12.22
11.78
“11.35

0 10 20 36 40 50 60 70 80 90 100 | kg/10a ]
Northing [m]

Easting [m]

[VRT 3 - N}
30-

13.02
12.56
12.10
11.64
11.18

i) 10 20 30 40 50 60 70 80 90 100 | kg/10a ]
Northing [m]

Easting [m]

Fig. 3-2. Maps of nitrogen fertilizer recommendation based on soil

chemical analysis.



[VRT 1 - K]

0 io 20 30 40 50 60 70 80 90 100 | kg/10a |
Northing fm]

[VRT 2-K]

0 10 20 30 40 S50 60 70 80 90 100 [ kg/10a |
Northing [m]
RT 3-K]
B 3.820
£ 2.872
1.924
S o 0.976
N - T 0,028
0 10 20 30 40 50 60 W 80 96 100 | kg/10a |

Neorthing [m]

Fig. 3-3. Maps of potassium fertilizer recommendation based on soil

chemical analysis.

¥3E "HA 5y AulFg A3 90202 = field 1, 2, 39 42 454 ¥, 493
A7, 454 FFo AQHAFE T ;e ARSI ev(R 4), TFEE AN F
274 293 A¥l FHF AEE AR (TE 4, 5, 6). & AT E 4 A&
Ao} ABl FHZFE FH A8 ojde ¥ ASAHARE ol &3t BAHIAEH, olA7A
A wBEA F ASH £FA] BAE 2AYES W HEAY QUEAHIN d5L FF
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ol SF3tel WA WHAA WEC 2 THY THAZ JAHAFY 42> G
2 243U 2 ¥ FHA7lY BEANE UAANSE 5, A2 FBL 450, 9
HA ot G2 G F& B002 YRR F ZEAS} 2HA Ho)7 24
5 BN =9 A8 AuFE FAAAL dUL ojgo EEi gy
T 249 Ao ZEAS 2 78 QA 2 wAAL o) B3t At

(FFA - TZW Bd &AHA) . EF A6 2(3.3kg/10a) =
(FEX - 78E SAHX) 1 FH A8 FH(kg/10a)

A HTE ANFAF Ade] BREAuFH FHPA] HFFE JFoz
ALHARX7] dHEol 33keg/10a2 LA Ln, 2+ TFHZ 10a% HA 1.29kegoNA I
o 251ke7hA ] Aol E vElWlY Bo AR A% ARE BT AuFAS A
T A5 249 58 Y AYF vl AY FHF Age] ey Row A7
Lan=

Table 3-4. Decision factor for additional N fertilizer and recommendation amount
of N topdressing at panicle initiation stage

Plot VRT 1 VRT 2 VRT 3
Fertilizer decision factor CM LAI LAI x CM
mean 188.05 2.80 882.97
Decision factor
range 137.11-239.31 1.99-3.66 552.94-1289.94
Used amount of mean 3.30 3.30 3.30
fertilizer range 2.65-3.94 201-452 2.47-397

*CM ' Chlorophyll meter value LAI : Leaf area index
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J[VRT I — Chiorophyll Meter}

Easting [m]

.

20 30 40 50 60 70 80 90
Northing |m}

IVRT 1-Topdressing at P1S|

E 3.666
%‘) 3.439
‘g 3.212
= < 2.985
b : 2.758
0 19 20 30 40 50 60 70 80 90 100 | kg/10a |
Northing [m]

Fig. 3-4. Maps of chlorophyll meter value and N fertilizer used amount of

topdressing at panicle initiation stage in VRT 1.

Easting [m]

20 30 4 50 60
Northing {m]

[VRT 2-Topdressing at PI1S]

Easting [m]

0 10 20 30 40 50 60 70 80 90 100 [ kg/10a |
Northing [m]

Fig. 3-5. Maps of LAI and N fertilizer used amount of topdressing at panicle

initiation stage in VRT 2.
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[VRT 3 — LAI x CM1000}

Easting [m]

10 20 30 40 60
Northing [m}

30

20

10

Easting [m]

0 10 20 30 40 50 60 70 80 90 160 | kg/10a |
Northing [m}

Fig. 3-6. Maps of LAIXCM and N fertilizer used amount of topdressing at

panicle initiation stage in VRT 3.

A gAA vdebd dzFel AFAN Ral el sie), 2w, el 239 HE A
HlZe g8 Aestd E 59 2 7 fielde] Q2T WFAe] Aa el Alul
S vxd 29 field 199 = 10a 7I€£22 N-P-K ZZ 0.95-8.8-5.7kg, field 2% A
3.71-7.3-347kg, field 390 A= 5.63-56-3.0kg2] Aol WM FA|u] A2+ Ald]zf
| HA delgon, o 2 4 fielddz WFA8 HHUS B AP = AQW v
g9} Foju}

AgH o2 o] AFAM o)]gd EF ARl oF siv] 2 Bdn] AuiFA R o
ASFNE B3 2T ) AHFHFL SRS A =R oty =43
Hlg el metd ezt dehiAnt dwidow IBAEF B TF Av
2 o7t gAY A JdehAw, du Frbe] DA AnAAs vzdde W
2 529 vg 37 a38 9¢ +& AU

i

o



Table 3-5. Fertilizer application of each plot

Amount of fertilizer (kg/10a)

Aptli’rl;gﬁ;’o" Fertilizer Field 1 Field 2 Field 3
Control VRT Control VRT Control VRT
N 10.9 453 109 6.21 10.3 6.12
Basal P 88 0 7.3 0 56 0
K 3.8 1.39 73 2.12 56 0.89
TS N 0 452 0 2.48 72 2.45
PIS N 24 3.3 48 3.3 0 33
K 0 1.71 0 1.71 0 1.71
N 13.3 12.35 157 11.99 175 11.87
Total P 88 0 7.3 0 56 0
K 88 3.1 73 3.83 56 2.6
* TS: Tillering stage PIS: Panicle initiation stage

1) Field 1

A AQuf7t o] F4 3 field 194 £ 10a 7IE22 N-P-K Z+z} 0.95-8.8-5.7kg2] ¥
5 Azo] ojFoitt #Aa ¥ WFAH AT AHE A F2 YIS A
3t AL7F 7.1%, BEl 648%E UEw. 22F}em Qs =2 A7l FAAE
St L, BEe 2 Ao 2L V2o Ao 27 AFo] FA FUu, o2
3 oldo] o]lFolW & EA HlF FX AHeo] FIILH, AAAuY fHPo=
dstel g€ BTl o3 W EAFC AAHAM k&Kol ASHA YEHHH.

Field 19] diz79} AZFAu] Ae 7o z #8448 &57] 23, Eds, ¥EF, ¢
4 82 d9AdAsLY @3 Ax £FE s H2, Hd|, FFGH WA,
HolAlFe TAFAE FIRAN(E 6), AET9 AFAY Ao 2 FFHPRY
T JRE o] &3] HFHAEME HAASATHE 7, 8). £ 279 AFAH] AT



23 78 257 ASAHRY £F FJHE 7RE GS+ TRIOYL o]f =
A 7EE T ASH 2 7Y REIEE FAFIH=2H 7, 8).

Field 19 &7 5% S 29 49 AFY A% dz37 2XAT vUex Ll
5o BHEFS vxHon, £Fo B 238 WFAW A Frt 10a 71Eo=
231kg 2 o2 YEIY 43%Y F71E B FH] A A EF glog AL
dA-AT] A9 dR2FE BF @goI9d 50 A dgA S, WA e e ps
48 4 9= FAE BA ol 7] A olF2x AW ASE g 27}
3, £ vldA UYL Ao Bel 5719 GEA A5 Aol 3R] gL A
22 AGHAY. Field 19] B¢+ S7le] " AvlZa AZAn] Azl di A
vl ol Zol7k 7 AHA JElwr] Wi 47 QS %o @Al 2 o)
el R gt

EF B Holg U] A8 FF EFHYG WolASE ;e BE 2F ZdA
AFAN Ao ezt AL Aoz Jelygs, Unx] FEEo glojas & 2ol
E HolA ¥t 53 GUAA WHolst gastA Yol An|E A EXR
ol AL e FARHr & Aoz AIHAUY. FFe] A9E AT Y] ATy
RolAl7F % #AL FH2 deied, ol ARz gel TZW $3 WolA$s}
dutde g 10 o]de] g BATE AldolA $33td 2 o, Wolst He Row
deE At

23 B4 2RE #e o dxT AN NP BT ABFH RS} e
43 molEd ot ARAM SHY Qo) BEFS dBFo] Bobs] WEe
2 #9Ed. dET 53 A53F K@ 4BE X Ao, dEFH B

4, 2%, 9452 #F SAMT ddol vehked, AfgAual o] AEZH
=8 % 4#2 vetde AYIA XA U ol TE wET 9P Q9
TEH Fad BE o2 FEHIJG. AFAY AT £ L JEF, A6
el g@el vested AFAn Hele] ARE BY] HHME Augo] g 2R
e X AWK A F£F Wolst Aol st Ay Mol BL Fo| $23o] @ol
HEhd HeZ vFo] XPe EHo2 Q7 QFNAY, dWAXSE o)&s T
T AU g FHo] o] AYstA AW Ro= BUHQL.

=g T3 B Wl A2T7o S WK FH £33 AE FH FAbEo) e



UA ged ol =& M XA ASdolet adolr ¥MEEYr] dEe
2 wdEden, 984 A3 24 JERA JEFH 454 FEF Br A=
e FAEE 23 7 AU AFgAE AHYFe A= FRAAC dEEd A
ESH FEFAET BFA FRAT A= = {FAS FEHE BAr

Field 1olA &) ®M@&A8] M= %9 347 Q7] dEdd vadzd 548 &
A8 Yedga B 5 AUAR, TR R 3 wol FLE o|FA EIAUH. o
T EEd o LR/AA, AvF BAHY LA i HFo) deY Fojx, H
A AvFE APskAE, FHE AHFE Adsed oM o= AR H
go] o]Foizof & Aoz _AGJF F UANUTH 53 HFe F5 ojFAuet Aol7t
vrebLh] wfiEoll FH o] ARG WSARE FI A6IF HA Po] sEEojof &
Aot}

Table 3-6. Statistical parameters of growth characteristics and yield in field 1

Plant Height Tiller No. Dry Weight CM LAl Yield

Control VRT Control VRT Control VRT Control VRT Control VRT Control VRT

Min 7800 77.17 1300 1533 1343 2103 2509 2623 358 298 4249 4804
Max 9233 8300 2600 2633 3362 3873 3826 3982 596 496 6233 6758
Avg 8440 8298 2000 1964 2656 2799 3065 3196 480 406 5419 5650

SD 359 221 268 25 369 390 3346 3603 057 053 5078 51.84

CV 425 266 1340 13.00 1391 1392 1095 1127 1179 1297 937 917
* CM: Chlorophyll meter value LAIL Leaf area index
S Standard deviation CV: Coefficient of variation




Table 3-7. Correlation coefficients between growth characteristics in control 1

PH Tiller No. DW CM LAI Yield
PH 1.0000
Tiller No.  0.4589" 1.0000
DW 0.5004"* 0.8006"* 1.0000
CM 0.3962" 0.4041° 0.4888™ 1.0000
LAI 0.3652" 0.4498" 0.2233 0.2056 1.0000
Yield -0.0267 0.0213 0.0731 -0.2115 -0.0783 1.0000

* PH @ Plant height DW : Dry weight CM : Chlorophyll meter value

Table 3-8. Correlation coefficients between growth characteristics in VRT 1

PH Tiller no. DwW CM LAI Fertilizer Yield

PH 1.0000
Tiller no. 0.2310 1.0000
DwW 0.3322 0.7917"  1.0000
CM 0.5601™ 101436 0.1100 1.0000
LAI 02194 -0.1004 -0.2216 0.3404 1.0000
Fertilizer 0.0468 0.0339 0.1061  -0.0444  -0.0260 1.0000
Yield 0.0653 0.1883 03775° -0.0655 -0.2218 05655  1.0000

* PH © Plant height DW : Dry weight CM : Chlorophyll meter value



[Control 1 — Pry Weight]

30

E 5 29.42
2 25.82
%’ 10 22.21
=

18.61
15.00

lgi

20 30 40 50 60 70 80
Northing [m]

[Control I — Chlorophyll Meter|

30
E %
Bo
=
2 10
€3]
0 V'_a‘?‘,
0 10 20 30 40 50 60 70 80 90 100
Northing [m}
[Contrel 1T — LAI]
30
E 2 5.367
2P 4.971
‘g 10 4.576
=5 4.180
0 4 3.785
10 20 30 40 50 60 70 80 920 100
Northing [m]
|[Control 1 - Yield]
30 o
E 20 565.2
2 543.3
‘g 10 521.4
= 499.5
0 g o aTe
10 20 30 40 56 60 80 90 100 | kg/10a |

Northing [m}]

Fig. 3-7. Maps of growth characteristics and vield in control 1.
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Fig. 3—-8. Maps of growth characteristics and yield in VRT 1.
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Table 3-9. Statistical parameters of growth characteristics and yield in field 2

Plant Height Tiller No. Dry Weight CM LAI YIELD
Control VRT Control VRT Control VRT Control VRT Control VRT Control VRT

Min 8933 8400 1867 1633 2095 3068 1639 151.0 390 283 4337 3719
Max 107.0 9233 2433 2133 4066 3954 3846 2199 632 504 10179 9768
Avg 9459 8823 21.76 1833 3651 34.71 2336 1810 506 390 7192 7049
SD 437 217 150 137 248 219 6147 1650 061 051 11477 11275

Cv 462 246 690 746 678 630 2631 902 1209 1321 1596 1599
* CM: Chlorophyll meter value LAIL Leaf area index

SD: Standard deviation CV: Coefficient of variation

Table 3-10. Correlation coefficients between growth characteristics in control 2

PH Tiller No. DW CM LAl Yield
PH 1.0000
Tiller No. 0.0397 1.0000
DW 0.1184 0.2866 1.0000
CM 0.3778" -0.1297 0.3066 1.0000
LAI 0.0038 0.2934 -0.1837 0.0000 1.0000
Yield 0.1230 0.1094 -0.1875 0.0324 0.1033 1.0000

* PH : Plant height DW : Dry weight CM : Chlorophyll meter value

Table 3-11. Correlation coefficients between growth characteristics in VRT 2

PH Tiller no. DW CM LAI Fertilizer  Yield

PH 1.0000
Tiller no. -0.2246 1.0000
DW ~0.2417 0.6732° 1.0000
CM 0.1807 0.1747 0.0421 1.0000
LAI 0.1509 0.0581 0.3378 0.0995 1.0000
Fertilizer 0.1588 -0.2317 -0.0438 -0.0635 0.1575 1.0000
Yield -0.0515 -0.0430 -0.2071 -0.1683 0.1466 0.2024 1.0000

* PH : Plant height DW : Dry weight CM : Chlorophyll meter value
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Fig. 3-9. Maps of growth characteristics and vield in control 2.
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Fig. 3—-10. Maps of growth characteristics and yield in VRT 2.
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Table 3-12. Statistical parameters of growth characteristics and vield in field 3

Plant Height

Tiller No.

