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SUMMARY
(FELFE)

I. Title

Development and commercialization of controlled release fertilizer

using latex.
II. Objective and significance of the research

This study was carried out to develop controlled release fertilizer to
increase competitiveness of korean agriculture and to reduce
environmental burden. To achieve this objective, we tried to select
coating materials which have adequate coating property and solubility of
fertilizer and establish coating condition and find adequate fertilizer
composition for Rice.

In agriculture of our country, application amount of chemical fertilizer
is large, and rainfall is concentrated in summer. therefore, the
availability of fertilizer is less than 50 percent. After 2005, national
financial aid for fertilizer have to disappear. and the purchasing burden
of fertilizer increase about 30 percent.

The main objective of this research is to develop controlled release
fertilizer which 1is competitive to the imported fertilizers, and achieve

international competitive power of agriculture.
III. Result

Summary of this research is as follows :

1. Selection of coating material and establishment of coating condition.

_6_



We searched domestic and foreign coating materials, and selected
Vinylidenechloride, Acryl and Styrenebutadiene polymer latex. Coating
tests were carried out using individual and blends of these materials.
Among them, blends of Vinylidenechloride and Acyl latex were good in
mechanical properties and solubility of fertilizer and have sigmoid elution
characteristic. In the condition of Styrenebutadiene and Acryl latex,
Individuals and blends of them which has different glass transition
temperature(Tg) and water permeability were possible to control of

elution of fertilizer showed and have linear elution characteristic.

2. Establishment of coating condition

Blend of vinylidenechloride and Acryl latex have sigmoid elution
characteristic. Elution time of fertilizer was variable between 10 and 150
day by change of blending ratio of them.

Styrenebutadiene which has different glass transition temperature(Tg)
and water permeability have linear elution characteristic. Coating
condition of Styrenebutadiene was established as follows : Coating
temperature was between 43C and 50T, concentration of latex was
between 20 and 25 percent, coating rate was more than 6 percent of
fertilizer, curing temperature was between 50T and 80T, and curing

time was more than 20 minute

3. Formulation of fertilizer

Controlled release compound fertilizers which was used in fertilization
test of paddy rice were formulated in combination of chemical granular
compound fertilizer and three coated granular urea which had elution

time of 30, 60, and 90 day. Six fertilizers were tested for paddy rice.

4. Establishment of coating condition for mass production and Application of
Patent

We established coating condition for mass production through mass

production test using 500kg per lbatch coating machine. We are preparing to

_7_



apply the patent of "SLOW-RELEASE GRANULAR FERTILIZERS
COATED WITH A LATEX MIXTURE COMPRISING AT LEAST TWO
KINDS OF LATEXES HAVING DIFFERENT VAPOR PERMEABILITY
AND METHOD FOR THE PREPARATION THEREOF”

5. Fertilization test for paddy rice

Tests were performed separately in Chonnam, Chungbuk, and
Kyungbuk. In the test of Precocious varieties of paddy rice, yield of
fertilizer which had 30 percent coated nitrogen of total nitrogen was
largest among tested fertilizers. In the test of middle and late varieties
of paddy rice, yield of fertilizer which had 50 percent coated nitrogen of
total nitrogen was largest among tested fertilizers. In test of reduced
application, Yields of 80% reducing fertilizer were equal to conventional

application.
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Table 1-3. H|E ¥ =& % FFFH2n

o FEEF | FRYT AHE eSS
h ON/F) ON/5) () (kg/10a)
A 13.7 89.4 24.2 445.3
7+ 21.7 95.2 23.6 647.3
Al A1 22.0 93.2 23.7 659.6
Al A2 19.7 96.3 24.4 664.0
Al A3 21.7 96.9 24.5 591.4
A A4 21.3 93.2 23.8 586.8
Al A5 20.7 94.9 24.3 650.2
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Table 1-5. H|E ¥ =& 9 FFFH2n

o ??2 FRe  HAHET TmE AxET PR
h/m W/ (g) (%) (kg/10a)

42 396 88.3 23.7 93.1 402.2 70.8
w3 565.3 102.0 21.4 82.1 567.8 100.0
DCDRI1 552.3 80.2 24.3 91.7 553.4 97.5
DCDRZ2 577.3 82.7 23.3 89.1 573.8 101.1
DCDR1 80% 473.3 92.2 24.5 93.4 493.7 86.9
DCDRZ 80% 568.0 79.8 23.9 90.7 553.8 97.5
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Table 2-4 A3 A, & E¢&E4] A7
B pH 71 S (%) T-N(%)
- Add AR Add Adw AW ARE
Ul 5.12 4.95 2.18 2.25 0.122  0.119
e T4 5.07 5.04 1.46 2.05 0.117  0.148
CDR-SS 5.15 5.06 1.39 1.65 0.123  0.109
CDR-S 4.90 4.87 1.52 1.46 0.122  0.109
) 5.16 4.73 1.52 0.99 0.110  0.103
e T 4.98 4.58 2.18 1.26 0.124  0.111
CDR-S 5.00 4.59 2.18 1.32 0.121 0.103
CDR-M 5.05 4.63 2.18 1.06 0.120  0.092
w3y 5.30 4.64 1.92 1.39 0.150  0.098
A T A 5.35 4.54 2.05 1.92 0.146  0.127
CDR-S 5.04 4.61 1.59 1.32 0.115  0.093
CDR-M 5.01 4.59 1.39 1.26 0.114  0.083
Ca Mg Na P
T AE . . _ _
4 F &2 F A F A F A F
@ 0.59 0.91 1.93 2.55 0.43 0.53 0.15 0.22 0.03 0.07
44 056 1.04 1.41 2.31 0.30 0.45 0.15 0.21 0.06 0.08
x=2% CDR-S

