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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
chlorophvll in plants. They keep anti-microbial activity by themselves and this
should explain the reduced diarrhea that is responsible for the death of many
voung 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

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

2) 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.

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

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

5) Rare earth improved the growth of weanling piglets by 56-6.1% 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.

6) 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.

7)  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.

8) 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.

H. Development of organic acid-RE wet chelation reaction method

1. 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. Resuits and recommendations

C According to the instrumental analysis by ICP/AES (ICPS-7500 Shimadzu),
detection limit of rare earth elements was 0.005ppm

C We established a effective extraction method for rare earth element in plant
and soil samples

C 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. Hfedts 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
aops were measured. Seeds of com, Ttalian ryegrass, and alfalfa were soaked in 0, 50, 100, 300, 500,

and 800ppm solutions of La(NOs)s, Ce(NQs)s, Pr(NOs)s, and Nd(NOQs); 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 meastred. The emergence rates of com, Italian ryegrass, and elfalfa were best, when
the seeds were soaked in 10ppm solution of La(NOs)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(NQOs); were also emerged
best, but not appeared statistical significance among concentrations of rare earth.
Pr(NQOs);s solution did not affect the emergence of corn, whereas, the seeds of
Italian ryegrass were affected much to 300ppm Pr(NOs)s Cumulative emergence
percentage(CEP), ER, and MER were highest, when alfalfa seeds were treated to
100ppm solution of Pr(NOa);. Corn seeds soaked in 300ppm Nd(NOs)s showed high
ER, MER, and Et50, but alfalfa seeds were damaged by Nd(NOs)s treatment.
La(NQO3)s and Ce(NOs);s did not affect the yield of corn, but the plants applied
with 50ppm Pr(NO3) and 50~300ppm Nd(NOs)s were yielded much more than non
treated control. Sorghum plants treated with 300~500ppm La(NQOs); or Ce(NOs)s
was yielded more. As the concentrations of La(NOs)s 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(NOs)3 Ce(NOjz)s or Nd(NOs)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+muitinutrient, 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. Hfeds 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, 409 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. Effects 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 1.), 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, vield, 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.

_11_



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.

1V. 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) Tp 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.
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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 com 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 M-3) in lettuce can
decrease the ingredient of agricultural chemical Mancozed residues within the
range of 16.1%6. 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 IM-2) in lettuce Mancozed residues has
decreased by 22.6%. And in case of forage com, Mancozed residue show the

minimum detection range.
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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 II-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
accurnulation 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.
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Level of Rare Earth (mg/kg)

Fig. 1-1. Effect of feeding different leveis of rare earth elements on growth of rats.
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Feeding RE and the growth of male rats
530
490
*—.
450 /-/Ar M;
E) el e
s 410 e g -
£ Z=
o 370 -
r 330
Rog
g 290 vy 2
> 980 —O0—RE Omg/kg -—a—RE 2mg/ kg
©
2 -~ RE 20mg/ kg —8—RE 200mg/kg
210
—a—RE 2000mg/kg
170 f
130 =—=
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 femaie rats

v I T 1
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210
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Fig.1-2-2. The growth of female rats as affected by feeding different levels of
rare earth.
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g 2433 BEFAEd dF AALAANFAA)

D A9 3y 2 A=

B F o 35¥% =& Sprague Dawley Rat &3 3078l & ol &3t9q 574 +&
(0, 500, 1000, 2000, 5000ppm)°ll ztz} 3vk8 2ute] A WA 3te] 19193 A58
Aok AT AA1T Zo) /HFE d A% SAMNEE 8o, BT 4H
o 7 e dasgd 2% WPVE o)8dtd F1F HoxEF o

2) A3 ¢ 1F

Ee] FAu Fod wE FEGF)Y S-S dotry] 99 Sprague
Dawley RatE o]&3ta] Ad&o] 5@ F AFAzte] Ad w71x] 674€E o4
AA AgdH, FAF 2 HAE E1-13 2o 2 APdA Sprague
Dawley Rat 965+& ©]&€3t 19197 AFS s 27, 39 43 33 RER7}
o4 Edt A% gAY HAe A FEY ARHI FFo] AFEH ¥
2,000ppm, Aol 5000ppmell ©l27]172] o} & fra] F4do] YEhUA] o} 7]
dEHE XNAFEe] & HX Funh ol AP AL FEI AEHoR
o g kM BFoln A} Fo3AE 7tEoly JlE FEAA ZA H=2E I
TS AR Fevds 2SS 948 F Utk 53] ofH ARAAN BHAFE b}
2ol Hto g2 #FEG F U JBHEL ofF o AFI AU

Table 1-1. Effect of feeding different levels of rare earth on the growth of rats.

Treatment X 2Hgfrat) Zt gotz| & HAE
RE, pom Male Female Male Female
0 520.1 2455 0 3
500 454 8 2496 0 1
1000 466.3 242 1 1 1
2000 4305 236.8 0 1
5000 4790 268.7 2 0

h. 284 BRI E g A AHECR)

DAY 3y 2 As

A% oF 1054 H & Sprague Dawley Rat 7 40vtd] <t ¢ 40vt8] & o] &3}
o 57 FF(0, 125, 250, 500, 5000ppm)ell & Z2ZF 49+ 2ube] ¥ x| &t 119
U7 AT AlEE AglE Zo] 7HRER E AR |SAAEE o]&3tfon,
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37k o WY oE AL BAY & A 1208 FS A% B AY F

T d2TE XEY & vhele AL AACE Qi RS AR 57
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UE A B8 4% 95 4% A8 JeuA gt ol AN B
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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 S A Zg/rat) FCR
RE, ppm Male Female Male Female
0 2169 79.9 240 496
125 2299 81.3 237 519
250 2174 749 24.2 559
500 199.0 67.1 279 64.8
5000 223.7 720 28.0 63.4
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Fig 1-3. The appearance of internal organs of rats fed different levels of RE.

2. La®'7} E. coli % Salmonella®] A3 ZAd v]x= 93

7t 49 1: La*7} E. coli®l 433 F4o viAE 9%
SE7L Y] AT SAH B oBA FE3eA Uotr7] H3td WES
A i35S AYE JEF 94 FA4 HEAHI L& o489 E coli %
Salmonellg] W3 Wi A PE AA A

D23 38 2 A48

SZ274x 3 Escherichia coli KCTC2618% Salmonella choleraesuis subsp.
choleraesuis KCTC2932 @ +& Nutrient Broth(Difco)$} Nutrient Agar®l X & A}
&3t AA, A FAE FA JPsHHAt
R HAYdAM = Cornical tubeo] Nutrient Broth(Difco)2 A u] =& 20ml
THE 50%2 LaCl$ 9% (PH 6.9)& 23X d=2 Hrsgdt. $24A12 Ecoli
Iml #39 Z+ Cornical tubedl HZF3 ¥, 37Ce AGu|F7] oA 150rpm
o2 WMIANAT Al ¥ AAFTHS FAd7] st 4, 8, 12, 19CHAT EE
7} Cornical tubes] A 0.1ml¥ H3td g,z AGd FF3AA J4& F
Tryptone (Difco); Sodium(Sigma)ell AgarE 715t E A Ao =X 3o
37T incubatorol Al 24A17+ wiFd F A& F5E FAHI}AT. F, A A8 A
HAME E.colit Tryptone (Difco); Sodium (Sigma); Salmonella'= Selenite
Broth (Difco)E ARG E 20mi¥y TEO] 50%9 LaCl& & A #=2 3
bR, Ve AddAE A A4¥9 2L wyez APt F A WA 4
ol ME  Ecoli Salmonella AAWY AL BF 4NZeZ AP
Salmonella’= Bismuth Sulfite Agar (Difco)oll A 37CZ 24A1Zt Wik & ¥4 & &
ek, A& Cornical tubedl #& HZEF ¥, ul2 01lmlE #H3 gdAsx
Tryptone (Difco), Sodium (Sigma)+Agar; Bismuth Sulfite Agar (Difco)oll A 37C
2 24X vE F F5E FAE AL ONLY B VIELE YUY
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Fig. 1-4, 1-5% La*"" E coli o " X= dge] it 2289 AJZAAE B
31 90t} Nutrient brotho] A vi<3 Fig, 1-4¢] 2% E X W, 50ppm FTodA € o
79 KA E coli AEAEE 2 E coli AFAAFZE] gD Rz BY
o}, 28 100ppme $FEFREHE La¥'9 w9 wlEdd E coli 4% dAHE #
=7} kolAom, 1000ppm FEAMNE ZEE E coli AFAAELHE Yehhol w)
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AbSHAl vtEbSTE 50ppme] FEolAM e whkAlzke] XY Ho wil 2T FARE E
coli 3<% B4 Lave a7 Jehux gtom, 100ppm FE2FEE 94 La o]
F=9 vEste E coli 43E 9AstE 37 bt La® 800ppm~1000ppm §
TolA = ATl A3l el AR L] 53] dAGdALH, 24A2 W FBEH
FAE E coli B3] AAHNAT}
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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 Tryptonet+Sodium as affected by La*
Y. 28 2: La®" Salmonellad) AR ZAo w(:= 43k

)23 43 2 As
A4 15 9T PR A

2) 47 4@ 1@

Fig 1-6, 1-7& La’'7t Salmonelladl WA Qo] i 23139 APAHS
BFa ok Fig. 3904 La” el ¥=7F Eoldd wel Salmonellad Z4JA A%
of dehgdEd, AZ E coli W fAEEoY FH94 AEE vstth La”¥
50ppm FEANME= HZFe B£3 Salmonellad $4€ R JAEH7 JE AL
2 YElged, 100ppm XA E 8AIZ A #4471 2t FUMEHE FAE EO]T:V}
I olEEE ¢ oA FA8A ¥, 300ppmP} 500ppm FFEAME T FH o] 2
A F3, AL FEAMY dF7F 2UE2 FAHAJ S 600ppm ©] 22 iEﬂW‘
Ao FolA Akl A yztd wel F47F FaEe AL By FAYgAERE
YEtYEY E coli dABRTGE O gAIFEe] TR Fgton 24x3te] A} &
N = Salmonella &°] AEFH] ol AFaA= el tA &Fsko.

Salmonelia®] 5 WA AEL E coli Al AA 2FEHT #o] 7tFAA FH3<=
$22 nste La¥'e] FEJF naE ke FEq4 APL 1YY, Fig. 49014
I ARE 433 Yk La* 50ppm =AM E R A¥AFG o] YrFrRUE
oFzte] Salmonella ZA Ad A2 go] RAAT, wjFAgte] B we} txTo &
ALSHAl 24 8tE FAE Bt 100ppm o9 FEAAME ZF S 12A374A] o
Z7o) ¥8 Salmonella ¢ T AAEH} FRHEbA, BFAZ o] Fof vlsf &
7S Rolx E3tgon, giETo His) 433 ¥& FFE UEUAT. WF 244
W FAS 454 BEF dERTERYG 2 ”c T8 A= dgev 1 o

A A MR ok 2718 B4 By o] @AL Salmonella 7t La¥'ol g3
£ THol AAG dEdA, = Y& o9 °]1T°ﬂ"1?l7<]‘_ g & AU o
Salmonella®) W& F APL 23] 2 u), 50ppm +F o449 La¥'E Salmonella

A Aot YT FAAAREE GAT 1 EAI) Beolitohe FRAN Eshehe
482 ¢ 4 Ak 1Y Samonelladl M= La*e) A5Fe] Fobgel met 3
Ao Aad o 4 dAsE Age dehiddc
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Fig 1-6. Growth of Saimonella in Selenite broth as affected by La*
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Fig 1-7. Growth of Salmonella in Selenite broth as affected by La*
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%) Saimonella®]l RHAHNE La* & A 44 242 deQAE, 1 &
3 Ecoliol gt A Hohe F38x Zagoh

#) Salmonella®) WA E La® 200ppm $5& ZE3 whgk 24 9A 242 U
g7 ARG EY, A8 A Salmonellad tdlel:E= 300ppm A= oGS
Hojop AAAQ EH/} A& RoZ AyZE.

3. AAE o8& AE A5 Ao AF AT

7 4 E3F

9 RE 949 Wu &S 2 o we 'Y Arg H77 SR 433
AR o] &Eo AWE FFE WAER, 281 HAA AF AAH AE HMeES
Bolr 7] A& B AFE A

4. 291 52 SE A9 g qF 13 AFAY

DAY 3y 2 45

d Al 12001 59 79- 20013 6¥ 23Y (58¥YzH)

F A AE ASA FRY =Y (AE SIS AE G=)

ANFFE 7Y AE 2FF 4295 FHTAFT F 26-29kg/head)

AFAA : 4AX x4 E x5 22~295F

A 2] : LaCl;, CeCls, PrCl;, 18] NdClz¢] wigul &g 233 4] A&
7. (Control, REH, REM, Formula M)

2 2% 2 ng

ZAEAA AkEstol A FYE AF 25-30kg/head HE A= 42958 183}
o B S§GA HAE7] A AFo] % 65kg/head =0l o] 27]7HX] oF 27§43t
A we A2 e 3 7R FFY JAEE 4% A, SAZTH AR T
&(FCR)2 o} HE1-30] HoFE ute} 2yt 47] FJE 949 HES M2
gedted] 2 MYzt 23 SAHE AGANE S AAS o] AAE teF 2ol 2
oFsk 4 i},

) AEY FAE $AE 4Be EWeo Fa HE 429 wiPH g gt

Az g8 FAEHG2%-154%)5 JEIUA, Formula Mo] 7+ £ F 4
#F AA a3 Yed A
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}) HEE ARLTSECRIE AdE 23 Ao, F2 dd49 W)
Fulgol et Aok otk HASe] 44EQ wn 7HE AU REHE
g 2o ARaTE AMERE eIt 2y ARAA AR LT EO)
ol ARHAT A oAU AU A Zoh

) IEY FH2 HAEY HAL FAde FAE BAL, AL JE F
A Formula M°] 713 2 WA} 24 E o} old U3 FZX HEV}
Has 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 2029
Total No. of Animals 113 117 98 101
Body wt., kg/head

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, kg/head 100.2 973 109.7 114.4
FCR 3.14 2.86 3.05 3.06
Death 10 7 6 2

o 432 2 E 449 e Lo AP 27 AFAF

1) 43 949y 2 As

a Al 12001 6€¥ 199 ~ 20039 109 209 (123¢7h)

d 2 FE AT AY F5%

ANFTE  AAARE, EF2AE(Y) EF 65 (AF 15-17kg/head)
AFAA : 3AFx4utExukE g g%

A g : F3H7F dZF(Contro)$t 27] A8 +#(Hunan RE, Formula M)

2) 2% % 13

FARE 24 24T 4 FEFIN A B AF 15-17kg/head &
Z AEEGD) 2 AANFE BFE o145 of F FAATA ol27174A % 4
AU Aol Bt AERL hE HEe 2YSHE 2 44 FRY HES F
@ A}, FAGH ARLTFEFCRIE obel El-4o) RelFE vish o] tehg
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9. N¥Z#E aotad v 2o

) HEY FAE of F FHAFA 27k HA 4B AA FAskel

HE 94 wigku &l et 40%-86%2 FA EFE JERAA

) FE9) BT EFCRIE AA Eo7 YR, Formula M8 AFR 27§
AR 57 2A vebstt,
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o siAS 43 AR o848 AA xFE Y& ]
ol Ao} okzrel A

o #
dong 4 Ao 2y 2 AQANE ARdAS
doat 99 Ao A7,

K
=
=

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° §7.42% 91.27%
Feed Intake, kg/head 294 1 299.9 251.9
FCR 3.50% 3.43° 276

2. 4¥3: BRI e AR A%

DAA I3g 2 A4s

)] Al 12003 5¥~ 20033 8¢ (3AH AEAH HHE)
F9 AMA Ay ALES FEZF AEA

3

1 .

A Y EE : LandracexLarge Yorkshire F1A A A=(H T o)
APAA : 4X A BB 305 (1A}F), 34 2] x49kE-xghE

2) 2% & 13

FAGE AMA AdEd] LA
% F o 29 A& FAET] RE

+% 242 9% o

P

AE AFAE.

a7 22¢)1048%F
59 307235

AYE5 FEXF P AEAA
Al delsh SA4H S wASE)

o HoAE7] A7AA AEANA o 143 AL HE < REY A7 &
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< 2ddd A¥EE 3x8(1xF 20039 49 49 ~59 49, 3193h 24, 5€ 19
d~64 21¢Y, 34YzL 33, 7€ 27Y~8Y 309, 3/5UM)N HEHR A ol &
THE A, SAFH AT EEFCR) i H4E TR ot E1-59%
i, o] Yo EASYE ¥ 1-49 #Zth ol A A A= wHEAY
o 23E g8 g3 2

7 %3 RES ALER7M: ofAESS HFL 56% ~ 61% A= FAe
347t Yo, RE A7H4EE 100~200mg/kso) AR Reg nag,

) B REY ARHME o HAEES ARolEE FHEIA} AW, ABS
T2 (FCR)& 25-52% BE9 7jdo] slgar,

) AE HAEL GETY 63% FEAAM BFE HIIE 54%2 $olA, 7
AHE F2 2AE ngom Y FAAM BRE del FtE, IE F
TN AFSA 5 A8 LA Aol AYL, HAELE HA et
e @40 #F =AU,

B ok Fe AT FAHA Aole YR, o= BF B AY
AE WA W EYEE AESY AFol FYsA MASRA Fx, oo e
B BZAZF A7t Aom, AF AL EWE 7] HE #IA
9 ol 7] WEoE AT

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

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.(ke/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 23.20+2.47 22.73+257

FCR 1.61+0.08 1.57+0.08 153%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.

vt 434 BENE A2HIM d@ S S ASAE.

DAY 3y R As
)] Al 120033 5€~ 2003\ 89 (3 A =AY wHE)
A2 FE AWM KEE AYgEE FEXF 20 A=EFF
A ¥ % & : LandracexLarge Yorkshire FIAMAE F 1189F
(B 70¥%, HEAF & 265kg/head).
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223 & & ,

TAEE AGA A VEFE =2 A" 304 HIA
Fo] 265kg/head® & {30 & GAET 704%) - A F LIPFE A
oz E3d WA o LR AF ST 2, E5 d¥d e AT, =
AF 2 =A 5Aol Ei1-69 AAH Uk & AL AHo=2 HHF I
A= AYPHAJR, ZE A8E =FFAM 55 BHAT 54 ARE W
Awrobr A Aoyl wid, A dHoY AANAZT, FrdHFolY TEA
F 50l AFA FAIARTLE T & ik 5, ARAHAZFE &4 AAS
E7bs @ 24 AAHAY. wEA Hxge] A7 dFde & 9497 8l
g @+ Jdeod, bt 249 Az AW FAN dF AN A¥E 4
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Hed gEHord A 2o ojg @ Ade A ZAE sFfEY &I 2.

7hH BAFH EAFTS EdHe] mE A JE FAEHI v, HAE

A ANEsE 2 A7 Ad9HE AFE Bt

B EAGE d2TY HE FATgel AAAA FA EAA e 2
fou, 1 Aol A sk},

%
, %5};4]—6.0] 71 A+E S/ ™1-5 =)

2 E5FAA TFRAAE] AT =ATIFLS /M AL ASHE &9
A solnt, dEFY C D T4, 59, H3HY D TF° i+
e Red vEdid

2 degen, 1 gt

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
item

CON TRT' CON TRT CON TRT CON TRT

Market age(days) 1784 1767 1873 1852 1967 1986 1879 1873

Live weight(kg) 107.7° 1102° 1140 1133 1158 1164 1126 1134
Carcass weight(kg) 83.1° 850° 871 876 891 898 866" 875
Carcass (%) 771 771 764 773 770 771 768" 772
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 67 65 129 102 200 157 135 110
fverage cﬁgg of 307 320 293 319° 283 294 294 3.10°

a 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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2) 25t 2 37

Al AL WFgALE Y] 100mg/kgol Al 1600mg/kg7hA]l A8 F£F9 EHIE
(REClz mixture)& Atgol| H7tste G943 SAANEAE 2, AsHFAZFAE
2 W37 gllen FAFH AlRol&go 2 WIIt YT FAZFS E1-T
 I8l3 ARATEL ®1-8 AEAHAIFTY IA Jdeey, 1¥1-6&
OlES & T B F UEE IPo2 FASAT AAHoR ES AR F
7teEol 100mgkegd W SHFol 71F FA et o AHyTF HopHEY
FAFE AV 3F 283 F7] 2F B¢ EF dzFEG fFAsA FAFl
Bton, dRHog 55 A VI ¢ dEFERTG F 8%(1699.9 vs. 15338
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A% HolglEL2 TAFY AELTE9 do} 100mg/kgs S HolgEH
FAE A3 g RAFAY ad vy I EE 400g/kg &5 ojeR FoA3 ol
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‘—} L3l ZFoluwl RolA, 200mg/kg €132 SAC did SEQ Atg HIL

Fo] FHohg Aoz AZEUY 28y 800meg/kgt AA ol 1600mg/kg FF
011*15 SA9 AFL AEE FostA ¢ dxTol v SA AFely A
2278 Ao ¥ RolE YA ol HES FHrh FAd T FARLS
Re Aew AAHYY, wty A8FHow g3 Po] ANE Q4 F 3
< Aot
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&

7h g AR Hbe S8 FAG ARLT & It FF wEA A
E37h 2A deg 5 glen, AF ArieEd 100-200ppm AE EE
100mg/kgel3td T E U& A2 YZEr

W) g ARH/ME SA ARAHARN 4L FA ¥ 4FE FUF
OER ARLTES AAFE Re B A
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Table 1-7. Effect of dietary supplementation of RE on weight gain of broilers

Treatments

(ma/kg) 0-3 weeks 4-5 weeks 0-5 weeks
0 765.46+12.25 768.30+17.78° 1533.769.69°
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 75527+2571 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.
abalues 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 1.7870.10® 1.817+0.08 2728.7
100 1.596+0.07 1.623+0.03° 1.621+0.02 2720.8
200 1.674x0.05 1.641+0.11% 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.
ab< \ialues 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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JEE Fol@ WoldBol BF oz Bgoy 2 Aol: opidch weA 3
E9 ARRAE A9 ARAAT 2 YL FA Fodn 43¢ 13
t Aoz wuum, A4 £ Are Jaold Wolzlel aee wA
50-100mg/kg HEY ACE BEHUT o3¢ soksd e 2ok

7hH JE9 SAXNE HIte AAEAE 94T AAFE] 50-100mg/kg =Y
RAeg Azem, A5 Ao wet axyt gdd ¢ o FAA 2L
TE Als H7MAE AMESEA e A, 2 A ¥AdA e 50mgkg E7HY A
9 145%9 FA a3t AR

W AEE SAY AsAHAZd & 4FS AR Foy FF FHNE
dor, B AgdMEe 3E S0mgkg I7tE 4-5% BE F7HE Aoz
Bttt

W &ANA NESE FAY W ARLTEE ABEAFRG SAY FAF
d ge 93¢ wtn 2 4 3t

Table 1-8. Effect of dietary supplementation of RE on weight gain by broilers.
Treatments

(mg/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°

VaIues are means*SE. Means for groups in homogeneous subsets are displayed.
Values with no common letters are significantly different between RE supplemental level(P<Q.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 1.803+0.04® 2.217+0.08 2.051+0.06% 29310
150 1.924+0.06° 2.256+0.09 2.122+0.07° 29893

Values are means*SE. Means for groups in homogeneous subsets are displayed.
alues with no common letters are significantly different between RE supplemental level (P<0.05).
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g A3 3: FAAEY HFANE H{Y AvteE 4 AFAH.

1)A38 4y 2 As

g Al 120029 9€ 79-20033 49 8Y (3057

Z A EE EM AA (F)FS =4 A JEASE

AYEE : AFNA Ross T4 F 162315 %) FE(D)

AJAA : JxF 798 F 8155%; I E 300g/kg FA T 498 F 4583
3 E 600g/kg ¥ T 3uHE F 34935

A EEIE FHU $F5 0, 300, 600ppm

2 2% ¢ 13

FE AR/ G Adge nAE JFE dotry] 93t A4d A
e 158¢#H ¥ Ross TF &4 FAE o833t JE AFHIN FEL
O(dl =), 300, 28] 600g/kgoldth. AA 162315($) F dEZFoAE 795
8155, 3 E 300g/kg wATolE 49HEd 45834, 3 E 600g/kg FATAE 3
R 34935-& HA3ATE AlR-E HAA AFGEHJEH, FH(T) FAS
F 163778 FAIstY &S vl&o] FF 1010 HES wix At

g AYE B APL FA 2353 Wig 535FF7A Aoy, 1 o
FAE A&EAHJA FFLE o]F] Hu}h FA 57FH WREE JEE FAFA &
d dxFdE EE F98e] 1 o]F 9 Adg WIE AHEST. 2y A
T&ol e FAXNEE 53F% WA Y ABHAE o]&3}AY. aYI-TS F
Fd JEATE ¥EE HAFT glon, ¥ 1-10& 2ARH FTIFHoE AL
T A719 Fo] AAE wrix], F& Aide] HAd 027 AF ZEx 1
o] F 53F0| ol27] 7A @&l FAHoz Zixde 1 olF 7ITE 654
TR o AdRAdRE BAET Qi

JEE TAF FATY 27 IFE 3, NS AN wWyE B 2-2 o
50% A= ozt AW A= 57 @AxY Aage dET v Ft 2k
o}, A¢E 37 £E7b e HF I-2d 27A4E 4B EEHAT 1 o
Fo 4L HES ARHT 52 weh wgol Az, IE 300me/ke

Fel FATE daTol W I-2 HFEE BRT, 3 ) FIE 3-4% FE
Fe AFEE AASAT 28U NEE 600gke SENA FAR FASE 7

-2 ABES AL B U AE AETY o] e IIEL BAFAL

NFx7) UFARE o} 477 HEE FoI

ofN

ALY Ad&o] g7 H
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3 o FRUeH BAHLE Fod Aol ofunt. ey ol @A}l
JEFA g AEHAI AAE RAAA, B NS HAAG 54579 T
2 AARe wRAZE 3w oA Eobst YA AEF Ay TFEo| WA
Q7] WEJDAE & & Ay 30-BFHANE JE FHFEL BF gz
Hl& Aol oy FAHCR {3 RS oYUt 36-41FH 9 A#FE
< 300mg/kg A2 F7F dETe vls 38% F7Hst9A T, S E 600mg/kg 59
T 238 1.4% 7439 0Hp<0.05). 42FFANA 53573712 JE 300mg/kg &
A7 AREL dE2TEY 5% FUMstE o, 600mg/kg FATE FA 2% &
A3 A THp<0.05). ol d A= Wangs(1991), Lius(1993)e) A+ A9 ¢
o, AP AR S8FA AEY IAE 600mg/kg A7te AAY FF
z33te Ao Ho A o4 Ross §§& FAE 7IAa A A@F7NE §
ALY ARE 298 v o 2o

p:)

& tlo

7hH FAXANEY SE Hrte HJF FEo wE Adg ¥w&o] dEA vEse
d], 300mg/kg TS ZET W3 AddE F7HE Bl v, 600mg/kg TF
S dxTo 2 ATES Ao wEA 600mgkes FE3M, AA AVt
T2300mg/kg AF2 AZH A

A

) Aoz HEFAE AW/ 0F T ABEL 44% A= 24 HY
. 3WE FAOE Mgl ABE AV F AY 9-29 AW 2 o=
£ 207l F UF FHoE 503%9] ARo] A AoE Ukt

W) HE FIB AAT olF IR Ad2]) HIE FF dET) Hd o
7 AZSHYEH, ot HE] B Hg7Ite] T AAX L F AT

o) & Aol WYol $RW TP, HEES FIsA Fd rel IE Fo

g 0 WFA 5773) Gas A&yl AHHe HEES FAH & A
Fo g@gdl Aot Aol BAHYLH, ol Ut o B A7
7} @ sstga A
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Egg production curve(Ross breeders)
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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 78.59° 7421° 69.56° 61.05
(100) (100) (100) (100) (100) (100)
300 1551 79.04 81572 7820°  72.490° 63.75
(95.3) (106.7) (103.8) (105.4) (104.2) (104.4)
600 14.91 75.53 77.49° 7301°  6850° 60.37
(91.6) (102.3) (98.6) (98.4) (98.5) (98.9)

Values are meanststandard error and values in parenthesis are relative to the
control(Omg/kg). 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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vt 23 4 SAAEY BHIAE 95 AR AFAE.

