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SUMMARY

TITLE : DEVELOPMENT OF NEW MATERIALS USING RARE EARTH
FOR AGRICULTURAL USE

Rare earth indicates a group of 17 chemical elements composed of 15
lanthanide elements, Sc and Y. and they are so called because they are known to
be very rare on earth. The atomic structures of these elements are so unique as
to retain very singular biological activities in living cells. They are known to
stimulate the germination of seeds and root growth, and the formation of
chlorophyll in plants. They keep anti—-microbial activity by themselves and this
should explain the reduced diarrhea that is responsible for the death of many
young animals. In animals they are also known to increase the level of immune
body and growth hormone in blood serum of animals. In addition, they also get
rid of stress in animals through minimizing the formation of free radicals. In order
to make benefits out of these biological functions of rare earth in plants and
animals a series of studies have been conducted to develope new materials that

can be used to enhance the productivities of crops and livestock.

I. Development of compound rare earth feed additives
1. Purpose and significance do the study

The purpose of this study is to develope feed additives using rare earth that
can be used in replacement for many synthetic animal grow promoters including
antibiotics to promote the performance of livestock and the quality of many
animal products. In doing so this study is developing environmental friendly feed

additives because rare earth is a natural but not chemically synthesized material.
2. Materials and method

This study is composed mostly of a series of animal feeding experiments

using experimental rats, chicken, breeding hens, weanling piglets, and growing



pigs. All the experiments were properly designed as any other animal feeding

trials. The major difference among feeding experiments was some manipulation

with respect to dietary supplementation of rare earth and all others were as

usual. Using a general laboratory experimental procedure in vitro microbial

studies were also conducted to test the anti—-microbial property of rare earth .

3. Results

II.

D

2)

3)

4)

5)

6)

7)

8)

There were not much difference among major rare earth elements in
affecting the growth of rats

No harmful effects of rare earth were found and no different appearance of
internal organs even with a rare earth level as high as 5000ppm in a diet
were found in rats.

Rare earth exhibited the activity of depressing the multiplication of
pathogenic microorganisms in vitro such as FE. coli and Salmonella at
concentrations higher than 100ppm and 200ppm, respectively.

Rare earth enhanced the growth of growing pigs by a range from 5.2% to
15.4% depending upon the type of rare earth.

Rare earth improved the growth of weanling piglets by 5.6-6.1% with
dietary supplementation of rare earth at levels of 100-200mg/kg. The
reduced incidence of diarrhea and death of young pig were also observed.

Feeding rare earth to finisher pig decreased back fat thickness and
improved pig carcass quality. It increased the incidence of grade "A”, the
highest grade, and decreased the grade "D”, the lowest grade.

Proper dietary levels of rare earth for broilers appeared to be about
50-100ppm that stimulate the growth and reduce the death of broiler
chicks.

Feeding rare earth at a level of 300ppm in diets increased the production
of breeder eggs by 4.4% and reduced the mortality of breeding hens

remarkably.

Development of organic acid-RE wet chelation reaction method

. Purpose and significance

The purpose of this study is to develop extraction of rare earth elements in



plant and soil sample and organic acid-RE wet chelation reaction method

2. Contents and scopes

1) Analysis system of RE using ICP/AES

O Investigation of analysis condition ICP/AES (ICPS-7500 Shimadzu)

O Investigation of extraction efficiency for rare earth elements in plant and
soil sample

2) Development of RE-Organic acid wet chelation reaction method
O Recovery of Re-OA chelation compound

O Characteristics of visible spectroscopy of RE-OA chelation compound
3) Improvement of side-reaction for Re-OA chelation compound
3. Results and recommendations

O According to the instrumental analysis by ICP/AES (ICPS-7500 Shimadzu),
detection limit of rare earth elements was 0.005ppm
O We established a effective extraction method for rare earth element in plant
and soil samples
O According to the kind of chelating agent, absorption wavelength of RE-OA
compound was different.
O In case of addition of cysteine and methionine, recovery of rare earth

elements was increased about 24%
III. Development of rare earth compound fertilizer for forage crops.
1. Effects of concentration of rare earth on the emergence and growth of forage crops.
To study the effects of application level of rare earth seedling emergence and growth of forage
crops were measured. Seeds of com, Italian ryegrass, and alfalfa were soaked in 0, 50, 100, 300, 500,

and 80ppm solutions of La(NO3)s, Ce(NOs3);. Pr(NOs)s. and Nd(NOs)s for six hours. The

seeds were sown lcm deep in vermiculite and emergence rates were investigated.



Seedlings of com, Italian ryegrass, and alfalfa were hydroponic cultured, and those shoot and root
growth were measured. The emergence rates of com, Italian ryegrass, and alfalfa were best, when
the seeds were soaked in 10ppm solution of La(NO3)s, Best results of emergence rate(ER),
maximum emergence arte(MER), and days to reach 50% of final emergence
rate(Et50) were shown with the seeds of corn treated with 100ppm Ce(NOs)s,
Italian ryegrass and alfalfa seeds soaked in 100ppm Ce(NOs)3 were also emerged
best, but not appeared statistical significance among concentrations of rare earth.
Pr(NOs); solution did not affect the emergence of corn, whereas, the seeds of
Italian ryegrass were affected much to 300ppm Pr(NOs); Cumulative emergence
percentage(CEP), ER, and MER were highest, when alfalfa seeds were treated to
100ppm solution of Pr(NOs)3. Corn seeds soaked in 300ppm Nd(NOs); showed high
ER, MER, and Et50, but alfalfa seeds were damaged by Nd(NOs); treatment.
La(NO3); and Ce(NOs); did not affect the yield of corn, but the plants applied
with 50ppm Pr(NOs) and 50~300ppm Nd(NOs); were yielded much more than non
treated control. Sorghum plants treated with 300~500ppm La(NOs); or Ce(NOs)s
was yielded more. As the concentrations of La(NO3); and Ce(NOs)s were high, as
the yield of sorghum was increased. Dry matter yield was highly increased, when
Italian ryegrass was sprayed with 100~300ppm La(NOjs)s Ce(NO3)s;, or Nd(NO3)s.
Dry matter yield of root was much higher compared to that of shoot. Rare earth
gave damage to the growth of alfalfa, and the damage was increased as the

treated level of rare earth was higher.

2. Developing rare earth fertilizer

In order to develop rare earth fertilizer five kinds of rare earth fertilizer were
made, and sprayed to forage crops to study their effects. Alfalfa, Italian ryegrass
and corn were soil cultured. Plants were foliar sprayed twice by raw rare
earth(RE), RE+PGR(plant growth regulator), RE+minerals, RE+multinutrient, and
introduced RE fertilizer, and investigated leaf thickness, plant weight, chlorophyll
content, and root activity. Leaves of alfalfa became significantly thicker by foliar
spraying of RE+minerals and RE+multinutrient. Yield of alfalfa was increased by
all kinds of RE fertilizers, but not Statistically significantly different among
treatments. Number of tillers was highest by applying RE+PGR. Leaf thickness of
Italian ryegrass was increased by RE, and number of tillers was highest by

spraying RE+minerals. Fresh and dry weight yield of Italian ryegrass were



highest, when the plants were sprayed with RE+minerals or RE fertilizer. Plant
height, leaf thickness and root activity of corn were increased by sprinkling RE,
highest increase by RE+minerals. Sprinkling of corn with RE+minerals increased
dry weight yield by 29%. Root/shoot ratio was highest when forage crops were
foliar sprayed with RE+minerals, next to RE fertilizer. Root activities of Italian
ryegrass and corn applied with RE+minerals were higher than the other

treatments.

3. Effects of rare earth and nitrogen application on the growth and nitrate content of chicory

The effect of rare earth(RE) at three different levels of nitrogen on the
growth and nitrate content of chicory (Cichorium intybus L.) were studied in
terms of leaf size, fresh and dry weight increase, and chlorophyll and nitrate
content grown in plastic pots within glasshouse. Leaf size was enlarged as the
level of nitrogen applied was high, and leaf width, length, and thickness of leaf
were increased by RE treatment showing significant difference at high
nitrogen(N+1) plot. As the level of nitrogen applied was high, as fresh and dry
weight per plant was increased significantly(p<0.05), and sprinkling cabbage with
RE increased fresh and dry matter yield to 2~12, 4~6.2% more, respectively.
Dry matter content of Chinese cabbage was increased by RE sprinkling. At all
levels of nitrogen fertilized chlorophyll contents were increased by RE treatment.
As the level of nitrogen was high, as the content of chlorophyll was highly
increased by RE. Nitrate was accumulated more at high level of nitrogen
application, but nitrate was decreased by RE application, 40% decrease at very
high nitrogen plot(N+2). RE stimulated the growth of chicory with high
chlorophyll content, and showed the possibility producing high quality agricultural

products low in nitrate content.

4. HEffects of rare earth on the growth, nitrate accumulation and insecticide remained in spinach and
lettuce

To study the effect of rare earth on the growth and quality of spinach
(Spinacia oleracea L.) and lettuce(Lactuca sativa L.), fresh weight yield, chemical

composition, chlorophyll, nitrate and imidacloprid content were investigated. Rare



earth application increased chlorophyll contents of spinach and lettuce by 13.3 and
2.6% when compared to the no rare earth applied control. Fresh weight of spinach
per plant was increased by 22.7%, and leaves became thicker by rare earth
fertilization. Nitrate contents of spinach and lettuce were reduced by 23.0 and
19.9% by rare earth application. Three times of sprinkling rare earth showed the
best result in reducing imidacloprid content of lettuce which was reduced by 33.4%.
Rare earth fertilization increased the chlorophyll content and yield of spinach and

lettuce, and reduced nitrate and imidacloprid content.

5. Effects of rare earth and nitrogen application on the growth and nitrate content of chinese
cabbage.

In order to study the effects of rare earth(RE) application on the leaf
thickness, weight, chlorophyll and nitrate contents of Chinese cabbage(Brassica
campestris subsp. Makino) which was grown at three different levels of nitrogen
fertilization were investigated. A high level of nitrogen fertilization increased leaf
size, and RE application increased width, length, and thickness of cabbage leaves
as the statistical significance appeared at high nitrogen fertilization (N+1). As the
level of nitrogen fertilization raised the fresh and dry weight of each cabbage
appeared to be increased proportionally (p<0.05), and sprinkling of cabbage with
RE solution increased fresh weight by 2~12% and dry weight by 4~6.2%. RE
application increased chlorophyll content of cabbage leaves at all
nitrogen fertilization levels. The efficacy of RE in increasing chlorophyll content
was greater at higher levels of nitrogen fertilization. Nitrate was accumulated by

nitrogen fertilization, more at high nitrogen fertilization, and it was greatly
decreased by RE application, even by 40% at a very high nitrogen fertilization plot
(N+2). RE stimulated the growth of Chinese cabbage with high chlorophyll
content, and showed the possibility producing high quality agricultural products

low in nitrate content.
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6. Effects of liquid rare earth(RE) fertilizer on the yield and quality of tomato.

This experiment was carried out to develop liquid rare earth fertilizer to
replace powder RE fertilizer. Cherry tomato 'Kokobangul’ was grown at
experimental vinyl-house, Chonbuk National University, and Hosung—Dong,
Chonju. Plant growth characteristics, vyield, and quality of fruits were
investigated. Internode length of tomato was shorten by applying liquid RE
fertilizer. First and second cluster position was also lowered. Stem diameter and
leaf thickness were enlarged by sprinkling liquid RE fertilizer. Number of fruits
per truss was increased, and total weight of fruits by 21.2% at the experimental
farm compared to 19% at Hosung-Dong farm with applying liquid RE. Applying
liquid increased mean fruit weight by 14.6%, and sweetness by 7.6%. Liquid RE
fertilizer stimulated plant growth, and elevated the yield and quality of fruits.

7. Effects of feeding rare earth on the growth and meat quality of Korean
native goats.

Effects of feeding rare earth on the growth and meat quality of Korean
native goats were investigated. Twenty heads of male goats were divided into
four treatment groups fed diets containing rare earth, silage, RE-silage. Growth

rate, feed intake, carcass and meat quality were investigated.

1) Goats fed rare earth showed highest total weight gain, and those fed silage

gained least because of low roughage intake.

2) Daily weight gain was similar to total weight gain, and the goats fed rare

earth increased their weight gainl3% more than control.

3) Feed conversion ratio fed rare earth was 9.7g, whereas, that of control was
11.3g.

4) Cold weight, dressing percentage, and meat weight of goat meat fed rare

earth were slightly higher than those of control, however, not statistically

significant.
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5) Bone percentage was not significantly different between treatments, and fat

percentage of goat meat on rare earth was higher than that of control.

6) Shear force and cooking loss of goat meat on rare earth were slightly

higher than those of control.

7) Water holding capacity, juiciness, and tenderness of meat fed rare earth

were lower than those of control.

8) Flavor and pH of meat were similar between treatments. Feeding rare earth

to goats could not be expected good meat quality.
IV. Development of environmental friendly rare earth compound fertilizer

1. Objectives and importance of the study

Competition and trade has grown more intense in the context of the World
Trade Organization system, ensure food sanitation and marketability are important
problem for the agricultural products. Nitrate and agricultural chemical residues
are major crucial topics in vegetables and forage crops up-to—date. This study
were performed to provide a means whereby environmental Friendly Rare Earth
Compound Fertilizer can be use for decreasing nitrate content and agricultural
chemical residues widely available. The proposes and objectives of this study are

summarized as follows :

1) To analyze optimum contents of single Rare Earth elements with different
concentrations which growed in different stages for the purpose of making
proper Rare Earth Compound Fertilizer in lettuce and forage corn and Italian

ryegrass by the water culture and potting, small area experiment.

2) With optimum contents of single Rare Earth elements, manufactured Rare

Earth Compound Fertilizer.

_12_



3) To analyze effects of Rare Earth Compound Fertilizer on nitrate content and
agricultural chemical residues reduction and growth promotion, yield increase
of lettuce, forage corn and Italian rye grass by the water culture and potting,

small area and field experiment.

4) To analyze the pattern of absorption, absorbability and distribution of single
Rare Earth elements by applying Rare Earth Compound Fertilize in the crops.

2. Results and recommendations

1) The optimum concentration of single Rare Earth elements were obtained in
lettuce and forage corn, Italian ryegrass by the water culture and potting,
small area experiment. When the concentration of single Rare Earth
elements(La, Ce, Pr, Na, Y)chloride with seed soaking and spraying leaves at
10~30ppm in lettuce and forage corn except 50ppm of La. Physiological index

and yield were promoted.

2) Applying 100~300ppm of Rare Earth Compound Fertilizer with seed soaking
and 1~2 times of spraying leaves was able to increase the yield by 182~
25.8% and 3.6% for lettuce and forage corn respectively. For Italian ryegrass,
when the concentration was 500~700ppm, the yield were higher from 6.9% to

9.3% than non-treatment of Rare Earth compound Fertilizer

3) The experimental results show that spraying 2 times of Rare Earth
Compound Fertilizer at the primary, middle and later growth stage for 100,
500ppm of Rare Earth Compound Fertilizer(Treatment II-3) in lettuce can
decrease the ingredient of agricultural chemical Mancozed residues within the
range of 16.1%. And 3 times of spraying Rare Earth Compound Fertilizer at the
primary, middle and later growth stage for 100, 300, 500ppm of Rare Earth
Compound Fertilizer(Treatment II-2) in lettuce Mancozed residues has
decreased by 22.6%. And in case of forage corn, Mancozed residue show the

minimum detection range.

_13_



4) Lettuce and Italian ryegrass, the experimental crops, were treated by Rare
Earth Compound Fertilizer.

In case of lettuce, when spraying 3 times at the primary, middle and later
growth stage for 100, 200, 300ppm(Treatment I-1) respectively, it is shown
that the Nitrate accumulation was lower by 38.3% than non-treatment plot.

In case of Italian ryegrass, when spraying 3 times for 200ppm at the
middle, for 500 and 700ppm (Treatment II-3, II-4) at later growth stage
deduction rate of the Nitrate accumulation was 62.2% and 65.8% respectively.

When applying Rare Earth Compound Fertilizer to forage corn for 200,
1,000ppm with soil treatment and spraying leaves, deduction rate of the Nitrate
accumulation was highest compared with non—treatment. It’s rate was 59.1%.

But considering to the economic point of view in relation to yield and Rare
Earth elements accumulation in plant, even though the Nitrate deduction
was 45.0%, spraying 2 times for 200ppm at the middle and the later

growth stage is may be proper method.

5) The pattern of absorbability and accumulation by single Rare Earth
elements in crops were analyzed.

The experimental results showed that a amount of single Rare Earth
elements(La, Ce, Pr, Nd, Y) were accumulated in proportion to quantity,
concentration and applying times of Rare Earth Compound Fertilizer.

In the order of residue quantity, lettuce has more single Rare Earth elements
than the other crops. In case of forage corn, total residue quantity was 2.3~
26.3ppm. And Italian ryegrass has lower residue quantity than the other crops.
its total residue quantity was 1.7~17.5ppm.

_14_
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0 ppm 125 ppm 250 ppm 500 ppm 750 ppm
Level of Rare Earth (mg/kg)

Fig. 1-1. Effect of feeding different levels of rare earth elements on growth of rats.
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Feeding RE and the growth of male rats
530
490
*—-.
|
450 ;/*;
§ 410 %,@‘ﬂa:ﬂ
E, 370
= 330
o
03-‘ 290
> 250 —0—RE 0mg/kg —8—RE 2mg/kg
3 |
S —o—RE 20mg/kg —=—RE 200mg/kg
210
—a—RE 2000mg/ kg
N
130 N N N ;
1 2 4 6 8 10 12 14 16 18 20 22
Week after the experiment began

Fig.1-2-1. The growth of male rats as affected by feeding different levels of
rare earth.

Feeding RE and the growth of female rats
410 \ \ \ \ \ \ \

g?g | —0—RE 0mg/kg —=—RE 2mg/kg

350 F ——RE 20mg/kg —e—RE 200mg/kg
—o—RE 2000mg/kg

330 |
310
290
270
250
230
210
190
170
150
130

Body weight (g/head)

1 2 4 6 8 10 12 14 16 18 20 22
Week after the experiment began (week)

Fig.1-2-2. The growth of female rats as affected by feeding different levels of
rare earth.
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Table 1-1. Effect of feeding different levels of rare earth on the growth of rats.

Treatment S & Z(g/rat) Z+ potz| & H Al
RE, pom Male Female Male Female
0 520.1 2455 0 3
500 4548 249.6 0 1
1000 466.3 242.1 1 1
2000 430.5 236.8 0 1
5000 479.0 268.7 2 0
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H 1-30 AAIES gtk AT AZ77F A o] & AlFo] ALES HE A
3 %!
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P2 3R kel HIubeEEol Adaglel FAREE AHS ALl ot H
9 Aol duH ol WA 135 o]F) WETelAM L3y AF =
s 9 owe] o= AFS HET ATk 1209 e AL" 2 AF ol
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Table 1-2. Body weight gain(g/head) and feed conversion ratio by rats as
affected by feeding rare earth.

Treatment & A Zg/rat) FCR
RE, pom Male Female Male Female
0 216.9 79.9 24.0 49.6
125 229.9 81.3 23.7 51.9
250 2174 749 24.2 55.9
500 199.0 67.1 279 64.8
5000 223.7 72.0 28.0 63.4

;AT\

Fig 1 3 The appearance of internal organs of rats fed different levels of RE.
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oAM= Ecoli= Tryptone (Difco); Sodium (Sigma); Salmonella= Selenite
Broth (Difco)@ HAMFuAE 20ml] TES] 50%2] LaCls8&9S A ¥@2 A

mlm J

ZbatRar, 7l Addae A Agy 2 HHeRE st 7, Al A A

o= E.coli, Salmonella AAMG AHES EF 24ATo= AsEga

Salmonellat Bismuth Sulfite Agar (Difco)oll 4] 37C= 24A17F vid & H5= %

A3stArt. A5 Cornical tubedl & HES F, ¥=E 01lmls FHdl FAstx

Tryptone (Difco), Sodium (Sigma)+Agar; Bismuth Sulfite Agar (Difco)ellA4 37T

2 2ANZ ME F A5 E S-S A 0AZHe T Ve o m AFkTh

2) 23 2 &

Fig. 1-4, 1-5% La®™" E coli o VA& 4o i 2atde] 28A7E 1o

1 9t} Nutrient brotholl A #iF3t Fig. 1-49] 232 ¥, 50ppm T4 =

279 A1 E coli AAHEE B E coli AAFAAE0] gl9W Ao wHS
o} 284 100ppme] FEFEE Lat'e w9t wdste] E coli Aol AAEHE %
=7F oy o, 1000ppm FwolAe AEE E coli A THRE YER O] H)
F 1943t o] F ol E colittol AEHA ekttt ¥ La’ 5000ppm FEol A&
& 12413t o] %o o]u] E. colivto] #HEH A ¢Fokoh

F

H

3

_35_
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Fig 1-4. Growth of E. coli in the Nutrient broth as affected by La®
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Fig 1-5. Growth of E. coli in Tryptone+Sodium as affected by La*
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U A1 F2 JE 429 wWi@dn & i 13 AAFAE

DAE 33 € A=

g A 2001 5 79- 2001 69 239 (587

A AR ASA ARE 29 (AE SN S AR FEA)

NEFE 7 A= wgF 4297 H7 A5 o 26-29kg/head)

ANFAA ¢ 4 g x4k i 22 ~295
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Aol wel MR o2 3 74 TFY JEE dos Ay, SAHEH AL
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}) SEE ARQTEECRIE AN witst 9}912111, 2o HEdLe )
Ful gl et Aol7l AUk HASe AFEA mnt 44 AQD REHE
g Ee ARQTE AMEAE JEPAT. 2 ANA AR T 8ol

ol ARHAY FHol 07 AUd A 2k

) HEe Folz BASe AAL Fase FAE BHYa, AEd HE Fof
A Formula Mol 7b4 2 4 ZaE veuglen oo md F5 PEs}

dad A 2.

Table 1-3. Body weight gain and feed conversion ratio by weanling piglets as
affected by dietary supplementation of rare earth.

Treatment Control REH REM Formula M

No. of Rep. 4 4 4 4
Ani./Rep. 25-30 28-31 22-29 20-29
Total No. of Animals 113 17 98 101
Body wt., kghead

Initial 28.82 25.73 29.89 29.08

Final 61.19 59.77 65.77 66.43

Gain 32.37 34.50 35.88 37.35
Feed Intake, kghead 100.2 97.3 109.7 1144
FCR 3.14 2.86 3.05 3.06
Death 10 7 6 2

O AY2 F8 JE 429 wigH & i 23 AFAE

1) /é@ H]—\a tﬂ ZHE—

4 A :2001d 69 199 ~ 20039 10€ 209 (12397D)

3 A E2E o ALY ==

NASE : AARE, 23AEQD) EF 967(AF 15-17kg/head)
NDAA : 3748 x4ukExur o) Qi

A g FH7F HEZF(Contro) @ 270 A1 8] 7-(Hunan RE, Formula M)

= 2AE AL FEFAdA AA AL AS 15-17kg/head &
T A=) B AAAE 9675 o8&t ol ¥ FskAITl o=V 7kA °oF 4
AL Ao wel sEAL v H&S Dtk 2 7HA TR S EE w4
& A, SAFIS ARLTFE(FCR)S obef #1-400 BoF= whsh o] vEpyk

UO
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Table 1-4. Body weight gain and feed conversion ratio by weanling piglets
as affected by dietary supplementation of rare earth.

Treatment Control Hunan RE Formula M

No. of Rep. 4 4 4
Ani./Rep. 8 8 8
Total No. of Animals 32 32 32
Body wt., kg/head

Initial 15.14 16.52 15.04

Final 99.17 103.94 104.95

Gain 84.02° 87.40% 91.27°
Feed Intake, kg/head 2941 299.9 251.9
FCR 350° 3.43° 276"

g A3 EFIEY HH AEHT F SAS AT olFAE AFAH.

DAY 3 R A=
4 A 20039 59~ 2003 89 (3xkel AHEAIY W)

A A HokA] AU Y= =R 2EAL
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2) 27 4 &
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7hH B3 RE9 Al837lE olfA=EEY AFE 56% ~ 6.1%
g7 e, RE #A7b+2 100~ ZOOmg/kgO] 2 7g gk
) B& REY AFRA7ME o] fAlESe] AR &% FAT NI

T& (FCR)& 25-52% A&9 7jxo]l 7ltj=

th) A= HAFE S hETY 63% AEA BEdIE HIE 54%E

Abe e FAE B AE AANA BEI At «]0}
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) olAe A ATl EAA Aol gl ol

A= vz u EwEg =S Ao HUSA HXEHA
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o] Wol7} 7] WFozE AZFEU

Table 1-5. Body weight gain and feed conversion ratio in weanling piglets as
affected by dietary supplementation of rare earth.

