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SUMMARY

1. Selection of barley cultivars for green manure

To select green manure Dbarley cultivars for replacing
entirely—imported ryes, we screened various barley cultivars with
superior green manure traits at the experimental fields in Suwon(the
Mid—northern region), Yesan(the Mid—southern region), Taegu(the
South—eastern region) and Naju(the South—western region) from 2006
to 2008. The green manure barleys have to properties with high over
wintering rates, below 35 C/N ratio at early and mid May because
the decomposition of green manure barley was rapidly progressed
after their incorporation into the paddy soil, and yield barley biomass
more than 1.5ton/10a. The experimental results revealed that
Yeongyang, Sangrok and Paldo barley were proper cultivars for green
manure for the Mid—northern region, Yeongyang, Keonkang and
Kwangan barley for the Mid—southern region, and Kwangan,
Yeongyang, and Keunal barley for the Southeastern and Southwestern

region.

2. Rate and velocity of decomposition and nutriental solubilization in
incorporating barley into soil

This study was conducted for the two goals to develop the
environmental—friendly agricultural technologies; one was to examine
the effects of hairy vetch and barley as the green manure crops and
the other was to establish the cropping system that the two green
manure crops could be followed by rice cultivation. The amounts and
rates of decomposition and nutriental solubilization of hairy vetch and
barley as the green manure crops was determined with the certain
interval after their incorporation into the paddy and upland soils. The
growth responses, uptake of mineral nutrients, yields and components
of rice which was cultivated with treating the hairy vetch and barley

as green manure were investigated through this experiment.
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The obtained results were summarized as follows;

1) The decomposition rates of green manure crops of hairy vetch
and barley were much more rapid at the earlier period while it
turned slow from 20days after the treatment to 80 days. It were
slightly faster in paddy soil than in upland soil at the beginning time
until 15 days after the treatment of green manure crops into the soil.
However, the decomposition rates were slightly higher in the upland
soil than in the paddy soil after that period.

2) The decomposition rates of hairy vetch were much higher than
that of barley by 8—11%. Among barley cultivars, Allbori had a little
higher decomposition rates than any other cultivars such as
Seodunchalbori and Taekangbori.

3) In case of hairy vetch, the number of days taken to reach to the
50% of decomposition rates was quietly lower in paddy field than in
upland field. In barley, this number of days was lower in upland soil
compared to that in paddy soil. Hairy vetch, the fastest, took 16 days
to reach to the 50 % of decomposition rates, while Seodunchalbori tool
20 days.

4) The solubilization rates of N, P, and K from the green manure
crops such as vetch and barley incorporated into soils were relatively
higher in paddy soil than in upland soil. However, they were slightly
higher in upland soil compared to those in paddy soil. Hairy vetch
had much higher solubilization rates than that of barley and had little
difference among barley cultivars.

5) In Comparing the solubilization rates of mineral nutrients from
the green manure crops such as hairy vetch and barley incorporated
into soils among three major fertilizers, K was solubilized much more
quickly than the others. P was the second and N was the last in the
solubilization rates.. The solubilization rate of N was about 70% at 70
days after the treatment, while that of p and k was about 90%.

6) Plant height, tiller number and leaf color were generally improved

with treatment of hairy vetch compared with the conventional
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cultivation. The dry weight of rice at flowering growth stage was
higher with hairy vetch compared with the conventional.

7) The uptake and utilization of three major fertilizers were not
clearly different between the hairy vetch treatment and the
conventional, showing slightly higher in hairy vetch treatment than in
the conventional.

8) In comparing the vyields and vyield components with the
treatments, panicle number per hill and spikelet number were a little
higher in the hairy vetch treatment than others. 1,000 grain weight
was the highest in the conventional compared with others. The yield
in the hairy vetch treatment was about 7% higher than that of the
conventional. The vyield in the barley treatment was quietly lesser

than that of the hairy vetch and conventional treatment.