Dry Weight C

M

LAI

YIELD

Control VRT Control VRT Control VRT Control VRT Control VRT Control VRT

Min 8633 7733 1867 1533 3050 29.30 120.3 186 381 275 651.8 657.2
Max 1047 90.00 2633 24.00 4235 4622 2376 2931 630 540 7896 7669
Avg 9083 85.00 22.17 2046 3690 3479 1988 2381 530 454 7081 7115

SD 364 310 201 203 324 345 2590 2589 061 059 2782 2940
Cv 401 365 906 992 879 993 1303 1087 1150 1311 393 4.13

* CM: Chlorophyll meter value LAI: Leaf area index

SD: Standard deviation CV: Coefficient of variation

Table 3-13. Correlation coefficients between growth characteristics in control 3

PH Tiller No. DwW CM LAI Yield
PH 1.0000
Tiller No. 0.1248 1.0000
Dw 0.1589 0.5143™ 1.0000
CM -0.2282 -0.0613 -0.0271 1.0000
LAl 0.0906 -0.0866 0.0379 0.3933" 1.0000
Yield 0.5949™ -0.0569 0.0296 0.0494 -0.0452 1.0000

* PH : Plant height DW : Dry weight CM : Chlorophyll meter value

Table 3-14. Correlation coefficients between growth characteristics in VRT 3

PH Tiller No. DW CM LAl  Fertilizer LAIxCM Yield

PH 1.000

Tiller No. 0.473"  1.000

DW 0467 0679™  1.000

CM -00i18 -018 -0143  1.000

LAI 0572 0589 0508 -0070  1.000

Fertilizer -0316 -0.176 -0125 -0016 -0357  1.000

LAIXCM 0445 0345 0305 0597 0754 -0305  1.000

Yield 0625”7 0576 0491 0.51  0508" -0067 0488  1.000

* PH © Plant height DW : Dry weight CM : Chlorophy!ll meter value
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Fig. 3-11. Maps of growth characteristics and vield in control 3.
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Fig. 3-12, Maps of growth characteristics and vield in VRT 3.
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Awrxog HAA4 AlH|Fo] souUA HAE FEo] WP o2 o X~ o] o}
AA =l=d GRd Fo] Fol Avjd vl "ol UAl HI3, olEEZ oA Fol
EolAIYE #7171 QloiA7] "ol mA L DA A I, Fult FUHAE 2& ¥R
E dut¥ o g FAusA ALgsrl AR FFLE Foix P2 23y ym== 3
$ Holm e Zolrt ofdd WAFAIME T3 AL AHZFS EHS u A Y
AMe omg FF}L VA=A Lot AdA viAE ENE sdsdd. 4 23
& 9P opdzox At AETFE EHIIATE 16). & fieldd =2
A7%E B field 29] 99 FFE AK3ae BE FA7E 2T vEA AF
ARl Aol @A YEidS ¢ 5 Ut ditFeos gl 43y ojEEe A
gFol F& Aol Aol =& Aow G Wi Z4 AEIFS FaAZ W
FA Ao A9t vide] of o 8 4 & Zold. Fieldd2 YeyE
ol XU Edde s Frte] #2] zold o8 UEde Aoz FHHAT

2 o

ruh bt

Table 3-15. Protein, amylose and fatty acid contents of rice grain

Contents (23)

Component Field 1 Field 2 Field 3
Control VRT Control VRT Control VRT
Prote: 8.95" 8.392 8.45 871 6.87 6.47
rotein 86-93"  86-9.2 84-86  86-88 565-87  56-6.8
20.07 19.77 1951 19.26 20.79 20.30
Amylose

20.0-20.1 19.7-198 19.4-196 19.2-193 19.7-223  20.0-20.9

20.3 19.62 18.55 17.71 22.29 20.87
20.1-205 19.1-200 180-189 17.3-181 199-276 19.9-23.1

* I mean **¥ . range

Fatty acid

2 8 o EYGEA

23 & AR AYT ool ARAY EF 545 3 YIS BABRHE
16). pht 6352 AM3Q :=EF phol vlsix e A8 Ax7t ¥kt EC= £33
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2 ztol7t 2A vdERen, 4R EH Fio FAUAEE: FFE EZE Aol AA
ety ekttt 718 @2 HFAY AT 1, 29 AF-E oldAEG A Y
Bixted RZFAY AT 39 AeE ¥ ¥¥A dH4E @S BRI QAL £F
A2 ko] Wt A ol A FFol M W AFAN AT 29 FFel &
Fd= 71 52 @& Bole T 22 AL 2, ol diAH AHE AH
A= EFsta 7IE€ ESAA A0 4& Fdwstn A7 dEe=E AgH
ot A Fagel dlg A HAE2AYM €2 ¥ FFHASE FEHY F IV
W, ZF2 Ay XAEE F5FY A7t AA JEREd AT HEAN A
2T 18 4971 Fawel 71 A YEstdh

Table 3-16. Chemical properties of the soil after harvest

1 EC NHs-N  NO;-N OM P20s Si0 K
P (ds m ") (mg_kg ) (g kg ) (mg kg ') (cmol kg ')
6.0° 0.03 30.0 314 209 117 15.7 0.18
VRTI
5.7-6.4" 0.02-0.04 16.8-616 19.6-448 85-380 21-161 6.0-33.0 0.10-0.29
VRT2 6.6 0.06 33.3 31.9 235 180 68.0 0.23
6.5-69 0.05-0.08 14.0-53.2 224-56.0 11.5-439 91-212 32.6-1389 0.13-044
6.5 0.05 29.0 29.3 34.8 159 21.1 0.29
VRT3

6.3-6.6 (.03-0.07 14.0-53.2 22.4-448 21.6-495 117-194 11.9-388 0.12-0.46
* 1 mean ** . range

4. T34 I

A olFe 87 ofstel ATEH A oy @A)l IOty AdolA ¥
BIA olde % Sd A5 AN FX IFFAA €73 REY ¥ Fe=
o &yel 87HI At oo Wt A& Fdo] dFANY T AFS]
e % A2 9 EAd WA A8 HEY FAFE AEo) HasA HA
ok olgld eel wabA 1990 d diell wlFel A g TFE ol FAFdeltt HI
FEL AFH AA7IEe] wdode 8 T ARy, 4] +Fo 2y

- 103 -



Hgda 23 4 Adds A FUFE AEsty, 24 wE Ayse F9 e
7ito] o] F ol ot

ANEP 712 71& T U7t MFAZIYeE ESHAB ASAHA w2y
g el AH=Hg A& AW 7 AHA=Z AEF AFE XHHse Aotk o]
= Avlolgr 3k Aol ol WF, oA AX T AH A BHA o]Fo]Hof
3t Aoltt. WFA A digt AT A v=FH {4 FTAAA LA o]F oA
2 YA o5 dFE HWREE 7R FXE ddos dJden, g AEE 9,
F, S5 T g EoAY. = XA WA g AT dF A
o]Fojxx YR o}z FHAF} ARE IR K3t dv dFHolo old I o
o] EFH A o o] @FAN e}, AFo] o H AJFAE e aFE &
ol ;2 B AFE I3 A

¥ A Frhd2 Al WAooy @Elrl bdE2r]) i 4% ZAaE d 4%

2 Ax7te £33 dostd d7g SR EG AR 9E HEd A
A4 (o], 1998)0 WEHA F71EF A FFE o8 AL vl AuFE 2
A, QAR 2FL ESUe 4 AR o wepM vlg A§%FES AASA
718l @ Bau) Axa] z} 3o z FHPZ HPIAY. =2 E547) ol g1
AR5, GEA TFL o] gs] Kol FL& Fo AN FL Folt FHoz Ai¥s
FRALS ASN 2 242 FEER 88 WNFAY AP o, B AvZFS
EEAu F dAAZHG. e Hiel o WEF ANAAE T field 1, 2, 39 10
% N-P-K zZtz} 095-88-5.7kg, 3.71-7.3- 347kg, 563-56-30kge B E Hzts)
7.1-100-64.8%, 23.6-100-47.5%, 32.2-100 -53.6%2] #A&& Yetdch

2Rz ezt o) FoA field 12 A$T HFd o =Hudd BE FF L
o} 3 Wolol Er12 A FFol did AFAv el AArt AGsHA JYEUA &
AR gk, AN A Al FFo] hEFe ulE 43% 71 ¢ 2A JEwgeH, =
A BG AZF T ASABRE T WFAu]l HEFY Zolrt A vERh

Zaath F£F WHolAlFE 9AER YeEhow, ol AmAgu EFo M E

olg AU 7t ol FAT field 2¢] A$E BAAN TR kst ol AP we &
wat 2eg 29 39 +8% 2 ey A29L o8¢ £ Aue| Ay

o

_104_



o] o}z [HIA] Yopr AA - F£FY FeE 227 A AW, AR FFA A
ojX = 2a7F olH T Aot A vErth. WFAY M T o] Y =E
T FFET 143kg/10a A2 gL RAAT, ol nl&Z F3Y 9 2% HAE9 FF
A 2 Aole okl AT & AU 7F HYF} YL W F £F
o ST wurt o o] Fo|F o & Helw, AnF @A G443 A el
3, A AS5F L FFY FBAACE UAY] A EC] AFA|6j) upE 59k
ekt add 5 Jdao.

Field 3 A oldAqui7} o)Foiga, F7te] #el ol Sy b o s
field 20 vl A e FFol HA veixtch iz 2Aul AlulFo] w9 Folq B
dol B3 dUHo] ¥ AYES vEdley, Fu A LS AFHHT] dEo gEL
FF2 A dExn. 257 A5 A 2T 422 §FE Adslne
=A UERRRT 39 A9 dE=F4 AFAY] M7 A9 2 e 2o
EFWe 7% Hojx WolAls 4452 fxvot FAJFAIE AHZF BF dolr} nj$
okt diz7 9k MFA A7 F¥dclst vl A JdeEltRI g dz 3 F
Wolrt ol Hoew AA UL Aoz, AFAM AHgd uE TFUY F£F W Fa
E ATHUGT 438 F Ak E£F AuF H@e] e F£F F2E /Y]
ol Mulg d3 avx A A& 5 ANTh 53] field 39 A$E A5 2
T A8 gol v gkew, AnFH KT 2 £ o= Aol AH JE
A skt

FH A& 24 ol8d EEL: #FFI dUAATE AZ field 2, 3904 AS
R FF] WOl Folt: AR YRR field 39 AFHoNA =24 FFo] T
BEBRAE et iA] G JEAAFYG £ FVL BolE Aoz nop gH A x|
F& °l4% AU 240 6 AFAd D A & AU}

FrAos £330 XYW EF FE59 nitrate FF 24T v @2RA A Ay
Fol Bkd dxFo EF HEF W nitrate FFol EA YYD P 2 o=
slslor, AlnlAlZ]o) m& nitrate 39 W3 RE EFAH FAE 8L BY
o AlEEE pole] mE X3EW Ael= I JElR AT, ol =g Wl nitrate §3Fol
IS 7] AEC BFsdy B = dUch Loz AMEEE EolA nitrate 3
F 10ppmE AA ZIEe= A3 gJonz B AFANRAME FH] AL Fo 8~
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l4ppm7}tA] o123 3, 2 ol9jel A7l 10ppm Piwte 2 AA FA7 =HA o
Agane] A @ G2 IS4 S AHFHA Fsdrh

n| el A oA, ofd2 oA APEL kA wgAIY Mg A& B #
o] <Fzt¥ ZA YElow, Ao A Al e} A ZHA] A8 o] olof A7t

2 Aoz F|oEy] dHFEed HIFAH AMIAE FF A8F Fhe Hudx F&
Fg vy ddstd.
AAEA A7 AAE 1AHEA EF AN wE 7Inl AFAu e, A{Ko G E
FAvl= vlg AR £FY {A, A Fd dodxe AFHolz HE
Aok, EFNe 3 WHol Ziol oM field 3MA} ZE HH3] AU
F AR T3 EF FEF dF %L AX &L Ao Yud. HFA
¥ EFAe 8] yH5E RAeE Holn, A7 AFAL RS SlAME
AEGFA AE ASAH e g AnF AP A g7 ol F
1o2 B}
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A 432 F8F RUEHY A2"bS o]L3l S5 =X

1. 4 &

o

T8 EUEHZ A" Foiglel AXNARE 9L F YE GPSY A=
THFE AFT F Je AME X3 TFW] A, AFE $8FL AN
o2 dF 7 UA 3= ZlEolnt ol FTE AN = FEF HHYE AN +=3
FAZE 9L 5 3oy, oF T3 AYAY £IF YRE IS F don, Hr)d
ol el Fl ol g3 AY, XFo|Fo o8 F Ut A wRolM AL HE=
AEFTd 7le T dREe] £3% 2UEHY Axgolr}

THE ZUHIZ A2dE 3A A e FER gy Yok 94 ARE AL
A= GPS, FHE FE8Y 42 ZA4sl= flow sensor B2 2= A 283 Iup
o AA£EE FHE speed sensor7t Aok zt FENAN d4W PRE RE
AM T3] A, AAE 8T AFse Holth GPSE 237 Im W9 =
Z+& DGPS(differential global positioning system)E& Al£3c}h ol Ao wre
AZ e} 71AF7e] 55 o]fd 2345 F£A37]) YR e GPSHT 937 A
A ZFAaRS w3l AHE3le GPS Al29e PN XA HRE dojd
ofob st g 237t 2 4w GPSHMti: DGPSE AHRst: o] Qubyoeln).