(e}

= 44,

d~69 21¢, 34%‘{; Z} 7 27°‘~8 304, 35¥ 39

E 3o =
[¢}

Treatment T1(Control) T2 T3

RE level(mg/kg) 0 100 200
No. of Rep. 12 12 12
Ani. / Rep. 24~30 24~30 24~30
Total No. of Animals 316 316 316
Body wt.(kg/head)

Initial 8.90+1.14 8.76+1.00 8.80+0.94

Final 22.92+1.83 23.56+2.05 23.67+2.00

Gain 14.01+1.25 14.79+1.60 14.87+1.64
Feed intake(kg/head) 22.50+2.20 23.20x2.47 22731257

FCR 1.61+£0.08 1.57+0.08 1.53+0.10

Death rate 6.3% 5.4% 5.4%
Means+SD
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Fig. 1-8. Body weight gain and feed conversion ratio in weanling piglets as
affected by dietary supplementation of rare earth.

. ¥4 BRIEY AZH ] G S AFA D,

DAY WY 2 A=
o Al £ 20039 59~ 20039 89 (3x+dl A=AlE REE)
A & Fd AMA AYW ALES FEZT V) A%ES

A3¥FE : LandracexLarge Yorkshire F1AA A= & 1189F
(H 709 %, HoAlF oF 26.5kg/head).
AGAA 24 (HNEZT9 IE 200mg/kg H7HH)x29r 84 54
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wid wEsord A 2. oleld AddA ARE actduy g

7h AT AT FakdFel wE A9 SR Fgoaairt veue, HAE
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Table 1-6. Carcass characteristics of pigs by market age as affected by dietary
supplementation of rare earth.

175~183age 184~190age 191~202age Total

CON TRT' CON TRT CON TRT CON TRT
Market age(days) 1784 176.7 1873 1852 196.7 1986 1879 1873

ltem

Live weight(kg) 107.7° 1102* 1140 1133 1158 1164 1126 1134
Carcass weight(kg) 83.1° 850 871 876 89.1 898 866° 87.5°
Carcass (%) 771 774 764 773 770 771 768 71.2°
Backfat (mm) 20 218 235 228 240 235 232 227
No. of animals 180 199 185 197 205 223 570 619
Carcass grade(%)
A 411 462 346 487 376 395 377 446
B 311 342 368 315 278 305 318 320
C 211 131 157 96 146 143 170 124
D 6.7 65 129 102 200 157 135 110

Average value of b a . R
carcass grade 307 320 293 3.19 283 294 294 310

ab Means within a row without same letter differ(P<0.05),
' Rare Earth-treated group, supplied with 200mg/kg of an RE mixture in the diet.
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Fig. 1-9. Backfat thickness of slaughter pigs as affected
by supplementation of rare earth in diets.
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Table 1-7. Effect of dietary supplementation of RE on weight gain of broilers

Treatments 0-3 weeks 4-5 weeks 0-5 weeks
(mg/kg)

0 765.46+12.25 768.30+17.78° 1533.76+9.69"
100 791.28+2.06 878.64+22.42° 1669.92+20.88°
200 782.43+23.43 879.28+27.16° 1661.71+44.59%
400 742.64+22 .13 828.97+16.29° 1571.61+28.22°
800 755.27+25 71 810.96+18.97° 1566.23+41.58"
1600 752.06+14.78 777.90+11.44° 1529.96+20.64"

Values are means*SE. Means for groups in homogeneous subsets are displayed.
3y/alues with no common letters are significantly different between RE supplemental level(P<0.05).

Table 1-8. Effect of dietary supplementation of RE on feed conversion ratio by
broiler chicks.

Treatments FCR Feed intake
(mg/kg) 0-3 weeks 4-5 weeks 0-5 weeks (g/chick)

0 1.701£0.08 1.787+0.10% 1.817+0.08 2728.7
100 1.596+0.07 1.623+0.03° 1.621+0.02 2720.8
200 1.674+0.05 1.64120.11% 1.637+0.08 2692.6
400 1.760+0.06 1.647+0.03" 1.765%+0.04 2730.3
800 1.776+0.03 1.743+0.10%° 1.718+0.03 2738.7
1600 1.728+0.04 1.728+0.12%° 1.792+0.06 2698.5

Values are means*SE. Means for groups in homogeneous subsets are displayed.
abe \/alues with no common letters are significantly different between RE supplemental level(P<0.05).
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Fig 1-10. Body weight gain and feed conversion ratio(FCR) as affected by
dietary supplementation of rare earth.
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Table 1-8. Effect of dietary supplementation of RE on weight gain by broilers.
Treatments

(ma/kg) 0-3 weeks 4-5 weeks 0-5 weeks
0 585.90+9.66" 855.69+14.82° 1441.60+19.95°
50 718.10+8.01° 932.59+11.99° 1650.69+16.60°
100 575.73+7.44° 853.32+11.67° 1429.08+12.64°
150 567.07+10.57° 841.66+17.70° 1408.72+27.94°

Values are means*SE. Means for groups in homogeneous subsets are displayed.
ab v/alues with no common letters are significantly different between RE supplemental level(P<0.05).

Table 1-9. Effect of dietary supplementation of RE on feed conversion ratio
by broiler chicks.

Treatments FCR Feed intake
(mg/kg) 0-3 weeks 4-5 weeks 0-5 weeks (g/chick)
0 1.747+0.05° 2.089+0.02 1.950+0.03° 2811.1
50 1.462+0.02° 2.054+0.04 1.796+0.02° 2936.7
100 1.8030.04% 2.217+0.08 2.051%0.06% 2931.0
150 1.924+0.06° 2.256+0.09 2.122+0.07° 2989.3

Vbalues are means=SE. Means for groups in homogeneous subsets are displayed.
Values with no common letters are significantly different between RE supplemental level (P<0.05).
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g ok gkl EAHORE f9o3F Aolx= oyt 1L o]y 3k FAbol
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Hla] shgo] motout AM R Fog A2 ofydrt 36-41FF 9 b
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Egg production curve(Ross breeders)

o | ;

aadl
g . [

R

/1
{
H

30 r

Egg production(%

20 r

10

0 ‘ L1 L1 L1 L L1

23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63
Age of breeders (week)

Fig 1-11. Effect of dietary supplementation of RE on egg production by
broiler breeder hens(Ross breeders).

Table 1-10. Effect of dietary supplementation of RE on egg production by
broiler breeder hens.

Treatments Ageofhens(Week)
(mg/kg) 24-29  30-35  36-41  42-47  48-53 Total
(%)

0 16.28 74.05 7859 7421°  69.56 61.05

(100) (100) (100) (100) (100) (100)
300 15.51 79.04 81.57° 7820°  72.490° 63.75
(95.3) (106.7) (103.8) (105.4) (104.2) (104.4)
600 14.91 75.53 77.49° 73.01° 6850 60.37
(91.6) (102.3) (98.6) (98.4) (98.5) (98.9)

Values are means*standard error and values in parenthesis are relative to the
control(Omg/kg). Means for groups in homogeneous subsets are displayed. 30 values with no
common letters are significantly different between RE supplemental level(P<0.05).
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Table 1-11. Effects of dietary supplementation of RE(mg/kg) on body weight
gain of broiler chicks.

BB 8 $ 5+9
B 0 300 X 0 300 X 0 300 X
0-3 Weeks

0 838 9H9 898 768 7775 NP aB2 &6 B
100 877 9B5 867 786 &Hl6 gL 8129  8&w5 &34
X 08 P 712 850 god  8nP

4-5 Weeks
0 1300 91 9w, 750 806 83 13117 1323 1B
100 10780 10830 10805° 809 8B4 8BF 14080 1489 1485
X 10834 10246 ;P &5 1303 14409

0-5 Weeks
0 18728 19161 18M5 1410 1872 1641 1769 1016 17493
100 19176 20196 19686° 16804 17372 1787 1706 18735 183
X  18uU7” 1967 1662 176 783 1823

ab\eans Within a column or row with no common superscript leters differ significantly(P<0.05).
Abbreviated BB, Broiler Breeders; BC, Broiler Chicks.

Table 1-12. Effects of dietary supplementation of RE on feed intake(g/chick).

B s $ 5+9
BC 0 300 X 0 300 X 0 300 X
0-3 Weeks

0 1240 1B13 12827 11426 11881 11664 11833 1207 12240
100 12986 1383 1285  11®8 1511 1219 1257 12007 1577
X 1263 1308 11677 12196 127 12747

4-5 Weeks
0 16 1819 19117 1585 1643 16114 1760 1781 17616
100 1929 20848 20BF 16614 17120 16817 18172 1884 1878
X 1922 1933 1500 1782 7761 18432

0-5 Weeks

0 31576 X132 UL B711 BR4 27768 2233 /8 286
100 416 31 BFF  BM2 29831 2007 29 31881 31155

X B6  B131 2517 2228 29831 31180
3bSee Table 1-11. Abbreviated BB, Broiler Breeders; BC, Broiler Chicks.
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Table 1-13. Effects of dietary supplementation of RE(mg/kg) on FCR by broiler

chicks.
BB 3 2 t+%
B 0 300 X 0 300 X 0 300 X

0-3 Weeks
0 1463 1423 1443 142 1527 1510 1478 1475 1476
100 156 1423 1464 1.511 1469 1490 1508 1446 1477
X 1484 1423 150 1498 1493 1460

4-5 Weeks
0 187 198 193 1.991 1.889 1.940 1939 1923 1.931
100 187 121 18P0 2025 1934 1.980 1931 1928 199
X 182 1940 2008 1912 193% 1926

0-5 Weeks
0 166 1682 1639 1736 1.729 172 1.716 1.706 1.711
100 162 1091 1ee 1.702 1.706 1.704 1.697 169 1698

X 1.64 1.687 1.719 1.717 1.707 1.702
2*See Table 1-11. Abbreviated BB, Broiler Breeders; BC, Broiler Chicks.

Body weight gain and FCR by broiler chicks(Ross)
1900 1.800
g0 | B B(g/head) 1 1.780
% 1800 . 1;;8
>\\ e N R o
3.2 1750 | T * > 11.700 O
oz 4 1.680
. 1700 r 1 1.660
= 1650 | 1 1.640
1 1.620
1600 1.600
RE 0-0 RE 100-0 RE 300-0 RE 300-100
Treatment

Fig.1-12. The growth and feed conversion ratio(FCR) by Ross broiler chicks
as affected by RE feeding to breeders and/or broiler chicks.
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oF. F74(Ross breed) AtZ ol 300ppm T2 3EES H7lel9S Wl 44%9 &
A rko] ol o G TAY HAE Al Fole AU AT 2¥Ey

’

600ppm Tl A= S EE wolahA 22> tixzTef xkel 7t gl
Al 2 A AFEFAA 2 : Organic acid—-RE chelate #|A] 712

1 d7%H
7t F8 JEdLY E4E F¥(La, Ce, Pr, Nd)

1) #471719) =278 AE

2 Ago) AFg® 7]7]E ICP/AES (ICPS-7500 Shimadzu)2A1 4z A
A 9l Algd FEYALE Y, La, Ce, Pr, Nd, 2831 Smeo|lth WA ZF 9
A E ZFE4(Sigma-Aldrich)s 7938t 233 sz 34ste] Ao <
stk AEIAS AAB 7 Y& AHEE FEE 0.001, 0.005, 0.01, 0.05, 0.1, 0.5,
1.0, 2.0 ppmo| At}

2) AEAY EYAE T T8 JEILY 24 I

E Ao s SEYARZ Y, Sm, Pr, Ce, La 18|31 NdE tjgoz B4
HE st Ao e AEASY Hud 2L light SEULE
A La, Ce, Sm<, medium 3 EDALZEA GAE, heavy I EQAEZA Y7 & A}
&5 9t

AEAT slEda A Ao #AH 1 Tt A9 giFie] AUt
TS TAOR olFoA g} IAEYL FEF F EBAE ICP/AES i
ICP/MSE ©]-&3to] iAol Faua glom =
1) =& HNO; : HCIO; : HF (1 : 1 : 1o] F& AFg¥AY (F 2-1). & 4
ToAAE AFG7HA d8lA Ade ofe] 7HA] FEL A xIPHE WA
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FetA aTlEol stth AEA AR B EY AR T IJEALE AAY
ab7] 9l o] 7HA R Eo] Akl gkl b dnbAl Aeo] Abolu
YR EFF o] Fole e Fol FAE FHste] V|7IEAA W
o2& A7st= Aolddn. 2y H 5ol ol WHol e =9y
e daw a7 FEWHE O G793 w8 Eo] AkeEe g
o Jrojup dZelr &5 HIE V[V EA S stk FEAECd = & Ao
b fgol et BEY T JEIRY FEI FHH AMEHE &9
HNO3 ‘HCIO4#HF (1:1:1) % HNO; @5 183 NaO,& ©] &3 33
sol FE2 AMREHIAY. & ATl s AsbA deA de Ay A F
|He] £dnlE WAG] FEEE0] M =& &A& MY e
Ao AHgH FEEAS v 2o (& 2-1)
E 2-1. 3 E d2 2ZME e AEMAEY EY AR EsutFol o] &E
oo =4
AEXH AR EY AR
Extraction solution Code Extraction solution Code
HNO3:HCIO4(1:1) M 1) | F7T 2mIHNO3 5mL:HCIO,4 1mL:HF 10mL M 1
HNOg:HCIO4(1:2.5) M 2) | F=F 2miHNOs 2mL:HCIO, 2mL:HF 10mL M 2
HNO3:HCIO4(1:5) (M 3) | HNOg:HCIO4#HF(1:1:1) 10ml M 3
HNO3:HCIO4(2.5:1) (M 4) | HNOs:HCIO4HF(2:1:1) 10ml M 4
HNO3:HCIO4(5:1) (M 5) | HNOs:HCIO4HF(1:2:1) 10m M 5
HNOs:HCIO4#HF(1:1:1) (M 6) | HNOsHCIO4HF(1:1:2) 10ml M 6
HNOgHCIO4#HF(2.5:1:1) (M 7) | HCI:HNO3:H20(3:1:2) 10ml M 7
HNOgHCIO4#HF(1:2.5:1) (M 8) | HCI:HNOs:H20(1:3:2) 10ml M 8
HNOzHCIO4#HF(1:1:25) (M 9) | HNOs(Et=H2l) 10ml M 9
4N-HCI (M 10) | HNOg:HCIO4(1:2) 10ml M 10

t}. RE-Organic acid(RE-OA) chelate A% 7)< /i

1) Re-OA 33} E FAH ¢+5& AE

2313 E JAS 93 S| EDAE La, Ce, Pr, NdE X% nitrate form<S AHE
3}dth. Chelating agent® Na,-EDTA, DCTA, DTPA, sodium citric acid,

sodium tartric acid, cysteine, methionine, glutamic acid, calcium ascorbic acid&

Ao g advk oA AF3E chelating agent?t IEQPALZ o] &3] wet

chleation reaction method& 7W#&3}%th ZF7Fe] 100mmole 3 EY A8 100mL
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9} 100mmole chelating agent 8¢ 100mlE 250mLE &33ste] A&
P AAES o7 - Adxste A4 E RE-OA chelate $H3HE 9

- HESH

o o
nt

)
1::
=

5

==

2) RE-OA 34 E S 7MA 3433 EHE

RE-OA #3}etE 7hedl Hlad] F5&0] 3
DTPA, sodium tartaric acid® uEFsET} o]}t
ascorbic acid, sodium phosphoric acid®] “d-%-ol
g Fuk 9ltkd DCTA, DTPA 55 WAT el A olEAV €
T As AoE FEHY 2 AFolA = RE-OA &9 di=Aa AAE
A "dart ernzg AAA 58 183te] Nay-EDTA, sodium citric acid,
calcium ascorbic acid, sodium phosphoric acidel]l ]3] &4 RE-OA 3}gE2S U
Fo R THARERE A EARA S st

o
flo

ZA# o]EAl= EDTA, DCTA,

7 sodium citric acid, sodium

e AdeEs Hds =4

r o

=]
T
L
—

ol

Th. Re-OA F33E9) 58 F& 2 8 A=Y HSAA

S EQLE olfste] HFAE Il wAdeR dFyr s A F9
37t sodium citrate, sodium phosphoric acid, sodium ascorbic acidZ ©]-& s}
zZ3}etE S At FEure AAEo] UHF wWol A3l I EESA Q] Ao
ofHrh. Wk o] e kg AAES fo] Bu By Aol oy
ofyel S| EEIAS F5&E WA YEhya e AAolth o] FRbgEE
Fs Haslsta F5&S FAATIZ] fste]l REEPFARE ofw gk A
gsto] B3-S ASsidn e w st &

= La(NOs)zollow tiah 23betE-& sodium citric acid®} sodium phosphoric
aCIdO]U} ARG L Ao olE s AL At v vkgHA o F
e

o %9 cysteine®|t} methionines &Y A glste] WAL ES ¥

O

™ Fl
1oy Mg

(o 0 fo g

mlo
©

cysteine o]1} methionine

A7 ES R aF

7 F8 JELL BAYY &Y(La, Ce, Pr, Nd)

D #4779 23 AE
A5 B g AHSE 6714 94 BF AAESEst 0006ppm7tA 7Fs s

goh 001, 005 Olppme AF&sle]l HEAS ZHAAl 71 A Aol & sloz
el A Sl EQ A EHEAS % 2-29 29 2-1, 2-20] JERHRIT



H 2-2 R e BEAZM AHMA Aozl STt A

_ Absorbance
Concentration
Y (410.2) Sm(429.5) Pr (495.1) Ce (520.1) La (550.1) Nd (492.5)
0.001 - - - - - -
0.005 0.00021 0.00345 0.00357 0.00123 0.00113 0.00135
0.01 0.00071 0.01343 0.01636  0.00400 0.00475 0.00401
0.05 0.05103 0.04998 0.05672  0.03738 0.04369 0.03717
0.1 0.10327 0.10189 0.09369  0.08471 0.09618 0.10100
05 0.51044 0.51405 0.49148 0.49173 0.50963 0.50457
1.0 1.03111 1.00272 0.98390 1.01326 1.01797 1.00585
() : ICP/AESS A&nts, - : H&ESHAH ojot
1.2 Y
E y =1.0347x — 0.0043
3 1.0 R = 0.9999
~ 0.8
C
o
E 0.6
0.4
o
5 0.2
o
0.0
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)
1.20 Sm
: y = 1.0053x + 0.0019
100 | R2 = 0.9998
(o))
£ o080
[
2 060
©
€ 0.40
(b}
2
S 0.20
3}
0.00
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)

dzd

MM

a3 2-1. Y (yttrium), Sm (samarium)2| #
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1.20

1.00

0.80

0.60

0.40

0.20

Concentration (mg/L)

0.00

Pr

y = 0.981x + 0.0021
L R? = 0.9999

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Absorbance (nm)

1.20

1.00

0.80

0.60

0.40

0.20

Concentration (mg/L)

0.00

Ce

y =1.0199x — 0.011
RZ = 0.9998

0.00 0.20 040 0.60 0.80 1.00 1.20
Absorbance (nm)

1.20
1.00
0.80
0.60
0.40

0.20

Concentration (mg/L)

0.00

La

y = 1.0246x — 0.0054
i R* =1

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)

ag 2

-2. Ce (cerium), La (lanthanum), Pr (praseodymium)2e|l # &z &k
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Nd

1.20 y = 1.0132x - 0.0055
RZ = 0.9999

1.00

0.80

0.60

0.40

0.20

Concentration (mg/L)

0.00 : :
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Absorbance (nm)

a8 2-2-1. Nd (neodymium)el E=ZzFM
2) AEAYS EF AR F F2 SEQA 2M8 3§

7H HEAT JELLY FE
1

71Ee] d AR HAL e AEAT JEALRY] FEI HHE FEE99 E
IS AES Ai3eE g3y 2o (29 2-3 ~ 2-5). A EALATFA0NA
AA e Qe AEAST JEALY] AAy BHS 100%=E 7] B A

Hel §&& vluet 23 YO A M7AA 7HE =4 o

Hel Al YErdG FE
Ebt 9bA) M109A] 7HE ShAl vrebsth 1o vEel FEH el A G0l Ak
A vERwth La®l A9 M2olA 7HE =A dERd 9hE M7 M10elA 7S
A UERsTE ovre] FEWUH Y A9 a8 FARHA YEr T Ceol A
M7% M109l A 74 =A depd b M23 MRl A 71 vhA YER T 1
vrol FEHel A m&o] fAeHAl YERETh Pro] A§- Mo 7 =4

YERG vhE ) M10oY A 7}” SA yEEt 2w FEH e Ao BEol
AFsEA UERSTE Ndel 49 M109IA 7Hg A el wbd, M7elA 7Hg ot
A vEstt 2 v —ir%“o“?d«l 7 &&o] AR dERS T Sme] A5
M7l A 7F =A vERd vk, M3% M109 A 7F8 wEAl veRwtch o vhe] S
=W 719 g0l %*}0}71] LFERSE T

AA el M7o] 7HE =koy Ndo) FEa&o] vob A&3st7]o ¢

7F 9031, M2, M3, M4e] wHo] E}DP/HO] = Aoz AAHAL wl FFT B
Aol = Aakah Bdaite] HEE 2512 & M3 WS o838t AEAF
SlEYAe] e FYEE RE5 Ak
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W) EG AE F IELLrY F&

ad FUolN HEdse] BAL T2 dRARAA T4 @
TEE QR A7) AFiolA o] FolA gk B APelA EEW A @A

AARATLAA RAGE UL 1E02 dol 2 FRAES WE

(19 2-6, 2-7, 2-8). Y Ao M

ciskom MIZIA A% oA et 2EEEE A A56%, A 6662 dep

Atk Lasl 29 M2olA 7bd A vhehe % gRRe] FE804 JEARg

W ekt FEEES A 10655 6 BF6E Ui Cesl 4%, A9

wo FEPolA EARG Al ek Prol 39, M8>M3>MI2e] o
agol BgoU Ao o FEWeA JFEAh FAEA e Ndel

F FEasel A U1 dEd BIRA S GEEe FEYAN ke

‘L

o1

30-40% = SA dEbst o M129A 7F = A VERR T U;}F)r/ﬂ Nd€12:9]
o] 79 NaO, 3)3Ho] &8 Aoz AyztdAt Sme ¢ i
71EA BT =A YERE o M8>SM7>MI>M109] o & Tg;ggo] =7 L]—E]—‘ﬁ,;ﬂ—,
ARH o oe 7HX JEYLE AW F2F EAs e M 28990 Uy
M4, M5, M7, M9, Ml1°o] #&% Zlo= Aztdrt et M7, M9, M112 W<l

SEd9 Zafjatgel o8 = WHAH 2 FEAA AF Ao £2 FE
& UEAS ® HeAds L}E} A Pk webA ESS SEAAL] HA
= M4gk Mo BRd Aew AAEY, 2 dAgolA= M4 HNOzHCIO:
HF(2:1:1) 10ml A& 7tEEsistes BHe 483712 39

5:

— —

> D @ o N

o o o o o
I I I I

Extration efficiency (%)

N
o
I

o

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

Treatment
O8 2-6. EYZ AR Esldo mE Y& Lael F&£&S HlW
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a7 2-8. B ARl Zofldo] E Nd2t Smel F£&& vl1

1}. RE-Organic acid(RE-OA) chelate A% 71& A

1) Re-OA 3T E A} 58 FAE

A A7 Napr-EDTAE thy S EYL 471K A BF 80% BLEY IFe&s



et 28y sodium citric acid, sodium ascorbic acid, sodium phosphoric
acidol| A= 40-50%¢] W& F5&3 A Fubg AdES] o] Wol HAs=
JE-f714F ZHelE ggEs T ded B2 ofdsol vEwn. e
sodium tartaric acid, DCTA, DPPASI A= ¢F 70%9 =555 Yt vkA
o g ofu] Ak A2l cysteine, methionine, glutaminedl A+ 3 E QA9
S5 UEHA ol AGAQ S E-oin it BEAY FAANEE AT F
o (2¥ 2-9 ~ 2-13). ABH 0 RE ofn it gENY] HFAE dHH S
#Heol A Ao YEg oy, Na,-EDTA, sodium tartaric acid, DCTA, DPPA
70% ©o]%e #5545 HedEs JEZAYolE 33E28 4T + AS A
2 ydErnh ofgel 40-50%¢ H& FE5&Y FRkg AAES AF
sodium citric acid, sodium ascorbic acid, sodium phosphoric acidel] A=
APEY] S Y F dv HSAAHAE dEH o= AR SE AYolE
[e)

=
FAE AT 7 UE Ao YET

rie

Recovery rate(%)