s 0.68 0.73 1.75 1.38 0.37 0.27 0.15 0.12 0.07 0.06
CDR-S 0.69 0.66 1.63 1.73 0.32 0.37 0.18 0.13 0.08 0.04
#8  0.69 0.68 2.11 1.34 0.49 0.27 0.16 0.12 0.05 0.06
=A% T4 075 0.75 2.10 1.39 0.53 0.31 0.15 0.09 0.03 0.04
CDR-S 0.61 0.65 1.94 1.53 0.39 0.29 0.17 0.11 0.09 0.05
CDR-M 0.62 0.68 1.79 1.53 0.37 0.33 0.16 0.12 0.08 0.04
#8  1.12 0.70 1.92 1.69 0.34 0.38 0.19 0.12 0.11 0.03
A 44 0.87 0.79 1.93 1.61 0.37 0.39 0.19 0.13 0.10 0.02
CDR-S 1.00 0.63 1.78 1.41 0.40 0.29 0.13 0.11 0.06 0.05
CDR-M 0.97 0.62 2.59 1.18 0.64 0.25 0.15 0.11 0.06 0.03
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b

2-6 4% % FFTHLL

Percent 1,000
ripened  grain Yield Yield
grain  weight (kg/10a) index

No. of Spikelet
panicles per
/m panicles

(%) (g)
73 4075 97 84.2 22.1 736 100
FA A 319.0 86 85.6 21.6 507 69
CDR-M 404.8 97 84.7 22.3 742 101
¥ o2
CDR-M&0
(3FekH) o 396.0 95 84.9 22.4 715 97
(0]
CDR-S 422.4 98 85.0 21.8 767 104
CDR-S8&0
409.2 96 83.7 22.2 730 99
%
&3 413.6 95 84.6 22.3 741 100
FAL 325.6 85 85.0 22.1 520 70
CDR-SS 418.0 96 84.5 22.2 753 102
o]} &}
CDR-SS8
(tiH) 405.4 96 85.0 22.5 744 100
0%
CDR-S 398.5 98 83.7 224 732 99
CDR-S80
410.0 97 84.7 22.2 748 101

%




X 2-7 APAS B A
DH OM P205 EC NH4—N NO;;—N
(1:5) (%) (mg/kg) (ds/m) (mg/kg) | (mg/kg)
Pre- Post i Pre- Post | Pre- PostiPre- PostiPre Post:iPre Post
75 55 54 13 10 11221087 03 02 32 33 33 33
AL 52 50 13 14 924 879 02 02 37 36 34 33
sgofx CDR-M 53 53 10 08 93 925 02 01 51 49 30 27
(&) CDR-MS0% 54 53 10 09 1101 1014 02 02 61 61 31 31
CDR-S 53 52 15 14 940 922 02 02 45 43 23 20
CDR-S80% 55 53 12 09 916 97 01 00 50 49 19 17
73 56 56 13 12 1492 1514 04 02 44 43 30 30
AL 58 57 14 15 1957 1963 03 04 38 398 32 33
o]mz  CDR-SS 54 54 18 16 14031380 03 03 47 48 338 39
(&) CDR-SS80% 54 53 12 10 1224 1200 03 02 46 46 37 36
CDR-S 54 53 12 10 11951182 04 02 46 45 33 32
CDR-S80% 53 53 11 09 1067 1075 02 01 42 40 28 29
K Ca Mg CEC
——————————————————— (cmol(+)/kg)—————=———————————-—
Pre- Post Pre- Post | Pre-= Post Pre- Post
73} 02 01 30 27 08 06 @ 6.1 5.8
RS 01 02 30 29 09 08 65 66
- CDR-SS 0.1 01 @ 31 29 09 06 68 68
7o}
CDR-SS80
(Fretn)) 03 02 25 23 06 05 70 67
(o}
CDR-S 01 02 26 28 06 06 65 64
CDR-S80% 0.1 0.2 22 21 .05 05 @ 6.1 5.9
73] 02 01 29 29 08 07 67 67
RS 03 02 25 24 07 06 7.3 7.5
oma CDR-M 03 02 27 25 06 06 58 55
(&™) CDR-M80% 0.2 02 @ 26 25 06 07 70 7.1
CDR-S 01 02 26 24 07 07 72 73
CDR-S80% 0.2 01 22 21 . 08 06 7.0 65
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J (

7k, 20039

$E4%u CDR - SS, CDR - S 2 CDR - M9 B o qm F59 Az
st7] f1ete] ¥ 3FF S5 2ATGHEH), AT (EAH), TAL(FEH)S 5
8ol 10a F 4 kg FF3te] 289 HE A2AE 30 x 14 cmZ 6€ 5U0l| ]
% ek,

£, EFgo) 2 35 F9 NIL-N3 NOs-N 2 442 149 ggo=
zAtgon, ol ¥ 259, #5947, 57 R $8v0d 2% 2 A5E
=AM

EFge AR EFEN ARG AL

[¢]

$EAHUCDR - SS, CDR - S @ CDR - M9] o]&A7]¢] we wo] o
@ E5e A flete] dHE 1 mae 62 496 2248 69 1490
Fate] AL 14U Ao EF F NHN# NOy-N, 2%, 455 A%

H =
A EEVL R EEDE S ENTT

Aol AHgE EdS ddsdrisd A=34973 AFEFY YAt
56, 18R 192 g/ke, A4 43 mgkgoE EF F <
A FUIEE ] v #AATFE] 7718 30 g/kg, <14 100 mg/kg HUh
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wekom(Table 1), & o|¢ste]

w74 o]