3. Changes of Soil Physical and Chemical Properties in Different Soil
Textures by Incorporation of Green Manure Barley

These experiments were conducted to identify the changes of soil
physical and chemical properties in different soil textures by
incorporation of green manure barley from May 2006 to October 2008.
Soil were made up of different types of soil textures, artificial ‘macro
plot’ including sandy loam, loam, and clay loam and located at
National Institute of Crop Science, Rural Development Administration
in Suwon, Kyenggi—do. The results were as follows:

The growth of hairy vetch was good in sandy soil and green
manure barley was good in clay loam soil as the mixture.
Oxidation—reductional potential was lower in the mixture than in the
green manure barley only treatment. The contents of ammonium
nitrogen (NH4—N) was higher in the mixture than in the green barley
only treatment, which was estimated to make a contribution toward
rice yield. So, rice yield was higher at mixture plot than barley only
plot. In the first year, there was little difference in soil porosity ratio

in the mixture and barley only plot but, in the second and third year,
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there was the increase of porosity and the decrease of bulk density in
both the mixture and the barley only treatment. It was assumed that
mixed seeding of green manure barley and hairy vetch and their
incorporation into soil rather than external application of green manure
cultivation was efficient in improving the physical and chemical
properties in soil. The degree of aggregation, an indicator of
improvement in soil physical properties, was high in the mixed plot
than in the barley only treatment. Hence, we suggested that green
manure barley incorporation could be possible through the mixed
seeding of hairy vetch and barley for safe and sustainalbe crop

production.

4. Development of rice cropping method according to application of
green manure barley

To develop the rice cropping method according to application of
green manure barley, researches on determining the proper barley
application time, proper amount of N—fertilizer application and proper
amount of barley application were conducted in the several
experimental paddy fields under NICS, located in Suwon(Mid region),
Iksan(Westsouthern) and Milyang(Eastsouthern). The results showed
that barley biomass was 2.13ton/10a at heading stage, 2.25ton/10a at
10 days after heading stage and 2.28ton/10a at 20 days after heading
stage. C/N ratio of barley was 26.3%, the lowest, at heading stage
and thereafter it was increased to 38.0% at 10 days after heading
stage, 42.5% at 20 days after heading stage. The nitrogen contents of
green manure barley was 0.9~1.5%, decreased according to growth
duration after heading, so the highest at heading stage, the lowest at
20 days after heading. The N contents of applicated green manure
barley was 4.3—6.3kg/10a. The rice quality and taste was generally
enhanced by applying green manure barley compared with the
contrast. The perfect kernel ratio increased positively according to

early application time and low application amount. The palatability

_19_



was increased positively according to late application time and low
application amount. The methane emission during rice growth and
development was Increased positively according to high application
amount of green manure barley, showing its consistant increment
after transplanting, recording its highest at 27th in August and, since
then, showing its decrement. The rice cropping method using green
manure barley could reduce amount of nitrogen fertilizer needed for
rice cropping about 30% by appling green manure barley 2ton/10a
between heading stage and 10 days after heading stage.

5. Field test on outbreaks of pests, insects, diseases and weeds in
following rice cultivation according to incorporation of green manure
barley into soil

To test the availability of green manure barley for replacing the
entirely imported green manure rye, the experimental test was
conducted in the 4 pad fields at Rice Research Division under NICS in
Suwon, Chungnam Agricultural Research and Extension Services,
Jeonnam Agricultural Research and Extension Services and Kyengbuk
Agricultural Research and Extension Services. The results were
reported briefly as follows:

In case of monoculture of green manure barley for cropping after
rice harvest, the growth and development of barley was too poor
without fertilizers application to ensure adequate green manure
biomass, and, for example, biomass of barley in Suwon was
1.9ton/10a and 1.6ton/10a in Jeonnam. Biomass yields in Chungnam
was 2.8ton/10a with applying 50% basal fertilization, and 2.1ton/10a in
Kyengbuk with 50% additional fertilization.. So it was assumed that
basal fertilization should be applied in the Mid and Chungnam region
for producing green manure biomass over 2.0ton/10a and basal or
additional fertilization should be applied in the Sothern region. With
incorporation of green manure barley into soil in rice cultivation,

adequate rice yields were obtained wiht 30% reduction of fertilizers in
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the Mid and Chungnam region and the yields were slightly decreased
compared the conventional with 50% reduction of fertilizer in Jeonnam
and Kyengbuk region, while statistical significance was not founded.
So, it was estimated that by green manure barley incorporation in rice
cultivation, the amount of applied fertilizer was able to reduced by

30% in the Mid and Chungnam region, and 50% in Kyengbuk and
Jeonnam region. In the first trial year for green manure barley, tiller
and panicle number tended to be reduced slightly and in the second
trial year, thiller and panicle number and rice yields were not lowered
throughout all the regions. Spikelet number and ripening rates were
not reduced for utilizing green manure barley throughout all the
regions and 1,000 grain weight wat the same except in Suwon. Mixed
seeding of green manure barley and hairy vetch(2kg/10a) without
applying chemical fertilizers made it possible to ensure adequate
panicle number and rice yields. Because the green manure effect of
the mixed seeding with hairy vetch was continued until the following
season for barley cultivation, it was estimated that the continued
incorporation of green manure could make it possible not to apply
chemical fertilizers in cropping rice and green manure barley.

So many insect including honey bees, ladybugs, regarded as a
natural enemy, Hemiptera etc. came together in heading and flowering
stage of winter green manure crops.

Coefficient of permeability(cm/day) in incorporation of green manure
barley was higher compared with the conventional cultivation. So, it
was estimated that water consumption was increased in following rice
cultivation after green manure barley incorporation into soil.

The outbreaks of biennial weed 'short awn', Alopecurus aequalis,
and summer weeds were increased 1m green manure barley
cultivation, but its effect was negligible for rice growth and
development. Weed communities were being varied throughout all the
4 regions. So, it was estimated that long—term preparation fot that

was required, and pricise investigation was needed especiallu for
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environment—friendly rice production.

Disease outbreaks didn't make any differences in Chungnam and
Kyengbuk region compared with the conventional, but sheath blight
outbroke significantly more than the conventional although it took no
effect on rice yields. So, iong—term preparation for sheath blightg as
well as weeds was required. In case of insects, Cnaphalocrocis
medinalis outbroke slightly more in the Mid and Chungnam region
than the coventional, but there was mo difference in Jeonnam and
Kyengbuk region. Other insects diseases were the same as usual
throughout all the 4 regions.

According to business analysis, green manure barley incorporation was
mere profitable than rye incorporation in Chungnam and Kyengbuk
region while the advantage of barley incorporation was negligible in
Jeongnam region. So, it was estimated that green manure barley can
replace rye for its economical advantage according to its high fertilization

efficiency although the seed cost of barley was higher than that of rye.
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LEEESTS REES S
a9 10, EFAE HuzEse A §F deol wE ofd e JheskE W

ESALE HuHES0] A7 F 1099 =EGFT ¥ £
= =

oF vl 7pg3sEE 77t vaus] B, oA = =EY
Holom, v E4kA 238%E HTth RHEEFTAAN SHE= =EGA
63.4%S HYom W EFA 21.6%S HY, AEFHIE =EA
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62.8%5 Hon W EoA 184%E Hi, HARIE o A
60.1%E5 HFom W EQFM 17.6%5 HIT AHE F 10455 70L 714
7Hg3tE S nue] B o]y AE =EdA 9,192 Hon wE
N 29.4%S BT HyFLA SHE =EdA 18.1%2 Bgon,
W Eoko| A 358%5 B, MEZHIE =ESdqA 16.3%2 HJO
W BEqko A 39.7%E HSla, HIAREE =EYAdA 18.7%E RS
Eool A 40.8%Z2 H AT
=3 9 B9k 7o) ol 7pR3 £ wluws] BW goju| e weE
RfoA =EgdA 2 EGEY FY 7] oY ofddo] 7183t 4
Fe How, F57] o]F W EokiA] =EYRTE A3 71838}

_4

=
A,
H

_EL

—

e e okN

. SHIZE sojgixel Bele] B d F ¥o] WSS 900 Uit a3}

1) W55

ol dolgM e nYe] Eay T owe Fa A%AIE AgE
He) Wshs ¥ 13 2.