AR WY 2 As
A A 120039 7€ 249-89 269(¢k 5531)
A AEYER AFASE SANER
HEFE : 1¥9% Ross &4 &5 F 360
3 E 300mg/kg ¥4 FAZNH 1807(F55)
SEE g93R &L TAZEY 180F(dF5H)
A3 /A : Experimental design® o] 4 8](2x2 factorial)x6¥HE-xukE-F 154

¢ Experimental dés ign

RE levellmg/kg) of breeder diet
Treatments

0 300

RE levellmg/kg) of 0 RE 0-0 RE 300-0
broiler chick diet 100 RE 0-100 RE 300-100

Experimental. treatment Group
ltems
Control RE 0-100 RE 300-0 RE 300-100

No. of replication 3 3 3 3
No. of chick/Rep. 15 15 15 15
Distinction of sex 2 2 2 2
Total No. of chicks 90 90 90 90

2) 23+ 9% 1

o

B AEL &Y Fo7t AL Aded ¢ FHHY 2FHE 2o
gEX

g ol EZNEH AAdE SAME JEE FASE oW whgo] E
obE 7] At AT Al@AA wet FTAY JE F9 FF, 281 &
T FA9 JE Fo9 {FFE 53 AEEAH, SAY FAF ASAHAAE AEL
T& vAE 9FE Table 3, 4, 591 YEFRT.  Table Ado] wat F£3H
($)-43(%) 28932 &5 TH(E+3)22 Yo, Ar{A71(1~3 weeks), A
371 (4~5weeks), A 717H(1 ~5weeks) 0.2 7|7 AAA g E AT

SA &g d, FA9 JE §9 §F 28 $A9 JE Fo FF w
g $A A}S A7) 3F g3 F7) 23709 ubgo] Atz o g BF FHYed,
Z 55 2R A9 A weS A, SAY FAZFA dodA FA
e SEFode A IR 293 -8 FTFH AHANE EF AR e,

fr o

Lmlm
2 B



MRV R KAC g JE FAE 22 adv dE AR JEy oA
2 FAd JEE FH5L &A :JEE Fo3tA 2o 50% 2 ZFA
IEE o934 ¥ SAd JEE 3 46%, 1831 FAY §A EF
AA JEE FAH 9.8% FA 7t Ei HYow, ol FTAY KA EFA
JEE FH3H &A AF Feaz %1“ Aog HQIt olFE Ifoe=R
EASHE a9 1-12¢9 #o. SEE J FAZEEH A" SA9 4Fol
38" AL FAANA F43 &S} Eﬁ]oﬂﬂl oldso] Ao = AFerETt
< BAAHE SA Hotyle &¥o] FolAE wWolztn AZHET. FIHFA
olopZld vtz E EE JFAT FTACA Aid Holle €& dE Holy
of vla] 453 FUATL

AR F doAME o FAZHR 2L g AHE o, qAZ FA
A AEE F93AY SA AES F93E AARHHA T Ttk BFol
AA[TG. 2#H Y T Zolrt AR Fka Foldo] AT vtAAR AE_TE
(FCR) oM = FAGeE Alg T80 YolA Fgoy Foidol At
oA FANA JEE FAAY SAdA JEE Foidtd FFE SAY
AAER ade 2 BFY AEAAY Asol&E S /A A dux
¢ ¢ o o) SAXNE 2HE g% oS3t 2ok

B AY A, HEE FAW FAZYH 44D A ol YL 3
RE Folsh Bol= AEde Hold B fAE 24w AL

W AE Fo FACM A" Aol NES S5, 259 4
o Zs&aIA7E AAJHGE.0 vs. 9.9%).

) FAY SAMINA NES FARS W Ut gAY B 4
2 Gdste 99 ABYAGY ARaTEe WAE &FE TA SR

2h) % TR ol IAEFA FACdA MAE SAY HFFEAELS

e A %
F3d F O Holdge ¥l FoiAy) HEo2 AAHAUL.
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Table 1-11. Effects of dietary supplementation of RE(mg/kg) on body weight
gain of broiler chicks.

BB 0 ? 5+¢
B 0 300 X 0 300 x 0 300 x
0-3 Weeks

0 838 99 808 ™8 7775 TP ap2 &6 L

100 877 9B5 8&B7 786 &6 8L 8129 gp5 &L

x 808 @A mP  8id aud 8B

4-5 Weeks
0 1000 91 @ 7H0 s 8P 1B117  1@3 1B

100 10780 10830 10805° 809 8B4 8BF 1480 1489 1485

X 10534 1046 s &5 13603 14409

0-5 Weeks

0 1828 19161 18M5 1540 172 eul® a9 @16 17403

100 19176 20196 1986 1604 17372 1787 1706 18735 183
X 18u7 1967 166> 1Mee 17483 183

4Means 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 3 ¥ $+%
BC 0 300 X 0 300 X 0 300 x
0-3 Weeks

0 1240 1B13 12@7 114926 1181 11654 11883 1207 1240
100 1286 1383 1285 11L8 1511 1219 1257 1207 1577
x 12463 1308 11677 12196 o7 1247

4-5 Weeks
0 19416 1819 19117 185 16M3 16114 1760 1781 17616
100 1929 2848 2B 16614 17120 16817 18172  18B4 18578
X 1922 19833 500" 1782 7761 18432

0-5 Weeks
0 31576 132 31UL 711 BR4  JB8 B3 U8 266
100 416 331 B7F BM2  J31 QW7 0 A9 31W1 31155

X B6 B34 277 2228 2831 31180
aSee 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 ) 9 8+9
B 0 300 X 0 300 X 0 300 X

0-3 Weeks
0 1463 143 1443 142 157 1510 1478 1475 1476
100 156 1483 1464 1511 1463 1490 158 1.446 1477
X 1484 1423 152 148 1493 14680

4-5 Weeks
0 1887 1988 193 1991 1880 1940 1930 1923 1.96
100 187 1921 1809 205 194 1980 1.961 1998 199
X 182 190 2008 1912 19% 1996

0-5 Weeks
0 166 168 168 1736 1729 172 1.716 1.706 1711
100 1682 181 162 1.2 1.706 1.4 1697 1.690 168

X 164 1.687 1.719 1717 1.7 1.2
a%See Table 1-11. Abbreviated BB, Broiler Breeders; BC, Broiler Chicks.

Body weight gain and FCR by broiler chicks(Ross)
1900 1.800
=5 A F(g/head) 1 1.780
—~ 1850 4 1.760
e ——AlEQTS .
° i 4 1.740
= 1800
] 11.720
o2 1750 | 11700 Q
@z 1700 1 1.680
O -
.g 1 1.660
1650 | 1 1.640
4 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.

_56_



JEE 1 YATRIL B4 HEel 52 AdlA od X oz ATy 2
£2 3 oz YAAw Yok 2Edzd g8 FF Adel YA F= AHAR
(free radical)®] 44 ALBHFozA 2Edzd] I8 42 FhE Fo Frolal

W, AW A 4 TR £ES B4 S0l 159 B9YL BIFn 4Pe 2AF
j=d

m]o

o, SE Ak 3E AFEL AU Aol we ol HAY ATFoZRHY NuE
Zashe 5 713ANde) ol §3d BE Qo] A R ARt oA AEst Ay
T 9E HEASY B Y% 35S TEAE ARWAAE A sl E 4

TE AN O5s 22 Adg #Esgch

7h FHE o] 8% dAA AEAA F8 Ad HE Y2EL FHo A U E
HetA N2 OB Aoldg Holx gt

v S EE §9% AZREE 5000ppmolyt HE wl$ 5L 5L F93dE o
| fa Aol e =V AXE 5 UE 718 ol ¥ ool #F FH
2 Ut

9. BB+ E colitt Salmonella &
o Aol F2 ‘ﬁ*ﬂ“‘ *’F dE T
AAE A= v 28 200ppm )

ST 248 dAsE 2¥ AATh
¥ 100ppm ol @i Ardge] F4
Fo] vt ed Aoy #AHFU

o"r

Zh SlE 1 53he] el wel $8ES A4S 52%-154% HAA ER3%h

ok Ol AHE AbRC] BIIEE 100-200mg/kg WAANM AL W AE %S
56-6.1% WA A= BEE UL, AE HAF o HAE AT

A F71%E b, 39 ‘DSl A
9
A SAe HEs SlE AleAC 442 50-100ppm BEolw, SAe] AFE =
Askar HALE AA e E37F dv Aoz AF A
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of. F7(Ross breed) A&l 300ppm =+ IEE HA/sIRE Wl 44%°] F¢
Aol woelxow, o5 EA9 HALE A o)y aFUT UMPrh v
600ppm FEdM e FEE FoI3ta] & zF9 Folrt g

Al 2 A XA 2 : Organic acid-RE chelate A|A] 7§
1. Q%949
7h F8 JEQA9 FA%Y &H(La, Ce, Pr, Nd)

1) £471719) =3 AE

2 A3 AH&¥E 7171 ICP/AES (ICPS-7500 Shimadzw)2A #4zxd A
& 98 AgE 3EQAE Y, La, Ce, Pr, Nd, 282 Smolde. ¥4 Z4 ¢
A2 ZIFEA(Sigma-Aldrich)S FY3td H3ed TE2 A3t 244 ¢
stAth AETAE AR Y3 AHEE FEE 0.001, 0.005, 0.01, 0.05, 0.1, 0.5,
1.0, 2.0 ppmo] At}

2) AEAY) EFANE FT T8 JEQL BAYY Y

B dFdME JEYAE Y, Sm, Pr, Ce, La 2831 NdE uAo= 24w
HE AT i o® g AEASY AHAE HIL light JELL=
A La, Ce, SmE, medium I EYAZA GAE, heavy FEYLEA Y7 F2 A}
453 gt

7H AEAFT SEDLEY 5

AEAFT JELLY A H FHFH 1 T A9 dREY A7t
FTHE FTAHLE oFoA g JdEYLrY FF2 F EHL ICP/AES EE
ICP/MSE o]-83tq F4o] =1 glor F&894L& HNO; : HCIO; (1 :
1) = HNOs : HCIOs : HF (1 : 1 : 1)o] & A&HUT (F 2-1). & 4
TFAAE AF7HA fEA dE A8 A FEEAY FUE AHAq F
a8 7 2 &94g AdeYsux e, d¥d A" FEEAL
HNOs, HCIO4 18]35 HF= 538 Aoz Z+zh 60, 70 28] 48% 5t

AF7tA &8 EG AR F dEQLY AAE dye o8 /HXE o



g3 EF A8 F IEYALE HAAHT
£d b 9uA Aol Aol
Fhstel 7171 R4A B3

olE Wol B2 =FH3 A

Aol

oleg AARE Aol 2t
e %&i 37l 2L E o

on, Aoy ¢Ar §FF w2 7 1%4%
7t 5ol wEAth EG F EAA
HNOs ‘HCIOgHF (1:1:1) =& HNO; @5
ol FE AHEHAUT
f4e] x3u|E AA
A AHEd F&

s}
A = H

°L%}?/]§ 46%F ¢ °k°l—% = &
=

|53

EEd= & o)
5101 AL EE &9
gl 281 NaO.& °J-&% 33y
B AFdAe AF7HA @84 e o2 7HA F2&
sfol 22 E&0] /1% B £98 Ydun HYow
& e

4 I 2o (E 2-1).

E 2-1. 3|l A A4S st AEAAESG ES AR 2o o8
2o =M
MEA AR EQ AR

Cod
Extraction solution Code Extraction solution o
HNO3HCIO4(1:1) M 1) | 7% 2m:HNO; 5mL:HCIOs 1TmL:HF 10mL M 1
HNO3:HCI04(1:2.5) M 2 | EFF 2mEHNOs; 2mLHCIOs 2mLHF 10mL M 2
HNQ3:HCIO4(1:5) (M 3) | HNOzHCIO4HF(1:1:1) 10m M 3
HNO3:HCIO4(2.5:1) (M 4) | HNOgHCIO#HF(2:1:1) 10ml M 4
HNO3:HCIO4(5:1) (M 5 | HNOzHCIO4HF(1:2:1) 10ml M 5
HNOa:HCIO&#HF(1:1:1) (M 6) | HNO3HCIO#HF(1:1:2) 10ml M 6
HNOz:HCIO#HF(2.5:1:1) (M 7) | HCIHNOsH0O(3:1:2) 10mi M 7
HNOsHCIO4#HF(1:25:1) (M 8) | HCEHNOs:H0(1:3:2) 10ml M 8
HNOa:HCIO&HF(1:1:25) (M 9) | HNOs(EH=X{2l) 10ml M 9
4AN-HCI (M 10) | HNOa:HCIO4(1:2) 10ml M 10

1}. RE-Organic acid(RE-OA) chelate A% 71& 74

1) Re-OA AR FE JA 58 JE

A3 E P2 A% A EYAE La, Ce, Pr, Nd2 E5F nitrate form& AHE
349t} Chelating agent® NazEDTA, DCTA, DTPA,
sodium tartric acid, cysteine, methionine, glutamic acid, calcium ascorbic acid&
oz et YoM dF3 chelating agents} NEYRE o] €39 wet

sodium citric - acid,
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chleation reaction method& 73Rt Z+2te] 100mmole ) EY AL 100mL
¢} 100mmole chelating agent €< 100mlE 250mLE E¢3te] ME& STt
FHE HAAES 97 - A% YA P RE-OA chelate §FE9 F5&& Y
o - HESAT

2) RE-OA #3389 7HN & 353 5484

RE-OA #3gE 71¢d a3 580 2 Ay o]EAE EDTA, DCTA,
DTPA, sodium tartaric acid® “Elsttd o)¢t 7 sodium citric acid, sodium
ascorbic acid, sodium phosphoric acid®] 7 $-ol= Hutg MAHAES HAHI 23

T ¥ DCTA, DTPA € dAZ & e AL ZeoEAT B
T JE& AR H/IHJYY. B AFME RE-OA 3FEo dIFAN AAE
FAY ot erng AAAY 5& 1 st Nay-EDTA, sodium citric acid,
calcium ascorbic acid, sodium phosphoric acidell 93] 34 RE-OA 3}g&E& U
doz JIANERTA EQRAS £ysgy.

. Re-OA #3FE9 +5& F4 2 ¥ug A2 wgAA

I EQYLE olfetd EBERAE FAHed=d EAHez dFHT e A F9
8l 7} sodium citrate, sodium phosphoric acid, sodium ascorbic acid® ©] &3}
AFES FAsed Fubrd AN Bl YR Hol AT JEEFA ] Ao

i

g A
S

olfth EE o] F& Ewrg AR go] B} By EIAHC] oHE ¥
bzt AEEFA ] F5EEE A degdn s dFolrh od FukgE
Fs FAaxHn FEES FIATI Ao weAAARZ ofwxeAt AF
cysteine®]\} methionined ©] 83t EFA L HFIYT dAoR e JEH
&+ La(NOsz)solslew, tiy #3352 sodium citric acid®} sodium phosphoric
acidolth. A #A4 L ZeolE IFE FAH A Asty vt whgaAd F

d FE9 cysteine®lt} methionined ¥ U F AEste] S AHES BlustHh

. ATEH%

b

aF
7h 72 lEQdLae A9y #F3H(La, Ce, Pr, Nd)
1) 471719 =4 &

423 B dYdd A 6714 94 2T A EF = 0.006ppm7HA 7He gt
o, 001, 005 OlppmE AH&std FFAE ZAPA 7HF A=l &L o=
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et A EQLse)

ETHTHE B

2-2% 19 2-1, 2-20 JEehiATh

H 22 S|EYAo mFAHRM FMHA A5 EH Tt A
i Absorbance
Concentration
Y (4102} 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 0.051083 0.04998 0.05672 0.03738 0.04369 0.03717
0.1 0.10327 0.10189 0.09369  0.08471 0.09618 0.10100
0.5 051044 0.51405 0.49148 0.49173 0.50963 0.50457
1.0 1.03111 1.00272 098390 1.01326 1.01797 1.00585
():ICP/AESS| H&ald, - : H&3HA o|nt
1.2 Y
4 y = 1.0347x — 0.0043
g 1.0 PR _09999 """"""""""""""""""""""
0.8 e T
(o]
0.6 T
S 0.4 T
[&]
O 0.2
O
0.0 ! !
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)
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Sm

120 y = 1.0053x + 0.0019
D100 | R%.=0.9998 . @ -
(o]
E o080
[ =
2 060
o
€ 040
@
g
€ 020
(&
0.00
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)
a8 2-1. Y (yttrium), Sm (samarium)2| EZ=H kA
1.20 Pr
— y = 0.981x + 0.0021
% T R2-=0.9999 - @ - ooe
£
— 0.80
c
°
*é 0.60
S 0.40
(&)
& 0.20
So.
0.00 ! 1 | i
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)
Ce
1.20 y = 1.0199x - 0.011
—_ 2 _
i F00 b R°=0999%8 @& .. |
(o]
E 080
c
2 060
s
t 0.40
[V)]
e
5 020
Q
0.00 : : : :

0.00 0.20 0.40 0.60

Absorbance (nm)

080 1.00 1.20
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La
1.20 y = 1.0246X - 0.0054
1.00

0.80
0.60
040

0.20

Concentration (mg/L)

0.00 : : :
0.00 020 0.40 0.60 0.80 1.00 1.20

Absorbance (nm)

a9Y 2-2. Ce (cerium), La (lanthanum), Pr (praseodymium)e| EZ=Z &4

Nd
120 y = 1.0132x - 0.0055
-
S—
o
E
[
o
@
=
(0]
(8]
c
o
o
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Absorbance (nm)

a3 2-2-1. Nd (neodymium)e] ZE=Z 2FM

2) AEAYG EG XN F F9 JEQL BN 3

7hH HAEAF AEAx 32

71E d3 AEHI e AEAT JEARY] F23 ddd F2899 #
TS AEY A% dgd 2o (¥ 2-3 ~ 2-5). FFAAALD TN
AN = HE2AFT JED2Y FA2 PHE 100%=2 7Hgste] & A9
HAM vehd 23R 588 vlad A3, Yo A% M7eA 7 w4 4
Ehd ®bE, MI0OIA 7h A vebsth 3ot FEWe A9 méel #A
SHA UEb T Ladl B¢ M2elA 7b A dEbd wbd, M73 M10eIAM 73
SA veRdTh 3 wte] FEuel A mde] fASHA UEEt Cedl 24
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M73% MI10oIA 71 A vebd wbd, M2k M8AA 7Hg wA el 1
wel FE9H A9 '&o FASHA Yvehsth Pro] A% MBolA 7H =4
UEbdG Wb M10) A 7}%} SA ety o whe] FE&UEe A9 &0l f
AFSHAL YERS T Nd9l A $- M109A 73 A Jdeld gk, M7 A 7
A vEbETh 2 ¥ %%%%9% Aol Z&ol FASHA ‘/}E‘r»\ﬂr. Sm¢] %
M7l A 7bd =A Jepd 9bE, M33 M10o A 7Hd 9A vERsth 1 5o
Wy A9 &0 FASHA YEbth

AA a&dAA M7°] 7 mkou Nd9 FE 880 Wl H&37)d T
7b 3, M2, M3, M49] o] gdgoe] sle Aog Aztdrt wEhA -’“F—?i B
AT A FFaadel wjES 25182 7 M3 HHE ol&3td AEAF
S EALS] BHE Yt E TFE A

o 40 .

OY ®@aLa |

140 —

120
9
< 100
z
=
.g g0 -
&
@
g0
§ 40
=

20 A

0 .

M3 M 4 M5 M6 M7

Treatment

a8 2-3. AE2d Alre Fddol o2 Yo Laol F&5E vl

160 [

OCe EPr |

— 140 | S
8
>
(&)
c
@
=
©
[ ot
o
'
=
w

M1 M2 M3 M4 M5 M6 M7
Treatment

a8 2-4. A2 AlES 2ol ©HE Ce® Prel £35 € HI@

_64_



180
160
140
120 -
100 -
80
60 -
40
20 |

_[ONd@Sm |

Extration efficiency (%)

M1 M2 M3 M7
Treatment

ad 2-5. A=A AR Foldol oE Nd2t Smel ¥&£§8 R

W) EF AR F AEdLd $F
A WA AEALY BAe F2 #FAARLAATLY BERLIEAT

I dF AE7)7] AL o]FA gt & AFPAM =Ed e §3A
A AT FHE WG JIELR o 2 FEEES ¥ HAEFAG
(2 2-6, 2-7, 2-8). Y49 B¢ MAOME>MII>M39 o8 FEEE0 ¥4 Y
Epston] Mi2olA 7Hg wtA dEedth 2582 A 2056%, HA 66%E LHERY
Aot Lad] 3¢ M2°ﬂ/\1 7P A dEgS ¥ QRS FEHAA JEARY @
A et #2582 o 1058%, H4 835%F U Ced] A9, A9 o

Fi29 FEUy W 71Txmr:} A vERRTE Pro] -9, M8>M3>M12¢] ¢o2
FEEEC] E%oY AY UREY FEHAA 71EAG FASHA vHERRTE Nd9
35 FEEEO /M A JdEhd ASEA A diREY FEHUAAM &g
30-40% = A vl oy Mi120lAM 7 24 JEbdt weld Ndga9 9524
o] B¢ NaO: 3stie] #4838 ez AZdArt Sme A4 dFEy FE24ol

A
71EARYG A et ons M8>SM7>MI>MI09] 02 FE2&F 80 =4 vyt
4oz oY 7HA JEALE @7ANd FE2F BAsted MY 2849 W
M4, M5, M7, M9, Mllo] &8 Aoz Aztdc a8y M7, M9, M11& g4+-4
S22 FHHA o] fHE WHAH B FEAM IR didAMT 2 FF
< e S # HE&4E JEIA Rt b ESS AELLY HA
M49t M57F EBR® Aoz AZtH", B dAFdA e M49 HNOxHCIO:

HF(2:1:1) 10ml A& 7tgd&2siste S F L3712 st

ruh‘.

o9
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M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Treatment

O 2-6. ES MR ool mtE Yo Laol FE&E Hl1

® 120 -

Extration efficiency (

160

140 -

100

80 -

60

40 -
20 -

OCe EPr

M1 M2 M3 M4 M5 M6
Treatment

M8 M9 M10

a8 2-7. EY AR Fofjdoll 2 Ce2t Pro| =58 |l
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1 80 B r— L=
|[ONd BSm |
160 - —

140 -
120 -
100 -
80 -
60 -
40 -

Extration efficiency (%)

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
Treatment

a3 2-8. £ AR 2ol o2 Ndel Sme 2§28 Hl@
1}. RE-Organic acid(RE-OA) chelate A= 7]1& /M@
1) Re-OA AL E JAH} 58 HAE

A A3 Na-EDTAE Wy JEYL 1AM BF 80% AT 3F&S
et Atk 28y sodium citric acid, sodium ascorbic acid, sodium phosphoric
acidol & 40-50%2) *& F£E&3 A Fuke AHEY Fo] Bol A=
AE-F714 ZeEolE FFES Fyd Jed B2 ozfe] vEun. agx
sodium tartaric acid, DCTA, DPPASIAE ¢ 70%9 +5&& YeRT. vhA
wto g oAl AGQl cysteine, methionine, glutaminedl & S EAxp A9
S JEeEhHR gol AAAH ZE-olm it BikAe FANEE FAT 7 AN

(1g 2-9 ~ 2-13). A22H o= opnx2t FJFERY] EFAE FdHoz o
o] & Ho g Yehtor} Nay-EDTA, sodium tartaric acid, DCTA, DPPA

70% ol FE5& UeguEg JEZAYlE FFES T F U A
2 #dadd. oy 40-50%9 W& £5&3 Fubg ANES AF IA
sodium citric acid, sodium ascorbic acid, sodium phosphoric acid|A &
AREL 4 Y F UE HSAAAE 43 o FE IJE AYolE

A T = d& Aoz vEyo

o}
&

L

o
ki3
w2
B2
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La

100

80

60

40

Recovery rate(%)

20

A B C D E F G H | J
Chelating agent

13 2-9. Chelating agent2} lanthanium nitrate2] #3132 HMA] =58 vl

Nax~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)

Ce

1 Oo _ i s - - . :

R 80 ‘

3 |

Y |
2

2 40 5

1 o ‘
2O
[}

T 29
o L i J

Chelating agent

33 2-10. Chelating agent2} cerium nitrate2] 23t8tS SMA| =58 4|

Naz-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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Pr

100 r
Sl
K
‘é 60
2
2 4
O
(4]
(0]
x 2
0 1 Il 1 J
A B C D E F G H | J
Chelating agent

33 2-11. Chelating agent®?} prasedium nitrate2] =3}gtE S MA| +52 dlu

Naz-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 (f) glutamine (J)

Nd
100

80

60

40

Recovery rate(%)

20

Chelating agent

a3 2-12. Chelating agent2}l neodynium nitrate2] =3t8tE Y MA| =58 vl

Nax-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)

2) RE-OA Z3#29 ANEFTH 5424
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i

=2 OHEXEolr=o] F3Al7A zpe]-7tA A 2HEd
B FHEE FAsA ARl gAY T sAEREY EAL HuPdE
o1y 2-13 ~ 2-17). La 83%9 29 NarEDTAE o]gsto] AYole 33E
& BANEES o 550nmol A Ad 29889 FREE et sodium citric acid
35-ol & 470nmol A HAdl §3% 2.377, calcium ascorbic acid® 7 $-ol+ 380nm
o F3%E 2969 18] sodium phosphoric acid®] A 9-d= 300nmo)A o
T 2084 YHeEMSTE La9l A9 £33 A9 7:‘-?"1}‘{ chelating agent 2
el Zhzte] Ay olE 31§ ] Frapgel b & Yehii YA Ce
3889 4% Napr-EDTAE ol & 0}04 A olE 3= ‘3"33}9373_ W 500nmol A
Hd 309 FFHEE Yelddh sodium citric acid®d 2 $olE 300nmolA H F
# % 1536, calcium ascorbic acid®l 7-$-ol& 400nmelA Hd FF% 2782 2=z
sodium phosphorlc acid®l 9ol 300nmolA HU FFE 05465 UEAT. o]
9} Zo] BUF YA ASTFE chelating agent & EFH| wal ztzte] Aol &
I 52'—*?3}1‘0] 9E & Yehila 99tk $9¥, sodium citric acidel €13 3#49
H ZYolE 3}3E sodium phosphoric acidel] €13 48 L olE IFEL F
Fe ZAole ARAT, FdHgg HAdlo FFEE JehA. Pr 38 EY F
Na;-EDTAE 1%@04 ZelolE H3HES FAH}AES W 450nmolA Hd 24589
F3=5 YA sodium citric acid®] A-2oE 300nmolA H FFE 2643,
calcium ascorbic acid®] AS9dv 300nmelA FHd FFx 2334 283 sodium
phosphoric acid®] 72 %9 310nmelA A F3F= 1.3785 Yyt ofjgl 7o)
TYE Yhe] FSTBE chelating agent 9 FFo| wel Zhzbe] ZYole 33 E
FTrHge]l & %& Yz AUt 8 sodium citric acidel <8 A" L@
E 3}3ME 7 calcium ascorbic acidell &j&] A E ZHEolE I3FEL FFE Ao
JRAT, FdoFgo A Hgo FFEE YAk Nd shgE9 F$ ZEolE
BAEER FAE Hole UWAT ZF 300nmolA HAY FREE JeEi B
T ¥A4E ZHHolE 3gEo] dis] spectrophotometer® o] &3 7FA R F S
ARtE vli AEFoy 5 dad uet AFe qFAAAAE G B
¥y FWA NMR, IR 5§ o83 Hrh Z&3 EJEMe] Hed Ao

_°,

o & rQ % rir
-
2
R
[od

oA
e,
i)
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—--~-La+EDTA ------- La+S.C.A — — La+C.AA La+ T.P.A
3.5
3_0 ; """""""""""""""""" \ """"""""""""""""""""" .‘.\. """""""""""""""""""