NREG AFESEE 20

oS A stF L, W o]dFE 6¥ 54FEH 7Y€ 265Y9 /A= HA FST
o] 25Te] &3ta 1 o]%+= 25TE A% s 5= FAG G (Fig
3-1).
Table 3-1. A8 H E43}stA
pH T-N OM P20Os5 Ex. cat.(cmol’ /kg)
(1:5) (%) (g/kg) | (mg/kg) K Ca Mg
5.6 0.14 19.2 43 0.16 4.31 1.23

o
o

Fig. 3-1. v Auj7|F A F%

9

Gl

STAN®

G/

2) EYE Axsty W3}

Sy B s

Aupgt AlETe 2

CDR-SS, CDR-S % CDR-M<& Al &3lo] A=< 2z
Z dRUoted i) e

AHe 79 49744 15 ppm FEOE Z7MEAN 1 % 8Y UYAE

L

Gl

Ge 'L

N
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pom FEOE F23 Fastht 89 149 o FRHE A3 gasdr. @

A7 B F grmuold Axt 79 49 X ka7 18U7A A4

Z ognyoled A e 89 149 olA7tA = CDR-SS
U4 CDR-MHET @& #358 FAF oY 89 149 o] F o= CDR-SS¢} Hl %2

20.00
18.00 X ——
—— 3
2 1600 /\ s OEA |

2 140 L X\ i
U o [ e DRSS
B

ot CCR-S
10.00 < 2
EA —— QORM
jé| 8@ B
A 600 I‘\
4,00 % X
(pom) %
2.00
0.00 ‘ ‘
6,202 7.42 7182 812 8142 8202 9132 9 27
TARDI(E L)
Fig. 3-2. 220 A=Y & grdole) A2 3 sl
942 gH & CDR-SS, CDR-S, CDR-M& A &3te] shdus Aua &
Fo gpEUclel P PR HANET AT =4 AR 7H 4D 7ol
Ax 3ol =DaAn 89 19744 F438) g2l 89 19 o] Fele A
Asl gz gy sguE Aud 2%l 79 4974 FRyole o
e AW E AWM EFRct 5710 ppmAE ES W 5 ppm £FEOR
Aadted dee RS 2FAE #o Aor 2AHAY. ¢Ey SPuw
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% CDR-SSE A& A@d79 duyoleid s e 649 20¢ 74l 12 ppm
ol A 79 4¥ 7] 27 ppm7tA Z7FAr 7€ 189 A= 8 ppm/bA A E
v o] CDR-S¢ CDR-DE /\]Jla Ag e dryole] Ao share 7Y
Aol Z+zF 19, 21 ppmell A 79 18Yel= ZztZt 16, 18 ppm & & WA A &
of AAt 11 F w43 Fashe dF o= YEEtH(Fig. 3-3).

30.00
25.00
CC>'I-
= 20.00
L
Ot
gy 15.00
Jé!
A 10.00
(ppm)
5.00
0.00

6.202 742 7.18Y 812 8142 8292 9132 9.27Y
ZAAIDI(E. &)

Fig. 3-3. 341 AMES F dmijole A4 o s

SR e Agate] dHME A EdF truoleda Y
HEE AR sdu s A 2] drUoleida s skt Ao H%
g 3ol (Fig. 3-4), E%Fo gmyolefdx e 4dn 89 149, 89
Bleb e 89 19 ool 5 ppm oldhE FAEHAT
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20.00

18.00
o 16.00
o 14.00
U 12.00
gH* 10.00
= 8.00
A 6.00
(opm) 4 o

2.00

0.00

.2 742 71482 812 814 8292 9.13Y 927Y
TAAIDI(E. &)

Fig. 3-4. &8 AMES T dEYottids &F Ws)

AHAHE A £ A AiE B A$ 69 20904 79 49
Atelel 4 ppmollAl 5 ppme & T 1 ppme] T7Fsto, 79 49oA 7€
189 AloloE= 5 ppmoll A 9 ppm e & 4 ppmo] =713 & 89 14Ut A= F4
3] 7rasle] 2 ppm FEZFA] WojA ol 1 FolE & W T $a
FHlE CDR-M$ Al&3 EgFo] A s 79 496 Hao] =2
84 1d7kA we ' FAdta I o] F o= MM At CDR-SS&
Algeh Eoke] Habe s 89 1U7HA vl AAs] Frhste] Ha FE
o =gd T 8Y 14U7A mE £e g asa 1 Fole dwtelA A
Atk CDR-SE Al &3 Eo Aite dat 79 499 6 ppmZHA S7He &
89 190l 5 ppme & 743 F 8Y 14%¥dlE= 2 ppm7HA FAskeh - F
Hlte] B Aibe] AAats 79 1847bA] @vreiAl FToheta 89 147HA 4A
3 S FAE T 89 14YUolE 2 ppm FEoE F23] Hol X uHFig.

3-5).

3
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10.00

9.00
8.00
& 7.00
EJ 6.00
B 500
X 400
(ppm) 3.00
2.00
1.00
0.00

6.202 7.4 7.18Y 8.12 8.14Y 8. 292 9.13Y
ZAADI(E. &)

Fig. 3-5. A8 AMES T Abe) Ao

i

F

&

3

A& FE CDR-SS, CDR-S, CDR-M< Al-&3t9 39 Aud &
649 20¢014 79 18U7HA F7kskel 5 ppm FEul vt
T AE ZAasle] 99 27¢4oE= 1 ppm ©ldtE "ot 13y A3
% A A = 69 20¥00A 89 197A HAAHew Frtetn

o] F thA AuHew 7238 ArHFig. 3-6).