H =%
SR AY] & 20 ¥sks FHlgol Hlske] dAg 2% SV A
Aow Holw 2007 dell= Haddr]e] Fr9-7F 56.1cml | H|&Fo] 3
YW= 75.7cm, BT 69.0cm, ]2+ 18] = 70.6ecmo] AT
Aol Hlste] 247 19.6cm, 12.9cm, 14.5cm & RS2 YElgtH. o]
Fo 97 Fow g Ao vehytth B8] Aadeko] i B
E7h e ol WA e AR gTﬂoﬂ 17.3cm & 2 o& e
2o F-EA] 7HE8lEE dAae] JFo R duE=d, W

1=}
H
o]

PN
T

M oo My S ML & e Iy O o
KON
o,
Ir
E
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% 1. Fgui x| of Hele] EY 3 Al o] FRAFAI7]E AFEA
) s B o5 QA=
Al
= -
A 7] A g T (cm) (no/hill) (SPAD)
‘07 ‘08 ‘07 08 ‘07 ‘08
73y 60.4 83.7 18.2 16.9 36.9 40.1
1] 56.1 71.8 13.1 10.7 29.1 28.9
#a & o] 2] ¥ A 75.7 91.4 21.1 17.9 40.7 36.6
A7
Rk 69.0 81.3 18.8 14.7 34.7 32.0
3] H| X
Al 70.6 85.9 19.6 16.5 36.7 35.3
+1g
73y 102.9 89.6 18.3 15.1 33.5 35.8
-] 77.1 80.8 13.0 10.5 28.1 27.4
Z=o)7) | dlolEH 94.6 99.5 19.8 19.3 34.2 36.2
1y 84.1 87.6 17.8 15.0 29.7 30.4
& H] %]
°ie 87.1 91.9 19.8 17.5 34.2 35.3
+1g
73y 109.0 99.2 18.1 11.2 39.8 40.1
1] 83.5 89.5 10.7 11.6 27.3 31.0
Z2=7) | @lel=#A | 100.8 | 105.5 18.3 18.5 36.1 38.7
1y 93.9 95.0 13.1 13.8 27.3 34.2
& o] 2] | A
95.9 96.3 14.9 15.8 34.0 37.6
+3.g
) w4

=719 FalFtel digk So] e A Re] EE g 2007 Al @l TRl
E71F 10.7700l Bl o, slolgml A= 2719 18.371, R+ 13.1
7, Aol X+ K1 T 14,9702 8] ol Bate] 22 9.670, 2.470, 4.274
B Aoz yeiwton, ol u X = deTtel] Hlste] 0.27] ¥ B A
o2 ZAEATH o] A HuRrdr|oA EF7I7HA FLg AFEgo

2 BRHQY. WA dolelmA AelTE Ar)e go] xge] Zrwmw
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ol g} Fo] T7hE e Aoz AAET Hie Ed7 JUA
Z7lell o] A 2 14t so] BaHo R g Eo] ol x| o] Au=
AT AHFS TRt Ao Zg 298 A7 FEE A=
ek Ak

o) A=

HAEA719 W M= 2007 ARl A FHS7E 29,1914 Bl ske] &)
oWl A& 40.75 B3, HElTE 34.7, dojH A+ BT 36.72A
R wleke] Zbzt 11.6, 5.1, 7.6 A% U E%kal, 53] #a el sk
g A7 2 AolEs Holx &2 oz Yeigth dNEE 454
FFS A= %236}% W Tl st EA 54 FFo] molAH F
FAF 2 528% SUHEE Aow deEA At solgulA o] A&