8 25 * -----------------------------------------------------------------

g /

8 20 [ /

2 |

2 1.5 foee

= -

CH0 e e
0.5 e e
0'0 ‘ | L 1 L

200 300 400 500 600 700

Wavelength (nm)
™ 2-13. Lanthanium®} chelating agent2t2|
Ztsate gAuSoM YAHE sEtEe] E540E

EDTA : Nay-EDTA SCA : sodium citric acid

CAA : calcium ascorbic acid TPA : sodium phosphoric acid
3.5
3.0

g 2.5

s

s 20

[

2 15

=

< 1.0 |
1 T e S
0.0 : :

200 300 400 500 600 700
Wavelength (nm)
Y 2-14. Cerium=} chelating agent2te|
zsietE HMUSoM AME sitEe] EaH
EDTA : Nar-EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid
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—--—- Pr+ EDTA ------- Pr+S.C.A — — Pr+ C.A.A Pr+ T.PA |
3.0 F
F "
2.5 oo F SRR T TTT T TT T e
3 hoo i
2 20 oo o T
3 ] :
§ 1.5 """"""""""""" N LT e
< 1.0 R
05 | A
0.0 ' : m—
200 300 400 500 600 700
Wavelength (nm)
a3 2-15. Praseodymium2} chelating agent2t2l
asietE SHUSM YA H sEtEol ESUE
EDTA : Na—EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid
3.5
3.0
8 2.5
g
8 20
Tt
g 15
< 1.0
0.5
0.0
200 300 400 500 600 700
Wavelength (nm)
a8 2-16. Neodymium=} chelating agent2}<]
zsigte FMUSoM YAH siEt2ol B0
EDTA : Nax-EDTA SCA : sodium citric acid
CAA : calcium ascorbic acid TPA : sodium phosphoric acid




t}. Re-OA A3 &

Sodium citrate®} lanthanium nitrate®]
methionined] &3& ¥lm3 A3 fFxFe
AN oF 4% AR FHE0 Yt
A% S5l Aoz

“5}?7%% B3 774 o
5& 46.1%°1 nl3j

- AL
R

_]')11 r.k"_‘; _{}

lanthanium nitrate 2]

W Az, hz2T9

™

‘T"‘_v‘

FEgo] FAHAY. Y E XA methionined] 72
Ao g ZAEAT (2¥ 2-18). Sodium phosphoric acid$} lanthanium nitrate]
T2 FAHAAN A3 cysteined methionined] EHE H|
£ 54.4%¢°) Hl8] cysteine 100mmole A7HX] ¢ 2% A= F5&
FE9A methionine?] A4 16% AT F£5&°] &4d A

9 FEE PP RV

%A} ek

A7}

A

g5 F4AAAN H7ME cysteinedd
FER 466%° M3} cysteine 100mmole
%9 ¥ XolA methionine® Z$T 22%
(Z.¥ 2-17). Sodium ascorbic acid¢t
cysteine®} methionine®] X IFE 1]
cysteine 100mmole H7}A] < 18% A=
A5 16% AE 580 4=
23}
2 A gzxTY F5
o] gAYt Y
AR ZAEAY (19

23}
LEQ
=

=9

2-19 ~ 2-22). Lanthanium nitrateS ™22 A 7}A] chlelating agent®] &3& H]

2% A} sodium citrate>sodium phosphoric acid>sodium ascorbic acid®]
YEl o™ methionine 2T} cysteineo] 3 EYA 9 HZIFE FAHUHS
FEAZ ReF ZAH Y

AAE 9 A C:]xﬂ A APJAAASFTE

s =2
=)
B

[o)
Flacs

&AM

ag 2-17

Lanthanium nitrate®t sodium citrate2 0|
&5t ZEolE stEtE EZHA Al ghgerd
H =2 cysteing ZtZt 0, 10, 50, 100mmole
S HIA| giEpgt el

22

oy 2-18

Lanthanium nitrate2t sodium citrate2 0l &
3t ZlgjolE stErE ZTH|A| "t2ebEA =
methionineS 2t2t 0, 10, 50, 100mmole=

HIHA| siatergel sy
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[ICysteine BAMethionine i

: és§ziéézééé
U

0 10 50 100
Concentration(mmole)

a3¥ 2-21. sodium phosphoric acid®} lanthanium nitrate2| #t3istE &M 3H ol
#H7IEl methionine®} cysteine2l &3

A 3A AEAA 3: AsZHEL JE Hggng A
1. §E 944 557 ARREY 2854 AKo) UNE 9T
oA e

B33 A7 U Bl FolAHA AEA FH g FHE Aol A= &
2ol gt &4d FAE i £330t IAHeR FIHn Jde FAERA
#Fd AV doeze ARAFALE 2 5wl e AFolth UR ol¥9 Green
Roundell thH]ste] HRALAME 2AHA AF7F 9 ME 2 S48 9s8d
2001d 1¥el= 3873 SAWE AAs o JHA A8F FdE FAsn Ao
A 7kx A8 T F A2 HE o BAlo] BolAHA FHEY g% A@A
FARE Al g A7t S, ARFE AL, A5 2 AFFE T 5PN
A &EstA JYPEa gloh

A& dae THEAY 4F a2 4 HUYHEL, 328 T BEHH Y F
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A FH, A4 AFEAL Y SIS FAYY, WE4 2 HBBA
2 WA gy B a7

=
©
1
L

4,
FHARY L ANGY P TA A Ao £
EorEd ARAE 349 2887 4PV, 452 ¥, ALY Fo oA
GFe Akl AaAE AFE 44 HE $EE RLA Ak

U, A= 2 3y

AEgstw ALg2HES AP HoA 2001d 119€ 1296 Nd(NOs)s 0, 50, 100,
300, 500, 800ppm& Aol &4} oj&g|¢teolaetx FAE 44 6ANFS A
g ohE A2oAM &8 AP ALY, VermiculiteE 2em ZAolE AL Z
’73 20cm petri-disho] 10084 Z2Z% 4utE o 2 3#3 & Icmol &2 BESHY

@34 B8 FUY. FELS Wold FEILE UAFFS TIHRLY, 2~3Y
74—°—§ FEE B35 FA

r:‘-

D.owid 43S Ao 284 AAs
& AHEstod g 22 2

A
Cumulative Emergence Percentage(CER) : Y = ——————~~~-—~
1+e ™
>FEi
Emergence Rate(ER) = ——————
t

Maximum Emergence Rate(MER)

Et50 : & wolg9 50%°] =93dte 45

2) FHZRA L AEA S5, 4, ojgydEgelagra FAE 20029 4€
64l HF3te] R FAES 59 190 o1 ¥3te] ¥ AustHch
Lincoln¥-& A}8-3te] FAAu(DFT W)t =d] X424 19 2ok
229 49E G g g8FA dIyoz wixste Ausigc. deA gi
Nd(NOs)s 0, 20, 50, 100, 300, 800ppm &S 59 493 59 22 Z%
FHAF sl 69 179 FF3Y ).
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I O3-1. UM uiol Al2E 2 MExM(mg/s)
pH|CF| P | S| K |Mg|cCa|Cl| B |Cul|Fe|Mn|Mo|Zn |[NH-N|NH:-N
6512t | 46 1 90 {303 32 |2741333{ 05004130 |05!001{025] 97 | 194
g, 23 ¢ 13
1) LaNOs); 288 249
Corn
RE concentration TEP ER MER Et50
0 ppm 97.0 3398 16.4 25
5 ppm 98.8 35.1%® 155 25
10 ppm 975 36.0° 17.3 24
30 ppm 98.0 35.0% 16.4 25
50 ppm 95.8 347 15.3 2.4
Alfalfa
RE concentration TEP ER MER Et50
0 ppm 73.0 305 17.0 2.1
5 ppm 76.3 336 206 1.9
10 ppm 68.0 30.0 15.3 20
30 ppm 713 33.2 20.8 1.8
50 ppm 72.0 312 206 1.8
ltalian ryegrass
RE concentration TEP ER MER Et50
0 ppm 575 15.9% 10.2° 3.0°
5 ppm 54.8 15.7%° 11.5% 28
10 ppm 573 17.12 1412 27°
30 ppm 56.8 16.5° 13.0%® 28
50 ppm 50.3 14.3° 11.0™ 2.8

FZ29&(TEP)E & 2%

&3 SE AJEAst detA Fkew, 2F
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Z(ER)NM+E= S459 Italian ryegrass?t La(NOs)s 10ppm A oA F23
(P>0.01) Xax7 dAd. FAEFISEMGR)E Italian ryegrassolA 10ppm A
7 &7 YA, Fdolge 50%0 Ea2dtE U4(EtS0)XE Italian ryegrass
10ppm AgA 03¢ GHFEH7L ATk Alfalfadl e ZE 39 HACA
La(NO3); Mg i FAHQ Fode] YettA &t

2) Ce(NOs); 288 2¢

Corn

RE concentration TEP ER , MER Et50
0 ppm 92.0 12.4° 4.9% 6.4°
50 ppm 93.0 136% 49% 6.4°
100 ppm 925 14.9° 6.2% 57°
300 ppm 92.0 142° 46° 6.1
500 ppm 92.0 1442 4.8%° 6.2%°
800 ppm 92.0 13.8% 5.4%® 6.0

Alfaifa

RE concentration TEP ER MER Et50
0 ppm 61.0 14.4 6.9 38
5 ppm 585 13.6 56 39
100 ppm 62.5 147 6.5 3.9
300 ppm 59.0 137 6.0 39
500 ppm 615 145 6.9 38
800 ppm 57.5 12.8 46 4.1

ltalian ryegrass

RE concentration TEP ER MER Et50
0 ppm 545 1.0 55 45
50 ppm 46.0 92 44 44
100 ppm 54.0 10.8 6.2 45
300 ppm 50.0 9.6 46 48
500 ppm 515 107 53 43
800 ppm 525 109 45 45
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L2449 Ce(NO3z); A= 100ppm H2o|A ER, MER, Et50o14 F3] 9
ol A&7 AR e, alfalfa 9 Italian ryegrass H A= 100ppmolA T2
dEE HAFR oy BAFH FAALS AAHA &Urh

3) Pr(NO3); €388 29

Corn

RE concentration TEP ER MER Et50
0 ppm 96.0 182 9.1 48
50 ppm 97.0 189 7.7 48
100 ppm 98.0 19.3 8.2 47
300 ppm 975 18.7 9.1 49
500 ppm 955 19.3 82 4.6
800 ppm 96.7 19.0 8.6 47

Alfalfa

RE concentration TEP ER MER Et50
0 ppm 44.0° 9.0% 4.3* 44
50 ppm 4.0 9.2* 5.1% 4.1
100 ppm 475° 10.3% 5.4° 40
300 ppm 425 8.5%® 41%* 44
500 ppm 475° 10.8% 5.1% 39
800 ppm 33.0° 6.8° 30° 43

ltalian ryegrass

RE concentration TEP ER MER Et50
0 ppm 480 9.1 49 47
50 ppm 495 93 46 48
100 ppm 505 93 50 48
300 ppm 575 10.8 6.0 47
500 ppm 56.6 10.4 56 48
800 ppm 480 f 92 49 46

Pr(NQs); €l &3+ alfalfat 100ppm A& FolA #F938tA TEP, ER, MER®] %
3ddod, S5+ Pr(NOs)s A AF7E ¢1ith Italian ryegrass® 300ppmol A 7+
F FsdHeov Ayt F4He Uk
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4) Nd(NO3); &£8& 43

Corn

RE concentration TEP ER MER Et50
0 ppm 97.5 16.2° 59° 57°
50 ppm 96.0 16.6® 7.3 53°
100 ppm 95.0 16.5% 73 5.3
300 ppm 975 17.0° 8.1% 53
500 ppm 97.0 16.6® 79° 55°
800 ppm 96.5 16.5% 8.12 5.4%°

Alfalfa

RE concentration TEP ER MER Et50
0 ppm 335 71 36 43
50 ppm 36.0 6.6 2.8 5.0
100 ppm 345 6.4 28 ' 49
300 ppm 295 6.1 42 43
500 ppm 245 48 2.5 44
800 ppm 25.0 44 1.8 5.0

ltalian ryegrass

RE concentration TEP ER MER Et50
0 ppm 475" 8.4%* 49 50
50 ppm 49.5%° 8.7 47 49
100 ppm 50.0%° 8.9% 54 50
300 ppm M5 7.4° 43 5.0
500 ppm 46.0° 8.0® 4.4 5.1
800 ppm 53.0°% ha 49 5.1

ST YA F EHEES NdNO:); A axst 438 Jehz gkoy &4
X Nd(NO3)3 300ppmell Al 49% Fd=len AdEAESET FH T 59 ¥
3 Nd(NO3)3 300ppm 2] FaXE 812 37.3%7F F2HAHP<0.01). T 28L& 9
50%° =g3le dFe NdINOs): A2 04U @&do] &44F o] Nd(NOs)s
300ppme M FoLZA GAd Yo BE Fx/t 2@HL 28 28HE 5=
g2 71 A7 A3
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dZstE= NdNO3z)3 AYaFHrt fiew, olgstatolasts Fape]l W
Nd(NOs); e &7= 800ppmol A 7HY £& A7 Jeided & £3&L 116%,
FEEEE 95%7F FFHAoY BAHA FIAL AR AdEds e 259
&9 50% gt o AdE Nd(NOs); A8 &7 Jetux gt

S E NdNO3); 50~300ppm A A APEA7E ARFIU) Alfalfasl =
50~300ppmeol A E@ o] FAEHJ oY TAFA FAdS AN

FEEE(TEP)S EE AHIYTFAA Avtx oz sEAE EH7 vy Fgod,
alfalfa= Pr(NOs); 800ppm, Italian ryegrass® Nd(NOsz); 800ppm A @ oA ZE o]
238 ZA AdHAY. 2EEE(ER)E 53] SFFdA JE AegEdrt gged,
La(NOs);s A g7} 6.2%, Ce(NO3)s 20.2%, Pr(NOs); 43.4, Nd(NOs)s 4.9%2] A qa#7}
A Ao}, Italian ryegrass®™ La(NO3)z 7.5%, Nd(NO3z); 9.5% 2 <kz+e] Agladst U
o HYQEEEEMER)E S$45E Ce(NOs)s 100ppmel A 26.5%, NdA(NOs)3 300ppm
ol A 37.3%, Italian ryegrass™ La(NOs); 10ppm A olA 382%< &7} YElxte
U alfalfat 800ppm Al A 2318 2A A}IAG 2L 0% =gaE
A (Et0)= oA Ce(NOs)s A7 0.79, Nd(NOs)s A g7t 04¥€ &= HIU

5) 24 FF U JEAY 13}
1) AAY 425 (g/plant)

T = La(NO3)s Ce(NOs)s Pr(NOs)s Nd(NOs)s
0 ppm 18.6 210 235 16.4
20 ppm 14.7 171 22.3 213
50 ppm 20.3 19.4 26.6 27.0
100 ppm 18.9 205 236 26.8
300 ppm 17.1 204 216 252
800 ppm 15.1 19.5 19.5 19.0

W) AL A& % (g/plant)

7+ £ La(NOs)s Ce(NOa)s Pr(NOa)s Nd(NOs)s
0 ppm 245 277 2.90 2.16
20 ppm 1.91 2.30 2.99 279
50 ppm 2.65 252 347 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
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o)) A &E A ZF(g/plant)

=+ 2 La(NQ3)s Ce(NQOa3)a Pr(NQOa)a Nd(NOa)s
0 ppm 15.3 14.2 15.8 13.1
20 ppm 12.3 13.4 1.6 14.1
50 ppm 136 135 16.3 19.2
100 ppm 131 14.3 16.5 17.6
300 ppm 129 149 16.8 174
800 ppm 10.4 13.5 15.3 135
2) A 3t5 A EF(g/plant)
T B La(NOs)s Ce(NO3); Pr(NOa)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 1.29 159 161
800 ppm 0.94 1.21 1.53 1.28

S FEFd "X = LalNOs)s9t Ce(NOs)s A adE AF glen, Pr(NOs)s
50ppm Aol A 19.7%<9 ZEF7F A77F Ak Nd(NO3)s Ag= A% < 70%,
A3 52%9] AEFIE AHE 4L F AU

6) + Fol UF HEAY TP

7hH X35 A x4 (g/plant)

T 2 La(NOs)s Ce(NO3)s Pr(NOa)s Nd(NOa)s
0 ppm 6.9 3.8 3.0 58
20 ppm 37 3.4 33 72
50 ppm 55 58 54 8.4
100 ppm 55 55 6.5 78
300 ppm 43 45 6.9 8.2
800 ppm 44 40 73 9.0
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W) A4E AE5 ZF(g/plant)

T+ B La{NOs)3 Ce(NQO3)s Pr(NO3)3 Nd(NOsa)s
0 ppm 064 0.32 0.26 054
20 ppm 0.34 0.34 0.30 0.75
50 ppm 054 0.56 0.49 0.80
100 ppm 054 0.58 0.53 0.74
300 ppm 0.45 047 0.68 0.83
800 ppm 0.39 0.39 0.71 1.26

o) A& Az F(g/plant)

2+ B La(NOa)s Ce(NO3)s Pr(NO3)3 Nd(NOs)s
0 ppm 4.1 43 24 44
20 ppm 32 29 28 4.1
50 ppm 3.6 44 43 45
100 ppm 50 42 42 58
300 ppm 57 33 55 6.2
800 ppm 38 3.7 6.2 11.1

2h) AR A EF(g/plant)

T & La(NOs)s Ce(NO3)3 Pr(NOa)s Nd(NO3)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)s9} Ce(NOs)s= 300~500ppm Aol o] I FrEoH
Pr(NOsk9h NANOs); Heold: Hal¥ert 271842 $35 24 Z789:0
Pr(NOs)s¢t Nd(NOs)s 800ppm A& Al A% AEZF7HE-S 72z 173, 133%01 QT A
() 222, 250%E 2 A Z7FE U

7) olgreietatolada Sd @ HEAY AT
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7h) A5 Az 4% (g/plant)

7+ &2 La(NO3)3 Ce(NO3)s Pr(NOs)s Nd(NOa)3
0 ppm 225 40 57 1.7
20 ppm 270 2.7 3.1 33
50 ppm 3.15 29 34 32
100 ppm 3.33 52 6.3 35
300 ppm 438 50 33 39
800 ppm 3.28 49 3.0 29
) AR A E 4 H(g/plant)

7+ 2 La(NOs)s Ce(NO3)s Pr{NO3)3 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

o) X A% F(g/plant)

T+ & La(NOa)s Ce(NOs)3 Pr(NOs)s Nd(NO3)3
0 ppm 1.1 3.0 42 1.1
20 ppm 1.7 1.9 24 2.1
50 ppm 20 2.1 42 25
100 ppm 26 25 25 23
300 ppm 2.3 3.2 22 26
800 ppm 2.3 3.1 20 1.8

gh) A% A E S5 (g/plant)

T B La(NOg)s Ce(NO3)s Pr(NOs)s Nd(NO3)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 0.7 0.18 0.15
300 ppm 0.17 0.26 0.16 0.17
800 ppm 0.16 0.26 0.15 0.15
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Italian ryegrass® Ao X FE HFEFA+E LalNOs)s Ce(NOs)s NA(NOs)s
AN AA JeElGEHE, LaNOs); Ce(NOs)s, Nd(NOs)s 100~300ppm A2l A] X4
® AEFF F7te 247 919, 404, 93.9%clUth. AsHE AKFAXE LalNOs),
Ce(NO3);, Nd(NO3)s 100~300ppm H oA AEZF7HEo] 2z 250, 529, 240% = A
A vlE EFstA F7HE A

8) &Ly FFo P AEANY &3}
7h A} Bz F(g/plant)

T+ B La(NO3)s Ce(NOa3)s Pr(NQs)s Nd(NOs)s
0 ppm 86 6.2 85 79
20 ppm 10.2 6.7 6.2 6.8
50 ppm 95 48 74 6.0
100 ppm 8.4 38 6.3 6.2
300 ppm 83 35 58 54
800 ppm 7.3 3.3 58 50

W) A 25 F(g/plant)

T B La(NOs)s Ce(NO3)s Pr(NO3)s Nd(NO3)3
0 ppm 124 0.81 1.26 1.36
20 ppm 1.43 0.87 0.85 1.0
50 ppm 1.39 0.70 1.23 093
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

h) A& A xF(g/plant)

7+ B La(NQOs)s Ce(NQa)z Pr(NOa)s Nd(NQO3)3
0 ppm 42 46 56 55
20 ppm 8.6 6.3 48 52
50 ppm 82 3.0 58 52
100 ppm 6.2 34 59 54
300 ppm 5.8 29 54 48
800 ppm 2.1 2.7 4.4 45
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2}) A3 74 5% (g/plant)

+ 2 La(NQOa)a Ce(NOs)s Pr(NQOsjs Nd(NOa)a
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

Alfalfac Aoz JEANIAZ A3 A5 Aol Yehen HAs=rt =
S5 37t ARG ARFF DEF L Ce(NO3)s, Pr(NOs);, Nd(NOs); A2 F42
ol Wlsl Z+2} 432, 444, 50.7%7F #FAH U W La(NOgsst Ce(NOs)sd A=
(20ppm) AN = AEFF] 74z AFF 163, 74%, A7 583, 240%7F 7t
= At

Nd(NOz); A Ex7t S5 A vAs 9% NdNOsy); A=z S5 A
FR-gk A AHol AA FAHANeH FASPAASL utRIIAE Nd(NOs)s
300ppmel A 7Fg F£2 AFE Jebith Nd(NOs)s 300ppm M2 S54 AGF
o AsHE ARFL dETol FAY T vl A 259%9 795%7t FIHste] A
Fol Hle AgF Ago] A FAHA[T FEagxdXE NdNOs)s; A a7t
g FEAAA vegted FeagdadAE NdNO); MEds=rt $718355 A
o] A ¥ ol 800ppmell A 7HF o] $-F3tArh 800ppm HE 2 FoaHA
o AR AsF AEFTL T vl 27 648% F 1389% FHEAE B
AFen FARCEE FoA(p<0.001)e] ¢ Egrh 2y ojgeE el ozt
Axe S5 Foagtzd v E NdNOs); A asrt ax Fged FAE
Tl Hl3 Nd(NOs); 300ppm M2 AGHE AEFLE 488%, AstFv 214%7F &
AU 293 S5 FEaH2E NdNO:): AHE AGRROE Ao 45
of aA Yo ojge el aet o AE Nd(NOy); HIAZ AgFEk 4
Fo AFo] FEFHUG.

% e
La(NOs); Ce(NOs)s, Pr(NOs);, 2 Nd(NOs); 0, 50, 100, 300, 500, 800ppm &<

of 844, Italian ryegrass @ alfalfa EAE Z4Z4 66X ¢+ AT v
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vermiculited]l lem Zol2 #HFd ZHH L FAFGHY, EI} &EFF, FF,
Italian ryegrass ¥ alfalfa #2] 22 Lincoln®o] <A Aujsted Gy ={

A5 2AF 24 e 2

1) La(NO3); £4x8dE RE 2Fd4A 3] 10ppmA 2 M3 £L FIIHE
Ao

2.) Ce(NOs)s €dxidl dolA =44+ 100ppm A=A ER, MER, Et509
ol&tA £ AFAE Bo FA. Italian ryegrass ¥ alfalfa® 100ppmolA £
€84S Jegloy A3 FoAdL AAFHA &

3) PriNO3)s Age &FFdAs Adad47 gllew, Italian ryegrasst 300ppm
A %FsH). Alfalfax 100ppmolA] TEP, ER, MER 2% #9slA ¢33
o},

4) 445 NdA(NOs)s 300ppmE ol A3 Fx7F ER, MER, Et50olA FZ 33
o, alfalfadl & 2313 A #AAdo] Yelyoh Italian ryegrasse = 4AT
7d8ol gl

5) g % v XE LalNO3):%t Ce(NO3); AagadE foed, Pr(NOs)se
50ppmoll Al Nd(NOs)s¥ 50~300ppmol A AE F4 371 AL

6) FFAME La(NO3)s2t Ce(NOs)s¥= 300~500ppmoll A S=3Fo] <okzb F7l3sl] e
# Pr(NO3)39t NdA(NOs)s= A s5E7F $7184F £3%x A F71sidh

7) Italian ryegrasst La(NOs)s Ce(NOs)s ¥ NdA(NOs); A& 100~300ppmol Al
AEFFo] A F/1s9 o, &3 xFHe & A3t dESFF S/ ¢

3.

8) Alfalfars SEXNY=Z AZANBY] Yesten, AYsErt 2455 A7}
o .
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2. & B Ado) B A7

7t A&
HELre PEFHY $EATE 19174 FF AFFY AFoz 3E F Ce
7 Kigl 54 ZEo] o AL LAT o)FHEol), 1930dthel 2 Alobe}
T7es 37tE9 AT Qe 4F &5, oW AGRE S JEALI I
4 89 ol AEe HAusy Az
] =

gol Og AE m7e BAHQ oA 19709t 2HEE A=Y=
2% HEE FAe] wolEz, Weld B AFEW, G4 FIF I 5
g PPl 9F AR A% H R A4 FY 29 dom w3 93 Qo
JEE ABAY B YT oUW IR FEANE FAF Ry @
4g giF] 489 gYao) ¥ F5E FAL, 954 FIH FYH 59
& Eolvd, mad WHE FPAM TAYAE FAse] 2z, ARHE 2 YW
T 4PUEe 28T YAFH FALS BADGLCE 5, 20000 23 Hof
s}

JEy FUANE RG] e Ty ARFE FF AT A 0T
ootk aela HENEE A% FF JdEam gt Aoz duet A%
Eg87e) 2t JE BPuse Aol YA 2THT Aok A B AT
t 9REd 4F MgPas 45304 52 Bt e B HER
Fguas Aesus 39

goAs 2 gy

JE AF AY : g9 Italian ryegrass, S5 EAE 20033 39 15¥9
BEA MEgd B o2 #33te 3¢ 2897 49 189 F A FA IJEA
= 1000vj A& 4 AWz goen, 59 199 &3t AU oze
748, 455 E(RRE), RRE+AS%7 A, RRE+7|F ¥4, RRE+EFAS, 54
3| E w®lgolt}

D 4542 9% 0 A% 1g& 80% ethyl alcohol 20ml2 FZ3l9 80% acetone2
7} £94S UV Visible Spectrophotometer(Pharmacia Biotech, England)Z
663 2 645nmoNA  Z+Zt chlorophyll-ast bE &AsIA (7149, 1979
Bruinsma (1961) #8222 At oh
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2) 2289 : 2 Ao dgA2 FEE AAT B 1~2g& 100ml A ZHflaskol
# 3t 40ppm a-naphthylamine &9 M/10 14t $F N FF THA
50mlE 7hstd 7HHA &€ o] £ 2mldl 10mle] F/HFE ¥ A7)
1% sulfanilic acid €< 1ml9} 100ppm NaNO; € 1mlE 7}steo] Zksln 5
B Ao 27 & 25542 20mi7t HA AFE Do) 10molA =
8™, a-naphthylamine ¢ F&IZ4& I8 ¥E 1g9 ALGF a
-naphthylamine ¢ 4t38-& A3

9. 2%

%2

nF
1) Alfalfacl ti3t slEvlg Alulas

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

. Leaf ) . Dry matter
Teaments” PSSl mkness iy "G et
Control 166 0.29° 7.4° 18.32 284
Raw RE 172 0.34% 8.5% 20.66 336
RE+PGR 199 0.33% 1.1 20.05 327
RE-+minerals 18.8 0.36° 10.4%® 19.54 308
RE-+multinutrient 156 0.37° 9.9® 18.62 302
RE fertilizer 17.8 0.30%® 10.2%®° 22.33 3.51

" RE : rare earth, PGR : plant growth reguiator

IAde 483 duddEs 539 2AE AATRY vFdA, EFIY, l
2 AZEAAE 835 Hrlsly BE IEHEE ¢Ed AHF FIY=
A HE utet 2o SEAME 2 ddge] 23L I Aoy FAAA Tr«l*éf
AR FHHTFY 4 FAE HE 029mmold ey AEANZE FAAZFEH, 98
JE, JE+YSEZAA, JE vaTE Aol gle HY A ¢ Frstth
a2y I E+FYAR: ATy JE+BEFAG AGTFE FAHT v 4 FA%G
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F3A FASQ SBe FFL BE HEAYTAN 4z L ABFFo F
ot fo4e A gtk BA4sE JEAND 3~50%7t FHIE
dl(p<005) 53 A&ZA AATAA gl g gkt

2) Italian ryegrass®l] W3 s En| g A|d| &3

ojgEitelejagtaEs FHEANTZ xFo] AFon, AK 2HA AT 7t
Aoy A F9498 JdElA] gtk o FAR JEANIHR FAHAAEY
53 JE+ASEZIAA AT, AEFEAL HUHT, FEHE AT o FA
7t frd et A kst FAE Y F9 FF REATE 42700y FEA
B2 3H4~432 F7Ided JEnFA: HY T JENSE HZ AN B
273 wAo] M ol HIHAG.