La
100
go [ 1
60 -
40 [
20
0
A B C D E F G H | J
Chelating agent

8 2-9. Chelating agent®} lanthanium nitrate2| & sigtE EMA| =58 H

Na,~EDTA (A) sodium citric acid (B) sodium ascorbic acid (C) sodium phosphoric acid (D) DCTA (E)
DTPA (F) sodium tartaric acid (G) cysteine (H) methionine (1) glutamine (J)
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100

80

60

Recovery rate(%)

Ce

A B C D E F
Chelating agent

G

a8 2-10. Chelating agent2} cerium nitrate2] at5l8tE & M A|

Na-EDTA (A) sodium citric acid (B) sodium ascorbic acid (C) sodium phosphoric acid (D)
sodium tartaric acid (G) cysteine (H) methionine (1)

DTPA (F)

+58 ulz

DCTA (E)
glutamine (J)

100

80

60

Recovery rate(%)

Pr

A B C D E F

Chelating agent

38 2-11. Chelating agent2} prasedium nitrate2| &stetE #@HA| =58 Hln

Na-EDTA (A) sodium citric acid (B) sodium ascorbic acid (C) sodium phosphoric acid (D)
sodium tartaric acid (G) cysteine (H) methionine (1)

DTPA (F)
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Nd
100
so [
S — I
S —
< 60 |
E
>
Bt
s —
2 40 |
[
]
&~
20 -
0
A B C D E F G H I J
Chelating agent

a8 2-12. Chelating agent?t neodynium nitrate2| =#slet2 #MHA| =52 H|lu

Na-EDTA (A) sodium citric acid (B) sodium ascorbic acid (C) sodium phosphoric acid (D) DCTA (E)
DTPA (F) sodium tartaric acid (G) cysteine (H) methionine (1) glutamine (J)

o Zgop o] &aAA AL -TAA AHNEP] FEuF0)
¥} Aoto] Amo] A 2stg=Ee] A EFTA EAE

o (2" 2-13 ~ 2-17). La 3}3HE] 49 Nap-EDTAE ol &3] ZAeclE 33&
< RS W 550nmel A Hol 29889 FFE=E YEFHATE sodium citric acid
o] Af-ol= 470nmoll A Hd F@%= 2.377, calcium ascorbic acid®] 7 -$-°l& 380nm
ol g 3% 2969 181l sodium phosphoric acid®] 7 -$-°l+ 300nmeol A = oj
20845 YERSATE Laol 4% %o‘?ﬂ Q29 98 chelating agent 9
of we} Zbzte] A olE ggEe Faudel e #e ekl AT Ce
9 49 Nap-EDTAE o] &3t Z Eﬂ olE =S PSS o 500nm°ﬂ/‘1
Ad 3.09 FF== YHeEHAY sodium citric acid®] F$-ol+= 300nmolA Ao &
F % 1536, calcium ascorbic acid®] A -$-ol= 400nmolA Ho &F%= 2782 18]
sodium phosphoric acid®] o+ 300nmolA Ao ¥ 05462 YESIT}. o)
9} o] A3 Y49 ASEtx chelating agent & ZHol wl Zzeo] A olE 3}
= el & s veEkdal Sl 9, sodium citric acidell ¢ & 4

Tl Ay olE 3}gEY sodium phosphoric acidol &3] 4w ZuolE IFgE=S &
FE Aol JJARE FdIAAA A FFEE HEHAC Pr sEES] A5
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Na;-EDTAE o] &3le] ZYolE &3dES FAsIAS w 450nmol A o] 2.458¢9]
F4EE YERNAY. sodium citric acide] 7ol = 300nmelA Hul FFE 2643,
calcium ascorbic acid®] 4ol 300nmelAl Hul F¥E= 2334 18]I sodium
phosphoric acid®] 7d-%-°l+= 310nmel A iﬂtﬂ T3 E 1.3785 YErldTh o9k o]

TUe Aol BeE chelating agent o FFol wep zHzbe] A olE §gHE 9
Sl b2 7S yeEl YAk 3| sodium citric acidell 98] A E Z )
olE 3}¢E 3} calcium ascorbic acidell €3] A E ZHolE AL FPFE o
= AAAT, sAIGAA Ho FHFEE YERNAT Nd steEe 49 ZddoE
SAEER FHE Aol YAAT BF 300nmolA Hjel FHEE YERRIL B
Ao SAlE A olE 3gEo] thal spectrophotometerE ©] 83 7}A] 348t
A 5ANES Ha ARGy F5 dod wE AEFe dEFAMAAE AT A
T F4#eE SHolA NMR, IR 55 o83t B} gost 5ol 2o zlo=2
vekE
‘—--—- La+EDTA ------- La+S.C.A —— -La+ C.A.A La + T.P.A
3.5
3.0 F A
: \ A
8 25 F " i
= B s
_§ 2.0 [ /\ i N ’.; \\
C SN s o
z2 s
< 10 } & \/
05 |
0.0 *~ : :
200 300 400 500 600 700
Wavelength (nm)
3% 2-13. Lanthanium2} chelating agent<tel
23l3tE dMuSolAM YME FEEe E5aFE
EDTA : Nax-EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid
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—--—-Ce + EDTA ------- Ce+S.C. A — -Ce +C.AA Ce + T.P.A

3.5

2 e 1 S
g 25 | A o
g 20 | /J Lg S -
2 ~
3 1.5 F .'~'.
a ) I.
< 10 F >

0.5

0.0

200 300 400 500 600 700
Wavelength (nm)
3% 2-14. Cerium3t chelating agent2t2|
&5ta2 HAUSOM MAE BIEES S50
EDTA : Nax-EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid
—--—- Pr+ EDTA ------- Pr+S.C.A —— -Pr+ C.A.A Pr+ T.P.A

3.0 f

25 | -
8 L
g 2.0 ¢
«® L
"; 1.5 F -
2 10

0.5 |

0.0 & :

200 300 400 500 600 700

Wavelength (nm)

a8 2-15. Praseodymium®l chelating agent2t2]

etptE @oHSAM dHE sEtEe S5

SCA : sodium citric acid
TPA : sodium phosphoric acid

EDTA : Na,-EDTA
CAA : calcium ascorbic acid
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—--—- Nd+ EDTA ------- Nd+S.C.A —— -Nd+ C.A.A Nd + T.P.A
35 F
3.0 F 5
8 25 o
2 f .
[ F o\
2 1.5 F ]\
= E
0.5 f //K
0.0 - et
200 300 400 500 600 700
Wavelength (nm)
a8 2-16. Neodymium2t chelating agentetel
asiae gHugdM MNE spreel E4a
EDTA : Nax-EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid

Th. Re-OA F33E9 w58 F& 2 8 A=Y HSAA

o))

Sodium citrate®} lanthanium nitrate®] 2r83= FA A H713ek cysteine™
methionine®] T #& ¥ gh A3 249 F5& 46.6%°] Bl cysteine 100mmole
H7MAL oF 24% B 58] FFHEAT. &Y Fxl4 methionine® -+ 22%
AE FEEo] T zZo=m FAHJY (2% 2-17). Sodium ascorbic acid2}
lanthanium nitrate®] #3}3te 34 H7HgE cysteined} methionine®] & 3E H
e A3 fEzTFe FES 46.1%9 H]&] cysteine 100mmole F7FA] ¢F 18% A=

l-rl
2

F5&o] FFHAY. Y sEolA methionine] 4%+ 16% A= F5&°] F4E
Ao g ZAE Y (¥ 2-18). Sodium phosphoric acid®} lanthanium nitrate®] 23}
Sto YA Ao H7LE cysteine® methionine®] &3E w3 Ay xT9 5
& 54.4%0°l H]3 cysteine 100mmole F7FA] oF 22% AX= =580 FAHJY. =Y
Sol A methionine® 4% 16% Ax F5&°] F4E Aoz 2AHIIY (LH

2-19 ~ 2-22). Lanthanium nitrate® o= A 7}A] chlelating agent®] &3& H
g A3 sodium citrate>sodium phosphoric acid>sodium ascorbic acid®] A=
ety oW methionine ®.TF cysteineo] 3 EL A9 Z3FE FAAUFL A Hukg
AARE A A, AHDGAATE ASAZ AR FAE AT

—_
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ag 2-17

ag 2-18

Lanthanium nitrate2} sodium citrateS Ol Lanthanium nitrate2} sodium citrateg O|&

23t ZolE
M Z cysteing 2t
2 HIA &

stetE =MAl ghksotd  §F ZE|0lE FhEtE =M A
2+2+ 0, 10, 50, 100mmole  methionineS 2tz
HhS 2| HEH I ztEtekge| HE)

HIS ol & 2

F 0, 10, 50, 100mmoleS

100

H [« 2]
o o o

Recovery rate(%)

N
o

‘EICysteine COMethionine

Concentration(mmole)

100

j_E_I

methionine} cysteine2l &=}
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OCysteine DM ethionine

100

80 frmmm
S
F-é 60
s
3
z 40
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~

20 |
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0 10 50 100
Concentration(mmole)

a2l 2-20. calcium ascorbic acid®} lanthanium nitrate2l ZststE &AM at™of

HIL=El methionine3l cysteinee &zt

100

80

60

40

Recovery rate(%)

20

‘I:ICysteine OMethionine ‘

10

50

Concentration(mmole)

a8 2-21. sodium phosphoric acid®}t lanthanium nitrategl #tstgtE &M}
& 71 methionine@} cysteine2l &=
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A
Cumulative Emergence Percentage(CER) | Y = ——————————-
1*6 Bix
A Dyl
Emergence Rate(ER) = ——————-
t
Maximum Emergence Rate(MER)
Et50 : & dol&9] 50%9 E¥st= 4
2) FHRA L BEA S5, T, olgEetetol et FAE 20024 449

Lincoln®] S AF&3le] SN Auf(DFT HA)slg =0 SHxA4Le :
ZEHZ ANEE UlE g 8F R Gy o g wxste] Awjel gt dEkA 94F
Nd(NO3)3 0, 20, 50, 100, 300, 800ppm &S 59 443 59 22¢9 z}z+

Awzste] 649 179 5233l

# 3-1. A ujof A2E Y HEEH(mg/2)

pH|CF| P | S | K |Mg|Ca|Cl| B |[Cu|Fe |Mn|Mo | Zn |NHsN|NHs-N
65| 21 | 46 | 90 |303| 32 | 274|333 | 0.5 |0.04] 30|05 |0.01[025] 97 | 194
o d3 9 137
1) La(NO3); =d& A9

Corn
RE concentration TEP ER MER Et50

0 ppm 97.0 339" 16.4 25

5 ppm 98.8 35.1% 15.5 25

10 ppm 975 36.0° 17.3 2.4

30 ppm 98.0 35.0° 16.4 25

50 ppm 95.8 34.7%° 15.3 24
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Alfalfa

RE concentration TEP ER MER Et50
0 ppm 73.0 30.5 17.0 2.1
5 ppm 76.3 33.6 20.6 1.9
10 ppm 68.0 30.0 15.3 2.0
30 ppm 71.3 332 20.8 1.8
50 ppm 72.0 31.2 20.6 1.8

[talian ryegrass

RE concentration TEP ER MER Et50
0 ppm 575 15.9%° 10.2° 3.0°
5 ppm 54.8 15.7%° 11.5% 2.8
10 ppm 57.3 17.12 14.12 27°
30 ppm 56.8 16.5% 13.0% 28
50 ppm 50.3 14.3° 11.0™ 28°

Sl O(TEP)Oﬂ—E BE 2% 33 & Agadst yehA gsten, &
Z(ER)IM = S499 Italian ryegrass”’t La(NOs); 10ppm  H2loll A 242
(p>0.01) iiﬁ# F adet. Hd=dE5%=(MGR)E Italian ryegrassoll Al 10ppm =]
27t 2947 %, Fdolg 50%e ZEdteE A (Eth0)E Italian ryegrass
10ppm A 2lolA 039 ©@HEI7F ATk Alfalfacl = 2= &39 HAAA
La(NO3)s A &lel gt SAA el do] YebbA e skt

JP%

¢ (

O

i

2) Ce(NOy); =8& 23

d

Corn

RE concentration TEP ER MER Et50
0 ppm 9.0 12.4° 49" 6.4°
50 ppm 93.0 13.6% 49" 6.4°
100 ppm 925 14.9° 6.2° 57°
300 ppm 9.0 14.2° 4.6° 6.1%
500 ppm 9.0 14.4° 4.8° 6.2%
800 ppm 92.0 13.8%° 5.4% 6.0%
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Alfalfa

RE concentration TEP ER MER Et50

0 ppm 61.0 14.4 6.9 3.8

50 ppm 58.5 13.6 5.6 3.9

100 ppm 62.5 14.7 6.5 3.9

300 ppm 59.0 13.7 6.0 3.9

500 ppm 61.5 14.5 6.9 3.8

800 ppm 57.5 12.8 4.6 4.1
[talian ryegrass
RE concentration TEP ER MER Et50

0 ppm 54.5 11.0 55 45

50 ppm 46.0 9.2 44 44

100 ppm 54.0 10.8 6.2 45

300 ppm 50.0 9.6 4.6 48

500 ppm 51.5 10.7 53 43

800 ppm 52.5 10.9 45 45

o220 Ce(NOs); 2ol A= 100ppm g ol4 ER, MER, Et50014 &3] <

Aol HYPadrt der, alfalfa ¢ Italian ryegrass A2 N4 % 100ppmol A =2
=d9E HolFodoy BAAS A4S I EHA FuT

3) Pr(NO3); =3d& 4

o

Corn

RE concentration TEP ER MER Et50
0 ppm 96.0 18.2 9.1 4.8
50 ppm 97.0 18.9 7.7 4.8
100 ppm 98.0 19.3 8.2 47
300 ppm 975 18.7 9.1 49
500 ppm 95.5 19.3 8.2 4.6
800 ppm 96.7 19.0 8.6 47
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Alfalfa
RE concentration TEP ER MER Et50
0 ppm 44.0° 9.0% 4.3%® 4.4
50 ppm 44.0° 9.2 5.1% 4.1
100 ppm 475° 10.3 5.4° 4.0
300 ppm 42.5° 8.5% 4.4% 4.4
500 ppm 47 5° 10.8% 5.1% 39
800 ppm 33.0° 6.8° 3.0° 4.3
[talian ryegrass
RE concentration TEP ER MER Et50
0 ppm 48.0 9.1 49 4.7
50 ppm 495 9.3 46 48
100 ppm 50.5 9.3 5.0 48
300 ppm 575 10.8 6.0 47
500 ppm 56.6 10.4 5.6 4.8
800 ppm 48.0 9.2 49 46
Pr(NO3); A 2] £ ¥+ alfalfar= 100ppm A 2] ol A FelstAl TEP, ER, MER¢] %
T3t o, S99 PriNOs); A8 &37F g1t Italian ryegrass™ 300ppmol A 7}
4 Fzstdoy At F942 sl
4) Nd(NO3); =d& A9
Corn
RE concentration TEP ER MER Et50
0 ppm 97.5 16.2° 59° 5.7°
50 ppm 9.0 16.6% 73 5.3°
100 ppm 95.0 16.5% 7.3 5.3°
300 ppm 97.5 17.0° 8.1° 5.3°
500 ppm 97.0 16.6% 79 55°
800 ppm 9.5 16.5% 8.1° 5.4%
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Alfalfa

RE concentration TEP ER MER Et50
0 ppm 33.5 71 3.6 43
50 ppm 36.0 6.6 2.8 5.0
100 ppm 34.5 6.4 2.8 49
300 ppm 29.5 6.1 4.2 43
500 ppm 245 48 25 44
800 ppm 25.0 44 1.8 5.0

[talian ryegrass

RE concentration TEP ER MER Et50
0 ppm 47 5% 8.4% 49 5.0
50 ppm 49.5% 8.7% 47 49
100 ppm 50.0%° 8.9% 5.4 5.0
300 ppm 415° 7.4° 4.3 5.0
500 ppm 46.0%° 8.0% 4.4 5.1
800 ppm 53.0° 9.2 49 5.1

SEFo] gojA] F EAES NdNOz); Agaxs7t ds vepbA ko &4
£ Nd(NO3)3 300ppmell Al 4.9% &Aoo HAuEdEEn 325 599 A
&l Nd(NO3)3 300ppm A2 F-ol A= 812 37.3%7F SFAEAHpP<0.01). & Lo
50%0] =93l A4 Nd(INOg); A g2 0490 wEdo] S=5FEA o] Nd(NOs);
Booppm& Aegtozx TAd ol B2 A7 T Eq 285 E A=
A7 = E9E AL

d#ub= NdNOg)s A EA7E sllew, olgeetgte]ets  Fxbo]  fig
Nd(NO3); 2l &2+ 800ppmeol A 7Hg £ A37F Yeidted & 23 &2 11.6%,

ZdEEx 95%7F FFEF o FAAR FoAHE At AEdSEe FEE
& 9] 50%0°] =EatE 5ol AE NdINOy); A2 &37F JebuA] ket

S E Nd(NOg)s  50~300ppm H 2ol Al e &a27t QA= oAch Alfalfad] A &=
50~300ppmel Al EAL o] FPHR oY EAA Fol4de A

FTEHE(TEP)S 2 Aol dutdoz sEAg a7t veA fgkon,

alfalfax= Pr(NO3); 800ppm, Italian ryegrass™ Nd(NOs3); 800ppm *] 2o A Z3 & o]
e3ly A AsEdrt. EdEHE(ERE 53 S5FolA S E Al adrt gk,
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La(NOs)s A2 7F 6.2%, Ce(NOs)s 20.2%, Pr(NOs3)s 43.4, Nd(NOs)s 4.9%<] A& 237}
At} Italian ryegrass:= La(NOs)3 7.5%, NA(NO3); 9.5% = ¢kztel A8 & =7F A
o HEEESEMER)E S99 % Ce(NOs); 100ppmeol Al 26.5%, Nd(NOs); 300ppm
ol A 37.3%, Italian ryegrasst La(NOsz)3 10ppm A&l 38.2%< &37F YEl S
u alfalfai= 800ppm el 238]|8] AA AstE St T & 50% =t
AF(Eth0)= SFFolA Ce(NOs)s A2l 7F 0.7¢, Nd(NOs)s A 27} 04Y =5 ATt

7h) AR A &5 (g/plant)

T = La(NOg)s Ce(NOs)3 Pr(NOs)3 Nd(NO3)s
0 ppm 18.6 21.0 235 16.4
20 ppm 147 171 22.3 213
50 ppm 20.3 194 26.6 27.0
100 ppm 18.9 20.5 23.6 26.8
300 ppm 171 20.4 216 252
800 ppm 15.1 19.5 19.5 19.0

) A A= " (g/plant)

=+ = La(NQOs)s Ce(NO3)3 Pr(NO3)3 Nd(NO3)3
0 ppm 2.45 2.77 2.90 2.16
20 ppm 1.91 2.30 2.99 2.79
50 ppm 2.65 2.52 3.47 3.61
100 ppm 242 2.68 3.23 3.66
300 ppm 2.27 2.67 3.11 3.68
800 ppm 2.07 2.69 2.64 2.65

th) Aet A x5 (g/plant)

T = La(NO3)s Ce(NO3)s Pr(NOs)s Nd(NOg)s
0 ppm 15.3 14.2 15.8 13.1
20 ppm 12.3 13.4 11.6 141
50 ppm 13.6 13.5 16.3 19.2
100 ppm 13.1 14.3 16.5 17.6
300 ppm 12.9 14.9 16.8 174
800 ppm 10.4 13.5 15.3 13.5

_81_



2h) AeF =% (g/plant)

T = La(NOg)s Ce(NOs)s Pr(NO3)s Nd(NOs)s
0 ppm 1.38 1.33 1.55 1.17
20 ppm 1.08 1.18 1.20 1.34
50 ppm 1.16 1.21 1.56 1.78
100 ppm 1.14 1.28 1.64 1.73
300 ppm 1.1 1.29 1.59 1.61
800 ppm 0.94 1.21 1.53 1.28

LS54 FEko] nXE LallNO3)z9t Ce(NO3)3 Adade= A3 glden, Pr(NOs);
S50ppm A elAl 19.7%° =57 E37F AT Nd(NOz)s A= A5 F 70%,

A 52050 ABF/E EHE AL 5 AU

6) 55 F@el g ez G

7h) A A &4 = (g/plant)
T = La(NOs)s Ce(NOs)s Pr(NOs)s Nd(NOs)3
0 ppm 6.9 3.8 3.0 5.8
20 ppm 3.7 3.4 3.3 7.2
50 ppm 55 58 54 8.4
100 ppm 55 55 6.5 7.8
300 ppm 4.3 45 6.9 8.2
800 ppm 44 4.0 7.3 9.0

) A AE A E 2 (g/plant)

T 2 La(NOs)3 Ce(NOs)s Pr(NOs)s Nd(NOs)3
0 ppm 0.64 0.32 0.26 0.54
20 ppm 0.34 0.34 0.30 0.75
50 ppm 0.54 0.56 0.49 0.80
100 ppm 0.54 0.58 0.53 0.74
300 ppm 0.45 0.47 0.68 0.83
800 ppm 0.39 0.39 0.71 1.26
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o) A skE A %5 (g/plant)

T B La(NO3)3 Ce(NQO3)s Pr(NO3)s Nd(NO3)3
0 ppm 41 43 2.4 44
20 ppm 3.2 29 2.8 4.1
50 ppm 3.6 44 43 45
100 ppm 5.0 42 42 58
300 ppm 57 3.3 55 6.2
800 ppm 38 3.7 6.2 11.1

2h) AeF =% (g/plant)

T+ = La(NOg)s Ce(NOg3)s Pr(NOg)s Nd(NOs)s
0 ppm 0.20 0.15 0.09 0.18
20 ppm 0.12 0.16 0.09 0.21
50 ppm 0.14 0.19 0.20 0.25
100 ppm 0.17 0.20 0.20 0.24
300 ppm 0.21 0.16 0.21 0.34
800 ppm 0.12 0.16 0.29 0.63

La(NO3)z9t  Ce(NO3)s&=  300~500ppm A gl Aol ¢zt Z7hEglon,
Pr(NO3)39t Nd(NO3); AgelAe Ages®rt 7185 = A sk,
Pr(NO3)s9t Nd(NOs); 800ppm A 2| Al A% AEZ7HES Z2F 173, 133%°]Q 3 A
SR (B E])E 222, 250% 2 =LA F7HE AT

7) olgelgtetol et gFel ek EAY &It

7h) A2 A =2 (g/plant)

T 2 La(NOs)3 Ce(NO3)s Pr(NOs)s Nd(NOs)3
0 ppm 2.25 4.0 57 1.7
20 ppm 2.70 2.7 3.1 3.3
50 ppm 3.15 29 34 3.2
100 ppm 3.33 52 6.3 3.5
300 ppm 438 50 3.3 39
800 ppm 3.28 49 3.0 29
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) A A= " (g/plant)

T+ = La(NOg)s Ce(NOgs)s Pr(NOg)s Nd(NOs)s
0 ppm 0.37 0.57 0.86 0.33
20 ppm 0.40 0.40 0.48 0.51
50 ppm 0.45 0.51 0.48 0.56
100 ppm 0.53 0.73 0.92 0.48
300 ppm 0.71 0.80 0.57 0.64
800 ppm 0.51 0.70 0.47 0.46

th) Aek A x5 (g/plant)

- = La(NO3)3 Ce(NO3)3 Pr(NOg)s Nd(NO3)3
0 ppm 1.1 3.0 42 1.1
20 ppm 1.7 1.9 2.4 2.1
50 ppm 2.0 2.1 42 25
100 ppm 2.6 25 25 2.3
300 ppm 2.3 3.2 2.2 2.6
800 ppm 2.3 3.1 2.0 1.8

g}) A stF A EF(g/plant)

T = La(NO3)s Ce(NOs)s Pr(NOs)s Nd(NOg)s
0 ppm 0.06 0.17 0.27 0.05
20 ppm 0.10 0.14 0.15 0.13
50 ppm 0.14 0.17 0.25 0.16
100 ppm 0.21 0.17 0.18 0.15
300 ppm 0.17 0.26 0.16 0.17
800 ppm 0.16 0.26 0.15 0.15

Italian ryegrasse A&ol "X+ 3 E A ZF= LalNO); Ce(NO3z)s, Nd(NO3)s
A A ZA YER =, La(NOs); Ce(NOs)s, Nd(NOs); 100~300ppm A 2] Al A7
B AEFE F7HE 2472 919, 404, 93.9%c°lAtt. AEE A8 A= La(NOs)s,
Ce(NO3)s, Nd(NOs)s 100~300ppm A g elA AEF7FH&o] 2hzh 250, 52.9, 240%= A
o] vlal] dEstA S A TH
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7h) A A &5 (g/plant)