2
1o
o ol
2
=,
iy
[
rlr

7.00
6.00
=z 5.00
o
B 4.00
él
x 3.00
(ppm) 2 00
1.00
0.00

6.20&€ 7.42 7.182 8.1¢ 8. 142 8292 0.13¢ 9. 27
ZARAIDI(E. &)
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=

Fig. 3-6. 3} 8 A=Y <

T EFS 69 20974 1 ppm FEelM 7E 1894

+ A9

9
pad

CDR-M<& Al €73

=1
=

3]
=4

N A

=
=

of #2479 CDR-SS

el

ks

!

3

g 7ro| EoF
o} CDR-SS¢F CDR-M2 #3 3} w423k

7ol ek,
SRR

o] Atk(Fig. 3-7).

=

o
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Hy A E
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=]

Fig. 3-7.
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3 EF ALF L §EF T Ak

et

& W)

SFA BIuE CDR-SS, CDR-S, CDR-MS Al&3&to] Adv = A ujdh
125 % dEYoleda g3 69 2097 05 ppm9l e 5 |
49740 AEHA fgton, 79 182 40lE 0.1470.30 ppm FEOE
Fovt 1 olFo= AEFEA &kt SHHE A =] AxF
2 69 2097 055 ppm FEolA 79 497 A= ¢F 05
Fog dolxa 79 18¥ 7l 017 025 ppm 7HA Hold F AZEE
FEE A = o NEFFT dREYolH AT Wx 8¢ 194
S

o] AtH(Table 3-2).

(&4 : ppm)

. 6. 20
A g (1 o) 7.4 [7.18| 8.1 |8 14(8.2919. 13| 9. 27
¥ &) 0.00 | 0.00 | 0.29 | 0.00 | 0.00 | 0.00 |0.00| 0.00
A2 | 051 | 0.00 | 0.14 | 0.00 | 0.00 | 0.00 |0.00| 0.00
2kAw | CDR-SS| 0.52 | 0.00 | 0.14 | 0.00 | 0.00 | 0.00 |0.00| 0.00
CDR-S | 0.54 | 0.00 | 0.30 | 0.00 | 0.00 | 0.00 |[0.00| 0.00
CDR-M | 0.47 | 0.00 | 0.14 | 0.00 | 0.00 | 0.00 [0.00| 0.00
¥ & | 0.00 | 0.00 | 0.10 | 0.00 | 0.00 | 0.00 |0.00| 0.00
FA% | 056 | 047 | 0.15 | 0.00 | 0.00 | 0.00 [0.00| 0.00
34w | CDR-SS| 0.55 | 0.49 | 0.24 | 0.00 | 0.00 | 0.00 |0.00| 0.00
CDR-S | 0.55 | 0.46 | 0.17 | 0.00 | 0.00 | 0.00 [0.00| 0.00
CDR-M | 0.00 | 0.45 | 0.25 | 0.00 | 0.00 | 0.00 [0.00| 0.00
¥ & | 000|044 | 0.16 | 0.00 | 0.00 | 0.00 |0.00| 0.00
FA% | 0.00 | 0.00 | 0.16 | 0.00 | 0.00 | 0.00 [0.00| 0.00
0.00 | 0.00 | 0.13 | 0.00 | 0.00 | 0.00 |0.00| 0.00
CDR-S | 0.00 | 0.00 | 0.06 | 0.00 | 0.00 | 0.07 [0.00| 0.00
CDR-M | 0.00 | 0.00 | 0.08 | 0.00 | 0.00 | 0.06 [0.00| 0.00

ofN

b
o,
R
O
»)
7
)
»

AAHE A =0 Axs T AAE Aias 69 20984 0427057

ppmell A 79 49 AolE= 0517058 ppmlE ok A5l a, 79 189 A=
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0.9671.08ppm FTo2 28] 7l7lo] AFsld ot 8¢ 19 Heole tAl 6¥ 20
qdd FEom Ao 5 99 183Y ofFoll= HEHA Fdvh B Y EHEH
E AW = AxFT AAdH FdAio WstE AHHE A = Axg
< AAE Aa wstel fAe o, 3R s ol Habe Ao
= 2 Ael7k iUtk (Table 3-3).

(&4 : ppm)