TFUHE FE2 e SHINE AL ZA F A FFE ALY sy= ZE
ol T AFFLE FRIFE EHo AAsid ZTEo) EEH: 27 fUPoez
Asted Ab83t= flow sensoreli, T slutE FE AAT SR MAxEd I
T ¥ F7HE o183 FAste 2= Ao, o FdHo| Yoyt YuiHo
2 iy Fude ARslE vFolHdE flow sensorE A4y, QRAHE ZE 4
S ol & WA s AF Folgtm @t

X 532 2AFd AME HXAA %9 JAZTE ol g ZANAY, 28
3 £5 AXE o838 HAlE 2257 Ko} WHAlEo] EoloE £EE o)lfd =
Ado £ Fuld WR £xA604 Y £=HJRE Y57 E o

ul

12
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1A FolW YAAR, TE 4YF AR, % AR FFAW APY SRS
Qg & Ak 1Y AwFHo R £8P RUHY ALWL ol gd JojxE £
ARE £z 992 A7 W 3 ARt wS Fdsch =% Fupae A
olub Waho) wWa MM HPeAst BAY FE Avh M dojW 53
HE vz ALR3tE AR $8F FRY 238 £0]7] 93} cleaning Fo} ¥
siod, I T8 2 AFA2 8% YR E Y Part o ol F2A T/ +H
ARE ol &8l A =357t 7t Aot

o offf o

o

2. 7171 =94 2 A9¥y

vl = Micro-Trak AbolA] Al#EE Yield monitoringoll %.9;?} Grain flow sensor,
Speed sensor, DGPSE =38t A@s7te A 575G Fvilel A FAsti, o
Bl A A8 & Simulation FXE o] &3] Speed sensor 2 Grain flow sensor®] &
A BHA AAS ZAHE AAEAY. IAAATAES HeEagrist ¥ 87| A
X ol Speed sensor, Grain flow sensor @ GPS29 RFAZEF ool AULE
ZAETH o8 Sa) doj@ FFAFRE Data cleaning IR S AN HAXPE 9]
, ol HolHE AASA Hed F XFFYEE FF3n IFAHFATE ol &3
TAARY] FEAEH AESHE A4S F 2dd 71EBE olEHA 83F A=
zHd sk Ak

K

&

e

3. 783 RUEHFP A=A 504
7k Al dsAE
Micro-trakAl 238 =<3 GPS, Yield monitoring system®] calibration 2@ A% A

He i AN A5HE 33590 =99 Yield monitoring system ¥ GPS
g YEFPQA IFY Fuicle] AFHo=z AF 753 A, Grain flow sensor®} 4%
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Aol BAZE go, duiAge] Aa AEAwrt Dol Fuidl FEYA AE 2
ME AA AFste] Hdl Grain flow profile® YEME X0 FAAsdrh GPSE
Auto beacon mode FE|lA 12m ZFELa HH udA AFFHo=z AFHUGD
Yield monitoring system< A4 A% %03, Grain flow sensort calibration ¥ ¥t
BARoR HUSE A HAA, 23 ¥ Ad £3 T4 (Ikg) WHAAlA FASHA
=3

<Speed sensor> <GPS antenna>

<Grain flow sensor> <Grain flow sensor forks>

_Im_



<Display console and module> <575G combine>

. 2 BB

B 8719 B F£&7ie} GPS9 Yield monitoring system®} calibration ¥ A%
AdE 95t GPSE Auto beacon mode FE{SA 12m EF LA ¥ oA
Aoz AFHAUTY. Speed sensor? 72A$ wheel typed! vl Fuilz= g
crawler typel =W Fujelof] Sensor ¥3& FEFXE AF drive shaftell Q23
F38 4 AA. Speed sensort YA calibrationg ¢33 Ay G A F
&% 25~35km/hroi Al oF 05%9] A e B WA FYHo=z AFE At
Grain flow sensor¥ calibration ¥ 1% 13 & 2 ATl o vigxoz A
g FARRE 2H, oz HH7E oF 2% olW2 {FAHJAR, @A 3/4 HA
Al FE Y Foll 271 AY dH TGN dd A7 FrMEE AR JEuEI,
Null frequency calibrationg %3 BAL = UAd. BY AP =349A Grain
flow sensor?d AIFE WA= 4,000~10,000kgol ey, A=A /HA ¥ Flow
Sensor?t Grain Flow Signal-& A#% ¥ oA ZAEFde dies Ho 2729 Time
delay7} 7R = Aot
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<Speed sensor> <GPS antenna + grain flow sensor>

<Sensor module + GPS receiver> <Display conscle + data logger>
<9 kg >
€] @ @ @ @
A 4 v
71 91 95 8t 80 101 96 90 73 76 77 74

Fig. 4-1. Scheme of combine operation and data collection of rice vield.
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B 8719 GPS% Yield monitoring system2 2 3}3}l32 calibration ¥ A% HA
333ttt GPSE Auto beacon mode “JFERNA 12mg] HEFE QA Y oA A
Aoz FEHL B 5 3dAr) Speed sensore] A $ Sensor & FEAXNE A
F drive shifte] 23391, Calibration =3 F 3 A3 FTHA A £=9 2
5~35km/hroll Al 100m 8 Al ImWlglel ex2 oF +05%9 A }& Boln A
o8 A% 59ty Grain flow sensory calibration® 25% 7182 Time delay’} Y
e A2 Flow?7t 23 € olFFEHE AS F8 Al 299 oF 13%olUldlM FEdx
7t AEN e, €F9art 3/4013 HAAS g Fe] e oHs dAsRG.
2]} Data cleaning 71 & o] &3ld 23 E AA #AAAE F UUh

il

"

4. Cleaning Yield Data

Yield monitoring systemZ ©l&3M Lo FF FH= te FIRE HAH,
Time delay%el @& <937t th4 JeldA @k ol& 2AFH7] AslA South
Dakota State UniversityolAl 7H&% Cleaning yield data 71¥-& °¢]83l9t}. Data
cleaning2 2 712 #3& AX 7/1¥A 2Lx71 2AY ER8s FHFTE AATL
24 olFolxa A, Fuldel CFE7E LEt Aot dFHZ AYHA S F¢

of 249 @& AAS Fd. B4, Fvide £x7t §A3 FrtEi A A4S B Y
58 Aue o3/ wle A7) i ojufe} FRE AAN Eoh AA, Fuid
o] £%7F g =9 AL ZBo §¢ o] otk Grain flow?t #olx]7] @B A

Arck of$ A& Foz 715 A ojFf9 % dHolHx: AAH o ol
HAE AXNA HE HBx7E 2AEA H3 vS BN SFAHARE A Hol VA
Qe FHFFAE FAH =S T 2¥ 204 AR dojd % HRE
BaFEan Qi 1Y 394]= Data cleaning 332 A % ARE Yz Y
Cleaning #38 A3 Fo vhA] 78z 3 ARE AHEst Fdag 3 21
e T2 UEFeE o] &3} Kriged mapg ZAAATHIZI 4).
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Rice Yield(kg/10a)
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128 98 s t - e * . e " |
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128 90006 L. . 5
e SD : 174.24
= l. T ¥ T T T ¥ Y T Lo
*
4.;’ 4"’ 4} ‘9’!’ 4.}‘ .;f o 4," o'f 9"
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Fig. 4-3. Classed post map of rice yield after cleaning yield data.
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Easting [m]

Fig. 4-4. Kriged map of rice yield.
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AB5A AYE B BE AFAY FHE 24

25 FHUE dd 4L ¥ AH 2AZANA F¥ agn w2 S}
FH AsAC ol=7|7A TIRAEHs & FAIA AFF Ao dstg FRe
Msd#d &3¢ 2344 54 B3E AES7AF8A ste v FezAM, 59 44
ol AAY 8x, 3 H 9 FAEY HHAAS FAY FFIE FH, ol sz
Ut (¥ 5, 2000) H4HF AAZ FA3 FoF, &% vg T 3F FAAY A18E F
g Eolx, Ade] MRS 7HeA 3, A AL FH S RASNEA, F7FH
22 dAF YAEHA FAHE RS, GFF HES AT F de JFEgF F
de] 712 dAedddS driFo] opd FAHY 01‘31-”1"-?, A BA9 x3}, 9
FAaol old ¢&3 T dAA, A MAUEFE E83 1k FY V1EE 9
v} gtk

AL ¥R 2147 AEAR Aoz Fdd HE A £ e G 5H7ER
(NRC, 1997), A% 7153 ¥ <Y(Sustainable Agriculture)?] 7Rddl A, 87 A At
™ (Environmentally sound), AEIAl®} & 73] I3t ol QoW (Ecologically friendly),
FEZAN #BHE £ ¥AFE F SE=(Economically viable), F&3< 5 A4
(Integrated agricultural system)$! #H o]t Gold, 1999).

AY 4L AY SolH(site-specific) A ullorsiny, F&F A Ao (Right
Place), &% Aol(Right Time), A& WY (Right Way)e2 HxAE 54
F e 7le AAE FEsd A& AW Holth olF 39 FelugxE F
4% A2 B Y AFACd dd AU} ABolr). o] ABAE EY, 74, HE,
TH AT 7le AR F sYo Bag RE ASE XYY 53 EYFRE FY
Fdol dolM FHF B& Aol HASA WRF =Tl

Ede] HAEL EF T HEY 942y 2 AR, old wE vlE Al
48 T/, A8A7 52 238 5 Aok =3 YA 2EE AR A J== AP
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F] HEE 548 5+ Y& #AFH 2AE AFIA B

AAsdoAe EY AL A8 39 X2 EFS of - 518 5S4 FW
ol T4 BAHZFAE TAZ AEL A5 P AYAEE 1 AE e IS
e EF Ul EXXE At AAdz AP AALE 3o FHFS F
3 slBEAME BEE8F AN FAE HAs sl AAFo|dA #F
Aul#EEo} 1 F 32 o] Ut

2. A9 53 By
7h AR EH EG3A

1) 20018 ELxA}L

AlBEXFEe FEE 30m<100m=Z T35 43mx5.0mel g2 HAAH3e 0~10,
10~20cm Zo]lE 168Pointoll A 336" 2] EFAFEE AFsded, EY FE FAE
Dynamic penetrometer& ©]-83l 0—~80cm7tx A}

ANEEFZe] F3 Holy wHeotx o B ZAE 93 EM38(GeonicsAhol 23
% mode (EMh)?} 42 mode (EMv)&t® ground conductivity® €A 3
(4.3m»x5m)e. 2 =739}

Fig. 5-1. Vertical mode (EMv) and horizontal mode (EMh) of EM38.
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2) 20020 EFEA}

AFEZe] AR 8T 37 plot(l, 2, 33 thxTF 371 plot(A, B, CO)& MAs
e FEE 3Bmx100m=Z F A AP 370 plot(l, 2, kA= 93mx*x105m zH
A(Z} 40 point) 2.2 EF A8 AFHE AHReH, dE2F 371 plot(A, B, Ol A
= 14mx14m Z+Z(Z 24 point) ©2 £ AR A Aok

3) 20033 EF=A}

MAEFe] AQL HAFTF 370 plot(l, 3, 5)7F HE=T 370 plot(2, 4, 6)& XAAs}®
ZZ FEE 0mx100mZ AP 7Y dEZTE Y34 75t 10mx10m 3+HH (2
30 point) &2 0~10, 10~20cm Zlo] W 18049 EAANEE 49 5343 1099
TFHE2 EF3ld EY AEE AMF st

. 2Py

A

N A 239 EF 24}
CEY 8314 : pH, EC - 23434
NH4-N, NO3-N, T-N - Kjeldahl ¥
P.Os - SS B3P Y
K - 224%334=U(AAS)
Si02 - IN CH3COONa &9y
Ground conductivity - EM38
OEY B4 : ¥ 7% - Dynamic penetrometer

Dynamic penetrometerts g @ = 9] EiJelkampAlell A A& =ma 0615
penetrologger set°]™, 0~80cm7tA] A& Q) =Ho] 753 cH(aY 2).

SRR de EG A 2298 YAGA HAIAAZ ¢ dE HAREL ¥
3 ZbEdHl ¥ 79l penetrometer 9 933 2 AU ¥ 9% £x= &
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Fol He ol 2HVT F

1A

£5 = 2cm sec |2 3Gl

Fig. 5-2. Dynamic penetrometer.

2) EMvel EMhe] X%

AFE SALYEoR gy A SAYAEAAT FE29 ¢ EM38-Geonics), 434
W EAHoRE IS(EY @ FHF)EE ol83dqtt ANFEXFUAA gridd 2 EM38
9l 3 mode(EMh)$} 43 mode(EMv)Z2] ground conductivity& 3 A3ted, ]l
g3 EFXEE surfer® 43t

o E<ksisgdl mE WE Auy

=ERAA EF HAAN AT AuARALE 19999 % FhANIedd HEE A
WMALZIE FAA EFAAA o AuZo EAden, B¢ Y4 A=E sl
o Alb] g AARI, ol& AlE X AANY REEE surfer2 2E3A T

ock4=8g 9% 9 Auje 3%
N(kg/10a) = 22.76 - 2.72 x OM(%) + 0.05 x SiOs(mg kg )

- 118 -



P:Ostkg/10a) = F+ &4 100mg kg ' =4
= (180 - E% P,Os mgkg ') x 0.1
# A Al F 5kg/10a
2F ¥3% 3% =4
(0.04 x CEC - E% K) x 47.1
ESFETFA 130 mg kg ' 2HF
= (150 - E% SiO» mgkg ') x 338

K:0((kg/10a)

TT4Hkg/10a)

FAIE(EHTH)  EG §712 3.0% v of 15 ~25 E 10a' A]&

OAFS] Alu] Al ¢
N(kg/10a) = 12.74 -~ 152 x OM + 0.028 x SiO2
PyOs(kg/10a) = #+ & QA 100mg kg ' 22 %

= (100 - £% PyOs mgkg ) x 0.1
FEAY 100 mg kg ' ol BY EFL FAE

48 ¥3l% 3% =4 F

(0.03 x CEC - E% K) x 47.1
ESGETA 130 mg kg ' =2 F
= (130 - E%4Si02) x 38

K20((kg/10a)

11

H

TF2Hkg/10a)

F712EHTH])  EY f71F 3.0% UI9Y oW 1.0~20 E/10a A&

2 EYEAY BEX % A (Kriging)

AE EFW F dole] digste HAG Av) g A% PPoz AY ¥
o EF S4E A8t 333 BASE By olf 3 AL AT s)Ed
KrigingZ1 & ol&3t9 A=} &9

KrigingZ| 2 AAE A< gridding WY o= 714 adxoln, 713 g A4
=3 vk o] BHE EWHE dataZ R E contour surface mapping® & HO=Z

S,
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(&) o l[ cos©_ sin® | Az

_ c0s© —sin®©
h—J [Ax Ay][ ; ] 0 (p/A)Y?% L —sin® cosO Il Ay

sin© cos©

fAx Ayl = is the separation (in map coordinates),
A = is the component’s Length parameter,
o = is the anisotropy angle,
P = is the anisotropy ratio.