]
A o]/l é‘i*]%iﬂri "Jf‘fﬂ FHE7E S7Pd o= FA ol Eot

719 ¥ AETE 2008d AlFoA Fr]e XgET) 59g
el mlsko] aloje] Ml A] 7= 12.9g5 B AL, B 12.0g, ol HA+
Y= 11.5g, o2 Fu|Sto) Hlsle] ZHZF 7.0g, 6.1g, 5.6g A%E Y UJ—O]——/,
BATE ol T 2 Aol WolA it olAT AFL 497
So|x =3 Aoz el o]l HluE FEE&dEw) w2 3
o dolemA s} wel HAMEARE EFAA AEH o
01 o] F-ofx] dojuA el ALE AETol B2 Aom Atw
Z

okl 9 4
P —1

X
e

FoEgk Haddrld e 3.9g Hlske] ol A= 9.0g
: EFA?~ 13.6g, slloj 2w x| +H 2]+ 8.2g &2 F-H|Fro| Hlsto] Z+7}
g, 9.7¢g, 4.3g A% ] ZYr}.

32

(@21
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W) T/R&

2008 Aol X &547]2 T/REL #3471 1.4 b vls}
T 1.3, BT}, sojgulA] + HEFe 3.28 HAvd, ANRY dEF
AaRTE Ao dEFo] i Aol vl duHoR Aol T/RE
o] dlojgu x| e} PR} =& Fo= A I,

FE 2. oA el B & Al o o ASAZIE A gH-of

Ao ABF 2 T/RE

Lo Aa e A T A Total T/RE
[ 07 | 08 | 07° | 08 | 07" | 08 | 07" | 08
3y 12.1 139 7.9 | 9.7 | 20.0 (236 | 1.5 | 1.4
=8 49 | 59 | 24 | 39 | 73] 98|20 15
3 |goyelwx| 175 12.9] 9.0 | 9.0 | 265 |21.9| 1.9 | 1.4
=N}
7] ®BeF | 12,9120 48 |13.6 | 17.7 | 176 | 2.7 | 2.1
3| of 2] ] ]
1%l 139115 | 45 | 82 | 184 [19.7| 3.1 | 1.4
+H 2T
el 37.3 | 44.7 110.8 | 32.0 | 48.1 | 76.7| 3.5 | 1.4
1) 20.2 |1 24.0| 8.6 | 13.8 288 |37.8| 2.3 | 1.7
ooy |BOIEHA]| 53.9 | 56.0 | 12.2 | 33.9 | 66.1 | 89.9 | 4.4 | 1.7
‘1‘07]
B3 | 43.836.7|13.9|13.1|57.7 498 | 3.2 | 2.8
El Hj| %
il 46.7 | 41.7 | 12.1 | 16.5 | 58.8 | 58.2 | 3.9 | 2.5
+H 2T
el 32.8 | 54.6 | 15.3 1379|481 925 | 2.1 | 1.4
5u) 17.9 274 | 7.5 | 19.1 | 254 [ 465 | 2.4 | 1.4
oy [SIO1RIMIAN] 47.5 | 61.3 | 15.3 | 47.1 | 62.8 |108.4] 3.1 | 1.3
®e] | 36.8|45.0 | 11.2 | 14.0 | 48.0 [ 59.0 | 3.3 | 3.2
3] H| %
O 39.4 | 49.2 | 14.4 | 15.2 | 53.8 | 64.4 | 2.7 | 3.2
+5 2
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2008 Aol A FF FFs FHF7F 11,070 Al vlske] s o] 2]l 2]+
= 21.070, B9t 12.070 o, sojgul A+ R 5= 14.0702 o= 1}
B}t o] 9 e 15.070 o]l o sfof g x|t 2171E 6.07
BeomZA FojguA] A& FF FTE Foled 7|oshe HoRE UE
fre=

¥ 3. oyl R e} Beo] =B A W FHETARA
TEFTFAH L AL
A 7 T T | 9 dsk HHZ TEE
(no/hill) (no/panicle) (g) (%)