5 & = 2 7.4 17.18|8.118.14|8.29(9. 13| 9. 27

3 0.44 | 0.51]1.08|0.45|0.38|0.20| 0.06 | 0.02

R 0.49 | 0.56 | 0.96 | 0.52 | 0.35 | 0.19 | 0.03 | 0.00

A | CDR-SS | 0.57 | 0.53 | 1.00 | 0.43 | 0.35 | 0.00 | 0.01 | 0.00

CDR-S 0.45 | 0.58 | 0.98 | 0.60 | 0.34 | 0.21 | 0.00 | 0.00

COR-M 0.42 |1 0.52|0.97 | 0.43 | 0.33 | 0.20 | 0.00 | 0.01

+ 3 0.48 | 0.54]0.99 | 0.42]0.33|0.22 | 0.04 | 0.00

R 0.44 | 0.51]0.97 10.49]0.32 | 0.21 | 0.00 | 0.00

st | CDR-SS | 0.45 | 0.56 | 0.96 | 0.42 | 0.34 | 0.21 | 0.03 | 0.00

CDR-S 0.47 1053|097 042 |0.31|0.21| 0.05 | 0.01

COR-M 0.49 |1 0.57 |1 0.99 | 0.44 | 0.32 | 0.22 | 0.00 | 0.00

+ 3 0.44 | 0.52 ] 0.96 | 0.42 ] 0.32 | 0.22 | 0.00 | 0.00

FHEx 0.47 | 0.46 | 0.95]0.45] 0.32 | 0.19 | 0.00 | 0.00

e
o,
=
@)
)
7
0p)
0p]
(@)
~
%)
o
o
<o

0.94 |1 0.43 | 0.35|0.21 | 0.03 | 0.01

CDR-S 0.46 | 0.48 | 0.96 | 0.45 | 0.33 | 0.21 | 0.03 | 0.01

COR-M 042 |1 0.33|0.94|0.44 | 0.34 | 0.23 | 0.04 | 0.00

B E Auigt =9 §95T SdRUYolH A 5 W= AHHE A6
=L 69 209749 #3& 0.61 ppm, CDR-M Al &7 0.74 ppmeo] AZEH A o

= e dEAEIREE AL AET SETFoAE dEYole AL AE

=3 2] ~2.16 ppm FEOZ CDR-ME A &3k A

Fpo] 94 F drYole A ko] 1 oo 79 18U o] T =
2] ekt

CBHE AR =) $YF F gmVolldh FY W 6

B
o
—
co

o
o
o
rlr
o
(e}
(@)

o



4 20¢d74 F&4, CDR-SS % CDR-S A|&olA 2tz 068, 047 2 0.45
A% Hglon, 79 18046l RE AzlolA droteldart 0%
FANE AE £ §55F guUcldad A

& A & =9
ooHEENE AN EF §55 Fo guuotdda F Wk
% %

(<] : ppm)
- . 6. 20
= < | A 4 . 7.4 17.18| 8.1 |8.14]8.299. 13|9. 27
(2. )
* g 0.61 | 0.00 | 0.96 | 0.00 | 0.00 | 0.00 |0.00 |0.00
FAL 0.00 | 0.00 | 1.22 | 0.00 | 0.00 | 0.00 |0.00 |0.00

2w | CDR-SS 0.00 | 0.00 | 1.23 | 0.00 | 0.00 | 0.00 |0.00 |0.00

CDR-S 0.00 | 0.00 | 1.75 | 0.00 | 0.00 | 0.00 |0.00|0.00

CDR-M 0.74 | 0.00 | 2.16 | 0.00 | 0.00 | 0.00 |0.00|0.00

3 0.00 | 0.00 | 0.83 | 0.00 | 0.00 | 0.00 |0.00 |0.00

FAL 0.68 | 0.00 | 0.42 | 0.00 | 0.00 | 0.00 |0.00 |0.00

st/ | CDR-SS 0.47 | 0.00 | 0.47 | 0.00 | 0.00 | 0.00 |0.00]|0.00

CDR-S 0.45 | 0.00 | 0.41 | 0.00 | 0.00 | 0.00 |0.00]0.00

CDR-M 0.00 | 0.00 | 0.03 | 0.00 | 0.00 | 0.00 |0.00 |0.00

3 1.04 | 0.64 | 0.93 | 0.00 | 0.00 | 0.00 |0.00|0.00

AL 0.50 | 0.00 | 0.43 | 0.00 | 0.00 | 0.00 |0.00]0.00

o
o
=

CDR-SS 0.00 | 0.00 | 0.64 | 0.00 | 0.00 | 0.00 |0.00]0.00

CDR-S 0.00 | 0.00 | 1.19 | 0.00 | 0.00 | 0.00 |0.00 |0.00

CDR-M 3.76 | 2.00 | 1.57 | 0.00 | 0.00 | 0.00 |0.00|0.00

e EFv 5 CDR-SS, CDR-S ¥ CDR-M$ A&t AHdvE Al
Fo] &l e Aa S oY ¥ 79 497bA 0.32 ppm FF0]
Ao} 8¢ 184 AHdE= 181 ppml® A3tz 8¢ 1¥94o= 1.5 ppm
B OoRRE ZAadtar O o] Fol= Aol HEHAT W A H FALT 64

8 ppm 0.61 ppmo|ovt 79 44AHFEH= FHLTFoA A
AHel A7 HEEA Fe A fdde ¢
gk Aol SAHE AN EYG &5 59
T

Aol HAME AW =% §F

O:

o



Table 3-5. 824 5 Zikg 24 ks W3t

(&4 : ppm)

= T | A g 7.4 |7.18| 8.1 |8. 14 (8. 299. 13/|9. 27

S 0.58 | 0.32 | 1.83 | 1.57 | 0.00 | 0.35 | 0.23]0.06

FHAL 0.61 | 0.00 | 1.85 | 0.00 | 0.36 | 0.00 |0.05]0.00

L
o
=
O
=)
i
w0
wn
o
w
\)

0.32 | 1.81 | 1.51 | 0.00 | 0.00 |0.03|0.00

CDR-S 0.32 | 0.32 | 1.81 | 1.50 | 0.31 | 0.22 | 0.06 | 0.00

COR-M 0.32 | 0.33 | 1.81 | 1.50 | 0.15 | 0.00 | 0.04 | 0.00

3 0.33 | 0.32 | 1.83 | 0.00 | 0.00 | 0.20 |0.07|0.00

A A 1.06 | 0.32 | 1.84 | 0.00 | 0.30 | 0.22 | 0.11]0.03

stdW | CDR-SS 1.09 | 0.33 | 1.82 | 0.00 | 0.00 | 0.75 |0.02|0.00

CDR-S 1.48 | 0.33 | 1.81 | 0.00 | 0.00 | 0.69 |0.04|0.00

COR-M 1.07 | 0.33 | 1.86 | 0.00 | 0.33 | 0.77 |0.04 | 0.00

3 0.32 | 0.32 | 0.00 | 1.65 | 0.30 | 0.22 | 0.03|0.00

A A 0.31 | 0.32 | 1.84 | 1.57 | 0.00 | 0.00 |0.04|0.01

o
o,
=
@
w)
7
0p]
wm
(@)
w
)