A% 452TFE ABIEAATE AT Je JEAHFAN BF FoA3
A F7rstded 53 JE+ARZAA A7 424 F77 7 Bol o F
AR Hp<0.05). JEXNR ojgeteto]aet2o B FYo] FUtEE Z oI
o AT K4 T B JEAYFA ojgEdolagt2 FxF
F3 AEFFo] Tt e 53] JE+FUx FbF9 FEHFE A TolA
5

A Ee Az 0 AR AL

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

Control 44.01 0.36° 342 8.66°
Raw RE 4533 0.38° 39.2 8.50°
RE+PGR 5483 0.43® 39.3 1251
RE+minerals 4467 0.43% 443 10.86°
RE+multinutrient 49.17 0.39% 354 1.77°
RE fertilizer 5158 0.46° 443 10.78°

RE : rare earth, PGR : plant growth regufator
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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 2.72 20.35%° 499 40.27 7.71
Raw RE 18.42 295 23.82% 6.07 4234 9.02
RE+PGR 2145 3.36 24.73%* 6.24 46.18 9.6
RE+minerals 22.66 3.56 31.94% 7.07 546 10.63
RE+multinutrient  20.20 3.04 27.20% 6.46 474 95
RE fertilizer 28.02 4.09 27.72%° 6.44 55.74 10.53
" RE : rare earth, PGR : plant growth regulator
3) Corndll W& 3 ER R Al¥laxn
Table 3-5. Effect of rare earth application on the growth of corn.
Treatments” Plant height Leaf thickness  Fresh weight pry matter
(cm) (mm) (g/plant) weight (g/plant)
Control 81.05° 2.06 52.58 493°
Raw RE 89.172 223 58.83 6.01%
RE+PGR 89.42° 203 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

Sesd 4% JEE AN W 2%, I T, RBY 5ol Afen
FE AT HEIFAE AT ATLFe] FAYTA Hs] Fo3A



TR F 29%° FFFIF &3 AU AE AP T E+vFd: WL
T 2E "M MR Fzadey JEAGT el fodS AFHA Fdoh
HEA Yol o T&L o Fadch 53] {FAE7 we P TS
AGE AT o5 $8F AU E A ok WA AR g A
F(E71+9)9 HZ(T/R&)0] R&FE 27]d Fert AddsA AARAEE v
o & AEdA g2, ojgdtgoladta R S5 A AEHHE T/RE]
8 a2 HIY 1. €33 FAHYTY T/RES 0830102y JEAHZ 057~
0712 opxith. colg¢elagaes FAYTY T/RES 2160104 JEAS
T 192~2082 HH|Eo] Folinw. SFFdME FEAMNIR T/RE 191~
284% wotRTh ol ALRHE FTAA St 7] RSl M f4%Hed
3ol dd oIt

I:J

od (&b ox rlo

JEAGE AEA AEEE T/HAE AT U, 1H20A BE vie 2
o] &d&d FAITY AEEL 155%0IUoY IEAHFRE 157~163%2 F7HEU
ohoolgERtgelagtadgE FAYTY AESEL 137%1R e AEAHYHTFAAME
14.6~16.0% 2 Z7}3tgth.

3
—e—Corn —#-ltalian ryegrass -tr—Alfalfa
25
Qo
§ 2
o
o 15
=
(o]
° 1
foat
05 | pr————elliem — - & L
O 1 L 1 L
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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Aol oM B E&L w9 FoIh 53 FAE7H wWE o w52
AT AFEG B8 2% guE JhAR vk wEbA AR E)d EH*'SL} A%
F(E71+9)9] H&(T/RE)0] F&+5F 27 B} 74?%6}71] AR AS And
ooE AN <z, ojgeddelada 3 S5 JEANYR T/Rg°l &

3 FARATHIP 3-1). T8} FAYTY T/REL 0RBeIgor HEAYL 05
7~0718 obAth. ol@e Aol aat AT T/RES 2150900 HEA
YFE 192~2082 Pu o] EolAT S55IAE HEAYZ T/REC 191~
284% RolATh o8 ARAE FAA L4547 27 RYugo) A% FysHAon
ggo] @,

16.5
P — /-\
16
) 15.5 / \-
o 15
o /
® 14.5 /
s 14
% d
g 135
g
195 -—@—|talian ryegrass ~ili—Alfalfa
12 1 1 L i
C RRE RE+P RE+M REMT 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

JEAHE AEA AESEE T/ Aol Uded, 193-244 EE Hio}
Zol &uz FAE T AEEL 155%0IR oy JEAHRE 157~163% =2 F7HH 3
ok olgeetetolag M E FAE T AEEL 137%Aed JEAFYFANE
146~16.0%2 Z7t3tsdth.

(o] Om
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.. 035
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£ 025
: /
o
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k)
g o1
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005

—@—ltalian ryegrass -—&—Corn
0 . . X ‘
C RRE RE+P RE+M RE+MT REF
RE treated

Fig 3-3. Effect of RE application on the root activity of ltalian 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

Z2. 8
Alfalfa, Italian ryegrass ¥ S4+5 AEd Auste 9853 ERE), RE+AZE
A, RE+v]Z9d4, RE+EHI9Y 2 o 3EQE 1,000004-8 22 23] GHANH]

st 9 FA, 3%, 922 ¥, PIBY 5 2AAG

) FEANIZE alfalfad) do] FAYRAET 53 RE+v|FHdL, RE+EFI S A
g7 do] Fo3tA o FAAAD

2) Alfalfa®]l %2 EE AT JE AgFdA EF F7held ey A2
AR gtow BAA $+ RE+AKEZRA A FAA 713 &t

3) 3JEX 82 Italian ryegrass® o] FAYR o, BL7 & RE+1FIL
A FAAM 7 gt

4) RE+7]#HY A AT 9 JEHETFAA Italian ryegrassd Ax L A&
Fo] 7 Bt
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5) & Z4%F JE AEL Asgdes o 2%, & FA, #2EH Fol F7t
g on RE+v|ZFAA A F7 73 F389. 2E85FE RE+1ZFYL A
22 29%7F F5E A

6) I E NEgLE RE Z2F9 root/shoot BI&o] BF Folzgon, RE+vIFgL
A7t 7HE w3 dgo] ¢ ' v Tl

7) ¥ 8L Italian ryegrass® S5 F3] RE+VF 9L AT 71F =
ig= o

8 RE+Hl 94 A2 77k 4244 SAU 43 "lA 73 $55ac g
A HE Bz AL A5He) B Eac

3. 38 @ FxALo] A A3 AJdAL FFd vAE 9F

7. 8

SPUge A AHANA FAES s ol HY g aF¢ FAY
WE FPAA0Z A3ty tdFy vget & AHEE A HJAY 2 ZF A
8 F 53 A2AuEY OF Algo2 A% EYW nitrate FEZ FE] ¥
3 Eavle E2 /& A AZ2AA s Aok Nitrate7b S €9 A
Z2E 7HE ¥ A% AAY $5& doidE AT HE 2AH T AT
&4 &

, 1983; & T 1990).
A EdAE A8 AAHA A FE AP AdAHoR e FE
o] sholzl gt AAANZE OF ALY AEA AAHYES Bl F5E
% nitrate reductase &4 9 &3 74 FgA4 vHY AR AEA Yo =
FF9 Aidel I £33 A FedE FAY FFHo BA AR
(Hanway 2 Englehorn, 1958, Wright 2 Divison, 1964) 9A1 &<l AzxE 4 EH)
o dALE A2 AP FHo] FrtEHCase, 1957). B3 EYFT FEH v
a9 RFoh} aE5(Crawford &, 1961), FAI1Z ¥F, FArhd HuALE, @&
71, 28l AZAQY] 24-D 22 F3EF S & AEAW FAFe] UF
29t (b 5, 1971; Uesaka 2 Miyazaki, 1964).

A4S 0F AAFA I8 BF7E5e A1 AAFe] opAAFeE
o] Ho] dAZE hemoglobin®} 23389 methemoglobing BA 3l A9 4ta
utsHo] H3tEo A9 AL ZAYWF(anoxia)E oFZ|AI7IH A3HE HAE 2
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FE ou F¥ W 4FAN, Y, AHF dh

3 tH(Wright ¥ Davison, 1964).

Ao o f2HE

’

AEFe AN e AN FEHE B TH LY, LEA
GFL Wol wom, 53 A2 NS A U A0Y FHIRE YW 4B
o) Y7 W B AFE AAN @ 2B ANFE) BE A2A 4

2 A7

2 A9 F9%, 39 LA G AR A HEA 43H 9
=S AHET $¢ 2AYL2N FANE B AF 57
S e BE FU A% 3 /9 £ gt PAe 2ARRR H]

4o A8 R 3y

1) FAFAE D@ {8 : AAY(Cichorium intybus L., %)E 2002d 99 749
HF39ed AEE vermiculite : perlite : peat mossE 1L:1:11E o] ZT#1
SEIFT PN S 3~4Y HFor FAATIPL, WY FEY FEALH
& #FINEA FEL 2Fe4

2) AZUE : Vermiculite®} perliteE wHeby & AEE 220 x 20cm$ potoll
A FA o] pot F 158 99 27¢6 Ao, (YT 4%E, 2T
Aoz wxlste dEdidn s YHAFG LN AMsiAT B
%942 Lincond& 4% FARsHoY, ZAFLE BREFENH0), RETET+E
T 1/4% HJHN+D, REFF+EE5 539 129 A/MN+2)9 A &
o7 3o 1Y PFoE JdAFS BT & EYY FENHE #
F3AA ok 1FY P o7 BHEeo F
JEE T4 IANYAA AAFF EvFILuE "thxol” 1,00081HE 33
(200213 94¢ 28Y, 10€ 249, 11€¥ 199)d) FA Jadxsgen 129 114
of &

3) 454 AF : Ax 1g€ 80% ethyl alcohol 20mlE FZ 3t 80% acetones
7Fgk 898 UV Visible Spectrophotometer(Pharmacia Biotech, England)Z®
663 2 645mmeolA  Z+ZE  chlorophyll-a®t bE A3 (Arnon, 1949)
Bruinsma (1961) W o2 A4t

4) A AL Paul 2 Carlson(1968) W& Ao £330, 65T A

AZE 40mesh 719 AE 500mgel ©] 2% 100mlE H7tate] 123 E3Hs
O3 84T 4g8 ¥ F EFEA AHsAt dH#H 25mlo Nitraver 5
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Nitrate Reagent Power Pillow 17/E Y3 FA] ¥4& 2& & A3 183
E 59 NeoMet Ion Meter(Multi-Analyzer, Istek Inc.)®l nitrate electrode®
mV#E A% e semi-logarithmic graphE o] &3t AAded4 FFS
AEsHA

9. 2%

HE

EIE- 4

E 3-6914 EE vis}t Zo] XA o FAs A2uE ANFE] &
Ztatglen, SlEAER o FAZ FoAstA S/ THp<0.05). A4S A A
Fol ZA 4FE BA FRoyd EFLE FAx AuIFe] FUE wEr 4 F7t
oIt JEAYI 4o Z7]d wAE ¥ JEANYZ qFF dFol
Z7hstes, N+2 A told FeANYaxns /b 2A Yebgdoh(p<0.05). 7|
Aore ZaFEou JEANYR e FFL Loy FAXHA FAHL UM

52

br o Hr o

£ of e

R 520000 3E 3 Alx<Q wild rye, sudangrass, ¥Z(Leymuschinesis Tzvel)l
JBEE BT A& A x#Fol 4z 191, 125 93% F/tstgen, T3 Az
sainfoin, milk vetch, alfalfa® Z%o] 195, 169, 64%7} 21z} F71EU 2 AF=E
FrEATn Busgn. ¥ Agddae dEAYZ XNAY 49 27 FAL F
7tste X713 455 A3 FUhEte Aol oy FAAQ] f4L JdAHA
kot

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 8.0 7.3 8.4%®
Width(cm) 55° - 58° 5.6° 58" 57° 6.7%
No./plant 6.4 70 7.0 7.2 7.1 7.2

3™°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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372 AAYY 9F 9S4 FFS VT Jed, A2 AuSFEe] F/E
99 BT F 954 Fol FIsA FLHATHP<005). JEAUYR F o
ol 7ROy BAHY FAHe A4RA Lkt

51980 £F AT Azl @ FBo| H=F A43HE A2
443 ALIAGT SAed, dTE 251, FF 58 9 30, BH 134 AL
300%7 Z7HAQGR A B SUNVHE HES 9F JHAFLS Wik HHER
o g=xs wud Y4 HAVG Bud v ok e wIe e P
g AgFol FIHYFS YFE TF] F/SE AT, 1998 °lF, 1999 FF,
200018t oy B APAFNAE AaANE5F] FHESEE w @ ¥AY

d >
B b o

o

—_

g o o
Wt o o

ASx FFo) 05y oA oRe A2 AN Frz /Y HEA 27
S AEFS FARNAT ATgo] Bhdtel WY FIF 422 ¥l Pad AL
2(E 36, 3-8) BEs7] HEo) GO o ¥ Aol AFo] AT

Table 3-7. Effect of rare earth and nitrogen application on the chlorophyll
content of chicory leaves.

Chlorophyll N+0 N N
content Control RE Control RE Control RE
Total chlorophyll g g1y 70052 §053¢ 6340  5264°  5586%
(ug/me)
Chlorophyll-a 3988 3991 2 895 3101 2524 . 2684
(ug/mf)

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

FEA QoA Lol Hohige] FoF YL A GFh-a FFE F %2
g4 A E AL STl FHES B ¥IT GSh-a FPo) B2
gom, AEXNZ d5h-a $F] FAFAHE 3-7. A& AuFEe) Frhes
= g52-bol Ue 4SL-ad ME@bE Z/don, HEXDE 44 abd
2 ¥9tHaY 3-4).
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EBControl HRE 0.957

0.921 0.925

Chlorophyll a & b ratio

N+0 N+1 N+2
Nitrogen level applied

Fig 3-4. Effect of rare earth and nitrogen application on chlorophyll a & b ratio
of chicory leaves.

F SQONE JEANEOE 4E4-a FF] FAHYCH GSL-ad BB
b Eobd BEAFol Fhlol ANHUATGTL “FZFAANNY HES S olGE A
A&t

E3-8o st A& AMFES S/EFE AAFZF] kAL, 22 F
o) AaAHAA AEAYE 6.7~17.0% FFS7HE 7%]%&3‘3] N+2 2 2 7ol A g
SAAYA FAAl AT Aurire FRIAFoY VSEFT FEF do] HA
B ddFd Aoz AAY AYHLw AFPA K P‘Ri‘:}

AETFANE dagFe] FIHEFE o] F7hatflen, AEAYE A=
T%0]9.0~108%7 SFHAATG. FF A B AME A% JEY S8 BT A
(2001)¢] FFaFol o8t HEE HEL AFF} FIYAFTY YATH AeTS
S A AFHEFS SLFAEL 10~25%, HFAF 20~40%, HLFE 20~40% F
HA% SRl & dPAME A SFEAE 2 7 AUH

ag
FA4
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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 - o 8.10% 7.93% 852" 9.0° 10.53*
{(g/plant)
Dry matter 0.83° 0.92° 0.85° 0.94° 0.91° 1.12°
(g/plant)
DM % 109 114 107 11.0 10.1 106

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

Eolst AL A AMF FUtE AE
46~58% F7IHUTHE 3). o]AL FEAGoZ FIU|GEY
FUCR F, 20000 AoE |EHYT.

R 5 (20000 o3t EANIZE A FPEo FHEE E

otv| Aty Gl 2 AFJAZDOZA A EA Y ZAaA7)H obr| e
A FAA FEF] Frtetd Ao FRHG 4rh APl E= 29 2
A BE vie} o] A Fo] BoldS4E wjFe FAeAL FFo] AA FUt
son, v x| o] FEFE NEALEHA} 2 A e AAHEAL &
ZFo] AA FAEATE N+OT9 N+17+ Farefda ko] 242} 3929 440ppmel
O} N+27% 558ppmo 2 AA F7HE At JEXNZZ FAg AL HAhEo] N+0OF
¢ N+17eME ZHZE 9.29) 286%°0) Ao N+2x 2 FollA e 459%= ZA A3
o},
AN 5] OFAEL A2 F9 A #Ao FHoR VM9 ARE AT B
ooty B A JHoE A% EYH FHLASE FHEAE oA
Atk Gy B APS T HA AAAQA FE LR XA ANE FF
€ 45% ol ZAAA FAAE EAE HEAT & e 7HEAE AAFLEA S Y
AHo= onmryt Avta &R

o F7IHALSE
s
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@Control MRE
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400 392
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nitrate content (ppm)

100

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

Fig 3-5. Effect of Rare earth(RE) and nitrogen application on nitrate content of
chicory leaves.

2. Ag

AL A8 AT AAA DY BAA ARAU ALY A e
FFE ARNI) A5l Ao A we A7 9 PR 53 9%
#9499 9 Be Zadded, A5 AAdd 455U 4A
& #2720 UAE 9% 5¢ 249 A% 2ok B 2o

1) Az AusEe] FHE4E AAY Jol FAYAD @ AN Ao, 2
& 4%94 Ax AHFAN NEAYZ go] FANAT 99 AJE ARG,
XY E37 A4 T3 AHP<0.05).

2) AxAgFEel oldSrE AAY AF F 52 ¥FH 522 FHS
AaFJo GEL-bol i FEFL-ad HE —% 7t AEAZE F
4 T, 9842 ¥F 2 dF4 abgol EF IHEANLY FAHA #

3) AA} AEFH] A AbeFE FUld g2t FrtEgen, N+2?°1W f
Aol AARAHAANP<O.05). FE Algo= Agxﬂ*aw 67~17.0%, AEFZFLS
0~108% F7FH%th A% A4FNE AE g0 FaHALY JEM%% A

94

9
=
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&S 46~58% F7HA AT

& AgFE0 BL4E AN AWNAL FF] F7stgo, IE o
O o] FAaHEN e N«2ATFAAME 45.9%H oA

eSS 4B AP B4 299 AZ2FFE 37
sk, H8 HEAW ANRIL FHABF Fste a4 FUE

_,d
>
)
1>
il
o o

4 A% Ne7k AZAst AN A AANAE 2 D FFRFF A= 9P
AN g

e A2HA SLATE 19179 52 WE4) 4¥ez & F Cett
Aol B4 Agol Aot AL BA o|FRHIY. 19308t HAos FTF
B3t Z7hEe AT 5] @F, S5, 2%, AT S HEAL IR ¥
9 WA AE AL AHBYL FAAD 7; o M. FaB B
g5 ave BARN APL TN 197090 29y ARPed 15 HE
£ FA49 Wolxa, R BY% 4P, 4= 3 B¢ 58 P4
F AYY A% FW 2 A4 30 20t A0 m3 93 Aok 53 AT

Aol By

fu
b
o F
o&i Au)

Sl % TEA PR SN AN @ Yol BweA AT Yed JE
ANgoz BAF Ao VHEES o4 AT & Yo WHH T TE FAF
o A2 FA HT JYHE AFL FANYL FddAL 2 FFRFFE B

AZ1E a37 9ox L2384,

gy FUAME B A F AAgo] o]FojA nirt gl wEtN 2
ATFE A AF 228 AQix F 219] 3 E F NdA(NOs3)zo| g 83
Hea A AL g D AR nAE 9 52 2AE A 3

Y. As 2 3y

D 3ANFES 34F 2 $£3 : 13dx 2482 A8 AJRA 2% &4 vddt
$2o) A A2 X(Spinacia oleracea L., F3AF stet3)E 2001d 9¥ 20¥ 4,
A (Lactuca sativa L., %5 243)= 99 2699 24z gEste] thzo] 10
4

3099 AT 24P L 1A P 2L F2AA ZAsEen A
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FA(FFA gegz)g FA(FF EAF)E ZF 20033 99 196l 3F 3o
104 16d &3 Ao

2) Af c 1A 234 T3 AFAG FRAE BT HAA F7F BFel
oste) & AwpstHen, AFAg FA7 Aud =X 3‘2}5-]'/‘5‘—‘?"‘_ &
3-99% 2o FE(FF TR JEIATL)E 1AL FAAE 1,30081 -8 2001
d 108 799, 1,00081 A-S 10€ 180l 2xo] AX FHAEIAC 27'(}’%.3‘_?5
drae 1AEEg U IE 130080 4-E 2003999 20¢l, 1,0009 &2 10
4 1949 47 qudEsdon, AP Arle AP 60822 99 o
2] sF S Tt

1

E 3-9. Alaxiet 4=x qu st sI5tMR.

7718 Ca Mg Na K ZS3E2X fEeld CEC

=t
o= PH (%) (mg/kg) (mg/kg) (mg/kg) (ma/kg) (mg/ka) (mg/kg) (cmol/kg)

=+ 540 499 880 790 4976 1273 2292 258 9.45

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

=7 537 547 1020 330 4405 1167 2441 48.0 10.08

Nd(NOs)s 549 539 810 290 5881 934 2501 55.1 10.29

3) Gt R B BAS AT ABE 66C IFAXI] UollA 72XI3F o3 A
Z% ¥ 20mesh mill2 EH34 desiccatord] R @3t Ao o] 83t
vt 2HELS ACACI99N YA 9dte A3, 7718 AdAFZEA
(Automic Absorption Spectrophotometer) ¥4 3} 1},

4) 4F542 AF - Ax 1gS 80% ethyl alcohol 20mlE F& 3+ 80% acetones
7Fet £98 UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 2 645nmolA &7 chlorophyll-a®t bE &R (F7|AH, 1975)
Bruinsma (1961) W o2 Ailstdrh
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5) AAE|A4A : Paul 2 Carlson(1968) W3- 473d4 NeoMet Ion Meter
(Multi-Analyzer, Istek Inc.)®] nitrate electrode® I A A I =43}
o semi-logarithmic graphZ o]&3}le] A& 38t}

6) ¥ AFF : ZYZ(imidacloprid) FIHAE AZ AL HAHEAe] wa
2000012 543te NA(NOs); HelF 39A) ztzt Fxs 4t % JF
< Y FAE FFEYY AEALA B sttt Imidacloprid 8%
A2 w3k £ AR acetonitriled H7te thg I& F&E3d et ¥
331, 9719 %3 NaCl#} n-hexaned #H71s £ $84 22 AUth A
dichloromethane g 7}éte] &3 ¥ dichloromethane & 29 silica gel Z
HolAdl  AHASAD.  Ethyl acetate2 £2A171 £29¢ #AgAzn %

acetonitrile:water (2:8)0] &8jAA HPLCZ HZ 24 34t

A Moo

0. 43 2 23

D 1AdxE 43

E 310904 BY AR 2L FFHS PR 6.745pe/meo) Qo
Nd(NOs); AT+ 7.645ue/meZ 133% Z7HEUt 28y AXE gzt
3.316ug/meol] 18 Nd(NOs)s A& FE 340lpug/mE 2.6% ZF7tol 23T B 5
(200009 FFHE I o3 IAEE Yo gE2 FFS FNNE AASF F
o 2 do dEA FFL 18%, ALFL 30%Y FUHUTT P oy
= A3 AFAE old ozt WX 2Tt BRANA Qe FEurge) Fe
Q&L 3t G52-a FHE IE Az A FHEHAEH, JE A o

Fh-a T7FES A 15%¢ ¥l AlFA & 163%7F F7HEH ] A FR| A 3
E AYasrt FEHAA JdEgt # 519949 AFAXNE  FE(CeCl
120ppm)E  FF Yol v RigE APsddy GE2-a8 FAHS 233
o T ula) T AFL-a FFo| 275~137%7 F7/HHUGT R
vk 9},
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A=A BtEF Al Z2 x| AR
(ug/mt CES Nd(NOs)s =T Nd(NO)
B HEL 6.745+0.97 7.645+0.98 3.316+0.16 3.401£0.20
HBEL-a 3.190+0.43 3.679+0.56 1.647+0.04 +1.671+0.10
Mean = S. D

H 3-114 B AFAe ¥7)9 AAFTAE 275 45goId o &
AgYFE 301ge 2 227%7F F7HEH AT (P<0.05). & FAE dEZF9 0.59mmel
"] 3B AT 06/mmz AE AYZ AFH Yol FAYA X 3
oM JE A2 X7F FF A FUEHAEH, d27e 37 g F
A7t 929golN ey FE AHaTE 103.1ge2 oF 11%7F &9 % th(p<0.05).

AZA W A2 FFE AEA ANEFH DHEFT BAIL A7) G E
(Jakrlova, 1967; Ocubo %, 1975; Pilat, 1967) A2 X JE A=z %33
A ol FrrH TG FAVM FUtE RE ddd A A K T
(1993)0] &3 WS nHsrled AFEAA AN AT dig IE %?&Hl
g AHAEA gt 1g(eF 200%)F 100g¥ S E EJHIRE HEMS 2 9]
Fol vl 20¢ ALR A HdE EFISHAEH, lmd FHd ANFo] dxT
3770kgel H|3 S EAINFE 4424kgo] AbEO] 173%9 FFEFH7T AT
Bt W gid AEAAHGE F 2 FANEE AHF A 1
MT 750~1,000kg®] ¥WFE FAIoH FAE FHHUAGT FAHE T,
1988).

# 3-11. 3£ A 80| Algx|et &xl2] 2 FH 2 4AF S7of olx= Y&

AlEX| Abx|
=+ Nd(NQ3)s =3 Nd(NO3)3

4nz 24.5+5 g° 30.145.8° 929+17.9° 103.1+18.3°
(g/=71)

I S

0.59+0.11 0.67+0.13 - -
(mm)
Mean + S. D.

#~%Means within a row with different superscripts differ(P<0.05).
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T S(1988) oot HEE M JBAE Da YA BHHG JEA
o Frld) AAE FHALZ AR ojnjwdt FHL BY B ot A
Aedae] 23S ZANY = FR Jdvtw s9gd 281 dE7 93 I F
:H Abol Xt kel Tig ARAAANN BFo] NES BAEICY Ax B9

FHAEE gzTo e 178%7 FAEden ANNDL FFL 335%7)
AEHAT B $(199%5)8) AYAPINE FAo] HE 2Huzg B
2 Hestde A9 A8 W AL Fo] gzl vs FTF 152% TAH
dzFol B8 FEXa TN BT NOs&Fo] 133%, NO, &%
% 7 2aado B AY(ad 3605 A2Hd JE F JE
2 QUATIYS A4S AMu AL FFo] 2T HF 1,254ppmel Hl3 HEH
TFol A= 966ppm e E ZHAES oF 23%9] FAZTHE AL F ANH. FAAAMZ o)
ZF 1548ppmol A FEA T 1,240ppm o2 199%° 73t &7t Al

40.3% Z3tH A

1800 P (O RO D . e e e e e e e e e VY
MControl [ERare earth

1600

1400
1200

R 7 S

1000

800
600
400 -

Nitrate content(ppm)

200

Spinach Lettuce

a3 3-6. Bl AlZ0] AlSxI9} axlo] AMEEL BE nxl=s Y

b

%ﬂﬂHE.Zqﬂa ZA)ur, 24
Z7 AT B S5 (1988)0] w3

H -141—1—3 o] &3] -r7]°§

_i
_g
ot
ft
2
\ o
O
HU
=
BN
By
2
=
2



NE #7198 B3 dasgod 23RS F4898S ¢ F 99

¥ 3-12. 3| E A 80| Algx[et &x|9 ststd Fof ojxl= HE.
(DM, % )

Xal e zehld =xd =MF X3E Ca K Mg

=7 29.12 415 5.65 19.76 0.51 7.96 0.94

NEEY
Nd(NOs)s 2863 415 500 2054 051 774 097
=T 3009 515 799 1724 103 601 038
Lettuce -

Nd(NOs)s  29.46 4.88 7.82 18.16 1.16 6.83 0.49

AR SEE A Ay FFRHFH gAaAt Jesed 28 3-7494 B9
WZ79 imidacloprid 3ol 0.928ppm<eldl ¥t FEE A A} FAAE
imidacloprid ¥ %°] 0.746ppm .2 th&To} Hl3) 196% ZAisAtt IEESE F A9
A¥EAE Aol = imidacloprid &3Fo] 0.759ppmoE & W A|EAIB Y 2383 oF
 F7HEol 434 de AEas & ¢ QAT JE At FgIHFE FAaA
e AMEE A F st FEE o dFY BHoE A A#H A=IAEY
imidacloprid #3o] 0.627ppmoE thZTo] vl 324%2 HAEHE RAgFOZA
JEE 1~23] Agse ARt 33 APA FoAFF FAEHA A% FREU

_.
(M

—

o
o™

o o
BN (o))

e
no

Imidacloprid content(ppm,

o

None Once Twice Three times

Time of rare earth sprinkling
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2)2x3pd= 29

£ 3-1394 B9 452 bl e as) & (a/b)2 AFA dE=TE 083 JE AT
= 1052 FE HYTFr/t o, AR E dERF 1.069 B3 AE FHITFE

L1112 & A7t G52 abul&o] wdth & G52 FFd JoANE AFH

A BE A Te dzTod vl 126%7F Bkon, A M E 7.9%7 o ¥k

H# 3-13. 3£ MEo0| Ao dxlo P4 ool oixle= S

UE A Bl Al ZA] =i
(ug/mé e Nd(NOs)s of =7 Nd(NOs)s
3 924 11.08+0.76" 12.48+0.69% 4324017 4.66+0.33
HUEA-a 5.61+0.40° 6.40+0.34° 2.22+0.08 2.45+0.18
HEL ab 0.88 1.05 1.06 AN
Mean = S. D.