‘07 ‘08 ‘07 ‘08 ‘07 ‘08 ‘07 08

o 3 15.0 [ 15.0 | 76.0 | 99.0 | 24.2 | 26.7 | 95.0 | 93.0
7 H] 10.0 [ 11.0 | 71.0 | 83.0 | 23.6 | 25.2 | 93.0 | 91.0
&f| of 2] ] ] 20.0 | 21.0 | 98.0 | 87.0 | 22.2 | 23.7 | 92.0 | 90.0
1 =) 18.0 [ 12.0 | 72.0 | 84.0 | 22.8 | 26.8 | 92.0 | 92.6

oy xl+xe | 19.0 | 17.0 | 70.0 | 74.0 | 22.8 | 25.2 | 95.0 | 91.0

W) 79 9k

2007 AJZAAET 2008 A @M= dofuxT-E AL, +F
Gt AAAoR 5 Frteke AFoldlen, 2008 Al@elA #gT
7} 99.070 Al nlsle], dlof gl w2 = 87.070, K] 84.07H, dlof M|+
BT 74.070 Bk ZH2; 12.070, 15.070, 25.070 & Ao w A AT

_1\1
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rlo >
Al
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el
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N ofy

R
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o\
o
offl
e
(S
oM.
o
o,
32
o o

of L

A4
i ol

AlE R AR AR Al 7E gl AR UERe

i
B
rir % ;
SR
SR ot
E !

s

v

=
-
a

Jolefu x| oF Helo] =g A Mo s 3
=z

2
AC)
-

[e]
(kg/10a) (%)
07 08 07 08
Bl 542.3 561.9 100.0 100.0
306.3 278.4 56.5 49.5
&l o] 2] ¥l %] 571.3 606.2 105.4 107.9

H = 492.3 419.4 90.8 74.6

s

-0
=

527.1 518.8 97.2 92.3

RS

2008 Al gl A sloj X -7F A gl ol Hlste] 58.4% %
Ao Ueptom, #Ag et Hlauste] 7.9% F5EE A
olo} 2 FolMAE HAF AW S =
& F4o gzl Row AT 29
7 Aol vl 2008 Aol A TR ElolE
Shal FH] =
Heled 53 2d A%

2 T Fo

o2 fA e = sl
Bl A= FARZE AT 49 AEA
T den, HYe HE ojojA= ARAAE W A A
g REEe] gshhlg Abgo] 8 7ES o4 AT

S 2 JL rlr
(e}

N

4y = N

2 >
‘H e
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SRS
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off
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i
o et
ofo
ol
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e
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Hlzbz gloj ezl of Heje] Eokeked § B Au] Al e ASHA7E
% o

8.0
i)
‘-% 6.0 7
¥ =18
=

4.0

2.0

0.0

o

hines
=
2
=
N
fo
ox
fo
>,
N
uE
w
b~
lo,

g% 11, FlofEux]9F Bl EYF
Fpole ¥

* Con : #3), HV : slojg¥x], B : Bg, HV + B : dojz s 2]+ 1z

oz o BelE Auig & HuAEE Eg Sl = HE Aujst
AA F8 AFA ARE AFHs d AATFS FA T Aol
EFS A7l 2 AEE v 43, AAFFEe Hagdr)dA BT
= 2.1kg/10a, dlo] g WX 1+ 2.5kg/10a, H.2] 7= 0.7kg/10a, &lo] e x|+ 1.
= 1.8kg/10agiom, F97|olA #aAFE=  1.7kg/10a,3)] o] 2w x| =
2.1kg/10a, B+ 1.5kg/10a, slolgMl x|+ g4+ 1.7kg/10aSl L, 7]
oA BT 4.1kg/10a, o2 WA= 5.7kg/10a, K27+ 2.1kg/10a, 3l
o g A+ BTt 3.9kg/10as & ol &3ttt Mo AAh FFol& YT
57 ol FFAF T Aaro FFEel Frlete ol & HY 5717}
A AAA o' FUbekE B¥a BAoH, oy & EUI7MA] HAY T &
Fol g2 T 7.9kg/10aldl H]3le] & wl X7+ 10.3kg/10a= 33
TR o2 H X7t 2.4kg/10a B2 F5FS B, 53] 5714 B2
Fo] davt FEo] o] &= AR YEh FHe FeAdS & 7 3
E z}

om, FojgH| Aol A TPl A BYh ¥ B2 A ol =]