0.32 | 1.81 | 0.00 | 0.41 | 0.00 |0.00|0.00

CDR-S 0.32 | 0.32 | 1.85 | 0.00 | 0.31 | 0.00 |0.00 |0.00

COR-M 0.32 | 0.31 | 1.85 | 1.59 | 0.33 | 0.27 |0.12|0.03

FEA UGN E CDR-SS9 CDR-SE Agakel Aue sHaw 4245e
FAL S ALLAV|G 2002 A FEIUeM 1 F A AuHow
2ol %

T T
ek Al ¥ el FEL FF WMEtE CDR-SSY CDR-S9F AR
u P &7l vAl e Aes
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S
ox
N
=2
S
=
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Fig. 3-8. A AY HEA T F244 &= ¥s)
sty AEAFY FHL TS
17%% FF@3A77HA 22 .
CDR-M% Al&3 AldT ¥ AeAFe] Td40 S AnEgd7]d 21%=

N EE FEoded =15
CDR-SS Al&7oF &2 Aol #a79 CDR-SE Al%‘P Al
AEAFTY] 44 FFS A grdE 154010}«] 7}7‘ s
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2.50

2.00
E 150
é
A
(%) 1.00
0.50
0.00

Fig. 3-9. s} 8 A&AT Td4 o s

FEYRFVEE Aol AW dRue An FAL FFe Aurd
e pEolgon,

715EH EF7I7HA AREEG s v a8 =
A2 APt GEANEE AE3 vl FAL
AR E TREEE 2 Aole gloey CDR-ME A
gaFol thE wERT W Ao, d ASAE F
e s H oF frAbek ol th(Fig. 3-10).
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2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

X B A Of

—
~

7h ¥ FA = s}

Ao JAEE AR 69 2087l 30 F-ollA 79 18U Al 40 W]
A dsEtthrl 1o o) F o F ket Al fhaste] 99 274 A= 35 e ®
doldtt HE FREEZE B3P CDR-MS A&3 A|d7o B g7}
CDR-SS4 CDR-SE A& A9 W gAY Z2 Aoz Ao,
TR T 8 JA =T 7bg wEokth(Fig. 3-11).
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2z 1@
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Fig. 3-11. A%+

sarel A A% B @ =
MEE e 99 487 MR FUd 4%e wolx 9i ok RadsTo
AR Bael FEARFUE A8 W GAnT YYrhFig 3-12).
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Fig. 3-12. 344
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daule] A A%7] B QAR MHPAE oA ARun} Fgue 2
W oge Ae QAREs} AHg feuug 5 4E o wa 2509 A
ol 2trh(Fig. 3-13).

N Jz 09

6.20 7.4 718 81 814 829 913 9.2/
ZAADI(E. &)

Fig. 3-13. Y34

) g A 4

A EFH R E AEste] A Hol duAe FF bl ko] Xolrt
ARNom 4By JHE Za, GEu T bg 2 o2 2AME T A 9
HAAAAFE FALT 48914 CDR-S A&7 56, 3-8 = T2 50004
CDR-S A&7 59, ¥8u= FALT 5204 CDR-S A&+ 59 ¥tk
g RFr s HFEEZE CDR-SE A& AlgTo dude] FFo #A
glol 7k4 =w, CDR-M, CDR-S%=2 & ol th(Fig. 3-14).
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Fig. 3-14. b5 50 A go] me g4
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N-4dd

SS-4a0
S-4ao
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th A ol &g
A o] &S FF gholl A Aolrt A on, AW IE 36740% = 7HE
T62% %2 7HE EsdTh FEE AL o
&S duAe] Alge] ArgE thE FFol sty wuH F EEurt Aa
ol &E w2 oz FAFHT daHEFHE HFHZ= CDR-SE A4
A2 o] §&o] AW, AW 9 dHH A ZH7; 40%, 44% 2
62%= 7} i1, CDR-SS9 CDR-M2 AW s} stduors e o]
o, @8 = CDR-SS7F CDR-MXEt 5% A& %A wEdth(Fig. 3-15).
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Table 3-6. =% R FdF74 24
v 2| w = R AT TR |HHT | s | Y | T
(cm) | (em) |ON/=5)| 5 O | (o) [£(%)|(kg/10a)| A5
3 56.9 | 18.7 | 13.4 | 75.3 | 23.2 | 84.6| 462 100
AL 55.2 | 175 | 11.0 | 69.8 | 21.8 | 84.1| 404 87
A | CDR-SS| 58.5 | 18.1 | 12.3 | 75.8 | 22.2 |82.9| 414 90
CDR-S | 61.9 | 18.4 | 13.9 | 88.9 | 22.8 | 84.1| 477 103
CDR-M | 60.4 | 18.5 | 15.0 | 83.2 | 22.4 | 84.1| 427 93
@+ % | 704 | 20.2 | 13.1 | 86.1 | 25.2 |88.7| 556 100
FAx 66.1 | 19.2 | 12.1 | 73.1 | 25.3 |89.0| 423 76
shdu | CDR-SS| 69.4 | 19.8 | 13.0 | 80.0 | 26.3 |85.0| 504 91
CDR-S | 70.2 | 20.3 | 12.0 | 90.1 | 27.0 |89.0| 525 94
CDR-M | 70.2 | 17.9 | 13.5 | 78.3 | 27.4 | 88.8| 535 96
@ % | 72.1 | 185 | 144 | 99.5 | 23.8 |73.0| 503 100
FAL 67.0 | 184 | 124 | 72.6 | 23.3 |80.0| 440 87
wn] | CDR-SS| 64.0 | 18.2 | 134 | 91.1 | 23.3 |75.0| 441 88
CDR-S | 67.3 | 18.0 | 13.7 | 97.0 | 23.6 |75.0| 510 101
CDR-M | 65.0 | 17.7 | 12.5 | 90.0 | 25.3 |77.0| 464 92
AW LSD 0.5, 331 kg/10a, CV 95
st LSD 0.5 309 kg/10a, CV 3.1
w3 LSD 05, 87.0 kg/10a, CV 9.2
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Table 3-7. A& F E3}eA