T B La(NOs)3 Ce(NQO3)s Pr(NOs)s Nd(NO3)3
0 ppm 8.6 6.2 8.5 7.9
20 ppm 10.2 6.7 6.2 6.8
50 ppm 9.5 48 74 6.0
100 ppm 8.4 3.8 6.3 6.2
300 ppm 8.3 35 5.8 54
800 ppm 7.3 3.3 58 5.0

L) A A= " (g/plant)

T = La(NOg)s Ce(NOs)s Pr(NO3)s Nd(NOg)s
0 ppm 1.24 0.81 1.26 1.36
20 ppm 1.43 0.87 0.85 1.0
50 ppm 1.39 0.70 1.23 0.93
100 ppm 1.31 0.47 0.96 1.03
300 ppm 1.26 0.48 0.86 0.76
800 ppm 1.22 0.46 0.70 0.67

o}) A 3F5- A% F(g/plant)

T 2 La(NO3)3 Ce(NO3)3 Pr(NOs)3 Nd(NOs)3
0 ppm 42 46 5.6 55
20 ppm 8.6 6.3 48 52
50 ppm 8.2 3.0 5.8 52
100 ppm 6.2 3.4 59 54
300 ppm 58 29 54 48
800 ppm 2.1 2.7 44 45
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eh) AsH =% (g/plant)

T+ = La(NOg)s Ce(NOgs)s Pr(NOg)s Nd(NOs)s
0 ppm 0.24 0.25 0.34 0.38
20 ppm 0.38 0.31 0.27 0.31
50 ppm 0.36 0.2 0.30 0.29
100 ppm 0.35 0.25 0.29 0.34
300 ppm 0.27 0.16 0.25 0.27
800 ppm 0.1 0.14 0.22 0.25

Alfalfa Autd oz sEXgZ 38 A% Asso] Jelgon Haswrt =
S5 Yyt ARG AN AEFTES Ce(NOy)s, PriNO3); Nd(NO3); A2 =2 FA &
of wla] Z+7h 432, 444, 50.7%7F #ZAaE A ¥HAE La(NO3)s9k Ce(NO3)3o] A5 %
(20ppm) Aol M= &Gkl zh2F A5 153, 7.4%, At 583, 24.0%7F &7}
= Aok

0

N

o

Nd(NO3)3 A2l s =7} S54 A vAE 9 NdNOs); M2 &559]
et Asky Aol AA FHEAoH FaEAANA L wRIRIIAE Nd(NOs)s
300ppmel A 7Hd £ AxE etk Nd(NOs); 300ppm A 2] 2 S5 2| A4
o} Ash AFFE AEFTo] FAe ol nle) 7tz 259%9 79.5%7F sk A4
Bo wls) Hst AFo] A FAEAT. ezl s Nd(NOs); A2 &3t
S FEHAA Yegsd Faaead s NdINOy); Hels=rt S718 45 A
So] ZA F3= o] 800ppmell Al 7HE Aol -4kt 800ppm H P = FekrEks
of AgH-9} A AEFS FA | vl 747t 64.8% ¥ 138.9%9 FHEHE B
oFglon BAACRZE FoA(p<0.00D)o] wg =gkt ey olge|etefo] et
M= S5l Skt HEIAE NA(NOy); A &7 2% okt 4%
To H& Nd(NOs)s 300ppm A 2= AdH AEFTS 48.8%, Asti-+ 21.4%7F 3
Heh aga S5 FeagtaE NdiNOs); HEe AdRros x| sk5e 44
o] AA FFHAo ol teto]1Ek2oAE Nd(NOs)s HE = AshFrct 274

wo] Aol FAE L.
g Ha
La(NO3)s, Ce(NO3)3, Pr(NO3);, 2 Nd(NO3)3 0, 50, 100, 300, 500, 800ppm & <}

of <44 Italian ryegrass % alfalfa A= ZZ 6413 B A3 &
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vermiculited] lem ZolZ FF3te] FHHES ZAMSAT, T3 S5, T,
Italian ryegrass % alfalfa #2%< Lincoln®ol <ol Aujsle] x| AR} =]

WS 2L ARE e Lok

1) La(NOy); &4xel= B 2FolA &3] 10ppmAdZ 7HE £ Sd3HE
At

rl

2.) Ce(NO3); &AA g ol dojA <441 100ppm 2ol A ER, MER, Et50°]
A 2L AFRE wo] v} Italian ryegrass % alfalfa® 100ppmol A £&

lo

3) PriNOs); A= SFFolAe A adrt glelew, Italian ryegrass= 300ppm
ol A <z sttt Alfalfat 100ppmol A TEP, ER, MER EF 934 433
=

4) 557 Nd(NO3)s 300ppm&-del =g F27F ER, MER, Et50lA 53kl
o alfalfao] A= 2318 AsfAdo] YeErEt). Italian ryegrass© =3 443

o
7d3Fol gl

5 S5 FEd A& La(NOs)s9t Ce(NOs); el a3 llem, Pr(NOs)s=
50ppmoll A Nd(NO3)3:= 50~300ppmeol Al A& 594 a37F A

6) ool LaNO»sSh Ce(NOpt 300~500ppmel A 4ol okt Z7ha}el e
H Pr(NO3);2t Nd(NO3)s= HBs%rt S71d4S 3% a7 F7H8Ath

7) Italian ryegrass© La(NOjs); Ce(NO3);3 2 Nd(NO3); ﬂﬂi 100~ 300ppmell A
AETHo] A S7Istd ey, 53] AR v§] X5 HESHF 7171 9

At

8) Alfalfar= 3= g2 AFAHAL] Hetsten, Aeesert 2555 37t
H i

2. S E3v s /g #g AT

7F. A2
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CELPEIEL S q
7b OKfRel 54 Agol gtk A& wAdd o] FRE etk 1930 d el Aloke}

et @bEe] ATl dstel ¥, S4%, au, AYF Fol HEAAT} U
A% Mg uelA ARl AU AYBHe FAHTE Ao WAL B3
gol Ole HE miel RAH ARE FRoIA 19700 2uE AAE =Y
OB SRR FA Wolk, Relo Bsh AFEA, GH2 T} BT 5
o ol @ AR A% 2 9 AN Fu xIh dvkn wa 9a g
HEE ARG Bad JYit ofUAY AP SR FA3 Relo B
9o wolFol Amel Yol UF F4E FUsL, GEL T FFY 5
2 wolm, Hao) BHL UG BAUAE FAste] Bz, AndE 2 Au
$A80 APAES FAsD YN FAS FAGACE F, 20000 23 Ho]
stk

et AUl AE SR HE B ARGE #Bd A7t A8 o] Foix
gtk Jela SEHRE A9 3 dEsu 9t Agow e A%
E@el g 8= Baulne sge] AAsA aTHI Utk webd ¥ A
= %EJEOH AT FALE YHIAA T DAR PR s AEN
1

Y. Az 2 3y

e AF 4

A4 : 43} Italian ryegrass, S5 FTAE 2003 3¥€ 159
JE AW 4o w JJro slo] 39 28¢ 3} 49 18U F Ado] ZA 3 EA
10000 S 77 duaEaig o 59 19¥ FFEah Agygors

2], 483 E([RRE), RRE+A5%314], RRE+7| &4, RRE+5§9Y, ¢
3 & H|Zolt

1) 9242 qF : A% 1gS 80% ethyl alcohol 20mlE FZ3Fo] 80% acetones
7bek 89S UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 = 645nmollA]  Z+ZF  chlorophyll-a®t bE =Astol(F7]9H, 1975)
Bruinsma (1961) % o= AlAFelSlt).

2) B8y B2 Ao oARZ FES AAT ¥ 1~2gS 100ml AZHlaskel

# 3ol 40ppm a-naphthylamine &3 M/10 <0AF ¢35 9 %‘%k RSl
50mlE 7take] ZhRiAl EEh o] £ 2mlo] 10mle] SHTE Eal o 7)ol
1% sulfanilic acid €% 1ml¢} 100ppm NaNO; &N 1mlE 7}ste] Zpwkala 5
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7F Ao AN Zl T ZFSFE 20ml7t HA AFLS wrFo] 10mol A
}™,  a-naphthylamine ¢ X¥&I48& 84 8 1g9d  AIztS

-naphthylamine ] 4F3}

s
P

ol
ol

v
o
e
ol
ol
ol
2
A

o 2% 92 1@

1) Alfalfadl W3t 3| EH 8 AJH] &3}

Table 3-2. Effect of rare earth application on the growth of alfalfa.

. Leaf ' . Dry matter
Toamens PRSI pgess (Tl PSS woim
Control 16.6 0.29° 7.4° 18.32 2.84
Raw RE 172 0.34% 8.5% 20.66 3.36
RE+PGR 19.9 0.33% 11.1° 20.05 327
RE+minerals 18.8 0.36° 10.4%° 19.54 3.08
RE-+multinutrient 15.6 0.37° 9.9% 18.62 3.02
RE fertilizer 17.8 0.30% 10.2%° 22.33 3.51

" RE : rare earth, PGR : plant growth regulator

A Ay quddS $oto] A" AAE=2

hui
[
% ASEAAE YRIE Yrhse] WE JENES 2B

Qelth FAFe] 9 FAE FiF 029mme] 9]
HE, AR ASEAA, HE NETE

Sy SR gas Ael ek ARG AT ATl el 9 T
Lt I g

et ot felge A gtk BaRs
d(p<0.05) 53 A% EHA Hrhpl A Frhge] b w et

rlo
ta
il
E
rr
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2) Ttalian ryegrassol] w3t 3| EH| 5 AlH] &3}

ojggjetetol 1t A= B EA YR EF] ﬂﬁﬂﬁﬁl A5 244 A7 7)
F Rov ALt FedS v @kt o FARE EAYR FA9H=d
53] JE+ASIAA AT, e AL HUb, JEHE AT o 5
7b FrefstAl Skt FA e 1 Wit B AT E 34270010 e B EA
2l 354~443% FUFeld B E+v| s Aot B[R ATl &
27 LAl 7HE Bol HX1E AT

dFE dRIBAYTE AT ofE EA L TN EF F o8t
53] JEM@"ZMﬂ Aol Q&4 F7H7 7P Bol o] F
o} A THp<0.05). S EA T2 o|ee|otajo] 1e}e] Ma] Feo] Zrly= Ao

o ARt Fold2 gl BE S EA TN olge|qkete] et Az

o ABLP) SR 53 ARl AL YTk AR Aol PN
7

Table 3-3. Effect of rare earth application on the growth of Italian ryegrass.

Control 44.01 0.36° 34.2 8.66°
Raw RE 45.33 0.38° 39.2 8.50°
RE+PGR 54.83 0.43% 39.3 12.51°
RE+minerals 44,67 0.43% 443 10.86°
RE+multinutrient 49.17 0.39™ 35.4 11.77°
RE fertilizer 51.58 0.46° 443 10.78°

RE : rare earth, PGR : plant growth regulator
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Table 3-4. Effect of rare earth application on the yield of Italian ryegrass.

1st cut 2nd cut Total

Treatments’ Fresh Dry matter Fresh Dry matter Fresh Dry matter
weight weight weight weight weight weight
(g/plant)  (g/plant)  (g/plant)  (g/plant)  (g/plant)  (g/plant)

Control 19.92 272 20.35% 4.99 40.27 7.71
Raw RE 18.42 295 23.82%° 6.07 42.34 9.02
RE+PGR 21.45 3.36 2473 6.24 46.18 96
RE+minerals 22.66 3.56 31.94% 7.07 54.6 10.63
RE+multinutrient  20.20 3.04 27.20%° 6.46 47 .4 9.5
RE fertilizer 28.02 4.09 27.72%° 6.44 55.74 10.53

" RE : rare earth, PGR : plant growth regulator

3) Cornell W3k slEn] g AlH| &3}

Table 3-5. Effect of rare earth application on the growth of corn.

Plant height Leaf thickness Fresh weight Dry matter

Treatments’ (cm) (mm) (g/plant) weight (g/plant)
Control 81.05° 2.06 52.58 493°
Raw RE 89.17° 2.23 58.83 6.01%°
RE+PGR 89.42° 2.03 64.72 5.98%
RE+minerals 91.08° 2.28 66.06 6.35°
RE+multinutrient 84.92%° 2.08 56.34 5.27%
RE fertilizer 87.6° 2.07 62.08 5.79%

“ RE : rare earth, PGR : plant growth regulator

S35 2%F RS Aes

= , o 7l
T SUrerAth S Eev A Aol AEggel FA Tl vgte] folti
57 b

betggedl o 2000 %37 w3t Aok SE A F AEevgRs W7
b RE WelN bE FEAR ol AEAUT ol K QA kel
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A Eof loja ¥Ele] WMHE wig Fasith 53] fA &7 wE Yl
AgH ASHRY 0 F83% uE s k. uhEka] A s (] EH
%(%71%1)94 Hl%(T/R yol W&zl ¥yt AASA A eS o e

gk B SFEFolA FEAR T/Rz‘zir‘ﬂ &
To T/R&S 0831 S EAYZ 057~
0718 vko } SA= 1%?4%3}011 = FAHYTY T/RES 21501001 3 EA g
T 192~2.08%2 | &o] Fohxth SFEFolAE IEAHHYE T/REC] 191~
284% wolAtt o5 ALRAE FAA SHFrE 2] BEdSo] 7Y Agdetslon

ko] Sz ate]

SJEAE = AEAY AE2E&S T7H7IE Aol A=, 27204 B uiet 2
o] &y FATTY HE=&L 1565%°IA S EAg®E 157~163%= S7HE A
th olgeletetol et e FA e A 13.7% 01 A=l B = 2ol M =
14.6~16.0%= <7}ttt

do -
Mo tot

—o—Corn —&@—|talian ryegrass —k— Alfalfa

Root/Top ratio
o N

C RRE RE+P RE+M RE+MT REF
Rare earth treatments

Fig. 3-1. Effect of rare application on root/top ratio of forage crops.

C : control RRE : raw rare earth RE+P : rare earth+ plant growth regulator
RE+M ; rare earth+minerals RE+MT : rare earth+multi-nutrient REF : rare earth fertilizer
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el M E(T/R&)o] FeFE 27lo 7t st A Add S o e
e ol%fﬂ%a}o Tk g SEFoA SEAYR T/REC] ¥
. AT T/R&S 083°1Aey SEAHIZ 05
2 ol ojggtgtol et aE FA PG T/R&S 2156010 3 EA
ﬂ?% 1.92~2.08% BgjH|go Aok SFETFiAME JEAYRE T/R&C] 191~
284% olAth o5 ALRAE FAA SEgrE 7] BEdSo] 7HE el om
thgo] dgtule] ).

2N
_0|L
3R
E
H
o m,d
w
R
e
mﬁ
5=
4n

Hl—r
o
o
2,

16.5

16
>
3 15.5
& 1B
t
8 14.5
o 14 f
e 135
Z 3t

125 —@—ltalian ryegrass —#—Alfalfa

12

C RRE RE+P RE+M RE+MT REF
Rare earth treated

Fig. 3-2. Dry matter percentage of forage crops treated with rare earth.

C : control RRE : raw rare earth RE+P : rare earth+ plant growth regulator
RE+M ; rare earth+minerals RE+MT : rare earth+multi-nutrient REF : rare earth fertilizer

JeEAdE A=A dees 77 Bl S, 2193204 K= upe}
2ol oyt FAEFY AEES 165%0)A o FEAHYR 157~163%= 57HE A
thoojgeE|¢tetol ATt o A e HEaeS 137%CI U= A EA oA =
146~16.0%= <7ttt
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C RRE RE+P RE+M RE+MT REF
RE treated

Fig 3-3. Effect of RE application on the root activity of Italian ryegrass and corn.

C : control RRE : raw rare earth RE+P : rare earth+ plant growth regulator
RE+M ; rare earth+minerals RE+MT : rare earth+multi-nutrient REF : rare earth fertilizer

2 He

Wl

Alfalfa, Italian ryegrass % S5 A Ed Aujsle] YR8 ERE), RE+ASS

214, RE+7 &Y%, RE+EEdeF @ $9] sEHE 1,0008]HE 2+7F 23] ¢ HAH|
st o A, ¥, AEA g, edde 58 AT

1) =AY E alfalfad] o] FALH =Y 53] RE+VFYs, RE+E5TIS A
g ool FostA u FAAH

2) Alfalfa®] %S RE AE9 3E Ay FoA EF ZF7lstdoy f94&
AN Ftom BLH &= RE+ASEA A FolA 718 2

3) SlEX g2 Italian ryegrass®] o] FAYH o, #4974 4% RE+V|ZFUA
Aol A 7+ Bkt

4) RE+1 &4 HE 79 9 JEH S TA Italian ryegrassd Ax 2 AE
FFol 7Hd Bkt

15 A
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5 ST 7+ E AFS Aeds W 24, o FA, BegdE o] F7t
o RE+v| &4 A& 47F 74 % 7 R
g2 29%7F 555 Aok

% %9 root/shoot H]&©o] ¥ Folxow RE+1 FHHdL

6) I E Ao
= &ol ¢ IE W E T

A2 77y 7H

! r[n

L
[e}
%

el 2 Italian ryegrass®t S &3] RE+vFda Aol 7H =
Skt

8) RE+7 &4 A7 4
A e E3gHE N Jhe

Holut 52 Wol A 71 $5ek i et

ox HHU
o

3. 3l R A& gl AAY AFH FAHAL FF vA= IF

VA =

sl
ZS|
Akl A2k F5 oAtk A AF HAE D A

dAbef A A& A A A8 A AojHor Fasgt T
o] strpolAnt AAHANEE g Al&sto] AEAV dAAES Bl F78 4
< nitrate reductase &9 &% At F3AH THo AR AEA U =
T Aidel A" F3 23 stedAe AAE Aol wA FAR
(Hanway % Englehorn, 1958; Wright ¥ Divison, 1964) 4A A AZx+= 2 &4
o] tAlE Atz Hikd FH o] F7hEtH(Case, 1957). BEEE} EYT frad v
YA BEEoly} a5 (Crawford 5, 1961), YZFA 7 = 3o}hdk Ee|ALE o
71, 28 AxAQ] 24-D 2& 3EEd Fol oaf AEAW dikdo] thE
ZHEta Sk S, 1971; Uesaka ¥ Miyazaki, 1964).

S o AFEH HWE REETEE o] A1l A Hakddo] oA d o 3
o] dAZF hemoglobin?} 4§ 3le] methemoglobing A sle] FHe 24
Hbs o] A3ty o] Ao AAaAY T (anoxia)E oFZIAIZIH AshH HALZE 2
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1)

2)

3)

4)

o
ﬂ PH

Rot ofd wi= A, A AT A
(Wright 2 Davison, 1964).
/‘}Z%‘J

TNFZE 2 88 A7 (Cichorium intybus L., ¥5)E 20023 99 70l
958l =d JEES vermiculite : perlite : peat mossE 1:1:12 490] Z¥ 1
%Hg}ﬁ;}. QoFol e 3~49 7Aoo ® AWAREGL, W AEe FEAlH

o 1=
£ #ESHA FES Bt

19 e el A A et

je | BE HELEN0), HELE
hEel 148 AAND, WEFEEAE 128 A9 A £
2 9

o] 139 fdow A4Fe BFeAT Be Edel SraYs

®

AEL AF 0 X 1gS 80% ethyl alcohol 20mlZ F33}e] 80% acetoned
7Fek &S UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 = 645nmolA  Z}Z}  chlorophyll-a®t bE =43t (Arnon, 1949)
Bruinsma (1961) " o2 A4

40mesh =719 A& 500mgell 0] = 100mlE #H7Fste] 187 283
AT 4gs Fol & E3ste] o HstHTh oo 25miel Nitraver 5

2k
3
o
=

AN AL : Paul 2 Carlson(1968) HH S A3t 43, 65CalA
z3k 1
=5 )
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Nitrate Reagent Power Pillow 171& Y32 A F4& 22 & AHgs 177
E£59] NeoMet Ion Meter(Multi-Analyzer, Istek Inc.)9] nitrate electrode®

mV#E =43 S semi-logarithmic graphs o] &3te] A d L TS

& 3-604 Hi= wpe} o] XA o FA= AR AHF
tetgon, sEATR o T 49 3 THp<0.05). |42

of AA TS wA FRo PEFHS HA AM|FFo] Frhghe whef
Aol ATt SEA T 7 o] A7 gare FEADZ A}
Stk om, N+2 A oA slEAgadrt 7Hg ZA vEeRoH(p<O.
2| 3.
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Table 3-6. Effect of rare earth and nitrogen application on the growth of
chicory leaves.

N+0" N+1" N+2"

Leaf
Control RE? Control RE? Control RE?

Thickness(mm) 0.38° 0.44> 0.39% 0.48%° 0.43% 0.49°

Length(cm) 8.0% 9.2% 8.0% 8.2 7.3 8.4%
Width(cm) 5.5° 5.8 5.6° 5.8 57" 6.7
No./plant 6.4 7.0 7.0 7.2 7.1 7.2

" °Means within a row with different superscripts differ(P<0.05).
1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N
2) Rare earth
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Table 3-7. Effect of rare earth and nitrogen application on the chlorophyll

#"°Means within a row with different superscripts differ(P<0.05).
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Fig 3-4. Effect of rare earth and nitrogen application on chlorophyll a & b ratio
of chicory leaves.

ik S(2000)% BEAEGOLR PAFib-a o] FUHEJLH FEAh-ad FEFE

o
7 eld BPAFol Falol ANHATT “FBFAGeI o] HEGE oleh Aol

713kt

#3-80l oletl A AH|gEES SUHEES AAlsEe] SUtslen, 22 FE
of AaAmlelA EAYE 6.7~17.0%2 FEFS7HE 7P st N+2 A g ol At
SAAD freldol AT Auirike FEAMeY AKET FET dol HA
@oka @l Aow A7t A er AehA Ko

Aegddre oo S7gss Aol S7hsden, AR A=
TF0]9.0~108%7F SFHAY. TN FAE Aibe A% A ES S8 wI
(2001)¢] FsFarzol ot B E= z2E o] AgHe AT AT AETS
S7HAA A A E I 584=S 10~25%, YR 20~40%, AHAFe 20~40% Sk
HAT s 2 AR fFA SFENE ds T AT
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Table 3-8. Effect of rare earth and nitrogen application on the yield of chicory.

N+0 N+1 N+2
Species
Control RE Control RE Control RE
Fresh weight — goc 8.10% 793" 852" 9.0° 10,53
(g/plant)
Dry matter 0.83° 0.92° 0.85° 0.94° 091° 1122
(g/plant)
DM % 10.9 114 107 1.0 10.1 106

#"°Means within a row with different superscripts differ(P<0.05).

Solg e Ax My FhE A
46~58% F7HHATHE 3). oA
A 5, 2000 A0.% BT

pak

BB Q00 lsE HEAE Ak BUELY BHEES ko] THAXE
obulieabal @A ARADORA ABAY ANUAL GRS FAAI o
A3k AL Gl Frstel GGl FAAYL Ak B APAAE 19 2

=
o4 R wpeh o] AxAugo] Woldss wFe] Axeds

w oluleh mope] Al
ek s B 49e ool 1 A

S A 3}
& 45% ol F2AA A TAE WA F e The S AT eRA S
Z
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Level of nitrogen applied

Fig 3-5. Effect of Rare earth(RE) and nitrogen application on nitrate content of
chicory leaves.
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N2 el A SEAE Eabt 7H ekt (p<0.05).

2) AxrAesie] wolds® Ad 4% F G54 TP} GHaa FFL
Zasgol ARh bl P ARi-adl MEe FARAL HEAUR F
G52 FF, 95sa BT U 454 abgol BT FAHR0Y BAR f
e AR ersreh

3) Ak AegFel Aa AHlFE St wet Srbskel e, N+27 oA
do] JAAHATHP<0.05). B E AHEo 2 AAFHS 6.7~17.0%, AEFTZFS 9.
0~108% <7HE AT A4 A&S7H2 dEso] Aasdey JEASS A=
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2)

10€ 16l &3l

Al :1zkek 22l T8 AlEA S BAE wdske el 1 F7F Bl
olate] #el Auistaer, AlaA st 3
3-9¢t Zrh S E(Tx Wel SEATL)E 1A FAA
d 109 7ell, 1,00080 1S 109 18 el 2kl A A JuHA
M 1adEet BAF FE 1,3008 A& 2003999 20 o, 1,000HM% 10
4 190 ZHzh AR o, AT A= A 60082 do] )

28k

CT:

# 3-9. AlERIQ ARl Muj 2t sEtEE.

7718 Ca Mg Na K &2&82a f8°2& CEC
(%) (mg/kg) (mg/kg) (ma/kg) (mg/kg) (mg/kg) (mg/kg) (cmol/kg)

== 540 499 830 790 4976 1273 2292 25.8 9.45

Nd(NOs)s 577 467 800 380 4548 897 2054 39.6 9.87

== 537 547 1020 33.0 4405 1167 2441 48.0 10.08

Nd(NOj); 549 539 810 290 5881 934 2501 55.1 10.29

3)

4)

AdukgE B - BS993 A FHe 66T E3Ax7] oA 7247 ol A
£¥ § 20mesh millZ ##]3ke] desiccatord]l R3ste] Ao o] &3ttt

TS AOACU9D A o8t At a, F7Ee AFHEA
(Automic Absorption Spectrophotometer)® 2413} t}.