> "Means within a row with different superscripts differ(P<0.05).
AlaR9  FAE IE Ay anzt Jelgr ggroy ARl gz v 3
A E AT 115% o FALAHE 3-14). AFH9 719 AA FAE & 3-14
ANA BE niel o] RT 12819 vl FE HYFE 150628 176%7 o FA
Aow, Axe= E AYF7F 08%7F o FAYUH

HE 3-14. 3|5 ME0| Algxiet &xl9 o T 2 UHAFZ ZJot0f o|x= I

Al 2 X| AR

=7 Nd(NO3)s =7 Nd(NO3)s
Al x . .
‘gfﬂé 12.81+4.31° 15.06+5.08° 37.98+16.81 38.29+13.25
(/=) , 1
T + + +0.03° 0.29+0.03"
(mm) 0.465+0.06 0.455+0.06 0.26+0.03 290.

Mean = S. D.

2 PMeans within a row with different superscripts differ(P<0.05).
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AlgAe 4% 29 2P 3-8)2 dixz77 B 783ppmedH HlE AE A
T 574ppmO ® 267%9 AAE ZsEAUE dRen, AR AAd FFL AF
of vla] dFA Ekow, B A2 107%7}F ol

Jo] IARE FA YA E-¥(monocrotophos)E AX 3 T HF AFHL =
ZTE BT 8984ppmolglon, IE HaTE 8243ppmlZ 82%9 ¥
F HFAEH YA IE 3-9).

19 o2
(R

A A 2 (ppm)

% 3-8. lE Aot AlZx9 4=xlof BMY o ojxl= HE

=3 "o

Monocrotophos B2
(ppm)

HET Nd(NO3)3 &l 7

38 3-9. Nd(NO3)3 Al 8ol MF 9 52kmonocrotophos) ZHF2fol olx[= sk
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¥ 3-15. 3£ A E0| Algxet 4xl9 55 gzt ojx= &

g M s La Ce Pr Nd
X4z 0.44 0.00 0.00 5.81
Al x|
3 & 0.79 0.40 0.85 7.20
FXa 3.69 5.97 3.80 33.71
Abx|
3 & 427 462 2.69 2528

AlgAel AEA Wl JEFHFS(F 3-15 3E AR La, Ce, Pr, Nd EF 44
71t oy BAE Lag AT UHx] 9259 FFo) 238 A FAEA
oSS ¥FS B 3-1600A4 He uiet o] AFA HA EF FAY FJE 4
g Tas FFd F Aol Holx ggton I3 mFelqit wEtA E A&
2 A3 FFS LFGEAE 98 Ao woHY

I 3-16. 3 E A|Z0| AlFx} &xlo ZF45 ol 0|x= JE

IS Helue Cr Ni Cu Zn Cd Hg Pb
X2l 3.19 3.03 233 121.72 0.00 0.53 0.00
AlF x|
3 E 4862 464 3.36 115.78 0.16 0.04 0.00

Fxiz 3234 17.21 4.10 75.80 0.45 0.26 343

3 E 7510 52.14 471 78.84 0.50 0.26 2.39

% FURES] AR TUN ol $7R ANAA T NG vl A, A=
AN 4B AFH A= HI1PLE TR FAVRFL 2E0T Aok
1139 HEE BAG 131289] 40 o158 Fotel BF LHEE 508%0l A
™2 F A9, W, X%, nFdAY BHEIs AR $reann Aesdn
wa 3% Bu4 SYFRAAAS APl AU 5, 2000 HELLS AF§oT
= 209%, 3= 229%9 FHRFF ZAAaHA7 UG dFgen, FF UEn
drd7de) nud ety FuAeE colt 70% WAEE 133~403% Fokz
TR EES S T

4g 79 AFFGS I3 vFoelr] @R FHFH

el seoldE oW /|BEY Aoz 4AsA = ﬂlUM
]

R
Ir

ol

B
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A7 A = BAAel7] WEe] Foz oo W@ FAL G FHY Ao d
gan add HE Age] @ 5o Bge 22 TR Y= FE, AEA7),
Sgod A1FRB S e Aol 9 AEA Loz ol A 17 FUE 8
W Bgol £PHolok T Zolh ¥ AYL Tl AES A% 3Y FHE YN
o sbsAel god, Bt BHd 4¥e @ ARAF L HAA4 AEA &7
CEL

4.3 8

S| E Aol AlgAe AX e AFHY FH nXe FE ZAEY] dstd AR

AIFA FAT 24 HdIe2dA F7HEF AMAEE At en, S E A&
o3 4% ZAET FUISGE ¥, 4352 F, AAdAL: FAHE, sIARF 2
BAFE 59 AojE AR JEXNIYRZ AFAE G54 Tl 133% F7HHA
o, AXe 26% F/HEHAG. 2D AA FAe AFAT dzTFol ¥l 227%
FHEA 2 (p<0.05), & FAE FALIHL, 2AE F 1% FFEA/T AT
(p<0.05). S E AME A9} 4x F3] 2oy, 2%, 24F §FE 50 7
A9 ¥, 23R FI1E F9E FUHEHUAT 282 AFXY] AAHAL FFS
h2T9 1.254ppmeo] HlF A EXNHTE 9%66ppmoZE 23.0% A4AEFH7F Ao,
ZANNE 199%9 ZstEARE 4& 5 A FJEAHE AR 9 imidacloprid &
Fes A FANAEU 53] AES 33 AFA 324%9] ZaEA AU FEH
e AFAd AR 454 FFS w9 YAFE FUAALH, ALHEL R ¥
FRFE ARAA A AR A g AYS 2o FUCH

5. 8 R A&Ago] WF9 AF3 AL FF9 VA= 9F

287 34 FAE AL 202 S Fdol AYHE BFolv EE FWo| 2
A3t volth o 913 g oA = E’th} A3 FAHL Yo, oot AF
A8 ohP FHol} FUBANME ABF Ad FAE ANS A 73
A7 =5z Qo

JEE 7154 2A N2AZ F29 FYAL AR ALY 45 F, P9
Bae PP Bt gAgdEdz A on, $AEY FAL FYAJIx
W34 L NBRARE VAL Y Ae2 vI Hun Yok 53 JEE ZE Y
Fo ZBHAA QA AZTH YA BAS Qe FEAFRIR ANY P 23}
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e Ao BI P31 YEd, FF NER JedTL FWAT oJsW 7.0~
403%9 A¥A A2EA} YOI Ao, £F 194 FARAANME ES
AHETORA Wt 2095, REE 220%e] FHRFF FHEdst AT L
8 b e}

2y FUelNE F4A FA7IEABNN 2E F3e NAE HE JPgo o
& FRHA A Pol AN ¥} AE Woln B

& FHsag ek
B AR 2 g

1) FAFE AR 48 A A5 &4 7hdgtZ e oA 20023 99 4
ol BFste] §H % vlF(Brassica campestris subsp. Makino, A17}gh)& 9
4 279 FYskd o433 A 2xhdE AgL JhutEE g 20033 2
1999 FF S WS (=F BulF) SHEE 39 1299 T4 o3y

2) AW 1AAES 233 F3] vermiculite$} perliteE WhiHY H L HJEE
220 x 20cm?! potell AFH AY pot F 178 Ao, HeF 4%
5, 28T XPoR wiAste e B4 AAdd2ddA AulsAd
F¥A2 Lincolnd & ¥ FASGoH, A2FLE REFENH0), BEFE+
HE3TE9 1/4%F HAMN+D), REFE+RETEY 12F H7IN+2)9 A
TLE 39 15Y AR dAFE AFIIY. & EG FEIJHE
FFEA F 159 FFHoRE BFa FATh v4L ARE A AL
H3 ¥ FYXE(midacloprid, #]A)E A2 AP wat 330 dx L3
4t JAEFT WE3D JEITL) 1,000 Y-S 330 Z2x AL EdA |
AdE Ao e 20023 12€ 1190, 23d & 20033 59 129 &
s+t

3 AEY oy ¥ : A%UTL 5
sl Aol AEE HES oFEH YEE BAD
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E 3-17. 3NNz IFETH%)

Al E E Nd La Ce Pr Sm Y Z 5| E3tE
S E 1.67 2.66 3.60 1.29 0.16 0.36 9.73
HERIE 2.87 13.09 6.83 . 2.60 063 0.35 26.37
# 3-18. sl 2| 3% g2Hppm)
AR Y Cu Zn Cd Pb Cr Ni Hg
=S E 04 419 2.1 71 111 156 ND
AT E 13.0 82.3 34 26.9 6.7 24 ND
4) 424 AF : X% 1g& 80% ethyl alcohol 20mlE FZ 3l 80% acetoned

5)

6)

7Het €98 UV Visible Spectrophotometer(Pharmacia Biotech, England)®
663 2 645nmolA  ZZt  chlorophyll-a®t bE A A(E714W, 1975)
Bruinsma (1961) ¥ o2 AAstA ).

ALY AL : Paul 2 Carlson(1968) Wi e +A3to] A=, 65TAA
A% 40mesh Z7]9] A& 500mgel ©]&4 100mlE H7lsted 187 &3 &
oS 84 4g8 Po] F EFst AFAAT AF#H 25mlel Nitraver 5
Nitrate Reagent Power Pillow 17/E ¥ 3 &4 F4& 22 F A3 1&1
E£59] NeoMet Ion Meter(Multi-Analyzer, Istek Inc.)®] nitrate electrode®
mV7IE &3 % & semi-logarithmic graphZ ©]&3le Fdeid A FF S

A&
T4 FFF  ZYUX(imidacloprid) F3AE AFY AL AHGMo) o)

2000802 3A3te E HHF 3UA ZA FXAT FF IFFL =
Y e FARYY AR LA 2499 A
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o 4% 2 a3
Di1ARdE 29

E 3-199A BE AL RS ST E do] HolAl= ZAFolA=
dl, N+OFol 88l N+1oJv N+2x g9 wjd <o Z3 Zojrt ¢ Zojxd. 1
g3 o] FAE A2AHF F7E I3 bR o AEsEd e dAJ
FEoz FEIAE LU FEE 339 AA FuANE AR RE AL A
T SlE ANgoz do FrA, F Ho] BFs ¥ F/EA. 2 E
717 AFE AaFFod JEAHD R wa N+ TFYde o7t UdeyA
&gttt

ik 5(2000)2 33 ALz wild rye, sudangrass, %3 (Leymuschinesis
Tzvel)o|l A EE BF AE3 A xFo] Z7+ 191, 125, 93% F7H3IAoH,
3 A}%29) sainfoin, milk vetch, alfalfar® Z#o] 195, 169, 6.4%7F 2tz 57}
HA3 AR 3594900 Busdn H 5(1988) datw w3 AEES
23] A¥sta] Aol 09~38cm F7tsln ¥7] Fo] 14~46ecm F7HEEoH,
X717 A7 05~10 AE7E F7hste] F3(eF 2008) 750~1,000kgo] SAHE
Rz ek 28y 2 AdeME 4ude e ey 29 9 &
o|7F Vet A skt

)=

1% Qo

E 3-19. £ BAAZO HIF o] Yo oK A

(=2

N N+0" N+1" N+2"
b dxz® s ozy s  dz7 s
o Z=r(mm)  0.80% 0.88% 0.77° 0.83% 087 0.97°
2 Zof(cm) 8.8° 9.6 9.42° 10.4° 10.3* 11.0°
2 E(cm) 47° 50 49% 53° 5.1% 57
o /27| 10.3° 11.0° 11.6° 116 12.0° 11.8°

¥"°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

HEo] JES AUALT A% SAHA fA4L ARHA ¥gou RE AT
AN A2 FFol FAYT. Ah AMSE BE 9F G52 FFS N-2A e
FeIA b B4 dehid,

5 5(1988)0] ¥ AL AR JAA AR YEES ALHW 42

U.?‘_ﬁ

Eild
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A3 AnHRAD sHYded dFe 251, 9T 58 H 30, W3} 134, ALIL
30.0%7t ST st o, f# S(19)%E IES dFY FFAEFL Bk BE
ol gE49 dd FA4E vy B b doh & Bad ostd da
HlE A& Fo] SHEFE AFL FFo) FUtee AT, 1998 olF, 1999 ¥F,
200D)012k 2 ey B AFAFANME A2AETEA e 4B e RS
QA FotAr] Wil e o] FEo Fd 2ol a7HUH

E 320 35 ¥ BAAGO| viFo HEL Mol olME Y

(=2

N+Q" N+" N+2"
EE s E o] e e sle

5.446° 5.464° 4.134° 4.152° 5.182%° 5515

HYE{/Lab HlE  1.024 1.032 1.020 1.035 1.013 1.026

#"°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

Bol BBl Fo8 4UL = GSL-a YFE ZE AYTAH HE A
$o2 1 FFol FAUYLH(TA 3-10), AZL2-bol & ASL-adl HE@DE
gEAAZ F7HIUTh ® SQO0E HEANSOE 4Sh-a FFo FrEeH
ASa-ad FRBESL wobd BYATol Fael ANIYRT “FFAIAN
HEgE olgdE Aol WA u g

3.0 ]
@A Control EIRE 2

2.5

2.0

1.5

1.0

0.5

Chlorophyll-a content(z/m!

0.0

N+0 N+1 N+2

Nitrogen level applied

38 3-10. Nd(NO3)3 & LA 80| HS4-a etdtof oiX= I
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®3-219] 9&td FA NuFEL FES4R AASFFo) Fa A Frhtgen,
2 $3o AN AENIYE o 2~14%9) FHZ7IE JHA ST A7)

2oy BAEEF ozt Wi HYoyg Ao A AFFNE Wt A
Aog ARA Fagh WM JE APades SUozE o= AE FAT F
Aoy HEAI ZotA A2 FAA 4ol YA ol AF EAAH
84Le 4T FESFIFANE A25Fo Z/E4E2 AEF T FsA 7t
stgom SENIZ ARFFo] 65% 7t 25EHYoY AAFBH vlAANE F
e A=A gyt

FRAN FAZ AR 9 HE 8o I FQ200D FFTB o
AEE ZFEY AR} RYAE AAEH AE2F S F/NA ALFFEF} 247
2L 10~25%, FAF 20~40%, AAFE 20~40% ZAHUTL FPed 2 A
AME g 2L AAS AT F Utk T R OJ00)E FF 3E4 FEHE
4 AEFSATE AL AN wFd HEES 7|H} gUEAHE & F3 80% F
FHon FoRFFo A BAHYTL &aAch

Eol3 P E3-2004 RE usl o] JEAGoz Q3 A
H}3Ed oA HEALOZ TIFEY F57 EAHY
Baso] NEALo] FAE FAN AFY FA FL IFL UF F AL RS
2 Ass Y.

i ¥ ox ol

e

=+ JE = 5 & 8 E e

A= ¢ c b b a a
Q=N 1.8 134 16.1 16.4 19.0 205
HES c b a a
QZ7) 1.10 1.147° 1.38 147° 163 169
AE % 116 12.0 115 117 9.9 103

#"°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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234 238

250
OControl ERE 218
E 200 |
L
§ 150 | 142
[ § 106 102
@ 100 |
o
2 w0
O L i
N+0 N+1 N+2
Level of nitrogen applied

-

3% 3-11. Nd(NO3)3 & HLAI 0] vfFo MRS o] o|x= S8

R % (200000 QEhd FEANYE FAA: Fdi29 FAHAEE Eo FrlHELE
ofpl it @il AR AMAZIORA AZAY AL FFHS F2ATIH obv =
At FAL FFo] FUlste Aol EXEY ST 2 APAAE 1H3
A B ukeh ol AaAd| o] WolAFE wFo AideAL FFo]l TR
3| AN&&HE FA YEsTh N+ 07 N+1FME SEAEZ JAdgd s ga
&o] Zt7t 383 6.8%°lU 2t N+2A g Fel A& 403%2 A ZAastAh

AAA L gAF S. epidermides 5 Aol o3 ofAAEoR FUH L o] of
ADE AE T £ JE olF 9 #8359 N-nitrosamineol&te ZE g ¢
o] AQETL B Ho] Qv HAF Ao e & AW, Hop 71¥,
AR S E ot Ruk Qv AAge Mg & AHALL Aoy 149
H 2 AE Seivet 399 Afa JAFES AA 191y waps A9 JAZFE
FAO/WHOS dYdA3H3&%(ADDY 18~34y %233 390~ 742mgol™, A&
59 ddASE AATF 50~10mgHE G Zel7b ATHE, 2000). ol FA Ay
ojyf FAEY AL AA At UE AAEHAS FAE NANOs)sE o= A=
AT = de 7t E & AEES T €9 & Y}

oX X

2) 24dx 49

o A e AZAAE AU A 22dE HF st & 3-22¢14
Heukeh 2ol JEANHE wiF do FAZ FodA FAAHNTHP<.05). A2n %
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JElsEe Fokgd wel 9 A g Frkste Ageldod
freode Atk wE = L47ww+aw5«wéﬂﬂ% aH g A
U ofode deuR gtk wME % 3 PAE §E8+3
27 s FAZ F8A(p<005) FheAT 1AdE 9
AYAAE HENNE WFe $FE FAA7IEd IHHY o
~

¥ 3-22. 3E 3 A2AZo| vlF YTl njx= HE.

X 2|+
N+0 N+1 N+2"

Tok
tm

==

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

% ZH(cm) 34.0+3.03 34.5+2.32 34.8+2.71 36.2+2.45
=7] £3(cm) 30.0+6.24 33.1+5.80 332+305 37.2+422
HHE (/E7])  3109+121° 336.4+89%° 3556+101% 431.2+106

a"%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

F 3-23°] 9J3td JE AuZ wiF o dE4 FFo) tlxF ws A FUHEt
Ao 2 A AHFEE 7|FeR JFE AYd J8 422 F/MEHE vaEa
HEzTFS F HE52TF 6256 w/mol ¥l3] S E AZTE 9570 pg/mE o 53%<
2L F7F 7 JdEgT WlF FAEdHAE1EE) JE A AT 424
7 A3t mivstg o wiFrt A AR 2AdxdE B At ZA FUT
HAH

TEPN e HalT
_ =7
B (ue/m) N+0 N+1 N+2"

AE=A-g 2.997° 5.432% 4.489° 4769°
& dE24 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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Imidacloprid content(ppr

Control Rare earth
Treatment

33 3-12. Nd(NO3)3 Al 80| HiF=2o| & °Kimidacloprid) ZtfF2Holl ol X|= S &

FY X (imidacloprid) & 2§ wjdo] JEE 33 AP 2F FALY T 5% 35
Z(imidacloprid)< 0.283ppm<ld vl I E AFHFE 0.134 ppmo 2 52.7% 9 FF=
T A2EH7 e

ARFE FY TF AFF FAE A9 Aoy AE AFHHA #Ho] V] WF
o ¢ Fog FEAlolt. g7y Syt W9 10T AL HAFFS AA ALY
2 ¥dF5Y JteAdL A& gt 2dd B AR AxrFTY Y AFFS

F2AL + dne AL e 1T dolF & + Uk

3.8 2

A252¢ gYdtel 95 ASEHE Was9ste g3 4RF WF FEE
FELLAM pot Aol Aol HAF £, 5L R AVHAL FFL 2ASH
ged 2e A%E AU

D) Az Aol 2B Qo] ARon, JE APz Qe F, o] % T
b RE F/Io0 BANA fU4e N+1dE FlA T AFHA,

2) AZAMHFE] F/HEFE AAY AEFF FAFA FUENLH
(p<0.05), & Atgoz A 2 AEFF| &4 2~12, 4~65% TTHU
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3 JE AFPe wiFde AL S F/HAHT

AaFzAdA JE A2 ASa¢Fe] FAHYLH, A& A §FF
JE Ag) AT G52 Frheol Bk

5) Ak AMFZEo] ¥LFE a2 e AAHAL FFo| FHYoY, AE 9
HAXE O o] A AR N2xg Tl E oF 40%7F ZFAFH A

6) AE AEE HE A d5H 2 FE32TFES A HE BFE
F3sa, 53 AEAWN AdHAx Fadst F3Ee 3 FAEAULS

7) A& 33 Al4o2 ¥Kimidacloprid) TFHE 52.7% #AAZL £ YA
6. MIFYA: & du] AEs FLEvIEY F3F3 FA v JIF
b T

AgrEe F3F AR GFAMg T Fa FAAFA AP FYo] FHE] o
B EntEe ok vl Frbsta glov Awiried dFEe] uEeE nEZ
EvtE9 Aol o dAolth wekA FHo| F3aEA FFH dAAH] ®L
HZEES AAES st SARE FAANR FEL FUstoiol & A
o)t}

JEE A2 4F3e 28T 4YBAL ¥ £33 FAAY st 99D
Aoz %axﬂ Atk 55 A2AT HEd AT 2B 3Y 50T WA AT
E Agoz }3 29 ddsg 23 FAG # 9o

5 WA FUe TE ANAAL 2 FHARIE GEAD 4 AL
AFAAE BRI HES B A4 AHgstel Fouk AW oM A

HEf s A2 ARHD A gl B wAA A 2D AAA

A S YES UFA2e] NES /S AuF WS FLErkE GUA

$ozd WEEMES 4% 84, 4% B FAd UAT 99T B4R L 2
g +9390
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. As 2 gy

1) IAREY #F 2 AYAA : A5 5T 24 7hd T TS
UEENE(var, ZAYE) RES AA3Ygy 4d24% A8 AFA 34 %
37F 1149 A AA 8ldsts2 A 20043 49 6do) AAMIGY FF
3b5cm, §F S0cm (Ao = T Bulg A

2)

3)

4
=S
1

 RRYE YT, WFLs
dF2 TR AYY 4%E, WuY |

2F¥ Gy oz WX 3tH )

A R 58 0 A5 2247 AFA 24T AAE T3 sHad L
E AHag % S/ AAALG S dA ”“‘fﬂi 2 uFes AEAE 1
3 AEE 1,300W & 49 69 FEAEXIAL, 239 33 1,000 4S 4
g 2143 549 109 4z dHEEEA §—°— EYY ”‘t’”F/HE “Zs}
WA BFsg e, 13 +82 20049 6€ 1499, 23k 82 69 28U 3t
Sk

Hxo o3ty AR : EYtE FABYIEAT

sgon, Agel A48 dE3Ee ossty YEL e 2o
H 324 AR3SE2 35 EEEH%)
Nd La Ce Pr Sm Y & 3 EE
287 13.09 6.83 260 0.63 0.35 26.37
¥ 325 dzs g9 E32% 82 ppm)
Cu Zn Cd Pb Cr Ni Hg
13.0 82.3 34 26.9 6.7 2.4 ND

4) v ZFe2: AEAQU(A4F) 133 H P ¢

gn FdHgr)|EdAT
Y AOAC(1995) o] Eem, B
A 2+E 3 % Al (Automic Absorption Spectrophotometer)® 23} th.

A FGEALANN BT

71 &
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& 3-26. M4Z5 0|22 5| =oHuje o|siEt MY

FHE Tl ME
LM 2 £A2A
NE TSe Toe ~ ) = =] =l A cg
rek(%) 0.37 0.05 =5 =5 0.04 0.005 000005 =4

= ZAL Hand Refractometer
3} 27l ST Digimatic

A3F . FE=+ Fudoh Rheo
q

5 943 &719 74, 4Y 9 € B
(Atago N-le, Japan)E Alg3lgon,
Caliper(Mitutoyo, Japan)E ©]|&3}4
Meter(Rheotech, Japan)Z Ab&3to] 34

o
o

H

i
e
o

_o'i:

38

o

[e)

o. 8 A

1) A5d 2324 A3

£ 3-27. WEEOIES MTSN(HESH AY2H)
N = L BE Mista  H2spe 57| _ 9
& Zt20l(ecm)  =0l(cm) £=0l(cm) 2 Z(cm) S Al (mm)
Fxz 5.05" 185 53.8 5.79 0.412
Hats ez 421° 176 446 586 0.453
e 47 18.1 504 6.24 0458

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

EANgoz P FAols}t FolREd AT FF HFRZelE 505emEl
] E93dE HgTE 42lem, 7284 FEWRE HYPFTE 478cmE BLIE F
2l 7ol Azkdolzt 7b¢ skt Alshitel FolE BUHE AT nFe s JE
dv] e 77t 42 176, 181ecm2 FA T 185cmel WlE 25 2sir A28
o FoldAx Ashs 2& AP BT vFLA SEAN M2 F77}
78% FOIAL Yol 11.2% FAYREH AA Holrt A7 WEol HaTH BAH

QA F4e APHA Bt
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¥ 3-28. WE2Enlgo £z (MEO As=2M)

X1zt |25}t Z oty
xH 2 =i
T & FAHQE Fg€rsr F A (g/plant)
22Xz 8.1 68.7 78 497 1,035
2dsl e X 10.4 82.0 8.7 52.7 1,162
] I 2O A
3 E"-‘.‘ B 10.8 884 9.8 593 1,254

A1 AM2shgel 3y AEARZ AA Frtetden Ad FEFE AA F
7hatdek. A1z #I}Y FAE vFEed: JENH HFrt FAYHFA H
287%7} ZFHRow, A2z E 193%7F FFHALG. AEAT F AL FIFS
E2IE HIAFAME 123%7F FFAJeH, HFeL FEAH AIPFAdME
21.2%7F FFEA.