pH T-N OM p,0s | B cat.(cmol” /kg)

LA s @ | ke |(meke K | Ca | Mg

7 9 5.7 0.13 19.2 53 0.26 | 541 | 1.50

FHEL 5.8 0.11 19.3 38 0.24 | 5.30 | 1.38

L
2
I
O
=)
i
92]
n
(@]
(@]
e
—
1

19.2 55 0.28 | 5.35 | 1.56

CDR-S 6.0 0.15 19.2 57 0.27 | 5.36 | 1.53

CDR-M 5.9 0.14 19.1 60 0.27 | 542 | 1.64

7+ 9 5.6 0.14 18.5 55 0.24 | 5.23 | 1.52

AL 5.7 0.12 18.9 44 0.21 | 5.12 | 1.36

stidw | CDR-SS| 5.8 0.13 19.1 57 0.25 | 5.31 | 1.57

CDR-S 5.8 0.13 19.1 53 0.26 | 541 | 1.56

CDR-M 5.9 0.14 19.3 58 0.25 | 5.37 | 1.53

7+ 9 5.8 0.15 19.3 62 0.27 | 5.27 | 1.50

FHAL 5.7 0.12 18.7 39 0.24 | 540 | 1.46

wF¥u | CDR-SS| 6.0 0.14 18.9 56 0.26 | 542 | 1.52

CDR-S 6.1 0.14 19.5 55 0.27 | 5.36 | 1.55

CDR-M 5.9 0.16 19.3 57 0.27 | 5.37 | 1.52
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1} 2004

Agx BEGAEE 5701y, f71E832 19.2 g/kg, 143 55mg/kg S
2 oQlabgr s frrlegEel wlaA vhe Rokom 20039l Hlshal

(Table 3-8).

Table 3-8. A& d Eo3}stA

pH T-N OM P,0s Ex. cat.(cmol’/kg)
(1:5) (%) (g/kg) | (mg/kg) K Ca Mg
5.7 0.13 19.2 55 0.27 5.27 1.50
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Fig. 3-17. 2522} HuFd7](0]d § 259) B & dEUotHda &%

Ui 127 Aujel A o]t $ 259 EY T Hakd Hae e dn
Yot danth 42 Aow ZAMHAL I FFL #379 Aol 85 °
2 M =a, Fu e Aol 41 mg/kg o2 M vrow g HengE
A 7Iu2 Algs AT B HAabe AAvw 50767 mg/kgoli, €EA
EHEE BETAMEFY 80%E Al&e Ao B Habe i 52757

mg/kg ©IAT. EFREEEE CDR-S& AF 7IH=E Al&3 AT EF
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Axke) Ak Fgol b4 BT CDR-ME BaAud A7 e Az ¢

|

1223 B szshAnt, dagdusn gl Ay die] g3 12239 @
CDR-M$S EF=AHSE Al 3ol 55 mg/kg &2 7Hg =31, CDR-SS
Al Zlo] srekrh(Fig. 3-19).
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122 25 2}

S

Z(cm) AON/F) % (cm) ArE/M
S 95.3 15.9 95.8 13.7
R 92.3 13.4 90.7 11.4
CDR-SS100 95.4 15.7 94.2 13.7
CDR-S100 95.6 16.5 95.3 14.3
CDR-M100 95.0 16.9 95.6 15.8
CDR-SS80 93.5 14.3 91.9 12.9
CDR-S80 94.5 15.5 93.2 13.1
CDR_MS80 93.9 14.7 93.4 12.8
ZE Y

_80_




kA HgH 8 CDR-SS, CDR-S % CDR-Me s &35 ASst7] 9st
=

A (AT, S (TAF), FEH(TUHAT)E NIAFT oz st Ad
3 Aile oLy ),

EGS GEUotH A T2 ofd § 30944 (7E 49)ol Harol| =dstu
15 Fpaste] el 2 ppm?ﬁEi W ol HAon, haAdEg