22 AF : Ax 1gS 80% ethyl alcohol 20mlZ FZ3}o] 80% acetone<
7}3k g 9HS UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 % 645nmel A 77t chlorophyll-a$t bE =A3 (714w, 1975)
Bruinsma (1961) %'H o= A4bst ot
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5 ZAAHAAL : Paul ¥ Carlson(1968) WS A3t NeoMet Ion Meter
(Multi-Analyzer, Istek Inc.)9] nitrate electrode® ZHAFe}d & dtFs =4 &)
o] semi-logarithmic graphZS o] &3}e] AF&3l3]c}.

6) 5% [IFF  FYX(imidacloprid) FIAE AF AHE AR Ao wet
2,0008 2 3] A 35lo] Nd(NO3); 2] 3dA|e] ztzt Axsdet. 5 JF3
o 2 AR ZAPREY AEAY A 973kl Imidacloprid A&

T

22wk 4 Aol acetonitriles H7FE the I® FEshe] et

shar, of7]e] 33} NaClyt n—hexane% A7 & =gl =9 At} thA]

dichloromethaneg 7}3le] X &3 & dichloromethane & ¢ silica gel Z
[e)

Aol AASHT. Ethyl acetate®2 £FA171 €&9S g dnx £
acetonitrile:water (2:8)o] & A|# HPLCE HZ 4 st3th

D 1xd=E 4%

I O3-10914 B AlgAe] Q5L FES ox2T7F 6.745ug/meo] o
Nd(NO3); A&+ 7.645pe/m 2 13.3% Z=7FEA. 28y Axe ﬂlZ?
3.316pg/meel ¥ &l Nd(NO3); ]G+ 3401pg/mb=E 2.6% S 7Fol 13T 5k
(2000)9] FFRILl oJ3t¥ FJEL <o A5x4 FHFS FTUHAINE St
sto] Ayl Qo FE=4 FHFL 18%, AL 0% FUtEAT L A
£ olol ozt mxx] FEEnt FEAlA o] FFEukse F
< HEA-a FEFE JE AR A3 F/EHA=, SJE Aol
Z-a T7HES A 15%Cl BlE) Al AlE 16.3%7F S7kE o] Alg Aol A F]
A a7t FEHAA dEbgTh 519949 AHoAME= 3 E(CeCls
120ppm)E  FFHel wiFet Wheizel AgtAtiy A54h-ao IS FXI8
of tixTo] ns] AT J=a-a FFol 27.5~13.7%7F S/ AT Hag
H]’ /\/\q'.

ro(' o >V” ol

I
S
o
Q
o g
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# 3-10. 3 & A &0 AlZA[e A2 =4 #2tof oj= &

A= st Al =X &R
(ug/mé) =7 Nd(NOg)s e Nd(NOy)s
Z ¥4=Ea 6.745+0.97 7.645+0.98 3.316+£0.16 3.401+£0.20
HE-a 3.190+0.43 3.679+0.56 1.647+0.04 +1.671+0.10
Mean £ S. D

X 3-11eA4 B Algx9 719 AAFAE g2 245g0|o &
A= 301ge® 22.7%7F 7 ATHP<0.05). & FAE EzT2 0.59mmel
H3] SlE AT 06/mm=E S E A2 AlgA o] FAYAT A Q)
ANE FE AR X719 Hd FAVE SR e, T 3 2719 F
A7 929golR e}t FE A e 103.1ge 2 oF 11%7F 5o W thHp<0.05).

AEA U 45L FHS AEA AN dHs @AV A7) wEel
(Jakrlova, 1967; Ocubo %, 1975; Pilat, 1967) AlF X4 Axlo] & Az G=
A ol FUtEo] 2V FAVE FUHE AE ddd A s k5
(1998)0] &= e n#str|ed AFxoA HAA g APRF g 3E HFH
2 AuA R osd 1p(F 2009)F 100g% S E BFE RS B 1 o
Foll wj 209 AR Al A wFetREd, lind Hir Al gz
3,770kgoll W&l S| EAH] = 4424kgo] AAEE O] 173%9 SFad7F AUt
Hustoh wjiFo] gk S|EARA A E 7 Ad dASES AHE A9 1
g 750~1,000kge] ®WiFE FAER oM FAE FAFHATL SFATH(E F
1988).

¢

=

’

# 3-11. 3 E A 80| AlFxe &xl2 o FH A YT S0 ojxs &

(=2

Al 2% Abx|

o =+ Nd(NO3)s oH =+ Nd(NO3)s
A & =
< x_“ > 24.5+5.8° 30.1+5.8° 929+17.9° 103.1+18.3°
(o/=71)
ol =j
2 0.59+0.11 0.67+0.13 - -
(mm)

Mean = S. D.

a~d\leans within a row with different superscripts differ(P<0.05).
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AR 7198 F3e grsgon PgRe FARRee ¢ & ANk

# 3-12. 3| E A &0| AlFx[et &2 3tstd ol o[x= HE.

M

Mel We  EZed xRw ZMR x3

i

Ca K Mg

o=+ 29.12 415 5.65 19.76 0.51 7.96 0.94

Nd(NOs)s  28.63 4.15 5.09 20.54 0.51 7.74 0.97

o=+ 30.09 5.15 7.99 17.24 1.03 6.01 0.38
Lettuce

Nd(NOg);  29.46 4.88 7.82 18.16 1.16 6.83 0.49

FA e S EE AYg A3 FodRE FAEARIF vEyed 1F 3-7e4 B
=79 imidacloprid g o] O.928ppm°dﬂ] el FEE Sk A gk FAAE
imidacloprid &#o] 0.746ppme. & thZT-o H]8] 19.6% #A3Act. IES F A4
AE39 S AFoE imidacloprid & #o] 0.799ppmo & 3+ W A EAH T Q3] oF
St A3 e Adgae @ 7 AR JE AL FdREHS
itkeE AR 1T = Qb JEE of dFd HFe=2 A Ad Ay
imidacloprid & #o] 0.627ppmo. 2 thZ o Hal] 324%2 AT HE HJEO Z A
S|EE 1~23] Agste ARG 33] AA| i HAEHRI oS Fslskith

. 1.2
€
g 1+t 0.928
c
2 08
C
o
© 06
o
S
o 04
(&)
®©
B 02
E

0

None Once Twice Three times
Time of rare earth sprinkling

a8 3-7. 3 E A& 3FIF AZEX[9 =2(imidacloprid) ZtF2kof| 0|x= A

02
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2) 2apd= 4%

¥ 3-13914 B 54 boll Wk a9l HlE(a/b) AlFA HETE 088 & A
= 1.062 IE AYT7F =gon, AAAE T 1.069 Bl NE AHITte
1112 & AHZF7F 454 a/bvlgo] Ut F 54 dFo JdJAE AT A9

A BB AT dERTol vl 12.6%7F Bokow, e 7.9%7F © Eokt)

o= et A=Al A
(ug/mt) o =7 Nd(NOs)s o =7 Nd(NOg)s
Z gEx 11.08+0.76° 12.48+0.69° 4.32+0.17 4.66+0.33
FE2-a 5.61+0.40° 6.40+0.34° 2.22+0.08 2.45+0.18
HAE2 ab 0.88 1.05 1.06 1.1
Mean = S. D.

& PMeans within a row with different superscripts differ(P<0.05).

AlaAel ol FA= & A a7 v Foto A= Tt 1)
& AYT7F 115% d FAAHCHE 3-14). Aaxe 7T A4 FAE % 3-14
ol A Hi= wpep o] thaT 1281 Hld) 3E A= 150622 17.6%7F o 57

gom A= JdE AgF7t 0.8%7F ol FASCH

# 3-14. 3 E A &0| AlFx[Iet &xl2 o FH A HYHMF Soto ojx= &

Al Z A AR
o =+ Nd(NO3z)3 o=+ Nd(NO3)3

MHE b a

_ 12.81+£4.31 15.06+5.08 37.98+16.81 38.29+13.25
(g/=71)
ol =y
JL(m;)}“ 0.465+0.06 0.455+0.06 0.26+0.03° 0.29+0.03°

Mean += S. D.

2 P\Means within a row with different superscripts differ(P<0.05).
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AeAe 95 A FFTE 3-8) WET7F Fet 783ppmelvl Hls IHE Az
T S7ppme® 26.7%9] AAte Astaah glslew, Aol Aaby o
Aell vlel dsstA Etorn, sE A2 10.7%7F stolA .
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Qs

lo, o
off N
19 o
B ok
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7ol
B /
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Kl
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a3 3-8. 3 E HME|7t ARt 4o MY Stk O|x= &
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# 3-15. 3l E A &0| AlZx[e &tx|2 3| ool o|x= d&

= Ml La Ce Pr Nd
2x el 0.44 0.00 0.00 5.81
Al ZX]
3 E 0.79 0.40 0.85 7.20
S 3.69 597 3.80 33.71
AI-)('
S E 4.27 462 2.69 25.28
AlF A9 AEA W SESFS(E 3-15) 3E *2E La, Ce, Pr, Nd &F <F7H¥
7t oy AR Lags ALt UnR dAhs59 o] 23y I A4S

U TaE &2 i 3-1600A4 B mpel o] Alg Aok AA RF FA e 3E 4
2 2 Z Aol HolA ehgten =3] mFolnt. weks ' Alg o
THSE LdEAs e Aoz AdHAT

=

# 3-16. 3 E Al &0| AlZA[et &X|2] S35 2o o= &

o

2 Ma2le Cr Ni Cu Zn Cd Hg Pb
2xz| 3.19 3.03 233 12172  0.00 0.53 0.00
Al Z A
3 & 462 4.64 336 11579 0.16 0.04 0.00
2xz 3234 1721 410 7580 045 0.26 3.43
AbA|
3 & 7510 5214 471 7884 050 0.26 239
B 5(1988)0] “AES] FH ol 870l AMA FF V1Ed nhl s, &
Alge Ao FAFHo e F71945 ¥} FodHFHS v skt
1159 #FES FAsIe] 131289 A 9sd Fofe] Ayt 382 50.8%°] 2
o F oA, g, ¥ aFoAe REaEart b sttt 7] sska
T3 T3 TEA At dol A Ao oslH(fE 5, 2000) A EYU ALY AFEOR
HiE 209%, 13 229%° FFdF# Zagadrt ddda e, T e
S| EATFYe Ko 93t S EXHFYR Lol 7.0%, WiFE 13.3~40.3%9] F okt
g Aagart olvta das sl
A& Fo AFEore 3| wEo]y] wito] FAFZE EAVE it spA
nZe] wokolatx: @ 7|7HEo A& Hom HHSA HW AU ZHIo A
Foo 9dle] TES do JheAo] Atk aga FAaEY td fEE FHE
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A

A=

T

=)

71 AA

FAE A

N
L

st SEATR AlFA =

S

S EEN

540l mslon, wo vz
A g
59

b

o 7t
= A

2.

& Alge] A
2l

TaIA7E AT

=
[e)

oF

ol
3z

71= 1 2w (p<0.05),

=
[}

% Auw A

(p<0.05).

AE ek el AEA e

=
[e)

[e)
7

I} Frls &
%79 1,254ppme] H8] FEA T TFE= 966ppm L E 23.0% 2]
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S|EX g = A9 imidacloprid &
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=

=
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S AR Bu Hu g, T e EATAe] AR ok 7.0~
40.3%°] A3t #AAEIAIE dva den, T A wHASddAM = RS
AREEEo 2 A Wo A= 2095, a1 229%9 wHRFE Aeadrst vk wE

5 v} gl
2 Ul AeA FA7EAE A 4E S vAE HEe] Gl o
@ wRAel Agel ANE urk 9g Wolu BRVH
ATk webd B APe wFEE FALEZ ool s oa A
o =

[e)

AN AL AaaE 2AG O R A
O

il

1) 3AFE  1AEE AP AR Faat AR ZhdbEze el A 20029 9€ 4
Uoll £33t | H 3 w3 (Brassica campestris subsp. Makino, Al7F2HE 9
4 27l Fste o)A 2t dE AF e shybz e el A 2003 2

91999 FFF WFCeF BF) SEE 39 1209 T3] o459

2) Adl 12 d e 23 d % F3] vermiculite®d perliteE ¥R Ao AE
#20 x 20cm<] potol]l A HEA MY pot T 1574 HAFFAoH, A 4
A

HoOEET s e s wixste] Faust & A A2 skt
FFde LincolnH S dF FAsAoM, dAHdS REFa(NH0), REFT+
BEFT 1/4% H7HN+H), REFa+2e55T9 128 H7HN+2)9 Al
o= 39 17Y FAew dAFS #BFIAL B2 BEYe FEAHE
BHHA F 157U HAoR BHFs FATh Foke HUE WAl AME
¥ 3 = FYXZ(imidacloprid, "A)E A8 X Fel| ute} 33 Ax AxEs)
Atk AE(FF UEL EATL) 1,0008] S 330 A guazsie] |
A% Ao AE 20029 12€ 11, 23 d =& 2003 5¢€ 120l 435
st

3) FES o3y AE : Audst 5
ato] Algel AHSE BEe] olgtetH A
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2 3-17. SAMAM=Be 3 EFZ (%)
Al 2 ™ Nd La Ce Pr Sm Y 5 I EET
SHIE 1.67 2.66 3.60 1.29 0.16 0.36 9.73
HEIE 2.87 13.09 6.83 2.60 0.63 0.35 26.37

# 3-18. 3 E2o 3% &2 ppm)
Al B2 ™ Cu Zn Cd Pb Cr Ni Hg
=3 E 0.4 419 2.1 7.1 1.1 15.6 ND
HEIE 13.0 82.3 34 26.9 6.7 2.4 ND

4) 9L AF X% 1g2 80% ethyl alcohol 20mlE F3E3F] 80% acetones

5)

6)

7}ek £94S UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 = 645nmell A Z+Z} chlorophyll-a2t bE ZAstl(H719W, 1975)
Bruinsma (1961) Wi o2 A4et3d

A AL - Paul 2 Carlson(1968) WHS 438t FA4lstd =, 65TClA
23 40mesh 719 A= 500mgoll o] & 1 %
S B 48 o] & Egste] o 3stnh oIl 25mlo] Nitraver 5
Nitrate Reagent Power Pillow 17/1& Y1 A ¥4 & & A g3 187
E£E59 NeoMet Ion Meter(Multi-Analyzer, Istek Inc.)e] nitrate electrode®
mV7tE FA3 oS semi-logarithmic graphE ©]&38te] ZejdA e

2bEskA T
TS AFF © ZYSZ(imidacloprid) F3AES AF AE A Ao

!
20008 % E45te] HE A2l 3l 47 FEFAT. ok AFFe %
¥ sAE FAvY A%A g6l B 8l
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. 23 2 2%

D 1Ad= 43

E 371904 B AaANFS FUHEFE a3 o] HoAE AEFgoAs
o], N+Oo| H3] N+lojt} N+2x g ¢ i3 Qo Zi 71017} o Zdojxid. 1
2ol Qo FAE A SR ofF FUFe oy Aol whe dA g
FroR F7tstAE ot I EE 33 7424 A A 1] g 7:‘4 2E Aa A
2] 7ol A QE Algow olo A, & Aol BFEr ¥ Frkstde 1Yy &
713 e dagdoly JEAD oFo we} N+07-9odl= ko7t vERA
oLoLq_.

R 5(2000)2 3EI AFxe wild rye, sudangrass, %Z(Leymuschinesis
Tzvelol S EE BF A&3 Ay o] Zh7t 191, 125, 9.3% F7rat o,
F3 Ab%<l sainfoin, milk vetch, alfalfaz= Z7#o] 195, 169, 6.4%7} 24zt &7}

990 YHFE FFEUGD R

& 9 i
?10 og m ﬂ PN _I}l

T 5(1988)0l o EtH wjFd] IEES

23] 2rx3le] %Ao] 0.9~3.8cm 27}0}1 7] Zo] 14~46cm Z7}8lg o,
T Q57 05~17) AE7F Z7bake] Tk 200%) 750~1,000kgo] Z=A+E]
AT BFTh ey B AYoME ¢gd F7hstd ey 2719 A4 &
o] 7} vrEbA] gkokt)
E 3-19. s Ee HAAZ0| HiF Ao MZEO ojx= A&t
N+0" N+1" N+2"
ol
e 3 & =7 35 =+ 3 E
ol =7 (mm) 0.80™ 0.88% 0.77° 0.83% 0.87% 0.97°
el Zlol(cm) 8.8° 9.6™ 9.42° 10.4° 10.3% 11.0°
ol Z(cm) 4.7° 5.0% 4.9% 5.3° 5.1% 57°
ol %= /=7 10.3° 11.0° 11.6° 1.6° 12.0°% 1.8
2"°Means within a row with different superscripts differ(P<0.05).

1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N

ol RS Jdudxd Aa SAAJ] FoAES dAHA dkoy BE AT
oM d=a FEFol SUHEAT. Aa AeEel wE AT JE5L 2 N+2A
Tol A 7HE = A dERs T

g 5(1988)0] T3 Bed Azl oty A=l IJEE AlEeH JEA o]
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dAA3s] A=t stde=d diF= 251, 93 58 W 30, Wt 134, A+

£
Ty
oft rir

30.0%7k F7ks|glekar shge (1994)% o] AE F3AFL Wi i
gel Asac vud Y4e WA wag o Aok g wael oau da
ME AgFel FE5E 55,

52 Fekol ZFvbake AT, 1998 o5, 1999; T5
1 AN eFFed nE dwy Y dus
3

Lo d d
AA Fokl7] witel ko w o] Fe] el Aol a7 H U

£ 3-20. 3|8 U AAAIB0| ehFol HEL FHol /X BB,
N+0" N+1" N+2"
CEPNE T
o=+ Sl E o=+ S| E o=+ 3 E
oGS saMe 544 413 4157 5182° 5515
fl=sap ulE 1024 1082 1020 1085 1013 1026

#"°Means within a row with different superscripts differ(P<0.05).
1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N

wel Fshurgel s Fad

9L —a FEFE BE A TlA FE A
fo7 11 gkl FrtEJ (1™ 3-10),
[e3]

Y
S2-boll e GE4-al HlE(a/b)=
B g B

JeEAYR ZAHAT. E 5QO0E JEAEOR 4= a FHe] ZrHACH
QEr-acl WABES Hold BEATol Fool ANHATT “E AN

S Eggolets Ao Il vl vk

3.0
< O Control ORE 2.775
g 25 | 2.569
E 2,072 | 2-364
£ 20 7 2.088 [ 2.112
(o)
[&]
© 1.5 r
|
z
S 1.0 |
o
(o]
= 0.5
o

0.0

N+0 N+1 N+2
Nitrogen level applied
3% 3-10. Nd(NO3)3 & EHAAZ0| d54-a o o[x= A&
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3-21e ot HAa ARleEs TS AAFFl FosHA Fhel e,
of AaAHloA S EXT = oF 2~14%°] FEFET7HE HA ST A7) e
U AFET ofte] W2 Holoy A2om I3 A E wiFst A
kA Fetdth mEtb B AP SdoRe ok Ak T
AEA7E Aobd ARt FAARD freldol WEubA]l kol A5 Sl e
=AY AdeEsddAs dagsol SUMEsE degdol FosA STt
AeAgE daEFde] 65% I STHAeH AT v R F
A7 = A &
oA sAtE AdS f7 RS & o sHaL
Zzol AR BT AT dess VA HFAEd
10~25%, ZLF/ 20~40%, AA:FE 20~40% SAHE AT &S =) iz
Pleb Ze AME S gl & AT B o](2000) %= T S FY st
YA A wjFo] S EE 7Rt QHAIHE T 8
ol A FaEdTtal 7=t

N
I~

o X0 o of

O
el

ol
v
o H o T ju Tg B

o

fo [0 ox |o

1o,
fo MM ofN ox 3@ ko 32 & M ro

r

.

A

rlo

of

F
i)

m

4 e 2 mo o
o
fr
off
o
iind
:J_,

32
£
b

(¥ Im
i

L & o |o
o a:)

o
o
MW o off r2

"
(o3
L
@
[\
—_
o

&l
"
>
op
)
off

>

ol
ﬂH
1o

ot

N+0" N+1" N+2"
o=+ 3 E = 5| & =+ 5 &
gi‘”% C c b b a a
(/=) 1.8 134 16.1 16.4 19.0 20.5
ﬁ%% C C b b a a
(Q/Z7]) 1.10 1.17 1.38 1.47 1.63 1.69
HAE % 11.6 12.0 1.5 1.7 9.9 10.3

4"°Means within a row with different superscripts differ(P<0.05).
1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N
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250 234 238
COControl  ORE 218

\

ppm,

142

—

(o)

(@]
T

106 102

—

(]

o
T

Nitrate content(

(ox)
(@]

N+0 N+1 N+2
Level of nitrogen applied

a7 3-11. Nd(NO3)3 & HLAZ0| vfFof MMejAEA T2k D|x= &

B 5 (20000 olFE sEAE da HPELe FHEE ko] FUHELE
of ity e QRN oA AEA B EATE AL
3k FAL FRel Fhste] YAl Hadra sk B AYelA

s
A S s ol AaAuge] B dEd MR AUALL Fgel 0

"‘l%ﬂ% 4,% %Oﬂ %01 AT ofwlFeof W }011 N- mtrosammeolﬂ‘rt 7 e gk 2ok
Edo] Yty B Ho] v} dakad «] Ik AH= 3 =dWol, Heol 713,
A3 HdSE dolvtes Bak v dAde 7Hg 2 AAYS Akeln 19
o =A% Fevet =7 i ”?4%% AA 1910l whebA Haked A =
FAO/WHOS] dUAFH3]&3ADD 1.8~34uv} %33k 390~ 742mgol™, A%

=
= il
= HMHAEF 50~100mg = dAd ZFol7b ATHE, 2000). ol FH A Abe
oluf A= HAdS A ¥t = AAHEL ZTAE NdNOs)s= o= A=
AT & A= TheAe B HAES Fotol &9

O

2) 2xd = A9

i ol tish sl A gds AERlsty] s 2xdx Ao st 3E 3-2200 A
HEule} o] FEXTZE ) o T4l FAH B HpP<0.05). v =

e
4o
L ¢
4
S
N
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i
oot

AUGE el AMSFES FhEl w2 A Sk Frhshs Aol ot
A foge gk MF Eole) Aolst BAE HE A AxwE A
Z7h2 oFr AH ek WF X719 BT FAE R+
)

[e=]

-1

i Fis
A $-2 3 A (p<0.05) F7Hehgich 13hd
= 3

oS
Lt TN E
5 QPN JEANE w3 5

A = 23
2l

_ o o =
o] AeS F

ol M1
2
[-40

# 3-22. 3 E T A&AZ0| 8 F YFof A= FE

N+0 N+1 N+2"

ir

2 =7 (mm) 0.35£0.013°  0.39+0.019° 0.41£0.014 0.42+0.016%

= &(em) 34.0+3.03 34.5+2.32 34.8+2.71 36.2+2.45
=7| =2ll(cm) 30.0£6.24 33.1+5.80 33.2+3.05 3724422
MHE (g/=Z7])  3109+121° 336.4+89% 355.6+101%° 431.2+106

3 bMeans within a row with different superscripts differ(P<0.05).
1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N

239 SakE FE A wF Q] GEh FFol Rl Ha A e
e Ak ANFEL J1F0E JE Ao % 4uh FanE vasd

IN
)
1:9{.
i)
)
L
Au)
X
=
=
e
o
1>
il
=2
o

rlr

-
_>|J_Il
L

i
- r
ol

Ht
2

ik

o

1o,

=

2

Ju

B>

o= A S E M|+
o =7
2k (ug/me) N+0 N+1 N+2"
H=A-g 2.997° 5.432° 4.489° 4.769°
Ez dEL 6.256° 10.685° 8.926° 9.570%°

" °Means within a row with different superscripts differ(P<0.05).
1) N+0; moderate N, N+1; moderate N+1/4 moderate N, N+2; moderate N+1/2 moderate N
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0.30

0.283
0.25

0.20

0.134

0.05

Imidacloprid content(ppn

0.00 :
Control Rare earth

Treatment

gl

a3 3-12. Nd(NO3)3 A[ 80| uf F2| =<2kimidacloprid) &/ 2ZFdl o|xX|= & &

FUYXZ(imidacloprid) S 23t wjFo] I EE 33 g3t A3 FAg 7o FF AHF
ZF(imidacloprid)< 0.283ppm<l Ul Hl&l] I E AT+ 0.134 ppmo = 52.7%°] &z

F gaEA ebg
H2E Fo| Bof AFF BAE Q0o Agolt 4un A wol v 9T
of g FoF BACILh UL fevel Fwe) 197 Ak HAFE AA AL
2 potEne sbsde Az Atk add g Auw AxFe o FRGS

T
FaAd & doe de e wRye dolg # & ek,

% 2 &

Arsze goad S ALEAE waessed Zela SR WF ARE
FEeAol A pot AMlale] o] A 4 A%A U AW EL FFe 2ol
ot ge Ave A

D) A2 AHgF] SA5E Qo] ARor, HE Az U F o] % %
[©)

R T Fo14 & N+1A 2] ol A 215 9l

i
ol
X
ax !
o Ko

2 AxAUFFel FAULE AAG AvFFel felas Frhsdon
Z

(p<0.05), 31 & AbgoZ AA B AEFFo] 2H2h 2~12, 4~65% T+ ATt
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3) & A=

e glon, Ak AgeEol

ol =

25

Ba

M

!