Kriging71®2 A5 YA A== 71 Esta H@sA 458 + U= B
TP Ede ST Z2 A8V BE4E F2 HTUE FE 7 A= R
th ol @ 1ML AYE o)TY W AR F] ANHEE 4 4FF = Utk

KrigingZ| & Ax, Ay9] AFe FEE vedo Ag (W€ Z2As= | O, A,
pell et ALE FAHM/IUEA datag AdFsts RAHe=A AW AMA 4
£ cosB¢t sinB9] kol 0, 1el2z Aol &olstyt Bl AW I (anisotropy)d "E
ol w9 H3Asit. ol g krigingZl®ME& SviEA AEE7] SidAe HAS
variogram& ZAddtodof 3, ol Sy iyl AMMe FBLS AR ol
dgasich ¢k A5t FEIA A variogramel 71&719] gkeo] H&3A] K3Ho
ool =3 g o] FEW, EXE A4 A HAA AHE 7+ + A @

3. 28 ¢ 33

7hAE 2R3 EG 54

E 1-32 39 398 A% A9 T S8x 2HE @ A% golth Ny ¥

e Aol pHE 2001dS M pHgtel 582 <fiAdoez =A HYoewn, 200293
200399 MNP EXFE FAdoz B Aur HAY $£FU pHater 45U
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=EFAM9 ¥ Aur HA pHE 60~65°19, §7123% a4 FEFA ©
Z2E A & F718 o] 253002, FEJANT FAo] ZF 80~120meg kg
13} 130~180mg kg '} WY ol}.(Y =. 1999)

Table 5-1. Chemical properties of the soil in 2001

pH ECa=s NHs+—N NOs~-N OM P20Os SiOs K
(15 S em") (mg kg ') (g kg (mg kg
5.28 1183 = 89.1 62.2 35.6 103 98.9 2435

4.90-5.64 76.0-278.0 64.4-254.8 30.8-170.8 22.1-43.0 60-182 52.7-158.1171.1 -4115

Table 5-2. Chemical properties of the soil in 2002

pH ECas) NH4s-N NOs~-N OM P20s Si0g K

(15) Scm') (mg kg ") (g kg’ (mg kg V) cmol kg '
R 167 78 44 340 88 358 0.37
PO (59-7.0) (121-223) (45-146)  (28-59) (142-528) (36-297) (195-74.1) (0.23-0.93)
oz 64 154 69 52 326 74 6105 0.77
PO (59-72) (105-243) (41-152)  (37-110) (14.7-448) (52-114) (50-1447) (0.11-1.22)

6.4 135 %6 61 489 1224 544 0.68
plot3

(6.1-7.4) (81-211) (62-244) (32-141) (345-60.9) (59-154) (267-942) (0.36-1.09)

Table 5-3. Chemical properties of the soil in 2003

pH ECas NHse-N NOs-N  OM P2Os SiO;, K
(15) (Sem") (mg kg ") (g kg » (mg kg ") cmol kg '
VRT1 6.0 30 30 31 209 117 15.7 0.19
(56-6.5) (25-41) (17-62) (20-45) (85-38.0) (21-161) (6.0-330) (0.1 -0.29)
VRT2 6.6 68 28 26 169 152 49.3 0.18
(65-69) (48-84) (14-53) (22-56) (115-439) (91-212) (32.6-1389) (0.13-0.44)
VRT3 6.5 53 29 29 34.8 159 210 0.29

(63-6.6) (35-67) (14-53) (22-45) (21.6-495) (117-194) (12-39) (0.12-0.46)

- 121 -



2H 328 /12O AZRe PAE ZF 8 A
2 oggth A4 Au ARdel 29 F7EOME Ax AH
o & EF U H712OMBF) Bol@ Axel AuFe I3
g gerel AeA) ole Wael A¥Re BolHol o).
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rlo
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U3 FESEE 2HERT ¥ A7 718 SUsA 9 =ES Fojv, 84 T3

S
Fe FAAAT, PAF TYEE HojA} W 4&A B
grh. adu A4 9 U RS A4 e PP
80ppm SHHE) THE R FoE EA} HolUTh(-87 F719)

Al 2N FAEIFAHSIO) §HFE(74~159ppm) Bud @2 Ao R RBA AL
9Arh aelee A FAke] AMAESF AP aT7HM, ohgd Aad Au
AE FFL PAA HAn Aae) A¥FL JGAE T FFL 9 Faso
g & gtk

AW EAe FAQY GFE BFgol 4 ETFU o] wow, W AW A

A £z HA FFRU 2L oz BAHQL)

o
ofn
tlo
52
3
I
3

ok
S|
(2
- N]O
&
L
m.
+r
ot

o AlE 2E EY BE BEERE

29 4~108 AY EF EFe] sehy YRS vRoE Kriging /1Me o839
Surfer2 A E8e 1902 §7187 A, 74, BE) BE% 54 BEE o,

7t Bk 24 R¥E aPAMN B 4 UFE $Xs3® A2E =A% A%G. A
g2 AY TRudAe gFaRe 43S 47 WA Hetw & Ao olAH
EFAAo ¢ TR EFS9e ot ¥ A Bdo ALdnA T AS
B9 gro] ZEHLA = ol A ABe MRS AMT 5+ Ao Y
3} EG EM BREIEE £ A Ax FHANAN {FE3A 282 5 U
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Fig. 5-4. Kriged
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Kriged maps of soil organic matter and

K
maps of soil Si0: and K in 2001.
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Fig. 5-5. Kriged maps of soil chemical properties in plot 1, 2002
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Fig. 5-6. Kriged maps of soil chemical properties in plot 2, 2002
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Fig. 5-7. Kriged maps of soil chemical properties in plot 3, 2002
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Fig. 5-8. Kriged maps of soil chemical properties in VRT 1, 2003
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Fig. 5-9. Kriged maps of soil chemical properties in VRT 2, 2003
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Fig. 5-10. Kriged maps of soil chemical properties in VRT 3, 2003.
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Fig. 5-11. Maps of N fertilizer recommendation.
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Fig. 5-14. Maps of fertilizer recommendation for low
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Organic Matter

Northing(m)

onoerODLOVDON

o0

n

Easting(m) (kg Qa)

Phosphate

5
0

:é: -0
o E-R =]
£
£ P
o
z ES
2.0
R =]
" oo
50
Eastingim} (kg 1 Q&)

Fig. 5-15. Maps . of fertilizer recommendation for high

yield in VRT 1, 2003.

- 132 -



Crganic Matter

3
(=]
£
£
T
o
-3
40 50
Easting(m) (kg 10a’
Phosphate
1 b
E
[+
L
5
04— - T T T ———
0 10 20 30 40 50 60 70 80 o0 « 100
Easting(m) {kg 10a)

Fig. 5-16. Maps of fertilizer recommendation for low

input in VRT 1, 2003.
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Fig. 5-20. Maps of soil hardness(10-20cm) in 2001.
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Fig. 5-20. Maps of soil hardness{10-20cm) in 2001
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A6 A AsErl AN ©E AARY A

1. AFAY ANFAS 47 2L FFIH
7 A7FAYGe] AuAY

Adsd 97299 AFY A+ AYgHE FTEHY AZFd Ae AAAY g
of f1X¢ F2FH 843 RSy FIRFoict RFULE HAG H{E A= =
T 29540 B oy, AFAYL o] 2 E FHORE FHI MU AAH
o A+ AEAA &3 FAA o

AFA Y 278 Regtel dudEge A¥EA F T £ 200297 20033 25 43
T2 ¥gr gley, 20033 AEEEFVE 437 A FrESE 20023 343 90A
3052 FAA3AET. X 1o E o o A TAE & g FuUA EY
F 307 = AHer HAYGF HAFFolo

(B 1) a7+A99 7H4++4

7 on =7} vl =7} A
2002 34(79.1) 9(20.9) 43(100.0)
2003 30(69.8) 13(30.2) 43(100.0)

AFAedel £ ATE 1449, 5DAPE 3300% 200287 2003Q FLHTY. o]
FATAIAF = 20023 AAMAF 45.1%< 65HAA 200339 = 617 424%F
as9. 59 FAATE 192004 20922 o F743A.

ofi

i
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(£ 2) 47299 37 2 $GAF 8%

78 AT(A) % 9 F A1 2HB) B/A(%)

2002 144 65 451

2003 144 61 42.4
sRRATe] SHe AR Pom AWuw, WYIFARE 2002d 59240 A

20033 59.8412 064 F718tNo. T2 HAFdHe] 1d

T Re 1¥ FUA A9F 309 2% ZH FEAPe FAF7 AE
20039 @A AT dHo} 604 ol FA FE
Aol Atego]l & A

2979 AHFES 200398 7|22 BYE gip

o= ogdr.

2o

Az wws okt F7h

ol z2hd

1522 103 %9 ¥4494= @

FEo}3teoln, 33.3%< 10

Pate] mEolHoz et am HE SIAAT 39 A7 7)0%EY
ez MqYsdel F2HN J4ge FFam U}
(R 3) A47Ade] sqAGE 54
-y Aax AAF &
= e % = z = 2= o =
2002 59.2 12(35.3) 11(32.4) 3(23.5) 3(8.8)
2003 50.8 9(30.0) 11(36.7) 7(23.3) 3(10.0)
ATl AM AFAAHL 20029 AS A== 550ha, UAA] 385ha,

935ha® %9 HAAAHWAHL 2.75ha® HIGT 26l 7I7¢ FEolden, =3
A9l W& 588%% vElWT 283 200399 A$ 2EE 7Y ¥AE AR
Al 717 Wi = JAEtd AR o 3 Agdge ¥ g
Yl 29 9P L 312haz F7MEch 28 25 AY 5AE gl

HAowg

AO;q
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(i 4 A7A9e ZAAH

. A2 94 9@  Aha 5% 4994
- A2} A A 2} =] A (ha)

2002 55.0(58.8) 38.5(41.2) 93.5(100.0) 2.75

2003 56.2(60.1) 37.3(39.9) 93.5(100.0) 3.12

AFAGe] FEI AMFHL
ol ol e,

23.6ha,

oz Y} 200243 txg

200232 A3 A
A g7t 332% 2 H I
G5 74haZ JESTH 28y 2003 €

4 we

o] FAt}. olRAL

fgoly. 8%

A HAH 2 66.8%2 62.5ha7t

Aste] A5 AGAH

A% ARt AFE R

& }F7 %e F4E ARARE @

w7lEo] YRR 94Anz ARNs) GEolt. olqxusl Aol wa ok F}
& A A AGARE T/ 5750 o]¥e ez ABN) HEo| T}
(E 5 Q7] £52 Ao

N ] BT

v b A g g + - A

2002 62.5(66.8) 23.6(25.3) 7.4(7.9) 31.0(33.2) 93.5(100.0)

2003 64.9(69.4) - 28.6(30.6) 23.6(30.6) 93.5(100.0)

A7 Zaxs]A ReEPe 2w sd8 179, Durel 139, ojerl 124,

Ax7] 1502 7)Zo) whe} xol= Yok 355029 MHEe molm UL ol

g dFA99 F71A
Full 8.6%, ©l 47t 28.2%, A =x7] 81%<

At

= o
3FES

ARFT 714
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g ol2zal(R ) AwiAAFLE 200292 A$ AA AR Aur5F< 46.4hadl
olm g o), 2003 RaAFUY Az I AupdEFHol A3 39.8%2 37.2ha
2 YErsch

(& 6) A73A99 714 2# 9 o2z uH

2 g F8 ¥4 L{3aF o] R AR )
EYH Fukd o] 47 Ax7) 2 A

2002 17 13 12 15 46.4(49.6)

2003 17 13 12 15 37.2(39.8)

U 7Y FGLE $4

A7Ade 452 BAUe BANL 8 200247 2003 24 DA F7E o
° 2% AAse.
$4 10a% FHxFANE vY AxdzE 2 Aol oy AWMsEzE =
sfolg molm Y& & & ATh 200249 A ool 234ANO T ehgon,
2she] B ole 854A1F0 2 olduin] A0%FFoW, HEHSE 17084702 e}
stk Ao ool Blel mEFHAIT 40% FEA IANE Qe Ane] wFAY
297 A AFAGe} ARANE R 5 FHoE B TR AA
A THARFAYE F£ HFYHA A%z wh

293 AFAGe oleld RFEGANE AT du] 60%, AU 55% FEoE
e Rge & 5 drd oRe dFAde) g FAAden AT F: PA ¥
ol wlsl 59 AATFEA An), $AQY zho] Fuae, IdAul wgo) 30
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(£ 7) 10a%d =&5FstA12

A7 A 4% 2 48"