=2 5.2
= a1

ol
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F 3FAas aqe AR 2o A2E Faas doduAe 1
Aol QB B BAE B 5 Arke Asen weEy

SR

sloje iAot welg A F SuAER EFBA T o] Fa KA
8 Qe Fol e 2 BAG Avbe 1Y 129 2ok

Q] FolgFe HAnAol A BYTE 0.2kg/10a, ol AT

0.2kg/10a, B2 7= 0.2kg/10a, sl 2l X+ X g5+ 0.2kg/10al o™, +
7194 HY= 0.7kg/10a, Fo] WA= 0.5kg/10a, He]7-E 0.4kg/10a,
ol A+ B2l 7 0.6kg/10a ollon, E47]o4 ¥ 7= 1.5ke/10a,
olgHl X -=  1.1kg/10a, RT3  1.1kg/10a, o] A+x g F=

1.2kg/10aE & o]-&3sk3th

4.0 -

Con
35 4 By
 — -
30 -
== Hv+B
§ 25 A e =@ Con '__.@
3 20 22¥ )
-
¥ 15 -
10 -
05 -
0.0 -
oY Hagez| =97 =57
oY T g
a9 12, soleu st wejo] EFEY 5 ¥ Al FeA5A 7 it
Folg F
Mol Qlil Folgde olate] AU Wi Fvl6l A we I
W FFY AL uPor], ol F EF/AA A F FrolgTe
T 2.4kg/10a91d] W]l o2 WX G- 1.8kg/10a2 o] o] 2] H| ]
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H QlAke] F40) 85 FAF A Ay 9 137 o

Zelo] FFol g5 Hutdr|olA #YF= 2. 8kg/10a &l of 2 Hl| 2] -
2.5kg/10a, BT+ 1.2kg/10a, slolgml X+ U7+ 2.1kg/10al o™, +
71l Al # = 0.5kg/10a, dloJ WX 7= 0.9kg/10a, H2]7% 1.1kg/10a,
oYW X+ K e = 0.5kg/10a oldoH, 7)o BT 2.7kg/10a,

gojY WX  2.5kg/10a, M= 1.9kg/10a, oA +KH e F+=
o] §-YF2 Fdo] YA

2.1kg/10a5 F5° °|&3Fth. Wl A4 & Fe
ojus HAE AV ool AAE e 570 M B2 4o I F
T dFe BoH, <>1°L T E2F7IMA ZAYe] & Fol&¥E uT
7} 6.0kg/10a, o] 2l X = 5.9kg/10a2 A 2] H|=ekt] o] o ]| %] <]
Bt 2ol 3.6.~3.8%1 A o}l w7k F o] &k o] WL o
2 JehEoh
80 1 Con
70 4 ¥ =y
6.0 -
s 50 _
=] -
& 40 - =3
= 3.0 A
2.0 -
1.0 -
0.0
oY Hages| 47| =471
oYz Y4
9 130 ol er Hele] EGFEA § o8 Al S5V 2l
uT ]& Ok}d—

Hm

2}) 7|eF 719 A
Fojg e Hels Al & SHAERE E
ASA 7 2, vt JiE, 431 55 9
& EEA FoleHe Hurdrel
olo} T HE = 7]77}7<] JJrqB—TLL 1.
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T 5. Sole NSt nele EFFY F wo FANKAE 24,
Bl 39 el Feols

¢ ) 34

o
A

3

-9

Ca &l o] 2] Wi #]
CEE

3o 2] H 2] + 1 2]
3y
el

Mg ESEEE

1]
ot v 2] + 5.2
]