M

tou, & 9

715

<
°F 40%7}F ZF2= At

ol

o] AA HAHAHNLH N+24 2] T A

5 H AJH]

1
.

&

ToR

el

N

Ho £l

[e)
s

1=
o

7}

7) 3 E 33] A& o2 = (imidacloprid)

I

-
.

6. FIFLdx: JE G| HIJ}t FLEVES] FF} T 7F

Far glevd Ajup 7]

7}E

=
[e)

& EvhEe FoE v

Eolze] Aato] ofg e Aol mebA

YEEHEY 4]

telop & A

S

o

o+

{ﬂ,

dl, & Al

L
R

%

Aol oA aL

Fol skout duk bl A Abg

bol Abgs

A1 3]

Hel SRS 2o 9
bedl ol AR wg

S

ol 3
= 0

A G A &= &

]

]

b2

ahaL
tol WEEvkEd GAH]

2

Far of el gol @okth weEhA F kel A

S

Fomx WeEvES] A

& s,
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1.

1) FALEY HF R NGHA AR F5T 2
skl A

As 2 LW

WEErE(var, AAWE) REFES A5Udga 23
37F 1149 A A2A) ¥dst$~ ¥
35cm, F% 50cm (FAS=E

J_?_
2R kel AYE 4nts, NhE T

2) Al @ 3 A5 224y AFA] AT AAlE T3] srEge
2 Abj#e] 2 A AAZLY S 9 H RESE 9 vHFe s SEAH = ]
3 AxE 13000 A S 49 6o gAAFEG I, 239 33 1,000 HE 4
4 2197 5¢ 10 247 A AT. 58 EYe FRAHE B
WA BHEFGor 12 £8-2 20049 69 1499, 23 =82 69 23¢9 3}
Atk
3) S|B9 oty FE : AEdUstu P eA T4 THEA L oJF
st o Algel AlgH AR ES o]gsty ARES oy T
E 3-24. 2 R5 EQ I EFZ(%)
Nd La Ce Pr Sm Y Z 3| E ek
2.87 13.09 6.83 2.60 0.63 0.35 26.37
¥ 3-25. ¥ 23 EQ 3% gzHppm)
Cu Zn Cd Pb Cr Ni Hg
13.0 823 34 26.9 6.7 24 ND

4)

WFas EAN(A4F)e) olstshy HE ¢ ANustu s AT
& FFEAMANA BASET AWAHRS AOACUI96) Wil Fea L, T

71 &8 A& B 5 A (Automic Absorption Spectrophotometer)® 4] 3} 4 T}
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FME A2
~ed oA
TS o TS o =
MNE s =aloo CIE~ Lz 3g EIEF  OfEM IFIEEF
2K %) 0.37 0.05 = = 0.04 0.005 0.00005 =
5) g4 &£7]9 FA, #d ¥ ¥ HAE g% =42 Hand Refractometer
(Atago N-1n, Japan)E Alg3tgon 93 =7]¢ F7A%E Digimatic
Caliper(Mitutoyo, Japan)& ©]&3te] Z43t9tt. 4%+ Fudoh  Rheo
AEE SHsAY

Meter(Rheotech, Japan)Z& Al-§3to] 3850

th, 98 A3
1) A5G 224 A g
# 3-27. YSEOES MAEM(MEL] Ag24)
A g ek, H) 15t H 25}t E7 ol
HztZol(cm) =0[(cm) =0[(cm) 2 d(cm) S (mm)
S 5.05% 18.5 53.8 579 0.412
2ar3| £ X2 4.21° 17.6 446 5.86 0.453
ojze s ab
478 18.1 524 6.24 0.458

= Means within a column with different superscripts differ(p<0.01)
Aed FAHEFe Hv ZAZolE= 5.05ecm<l vl
FQ A I EAN] AP FE 478cmE EEIE A

PUsE Ao nges AR

gEAgow it Azelst @o}
(ot = Mt Dy
A2z

Hlg] S E A= 4.21cm, ¥

gt Ardolzt 74 gk Al1se]
oln] A F7F Z47; 176, 181ecm= FAE T+ 185cmoll HlF EF wgk

of goldl M= AlshEat 2L A&FS HolFAn vFas EAN Ad= 77
gl ZAA Zkel7k 271 w2l A3t S A

Eol=

T
e

78% FHolR 1 <ol 112% T4

Q1 folge AR ke
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E 3-28. W2 EOlES 2 (MECM AlF24)

X 1=kt X235} ut = 1o

X Z| _/,\_FE';

T & FA@ FE#s & FA) (g/plant)

252 8.1 68.7 78 497 1,085

SasE M2l 104 82.0 87 52.7 1,162
EO A

BEr 10.8 88.4 08 50.3 1,254

Alstat A2shle] FRes JEAYE A S

om Wl FYw

aA =

AT Aokl e A gas Al AP Al o
28.7%7 FHAoH, A2sAME 193%7F SFHAT AEAT F 4 FFS
Purs| g ﬂﬂ?ﬂ]/ﬂ{— 12.3%7F s en, ngas s|EHH] Ao A=
21.2%7F S5 ATt

# 3-20. WS2EDIELS EA(MSO Ag=24)

H o2 12+2(g/7H) & = (Brix, %) A = (g/lem?)

2x2 9.32 6.6~ 507.2°
Sotsle xe 10.68 7.8° 647 4°

E
SR 9.89 7.4° 509.9°

* Means within a column with different superscripts differ(p<0.01)

g EnfE O]
146% 9 FAAY. T
Aom, mFas BENH Hute 76% FFEAt
A2 aA SR (p<0.01), 53] LI E AL 7o &
sEA R P Apdort dAHew F
717F AA L Qlol FAAA Y. el gyt S EAR E
dom, duje] Tl Awrt FIFE AT

of nla) =71t ‘2—101 Y FAR e, FFE °oF 8%t T

A Bt FARF)IE FAL) va v

A
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AFA 24T AE

# 3-30. E2E0EL HYSH(HFA 54T)
T A 138+ H| 28}t =7 ol
dztdol(cm)  =0l(cm) =0|(cm) HZem)  F2(mm)
el 5.59 17.7 49.4 11.3” 0.45
TEaE 522 153 465 11.8% 050
SR 537 16.1 484 125° 048

* Means within a column with different superscripts differ(p<0.01)

AFA 545 A4 g2 o £4oA Aud BEEvEd sEs A A3
Hat drdol7b gotxl o, Alshd % A3 o] Eol7h vroldth aga A&
G AaFeadAs Az Rk SEG Adw 2719 470 AND 2
o] F7A9 %tk
¥ 3-31. S EOIES T (MFA SHEF)
SRl 25}t opel
X g #—Ek
&t & 27 FEIE & 24 (g/plant)
ESEl 12.1% 135.6° 17.9° 198.9° 1,271
=L E He 14.2% 152.6° 18.4° 231.12 1,462
BEr 15.0° 164.2° 208° 244.6° 1514
* Means within a column with different superscripts differ(p<0.01)
Mo s S| EAH] A WEEES] FIR5-E S FYE A4 Bobx
Alepe] a5 mEFes SJEN Art FAge vl 24%7 S A A,

FEE oF 21%7F SFHAG A2 E npRsbA R wge s S EAH] HEe
wZen] Ao WA FEatget Fe A SR P<0.0D. AEAT & T
K
8

dAe mFes EARE FA o v 15%] FF F7F ddon,
& B EAH] Aol E oF 19%9] FF S7HE PS5 AATh
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¥ 3-32. 2 EOlES EH(HMFA T4 T)

o 2 12+ (g/7H) =t = (Brix, %) 3 = (g/lem?)

2zl 9.66 5.54" 803°
25 g Hz 11.39 6.07° 939°

e 10.24 5,80 034°

* Means within a column with different superscripts differ(p<0.01)

HeErES] g HaEFAASS)E FAEE 966g¢ WH EHsE A Te
11.39go. = °ofF 18%7F o FAAT EARE EnES w7t Frtelon, 3
o] AEE Fo8A(p<0.0l) S7HE AT, lEFe s S| EAR] Aot BRIE A
ke SAAA Fol A= gl

SATAA A EvtEE Aol Aujg A wls) dibdelrt A %717?
Foul Zhrke]l ¥ Foem, % o FASIT B3 S ENA A EntEe]
b AE el A Aejgk Aol BlE) o wekow, ¥ 7

Bt MG B FAQHD)Y Ars EHEOM A uy g A

o Bey grv
AR ohel ] A so] o ek o @ Aol B EFl AR HPLA
ool WS pH7F E3 o W Sskgs] WM, Aujwelel ol sed AoE
ARETY, FRIAES) vFas BYuE AR PEEEY JFPgolt 44
gl oW WeE vhehtx gkon], BE ABA ] A Aow A
o,
3.4 2
RS Es vjgas S RN Ago] YLEVES] Y FF, FAFDe| v]
= gge 2AE] Astel ARTistm APLA AFA EHE 24 TN A

Wakel A 8 Aubs 0o 2ok
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AA AFHSS pH, 7187, A= (Warner-Bratzler shear meter, G-R Elec.
Mfg. Co. USA), ¥ #54A 5o AL

o 23 2 2%

Table 3-33. Effect of feeding rare earth on body weight gain and feed intake of
Korean native goat.

ltem Control RE Silage RE-silage
Initial weight(kg) 12.60+1.85 12.58+2.61 1241162 12.20+2.36
Finished weight(kg) 17.58+2.61 18.20+3.44 17.12+2.31 16.38+2.98
Total gain(kg) 4.98+1.77 5.62+3.09 4.71+£2.03 4.18+1.59
ADG(g/day) 55.28+16.84  62.46+21.94  5228+20.03  46.40+17.08
TDMI(g/day) 627 606 555 543
- Concentrate(g) 280 280 280 280
- Roughage(g) 347 326 275 263
Feed conbersion ratio 1.3 9.7 10.6 1.7

AGD : Average daily gain, TDMI : Total dry matter intake

ﬁ‘
ol

d5°] 125KG WeQl AAdiel sES} sEA ALEAE &
T TAEFS JEFI M =kon, AMd YA Folte v =
FA o] s 23y vkt A FAFd JAME vRrbA] Ao vERy
S|EFE ATl Hla] oF 13%7} o FAEJT. 2y AL EA Fo T
ZAPE A FHo] FAE el vE] 72GE o AA Holow, RE-AFLE A HFo
Bgolvt AAl AAFoZA AT A o] A wEdtt 1g AT AR TS
AT 11.3gel B8] I ETE 97g0 % FETO Al Eg o] AA =gl

o o o
r\r e == = O‘IN

e N T/ o S A
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Table 3-34. Effect of feeding rare earth on carcass characteristics of Korean

native goat.
ltem Control RE

Slaughter weight(kg) 5.07+0.41 16.55+3.04

Cold weight(kg) 6.06+0.37 6.67+1.32

Dressing percentage(%) 40.0+1.84 40.3+2.15

Meat weight(kg) 4.28+0.32 4.75+0.90

Meat percentage(%) 71.0+3.16 71.2+3.38

Bone percentage 23.9+1.92 23.7+1.86

Fat percentage(%) 4.8+2 31 6.7+3.79
WEAT, EAE& 9 A5 JEFATF7E ot =doy FAAA Fode gl
thowol A= A gtel] zol7h gllow, AWELS thx 9 48%°l HlF I EI=

N

6.7%= s EA T = A3tgo] Z7}3)

2

o,

(¢}

Table 3-35. Effect of feeding rare earth on carcass physical properties of
Korean native goat.

ltem Control RE

Shear force(kg/0.5inch?) 2.45+0.87 3.37+1.08

Cooking loss(%) 25.09+4.59 26.45+3.50

Water holding capacity(%) 56.21+3.15 53.46+3.25

Joiciness 4.93+0.70 4.00+0.53

Tenderness 5.33+0.61 4.73+£0.50

Flavour 4.33+0.64 4.33+0.12

pH 5.79+0.23 5.71+0.16
TAle] e AAE AdES SR gogub izl vl ko, JhE s
JETL F7h gk HEHE SR/ o) vgkon], tEY Arel gdelME
S|EF7F oFgF wrgtoy FAAR FoA8E JAAEA gtk Fr et pHE A3t
H 523k 23tE wmo] FAn mebd SEAY R 4 FFEIAE B A= 7
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Table 3-36. Effect of feeding rare earth on chemical composition of Korean

native goat.
ltem Control RE
Moisture(%) 75.50+1.06 74.52+0.53
Crude protein(%) 20.43+0.11 20.40+0.37
Crude fat(%) 3.18+0.96 4.18+0.44
Crude ash(%) 0.89+0.01 0.90+0.03
AEAZ Afre FEFFe] o paHYod, ARFFE oA 1

7 5
v zuu s 23 gFe ot dslth

_\|1_‘
ol
>,
)
i
o
Ay
>
b
ofo
5

, Italian ryegrass

9%°] RE ClE %138t 1000ppme] == 843 tf5 A g

%= 999
¥4 ¢ La(Lanthanum), Pr(Praseodymium), Nd(Neodymium), Ce(Cerium),

- ¥ E : La, Pr, Nd, Ce, Y, 7]E} "] &4 5(Cu, Mn, Mo, Zn, Fe), %A
(i), kA (BEER), 35S A QB e EM#) 5
- TX 9 899% = A|stY] FEWERE A5t Al
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D #FA+=
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- feke) A AR ddAdFA FEA(KAAAd) - pH 58~6.2
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He 11~12dS/mZ s, 2=#d8 = 53 20T, okzF 15TE 7]
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Table 4-1. 24 S EX2 HH
< HdIE >
AF 2 S35
SERS 1 &k 2&t
CK - -
I -1 2 & La10ppm
| -2 25 La30ppm
| -3 FI La50ppm
| -4 PSS La100ppm
-1 P Cel0ppm
-2 2 & Ce30ppm
-3 2 & Ce50ppm
-4 25 Ce100ppm
-1 FI Y10ppm
-2 PSS Y30ppm
-3 FI Y50ppm
-4 2 & Y100ppm
V-3 2 & Pr10ppm
V-4 225 Pr30ppm
V-3 FI Pr50ppm
V-4 FSES Pr100ppm
V-1 P Nd10ppm
V-2 2 & Nd30ppm
V-3 2 & Nd50ppm
V-4 RIS Nd100ppm
<SEIE>
8 % 244 o olgaletato| 22t
el 1 Xt 2Kt 3Xt 4K} el 1 Xt 2X} 3Xt
CK - - - - CK - - -
I -1 & & | 100ppm - - -1 | ELAIE | 200ppm -
| -2 & & | 200ppm - - -2 | EAIE | 300ppm -
-1 2 & | 100ppm | 200ppm - 1-3 | E2AI & | 500ppm -
-2 25 100ppm | 300ppm - I1-4 | EZAIZ | 700ppm -
-3 Z & | 100ppm | 500ppm - -5 | E2Al & |1,000ppm -
-4 PSS 100ppm | 1,000ppm - -1 - 200ppm | 200ppm
-1 & & | 100ppm | 200ppm | 300ppm -2 - 200ppm | 300ppm
-2 PSS 100ppm | 200ppm | 500ppm -3 - 200ppm | 500ppm
-3 & & | 100ppm | 200ppm |1,000ppm| -4 - 200ppm | 700ppm
-4 & & | 100ppm | 200ppm |[1,500ppm| IlI-5 - 200ppm | 1,000ppm
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7V) La Cly ¢ A&

Table 4-2 % Fig.4-4olA Hi= wkel o] AFFAed dd Lo Cly AF A
2 A FEEHEFIFPAAE 27-29g(964%~1036%)°] MAZM SWF 2}
ol WAT F glAot 24 o)A+ 10ppm, 30ppm, 50ppm, 100ppm # ]+
7 EAE (R T) 7.3emel HlE zHzE 17.8%, 205%, 23.2%, 123% A= A
el 50ppm, 30ppm, 10ppm, 100ppm o2 3 EX g TH47} = Aoz e
pra=y

Table 4-2. L[4 Clel BEAME|7t &Fo dFol olx& &

A el 1 1 K(CH 8|
ExaD Oppm 30ppm 50ppm 00ppm | CK( )
ZZHem) 8.6(117.8) 8.8(120.5) 9.0(123.2) 8.2(112.3) 7.3(100.0)
=) 2.7(96.4) 2.9(103.6) 2.8(100.0) 2.8(100.0) 2.8(100.0)

« ()= tie| 7ol ciet 2t MzlTel SHE(%)

LaClzel & & A 2

O10ppm O 30ppm [ 50ppm H 100ppm OCK
100 r

80

= 60 r

40 r

00

X2l

o2

<Fig. 4-4-1> [ 4 Cl; HEXe|7} &4Fe =Fd ozx= &
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LaClzel & & A 2|
40

35 O 10ppm O 30ppm [ 50ppm = 100ppm OCK

30 r

25 1

Ko 20 r

el

<Fig. 4-4-2> [, Cl; EEXNE| 7}t &F2 F35o ojx= &

AGHA & Gds|E Y4 A2l g+ Table 4-3 ¥ Fig. 4-5914 H+= nvief 2
of AEALYL AF RE ALTAN 2 Aot dehbAe ggot vud FEi}
%2 50ppm, 100ppmel A= FA e ol e G5, AYAF, ARF FolA 28] B
#hol Z+zt 22.0%, 9.0% 2 14.4%, 18.0%<F 12.6%, 12.6% ¥ F7kst AyE & F <)
itk 23 AZAG s 14 PG HE ASEAL O BA e ol fE

KN

[e)
o
A A 71l QlolA 124 W= HwEy ALrigernw B Aio A87)F F A
2 A o = @A Aeddge] HxdA vk Ao FAE

Table 4-3. L[4 Clsel EHAIH|I} &F $&of o|Xs JE

*H 2 10ppm 30ppm 50ppm 100ppm CK(cHH| )

SEEE | 1AH| 2L || IRF | 2R | "R | 1R 2K | HF | 1| 2| HF | 1AH| 2% BHR

35.6 42.6

ETH) 11541558 (g5 5) 3351 5171 (403 1) | 46.8154.01 (122.0) | 342557 | (109.0) | 284 |41 (106.0)

09
o M7 =(g) 104.1172.1138.4| 147.|161.| 154.4 | 158.|179.| 168.7 | 163.|184.| 174
=< 9| 7 1(938)] 3 | 5 [(1047)] 2 | 2 [(114.4)| 1 9 [(118

9.9 10.0

0
0
.0 | 116.]178.| 147.5
0
o= . . . 6

CtdE(g) [69|31]50 44|31 | 38 |35(33| 34 [48|33| 41 41|33 37

« ()= telstol gk 2t MalTol SHE(%)

0
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<Fig. 4-5-1> [ 4
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W) CeCl; & AZYEH

A% Ae A CeCly A2 T3 Table 4-4 2 Fig. 4-6014 niE ns} 2
°of 23 H FF@kE)el el ¥l Aw=<l 10ppm, 30ppm A7k FA
2] -l

vlal Z+zb 2.7%, 19.2%9F 10.7%, 21.4%9 712 Bou aFEQl
50ppm, 100ppm A A= 243 FFolA 22t 41%, 179% A=7F A& A
2 YEs

Table 4-4. Ce CLel & EZXMe|7t &Fe MZEo o/xX= A&
X 2|
- 10ppm 30ppm 50ppm 100ppm | CK(HH B )
Z=ZHem) 7.5(102.7) 8.7(119.2) 7.0(95.9) 7.0(95.9) 7.3(100.0)
F&() 3.1(110.7) 3.4(121.4) 2.3(82.1) 2.3(82.1) 2.8(100.0)
« ()= ool st ZF MalFe SHE(%)
CeClze| &3 Az
120
O 10ppm 0 30ppm 0 50ppm H 100ppm OCK
100 r
80 r
€
L L
Z 6.0
K
40 r
20 +
00
<Fig. 4-6-1> (Ce CLe &ABXel7l 4Fo =Fd o[x= &
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05
00
<Fig. 4-6-2> (Ce ClLe| EZXel7t &Fe F&Ho| o[x= &
AEAH F CeCly A&7+ Table 4-5 % Fig. 4-7o14 ¢ Zo] RE
T AHEFdA aIUF e A2 YyEygt 53 Hlud TRV v
10ppm % 30ppm A& oA FAH e ol Hlal F5, GBAFT, AEF o 23
PG gko]l 2k 16.7%, 14.2% 2 12.7%, 10.8% 9} 6.8%, 8.7%% Z713 AyE &
T AT
Table 4-5. Ce Cl,2| Y HAH|I} Arxo| &gt O|X|= HE
2 10ppm 30ppm 50ppm 100ppm CK(cH H[ )
SRt IR 2R B | 1A | 2K | " | 1RF|2RE | Dot | 1RF (2K B | 1A | 27| B
A 48.2 47 1 46.0 475 413
4 =(ol) |42.3/54.0 116.7) 40.2(54.0 (114.2) 38.7(53.2 (111.4) 40.0 |55.0 (1152) 28.4 541 (100.0)
o1 M F = (g) 162.1169.| 166.3 | 148.|178.| 163.4 | 137.|161.| 149.4 | 134. [172.| 153.8 | 116.|178.| 147.5
=06 9 [(112.7)| 4 3 |(110.8)| 1 6 |(101.3)| 7 9 ((104.3)| 9 1 1(100.0)
AHEZE(g)| 96123 (11(;6-_08) 86 |137 (1101827) 80 [115 (994_87) 83 127 (11001-%) 73 133 (11(%_30)
chd=(g) (38|32 35 [37(33| 35 |36|30| 33 [34 (31| 33 |41]|33 3.7
« ()= the|7tofl st 2 Mel7e SHE(%)
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oh) PrCls ¢ H&aw

Pr Cl; 3% A2 A A8 &3+ Table 4-6 2 Fig. 4-804 B ulo} o] %
el 49 10ppm % 30ppm A F7F FA gl vlal Zh2F 9.6%, T35 4
7zt 35.7%, 179% % 2 %< Yetdloy 15 %2 50ppm, 100ppm # 2] -0l A
2 of7F FUF S AY wizdleow, FEFH 7t 177%, 143% A= A2 A

e,

Table 4-6. Pr Cl32| ESZAME|7t &F2 YFo ojxs &

T A el 10ppm 30ppm 50ppm 100ppm | CK(EHH[ )
Z=ZHem) 8.0(109.6) | 8.0(109.6) | 7.7(105.5) 7.2(98.6) 7.3(100.0)
FZ(9) 3.8(135.7) | 3.3(117.9) 2.3(82.1) 2.4(85.7) 2.8(100.0)

()= e[ ol oist Z+ MH2|7el ZSHE(%)
PrCi3el & & X2

12.0

100 F O10ppm ©E30ppm [@—50ppm ®M100ppm OCK
80 |
€
°
R0 6.0 r
|K-I

40

20 r

0.0

X 2lH

<Fig. 4-8-1> pr CLo Z&ZXe|Jt AFo =Zto| o|X= A&
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5.0
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F=3(g)

AezlE

<Fig. 4-8-2> Ppr Cl2 EZAel7l 4F2 FFo olxs &

A5 A T 23 AA A pr Chol 3= guixe] = Table 4-7 ¥
Fig. 4-9°14 ®i= vk} o] A Ao w2 & A7 (10ppm, 30ppm)el Al A
ggtel vl 5, FAAFT] 23] BaEghel 47 195%, 159% % 129, 41% A F
7hate] el BAEE adld F2 EdUF dEwoy, wR7F w2 AT
(50ppm, 100ppm)l A= 78] 2ol 7} giAv Hadhs 43S BIlth

Table 4-7. Pr Cl32l FHAH|I} &4F =& olx& &

X 2| 10ppm 30ppm 50ppm 100ppm CK

sxyarm | 1AH2AH HR | 1xF|2xH| BE [1&F 2% HE [1xH2xH "R |15 2%t BE

-~ 49.3 47.8 . . . 41.3
& ==(of) |43.8/54.8 (119.5) 42.8(52.8 (115.9) 36.2(47.5 1015 5 53.5 (113.9) 28.4|54.1 (100.0)

o Al R 2 (q) 157.1175.| 166.6 |137.{169.| 153.6 |121.|161.| 141.3 [137(165.| 151.2 | 116.|{178.| 147.5
=< 91417 11129 3 | 9 [(1041)| 0 | 6 | (958) | . 4 (1025 9 | 1 |(100.0)

10.9
(105.8)

10.4
(101.0)

10.3

881120 (100.0)

AUH=S(0)|94|124 73195 8.0|12.2 7.3 [13.3

CHd=(g) |36(32| 34 |32(32| 32 |34|29| 32 |32|31| 32 |[41]33]| 37

« ()= telstol gk 2t MalTol SHE(%)
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(OH)

<

60.0

50.0

40.0

30.0

20.0

10.0

0.0

PrCI3el & %=

O10ppm @O30ppm [@D50ppm ®W100ppm OCK

x2ld

M =(g)

240.0
220.0
200.0
180.0
160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

PrCi3el 4 A=

O10ppm ©@O@30ppm [@—50ppm H100ppm OCK

xelE

<Fig.