¥ 3-29. WEEOE FZER(MEM AH24)

X g 12H5(g/7H) &= (Brix, %) E Z(g/em?)
22| 9.32 6.6~ 507.2°
Hasle X2 10.68 78 647.4°
e 9.89 7.0° 599.9%

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

FeESES] AT BF PAQHPE TAL] v rges AEAE A7
146% © TANTY. BEE PUIE AeTel RYe] BT vls) 182% P45
ged, MEas HEM AaTe 76%e FREAF ATk H&Y A=E JE
Az 2A F/HIRQEAE<00D), 53 PRAE AP Fjol o dRHA
HEAez WF A0Pelst AAHoE FohABA 3R Folst Roppen, &
A7 AN Qo FANAG. T A4 AEAYE Bohdn $FE S/
dod, duje wEsh AEr FrHYT MRes FEAH Aot 2LIE A
of Hlsl F71% dol B FAAMOH, FFE o 8%7F S5
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¥ 3-30. W2E0lEo] YESH(HFA 5MF)
N 8 . HT A 15 A 25}t =7 _ o
Mztzollem)  #0i{cm) %0l (cm) Z Z{cm) 57 (mm)
32 5.59 177 49.4 11.3” 0.45
s 522 5.3 465 11.8% 050
e 5.37 16.1 48.4 125° 048

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

AFA ZAE AA 392 U TR Auls FLEVEY AEE T A7
B ABZol7b Folx oo, A1sh A A2 RA e wo|7t RotA. 2 AR
0 AgeddAe st R vigas JENH] HYR &E7)9 Ao AAR ¥
o] FAAATH

H 13} A ostat = 11
A 2 - - 2t
Sga4 & RAQ  $EDF E 2@ (g/plant
=B ol] 12.1% 135.6° 17.9° 198.9° 1,271
Bos g xa 14.22 152.6° 18.4° 231.17 1,462
Dl%k-?l-i a a a a
5 = o] 15.0 164.2 20.8 2446 1,514

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

mFes SENH Aot PEErEY £344E 5PL FIFE A RobHch
Alshgel Fqase vFas SEAH ALst T v 24%7t FHAT
FEHE F 21%7F FEHAG. A2FPANE vRAAZ vFex HEAY] Ay
otu] X2 o 15}1»\1 S8R5 £3¢ A FAAATHO0D. AEAT F &
Fo Qe mFes HEANE BAT us 15% £F 37 QKen, 0F
ax SENH AT E o 19%9 £F F7He AL ¢ AT

r~11:
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LS

¥ 3-32. WEEsnlge ZH(HFA SHE)

b -1 124=(g/7H) 2= (Brix, %) A =(g/emd)

2xe| 9.66 554" 803°
2oz e X2 11.39 6.07° 939%

ojZ L

e 1024 5.80° 934°

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

HeEEY J7d HIAFAQGFT)= FAs 966g WH BEZIE ATe
11.39ge 2 < 18%7F ¥ FAND JEAZ ErfEY B3R/t FrtERen, #d
9 AEE F98A(p<0.0D F7/HHEQEE, viFes JEMH Ao} RUIJE F
277k AR fote fAATh

SAFAAN AT EviEE AR Auid A uvls] Aot A1 F717
T ou) 7i7ke] o #Fow, dE o FAYY 3} IHFAAM A EviES] 4+
7k ABdieA Auidk A nlE o gfen, F Hd £FE F o8 ojdel ¢
gt M3 3Y FA0HR)H A=E TAFAA A Aol © oY dEE
Aol A Aol 9 =R o) T Aol TAHFTY Ede] MEW P4
Eoo) v pH7l £x o ¥ &3] oy, Auj@ e Zold = 7| Aoz
AtaEth Bosged vEes Egug Az FSECEY JEAFolY A
AR w3 dE VElA @ggton 2% ZFE el AT Aoz BEHY
1=

%4 e

THs e vFasr JEAY] Ago] wEErIESY AFF £F, FIFHA 1A
T 9Fe AR st dAgdstn Ageds AFA 34F A EAAA A
w3ted ARG $8 Ade g 2o

1) A5dsa 4924 AuiNE dgaf

O WEEWEY AKEA : vFasr JEMH ANgoz HF A7t dobxl
on, AlshEA T AM2EWAH o Folx dolAh EF EviE 79 FUIE #

| 3t Ag FAA At

O WeEuES Fu : vFesr FJEMH| Agoz FHIYFI FIIFHJOH,

F HY9 FFE 212%7 FFEAAL

- 125 -



O WEEnEY F4 : vFas JEMH NE2 WEVEY 1HF FAS
146% F7HAZoH, BEE 76% FFHAT. #5Y Axx A F7HHATH
O T 12 vFex FEAHE 2715 &4 sdM £719 4L EEF 319
g 9 FAE FVHHLEAN FFE AA AL 2P S =F 4

EASdE A8 IHE FA I

2) AFA AT AMANE A8 %

DAY AP AuAsge npAstA 2 vl Fes

O WeETES 45X
e EvEY BF Aot @ohon, 271 FoAm

S EdH Ago=
%ol FAY At
O HegEnES +3F : vxas I ENY Age #3345
°F 19%7F FF=H A

O UEEnES FA : uFs s JERE ANgoz WHeEnEY FAV F7H
3 FES #K9 Fxrt A F4EHAG

O T & : sAFANA Aujg EviEsL AEddA At Zel Hl3 A EA
7bE R FH} g, £F To] 455 guh. #de dEE dE5Y 4F24
A A Aol o E:oh

O 4E :uges SENH Agoz weEvES] AL #A sHA Z7]9
82 FA s AHo] o FAstAR o, U AN FFE AA AdI
o =3 HYe i AEE QoA FLEuES FAS AA FAAAT
< 294E MR st

=
r\s

i

a4 sem £3E

7. AEFt AdALe 4334 £A $A WAL 9B
. AE

A FTIANE 120959 TFAE, 5, 42 AE7} oJE4HT oH, 204F]
ZbEALE S AREH I . T AAd B BEH F AHE WA oF 4600%
haol &3tH, oF 80009 3EVI A5 ihx Foh(sR, 2003). S-FAyEdAe
T9(2004) F 80ES] HEFF FHE AHEE dAH, JtEE ARAVMAEE
°F 209 Eo] AHEE ALo=E AAsta gl

AEE 7t us e BHBEFEo) glof AdgAe P Fo, LS
£4e A dd: AHTGR F, 2000). AR JES FrisE H{§ES ol &
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717k v Aol st wAbgo] ZaEm d"FAF] 10~20% FEHAAGL &
FHGE 5, 2000). EF KGN AFH ARFo] FrHI g FHo] A
SRk sHth &9 Dol oM AEFHRE FAVL wAAm FHo] AAHN
o A& o] 5~10% Skl B3

webd FFALRC EE Hrtetan, £ EE VLSS A saaRsE
ALEAR Az FF ARdad FAFezA g0 A =A FZ WA
© %S 2AE] At 2 A8 FYsiAnh

Y. As 2wy
D FAE € AEFAE
A Fo] 125kg WL X 4/M€3Q AAWEL: F3 S MY 5574 1A=
Z 2055 FANEGT A¥ e 20033 119 18YEE 20043 2¥ 16¥971A
90U AU REEAA HAE Y

2) TAAE R AR

FFARE AFAA #usii e FEAE BAS RE FAFA F498
Ach, 2AIRE FAYTY JEFE ZAF 483 AdxE 319 WEE FAE
Rqom, AR T RE-AHL A F97& Z293% AdgAE 111 ASH R =
A3 gt RE-AHLEAE ARty AFdE3d 2003d 59 54 AFat] A
£712F Tl S E 1,000 4& 33 dWA Few, 84 2144 st EN
X ArDRAAM AxF AGFA otk APHFL AYTER LIAANES AT,
ANE AR 1083 A gAE F871E FAHh 2ARRE 1Y 23] ARF9 8
Fow, FFARE 24 OAY o2F 4N A AT 2%ES FAHIL, VAP

2L AFFs stk

3 A% L ARHAY 274

ABAANG FEA AFE AR F9 A FHAT. ABAATS ARF
AL 4] FAW T Ugd A AR Fo) Aol BFL Y FeiF
N AFS AT A ARAATOR gt

H =A% 52 A4

EAFAE A9 FE F 4 AYEE 45499 ANYE
g EHe] FCAM AUNT YN F BT
A4 TAE SRAY. §2L AYTY 354 MRz AR
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ol A |HFsted pH, 71873, A G (Warner-Bratzler shear meter, G-R Elec.
Mfg. Co. USA), 2 #54A 5 ZAEH

9. 2%

"a

aF

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

Item Control RE Silage RE-silage
Initial weight(kg) 12.60+1.85 12.58+2.61 12.41+1.62 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 471203 4.18+1.59
ADG(g/day) 55.28+16.84  62.46+21.94  52.28+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 11.3 97 10.6 1.7

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

Aol 125KG W AHdxrd sE<} dEXY AldYAE F4¢ 27 A7)
T F FAFE JEF M o, AldYA FdFE ¥e AR AFE
FAage vla] 238 ¥t dF FAF YAME vbRIkA AA7E e
g JET= FAEF v F 13%7 o AR 28y AHdERA FAFE
Y AR AFHFo] FAAF uld 7262 ¢ HA #ew, RE-AHE A §49
T Bdgolvt HA AATorA dFFTAF] IA WA 1g FAFT AERLTFHLS
T34 8T 11.3gel B8 A EFTE 97g0 2 IJET AlgE Lol AA EUTH

2

i e & 2
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Table 3-34. Effect of feeding rare earth on carcass characteristics of Korean

native goat.

Item Controf RE
Slaughter weight(kg) 5.07+0.41 16.55+3.04
Cold weight(kg) 6.06x0.37 6.67+1.32
Dressing percentage(%) 40.0+1.84 40.3+2.15
Meat weight(kg) 428+0.32 4.75+0.90
Meat percentage(%) 71.0£3.16 712338
Bone percentage 23.9+1.92 23.7+1.86
Fat percentage(%) 4.8+2.31 6.7+3.79

YEAF, =AS 2 AS5F2 JEFAT7 T wdoud FAFA FAEE U
o WoXE Azt Aeol7h gien, AMEL W27 48%° Wl JETE
6.7%2 JEANIZ AWdFe] FrstA

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+0.23 571+0.16

=Ho 293 JPLe AGFL JE FAF gixTo v Bgon, EREE
HETI 3 g B4R S EFIL o wgken, gEAT dRd JoME
JETI o ggpo] EANA foHe AAHA &kt v pHE A7zt
H2d 278 2o FUh metd AEAIYZ g3 FHaAHE 2 AFdAE A
& 4 gk
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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

JEAYZ AAGLY FEFFo) G FAHYeH, AFFFE TR 2
Pt 2uuas 22T Aol7t YUrh

A 43 AYAA 4: AFFE JE H34A AL

1L N32Y

7t FAEAE A5, A5 4 544, Italian ryegrass
D A3 ZAn 43F(Fl, $9FH)
2) 5§ S5 F9193(FEPE A, Fi, 20014
3) Italian ryegrass : EIAE (9=, 200134H)

. 34 JE
D) 9d3E
- £% 9999%9 RE ChLE 939 1000ppme] ¥=2 343 o A
- A8 ¥4 : La(Lanthanum), Pr(Praseodymium), Nd(Neodymium), Ce(Cerium),
Y (Yttrium)
2) EA3E
- E¥AHEE : La, Pr, NG, Ce, Y, 718t "] ZFY2(Cu, Mn, Mo, Zn, Fe), T4
(BEA), A, AFSIAREREME) 5
- & ¥ 89I%E XA FEEE A} A&
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o, EA Fo
- Mancozeb F3tAICFEE © o]l dlgs)

2. Alg A
1) 5789 4&(La, Ce, Pr, Nd, Y) € tiu]+
2) 57hA 8 (478 RE Cl; 3714%: 10, 30, 50, 100ppm 2 FX =), MF 6HHE

L S R
1) i]&;‘qa]
- A3 A, AR S 2454 0 4N
- Z A2 FEHE HAF ¥ 9%

2) 3E @A A
- AF A 109F 13, ASEY), ASFTIN(FF AA 10€A)
- 55 L FHY], BEFY], (A7
- Italian ryegrass : #27], €47 AA
3 FAFH
- gl AW dE Yedta E
- FEHY gAY FEE FEHY
ElE 1.1~1.2dS/m= &
To2 FA Y

ZA(ddad) - pH 58~6.2
7156971 7kA)) 0.9~1.0dS/m, FE7] o|FH
I, eE#FHE F 20T, oz 15T E 7]

EGAAL 59 5EAFH EFEAM 71E0 wel N-P-Kel W3
25-17-1624 N9 1/3& 7|8]|2A 1z FH(ASF7DHEA 1/3, 2
2k FU(EA7] A A) 1/32 A AT

- Italian ryegrass : $454% & wio g »EAEH EFAH 7|Fd o

N-P-Keo| o3 20-15-1524 N9 1/3& 7juj2A 124 F

(A7), 29 159)2A 1/3, 23 Ful(&47] A A, 39

159) 1/38 EAlst9d

- £%4 : Mancozeb(3E3: ol Al d45)F 3 A& 40ml/20L +F o2 23] A
F 0 SFed 2L g% AxUyier 33 AT

- Italian ryegrass : Aul% 7t #YPA FFAIYE 1A Fornz B AYHAgME
TIAYE A3 A
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Table 4-1. &I 24 S| EX2 WY
< cds g >
AF ol BS54
RS 1 X} 2xt
CK - -
I -1 FS LalOppm
| -2 & La30ppm
I -3 IS La50ppm
I -4 P La100ppm
11-1 2B Ce10ppm
-2 2B Ce30ppm
11-3 B Ce50ppm
-4 FS Ce100ppm
-1 FSS Y10ppm
-2 s Y30ppm
Hi-3 2B Y50ppm
n-4 = Y 100ppm
iv-3 25 Pri0ppm
V-4 FI Pr30ppm
V-3 & Pr50ppm
V-4 P Pr100ppm
V-1 ES Nd10ppm
V-2 =5 Nd30ppm
V-4 IS Nd100ppm
<=8 E>
A& F S+ ¢ olgzjetelolasiA
e+ 1xt 2Xt 3xt 4xt Xel+ 1 Xt 2Xt 3&t
CK - - - - CK - - -
1 -1 i = 100ppm - - -1 EZAZ | 200ppm -
| -2 2 & | 200ppm - - -2 | E2A|& | 300ppm -
-1 Z & | 100ppm | 200ppm - -3 | E2AE | 500ppm -
-2 ES- 100ppm | 300ppm - 11-4 | E2AIE | 700ppm -
-3 i = 100ppm | 500ppm - -5 | E2AI& | 1,000ppm -
-4 i = 100ppm | 1,000ppm - -1 - 200ppm | 200ppm
-1 ES 100ppm | 200ppm | 300ppm -2 - 200ppm | 300ppm
-2 I 100ppm | 200ppm { 500ppm -3 - 200ppm | 500ppm
n-3 FS 100ppm | 200ppm {1,000ppm{ Iil—4 - 200ppm | 700ppm
-4 23 100ppm | 200ppm | 1,500ppm| -5 - 200ppm | 1,000ppm
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2. 208 2 3%

7h w2¥ %A E © A coordination product of Zinc and Manganese ethylene
bis dithiocarbamate
W) BAHAE  2-benzyl-1-pentafluorobenzyl-2-imidazoline
o BAYY  A%FTE & 9SS AFEY Medstn Y s
E.T.U standard(97.19%) solution®l] |3 HIFXE FAslz ET.U
o & 4 FEAY 34, AA 2 BN, e 59 33 E

3 AAsAen HEEAE 0.006ppm, H: HEFL 3pg o=

AR
2) A4 - ARUTE wdRsIIEd T2 9, fresh weight baseEZ 43t
Sk
o HEAY JEYLE: FEF
-S5eF R AFLE dE ddgE 2 ERIHE AP wE FHFFL AE
Hen FEFAF7Ied T4 A2ty AAFFRAY] Fom A

3. NAAAEe dA R x|

7t 2 F
AP GREA) WA FqAutA ez 2FFEFHTES At AR
detal At F2dd FAYMAE S AL, FEN FFd FEHI F

A v R) o A A 3 o <Fig. 4-1>%F %,
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£%3 1TON

2.5 m

Praseodymium  Neodymium Yitrium Cerium Lanthanum §3 (817}

A4

49m

80m
<Fig. 4-1> oA Rful CHel £ (M)

b4 ARE 545

ARe S44 ANAYE AT AYEE 28mTAm(ZIExA2)e] A0 57
H4&(La, Ce, Pr, Nd, Y) 2 5704247 RE Cl; d7+F: 10, 30, 50, 100ppm %
2AYL)TFE TR ARUIE s AALFo) <Fig. 4-2>% 2ol A3
A,

p— p— p— pR— p— P—
100 100 100 100 100 100 100 100! 100 100
o —— ——
50 S0 g S0 ) 50 50 S0 S0 50 S0
£
i b 9] [ 9] N
1 ™~
30 30 o) 30 30 30 30 30 30 30 30
<
e ¢ L2 9
10 10 f i 10 10 10 10 10 10 10
0.7 0.2 0.2 1.0
iLa) ce/ 82 (Py @
La/ Ce Y/ \ 3
218 m
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t}. Italian ryegrass
olgg¢tete] ngtA A Y S Yo HIX e AEYESw AR
8] &4 (12x4m)

A F7 $0.6mx0.8m(AAxEo]) A7)e FE HFstn 107 I+ F
Exg e 78 o <Fig. 4-3>3 o] Ax&Hd,

00000000000
00000000000
00000000000

-3 0-2 O0-1 1I1-5 -4 1-3 - -1 o8+

4.0m

120m

<Fig. 4-3> o|Etz|otzjol JatA MY xF ctHE

4. A4+3 2%

A0 03 gdAE 229 4R FE 74

BgINE A BEHE 1679 BUAxY) IRFAGFS 1 Y29 487
WEel F5 Feish H871%, A B3FE S gt B Holg B
ohoo] Bokl W@ AWsHL HHH 4FH AFE FTYIHoz we vFY
7o)t

oL

& ATAAE v AMEH THHE R ILIREFS FuA
FA4Y AFS aT7HE B FFHY ARAEL oz 44 AIFEs A4S
S48 FAs5 A Suol AA 23 NPE +AE 9 1 AAe dE T
o

2 ARAF A AR 23 2A E4E g BEAE UEd ot
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.4 =

7]') La Clg -9] i“—’qi:‘q‘

)

Table 4-2 2 Fig.4-49l4 B ule} o] HFZFA o] gt LaCly, IF =
g Al FFHE:FITTR)AME 27~29g(964%~1036%)° HAZA SE G 3
o]l AT 4 gyt 2o gleiXE 10ppm, 30ppm, 50ppm, 100ppm A &+
7b FAYF(ABF) - 7.3cmel w8 Z+zh 17.8%, 205%, 23.2%, 12.3% AXE A
Yel} 50ppm, 30ppm, 10ppm, 100ppm ¢ 2.2 FEXNT EFH7 YE RAOE UE
fra=g

Table 4-2. La CL,ol EFXMe|7t &5 dFol njxl= &

o 2
axsa H = 10ppm 30ppm 50ppm 100ppm | CK(chE|7)
ZZHem) 8.6(117.8) 8.8(120.5) 9.0(123.2) 8.2(112.3) 7.3(100.0)
=g 2.7(96.4) 2.9(103.6) 2.8(100.0) 2.8(100.0) 2.8(100.0)
« ()= thg|Foll it Zt Xal+te BU8(%)
LaClzel & & X 2]
120 l—‘
E110ppm E330ppm [150ppm M 100ppm ackK
100
80 |
5
o 80
"
40 [
20
& !
00 L !

XHald

<Fig. 4-4-1> La Cl; AFAM2|7t &4Fe =¥ oixj= 2
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LaClael & & X 2|

35 EA10ppm E30ppm [M50ppm B 100ppm ackK |
30
25
% 20
Kk
156
10
05
00 I
<Fig. 4-4-2> La Cl, A3 a7l &4F9 FFo o= &

A5 F GUIdE 94 e ade Table 4-3 2 Fig. 4-504 BE wpet 2
o] AFAEY B4 BE x%a]?ow Z o)zt YEhXE gote) vud FEv}
%<& S0ppm, 100ppmol & T2 T Bl&] 44, FBAF, dEF oA 23 BF
gtol z+zt 22.0%, 9.0% 2 14.4%, 18.0%<+ 12.6%, 12.6% # S71s d#4& & 5 A
Ak 23 AgAgel v 12 AFAEY AE ALEHA} o BA U olfe
A 7)ol QA 13 WE BmE ALr|goernz JE 9429 NG F AL

2 ne 59 Fo @ BN ARG FAeIA v EY Aoz FHAY

Table 4-3. La Cl,o HHAH|Z} &F s2to] njx= A

% 2l 10ppm 30ppm 50ppm 100ppm CK(cu] )

SHER | 1R 2 | BT 1| 2% | BF [ 1R 2% HE [1XH |2 BT | (& 2% HE

N . 426 50.4 45.0 413

o1 A & Z(g) 104.1172.|138.4(147.{161.| 154.4 |158.|179.{ 168.7 | 163.|184.| 174.0 | 116.|178.| 147.5
= SO 7 |938)] 3| 5 |(1047)] 2 | 2 {(1144)] 1 9 [(1180)] 9 | 1 |(100.0)

= = . 10.0 . . .
HUES()| 73 |124 (96.1) 88 (11.2 (97.1) 94 1137 (11256) 9.8 1133 (112.6) 7.3 (133 (100.0)

ChdE(g) 16913150 (44|31 | 38 |35(33| 34 |48[33] 41 (41,33 37

» ()= thejol tiE 2t Melzel SHE(%)
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G
8l |

LaClz2l

o

o 5k

OCK
OcCK
1=

X

100ppm
B 100ppm

of 4x ol o

[ 50ppm
[ 50ppm
_=l<_

Held
LaClso SMAS
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<Fig. 4-5-1> La CL,o| A™Alb|7} M3Fo ol ol

<Fig. 4-5-2> La Cl;o ¥HA|H|7} A
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o]

W) CeCl, o A&z

AE AY Al CeCly A A3 Table 4-4 2 Fig. 4-6914 HE ot 2
3 % FFME)N JoiA Mad AFE 10ppm, 30ppm H el F7h F3

=

Q =

gTto] wls] 4z 27%, 19.2%% 10.7%, 214%9 FHE HEoy mFxEcl
50ppm, 100ppm H A E 237 FFAA Z+z 41%, 179% ZE7F JL& Ao
Z Yewd.

Table 4-4. Ce ChL9 EZH2(ot dFo Yol olxl=

X 2
R A el 10ppm 30ppm 50ppm 100ppm | CK(tHB| )
Z=ZHem) 7.5(102.7) 8.7(119.2) 7.0(95.9) 7.0(95.9) 7.3(100.0)
FZ(g) 3.1(110.7) 3.4(121.4) 2.3(82.1) 2.3(82.1) 2.8(100.0)
« ()= did| 7ol cist 2k M2l el SHE(%)
CeClze &3 xgl
120
10ppm 30ppm 2 50ppm M 100ppm OckK
100
80
B
= 60
3|
40
20
00

X2l

- 139 -




CeClz2| &2

40

a5 10ppm E 30ppm 3 50ppm B 100ppm OCcK

25
Ko 20
15
10

05

00

<Fig. 4-6-2> Ce Cho HAESHNaI7t &4Fo FFof olx|=

AE&DY T CeCly A8 & Table 4-5 2 Fig. 4-TolA 9 2o BE
TEY AHIFAA Art dvr AR JeEyhg 53] wny swzt e
10ppm H 30ppm Al FolA FAHFA vz G, GR8AF, dEF F
Bagkel 7 16.77%, 14.2% 2 12.7%, 10.8%9} 6.8%, 8.7%% Z7t% ARE <
T AAh

lo
Do
o

il

Table 4-5. Ce Cl;2| 2 AIH|J} M5 S=gtof ojx|= T

H 2 10ppm 30ppm 50ppm 100ppm CK(tj vl )

£dEs 1AH|2”F | BT | 1XFj2&F| " | txF 2%t | HF [1xH |2k W | 1R | 2% | P

L8

~ 48.2 47.1 460 475 413
A0H) [4231540|(1157)402[540| 1141|387 |532| [ 1in 400|550 284|54.1| (1060)

of x| Z(g) | 162|169, 166.3 | 148.|178. 1634 | 137.|161.| 149.4 | 134.|172.| 1538 | 116.|178.| 147.5
= 91 6| 9 |1127)| 4 | 3 |(1108)| 1 1 ((100.0)

HUZE() | 96|123| k)| 86 |137] (oi2| 80 [115] $&) | 83 |127] /% | 7.3 | 133 (%%

o9 S(g 38|32 35 |37|33| 35 [36(30] 33 |34|31| 33 |41]33| 37

« ()= o] 7o tiEh 2t MalTo E248(%)
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CeClI39 &%

50ppm ME100ppm OCK

o

30ppm

10ppm

60.0

50.0

40.0

(Ho

Z}:B0.0 r

B

10.0

2.0

0.0

xeld

CeCl3e HMANS

B30ppm [@50ppm MW100ppm OCK

10ppm

xzld

<Fig. 4-7> Ce Cl,o HHAI8[T} &Fo| YFol o|x=
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Pr Cl; 3& A A ¥g &+ Table 4-6 2 Fig. 4-8014 B uls} go] %

9] 7% 10ppm 2 30ppm e 77t szﬁLoﬂ w8 22 9.6%, Ase 7t
7} 35.7%, 179% 2 & %< vetdon}, 1% %< 50ppm, 100ppm Z%’/H“ﬂ ah=

= R ST SAY wisgod, FESFLS 24 177%, 143% A= HE A
tebstd.

Table 4-6. Pr CLo AEx2|7t &F9o Y4Zol njx|= A&

P M2 qoppm | soppm | S0ppm | 100ppm | CK(cHulT)
=3Hem) 80(109.6) | 8.0(109.6) | 7711055 | 7.2(986) | 7.3(100.0)
=2(g) 38(1357) | 33(117.9) | 2362.1) | 24(857) | 2.8(100.0)

» ()= oieloll thet 2t MalFel SUE(%)

i PrCisel &= x|
12.0

10.0 E10ppm E30ppm KE50ppm ®W100ppm OCK

80 r

6.0

Z=Z(cm)

20

0.0

el

<Fig. 4-8-1> Pr CL9 ESxe2|7} 4F9 xZFol olxl= A&
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5.0
4.5

Z=Z(g)

EA10ppm

Prci139

SR

HE30ppm

E50ppm

B100ppm

OcCK

AL A4 F 2z 23X AYd Pr CL9 JE9 WA A3= Table 4-7 &

Fig. 4-9914 ®& bie} Zo] diyxoz

Fhete] 4 garol

A 899

w0

2o 2w A8 (10ppm, 30ppm)olA F-A
g3 vis G, GAAFTY 23] Hghol 4 195%, 159% 2 129, 41% ¥ F

Table 4-7. Pr C/;2| HHA|8|[J} &4F 2o olx= &

Fe s} veRed, ¥R ®e AT
(50ppm, 100ppm)| AE A9 Ftel7t gAv grasts AFE Rtk

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

EX k- 1RF|2RH Ha | 1Xb (2%} HP [ 1XF| 2K 2O 1A 2K ®HA | 1X} | 2% B

4 A 493 478 419 |40. 470 413

(o) 43.8|54.8 (119.5) 42.8(528 (115.9) 36.2|47.5 (101.5)| 5 53.5 (113.9) 28.4|54.1 (100.0)
AN H Z(q) 157.1175.1 166.6 |137.1169.| 153.6 |121.|161.{ 141.3 |137|165.| 151.2 [116.1178.| 1475
= =947 7 (1129)| 3 9 [(104.1)] O 6 1958 ] .0 4 |(1025)| 9 1 1(100.0)
oA == 10.9 104 84 10.1 10.3
HHES(g) |94 |124 (105.8) 881120 (101.0) 73195 81.6) 8.0{12.2 (98.1) 731133 (100.0)
ctd=(g) |36(32] 34 [32(32| 32 (34|29 32 32|31 32 |41 33| 37

« () delgol g 2 Mal7e s48(%)
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PrCI3e| o

B30ppm ©[@S50ppm ®W100ppm OCK

E10ppm

PrCi3el g4 3

240.0

B30ppm BES50ppm W100ppm OCK

B10ppm

<Fig. 4-9> Pr C,;9 HetMu{I} &4F S2to] o A8
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gh) NdCly 9 A= &t

Nd Cl; ZZFA8A Jebd 238 AHE A Table 4-8% Fig. 4-10914 E¥& H}
o o] 2% % FIFFIH(FF)S 10ppm ¥ 30ppm H 77t FA ol Hl&) 27
26.0%, 17.8%%} 46.4%, 39.3% 2 A v¥la3d EA JYebgt oy, 1% %<] 50ppm, 100ppm
Aol = 247t 164%, 19.2% L 32.1%, 21.4% AE 493 HA Jdehgd 747
Bt ol AdAd gFHAUIE 929 Nd7t La, Ce, Proll vlsf njad 23
o £33l 942N 43 FEY TEE 99X K87 DA AL3R7] dEl
A AYFA A @] 43 Aoz dAvdr. ol 7[EY olEE WA
A AT 5 o

e =i B oo

Table 4-8. NdCl;o| HEHa|7l &Fo YFof ojx= S

X a
axare X @ 10ppm 30ppm 50ppm 100ppm | CK(CHE| 1)
Z&(cm) 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)

= ()& iy 2ol oH8h 2} XMa|7Fel ZHE(%)

NdCi3el A ZEx 2|

12.0
100 E10ppm E30ppm ES50ppm E100ppm 0OCK
8o |

60

ZZH(cm)

4.0

20

0.0

<Fig. 4-10-1> Nd C/; &&XNzlol ofE =Fo] o/xl= &
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NdCI139 & & X 2
50 e e e e — . PR e T, - P
45 F EB10ppm HE30ppm [@50ppm ®@W100ppm OCK

35 -
30 |
25 |
20
i 1.5
‘ 1.0 +
0.5
0.0

F=(g)

<Fig. 4-10-2> Nd Cl; #EXe2lol g FFol o|x]

rr

o
L=

oo

FHRIOIF A&HY F 23] ZAH NdCLY fvAd ade dAgez ¢
=  AF7(10ppm, 30ppm)ol A F 2 A Fo] 158%, 182% Z 166%, 9.3% =
o ZF77F 2A Jvehgn, 357 & A8 F(50ppm, 10ppm)olAE A Y
SAAY Ao AES HIoy fu719 ASAY e AHEFdM 54
9 Zae HAHA &It gt NdE ZE2d AT 35 F17) dgoe
= P& Aoz AdEHYT).