T2 2002 2003 -
% | As | A7 | ol | Aw | @ | o | 4%

523, 24 3% | 834 0.86 2.85 8.02 0.85 5.83 471 5.39
A £ -F A 0.54 0.44 0.51 0.55 0.54 0.55 3.36 4.35
o] & & ) 3.61 1.03 2.75 3.59 1.19 2.86 5.03 2.79
Al H] 0.59 0.23 0.47 0.61 0.27 051 1.81 1.97
i | 0.91 041 0.74 1.14 0.73 1.01 2.07 2.25
A) = | 039 0.2 0.33 0.36 0.13 0.29 1.77 1.70
2 = 3 ¥ 5.68 4.22 5.20 558 4.47 5.24 4.97 4.68
T 2 d 086 0.78 0.83 0.86 0.84 0.85 3.72 3.35
Fal = 0.42 0.37 0.40 0.39 0.29 0.36 0.96 1.04
71 E} 0.65 0.48 059 0.65 0.56 0.62 0.17 0.37
Al 21.34 8.54 17.08 21.1 9.31 175 28.57 30.89

1) Q&

ol

CAHEE A GAE =F 5 ekAIRE, 200200 4 A

DSAZEE mEBALAL 20039 Zluetsel WE £@8F Az 20029 oiu] o
9%AE AT 5127380 P8R YL & + AT 2HY AT o] FanEA
el GEo2 nFANYL AW ulel 159 ooz vehgr)

(F 8) +x2%9 10ad =F 84

pe)
> = S 27 A 53 A= 7 7(2002)
AR A
k(‘fj ;f“i})" 56.310 51273 31,272
=

) FEXEA, 58 2 9AE =FFAZL, 2002204 24

ZAIA R ol g AHE dHEY 10a8 Adule 20029 760,985HU 04 20033
789,228 02 °F 37% FsatArh. Adu] FE52 2003d Z)Fetsle] e e o
Z8 G o2 Fonsl 30%0)d FHAeH, Besu] 42 ojxa Yuiw A A
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of e EXALAY FrlA 2 A& FE 5 Urh AA 200299 AL FFAHQ
BEgA sss 2-33 904 200399 43] Ax g2 JEelhgoen, ojxa n el
vl @X = 20029 Wiy 20%AE FFaskch

A 1kgd AAEIE 713450 g Yiul Foket £¥g A2 20029 150180
A} 20033 1,669¢€ 22 10%0°)lAt Attt

A ZAE EdZE d7AYY $7139 A9A49E S8R dz259L 2002
3 26449- Ao 2003 27,9652 I3t FUHES S ¢ £ U9 AAH P
A= sHEFAel T/ ot 9 & 03ha A AGTEZ Gu=EAr] G
ojth, mElx AFAYe R} 2FUL 20029 AIZHF 74713099 358 ojAro
2 vy Eol AFAY & FAHAGAE A &+ AU

FHE IS FAAAMNE A7 1062984 11018892 20927 H Aol A
245083z FrtstRed F7HEA0L oA AHE ueh o] Feoiuigl Ex§
Al Tk Ak FHAF L 158208 Yol 16947H L2 =718 Wl EdSaS
Q& 55223 oA 3367HPew FAasA.

(X 9) d5A49 &7 ZI3487

a He
T & 2002 2003
Fd(FEHE2FAA) 26,449 27,965
A (=2 Fv(B) 10,629 11,018
F U (22 0(C) 20,927 24,598
FTHHFEASF(A-B) 15,820 16,947
A EZDETA(A-C) 5,622 3,367
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(X 10) d+39 9] 10ad vl 5d A4y

. 2002 2003
* o]} 2] v} 3 7 o] % 2] 5 57
10a3 A4 (kg) 510 500 507 475 470 473
Zuy 16611 | 15010 | 16079 | 16554 | 14937 | 16,059
H] & ) 22983 | 22283 | 22283 | 22563 | 22563 | 22563
5 ] 48619 | 48619 | 48619 | 64961 | 64961 | 64961
71e} AARZH| 2135 1,450 1,908 2,135 1,450 1925
A4 | @wz99 | 10812 | 858 | 10071 | 10681 8476 | 10,006
A Ak 1) 124255 | 45714 | 98179 | 123332 | 58727 | 103563
w | @EAAE 2,337 2,851 2,508 1,770 1,766 1,769
71| 105031 | 49288 | 86524 | 104331 | 52217 | 88334
w~u) |28 | 18687 2608 | 13,349 | 18492 3883 | 14,022
A | 123718 | 51896 | 99,873 | 122,823 | 56,100 | 102,406
27 350,770 | 196,403 | 209520 | 364,819 | 228980 | 323,252
2}7H 266,446 | 222637 | 251,901 | 265612 | 262324 | 264,606
(e E:L] Qx| 148162 | 224558 | 173525 | 156,742 | 186228 | 165,765
A3k A A | 414608 | 447,195 | 425426 | 422354 | 448552 | 430,371
w | AEedu | 42271 | 23499 | 36039 | 40,183 | 25221 | 35605
A7) 456879 | 470694 | 461,465 | 462,537 | 473773 | 465976
10a® AAu|(Y) | 807649 | 667,007 | 760,985 | 827,356 | 702,753 | 789,228
kg@d ABAv](H) 1,584 1,334 1,501 1,742 1,495 1,669
2. RR AN oF AP FAY BA
7}, BB A4 (Partial Budget)
AMEdst 2o A7Ee 295 uA & [ FAHes MrlEd AEFdeEN o
A == oo A7]Ee] Egle wrE uvigrt agd Ar|EE =UFA @4 ol
M Arlgol sleder AR ¢45717F BRHA @estt Ar1Ed vl eH F9

g oA BHSE

g Basor @t
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¥ 823 (Partial Budge)® $3390A 47142 =9 5 NEA A== @
ey BAsts N4 92 nass ¥ S8t = U742 Eqd A
WA ALHT Qe 71eT vlTHe ArlE =40 4= =4 WS Prieke ol
.

A7lge] EYIRE 2] AP RRANS ALY G4 sEe] AA A
sel A71E £ Fo FAH YBHE 2o Adses FAste Wriatejet @k
w3 Ar1e S0 me FAE 43 Ass Baw gy gL 414 T o
A8E AAckar.

1, A7l 2o =28 "lfo] WAzt r}7

2. A71s 2912 71E ZIEsAlS Alg vlg F AASEE BEo] g
3 A7E EYog Y2E Foo] A=
4

CA7lE EQog M€ ZleAks AlY 9 F TaHE BEo] g

9 47b7] "B NP PR vigoz RRAURE AAAE BYe gew g
ot.

X
rhd

Zles Ad7led 3488 ARE $HIJ.

71e =43 388 98 Ao AL E TG

ZF AuElee] ZAA g AviE =9 Al e AAE 4HE Ao
FEAREE A, £HAF v L AY8(B/C ratio)E AT}

TcHYT v ZAYUE B3 UrE £ A¥E AL

r

o RN

ol el AL T3 I P& REAMNEE F4sA @)
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(E 1) FEAAE A (AR7le 339)

Problem : Use VRT
Reduced Revenues : Additional Revenues :
8% 72X 0.0 F83 F71 0.0
71el =4 35 0.0 718t 4 71 0.0
Additional Costs : Reduced Costs :
Hi FY8 F7HH & 0.0
GPS 9@ E2A 8 & 0.0 vlg F{iul 33 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs

|8 0.0 % H 9] 0.0
Net Benefit : B/C Ratio : $H<] / Fv]&

ZHe - v = £HY 0.0 0.0

2R AN EANAN AHAproblem)e @A 71ETH A714F oW Rg A4 A
A7t &= Foltk olg AAsY] AT Fut el 47k AT U zAzhel FA
A guole Fako o8 wHez £UYF G BYW(B/C ratio)E Aatel A7)

% 219 RE ZAAsA "h

v AgEl e e 74

Nl

Asge AALE B AP FEANS 5] ANA FLEde =4 B
astel AT + Ak A9ES A FHsE Rolth

AA, APEFNNY EFZA A FAMRLTIH BARG A2, A9,
AFF AHFe Auas A9ES LAY & Y EF IWElel BYHe
2 e Aulel A$E nAT § Ak AT Ade] Age) Auew TR
4 AdHed BAA ArAe AV
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(% 12) Aldale 7is

No. Ul 3
Scenario 1. TEHplot)d v|E W8 FF FALHQHFE dFHo 7 Fq]
Scenario 2. THplo)d vln Ye%4F Yo Fs dFHo = 54
Scenario 3. AA 7830 plots)e] vl BAUoFS dBHo R T4
Scenario 4. FE(plot)d vlE oIS AF 5 (I FH)
Scenario 5. EE 736 plots)] ¥HE YAULHFE dBHoE 5Eq]
Scenario 6. #g Au|YeE vg 5] (PE7)

(MYl D& BAF 3071 FEplot)e dAesg EGZAE AAE AT HA
Hisgde s dA AW dBHor FAEIFs FE-E, ¥R £4L glonv v
B HFFo A 8F gV 44890

(AvEle 2> 9A4F 3078 F8(plot)s dFdeR EGRAIE HAG AT HU
H29a%g 97 A0 dB3oz H¥ds B4R, vlge &4do] gon d
g Iz A% 4% Jo0 4384

(AlvEl e 3)2 AT 3071 7 E(pplot)S dde EGxAE A AAs 79
3 HlERe e FFAE WA AWH d¥Hoz FXxde FSE, gz 8
o] &4 8% a7t 44d ‘

(AU e FLFHES AAEE A2 788 vge] Fadwng AP Ay
sle A2 Hag 82 &4 Qo

(Mui=gle 52 AA 30 #8F 67 8 BREFEIRA ol vsdaPHAAE
AAA 47 X3 Aol

(Ad2le 6)2 A ErtolA BRFH o= AAtE e AMYE 2z M4
735l

olgA FAE AU BAY ARA L EFFA A @& FFE FAH
HolsF3 v FAe 739 vwsty Z AJElee 88 &4%H vy &4
(AzhH2e Adeo.
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(E 13) AlvdEled &49 AdxE

Max. Fertilizer | Fertilizer . -
Tyg‘;ﬂ‘)f Potential | Required | Applied *;‘;';‘;21 {‘:i? Fflr'i‘)lslffr
Yield (A) (B) ) )
_ Ax7E AZXNE | AF7E

dHAHST (kg/a) (kg/a) (kg/a) (kg/a) (kg/a) (kg/a)
1 51.834 1.117 1.187 51.781 0.053 0.069
2 52.423 1.229 1.187 52.423 0.000 0.000
3 54.149 1.207 1.187 54.149 0.000 0.000
4 51.256 1.091 1.187 51.109 0.147 0.096
5 51.774 1.246 1.187 51.774 0.000 0.000
6 50.780 1.146 1.187 50.780 0.000 0.040
7 50.324 1.150 1.187 50.324 0.000 0.037
8 49179 1.253 1.187 49.179 0.000 0.000
9 47.321 1.288 1.187 47.321 0.000 0.000
10 AB.772 1.317 1.187 48.771 0.002 0.000
11 54.145 1.184 1.187 54.145 0.000 0.002
12 53.682 1.230 1.187 53.682 0.000 0.000
13 52.003 1.088 1.187 51.844 0.159 0.098
14 50.731 1.096 1.187 50.605 0127 0.090
15 51 .882 1.151 1.187 51.882 0.000 0.036
16 51.068 1.208 1.187 51.068 0.000 0.000
17 50.820 1.202 1.187 50.820 0.000 0.000
18 50.216 1.049 1.187 49913 0.302 0.138
19 49,099 1.119 1.187 49.054 0.045 0.067
20 47726 1.256 1.187 47726 0.000 0.000
21 55.215 1.265 1.187 55.215 0.000 0.000
22 54.008 1.178 1.187 54.008 0.000 0.009
23 52.450 1.247 1.187 52.450 0.000 0.000
24 52.652 1.168 1.187 52.652 0.000 0.019
25 54.143 1.219 1.187 54.143 0.000 0.000
26 51.893 1.154 1.187 51.893 0.000 0.033
27 51.518 1.169 1.187 51.518 0.000 0.017
28 48.952 1.142 1.187 48.952 0.000 0.045
29 47559 1.206 1.187 47 559 0.000 0.000
30 49,190 1.223 1.187 49.190 0.000 0.000
sum 1,536.8 356 35.6 1,5635.932 0.834 0.796
average 51.226 1.187 1.187 51.198 0.028 0.027

) ol BN EF=AAHA S
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o B &A1 A=y

Adsde =434 a-¥dg Aveled I BEAMEY A4S A% AHE A
7 23 3E dizy £ 339 AEF A9t 157HAE T 1, 2T D9 o)
@E7F 157HAR ], dx7 D8 »8E o839

Hlge] S4FE ESx2AET 2 FH(plot)d ¥R PaFE VEFoz ARFS
Adsted zb Aueled vlse] ARn SAEh3E 4390,

THE FA2FE EYZA Ao vre BoRE F FYT F A ¥
ZlEog2 A EE 7] vl FYZFE AN E A% 4A "HE 83258 A4
3td of zolE FHE FAFoR HUY o f vlg FAZFIH FHEZH BA
E AAA sd7IedEAA AA% BlaEaE) $939 2L 294dnE
o]-&3 . .