4-9> pr Cl,ol ABAIBIT} 4% S| olxs G
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3) NdCl, o A=

Nd Cly RE5HA el 535 AHKHH Table 4-83% Fig. 4-10014 ®& v}
of o] 2 % FIFTH(FF)S 10ppm Z 30ppm A T7F Fx &gl ws] z+
b 26.0%, 17.8%<F 46.4%, 39.3%=A HlwA A YEpst oy, a1 EQl 50ppm,
100ppm 1 # Al = 242} 16.4%, 19.2% 2 32.1%, 21.4% A% 433 2 ‘/]‘E]r‘/]‘ g
27%E BT ol A vHddsE A4l Nd7t La, Ce, Prol H|&| H]uL
AFdidd &ste dARA I FFY FEE HolA FE7] @A A& 7]

Y gt

ol JAg A Asddo] EA Aoz dAdHn ole 7]E9 oS H
wAsE Adetn AN T F vk
Table 4-8. NdCl;e| A EZXe|7t AFe MEHd o/x= &
S CHu
axam 10ppm 30ppm 50ppm 100ppm | CK(EHH|F)
Z=ZHem) 9.2(126.0) 8.6(117.8) 6.1(83.6) 5.9(80.8) 7.3(100.0)
&) 4.1(146.4) 3.9(139.3) 1.9(67.9) 2.2(78.6) 2.8(100.0)
« ()= thel7toll et 2 MelT7e ZHE2(%)
NdCI139| & & X 2|
12.0
O10ppm O30ppm @M50ppm m100ppm OCK
10.0 r
80
IS
o L
X 6.0
IK-I
40 r
20 r
0.0
Xzl H

rr
02
02

<Fig. 4-10-1> Ng Cly B & XNelo wE =Fol o/
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NdC132] & Z X 2|

5.0
45 | O10ppm @O@30ppm [@m50ppm ®W100ppm OCK
4.0
3.5
3.0
25
20
15 r
1.0 r
0.5 r
0.0

=Z(9)

xzd

<Fig. 4-10-2> Ng Cl; A ZAMelof wE FFol o|xes g

FHE7Io)1F ASHG F 2zt BAH Ng Clol d¥Ag &de dAAeR e
% AYF10ppm, 30ppm)ol A G4 = AA Fo] 158%, 18.2% Z 16.6%, 9.3% =
A gkl =77 2A vega, 27 =8 A8 B0ppm, 10ppm)ellAE A ¢
AU A AFdE Belou, FE7VIY AeAY ek ATl 54

= A Gtk webA NdE A= A A5 857 "=

x 2 10ppm 30ppm 50ppm 100ppm CK(CHu] )
EXMs S 1RE| 2R | "t [ 1A | 2K B [ 1A |2 EA [ 1RE| 2”F | A | 1RE| 2K | B
~ 485 48.8 443 487 413
& =(oh) |41.8(55.2 (115.8) 42.0(55.5 (118.2) 41.0(475 (107.3) 46.0 | 51.3 (117.9) 28.4154.1 (100.0)
oM H =(g) 168. [ 181.| 174.7 | 151.|171.| 161.2 | 146.|142.| 144.3 | 176.| 159. | 168.0 | 116.|178.| 147.5
HSASO 3 1 {(116.6)| O 3 [(109.3)] 2 4 1978 | 8 1 1(113.9)] 9 1 1(100.0)

A 25(g)|100] 129 (110‘9_52) 89 122 (11002-% 9.1 (102 (999;_77) 103114 (11005?3) 73 133 (110%_%)

Ctd=(g) | 40|33 | 37 |36|31| 34 [36[30| 33 |38|31| 35 |41|33]| 37

« ()= tel=oll gk 2t Mal7ol ZHE(%)
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60.0

NdCI32| & %

50.0

40.0

30.0

==(0f)

Fa|
200 r

10.0

O10ppm  O30ppm OCK

O50ppm

H 100ppm

0.0

x2ld

NdCI32 HU A=

240.0
220.0
200.0
180.0 r
160.0 r
140.0 r
120.0 r
100.0 r
80.0
60.0
40.0
20.0

M =(g)

O10ppm O30ppm [@—50ppm ®M100ppm OCK

0.0

Xzl E

<Fig. 4-11-2>
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% Fig. 4-120] uebd wpep o] =%
6.8%, 8.2%, 55%%}F 25.0%, 35.7%, 25%°]

1

uh) YCli9 A2 &d
Y Cly &

[¢

Aol zel7b gle Ao dEHAT

Table 4-10. YCl; o EEXME| 7} &Fo dFo olx= &

S 10ppm, 30ppm, 50ppme] F=2 F AT 39S 4$ Table 4-10
Aoy F-=) 2 ol
BRAoy 35 =2l 100ppm A & Al

22}

H] &

A el CHu
sxam 10ppm 30ppm 50ppm 100ppm | CK(CHH] 72)
Z=ZHem) 7.8(106.8) | 7.9(108.2) | 7.7(105.5) 7.2(98.6) 7.3(100.0)
F==(9) 3.5(125.0) | 3.8(135.7) | 3.5(125.0) | 2.9(103.6) | 2.8(100.0)
() dinjgel digk 2 X9 v(%)
YCI39 &HZ A
12.0
O10ppm ©O30ppm M—50ppm ®E100ppm OCK
10.0
__ 80
€
°
%0 6.0 r
4
40 r
20 r
0.0
Xald
<Fig. 4-12-1> YCl;o| A EXNEl7l &F2| =Fd o|lx= J&
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YCI32 & Z Xz

5.0
45
40 r
35
3.0 r
25
20 r
1.5
1.0 r
05 r
0.0

O10ppm O30ppm b 50ppm H 100ppm OCK

=Z(9)

<Fig. 4-12-2> YCl;2| AZHMEl7l &4F2 FJ0 olx= &

SHE, ASAA F Oy Chel 23k ZA AAg fdwAMe &3 Table 4-11 2
Fig. 4-13°] uephd niel o] g5 o2 10ppm, 30ppm, 50ppm * 2] el A Z}zh
AFE 15.7%, 133%, 22.0% Arele] s F7FE AT dErs A, AT 16.6%,
104%, 146% AE Be Aoz ZAHEAY 28y F=7F %L 100ppm A 2] -0l A
= ATl A %k o] e AFS HAH

Table 4-11. Yy Clol HHAIH|I} &4F 2o o|x& &
% 2 10ppm 30ppm 50ppm 100ppm CK(cH B T)
EHER | 1R | 27 | T | 1RF |27 " 1A 2R B | 1RH| 2”F | EF [ 1A 2% HEP

-~ 47.8 46.8 50.4 45.0 41.3
&==(o) 422|533 (115.7) 40.8 52.8 (113.3) 40.7 |60.0 (122.0) 35.7 | 54.3 (109.0) 28.4|54.1 (100.0)

o M7 = (g) 163. | 180. | 172.0 | 148.[177.| 162.8 | 143.|194.| 169.0 | 127. | 164. | 145.9 | 116.|178.| 147.5
=< 9| 4 5 |(116.6)] 2 | 4 [(1104)] 1 8 |(1146)| 4 3 (989 9 1 [(100.0)

= 11.3 10.6 . . .
%1.7_*56(9) 95 113.0 (1097) 8.8 (123 (1029> 8.5 (143 (1107) 77 | 112 (922) 7.3 133 (1000)

Ctd=(g) 39|34 | 37 |36(|34| 35 [35(33| 34 |[32|30| 31 |41|33| 37

()= the[7oll tigh 2t MelTel H](%)
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(OH)

<

60.0

50.0

40.0

30.0

20.0

10.0

0.0

YCI39 & %

O10ppm ©O30ppm [D—50ppm M®M100ppm OCK

x2ld

M =(g)

240.0
220.0
200.0
180.0
160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

YCI3e M AZ

O10ppm O30ppm M@50ppm m100ppm OCK

el d

<Fig. 4-13-2> y Cl;o| HHAH|I} &F2 Hset dH Fo o|x=
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FlE dEFIEd: Ayt S 278 vAs dFS 2] 96
AEoistn sygst dPdxged dA3 APzl AN AT 2 A A2+
£ 492 Table 4-12 oA B+ vhef gt

AC)
-
2
>
P
o
SE
jintd
¥
~
ol
2
o,
N
~
D
fr
r_%
ox
9
-
)
T
o K
;0
|
2
(o

A7, BEAY
Aol 4L FERR 2 AF 5 A99F BE dPoR TR %

frel .

Table 4-12. Bt Eo| HZHEl X FHAETL S5 Z7|MFo| 0jXs S

P el ESAPUES:
SIEAA | MelT(ppm) ZZHem) & =(oH) ZZ(cm) & ==(oH)

10 125 3.3 50.1 6.9

L 30 12.8 3.2 60.3 7.3
50 13.0 3.2 59.5 7.7

100 13.1 35 69.5 7.9

10 13.9 35 538 6.8

o 30 12.9 3.0 75.9 8.2
50 12.1 3.0 66.3 7.9

100 12.8 3.2 71.0 7.5

10 13.4 35 69.7 7.4

o 30 12.9 35 78.7 8.2
50 12.9 34 80.4 8.4

100 125 3.4 67.7 7.4

10 13.7 36 91.0 8.6

\g 30 13.4 3.4 82.0 8.5
50 13.2 3.4 80.4 8.2

100 12.3 3.1 65.7 7.6

10 13.7 3.3 79.1 8.4

y 30 135 3.3 755 8.3
50 13.1 3.3 67.2 7.8

100 12.7 3.3 61.3 7.4

CK(cHE| ) 12.5 3.3 61.7 7.4
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S50l g3 v e S FAENS THety, A4 A 4
8 AgN S AAS A Table 4-13 2 Fig. 4-140l4 R vio} 2o},
ol M= BE Aol oiv

2 3 = H
of vlE ¥ue AE Rtk Ed duld Hit o]AFAe] A= Nd-100 ¥
Pr-10, Pr-30¢] AHzlF9] A5E Astiie tiFfid BA EAHA. i @
B Al wE 2 AT A$E Nd-1009 55 ALstus ZE A
Tol JofA BEd olF diaEE AHEA Ce E Nd, Y 949 A Al 10ppm
A F7F 247F 52%, 66%, 656%2 TE&S Hol M JEd AEs Hlown o
T FEEREHE SAEY AnT HoAE AFdo] 5S4 & AUdn W La 2
Pr 9449 A% 30ppm¥ 50ppm FEol A Z47F 27%, 44% 2 27%, 19%9] S5
&S Ho 7P S5 AE A F e oY vE AT L A=

7} okt A3t

™

Table 4-13. L3 E HE|7} ST+ 4 & 2o o/ I

X 2 e Cerium Neodymium
Ce-10| Ce-30 | Ce—50 | Ce—100 | Nd-10 | Nd-30 | Nd=50 | Na~100

o|AtZol(em) | 20.6 228 | 221 21.8 | 231 | 223 | 225 | 233 | 196
dofj==h/=2) | 07 1.0 1.3 0.8 0.9 1.1 1.0 0.9 0.8
O| A7 7l(g/7H) | 187 209 381 194 275 284 | 279 | 261 184
YA S(/F) | 623 946 719 644 825 | 1034 | 954 | 874 | 584
= b (100) | (152) | (115) | (103) | (132) | (166) | (153) | (140) | (94)

=X s

I

1

x 2 . Lanthanium Praseodymium
S s= T La-10 | La-30 | La-50 |La-100| Pr-10 | Pe-30| Pr-50 |Pr-100
o|&tZlol(cm) | 20.6 19.8 219 229 234 202 | 202 | 20.1 | 204
Lol ==(7h/&2) 0.7 1.0 1.0 0.9 0.7 0.8 0.9 1.0 1.0
Ol A A(g/7H) | 187 241 256 256 277 179 143 229 255
M F(g/F) 623 704 793 897 806 742 793 742 653
* X (100) | (113) | (127) | (144) | (129) | (119) | (127) | (119) | (105)

X 2l e Yitrium
Y-10 | Y=-30 | Y-50 | Y-100

=~ X st
S

1

I

olAtZol(em) | 20.6 24.1 219 | 219 | 204
dofj==h/2) | 07 1.1 1.0 0.9 1.0
Ol &= A(g/7H) | 187 253 255 231 235
YA Sg/5) | 623 1028 | 935 780 685
» TR (100) | (165 | (150) | (125) | (110)

« X thH|F $2F 1000 CHEF 2t HM2lTel 7 e SHE
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0l 4t 2 0l (cm)

MH S @F)

40 ECe-10 MCe-30 OCe-50 OCe-100
EONd-10 ENd-30 CONd-50 ENd-100
OLa-10 MLa-30 MLa-50 MLa-100
EP—-10 EPr-30 OPr-50 OPr-100
,,,,,,,,,,,,,,,,,,,,,,,,,,, Oy-10 @OY-30 @Y-50 DY-100
30k eI
Treatment
2,000 ECe-10 MCe-30 OCe-50 CCe-100
EONd-10 ENd-30 CONd-50 ENd-100
OLa-10 MLa-30 MLa-50 MLa-100
5 EP-10 EPr-30 OPr-50 OPr-100 _
1,600 ¢ Oy-10 @OY-30 @Y-50 DY-100
EcHe|F
1,200 |~
800
400

Treatment

+

<Fig. 4-14> 8 £( Rr Cly) X2t S
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B} BRYES ARAY FE 7

16719 BUELR] AR PHS V2R ool RFYFFS Aol =
AW BYAEE Boeto] B X ARATL ddon A4 AYFE} ASAFE
FEE] Slske] 2del AA AL FaAH v 2

DA =
rzel g ddsEgs] 445 % 2 AU FEANRARE Egw B
FAE AL A% R Sl AR FPE A A 4 5 %

o
< 100~300ppme FTEZ W A]8E& 2~-33d AA AAS A
TreatIl)ol A 182%~25.8% Wl Hla4 £ FA&S B a2 A2 3l
F7F Wil w7t Eold s R FIlaA fdaste A4S Bied 59 AF
T 32 FHAE] A924 1,000ppm 2 1500ppme FEZ Al &3 Treatll-3 2
Treatlll-49] 74 -§-ol= thv] 7o vl FFdaE&0] 27; 45.8%¢F 60.0%] 23k Ao

H/HE]OJ]’J[.

I
Pix
S
@

5]
k)

Table 4-14. RE, O;2| XM2|7} &Fo| d& A & o[x= H&

X 2
P H e Treat | =1 | Treat | =2 | Treatll -1 | Treat11-2 | Treatl1 -3 | Treat 1l1-4
o (/=) 27.5 22.5 24.5 26.5 24.5 26.5
X &7 ESEH) 250.5 2411 253.7 2385 200.9 190.5
(24.2) (19.5) (25.8) (18.2) (~0.4) (~0.4)
X 2l
xx S Treatlll-1 Treatlll-2 Treatlll-3 Treatlll-4 CK
o (/=) 24.0 22.5 20.5 20.5 24.5
X &FS=) 197.5 194.8 109.3 80.9 201.7
(a21) (234) (445.8) (260.0)

« ()= thel 7ol tiEk 2t MelFel SHE(%)

Treat | =1 : &3Z+100ppm Treat | -2 : & 3+200ppm

Treatll -1 : &3&+100+200ppm Treatll -2 : & Z+100+300ppm
Treat 11 -3 : &Z&+100+500ppm Treat!l-4 : &&+100+1000ppm
Treatlll-1 : & &+100+200+300ppm Treatlll-2 : & &+100+300+500ppm
Treatlll-3 : & &+100+500+1000ppm Treatlll-4 : & Z+100+1000+15000ppm
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o 2 (0H/=F)

a

n0
Ko
o+

-

0

50 Or-1mi-2 Ol-1mii201-3mIl-4 BT @IN-20MN-301-4 BCK

40 F

Treatment

O-1mi-2 ON-1@NI=20/1-3@I-4 ®REI-1@N-20M1-3081-4 ®BCK

300 ¢

100

Treatment

<Fig. 4-15> RE,; 032 XMz2|7} &Fo| 4 & 2ol ojx= &
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22~
"gr"l"‘l"

= T T

s AL A

2) AMEE

/\]_E'.Q_ St

pul

ALAA FHAD ARG =)
2 245 A7 Table 159 2
o

obelel Eol A mi vho} o] mFES HYINEE
A9 e AN en RE AATFAN AUFAL ST
a, FABA A FF wol 2ARR Folshs
AE PATY FRAE ATAE AL ol
o

A 83 Treat 1-59 A=

A~
T AT

o] A gl
F2E 1,000ppm
BaslEs WA
A Tl oA
W2 Hel Treatl -3¢ 7

]Jﬂ’\i 1 71—/\ _+_o] 7}

L

&

TYUsA E}IESE A&t
13 o g A &3 Treatll e A&

;gl,:_o

ﬂ

JEL‘G]—A oo

o 1 E
2o Treatll-1 ¥ TreatO-291A4+ ¢F 3%

500ppm< &3 Treatd -394+ 14. IV-OJ 57}%% Eoi
o ol% AHElw®
ATt welA ALEE

AQEER A gehs

2449 2y

Table 4-15. RE, 038 X2|7} Al=

A 2]

Treat | -1

Treat | -2

Treat | -3

Treat | -4

Treat | -5

195.7
732.0
(11.1)

155.7
668.7
(A52)

224.3
703.0
(3.6)

188.0
602.0
(A22.4)

190.3
591.3
(125.1)

Treat -1

Treat -2

Treat 11 -3

Treat |

-4

Treat -5

CK

209.0
676.0
(~3.3)

176.0
676.7
(A3.2)

246.0
743.7
(14.1)

190.0
651.0
(A9.8)

114.7
628.3
(A15.6)

11.7
689.0
(-)

()= oid| 7ol of

Treat | -1
Treat | -4

o

2t M2l Fo

E 2FA| E+200ppm
E 2FA| E+700ppm

SHE(%)

Treat 1 -2
Treat | -5

E 2FA| E+300ppm
E 2FA| E+1000ppm

Treat | -3

E 2FA| E+500ppm

Treatl -2 Treat!1-3  200+500ppm

Treatll -5

Treat 11 -1
Treat!l -4

200+200ppm
200+700ppm

200+300ppm
200+1000ppm
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nI=09)

MRS (g)

400 DI-1mi201301-401-5 MWI-1OI2MI-301-401-5 @ECK
3204// 7777777777777777777777777777777777777777777777777777
2404/”/ 7777777777777777777777777777777777777777777777777777
1604///7 - B == P e
804///7 7 N o
0
Treatment
1000 DI-1EI201-301-401-5 BWI-1OI2WI-301-401-5 ECK
800/// 77777777777777777777777777777777777777777777777777777777
600//7 777777777 B o
400//7 B B o
200//7 B B o
0
Treatment

<Fig. 4-16> RE, 0;2] X2} AlR 8 24 %9 2o o|xls Ha
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3). olg o] 1T (R)

olere]ohetol et o] Tl 452
THAYANE B2 BHIE AL A A% L o

A3} Table 4-16% 2tk obd] HolA wi= ksl o] EFAes} 13]9] ¢

2 AAS Treat]-1~1-59 29 AAHom 24 gojAds ok 2 FFo] 9l

o gAF oA Ry wgHEs A e o) 3

100%7H4, A%l A$ols  55%-135%¢2] WA 7as

e Bl nzA BHIEES A§ A 2 28] 4

Az g GdEALY] AAHTE 2 A A

2

2 FdsA A& STV 4z 8 =2 A3 Treatll Aol 4-$
&= Treatll -39 A FE7A= 2 HEsZ/l sold4E AAT 2 AEF &

ZF 41~11.0%, 1.6~9.3%¢] MY SAa7}t g Aoz BEAEAu
FFEAE Ao v AERY A9 SAkEoe] & wkd ojdEotglo] agka
o lofM = Adslert il v E7

2 3
s 42 9 WHe Fasti

g etebol Leb s 3 A Aol e For27 4
FAH dgsta B F2A FAAE AL JE AEFHTH SN VA8
Aoz FAgdn

Table 4-16. RE, 032 XM2|7t IR2| 4| X #zo o|x= H&

% x5t 2 A Treat | -1 Treat | -2 Treat | =3 Treat | -4 Treat | -5
ZZHem) 108 107 111 116 122
MAH =(g) 3,838(A0.05) [3,447(~10.0)| 3,946(2.7) | 3,712(~A3.3) | 3,652(A4.9)
HEZ(g) 669(A5.5) 664(26.2) 675(A47) | 612(A135) | 671(A5.2)

_ X =l Treatll-1| Treatll -2 | Treatl1-3 | Treatll -4 | Treat Il -5 CK

S3e=
ZZHem) 120 17 123 118 118 108
M S(g) 3,998(4.1) | 4,135(7.7) | 4,124(7.4) |4,261(11.0)|3,845(0.13)| 3,840( - )
HEZ(g) 720(1.6) 726(2.5) | 757(6.9) | 774(9.3) | 720(1.7) | 708( )

« ()= thel7oll tigh 2F Ma2lFel SHE(%)

Treat | -1 EFA[2+200ppm Treat | -2  E2FA|-2+300ppm Treat | -3  E A 2+500ppm
Treat | -4  E2FA[-E+700ppm Treat | -5 E A E+1000ppm

Treatll -1 200+200ppm Treatll-2  200+300ppm Treatll-3  200+500ppm
Treatll -4 200+700ppm Treatll -5  200+1000ppm
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Ei-1ON2E1-3@I11-4011-5 ECK

200 D mi20I301-4mI-5
160 |~
~ 120
£
&
K0
40
0
Treatment
6,000 OI-TmI—20/30I-4@1-5 @EI-1O12WI-3@II-4011-5 MBCK
C
Ki0
=
20
Tre atme nt
<Fig. 4-17> RE, 0;2| X2|7} o|&z|etzlo|agiA o ME F 2k 0= A
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o JEAZT JEAW FFIFF vAE ¥

FA ddsEdaet BB AAHFE AHEAA FHe AFH ATE
Fole] AYE Agret HYAAE nfgoz s|EXE 7L AEAY T FFTF
of M= FFS Lotry] 9 HAAIS AP A= ol )
DA F
Table 4-17 %L Fig. 4-18014 HiE= nupe}l o] 3o izt 53 E A7 A
Treat I -1~tIl -27F4+= 0% ~3.2%2] Z3lES Ho 5 FolE HAT 4 gldle

v Treat M-33% tO-4°] Z-$ divl7to] B3] 16.1%, Treat M-1~IM-47-A+= 1

4% ~22.6%2] %‘%Oﬂﬂ e FaES BT wEd B AYS Ege B oo 23

S|EQ] AE3lg B TRVt 2S5 o AotEe d a9 & AoE e

Wk, 23y Mancozeb woFol ok IF AstEC] 2 Treat M-1 2 IM-2, -3,

M-4¢ 29 EF3sEe A7t 33lo]a HEsE% 300~1500ppmo 2 7433d] =2
1)

FEoloenm 5 ol i Aol Bad Aow AdtHn

<Table4-17> RE; O32| Xalof| 2 AFEAH U Mancozeb sSME AFRZ U LSHE
(SH2l: ppm)
e A el CK Treat | -1 Treat | -2
2-benzyl-1-
pentafluorobenzyl-2-i ?QG% %)g? %)8)2
midazoline ) )
o2 Treatll-1 | Treatll-2 | Treatll-3 | Treatll-4
2-benzyl- 1—