Table 4-9. Nd Clyo| HAMu[I} & F 2o p|X= A&

(=]

(¢4 . +3)

X 2 10ppm 30ppm 50ppm 100ppm CK{ti uf %)

Ees 1RE | 2% ®3 | 1XF 2% " [ 1A 2R GF | 1XH{ 2% ®HI | 1A 2% BR

TP 48.5 48.8 443 487 41.3
H==(ol) |41.8|55.2 (115.8) 4201555 (118.2) 41.0|475 46.0(51.3 284 (54.1

(100.0)

oM Z(g)| 168 | 181 | 1747 |151.1171.) 161.2 1 146.1142.| 144.3 | 176, 150.| 168.0 | 116. 178.] 1475
= = 1 {(1166)| 0 | 3 [(109.3)| 2 1 1 1(100.0)

221250 100|129 65| 89 1122] 95 Vot [102] J7 1103| 11a] &% 73 1133] (55

St E(g) | 40 | 33| 37 {3631 3.

~
w
o
W
o
W
w

38131 35 | 41133 37

- ()& tipiol Qg 2t MalTe S28(%)
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|
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(Ho)==R
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240.0

<Fig. 4-11-2> Nd C/;2| HeiAl|I} &350 gl xS vix= &
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wh) YCl, o A2 azt

Y Cl; 9% 10ppm, 30ppm, 50ppme] =2 FF A 39S ¢ Table 4-10
2 Fig. 4-120] vebd uvhel o] 2 2 FFo] glojM el #s 7z
6.8%, 8.2%, 55%%} 25.0%, 35.7%, 25% ZF71E BRI oy 1% 100ppm H & A
£ A9l o7k Qe AoE BAHUL

Table 4-10. YCI; o AE a7t &Fo W&ol olxs &

x al | . .

P 10ppm 30ppm 50ppm 100ppm | CK(CHE[F)
= ZHem) 7.8(106.8) | 7.9(108.2) | 7.7(105.5) 7.2(98.6) 7.3(100.0)
F=(g) 3.5(125.0) | 3.8(135.7) | 3.5(125.0) | 2.9(1036) | 2.8(100.0)

()& duldl d@ Z AT H(%)

YCi3e &N

12.0
El11Oppm E30ppm [I50ppm MW100ppm COCK
100
80 r

6.0 |

=3&(cm)

40 r

20

0.0

Held

<Fig. 4-12-1> YCLo A EAMe|ot &Fo =¥ o= g
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i YCi3el #E el
5'0 S SO .o

B10ppom BE30ppm [150ppm MW100ppm OCK

35
30 |
25 r
20
1.5
1.0 ¢
05 1
0.0

F=(g)

<Fig. 4-12-2> YCl,ol HEx2l7} MFe FZof ox|

rir

g

oo

dE, A{HY T Y CLY 23 Adx AAT dd9AE] &3%E Table 4-11 2
Fig. 4-13%] Yeld vie} o] tixld o2 10ppm, 30ppm, S0ppm A&7 A 2z}
HFre 157%, 13.3%, 220% Alol9] 3k Frtadrst vdetsy, BAFTLS 16.6%,
104%, 146% A= B2 Aoz ZAME{AY, 23y FE7F 2 100ppm Az 7oA
T AATAA Fe] Ao AFE HAoh

Table 4-11. Y Cl,2| goAH|7} &4F 2o ojx= J&

% 2| 10ppm 30ppm 50ppm 100ppm CK(ch 8] 7)

ERshe g 1XH|2XF | B (1A | 2% "W | 1RH| 2R "W | 1K) 2%t | "HE | 1R 2R

o8t
T

A 47.8 46.8 50.4 450 413
(o) 1422|533 (115.7) 40.8|52.8 (113.3) 40.760.0 (122.0) 357|543 (109.0) 284541 (100.0)

A MR Z(q) 163.1180.| 172.0 { 148.1177.| 1628 {143.1194.| 169.0 [ 127.{ 164.| 1459 | 116.|178.| 1475
SSNSW 47 5 [(1166)| 2 | 4 |(1104] 1| 8 |(1146)] 4 | 3 |(989)| 9 | 1 |(100.0)

anezg| 9513013 | 88 [123] 108 | 85 [143] 114 177 |112] 35 | 73 | 133|103
(109.7) (102.9) (100.0)

CtHE() [ 39|34 37 [36(34| 35 |35(33| 34 {3230 31 (41|33 37

»( ) oielTtoll e 2 Melsel v]|(%)
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<Fig. 4-13-2> Y CL;of HHAH|7} & Fo A2t YHFol o[xl=
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2) ARG S5

AR GHIEDL Y7t 450 2/ U= IFL ZAE7) 9
AEdSn AR dFEgol A3 APFA AT AF 2 A 4345
E 43 EY Table 4-12 A EE upe} 2o

FollA B Htet o] E FA T vl LaCl, JAFAS] 3%+ S0ppm,
100ppm M2 FNN CeCly, YCl,, NdCly, PrClyol 9014% 25 10ppm, 30ppm]
g7 2 2 g7t @A Fkste @4l ‘%E}L}“’ e Aoz 14515\’15}
AEAY &3 AL XESEA distd A AN FAHdAe =

|

U <
AR 2HE FERR 9 A% F A99F 28 dRes Trdd 33T B
groltt
Table 4-12. B3l =] B2l P AU} S550 E7|YFo| ol = g
g Az x7|4%
sleels | HMalTppm) | EFom) | @) | EZem) | F(H)

10 12.5 33 59.1 6.9

la 30 12.8 32 60.3 73

50 13.0 3.2 59.5 7.7

100 13.1 35 69.5 79

10 13.9 35 53.8 6.8

Ce 30 129 3.0 759 8.2

50 12.1 3.0 66.3 79

100 12.8 32 710 75

10 134 35 69.7 74

Pr 30 12.9 35 78.7 8.2

50 129 34 80.4 8.4

100 12.5 34 677 74

10 13.7 3.6 91.0 8.6

Nd 30 134 34 82.0 8.5

50 13.2 34 80.4 8.2

100 12.3 3.1 65.7 76

10 13.7 3.3 79.1 8.4

v 30 135 3.3 75.5 8.3

50 13.1 33 67.2 78

100 12.7 33 61.3 14

CK(cHH| ) 125 33 61.7 74
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}E, Saol dd ddEdLe £ FREAE TR, A AIAAA A
He A% H8AHS 4AT 2= Table 4-13 2 Fig. 4-14914 B bheh g

A ol2te) Hvt do] R 29 HE Aol oM e RE AHFAM bibT
o wE FxI AAE B =¥ o FE 4T A Ff= Nd-100 R
Pr-10, Pr-309 A2+ 239& Adsne diE @A #4530 &3 dd 3
E AP g &9 AAT F+E= N d—10094 FEE Astae ZE AT
14 Bted o]g d4¥E AMud, Ce € Nd, Y 949 A4 10ppm A2
Tt 247 52%, 66%, 65%S FFEE ioq 7 F5d ARE BJoH olF ¥
EREHE F4E AR Ao Aol ALe ¢ F AYT. ¥ La L Pr

Uxe) 9= 30ppm¥ S0ppm FEolAM 22k 27%, 44% R 27%, 19%°] STE&<S
1o 7}% ¥z AFHE 4¢ F AUEd oHF FE AFAME 2 A=} %
3k A}k

Table 4-13. CHA 3 = Hal7l I+ M 2 ol oz o

o 2 e Cerium Neodymium
Ce-10 | Ce-30 | Ce-50 | Ce~100 | Nd—10 | Nd-30 | Nd-50 | Nd—100

olAt2ol(cm)| 206 | 228 | 221 | 218 | 231 | 223 | 225 | 233 | 196
dois0H/2) | 07 1.0 1.3 08 0.9 1.1 1.0 09 0.8
Ol AHZAl(g/7H) | 187 209 381 194 275 | 284 | 279 | 261 184
YA S(g/F) | 623 946 719 644 825 | 1034 | 954 | 874 | 584

3

I

T
oo
Jo

TR (100) | (152) | (115) | (103) | (132) | (166) | (153) | (140) | (94)
X 2 o u = Lanthanium Praseodymium
ekt La-10 | La-30 | La-50 |La-100{ Pr-10 | Pe-30| Pr-50 |Pr-100

ofatzol(cm) | 206 198 | 219 | 229 | 234 | 202 | 202 | 20.1 | 204
Ao ==(74/&) | 07 1.0 1.0 0.9 0.7 0.8 0.9 1.0 1.0
Ol &AL Al(g/7H) | 187 241 256 256 277 179 | 143 | 229 | 255
YA S(/F) | 623 704 793 897 806 742 | 793 | 742 | 653

* X5 (1000 | M) | (127) | (144) | (129) | (119) | (127) | (119) | (105)
X 2 Yttrium

_ _ H

SdE= Hel Y-10 | Y-30 | Y-50 | Y-100

ol atzZlol{cm) | 20.6 241 219 21.9 204

Holl=H/2) 0.7 1.1 1.0 09 1.0

ol &t Al(g/7H) | 187 253 255 231 235
YHB(Q/F) | 623 1028 | 935 780 685
* TR (1000 | (165) | (150) | (125) | (110)

» TR he{ $=2F 10000 thek zh XMe|Fe % ov] UL

O
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01 A+ 2! 0l (cm)

HH S (gF)

40 BCe—30 OCe-50 [ICe-100
BNd-30 EINd-50 ENd-100
[Ala-30 WlLa-50 HELa-100
BPr-30 OPr-50 OPr-100
‘ @mYy-30 @Y-50 @[@Y-100
30}
20}
0
0
Treatment
2,000 WCe-30 OCe-50 CCe-100
WNd-30 EINd-50 EENd-100
BLa-30 HMLa-50 MLa-100
) BPr-30 OPr-50 OP100
1,600 @Y-30 BY-50 BY-100
1,200
800
400

Treatment

<Fig. 4-14> SHAB £(RE Cl,) Mel7t S55 4% 2 2ol olxs ¥
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B 2R EY] IR FE 79

16749 BYNEQLY AT 7L V)22 49 QRFITRL AR =
AY BYNES BEH] T b ARAEL dPoz AR AYFEs AR5
TR 9ol 2d] AR NP FAB 6 2 Ane oo 2o

i

D F

AFAE dE ddIEAL] HAAFE E HAANA FENEEAHE
HHE A7t A& D FFel vAe FFE Ay d8 QAT 2 F
A= Table 4-14 9 Fig. 4-159 2t 8¢9 28L& 8 & F A% FA AF
% 100~300ppme FEZ HW A&L 2~33o] HA HAAF P (Treat]
TreatIl)ol A 18.2%~258% WA HZFH & TS g 2y AHe=l3dl
T7F B FE7F BoldSE +FE FRIA g AFE nyged 53 AT
F 33 g4¥AH B$2A 1,000ppm 2 1500ppme FEEZ AlEF Treatll-3 2
Treatll-4¢] Z-$-odl= whu]Tol njs) F3Fgrs0] 47t 458%< 60.0%1 2 A2

2 MR

=2

de
o &
>

nd Je

N

Table 4-14. RE, 0;9 Mz2|7} A% 4z o 2ol o|x|= sk
X 2

AxEE Treat 1 -1 | Treat | -2 | Treatll -1 | Treat}l -2 | Treatil-3| Treat |14
o /=) 275 225 24.5 26.5 245 26.5
X A2 =2Hg) 250.5 2411 2537 2385 2009 190.5

(24.2) (19.5) (25.8) (18.2) (A0.4) (A0.4)
X 2}

Ax et TreatHl-1 Treathl-2 Treatli-3 Treatlll-4 CK
g F(ol/=F) 24.0 225 20.5 205 245
X| &2 E2Hg) 1975 1948 109.3 80.9 201.7

(a21) (A634) (~458) (~60.0)

« ()= the|Ftoff ot ZF XajFo ZLE(%)

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

Treat!l~1 : &Z+100+200ppm Treattl -2 : &Z+100+300ppm

Treat11-3 : & Z+100+500ppm Treatl1-4 : & Z+100+1000ppm

Treatlli-1 : & Z+100+200+300ppm Treatlll-2 : & &+100+300+500ppm

Treatlli-3 : & &+100+500+1000ppm Treatlll-4 : & &+100+1000+15000ppm
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Y (/)

X & $ 5 2 (g)

50 1B OIl-1mi2@BI-3mi-4 ®Wi-1BI2BN-3@I1-4 BECK

204

101

Treatment

300

200

100

Treatment

<Fig. 4-15> RE, 0,% 2|7t &%el 4% % S0l ojx& &
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P A
S5%

AEE SE5e] dE BAIEAL A

2) A5 &
T 2 AGAA 7HANEZEAE EY

% g
E ERIE AYA AH 2 FF WX %S BT ZAFA= Table 159 2t
obgfo] EollM Hi niot o] 15 BIFHEES A LF Treat 1-59 AHIYTFZ

=
e

AY HnE @AYo 2T AYFAN LUHTA} FAEE & & QT
STt B3 ol ZARE Folste AR§ S55 Ayl H
£ AT AgolE AFUE thi Polsil BAHAL WA FA4E 1000ppm
of ZgHE) FFehe) FEo °F 200ppmel HHHEE LA

5 Aol glofA

)

T

Ao BIFHAELNS 13 o A AL Treatl o Mol Ao doAME
AFE7t ¥ Treatl-1 2 Treatl-2914E ¢ 3% AEY Z2LE Hourt
500ppmE A F TreatI-3dM & 141%9 F7H&S B9 Ad 43¢ A#AE BA
o olF HHFEI BolAFE Hh Fo] g AXe AT v A2z EA4H
At A AlER &5 s g M AKF7I7MA 500ppm A =2
HARFERE Al g3t 3o ALE JaliMe £& A2 Atgdd

Table 4-15. RE, O;9 XMz|7l AR & S+59 $To olx= d&
X 2 _
AN HE Treat | -1 Treat1-2 | Treat!1-3 | Treat!1-4 | Treatl-5
L ) 1957 155.7 2243 188.0 190.3
X =) 732.0 668.7 703.0 602.0 591.3
(11.1) (a5.2) (3.6) (~22.4) (a25.1)
EY A &l Treatll -1| Treatll -2 | Treatll -3 | Treatll -4 | Treat1i-5 CK
= E(g) 209.0 176.0 246.0 190.0 114.7 1117
M = (g) 676.0 676.7 7437 651.0 628.3 689.0
(A33) (A3.2) (14.1) (A9.8) (A 15.6) (-)
«( )= cid{of st Zt XHaiFel ZUS(%)
Treat | -1 EA|Z+200ppm Treat | -2 & 2FA|-Z+300ppm Treat | -3  E2A|E+500ppm
Treat | -4  EA|E+700ppm Treat | -5  E2FA|-2+1000ppm
Treatli-1  200+200ppm Treatl! -2  200+300ppm Treatll -3 200+500ppm
Treatll -4  200+700ppm Treatll -5  200+1000ppm
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o E(g)

HHZ(g)

400 BI-1WMI20|-301401-5 HEI-1BNI-2®-3811-48I1-5 BCK

320+

Treatment
1000 Bl-1mI201-301-401-5 ®WI-IBI-2MI-3 ECK
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0

Treatment
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rir
08
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<Fig. 4-16> RE, 0,9 Az|7} AlR& S5
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3). ol gz etetol1et A (IR)

pot}

ojgtgjgtetol1et e Wig AFAEd W3 ddIELLY FHFE F AHEA
A TEAEEAFAE EUE EFIE AP A AS L FFH e 4TS 24
A7 Table 4-167 2t} o] EollA BHE ule} o] BEFAZ S 139 FHAE
€ AAF Treat1-1~1-59 A$ AAFHo=z xFo QoA 4 & Bl A
Aot AAFA YA tiFrE EFIEES AR &L dH| o] HlE 005~
10.0%74A, AEFE Ao 55%~135%2 HHdA #aste 4IFS B 2
Ay EY 782X EFJIEE A& A Fa 289 ZF FE7|Y 200ppme =
FUSA Agsln BKF7)d 24 92 22 YT TreatD e 2ol
£ Treatll-39 AFeAAE I AgdsErt ToldFE YAF L AEFo 44
41~11.0%, 16~93%< HHYAN FTAAEA7 e Aoz EAHJUT

BEAge) A9 e Ausne 3 FuAFe] T Wy ojgedetol 1
A &) 3

>

=
o YeidE AYAST BIL FE B 5 A A9AN FFo) ¥& A
geldtetolagtat SE% FB2A 9 WHo] Pastu UM FETEI
A3 99 2 72 BANE AT 9 BFAGH 5344 7193

Ro 2 FAdEY.

fo
ox 9

(r

Table 4-16. RE, 059 AMz2|7l IR9 M ¥ Tl o|x|= H&
X 2
B Treat | -1 Treat | -2 Treat | -3 Treat | -4 Treat t -5
ZZ(cm) 108 107 111 116 122
M A =(g) 3,838(A0.05)|3,447(210.0)| 3,946(2.7) 3,712(A3.3) | 3,652(24.9)
HEZF(g) 669(A5.5) 664(26.2) 675(247) 612(A13.5) 671(25.2)
X 2|
———— Treatll-1!| Treatl -2 | Treatll -3 | Treatli-4 | Treatll -5 CK
Z=ZHcm) 120 17 123 118 118 108
M H=(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( )
* ()= o] 7ol chsk 2t XHejFe SAS(%)
Treat1 -1 E2A|8+200ppm Treat | -2 EAE+300ppm Treat 1 -3 E2FA|-+500ppm
Treat | -4  E2A|2+700ppm Treat 1 -5  E2¥A|-E+1000ppm
Treatil -1  200+200ppm Treatil -2 200+300ppm Treat!l -3  200+500ppm
Treatl} -4  200+700ppm Treatll-5  200+1000ppm
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<Fig. 4-17>

Treatment

-1 Bi2013014Mi-5 HI-1OU02HI-3NIi-4B8/-5 MEMCK

Treatment

RE, O;9 2|7} ol&talgr2lolaztA o 4] 2ol njx= F

- 159 -



o AEAY JEAN FERFE A 9

Aod G QL BRHEY FYFE AGAAY FHY 4FH ATE
gote 4YE AgsEst AAAE vhgoz AEAYt HBAW FF 27
of vAE P Lohus] As) AN A@AFE ohedsh 2ok

DI S

Table 4-17 9 Fig. 4-18414 XHE nle} o] A5d izt BEIIE Ay Al
Treat I -1~tO-274A& 0%~32%°] Z3s&S He 5P Aolg WA & AR
Y Treat 0-37 tO-49 735 tﬂﬂl?oﬂ v 8} 16.19%, Treat M-1~I-47kA & 19.
4%6~226%2 WM & Z3ES BAth @A B ANES EdZ 2 9 5%
e A&3F 2 Fevt naT% TADRTF A E d aH4UF & HAoz YE
ot 23y Mancozeb ¥ ool td AFF FtEo] & Treat M-1 2 M-2, M-3,
M-49 73<$ EFFE 27} 38olx HasET 300~1500ppmoE JF3] =&
TEORLEE FF o]o didt BgAge] Ao Aoz werdArh

<Table4-17> RE, 0,9 HM2loll 2 &FA Mancozeb s2tdE FZ A dsi=
(Et21: ppm)

g CK Treat | -1 Treat | -2
2-benzyl-1-

pentafluorobenzyt-2-i (()96§ %)gg) %)8)2
midazoline ) :

el Treatll-1 | Treatll-2 | Treatll-3 | Treatll-4
2-benzyl-1-

o Q% | 0% | om | o
midazoline ) ) ) )
Pl Treatlll-1 | Treatll-2 | Treatlll-3 | Treatlli-4

2-benzyl-1-

- 049 0.048 0.050 0.050
pentafluorobenzyl-2-i

midazoline (21 0) (22.6) (19.4) (19.4)

* ()= o] o dist 2+ XHe|7e TR USHE(%)
Treat 1 -1 : &&+100ppm Treat | -2 : E3E+200ppm
Treatll -1 : & Z+100+200ppm Treat!l -2 : & Z+100+300ppm
Treati! -3 : & &+100+500ppm Treattt -4 : & ZE+100+1000ppm
Treatlli-1 : & &+100+200+300ppm Treatlll-2 : & &+100+300+500ppm
Treatlll-3 : & Z&+100+500+1000ppm Treatlll-4 : & Z+100+1000+15000ppm
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<Fig. 4-18> RE, O;° xzlol| o2 AFAMUl Mancozeb 528 & TR 2 2
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2) AES S55

Table4-18914 B nio} Zo] &44¢ gt 3 E XA Treat 1-1~V-4 7t
2E MYFNA Mancozeb FFFE AE A vivoz ey FEAFFY 7

AL FFE Hrrer] AdFd A ol AFFE HlF S5 A&7
A8 FHt AdH ez ang AS 7% F FAEXK) WdREA 2 F
-olYE FFAHECl FOHEHSG AEANANAY AsH(FeMb), FACET)
et FULE) T g8 FEHEHLIZE o)FAHY] WEY A2 FH

X

‘ﬂék

ML oo
& o> 2o
e

£olooya ol b
i ol

<Table4-18> RE Cl,o| Xzlol m2 55Ul Mancozeb & XFE A AstE

(2% ppm)
H 2
g a2 1t~ -1~ a1~ 4| V-1~ V-4 V-1~ V-a| chel R
penzt;ﬁﬁgrzgt');‘n‘z J| 0.008 0.006 0.006 0.006 0.006 0.006

2 ERE AGst AEAW G ZHZ A= 9F

Aod GUIEALS RFAEY AREE AGAAY FH 4FH AFE ¥
o) AYY AEES} AYAAE Fo BYAEs JBAW IVYG 27 ol
WAL g¥e BAW A ohds 2o

D3 F

Ao U3 HFSE e A Tabled-19 2L Fig. 4-19904 R nupe} o]
Treat 1-1~0-271219 AT o] dolA Treat 1-28 A div]Fo 83
0.02%~1.6% ZeES B 543 Xolg LAY & A2y Treat I-3~1M-4
7hA 9l Ao QoAM= HF 203%9 AIES HYGth olF vluA ATt
Bl 57t & A2+ Treat M-1~1-49 A JAA &3] 7A3tgo] 231~
383%2A ZA dEeigth AAAEY FFF AEAES AT EHIE FH L 910
A BART Y HYAY, AEDL FF mE AN T Ay FHE 1Y
9 Treat O-39 Aol AAE Aoz AAHY. FF oo Uz FLRAAF
o]l ad ZHAo=E el
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<Table4-19> RE, 0,2 AMelol ot AFdy MY XFEd ¥ Ldsts
(=k2l : malkg)
EMME A 2l CK Treat | -1 Treat | -2
R 16789 1,645.6 1,442.6
X 2 _ _
AEYME Treat Il -1 Treatll -2 Treatll -3 Treat1l -4
enaenayl 1 o 15116 1,490.1 1211.4 1,303.1
X 2] _ _
AXME Treatill -1 Treatlil-2 Treatll-3 Treatlll-4
ont gaggrf(‘fby; o] 10859 12904 1,078.4 1,187.1
D daroing. (38.3) (23.1) (35.8) (29.3)
« ()= tieltol cisk 2t Xelel HSE(%)
Treat 1 -1 : &Z+100ppm Treat | -2 : & Z+200ppm
Treat!! -1 : &ZE+100+200ppm Treatll-2 : & Z+100+300ppm
Treat11-3 : & Z&+100+500ppm Treatll -4 : &3+100+1000ppm
Treatill-1 : & &+100+200+300ppm Treatlil-2 : & &-+100+300+500ppm
Treatlll-3 : & &+100+500+1000ppm Treatlli—4 : & Z+100+1000+15000ppm
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2500
Oil-1Tmi28I-3@1-4 RU-TEN-2B8N1-3@1I-4 HECK

2000

E 1500

s 1000

500

Treatment

60 I-TRI-2 DOI-TRI2B1-3RI1-4 BRI BU2B31-3&II-4

50

A A2 2 B B(%)

Treatment

2 dstE

n
[z
it}
2
el
o

<Fig. 4-19> RE, 0,9 Xelo| oZ AFAu

- 164 -



2). ol ggteol a2 (IR)

ojggetetol 1t 2o Wi EFE Al Table-20 2 Fig. 20014 BE vt}
2ol Mg FAGe] EE A TolA 4 AstEAAE etk AA Y
A3kl ol = ER 7IH|(EIEEA B33 E 100ppme AlE£3F T ASHA F
HAUAHIE AAZ Treat -1~ 1-59 A% AAMFos JuAHe F=7} Zopds
5 AW LD IHFFo] FAsigrt 31%5‘1’1 Treat [ -42] X%"/]«] 5 BAAF
of FHEHALE ¢ T UMY EGo) 7HZAN HFIHNEE A E3HA ?%3’— 23] 4
X FE7]e] 200ppmez LA A& ARFIY A4 ©dE =R HYT
Treatl A WHel F-(O-5 JAME Herrt gotds-E Ay BeE
o] F7t8tth7t 1000ppme] ZEE Ao YA FA3] €3H= AFE HA 2
Ao FHF AINEHE A3 BFIE FHEo) qlojA AAAET wW A
HEo] EYALE SHFE)FH A (HHh) EYd F7[FHez d& AT 4+
JELA AO3F 2 AH] e EF L AA i tdgel EAVE 2 = A
282 Treatl 9 AHIWPE}E FGAAH WU TraetO-1~0-59 #HEel H4
g Aoz wasHy JrF FF, AR, FH3A He =9 Bede AFAAY F

A2 IEMZA Bt AR dao] % 54 2 2, Bal F8% GR o
o d@  F47 olfold Aeolmz ATE EA %‘i% Aoz weoRt 2y
B Ago] 7124 Adel oda BEE Agel 9% AAH AL FHeats] 94

NEE Relmz 35 AU gAY 94 oY Aoz Aza

<Table4-20> RE, 0,9 xzlol me |RA ok

R o

X 2
512 Treat | -1 Treat | -2 Treat | -3 Treat | -4 Treat | -5
i 2o 2420 260.0 217.0 1018 186.0
h igh
oD ™ | @27) @7.7) (39.7) 71.7) (483)
X 2|
—_—— Treatll -1 | Treat!l-2 | Treatll-3 | Treatll-4 | Treatll -5 CK
f 2o 138.8 105.0 136.0 1235 2198 | 359.8
(resh woioht | 2pa) | ©14) | @22 | 658 | @89 | (-)
* ()= Chu| 7ol chst 2b XMe|tel SAHE(%)
Treat 1 -1 E2A|-8+200ppm Treat | -2 E2FA|-2+300ppm Treat 1 -3 E2FA|&+500ppm
Treat 1 -4  E2A-+700ppm Treat1 -5  E2FA|-2+1000ppm
Treatll -1 200+200ppm Treatll -2 200+300ppm Treatll -3 200+500ppm
Treatll-4  200+700ppm Treat!l-5  200+1000ppm
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500 Bi-iw201-3001-4m®1-5 Hil-1B8I1201-3RI-4B8I11-5 BCK
400 F
g |
E 300}
nfo
Nk
Kl -
3 200
<
Rl )
100 |
0
Treatme nt
120 BI-1®i{-201-30!-411-5 BNt Bl-2 BIi-3 B4 AI-5
100}
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30
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e
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el

u
¥a
o

<Fig. 420> RE, 0, welol otE o|gtzlotajol12jA Al F
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3) Al ST