FHEA vR 71A JEE FHEL AF(A)E JIFLE 80kgT 1679, ¥ E
20kg@ 4,800€20d AA:F F/HE 046%F wEd 24z d9F & 712 200009
/kg, ¥IE 7}A 521.79/kg & ol &3l

vhg AAe AAE BHAAE Aot oldwvty ddd AAd EAAAEs
vl HaAu] BARG oG] HAe] (B E o8 sIFH TS Asdch

ALEd =9z FUE G e vlgo2e GPS ¥ ¥lad¥yr] #du 43
EgFzA g 5 7EA7E drh olel @k vl 88 FrlelA 100% BeEe Age B
F7HN AR BAAH RFes ZE8E 277 o] w7l 100% gt 3¢9
A BRAAN FEHOZ(50%) £ AAFHo2(100%) RE2E 3+ F$E ndst
o Al et

BEsd T8 683 GPS % HRYEY] #AAYEL 2Bha 600 Uein], Wy
deae 10dein. BEgxA & 18939 307 @plo) S =418 39 789 2ve
ojt, 157 =AY 7§ 250009 /plot, 6789 ZAME A 30,0009 /plotelth. E
F2A AAE 13 ZAIE 333 o1 E4F 5 Ak

ol’de] ARE ol &3] AL s FAIND FEALEE AT AFR A8
7 R vhE 999 FAH dade FAINAL. ol Aby MR Al 6wlgde
2H G Aot & A A FNA B o uisAuFe) g4z QU £78 og %A
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274 Aol wE A W2 3dEEHA Ut AWEdol e ol d A3
Z Hels vgS 9ge A 29 go T Fdesttn Alg €.

off

2 FE2AHPBIY % BAAE BA B
D AVEed 993 AAd 24

A ed G9plond AAY BHL oGt AdEst 1w vk AMz 7
2t Mgl

ol Auele 24N, FUrde =YY ALV 4) +7E £47
HE &40 Ad gt Ao dewen, o J1Fox Az AL FAE
4, vimy A% g Esh 2ok |

BAA o] 4R 2 AsE AL 12 EFxA 2% vs e £ Ao
FHe AuAe 9% ¥ Aot M AL A9 AU 322 EFE
A A vRBaRe] BFe AWM J¥ Y F52 6949/a0lth

(F 14) @787l A3l Ast

B 3 a 9
Yield Fertilizer Yield Fertilizer 1923
No. "Lost” "Lost” "Lost” "Lost” A (1200%)
AE7E I71& &4

(kg/a) (kg/a) (2/a) (f1/a) (/a) (f1/8A)

Scenario 1. 0.443 0.000 886.9 0.0 886.9 35,474.7
Scenario 2. 0.249 0.130 498.2 67.8 566.0 22,641.1
Scenario 3. 0.028 0.027 55.6 13.8 69.4 2,776.7
Scenario 4. 0.000 0.000 0.0 0.0 0.0 0.0
Scenario 5. 0.051 0.041 102.0 21.4 1234 4,935.0
Scenario 6. 0.241 0.563 482.3 293.8 776.1 31,044.0

F) 1. AF @93 713 160,000 / 80kg = 2,0009/kg
2. vl5 993 74 1 48009 / (20kg*0.46) = 521.7¢/kg
(046 = A2 Iv] )
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oldEvte Ay B A¥YPer T FFAUEL 6) v8 AHgFol FAoiste n)
2 &4 8 opd F8Y FaztA] 2Aste AAH E4do] 776.14/a0 23 ¢

=

Assrte] A4 AT TAH 27 TP =RTA7 Lol
sRsel BE 8% Ba%e AAG A= FRhA0.
Adele BAADL 94T AAY(E)0] 38309/as ol dErnk
Wtk B8 ol¥zksl A$ ME 28%0] aF 00Bkgo T FFHoD
ol MEMadl AN Avsgoy, aude U2 AugozA
48 &Mo] WS

(% 15) 7 %7HH" 3 Aveed A

°l& 73}

U3 EA e}
EYgxAL A3
ag 0.167kg2

B = o
Yield Fertilizer Yield Fertilizer 18X
No. "Lost” "Lost” "Lost” "Lost” Al (1200%)
R AZ714¢ &4

(kg/a) (kg/a) (/a) (4/a) (¥/a) (/98 =)
Scenario 1. 0.281 0.000 562.0 0.0 562.0 22,478.1
Scenario 2. 0.260 g.161 520.2 84.2 604.4 24,1761
Scenario 3. 0.029 0.028 574 148 722 2,888.6
Scenario 4. 0.000 0.000 0.0 00 0.0 0.0
Scenario 5. 0.055 0011 11086 55 116.1 4,644.7
Scenario 6. 0.167 0.095 3333 456 383.0 15,319.2

F) 1L AF 993 1A
2. H8 993 713
(046 = AA A A8

3. FRFEA)E 250 mE &4 g AFHE AL

: 160,000 / 80kg = 2,0009/kg

14,8009 / (20kg*0.46) = 521.7%/kg
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(X 16) @75 7HeHE) Alvaled 29

E & 3 4
Yield |Fertilizer Yield Fertilizer 18213
No. "Lost” "Lost” "Lost” "Lost” Al (120093)
AF71&E BAF7|E &4

(kg/a) (kg/a) (4/a) (/a) (/a) (/2 A])
Scenario 1. 0.394 0.000 787.48 0.0 7815 31,499.3
Scenario 2. 0.252 0.140 504.91 72.86 577.8 23,1106
Scenario 3. 0.028 0.027 56.14 14.14 70.3 2.811.0
Scenario 4. 0.000 0.000 0.0 0.0 0.0 0.0
Scenario 5. | 0.052 0.032 104.63 1653 121.2 4,846.2
Scenario 6. 0.218 0.420 436.71 219.14 655.9 26,234.1

) 1A 9993 713 1 160,000€ / 80kg = 2,000€)/kg
2. 88 993 7H3 48009 / (20kg*0.46) = 521.7%/kg
(046 = 23 File)
3. elds7tst AsErtel (AH)VHE I A

vlg AAE ddoz AAL BME & A§ Aoz odErledM HlFE A
o] Wol vlE Qg ol I} AvlZ A FHF P20t A FAY
&Aool A e ol v AAE g AILFHdE =58 PS5 a%?
6559¢ 2] &Y e AASNE THE FALLA drh 53] AlUele 37 5AMAHE E
FzAIE AN F olF EE Hig AMZFE 2AE AT 9A FAFH EH49S

438 29 F 98T 2 4 Ao

2) AvEled AdETte AAYg B

AYPe 74 ARE %7tk AdErtE Yoz WY A4S WA
. olt HUrUE =YY A5 F7F MESEE A e Aotk A&

FEwgdol £909 A F712 BAsE WA vEE =F xS G v
12 AYFEAdL =98 499 Avesd vastd FAPS BHAC FEALY
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of 9% AAY s W (Net Benefit)? 1] 1] &¥|(B/C ratio)& A} & B},

s ArEste] A% Ao w9 AAH A4 AA olFstAA 7
Ashn Q= AH(Bha)oZ BAse] AJRHNEES A4HGAT. 7 ARE wd, 7}
AN AAsdel BE vE WS Py A FAYL BT s T 242 1}
Buth 23 AU 6 to 49 ASE 377 AU =dol WE v A
Repstal 71E ANES UEULD vl A9 A7 385 AY 4L B B

W] FRolq EGEA HES 100% REE A A7 114399 AAH 69
2 97 A} o] W SN B/C ratio= 15695 APl B S5} ghdat
A |k

23 AU 3 to DS (5 to DS} o] EFRAE AAE Fo FAFYL %
AR @3 FrUANM FFAMFL YBHOE AT A FYRuzg 4B
o] A3 AN &L A W wold FUVEIL =484 HW EFzAE
MMz 1 Aste] met AYAIETL Aulstelok Frh.

(E I a7 %7K A4 254

< GPS - EURA> B EY &
7+ B A o EGFAF 100%
7R GPS 0% GPS 50% GPS 100%
1 to 4 THe] ()] -3,795,268 204,732 300,732 396,732
(B/C ratio) (0.106) (1.836) (3.021) (8510)
2 to 4 cHe] (¥) | -3,708479 291,521 387,521 483,521
(B/C ratio) (0.115) (2.518) (5.037) -
3 1o 4 cH] ()] -4,134227 -134,227 -38,227 57,773
(B/C ratio) (0.014) (0.301) (0.602) -
5 to 4 wH ()| -4,099,105 ~99,105 ~3,105 92,895
(B/C ratio) (0.022) (0.484) (0.968) -
6 to 4 8 ()| -3885616 114,384 210,384 306,384
(B/C ratio) (0.073) (1.596) (3.191) -
F) 1. EGZAbe digh AR RFE 0% (AR e} 100%7He sty L.

2. GPSol i ARBEE EYXA dg BERZE7E 100%Y A 9ol s

GPS &t B = 0%, 50%, 100%2 3714 FA$-& nejsidE. 9.
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olabiEst A Ayl AAT &
1 e WHR(22ha)o 2 d4kste] A4l

A% AAH ABAe BA oEItAM B
2HEE A45YT

(X 18) 757Kl AldEs A

< GPS - EYFA> LRl &
TR A <} EdEAL 100%
S w1 GPS 0% GPS 50% GPS 100%
1 to 4 =R () -973 531 126,469 152,369 179,269
(B/C ratio) (0.167) (2.842) (4.619) (12.316)
9 to 4 R ()| -1,028274 71,726 98,126 124,526
(B/C ratio) (0.108) (2.358) 4.717) =
3 to 4 A (8] -1,137,528 -37,528 -11,128 15,272
(B/C ratio) (0.013) (0.289) (0.578) -
5 to 4 R ()| -1,125658 -25,658 742 27,142
(B/C ratio) (0.024) (0.514) (1.028) -
6 to 4 FA () -982,058 117,942 144,342 170,742
(B/C ratio) (0.148) (3.234) (6.468) -

o A%RE 2d, A4 Usdol e Hg A4 BT AS
Folel MANE 2 42 dehdt 9w 54zl gagdse] Fol AvlE
oo mE g FA B 1 EAe UL 6 to M9 AL AspErinc
o & ggzAYoz ey,

whdo] R ERFZA v RL 100% REY A v o 1188 Y2 A

$ <
g A Brh ol u FshEs el B/C ratior 324% AUsPl W@ T e

3pA €.

=}

Ril

NEle (3 to 4), (5 to 49 Zol EFZFAE AAMNF Fo ALFAE =Y3A
B3 G FEAuEg dgHes AnY AL AgsrtAA g vt R

R uzet 4uglo) Q43 ZAH £4& A d4
AR5 e} oldEste AU (6 to HE WX A FUsY =Yl W
AH dade) FRI ZE oldsrtaA o A dehdn U ole Aded

73
=

Joll e ERFEA vlgo} GPS BAWE TL GAUHT wgs BAHLF
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oA BEdozs YdehiE Yot

Ty AdEde = uE vl8g FRAA 100% BxE F$ R E 3
gt Ae] A AdFde]l of ZA Yeld B olet AAH dndel Fte
E=5 ¥4 YeEhdxn 9ok

3) Aldeled vt AAe FAY B

AdEde =9ol wE vie AAL FAA AAE Aoter] HAstd AU T
4 A2RE vhe U oldAuiA A3 ASAuAA S ol st FREAMYA &g FA
4 BEXE Y Arledd AL del =0E AS AdEs BY opng wg A
AAer F712 st FI4 ¥LT EF a3y FAAdFPe =4Y 259
Ayl 49 & AU ES vusty FAAEE EYA

T4 s Wl HAIErr AAe FAAAE 4L AdEdA Astwsotel d9d A
A dFANE vlg i AA H GG B A (286ha)e 2 FHitete AEARE &AFE
¥t 2 AnE BEH, vhE FAFeE HAgrlidA Adeded mE v8 HAYL
FEE 25 £cH8QLS 333 & &42 YERt 53 AU (6 to 92 BeA
d @4 vk& Ul A ASAuAEHC o AYEd =40l e vge dd ¥
B3] 7IE A E FAdsdes uE Fee A7 oF 138913 Y9 &8 HA
ok a8y o] Aol EFEA] A FAFRE7 100% olFoldE FLEsd =
Hol BE v E-Huje 120 A JveiyA g o 9 GPS #3 BEX & 100%%
BEE 1,095H9er GPS B XY} gle 459 408d 9t} v]¢ =4 JEehdch
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(% 19) Dt AA AR A%

< GPS - E4ZA> B Eulg
T B A o EFZAL 100%
- GPS 0% | GPS 50% | GPS 100%
Do | ERY @] 13568083 731917 1075117 | 1,418317
(B/C ratio) (0.106) (1.836) (3.021) (8510)
FWel (%) | 13257812 | 1042188 | 1385388 | 1728588
2t d | B/ ratio) (0.115) (2.518) (5.037) -
s | €8 @] -laTese2 | -am9ss2 | 136662 206,538
(B/C ratio) (0.014) (0.301) (0.602) -
o, |EB @] -14ese301 | 354301 11,101 332,099
(B/C ratio) (0.022) (0.484) (0.968) -
g | T (D] -13891078 408,922 752,122 1,095,322
(B/C ratio) (0.073) (1.596) (3.191) -

=) Astsste AAH AAAL ot o} ARAu A wgste] 4.

ale W ol AAe AAR BME AuledA o|FErte] @7 ZAAH
Qo) g W A o)FAuHE(649ha) o2 BAISH] AR EE FAPSAT
2 A9E By vg AR o|FErlA ALEdd WE HE AAe ¥ET
s Agtel Ao wAAAE ¢HAL 4D T &4 YERT. 53] AyFe
6 to 48] A4AF @A v W AA AGARAHd st ALdEd =94 ¢ E
HlgS MY Rgae 71E AEEL AYUFFeE uiE AsE A oF 28970
o] 48 BA "tk 2y o] B$ GA BEFFEAb i@ AFREIF 100% °1F
At AYE £ mE Hg-d@BAuE= Ao FSe vpAvkAE 1Bh AA
e} "} o] o GPS #¥ HZE 100%T AT 5036H YR GPS dAHE
7t 9 AS 3479898 iy A el
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(% 20) olg37F 1A A28 23
< GPS - E4FA> REulg
T B = o EG=AF 100%
MRS GPS 0% GPS 50% GPS 10026
1 to 4 THY (Y -28719,168 3,730,832 4,509,632 5,288,432
(B/C ratio) (0.167) (2.842) (4.619) (12.316)
2 to 4 THY ()i -30,334,078 2,115922 2,894,722 3,673,522
(B/C ratio) (0.108) (2.358) (4.717) -
3 to 4 TH (H)| -33,557,075 -1,107,075 -328,275 450,525
(B/C ratio) (0.013) (0.289) (0.578) -
5 to 4 THY ()| -33,206,898 -756,898 21,902 800,702
(B/C ratio) (0.024) (0.514) (1.028) -
6 to 4 T£HY (”1)] -28970,705 3,479,295 4,258,095 5,036,895
(B/C ratio) (0.148) (3.234) (6.468) -

F) oltsrtel ZAY AAAL vk ] oldAMRH G Bt FA.

oldel Ang B vhe AAEsY FAH AAAL 2337 Astd HuhEr)
o) BAH Az olFErtel FAN 4Ade vig W AFPeY WPoz AF

YF st olF tAl Az WHew AN 2 AdHedz vt

cETEEE LT LY

2 ZA%E ¥, el Bl AU EYuE A9

pgsin slEe] B

P AHIEE AYedes AT AF(ANUEHL 6 to 4) =HYL F 428620980
Z &AZ vehdr

b PR EFA HiES 100% BEE FS GPS BH HEJV Qx4
b oF 3888H W9 AAH WAL A "ot o] W Er1EY 9] B/C ratios 273322
BEEdA dd £ s A doh
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(% 21 vl AAsst AAEA A=
< GPS - EYSZA> BFul&
T = A oA EdxA 100%
o k- I GPS 0% GPS 50% GPS 100%
i to 4 =R ()| -42,287,251 4,462,749 5,684,749 6,706,749
(B/C ratio) (0.148) (2.539) (4.141) (11.220)
9 to 4 A9 () -43591,890 3,158,110 4,280,110 5,402,110
, (B/C ratio) (0.110) (2.407) (4.815) -
3 to 4 £mHo ()| -48,336,937 -1,586,937 -464,937 657,063
(B/C ratio) (0.013) (0.293) (0.586) -
5 to 4 cHo ()| -47,.861,199 -1,111,199 10,801 1,132,801
(B/C ratio) (0.023) (0.505) (1.010) -
6 to 4 A ()| -42,.861,783 3,888,217 5,010,217 6,132,217
(B/C ratio) (0.125) (2.733) (5.465) -

) olG Bt AEstel AAA AAAg w1 ] FANBHT A A AA

tlo N

g stel 3.