I I T R T
midazoline : ) ) )
Ay 2| Treatlll-1 | Treatll-2 | Treatlll-3 | Treatll-4

2-benzyl-1-

, 0.049 0.048 0.050 0.050
pentafluorobenzyl-2-i

midazoline (21.0) (22.6) (19.4) (19.4)

« ()= e Fof st Zt MelFel R LoHE(%)
Treat | -1 : 7'é,'%ﬂOOppm Treat | -2 : & &+200ppm
Treatll -1 : &Z+100+200ppm Treat!l -2 : & 3Z+100+300ppm
TreatI1-3 : & &+100+500ppm Treatll -4 : & Z+100+1000ppm
Treatlll-1 : & &+100+200+300ppm Treatlll-2 : & Z+100+300+500ppm
Treatlll-3 : &&+100+500+1000ppm Treatlll-4 : & Z+100+1000+15000ppm
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0.10
O-Tmi-2 ON-1mii20/1-3@-4 ®RIl-1@HN2001-83011-4 M®ECK

0.08 1

0.06

0 004

0.02

0.00
Treatment

40.0 o1 mi-2 Ol-1 mn-2011-3 mIl-4 Hi-1 @-2 OW-3 Olll-4

30.0 ¢

20.0

10.0

0.0

Treatment
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a
=
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N
ol

<Fig. 4-18> RE, 039 XMelo| 2 2FHu Mancozeb =<t
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2) AEE S5F

Table4-18° 4 K= nps} o] So g 3|E A A Treat 1-1~V-4 7}
2= Aol A Mancozeb Hrde HESA mivte® yehy FoRR ke 3t
]1__

2L
0

2ol A= GFE "] oH Y o= AFAEel vlE) Sege *ﬁ%ﬂﬁol
2 gAY Fu7t Al er ans AS 73 T QAL W
2 FF - olqE sl OO A=Al ] Ash(fik(b), i‘r"l(f%fn) cl
of Zefiet stet(bsy) Tol o) F=3H(EEL) 7 ol FAR7] Wil Aoz FAHH

o

<Table4-18> pRE Cl;el Xelol w2 S=H | Mancozeb M2 ZFZ 3 USIE

(4 ppm)
M2l a1~ 14| =1 ~ -] V=1~ IV=4| V=1~ V—4| 48|72
=YY E
pen%;ﬁﬁgrzgt';a‘n‘z | 0006 0.006 0.006 0.006 0.006 0.006
DA (0.0) 0.0 0.0 0.0 0.0 )

g EEIIE AT HEAW AAE IFF WA= IE

gojd g Edas BgsEe 44FE AeAA] T @zx A7E E
Sol ARE AgEEs AL AAE hgos LG AuAY A8 A5
WAE qare BAE Ads ohe 2k

DA F

Ao g HIEE 22 A Tabled-19 2 Fig. 4-19°14 B uiel 7o)
Treat 1-1~T-271A1¢] Aol oA Treat 1-28 A9t hr] ol vl &)
0.02%~1.6%¢] #stES Hol 543 2ols wHd 5= ¢l oy Treat M-3~1M-4
7hA e Aol oA E Fat 29.3%°] AstES HATh olF vl A3 Fvt
Bl T2/ % AT Treat M-1~TM-4° Al dojA 53] ZstEe] 231~
383%=A AA YEpwth dakde] IFE AstadE A E3Fs|Ee A&

A AARY sHle] Hol, slEYA] el wWE HAg T oy WS 1
W Treat 0-39 HgWe] Add oz gAgs}; F5 o ¢
o] 4o oz YEIRT
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<Table4-19> RE, 039 Xzlofl wE AFEAU AME 7T U LSIE
(22l mg/kg)
=MME A 2l CK Treat | -1 Treat | -2
pentgﬁggrgzbyé; 1Z;|_2_i 16789 16456 14426
ExAME A el Treat 1 -1 Treat1-2 Treat11-3 Treatll -4
pentgfﬁgrnozby; 1z;/I—2—i 15116 1,490.1 12114 1,303.1
ExRME A el Treatlll-1 Treatlll-2 Treatlll-3 Treatlll-4
pemgﬁggr%zbyé‘n 1Z;|_2_i 1,035.9 1,290.4 10784 1,187.1
« ()= ofe|7tofl o st Z- Me|l7el ZstE(%)
Treat 1 -1 : &&+100ppm Treat | -2 : & &+200ppm
Treatll -1 : &Z+100+200ppm Treatl1-2 : & &+100+300ppm
Treat1l1 -3 : & Z+100+500ppm Treatll -4 : &Z+100+1000ppm
Treatlll-1 : & &+100+200+300ppm Treatlll-2 : & &+100+300+500ppm
Treatlll-3 : & &+100+500+1000ppm Treatlll-4 : & &+100+1000+15000ppm




2500

2000

1500

1000

& A H & F 2 (mg/kg)

500

O-ml-2 0Ol-1TEI200101-3@11-4 W®RiI-1@N-20101-83011-4 BWCK

Treatment

60 Ol-1mi-2

50 F

2 (%)

[¢]

On-1mi-201-3mlil-4 Wi BI-2011-3011-4

Treatment

<Fig. 4-19> RE, Os°9| ANelo]| wg &FAH Foad ZFE USHE
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ojgrz|¢telo] et thdt H3HEE XAl Table-20 % Fig. 2004 Hi= wis}
o] % ! T A F4% ZetAdE Yepdidoh dA A
73 & oAM= Eg 7IHGEIE) A 33 E 100ppmes Al&3 & A5
AHAAIRE HAAG Treatl -1~ 1-59 A5 AAASo= FUAAIH S FLE7F Fo}
= | AAast7h F = Treat I -4 29
AATH EFol 7IH2A EFIES A&
o= FdA A&l AFFTI 747
Treatll AWyl A-(O-50 AQAMNE Agsert motdSs
o] F7Fstth7F 1000ppme] E %= HEleol JojA 2435
Aol xR AstavEs gk B3sE] AL 9l
HiEo] SEYLE SHAGH) G 22X (FH) B 3
S| EQAe Hrpzhi 9 JAHo] wE EF B QA g
ov g Treatl 9 HWHPrEoE FWAM WH Traetl-1~1T-59 %
g Aoz #waEy g dF, A, S HE =9 AfdE A5A
25 (BRIFY) =AW
o ojgt FF7t o]FoA AojnE WHTE A

2 Aol 7

ol
B~
o T oo

A]

off & on

2 ol
i
_>J‘_Il

2 Kok Lo
\]
tot
2

Jhu
2
lo,
o
ol
ol

L
L)
s

>
o
2
o
&
o

==
fLN

)
T,
)
¥ o

o)
N
a2
o
il
re
dp>
_)‘.1_1‘
Ach
1ok
ol ox

[
)
ox
o
Sl
2
N
N
o g

off oo MY
tlo
fz
32
Qoex o A =
E oo %0 o Mg mu orot g o% )y of

e X

% %
NEd AoBE 3§ 4UE u

<Table4-20> RE, Os2| Xe|of & IRMUH AAMH ZFE A Z5HE (BH2 : mgkg)

X 2l
Ep Treat | -1 Treat | -2 Treat | =3 Treat | -4 Treat | -5
add 242.0 260.0 217.0 101.8 186.0
(iresh weiht | (g2 27.7) (39.7) (71.7) 483)
X 2|
I Treatll =1 | Treatll-2 | Treatll-3 | Treatll-4 | Treatll -5 CK
] él!‘] thed i 138.8 105.0 136.0 1235 2198 | 3598
resh weight
5a56) (24) | (614 | 622 | (658 | (389 | (-)
« ()= the[Foll st 2F X2l T SAE(%)
Treat | -1 EFA[2+200ppm Treat | -2  E2FA|-2+300ppm Treat | -3 E A 2+500ppm
Treat | -4  E A 2+700ppm Treat | -5  E2FA|-E+1000ppm
Treatll -1 200+200ppm Treatll -2 200+300ppm Treatll-3  200+500ppm
Treatll -4 200+700ppm Treatll-5  200+1000ppm
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500 O-1Tmi201301-4@1-5 EI-1OIN2m1-3@1-401-5 BCK
400 ¢
s 300

3o 200

100

Treatment

120 Ol mi-201-301-4 @15 Ei-1 OI-2 W3 @II-401-5

100 F

& 2 5t 2(%)

pN|
=2

Treatment

—

<Fig. 4-20> RE, Os2| Xzl wg o|Ez|etztolaatA AU ALy TFE A &5
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g2 s dQsE 9a¥e q8A8e AAF A@ATE Tabled-21 2 Fig.
4-21904 B el poh AAAA AFe AHnd v
Ael ol vlsl 115%~59.1%9] WA Aid 2

et A

S Holtprl s %= A HHe Treat I -4(700ppm) 2 Treat I -5(1,000ppm)e] = 2]
Tl ZH2E 409%, 59.1%°] @AA g AetEArt v AoE BAHAT 1y
Srol A g EFIE A[Go] FFo] A= Gl doA= A7 224% 4
251%°] &S EAW v olE Aol wrEAl AAA A&y elgtae & F
Aoty &A Treat I A A A A& SFF AFF7IA ZF7]d FHA
A8t =Treat I A 2 o] %ol WA Al§sk7

-1(200+200ppm) % TreatI-2(200+300ppm) =& Foll A AArd =

Z}7} 45.0%, 28.2%5 Hol ATt dFston, aEel AgAlels AstEoe] Aof

Ae Bge wg

.

o %2

o o

<Table4-21> RE Cl32| XMElol| g ARE ST AUl 2y TR & ZSHE(E: mgkg)

X
2 Treat 1 -1 | Treat!-2 | Treat!-3 | Treatl-4 | Treatl-5
e et
f e 2985 255.8 258.4 199.5 138.0
(iresh weht | (115 (24.2) (23.4) (409) (59.1)
b =
I Treat!l-1| Treatll -2 | Treatll -3 | Treatll -4 | Treatll -5 CK
addg 1855 2423 | 2924 | 2673 2755 3375
(resh weiaht | us0) | @820 | (134 | (08 | (84 (-)
« ()= thelToll oigh 2t MalFel EME(%)
Treat 1 -1 E2FA8+200ppm Treat | -2 E2FAI&+300ppm Treat 1 -3 E2FAIE+500ppm
Treat | -4 E2FA|E+700ppm Treat | -5 E A &E+1000ppm
Treatll -1 200+200ppm Treatll -2 200+300ppm Treat!1-3  200+500ppm
Treatll -4  200+700ppm Treat11-5  200+1000ppm

- 167 -



FE (%)

AF S

pN|
=2

500 Ol-1mi20/301-4@I1-5 WEI-1OI2W@II-3@I-4011-5 HECK
400 ¢
300
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Treatment
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100 ¢
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Treatment
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=1
o

.E
o
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H

<Fig. 4-21> RE ClLo| X2l mZ2 S5 A
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o BE A mE AW HEALY FHIY

S EdAE vFgorA AEA 9 AdAd 2&S FS okdA Sl ¥ FA|t
g ow waHoy gEor F4 IE A AAF b EAV B4
& Fr Quh giREe ATRuE HAES B IJEAL B FTxZ ZwdA
AEAWE] el didd] oHew, AEANRE APdct stds Ao A<
olF AEAe AYA AL AA F Ed B F5UF dold Aom W=, 2
A@AAFN A FHFFFo]l ddEt = UEhd A2 HE ES AEAWEY] WY
S ENEE FFEEAAL #FAEdd g3 Aow FAAY W JEIL AZAY
FAFEE EFIEA] T/, AEEE, AEAT], AEUd AE Sl wak gebA
), 53] 4uAr&e] A5 <o FEet A% T wEh xolrt o] wAT 5 vt
ek 2 odgE ZEY G| BTt 2

<, =)
<Fig. 22>l A E% }9} 2k ®meb o1
AEE AT A5 1A AzuHd
gl sk 2 Wﬂ]:r"oﬂﬁb GUEALTE HEHHA %LO}QD:],
of 12 ¥ AJH]3F Treatl o A$-d%=
T+ AA YErETh

T AT 5 JHEAIHE 23t

6~35.7ppm W o FFS Ho

2 A8 Treatll ¢] Hz|w¥o] o] 28

ol 4ge malo AdsEs 4F

SN
S

HFe =] A eE AES HolX = &tk whd T4 HFT F 3% A4 g9
Al 8-S ARG Treatlle] 9o« FFFo] T47 %7}’5}04 256.8ppm ~ 598.7ppm
Atolo] Hldtd] =2 ST SEYAEC] FES= Aom BAHAEH, o =

Q20 A GREE La A47F A5

st AEwd ddIEE 74 =
B9 A 3 W st 2555 IRF GA mobAl= Ao vYEWEH s e
A2 T2l Treatlle] HIWHS AYstaes 2 AEHo] Z+2 01~2.3ppm, 0.0~
0.9ppm, 0.1~2.5ppm, 0.1~0.3ppme] W =A w4 27 UrE‘rkAOUr La °JA«1

e F4 A% % 2% 99 Age 3

o]
T U
25.8~30.5ppm 1] Bl A vFe] IE JFgo]l HE HASH, 1—573] 3§] FHA
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&5 AAE Treatllle] AHHe] ASole 1 &F=Fe] 240.4ppm~560.9ppm S =
Adel =A EAEAY. wEba AT RS nH T o dFe 22 3
& ATl et HFFs|Ee] A g QojA] 3o A AW A& B ALFE9
A e ngsolor & Aeor Andd.
<Table4-22> RE, O;2] Xzlol wE MFAHY J=EdLH ZHFIF
(22l : mg/kg)
& 2 Treat | — 1 Treat | -2
4= Total | Pr | La | Nd | Ce |Sm | Total| Pr | La | Nd | Ce | Sm
5| £ 8 & 06 | 01]03]|01]000[01]| 55 |02|46|05|00]02
(dry weight base) : : : R e : : : : : : :
Treat -1 Treatll -2 Treatll -3
Total| Pr | La |Nd|Ce |Sm|Total| Pr | La |Nd | Ce |Sm|Total| Pr | La | Nd | Ce | Sm
357 1231297125109 |03|286|1.7(258/09|0.1]0.1]|33.1]1.8(30.5/06]0.1|0.1
Treatll -4 Treat -1 Treat lll-2
Total | Pr | La [Nd | Ce |Sm|Total| Pr | La | Nd | Ce |Sm|Total| Pr | La | Nd | Ce | Sm
29.7 1 18126.1] 1.4 0.3 |0.1(309.6| 44 286.1111.9| 6.4 | 0.8 |256.8| 6.0 [2404{ 55| 4.2 | 0.7
Treat Il1-3 Treat -4 CHe| T (CK)
Total| Pr | La |Nd|Ce |Sm|Total| Pr | La |Nd | Ce |Sm|Total| Pr | La | Nd | Ce | Sm
299.3 (5.0 78589 | 5.7 | 1.2 1598.7| 9.5 p60.911.9/15.1| 1.3 | 0.00 {0.00{0.00/0.00{0.00|0.00
Treat | =1 : EZ+100ppm Treat 1 -2 : & &+200ppm
Treatll -1 : &Z&+100+200ppm Treatll -2 : &Z&+100+300ppm
Treat 11 -3 : &&+100+500ppm Treatll -4 : & Z+100+1000ppm
Treatlll-1 : & Z+100+200+300ppm Treatlll-2 : & &+100+300+500ppm
Treatlll-3 : & Z&+100+500+1000ppm Treatlll-4 : & Z&+100+1000+15000ppm
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Pr &R & (mg/kg)

Nd & F & (mg/kg)

20

n=201-83mi-4 On= on-20mnm-3mnoimn-4

ai—=1mi-2 0l
16

12 |

Treatment

20
H=201nsmi-4 0Omn=on-20m-3aoi-4

gi=mi-2 0Ol
16 |

12

Treatment

<Fig. 4-22> RE; 0,2 Xzlof wg AFHY s F2(Pr, Nd)
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1000

La & F & (mg/kg)

Ce & F & (mg/kg)

Oi—=1mi-2 HRIE nNm=201-3m 14 Om= om-=220m=-30ali-4
800 }
600 |
400 |
200
0 I e |
Treatment
20
J:I [—1m | -2 O - -2 01-3 3 |14 oun-1 om-2on-30di-4
16
12
8
4 |- ______ I
0 | e |
Treatment
<Fig. 4-22> RE, Os2| M2l mE AFHY SEJLH R (La, Ce)
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2.0
Or-1mi|-2 0 n-t N-20I11-3 3 Il-4 Om-=1 omn-20im-3oim-4

T S
O
=<
B
E
ap 10 b —
nk
=]
£
w2
0.5
» [T

Treatment

<Fig. 4-22> RE, Os2| XMelo| wE &FA JEALE ZHFE(Sm)

2) AEE S5F

ARG Segel OE BHHE A Gddrd ARFS PAG Ans
Table-23 % Fig. 237 2tk ¥ ARRAZNE Avnwl SEFaE da) 4%
JES 8T 49 BUHEALE FFFE BE Ao TolA HEE} BT,
A5t BeEE 94 O AFEE JRH0R Be 4FS R, WA A
P HEALY AF 4TS AED A4Y RS A dn 4L A58 AW

F AR o %)}

Ak a8y A2 =71 57138 Treat % Treat I -4, Treat1 -5
ol A= 91~153ppm o HAZMA] ok Fol S & 7 AT A TreatI 9 A
e ASF7ld 134 234 dUHA LS F7heE Treatll o] AHzHHol doiAs o
Al ZAREE Fold Zom FAHEAEH, Bl AFE ATl Treatl-1 %
Treatll- 2, Treatll- 39 A5+ Treatl ¢ ¥ %E AT vd FFEFS 2o
U, 2% H# T+ Treatll-4 E TreatI-59 29+ ZF#o] 26.0ppm e =
UElY Wold s & & ot ddEdAHZE EFIE ZAd QojA dRF
| A

La, Ce, Nd, Pro] o2 Aol FFd=s JA &el 3

.

PFol B2 =AY
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9t 492 ngon ARTYNEI AR NEe WS dASHAE 29
o9 nAF AFEATY AR GLHEALD AT AW F rHde
La 947 781, Ce €47} 243, Nd €47} 1211, Pr 947t 86, Sm d47F 2.1ppm
oz BARYEY o F La Akst AA FFF oF 68% TS & 5 AN

<Table4-23> =& 38 E(RE, O;) Melo| M2 AU S ERLY FFTE
A 2 Treat | -1 Treat | -2
EHHE Total| Pr | La | Nd | Ce | Sm |Total | Pr | La | Nd | Ce | Sm
sl =8 23 |02]06(08]07]00| 40 [00]|34]|06]|00]00
(dry weight base) | < IR I I e ' A

Treat | -3 Treat | -4 Treat | -5

Total| Pr | La |Nd | Ce [Sm|Total| Pr | La | Nd | Ce |Sm|Total| Pr | La | Nd | Ce |Sm

91 (01]84]03|03(0.0|153|02|142/0.4]0.5(0.0/109|0.1{98(0.4]04 0.0

Treatll -1 Treatll-2 Treatll-3

Total| Pr | La |Nd | Ce |Sm|Total| Pr | La | Nd | Ce |Sm|Total| Pr | La | Nd | Ce |[Sm

6.6 [09]1.7]13]26(00(113|22|23|22|45(0.1|141|20|3.7(25|5.7(0.2

Treatll - 4 Treatll-5 | 7 (CK)

Total| Pr | La |Nd | Ce [Sm|Total| Pr | La | Nd | Ce |Sm|Total| Pr | La | Nd | Ce |Sm

26.310.8 1216/ 1.2]26|0.1|126.0|2.1 {136/ 2.7|7.0|06| 0.7 |00]04]|0.3|0.0|0.0

Treat | -1  E2A[E+200ppm Treat | -2  E2FA|-2+300ppm Treat | -3 E2FA|-2+500ppm
Treat | -4  EFA|-S+700ppm Treat | -5  E2FA|-E+1000ppm

Treatll -1 200+200ppm Treatll -2 200+300ppm Treat!l-3  200+500ppm
Treatll -4 200+700ppm Treatll -5  200+1000ppm
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98}

Pr &5 2 (mg/kg)
[\S]

—_

30

25

—_ )
% S

La & F & (mg/kg)
(e}

<Fig. 4-23> RE, 0,9 HMzloll w2 244U

Treatment

Oi-10/=2018301-4@1-5 ON-1@n=2008301-4011-5 OCK

Treatment
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Oi-10/=20183014@1-5 ON-1@N200301-4011-5 OCK




O-10o=20183014®@1-5 ONnN-1@n-=20n-8gn-40in-5 0OcK

(93]

Nd & F & (mg/kg)
[\)

0 A

Treatment

10

O-1o0/2018301-48 |15 OnN-1@1-2001-301n-4011-5 OCK

N

Ce &322 (mg/kg)
~

Treatment

<Fig. 4-23> RE, Os9 ANzlo| g STA Ul S EdH ZREH(Nd, Ce)
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10

OI-10/-201-301-4®@I-5 Ol-1@N-=2201-3011-40I11-5 OCK
8 -
2
éﬂé 7777777777777777777777777777777777777777777777777777777777
a0
Nk
?14
£
wn
2
0 o |

Treatment

<Fig. 4-23> RE, 0;2| XNMe2lo| & STTHY SJE/|LH ZHFZ(Sm)

3) olgg ol 182 (IR)

ojgg¢tetol et 2o e HFIES AP A GAIJEALE IFFS EA4F
A= <Tabled-24> 2 <Fig. 4-24><} 2t}

EAEEAANE ARy AAAQD Al QoA A e
Sl nls) A om ko]l AA ‘/‘rE‘r‘)':Eﬂ 2 ol s A Yy
doleks o FHsta EAdA 7Ijlste Ao FAHET ojee -
EASEE A& A5 AP wEd mE ﬁﬁ% Axo A JFFS AF S
T AEH v=sHA AlE TR =25 AgdeT s EE A
ATl vt Fde] = AFAdS o = o
7F 0.1~0.2ppm®] 7} W& FFFS BHAon, Ce>Pr>La>Nd U449 &
Fo] B Aow BAHAY 53] La % Pr 94 59 4% 23] 2A Agg F
A2 s L7t 1,000ppm°ﬂ %f& Treat IV A2l 4¢ 4% Zt7F 3.6ppm, 8.7ppmOZ A tf
@8] we o] EAEJT i Ay wE GdIEYL IFFS A
ey G TreatIA Ao o E 44ppm, HlE T35 =2 Treatll
2 Treat I AW HAAE 75~85ppm, LE %Xl Treat IV(200+800ppm) =] 2] 4
A9+ 175ppm A=7F AFE o2 FAHIAY weba ojgeteto] 1t~ A E

o2
X

s o

>

il

b2 oo

ft
L

oNr
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H
L

o},

of sloiA] HERsel WE GuANE Agstelor & Ao A

<Table4-24> YA S E( pr Cl;) Melo] ZE |R AU SIEYFLYH XFIF
(9] mg/kg)

& 2l Treat | Treat !l
EMME Total| Pr | La | Nd | Ce :] Total| Pr | La | Nd | Ce [Sm
S 44110112119 ]1021(01|75|119 (18|24 | 13 |0.1
(ory weight base) . . . . . . . . . . . .
Treat Il Treat IV C K
Total| Pr [La|Nd|[Ce|Sm]|Total| Pr |La |Nd|Ce|Sm|Total| Pr |La|Nd|Ce|Sm
8511912112418 03(175/29|36(87(2.1]102|1.7(0.0{04(1.2]0.0]0.1

« Treat 1: Z=7] 200 + 7| 200ppm, * Treatll : =27| 200 + 7| 400ppm,
* Treat Il : &=7| 200 + &7| 600ppm, =+ Treat IV: =7| 200 + &7| 800ppm,

5
OCK OTreat| OTreatll OTreat Il OTreat IV

4
)
=
éﬁ 3
0
e » -
=]
St
[-™

1

0

Treatment

<Fig. 4-24> U3 &( pr Cl;) Mol & IR ML SF=dH 7 (Pr)
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OCK OTreat! OTreatll OTreat Il OTreat IV

La &8 2 (mg/kg)

Treatment
15
OCK OTreat! OTreatll OTreat Il OTreat IV
12 frmmmmmm e
b
=
%” O b mmm e =
0
P Y | |1 —
Kl
=]
4
3
0
Treatment

2F (La, Nd)

lok
m
o
N
ME
2
u

<Fig. 4-24> A5 E( pE Cl) XMelo Z R AUy
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3.0
OCK OTreat! OTreatll OTreat lll OTreat IV
R

20 |

1.5

g (mg/kg)

Nk
Rlqo |

t

0.5

—

Treatment
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