Atg g S U JEAL] FAAe Astadeg 7R A AYFEE
GEA st DEIAE d4EE HEAEES AT AFZAIAE Tabled-21 % Fig.
4-21°04 BE nbet 2ok AA A AFS AR ZE A TFA du7d FA
7ol vlE 115%~59.1% "N Hidd #AFFe ZFES 2ied, HWd
H2E BUIEE TAE 54 4 Fdsta ASF7le 139 gt W A&
Treat [ Mo A% AAH o2 AYsrrt 5&FF 1 Z3ge] AAE 23S
Bed, AS5719 2z 200ppm, 300ppm, 500ppme F=2 PH A-&3 Treat ]
-1, TreatI -2, Treat -3 XM FAME 247} 115%, 24.2%, 234%] Z3ES Hol
g7t 1%E Ay A Treat I -4(700ppm) E Treat I -5(1,000ppm)e] A & Fol A=
Z+7} 40.9%, 59.1%9 @A AEHIE ' A2 EAFHJGY. a2 SellA 1
2 BFIE A Lol o v g dAAME 77 224% 2 251%9 #F
€2 2¥49 v o5 Aol wt=Al AAF AggoldnE ¥ 5 e Aol
o B8 TreatI APAA A AEE& S5 AKF7|A EF714 4AAEE 2A
St=TreatIAE MY A9 Hlay ANEF=EZF W2 AHEFA  Treatd
-1(200+200ppm) R Treatll-2(200+300ppm) A FollA AAA FHFe Z3Eo
7+zt 45.0%, 282%E B AAI FIsgod, nFEo] HAde FAdtEol Feo}
Ae AFE 29

<Tabled-21> RE Cl;2| XM2oll 2 AR S M 2 TR 2 5HEER: mgkg)

bl
&l Treat | -1 Treat | -2 Treat | -3 Treat | -4 Treat | -5
S HE=
’ ’%\ & 2985 255.8 258.4 1995 138.0
™ | (115) (242) (23.4) (409) (59.1)
XH 2
e Treatll—1| Treatl1-2 | Treatll -3 | Treatll -4 | Treatll -5 CK
] ’%\ oo | ess 2423 | 2924 | 2673 2755 3375
resh wei
base) 450) | (82 | (134 | (08 | (84 | (-)
* ()= ofu| ol cfst 2+ 2| o BAE(%)
Treat 1 -1 E2A|2+200ppm Treat 1 -2 E2A|-2+300ppm Treat | -3 E2HA[2+500ppm
Treat | -4  E2FA|-2+700ppm Treat | -5  E2FA|-+1000ppm
Treatil-1  200+200ppm Treattl -2 200+300ppm Treatll -3  200+500ppm
Treatll-4  200+700ppm Treatil-5  200+1000ppm
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I A EBEY (mg/kg)

LAAYBE (%)

500 BI-1BI20{30148!-5 B ON-2WI-3@I-4B -5 BCK
400 |
300

200

100 b~

0
Treatment
120 Bil-tRI-201301-4081-5 it ON2mil-3 -4 @815
100 F "
80}

Treatment

<Fig. 4-21> RE CLe X2lo] mE S35 A
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v BRHE Aol BE A2 AEdL) FHFY

JEQALE vgors 48 R A A§Y A% WY FUAM 2 EAT
R oz wEiol g¥oR §4, AE AdE A4H AN EAT w4
¥ $E Qo gyRe d7RNE AEH wA NEQLY B 72y ZUdA

HEANESL Jho] s ofzfem, JEARZ AYFT stz Ahol A9 ]
o HEAS A dA A F W R F4UE dold Aoz wIHAed,
ANBAFANM FFFo] AFET BA YEd AL HZ JE HEAHEY 11?3"

Z33E FFEAAY AL g% Ao FAHAY ¥ JELL HEAN ¥
HEFLE BEFIAEAY] FF, AEFE, ALA7], A&Hd A8 T "t 2349,
53] duA g Ae 49 ¥He A% o we Zelrt wol 24T 5 g o
gA B dTe X—}% CAFEEE 2 AEAAEE 24 A& EFIET A
Aol AFete FHE E4st 2837 A8 2o 7124 A5E ATt
AEe AANstRed o AgE A dke otd e 2o

naF

Ao Y B¥IE M)A dddard FAZE £4% AHdE <Table-22> %
<Fig. 22> 4] 2& uto} 2o g9 I8 Yeld HE EWRE AFRE disf &
FIEE ALY FF 94 AUy dddEe A JIFFS AHEYE, AF A
A e g FANE GdAIEJLI HEHA FdoH, T4 FF F 17
of 12} g AJH g Treatl o A$olx FFo] 06~55ppme BHE AEH o] o}
F AA vErst

Z2 AF F QUEAHE 2xto) Z2AH AAF Treatll 9 Aol dolME 28.
6~35.7ppm HHO FRFL B oI BolAE AFE RAou, AHIgsxg AF
Fe =A YREE BAES BolAE FUT. wH FA FF F x4 AAH d9
Al &S AAZE Treat o] Afdde ?‘}Ea:o] F23 F71ste] 256.8ppm~ 5987ppm
Abel o] didd] £ FF9 JELLE] = 7;i_°_i 2AHYEY, o8 A&
A2 A9 tH—‘?——Er% La 947} X}Z]'Fsl-_'ﬂ_ S

3, Ayl GdIdEY FAYLE 2E WA Prit Ce, Nd, Sm 9459
BAY A I 2 FE 2ETE ZARF A FoAE A Eo L}E]"Xh_'ﬂ] I1TE
e 7 Treatlle HeWH S AYstzes o1 AE o) zZ+z4 0.1~2.3ppm, 0.0~
09ppm, 0.1~25ppm, 0.1~0.3ppm<e BWHEA vlxa HA Jehgouy La €49 A
e A AF 2 23 49 ALY F$9Q Treatll AFAMFH FH3] FobA
258~305ppm ¥lo vl thel JE FFFo] AE HYow, 53] 35 dA

- 169 -



€S AAT Treatll®] HgHe Zfde o FHFFo] 2404ppm~560.9ppm£.i
sl =4 EAH[AT wEaA AR A S 1T 9 AF 2L A
€ AAF U BFEE] HLo dolA 334 A FH ALY 76‘-?— AFEY
A e nEojof ¥ Aoz Alg g,

<Table4-22> RE, 02 X2lol @2 AExu s ed2H Xzt
(=t$) : mo/kg)

2 Treat ! -1 Treat I -2

584

i
Hr

Total | Pr | La | Nd | Ce | Sm | Total| Pr | La | Nd | Ce { Sm

S EHa

(dry weight base) 06 |01103]01|000[01] 55 |02,46]05(00]|02

Treatii-1 Treatil -2 Treatll -3

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

357 123207/25(09032861.71258/09(0.1;0.133.11.8305/060.1]0.1

Treatll-4 Treat -1 Treat lII-2

Total | Pr|La |Nd | Ce |Sm|Total| Pr | La |Nd|Ce {Sm|Total| Pr | La | Nd | Ce | Sm

29.7 |18(26.11 14|03 0.1 309.6] 4.4 286.1111.9| 6.4 | 0.8 |1256.8| 6.0 p40.4 55|42 0.7

Treat li- 3 Treat -4 thef{3 (CK)

)
3

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

299.3150pP785 8957 1.2598.7{9.5 560911.9/15.1} 1.3 | 0.00 {0.00(0.00|0.00(0.00/0.00
Treat 1 -1 : & Z+100ppm Treat | -2 : & Z+200ppm
Treatll - 1 : EZ+100+200ppm Treattl -2 : & ZF+100+300ppm
Treat 1 -3 = & Z+100+500ppm Treatll -4 : EZ+100+1000ppm
Treatil-1 : & Z+100+200+300ppm Treatlll-2 : & Z+100+300+500ppm
Treatlll-3 : & Z+100+500+1000ppm Treatll-4 : & Z&+100+1000+15000ppm
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Nd &/ (mg/kg)

Pr & F & (mg/kg)

20

!

gi=mi-2 n=18lN28138I|-+4 =1 gi-2 BH-83 B3 li+4
16 ¢
12
8 I
4t
0

Treatment

20

Oi-1m|m}-2 H=-1tBRIH28H3RI4 = gH-=2|in3noi-+4
16 ¢+
12
8 |
4
0 FUnnnnneseii]

Treatment

<Fig. 4-22> RE, 0,2 xalol m2 ASuy Sy
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La & & & (mg/kg)

Ce &F ¥ (mg/kg)

1000

800

600 |

400

200 |

20

16 |

—
[ 8]

o

Oi-1mi2 BIH-BINI2B813B1-4 Bl Ql22101-3081+4

L N
Treatment

L‘ =1 m ]2 N-1TB8lH28138I1I-4 Eli-1 BH-2810-3 3il-4

Treatment

<Fig. 4-22> RE, 0,2 xzlo| mz MAEdAU sed2y BF2 (La, Ce)

- 172 -



2.0

gi-1mi-2 -1 8l2801-38I1i-4 Bu-1gu-2gi-3gi-4

1.5 |

Sm 7Y (mg/kg)
=

05 ¢+

Treatment

A
fu
o

<Fig. 4-22> RE, 0,9 X2l 2 &4FHY SeadsH $(Sm)

2 AEE S55

ANEE SFEad W EFIE AN dddad FIFFE 24T 2=

Table-23 % Fig. 233 Zth. & AFEAZFAE dHEd STFHE ds 5

JEE A& B¢ dddELLE AFZFL ZE AN HEFET 25T,
° .

ft

ARF7 BETE A 21 BFEE 4o 2L A4S Rged, 944 A
Ui JEYAE JF AES AHEY A FREE WA 3t AL J4E AT
Treat1 -1 2 Treat]-29 HITE 54949 F AFFo] 23~40ppm ol =33}

g, 28y A® B57F 7138 Treat1 -3 2 Treat [ -4, Treat1 -5 59 AHdF
A= 9.1~153ppm & HAZA % FolNE &+ AUT A Treat] 9 A3
Wi A&F A 13]] dX GHUA LS FUHE TreatI o Aol doAXE F
Al ZREFe Bzl ez FAHAEH, WA Ask: AYFQA Treatll-1 R
Treatll- 2, Treatll-39 9t Treatl o] s %= A9 v AFHE BRI
Y, 5% A3 Treatll-4 L Treatl-5¢ A%+ FHFFl 26.0ppm U=
el Zold g & & it dUdIJELLEEE BFIE ZAd oA d8F

YFol B2 £4<Q La, Ce, Nd, Pre] o2 HEANAA Y I7FE JA ®ol 3
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< ROy AR & THREY 6L vlEA] YA EA = @
AEF w7 E G ELLE APTY AW F FAHZL

} 781, Ce 947} 243, Nd 947 12,1, Pr 947} 86, Sm €47} 2.1ppme.&

HAE ﬂ °l % La 947 AA AFZF F 68% EFS & F AT

<Table4-23> =& 3| &£(RE, O;) XMelo]l ME S5y sIEdLY XFI

A 2l Treat | - 1 Treatl -2
Z34E Total| Pr | La | Nd | Ce | Sm |Total| Pr | La | Nd | Ce | Sm
SEXIES ’
(dry weight base) 23 102|06|08|07/00; 40 |00|34|06|00}00

Treatl -3 Treat | -4 Treat | -5

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

9.110.1|84|03]03|00|153{02|142{04{05(0.0[109/0.1{9.8|04[04,00

Treatll - 1 Treatli -2 Treatll-3
Total| Pr | La | Nd | Ce {Sm|Total| Pr | La | Nd | Ce |Sm|Total| Pr | La | Nd | Ce |Sm

66 [09]1.7/13]26{00(113]22|23(22|45(01]|141|20(37|25(57]|0.2

Treatll- 4 Treatll -5 tju| 3 (CK)

Total] Pr | La | Nd | Ce |{Sm|Total| Pr | La | Nd | Ce |SmiTotal| Pr | La | Nd | Ce |Sm

263108 |216/12(26|0.1/26.0|2.1136]2.77.0(06] 0.7 |00]04{03|0.0|0.0

Treatt -1  E2FA|E+200ppm Treat 1 -2 E2FA| E+300ppm Treat | -3  E2FA|-2+500ppm
Treat | -4  E2FA|E+700ppm Treat 1 -5 £ 2FA[-8+1000ppm

Treat!il -1 200+200ppm Treat1l-2  200+300ppm Treatll -3  200+500ppm
Treattl-4  200+700ppm Treattl-5  200+1000ppm
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e d
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<Fig. 4-23> RE2 03-—0—| Aelol of
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<Fig. 4"23> REz 0394
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Oi-18B81281-3B|-4E -5 n-18n=201-301-481-5 ECK

Sm &F¥ (mg/kg)

Treatment

<Fig. 4-23> RE, 0,° HMelof me S5+ Ss2Y BFSm)

3) olg ¢atol 22 2(IR)

ojlggetgtol agt2e Wi EFIFESL A A GUIELLE JFFE AT
A= <Table4-24> 2 <Fig. 4-24>9F #t}

2 ARRMAAE Guld AAAY A QoA P 2B YR AR g
Sl wH YO AFFe A7 vedEd, 1 olfE sEde I¥Y &
Qolgt Ao} FeEH S4olN 7Adsts Aoz FFAh oY tete] 1ekad
2YNES A4 A9 A FEo] e AF A4 AW IFIFL 43 4 S5
S AR HEEHA S R 5SS A5 BES4E BE

]

Aol niste] 433 B AEAS ¢+ AT 9AEEE Sm 949 A

7 01~02ppm9 7} @& JIFHFE E%{orﬁ Ce>Pr>La>Nd 949 ¢o2 7
Fol B2 Aoz EMHUY 53] La r Y2 59 A 28 AA AL F
A8 5%} 1,000ppmel @3 Treat IV 1131'?-4 % Z+7} 3.6ppm, 8.7ppm o Z A Ol
e & ZHFFe] BEAHAGY i%alﬁé’%‘oﬂ e GAdIEALY] BFHFL A
gExl W& Treatl o HEl=wbdo] doiX e 44ppm, ¥InE Fhg = Treatl
2 Treat M AW HolAE 75~85ppm, ¥ E<Q Treat IV(200+800ppm) = 2] 4 2
A 175ppm A&7 AEE Aoz EAHAY. wapA ojgEeigdelazts ZHE
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(449 : mg/kg)
o 2l Treat | Treatlt
E-MHE Total| Pr | La [ Nd | Ce :] Total| Pr | La | Nd | Ce |Sm
S 4411011211902 (0117519 |18 |24 ] 13 |01
(chy weight beso) . . ) . : . . . . . . .
Treat Il Treat IV CK

Totall Pr | La |Nd

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

8511921 24

18103 |175/29|36(87|21|02|1.7|00]04|1.2]|0.0|0.1

*~ Treat 1: =7| 200 + 71 200ppm, = Treatll : =2] 200 + &7| 400ppm,
« Treat It : Z7] 200 + &7{ 600ppm, + Treat IV: £7] 200 + 7| 800ppm,

Pr & E & (mg/keg)

aCK OTreat! [BTreat!l BTreat I BTreat IV

Treatment

<Fig. 4-24> A E(RE Cl;) Mejoll o2 IR MUY SIEd LY ZF (Pr)
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5
OCK BTreat! ETreatll BTreat lll ETreat IV

4
§ :
w0
[ 3]
4]
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1

0 I I

Treatment
15
OCK OTreat| ETreatlt BTreatll ETreat IV

12
% 9 |
w0
Nk 6 |
Kl
=]
z

3
0 [ |

Treatment

<Fig. 4-24> A £( RE Cl;) MElol mE IR MUl SIEdLH X7 (La, Nd)
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3.0

OcCK ETreat | ETreatll ETreat lll ETreat {V
25

20 }

L5 }

1.0 }

Ce &8 E (mg/keg)

05 |

0.0

0.5

OcCK OTreat| ETreatll BTreat Il BTreat IV
04 |

03 }

02

Sm & F ¥ (mg/ke)

0.1

0.0

Treatment

<Fig. 4-24> A S E(RE Cl;) Xelofl o2 R MU sl XFZHCe, Sm)
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A 4% SELNE Y BN JoE

A1Ad: &S AERE) As H7HA A

DA QLT FAOZ F: 174 AEF ALE ol8HE M2E ARHIAES
bl A, A%, 7hE, 292 AAE AT QA9 Age AAsac
& Aol ol AH e TRy WEA AEHI Y, 24 A
4 Ak & olES £FT BYNERMY 1, a93 HER FEA
e QA wAY EHE FET 5+ QT 98 AINFL ANHAD

N
==
2
ol
Ll
A
fo do
ol

2
A
b
X

FEE 9T 999 A3 E gAY AF 2R AW FEE
= ARAEARE g8 1 JE A9 1F negative Al A Rdae) A3
o4 o] AW g A3 Fste 7tE HAE & T2 UhE AMSH ¢
AT AR SR oA B dFdA AYRY FRE AR 2488 @
AGAelA AP Q2 715 gy FHolut AazEd 23 & Fo 34
AL Azt M2 AZEIAAZA F4UF A gL A4S 3 doyh
A st AsRd E AAREA EE AARIVIAR

4 1o oo Hr néh &8 2 b
2 8 o rlo o

AN o] 9A o} Lotz AHSY & gt BEH FAE vI AW, BO2 B4
Aol AlRolgol A WA FAHE 4B AZAg] FANL Yol AxY A
A ol 8e sbsd A Rolw e FEANA AR £ T+ 92 0= I
Atk a9 n FARF ATU FAFNA B BHS Bol¥o) HEE o g3t A

MR AREA ALATIE BA A Aoz 4GB
A 2 A : Organic acid-RE chelate A A 7§

ES 7tEALGA ARREIE Tl ol 7 IR EARY sve FE di
o 7k& AW F5E&0] wS wrohe Holth wi - o JhFolu ol B¢ 2
I AAAZRANM FE FFEL Holxed, 2 E4A 05 WA 1.0% A= F
&S Vel ot ogA FE Y2E9 7HF AU FTE0] ¥ AL, EAY

e 949 AR Z BAEgo] JMEe] Aoz o] &t did M3 2
1813 A 71EFEY F58L 2957 W F9 st ol dE

= AEF #3353 (chelation)dte AHoldh e g

2 2E93aA Aol Bolgtm ATl ZtvEY] WEd %E 7] d4a

6 4o & ry
M
L
2
o
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1

ol g3te] HEALE AJFER Y=L .
A7l Qo E shfel o e AL 7 HE 4

A3t 44 AY3, ok IEF Ak

[e]
o
& Uiy gEe) AEF A4EE RSy 3% A o
5

gol AN E= B HEe] BAL =
A28 AHNE AR A& FAYYel FHS ¥ B @ oo &
ARTAY AR AT dhabel HA,
gEQL AAY AFH BAL g5 ¢4 Fd
A

=
o B4 2de @z, HEA
=3

a
2
Lo ol

f
o2
>
il
fa
Hu
it}
1{_}{]‘
bl
ds
B~
il
4o

fin 2

8 HE ZFE39T JEYA 9 chelation® H3A=
w71 e ® M a5 i1 FAARYE F d' FI3PHE FE 763
o ZA3E s Y8l 7 EQ} chelating agent®x  Na~EDTA, DCTA, DTPA,
sodium citric acid, sodium tartric acid, cysteine, methionine, glutamic acid,
calcium ascorbic acid & AH&ETh o]E9 F3 AHE HES L 33 58
FEE AT WS E AE A7 2o 2 six ZA3E AQe] AFEAL,
ot g A A ite 2 AE
ol & ANFAAY ExE AW diz DA n, doz B A" B
BAHL F J=F AGH Aol Ao Biso] o|FojAerd Aoz B

A3A:A2AES JAE s AL

2 ARAAL ATEEE HES ASHE YUl FEHAE YIS BAse] A
2 %2 44 B4Y 5 9t JERY s Y% 1 wRE AFNe 4B
o) AEES o4 4 YA HEd AT TE/ A AF HY F ARSI
g ohde Aat #Y W SolE e E3E AEste JEATAE A AT
+ 3lE NERYHE LS HUh HE AE o] sl Hote] WF Botst
Aol B FES H9U3, BYNEE 0§35t Am E: N§HEe We) W,

22 R4, 42008, ¥4 FFF AE 53 9B AU} EvE e AAF

Fge BwEY YAYS A3 FUT HEd G35 BAFAT B A7 £
Aol E3to] AT At dojn ARE 71&d BW, 1) FA F 2@ WAE
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JE AZEFds ZA IRy FdEE, oA ds L S549 Italian
ryegrassoll Al A FAHUNE, 2) FHY alfalfas 371 JE HaHE 7 d
71 oE Yo, 3B 244 Italian ryegrass, SToNAE JE AHadrt =2
A JeEger 3) S44= NdA(NOs)s 50-100ppm, Italian ryegrassi® La(NOs)s,
E(NO3)3, NA(INO3)sT100~300ppm, T+ Pr(NO3)s, Nd(NOs)s 55 oM AR} A3}
F ¥l BF A FUHEAR, 4 dEAYE PHFES 5o AR RG AR
(F) A5S d FIMNAY 5) BE xFAA JFEHR AHle= 4& FHHA sx
HFEA §FE Eolv, 2974 9 9 38 FUAZ. 6) sEHFE HIA F A
Fea HIH7F A5 FFEAA M FEEAT 1) JEHE AHE HEAR
2Y &2 FHRAREFE A RE F AU o1FA dojA EY FTHAH &
et B8 = AFFHE fLE vEe EvEy 34 4T f71 s 84
g 5 J=E FEI F Holr

A4d:J383E & HI3gA A

Al 3 Aol AsRES E Euge gy dUgEsie He & A7 A
FaAE 47 WEF WL fAE ey, AT BEES] 23E @4 AsE HE
HE side A7 23E& 9FAv A7EAE 2%sd ot} gen, oz
old AxE ¥t VA Y 2 AT E&HRE fFEdlUE T
olth.

L 5FAE ZAd E4HE 557 Fdd dFAEdLE 4F 4 AHEE S5

T, ol ol astE Tl A& HAY AFEE THEIFIALH oE I

9 AYARE BT A7 B £ FFA JoAA FFFAE B La, Ce, Pr,
Nd, Y94 5 2E dUiEQLL Ae¥ =7t 10~30ppme WY A F5e 2
#E Uedt AMRE S50 QoiAE Ladie] A 50ppm, YA Ce, Pr,
Nd, YS9 dd3Edde 4F2EFH Zo] 10~30ppm AYFEe] M &
3% ARE 45 & dU

2 BUIELLY 49 AYFEY THS EUz BPEE At BHIEY
AGAYFE  ASAAE TR0 A 4 2 =AEFANYS ANE 2,
FA44F 2 100~300ppme] GUANE 1~23) A% G AT A 4%
£ 182~258%, AEE S5 Aol 36% WA ¥ FrEYo,
olgejetetol etze] glol At 500~700ppmel WEA ¥& A FEAA 69~
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03%9 F4&0 Yt Aoz BATAL.

BRI EY AA AYFE 2 AEAAY] 79E B39 FHEY /&L &3
A& A3 ARALEH H$ A EAW Mancozeb FFe #HFl AFo A
AMNE A&Z7] 100ppm, 7] 500ppm FE2 23] B A& A(Treatd-3)
16.1%, B&x27], F7), £719 Ztz} 100ppm, 300pm, 500ppm =2 33] FHAH]
Al(Treatll-2) 22.6%° Z3&E RIod, AE] SFFE ALPET oF=2
HEIESS 4 & AT

Hoge ANFEst £L4E, D57 BEFE FoAEo) o, FgEae 4
Fo A% A&7, 71, F719 2z 100ppm, 200ppm, 300ppme] PH A 2 A
(Treat M-1)38.3%7t Z3tEE Aog ey,

olggletetolagtiol YAME AEZF7ol 200ppme A& Frlel Zz
500ppm, 700ppme F=E AT - (Treatl-3, Treatl-4)7} whu]5o Hl3
27} 62.2%, 668%° 73 ES BAYh AHEE SFFE ESAE 200ppm, EF
7} 1,000ppm MWW (Treat I -5)°] 59.1% #3&S o 347t 713 A3
A YEbsto

23y, s&% 9 JEdA AWFIHF F& ALY Aede ASF7
200ppm, ¥7]°] 200ppmE A& Treatd-1 'Fo] 450% A= HsEL e
WA, b AAAA AEdygelats gad

- BRIAEAYY e HEAH dUELdLE JHAFEL ERAELdR A
=7 €S E, AU BEFE AFFE o4 vlHsd ¥y
AEEEZE FEEYA AFHAEAA JIFF M BRI, ST AvE 23~
26.3ppme] MAE BRAoH, 33 FEd ojgteoladgs ZE gloe
I ZAFFo] 1.7~175ppme] HMYZ HuA He Aoz yehgth
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B d7e JEFHIL e AIERS FEY A8 5ol HAEANAN A ANTE &
guet Hxo fEdFoltt FEe A ol| Fo YFoR AAFI] HE WA
A5, A EE Fol ofyn, olA7tA] oA J&3A] &L lanthanidesE F=O
& 17 7HA 33 YA E 3 aFeE o olE A Ase Fd& Lojo. =¥
19708 o] F o= FE# X ¥ FZ lanthanidesHe o] F& AMEEI7IE 3ot
JERF Y945L 1 dAFR7 g 9uky daEde
2 838 JAo] HoldtA Aolrt Ui, 28T Y4 Eolth WA o]EL A EH
TEY Aotde AEVAA & 715H 988 e Aoz dEn Qv o
g 7158 E AEY BE v 245 1 TS B AFE dgn FL
AT AAES P9 Wk
HE BoF A7dAME ET AtEe} A &FE] FALtE
= F33H, dolME 48542 A4S BA stz d9 FAE F
AdE FFE A2 5FEY 3 FFFS
EZ stodg WEdd ZaA dn Areo)lE E&S
B AMES YT £ dE eS8 At oA IEY o JFAEE B
o B3 A 283 Eo ERAY F JE JE E@UE Azd o Ve
Bt o)FA BHEARE HlEE JE AAJ FA ERY, AEE FFS
state EEAgetE 7lsol A, s vEY T AHES AAAE AV HE

lo,

83 Re) 2
AA s, Aol
ZaNAE BRE FAAA,

of 222 A§R AaA Wt oHd ALAT Ad: Foz VYHFE }A
AH B88 Aolw, WA Baw 71&o] o]HY Aolth AT AT F A A
29 A% ARe deEFoz wEY Holo

FERF ATl YoIME AZAA o o7 BAH FAL ANG & U:
ANl B TR HE FIE T ArhRold W@ WYL
sgm, e PUH Aol YT FHYA L AF /15 FARAS JEE &
Ael 43 FAsn AAE FolW, FAY ANE Foln FF NS FrlFoE
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Ao wate- NI, AR Y FHH AEL vgos EFINE AR HIA
2 Az F A HUADG oA JE Amol4E H% VEEL MAE AL
U7ks A4 SR dZAAINES & Aot AjRe] I Aldev AAE Fe
=EOZ UEE Aol

A2AF7 A7 984

2 4aT
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a3 old) U AFA% ARon Bk A7 AddTE AHE &8I Ve
< IdE FLse AT & PHolY, 7&A HolME Z&8A4E o7 94T F
7V kol 6 glojord Aoz WZHW, AAHQ HAME Brt AHIA HES
154e TE&E & e =¥ol { Qlojof dox Bt o] HAA 53] IJE
chelation 7]&°] B 7j2=ojo} &9 chelating agent’} THFstA HES o ok 313
o Atg AV ZAE dEV @ AR AlgdEY AR #MEE 235
AR @7 Eo oldl g HE G FFader s, o]& AN IAE
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