23] MAsstet vbAAARZ AU (3 to 49 G to )9 Bo] EFEAE A
F Fo AWELE =YskA] &3 FriE oA HIEAHEE Iz ANE 7
¢ FRruxe AAYel AAY FHAE v9sAY 42 vyEEE ¢ 5 Jdd.
ZFA 2a71e AAEE e =243 A5 E AYdA ESZAIED oYzt GPS #™
Hlgo] ME F7rRz7E gJeolok ok RE BAFH QUrh o] Fe9 vkE W F
A AHRAL GPS THEMZ 3e-Hr}t 57.8%
6,132x1 802 AXA B

Z7e

3 FrrRE7E Qe

3. ALY

7b. AAGore 2L e FAAGAAE ARAuiriEe] FAFGe] o= AR ofF

A7 MBS & AiEste] APAL Eolyl A ARAW &l ozt
2 o)
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U AEde #E249e %1 EFS B3I T FAH JI5E 9 2y

2 9% BEgRAY GPS 717148 Sol did 8l&g A 2eg A
ol Al Bl WE ALEIIE F887] HY. wHN BRI F T
A 71eE 27l Al S7telMq Ao 4 27} vk

9 geoz FddAE FAEA AA WEA FAVIEAHE FHL2 F7HY
EgzAb dig AYR AAFAZI7IE B/ FUEC] vEdHE FF AEE
T AT F FEAEIBAM AR FA dE 2S5E AFlE 5 ALAAd o
¢ HEZ aEd.

4.%% - ATF R e AA] AYAL AL A 6 to 49 )

<E 1> F3E7t GPS BxE 0%, EYXA Bx 0%E & 4%,

Partial Budget : Scenario 6 to 4 GPS BxE 0.0%
EYZXA BE 0.0%
F7HE ERFEAL Y. "Lost” Fert. "Lost” |Fert. "save”
2 % F 7t plots/¥g #] f/87, d (8/a) (/a) (¥/a)
1 30 200,000 333.3 49.643 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
T8F A5 0.0 F8F 371 266,669.3
Additional Costs Reduced Costs :
g Fdq Fr g 0.0
GPS @49 (0% BZE ) 192,000.0 vlg 54iv 37 39,7146
EgFEA) (09% BZx ) 4,000,000.0 71} v 47} 0.0
e} 27} ulg 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Y& 4,192,0000 | FH 306,383.9
Net Benefit : B/C Ratio :
FHY & 9 0.07
306,383.9 4,192,000.0 -3,885,616.1
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<® 2> AgFrtel] GPS BE (0%,

EQzA BE 100%E T 3%

Partial Budget . Scenario 6 to 4 GPS KX 0.026
EYEA BE 100.0%
7T E%xA} Y. "Lost” Fert. "Lost” |Fert. "save”
2 357} plots/® #| /87, d (%1/a) (¥/a) (f/a)
1 30 200,000 333.3 49.643 0.000
Problem @ Use VRT
Reduced Revenues Additional Revenues :
F8F s 0.0 58 S} 266,669.3
Additional Costs : Reduced Costs :
H g £ F714] 8 0.0
GPS @™ (0% HZE) 192,000.0 vl 5 43 39,7146
EdEA} ( 100% BZ ) 0.0 Z1e} w8 Az 0.0
71e} F71 vl & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Zd| & 192,000.0 19 306,383.9
Net. Benefit : B/C Ratio :
1 2] Zd] & FHY 1.60
306,383.9 192,000.0 114,383.9
<E 3> g7t GPS BZE 50%, EYZA 2x 100%E & 7§
Partial Budget I Scenario 6 to 4 GPS Bx 50.0%4
EdFA BE 100.02%
T E EdxA Y. "Lost” Fert. "Lost” |Fert. "save”
= s}35 7} plots/g =] f/8#, d (%/a) (/a) (Y/a)
1 30 200,000 333.3 49.643 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
83 Fx 0.0 FaF 571 266,669.3
71t ¢ @& 0.0 718l &4 F71 0.0
Additional Costs Reduced Costs :
Blg v F7M)E 0.0
GPS #¥ (B50% B3 ) 96,0000 vs F<dv A3 39,7146
EgFxA) ( 100% =) 00 71ek v1-§& 23 0.0
7€l F7F v & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
4+ Additional Costs + Reduced Costs
ZH| & 96,000.0 99 306,383.9
Net Benefit : B/C Ratio :
FH 9 4] 8 F£H< 3.19
306,383.9 96,000.0 210,3839
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<E 4> 57l GPS BZE 100%,

EYSRA BX 100%E & 733

Partial Budget > Scenario 6 to 4 GPS ¥ 3 100.02%
EYFRA HE 100.0%%
F7lE Eokzx A} Y. "Lost” Fert. "Lost” |Fert. "save”
A 31157} plots/¥ =] {/¥9A, 3 (H/a) (4/a) (f/a)
1 30 200,000 333.3 49.643 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
SRk i 0.0 F&8F 57} 266,669.3
71el ¢ 745 0.0 7lel 4 &7 0.0
Additional Costs : Reduced Costs :
7 ¥y F7pui& 0.0
GPS #d ( 100% Bz ) 00 vl F<iul 47 39,7146
EGZAL (100% BZ ) 00 Zlel 818 47 0.0
Z1el F71 v & 0.0

Total Costs

! Reduced Revenues

+ Additional Costs

Total Benefits : Additional Revenues
4+ Reduced Costs

ZH & 0.0 ZFH 306,383.9
Net Benefit : B/C Ratio :
ZFH9 48 FHY -
306,383.9 0.0 306,383.9
<E 5> oldF7tel GPS BX 0%, EYZA BX 0%S & AL,
Partial Budget : Scenario 6 to 4 GPS Rz 0.0%
EYxA vz 0.026
ik EgxA} Y. "Lost” Fert. “Lost” |Fert. "save”
o] %57t plots/d ] 4/8#, 4 (/a) (/a) (/a)
1 30 200,000 482.3 293.840 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
FEF FE 0.0 T8 57 106,097.5
7|8t % #x 0.0 71et &4 S7} 0.0
Additional Costs : Reduced Costs :
Hl s F¢u) Fouj & 0.0
GPS #d4d (0% Bx) 52,800.0 v|E Flv] d7 64,644.7
E gz AL (0% »Z%) 1,100,000.0 Zle} vl & H3 0.0
71E} F7F vl g 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Z & 1,152,800.0 ZH 9 170,742.2
Net Benefit : B/C Ratio :
FHY Z0] & T 9] 0.15
170,742.2 1,152,800.0 ~-982,057.8
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<HE 6> o]A¥7to] GPS BXE 0%, EIGZA X 100%E & 25

Partial Budget : Scenario 6 to 4 GPS B = 0.0%
EQgFAL BE 100.0%6
7MW E EokF AL Y. "Lost” Fert. "Lost” |Fert. "save”
N A plots/@ A 2/8%, 43 (%/a) (Y/a) (¥/a)
1 30 200,000 482.3 293.840 0.000
Problemn : Use VRT
Reduced Revenues : Additional Revenues :
TIF FAE 0.0 8% 57t 106,097.5
71} =4 34 0.0 71t % F7t 0.0
Additional Costs : Reduced Costs
Hl g F<{lul F=718] & 0.0
GPS # & (0% KBz ) 52,800.0 vlg Fqlu A 64,644.7
E ok A} (100% Bz ) 00 7€} 8vl8 "3} _ 0.0
71e} 37} vl & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs 4+ Reduced Costs
Ful g 52,800.0 ZH9 170,742.2
Net Benefit B/C Ratio :
A9 Zu| & Y 3.23
170,742.2 52,800.0 117,942.2

<HE 7> ol4E7tl GPS B E 50%, EFZRA Bx 100%E & A+
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Partial Budget > Scenario 6 to 4 GPS B&F 50.0%6
EYFA vz 100.0%
781 % EzAL Y. "Lost” Fert. "Lost” |Fert. "save”
_olgErt plots/ 8 A} Y/4d=A, 3 (4/a) (81/a) (/a)
1 30 200,000 482.3 293.840 0.000
Problemn  Use VRT
Reduced Revenues : Additional Revenues :
8% da 0.0 g% 37t 106,097.5
71e} 4 B4 0.0 71l =< 57 0.0
Additional Costs : Reduced Costs
U5 548 Frul g 0.0
GPS ##¥ (50% Bx ) 264000 g Fdnl 47 64,644.7
EdEA} (100% Bz ) 00 71€t vj8& =z} 0.0
7|ef &7} vl & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
-+  Additional Costs + Reduced Costs
FH 8 26,400.0 FTHY 170,742.2
Net Benefit : B/C Ratio :
FH9 & THY 6.47
170,742.2 26,400.0 144,342.2
<FE 8> oldF7lol GPS BE 100%, EYZRA BZE 100%E & 439
Partial Budget : Scenario 6 to 4 GPS BxX 100.0%
ESFA BE|[ 100.0%
F7HAE EgEA Y. "Lost” Fert. "Lost” |Fert. "save”
oldE7l plots/¥ A Hq/497, d (4/a) (g/a) (/a)
H 30 200,000 432.3 293.840 0.000
Problem © Use VRT
Reduced Revenues : Additional Revenues :
FE&F FZFAa 0.0 F&g F7 106,097.5
71t %] #A 0.0 718t &4 571 0.0
Additional Costs : Reduced Costs :
Blg F<4iul Fsufg 0.0
GPS #d (100% B=E ) 00 g <4y 27 64,6447
EgxAt (100% B= ) 00 71} v 8 H7 0.0
Z1e} 37} nl& 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs 4+  Reduced Costs
ZFW & 0.0 ZH 9] 170,742.2
Net Benefit : B/C Ratio :
19 4] 8 A9 -
170,742.2 0.0 170,742.2

<E 9> ARF7 A GPS BxX 0%, EYTA HEF 0% & B S
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Partial Budget ! Scenario 6 to 4 GPS & 0.0%%
EzA g 0.0%
FIHRLE EoFE A} Y. “Lost” Fert. "Lost” |Fert. "save”
2 324 A plots/¥g A «/89x, 3 (f/a) (/a) (f/a)
30 200,000 333.3 49,643 0.000
Problem © Use VRT
Reduced Revenues : Additional Revenues :
8% qa 0.0 &g H71 0953,342.7
718k 9 g2 0.0 718t ¢ £7F 0.0
Additional Costs Reduced Costs !
HlE T4y S48 0.0
GPS &9 (0% R=E ) 686,400.0 HlR 5948 "@g 1419787
Bz (0% Bz 14,300,000.0 | 71gf wi-g "zt 0.0
Z1E} F7F ¥l & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Fd} g 14,986,4000 | FH 9] 1,095,322.4
Net Benefit B/C Ratio :
FH Ful-& Ty 0.07
1,085,322.4 14,986,400.0 ~13891,077.8

<3 10> A HErt HAAd GPS BX 0%,

EYZA BX 100%E & B 5.