3L
=

o

bl
)
=2
rr
i

N
:‘_14
PN
i
>
>
N,
=2
=)
o
ne

ox,

ol
o
o%
o
4
o
By
&2
a7
kv
m
o2

i, FE7]e = 1 ppmUll Q] 2 ol Tl 4 v of
Auo A= CDR-S, d3EH o= &3 Aln|
E A8 AgTe A T

o
o
iuf
i
=
i

204 7ol 3004 7Y 189 7o 3574002 A5dt

) o0, ¢y G
4 wkokth @WAS CDR-SE A8% Ad7e gugol Agel Agd e

A
H ha
FFo14 7b¢ 23, CDR-M, CDR-S%08 obgov, F5 ole Aolt
(3]

itk A4 o] &8 CDR-Meo] 7H¢ oy, 32 CDR-SE A&3% A3

th. 2004
%E@Ef}%ﬂ]& CDR-SS, CDR-S % CDR-M¢l qm 292 A5e] 98

~2.9
n o) GARE BEARTIE F CDRSSE AS
AgF AR son, 457 o 69 299
% FAGGF 7 ol FAE A dobeh 1
4o duAe $EARFNBE BEAN APTIA 5358 EEA
3 AGTFoIAE 48751 oIk Mol A%e 204 u} 1w
Aol Fzetul, T4 A4t 2mAnT 1A 1720 o wor $EYNG

Zhel A 16.5, 16.90] a1, 2R 2o A= 14.3,

=
1
o o
O
o
T
=
A
O
o
-
w
N
)
N
—
b

_81_



15.87 A o}

_82_



ool o] 7] I

T
)
_L

H

zel

2
e

Al 4 F

w
EY]

71 %ro]
30
, 60, 90, 120¥4¢1 ¥

ol

K

R

o
N

il
s

-
B

!

v

o]

2E g
2 5} }
J

il

1 A3
18& &3l o
e

3|
&

wa Aol o

A 5 &

=y

=K

!

uj

B
!

SERET I

B

—~—
o

o
o
o

T
eyl
X
el
o

o
L,
o

=
. wep

s

=y

o
]

o]
gH

"o

i

Mo
Ho

o
m

p—

0

)
)
ﬁo
o

—=
o

3}

o
.
N

ol
5
ol
Jo

_83_



A6

y
Kl
M
ot

Wada, G., R.C.Aragones and H. Ando. 1991. Effect of slow release
fertilizer(Meister) on the nitrogen uptake and yield of the plant in the
tropics. Japan Jour. Crop Sci. 60(1) : 101-106

A, 1996, ¥l AgHel N dEAEFN R F2ANET FHAY. I
AP FA AT E A, p 674-678

SEE. 2000 EAHE el 3

2

_'_F_

e

off
rh
=
ool

e+, 1988, EFss £

B gE, HhmNg, R, WA, Sl 1998, latex i K S I Sio] RS
R B o] SRR Yol vA= & WML 31(4):324-329

FRBERE. 1993, MAkEACRRS] et W AE el mA= FF. wfEL.
37(6): 499-505

MU 1994, v AR wE ek BguEe] Avige]l 4% W v e
2] = J S EYgH] R3] 4] 27(3) 1 2267231
U, RS, R, A0e, AEA. 2002 W ARATANA SEY BF

= -1
Hl 29 HE=ANE 3, S EYH 23831, 35(2) : 1127117

MgH. FHE 1071 SEYD2NE Ago] v A% ¥ FRFFO v
9% 4EIAT 2 AYATRIA. p 889-916

NEkHE . 2000. 28470 A JERH & 9T B

NERHEEE. O s, Sk Ee. 2001, EESCH3. H5hk

_84_



LEFIED, BRI L, olZME, JF LAY, HdisE. 1990, LIRS & BRI
e B2 A U 72 2 I Al TACRS o BRI S8 i ¥ & — > & iRk
PENERE D FEH v X — 2 HEpE B3 & Ofd2E. 65(7):828-834

A AA. 1988, vl g2 At o] drEUN| TS A 21(S. 1) 1 119~125

FS1- FURE. 1995, BrEsik~ o JRBk AR pE, EIR, BRI & o AL @0 p59T95

o], 1998, AlM]. F=rEgn| 53] A 31(S. 1) : 64775

FRH, MED, o5, ol FR, YFel, WA, 2001 ¥ BEARANA $E
;(_L]

v g A 83 RS R3] A 34(6) ¢ 4017406
MR = 5. 1991, B o] A:Rel AEfE. H0nt. p83-85
FHBGERR. 1991, MR SR oI & R IER BB LU W2 66(5)  615-740

ffesptol o3 ACkHEimol An B Mol viA= F&F Bl U ORRER).
33(2):34-40

MR, e, SIEERS, Ak, HrirE 1971, KHIZB 1T 2 EROBREL
K & 2 EHEBMIZ O WT 3R BIEERD LIERICB T 51TE% 5 NIk
e & a0 HAREYERERC . 2540%7:287-293

Sada shoji, A. T. Gandenza. 1992. Controlled ralease fertilizers with
polyolefin resin coating. pp 92

_85_



Sada shoji, A. T. Gandenza and K. Kimura. 1991. simulation of crop
response poyolefin coated urea. Nitrogen uptake by dent corn. Soil Sci. Soc.

Am. ]J. 55 1 146871473

Juliano. B. O. 1985. Criterial and tests for rice grain qualities. Rice;chemistry

and technology. American Association of Cereal Chemists. pp.443-524.

_86_



	라텍스를 이용한 피복비료 제조기술 개발 및 상품화 
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1 절 피복물질 선발 및 피복조건 확립
	1. 재료 및 방법
	2. 연구 내용 및 결과

	제 2 절 수도용 완효성복비 비종확립 시험(충북대학교)
	1. 품종별 비종확립 시험(1년차)
	2. 재배양식별 비종확립시험(2년차)

	제 3 절 수도용 완효성복비비종확립 시험(전남농업기술원)
	1. 재료 및 방법
	2. 결과 및 고찰
	3. 적 요


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발결과의 활용계획
	제 6 장 참고문헌