Partial Budget ! Scenario 6 to 4 GPS B3 0.0%
ESdZTA BE 100.0%
i EFzAL Y. "Lost” Fert. "Lost” |Fert. "save”
o i b | plots/ ¥ X} /49, d ($i/a) (H/a) (/a)
30 200,000 333.3 42.643 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
8% g4 0.0 -3 &7} 0953,342.7
718 4 #2 0.0 718} 49 F7} 0.0
Additional Costs : Reduced Costs
i R ¢id] Friulg 0.0
GPS #t9 (0% BFE) 686,400.0 Hls Rdv A7 1419797
EzA} ( 100% B2 3 00 71} vl8 #E7} 0.0
71t F7} vj g 0.0
Total Costs : Reduced Revenues “otal Benefits : Additional Revenues
+  Additional Costs 4+ Reduced Costs
Zul 8 686,400.0 EFHY 1,095,322.4
Net Benefit : B/C Ratio -
ZFwu9 Fu] -8 &R 1.60
1,005,3224 686,400.0 408,922.4

<#E 11> 357 A4 GPS B2 50%,

EGZA BE I00%E & 35
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Partial Budget ! Scenario 6 to 4 GPS B3 50.0%%
EgdxTA BE 1006.0%
7 s EUdF Al Y. "Lost” Fert. "Lost” |Fert. "save”
A3 A A plots/@ Al H4/"8A, 4 (/a) (g/a) (¥/a)
30 200,000 333.3 49.643 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
FEF 32 0.0 T8F 371 953,342.7
71t £ #A 0.0 71t ¢ 71 0.0
Additional Costs : Reduced Costs
g F<jvu] F7pH & 0.0
GPS #& (50% B ) 3432000 H 5 F<iu] "7t 141,979.7
EokxA} (100% B= ) 00 716} 8| & 43 0.0
Z\Et F7} B & 0.0
“otal Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
il kn 343,200.0 ZHY 1,095,322.4
Net Benefit : B/C Ratio :
ZH 9] Z4] & THY 3.19
1,095,322.4 343,200.0 752,122.4
<# 12> 357t AdA) GPS BX 100%, EUYZA} BZE 100%E 3 3%,
Partial Budget : Scenario 6 to 4 GPS ¥ =2 100.0%
EYXAL Bx 100.0%
FE7PH S EgxAt Y. "Lost” Fert. "Lost” |Fert. "save”
A 1A plots/3& A| €/9=, 3 (d/a) (/a) (¥/a)
30 200,000 333.3 49.643 0.000
Problem @ Use VRT
Reduced Revenues : Additional Revenues :
FEZF g2 0.0 T8g 37} 953,3427
71el 4 Za 0.0 718t &< S7h 0.0
Additional Costs : Reduced Costs :
vlg vl Frhul g 0.0
GPS #™ ( 100 B ) 00 vlg v 23 141,979.7
EYxA (100% BZ ) 00 Zlel vj8& 4"z 0.0
71e} F71 vl & 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Zv-& 0.0 ¥ 9 1,095,322.4
Net Benefit : B/C Ratio :
A o & THY -
1,095,322.4 0.0 1,095,322.4

<FE 13> o|gE7t A} GPS BHE 0%, EIYZA Bz 0
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Partial Budget ! Scenario 6 to 4 GPS Bx 0.0%%
EUgzA B 0.0%
EFAAHE Bz AL Y. "Lost” Fert. "Lost” |Fert. "save”
o] % = =) plots/g X /9=, d (/a) (Y/a) (/a)
30 200,000 482.3 293.840 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
FHF ga 0.0 F8F L7t 3,129876.2
71l % 2 0.0 718l &4 &7} 0.0
Additional Costs Reduced Costs ¢
H & F{iu] F7iu]& 0.0
GPS #4 { 0% BzF) 1,557,600.0 vl ¢y 37 1,907,0184
B gFA} (0% Bz ) 324500000 | 71g} wjg =7} 0.0
71E} 7} ¥ & 0.0

Total Costs

: Reduced Revenues

+ Additional Costs

“otal Benefits :

Additional Revenues

4+  Reduced Costs

ZFHl & 34,007,6000 | FH 5,036,894.7
Net Benefit : B/C Ratio :
ZFy ¢ F9 & TH 0.15
5,036,894.7 340076000 -28970,705.3

<E 14> °1g¥7t @AM} GPS B&x 0%,

EzAl B2 100%E & A2<.

<E 15> ojgF7F AAo GPS EZE 509,

Partial Budget ! Scenario 6 to 4 GPS ¥ X 0.0%%
EYFAL BF 100.09%
=719 3 EokxA} Y. "Lost” Fert. "Lost” |Fert. "save”
o] 1A plots/ g #] /97, 4 (%/a) (1/a) {(/a)
30 200,000 482.3 293.840 0.000
Problem @ Use VRT
Reduced Revenues : Additional Revenues :
T $i 0.0 F83F F71 3,120.876.2
Z1el #49 #AAE 0.0 71et ¢ 57} 0.0
Additional Costs : Reduced Costs
U3 598l F7141§ 0.0
GPS &¥ (0% B=x ) 1,557,600.0 vlg Bqv B 1,907,018.4
EgxA} ( 100% B2 ) 00 71e} ¥1-8 Hz 0.0
7 e} 57} ¥l § 0.0
Total Costs | Reduced Revenues Total Benefits : Additional Revenues
-+ Additional Costs + Reduced Costs
Ful & 1,557,600.0 19 5,036,804.7
Net Benefit : B/C Ratio :
i T & S | 3.23
5,036,894.7 1,557,600.0 3.479,204.7

ECEA RE 100%E & 2%
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Partial Budget ! Scenario 6 to 4 GPS ¥ =% 50.0%6
EJZA BF 100.0%%
EIHE EdEAL Y. "Lost” Fert. "Lost” |Fert. "save”
ol XA plots/¥ X 4/4A, 9 (21/a) (/a) (/a)
30 200,000 482.3 293.840 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
TEgF Ax 0.0 +83F 571 3,129,876.2
P 2 Bl i 0.0 718t +9 57t 0.0
Additional Costs : Reduced Costs :
Mg Fu FruE 0.0
GPS #d (50% B=x) 7788000 Hlg £dd 43 1,907,0184
EgxAL ( 100% B2 ) 00 7€t vj 8 HP 0.0
71el F7} vl & 0.0
Total Costs ' Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Zu] 4 778,800.0 R 5,036,894.7
Net Benefit : B/C Ratio :
ZFHY el B £HY 6.47
5,036,894.7 778,800.0 4,258,004.7

<E 16> °o|¢E7F "Ad GPS B 100%,

EGFZA BE 100%E & 4%

Partial Budget : Scenario 6 to 4 GPS B2 100.0%%
EFA B% 100.0%%
FAA T Eokz A} Y. "Lost” Fert. "Lost” |Fert. "save”
ol A A plots/¥ X Q/9=, d (¥/a) (d/a) (¥/a)
30 200,000 482.3 293.840 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
F8F 72 0.0 8= 37 3,129,876.2
718F 4 A4 0.0 718l %] 57t 0.0
Additional Costs : Reduced Costs : '
vjg F4¢u] Frhul4 0.0
GPS #3 ( 100% BZ ) 00 Hin Fdn| 23 1,907,018.4
EgzA} ( 100% BZ ) 00 ZleF ¥18 =7 0.0
71et F7F v & 0.0

Total Costs : Reduced Revenues
+ Additional Costs

x-Sl

Total Benefits : Additional Revenues
+ Reduced Costs

0.0 % 2] 5,036,894.7
Net Benefit : B/C Ratio :
ZH ¢} Zul g 89 -
5,036,894.7 0.0 5,036,894.7

<# 17> v}& %7} AA GPS BZF 0%,

EGxA B 0%es & A5,
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Partial Budget

! Scenario

6 to 4 GPS B =* 0.0%
EQzAl BHF 0.0%
o i A EYgzAL Y. "Lost” Fert. "Lost” |Fert. "save”
whg A A plots/ ¥ #] H/P=,E (/a) (H/a) (/a)
30 200,000 436.7 219.144 0.000
Problem : Use VRT
Reduced Revenues : Additional Revenues :
FE€H I 0.0 83y 57} 4,083,2189
71t ¢ 34 0.0 71e} #91 &7} 0.0
Additional Costs : Reduced Costs :
815 F9iv} F7pulg 0.0
GPS 39 (0% BHx) 2,244,000.0 g8 Fgiv] A7 2,048,998.2
EYRAL (0% Bx )  46,750,000.0 | 71} v 43}t 0.0
71E} F7} 8]& 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs 4+  Reduced Costs
ZF ] & 489940000 | FHY 6,132,217.1
Net Benefit : B/C Ratio :
39 Y& o | 0.13
6,132217.1 48,994,000.0 -42.861,782.9

<HE 18> ut 37} AAd) GPS B Z (9%,

EYZA 3F 100%E & H$.

Partial Budget : Scenario 6 to 4 GPS Bx 0.0%
EzA HEI 1000%
FE7IH S ELxAL Y. "Lost” Fert. "Lost” {Fert. "save”
v} & A 3 plots/ ¥ %] /94, 4 (/a) (%1/a) (%/a)
30 200,000 436.7 219.144 0.000
Problem - Use VRT
Reduced Revenues : Additional Revenues :
&g 7 0.0 &% 571 4,083,2189
716t £ B4 0.0 718t %1 &7 0.0
Additional Costs : Reduced Costs :
vl Fd] F7Hd 8 0.0
GPS #¥ (0% B=E ) 2,244 000.0 vls F¢iv] 47 2,048,998.2
EGxA} ( 100% B2 ) 00 71e} v & 47 0.0
71gt F71 vl § 0.0
Total Costs : Reduced Revenues Total Benefits : Additional Revenues
+ Additional Costs + Reduced Costs
Fu & 2,2440000 | %<9 6,132,217.1
Net Benefit : B/C Ratio :
A9 o8 =389 2.73
6,132,217.1 2,244,000.0 3,888,217.1

<E 19> v}2%7} ") GPS BZ 509%,
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Partial Budget > Scenario 6 to 4 GPS X = 50.0%%
EYXAL HE 100.0%¢
7N E B gxAL Y. "Lost” Fert. "Lost” |Fert. "save”
vl & A A plots/¥ %] |4/9x, d (g/a) (H/a) (8/a)
30 200,000 436.7 219.144 0.000
Probiem : Use VRT
Reduced Revenues : Additional Revenues :
T8F 2 0.0 +8xF 71 4,083,218.9
Zlet ¢ #F2 0.0 718t =4 F71 0.0
Additional Costs : Reduced Costs :
vl 8 T4y Friul & 0.0 ‘
GPS &4 (50% Bz ) 1,1220000 Hlg Fdu 47 2,048,998.2
EGEAL (100% 2= ) 0.0 7]e} ¥ 8 HF3 0.0
71et F7F v & 0.0
Total Costs : Reduced Revenues Total Benefits . Additional Revenues
+ Additional Costs + Reduced Costs
Z v & 1,122,0000 | F#H <] 6,132,217.1
Net Benefit : B/C Ratio :
i) 4§ Eonks ! 5.47
6,132217.1 1,122,000.0 5,010,217.1

<3# 20> vl2F 7} HA GPS 2x 100%,

EdzA BX 100%E & FS-

Partial Budget ! Scenario 6 to 4 GPS B & 100.0%%
EGXA B E 100.0%%
73 EdFT AL Y. “Lost” Fert. "Lost” |Fert. "save”
ol & # A plots/¥ #] w93, 4d (Y/a) (¥/a) (/a)
30 200,000 436.7 219.144 0.000

Problem : Use VRT

Reduced Revenues : Additional Revenues :

&g g 0.0 T&F S} 4,083,218.9

71l ¢ 74 0.0 718t < &7t 0.0

Additional Costs : Reduced Costs :

vl E F]iv] F71u] & 0.0

GPS % (100% Bz ) 00 Hs Fv 17 2,048,998.2

EGZA} (100% Bz ) 00 7lEl v & A% 0.0

71&f F71 4] & 0.0

Total Costs : Reduced Revenues

+ Additional Costs
8] 8

"otal Benefits : Additional Revenues
+ Reduced Costs

0.0 89 6,132,217.1
Net Benefit : B/C Ratio :
ZHY Zul & THY -
6,132,217.1 0.0 6,132,217.1
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5. soil mapping: &3 A= Wl 1334 EAEE A §)
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1. 57t &4~ 712 TFsR 3 EF-PF7|ge ANg+E

-7%7 BEY Ax
4 Ax], A Al EE Wl njE v g8 Sk
£ FAL
__|2. vield mapping A ZF F/HE BAE ANFETEY H
-739%7r 9 &3
oy s o] mappingS Sl B 3 WolAd g Hr}
2RI E h 3. soil mapping ZA: AYF ¥ EL S FAs R 2d39)
bl ings % Yol E SRl w 3t
(20021) CagAE 8 mapping S #Y, EYGo] 31--1:"%‘4 IRV bd ol
‘ 4. variable rate Al¥}l: HAE AP 2o uwie} A
Al -8 st 1o] w2 Au|E 2 ALEH
-EF-PF7] Y o} trh?_—g et e Aea
. ZAVE ili is: A& LA} x7}e
AdARS BH adaptability analysis H%}E_ i 3 %
Qg B =8 FAe ARRIRAN,  RAE7)
T R ARy
adaptability analysis
1. 8 2357t EF-PF7IgE 8 ¥ 24 wkavel 23
T8 WE TAE vy 3 L JIFF7E HA
3 & AdEsld A EF-PF7I¥S &9sty %71
387 AYEd| d Rggs qFAHsm, AFGRFS FYIH gAML
71 Y3 #$73| AAE
g4 H7t 2. EYgdoldol wrE AlvjFF IAVYE Y EYg Wolx
- g A3tz 1o o AuE A 7I9e gyd
AR
-EF-PF7iy 9] #§i3. GPS/GIS ol& F7hdold =AY A2lABE 7 X
(2003 3)

3 AL A A

-9 AspErt A9
29 g

ol A&3Ha T dolo mE AMHE Y

4. 74 3 E4E 93 Bk EF €8 & AERE
Hlwsle] EF-PF7IYe]l 43 #4Y7tet A8 E
T8t Z=AMEL

5. Ads7le falH FIEIAAEL: A5 FUAA
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e A A
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o FYEY AT =9, 100
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(R E] 1%

PRa=@or) 1o gy =4 =9wy, =9 549 w04 100
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O ¥7t AHAAN HHEA 2 FPRIAG 100
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273 &(20023) |O soil mapping 3 ®WolA H7} 100
O Wolo WE Au|HF AHA 71Y 100
OZA A 712l Adaptability 100
Analysis
o W ARtz ABA-AAEA AW 2 100
H
O ¥ %3 E<F HolAdd & AIn|ZF AA 100
718 29

A = L5l

AR 1, Gps/Gis 018 Badely ZagY B 100
O 4 2 43 3% Hriol HAA 100
O HaAu} F7te] g L F7F J3 BN 100
O AHKHH g5 AY &3 =8 100
O 5% W7t % mapping 100
O A, ¢, 7Hel 2 #71% Wolye] wE A 100
£33 Wel 2 2A&Y B}

Aen7 O VIRZIYH# E3 38 0 8§74 9% 100

3 7t
O 34 R E¢ I A3} e AN 100
O A S7te HG L 8 dY 24 100
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Al2d ZEAF

1. FW E7)A3A et Fdsoftware BALES] AYEY 7149 £¢4& FAHs 1, A=
+ At BokE g viEsAldAe JAdEd Ed& FA%C

2. Ets FUVE 71 HolE I WAZIFEY FAHo] s wEFAF
AMEZ AHGAZE e RH, FE2AQ FA 43 719 & 5 drh

3. M8 Al e AqZAF v]3 G Aol customer specified fertilizer B4Fe] A7 & o}
HE 4 ok
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