]

Fe ﬁﬂoiﬁla]ﬂﬂﬂ
Mﬂﬂﬂ A )

=] +

ﬁl

Mn & o] 2] H A
1

S o] 2 Wl =] + K 2]

o)lo]eleolellelle] el le] o]l lo]le]leolleole] o] o] o) ) fa)
== QO DO Oy [ QO H WO [ WO I [ [ [O | DN [~ | 0O | = | O
el Pt ot o ot D Pt ot B o e D F B e et e P B
O|IO|IO|IO|O|H OO W|IN|UTCo| || OO
[olle)ollollsleoleollollo]llo]lo]lo]leolleo]eolle] (ol o) lel o]
OIO|IO|IO|IO|IO|O|IO|IO|IO|H W UM O | W k|
OIOIOIO|IO|IO|IO|IO|O |||+

= QO =2 D[~ | OO | =[O |O1|00 |00 OO0 |00 | ]| CO | H~

a5 Fol 8% FU7IA vl Fkow, ot & FE &5
717M A B T-= 2.8kg/10a, ol Wl X = 2.8kg/10a, K2l 0.8kg/10a, 3l
o gl Hl| 2] + H.2] = 25kg/10a~ = ol&staltt. AR ol 8HE Haw
A7)l A i SFEder, ol ¥ BYH S5 #ETe
0.3kg/10a, sl HL-E 0.3kg/10a, B8]+ 0.5kg/10a, 3ol H A +H 2=
0.7kg/10as F ol&3lglth ¥t FFol&%FS HuEd7|oA di-E
SrHRNeH, o] F FE EF7I7HA Bt 0.2kg/10a, SOl H A=
0.3kg/10a, Bgl¢} dlog)uwl A +H 8= 2+ 0.1kg/10aS &< o] &3t}

_67_



H Aol AAAA W Ao Fa A 7E

o

Tp

)

iz

Zug7 ¢ &

j

wejol B R H

1

=

o)

=

=
R

o, A

] O

PR

[e;

SRz A

R

17} Bajre} A 80

A

& of 2wl

wolon, ne FFER
Bkl A 1692 714 wE A4s B

o

=

EHEE

1
Fo] =EYGHT wWE 50%

[e]

a8

%3h8
24
EO

w2 A 1)

=]
il
o}

=

dl

)AO

Al z7]e]  35%°]

Eontt

=13
=

_68_

ol



2. dolgM el welE wuEe B 89 = wo AKSAT Fo

7hoWel FaAGAE 24 SuAeTE doje A T B TR
Lo A%S ngon, welATE BT doluA T L Folg B
At BAFE E57) olF dloleMA AT T BATUT oFF Wk, W
2ok el dolduAA T HATHY A4S BASRE mAh J4
e BT} e AelTels Aols wYon, wulAe Tt |
el A7} 744 wokon] waA Tt A4 Fe JARE ug,

g, e doleu e nele =R #gA v A s)e] ge
Azo) Faolgwe] Wats AnEA|e} 247 X ASHow FLEE
AGe wolon e dIARVING AL FAHE R
B E5 olgHE GAS uglon et A%2IRE 47174 Q54
o2 oguHE dge noly

o 3147}

ol 9 T Al AT oA AT FETFTet

< APV =kow, WA T RS 3ol

g7 606kg/10a, T3 562kg/10a, H7 AT+ 419kg/10a, FH]
278kg/10a®= A3t ApolE H A, AAE=E B o} Fojeu A = 5
o] oft st HlzstdA R, Bl Aot FEFo] HoAA = B

‘O =
k.

]
;—rL
&

e
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A3 B &dol BE ES o3y Wt A7

Hl 8 A9 S 1828 Wohler7} Al
o]%Z Du PonAl7} &Aoo =
A , 2003)¢k o] Fof] FA3] 7FAst
A FAT S uEts dAZE 712 1930 ol oF 150,000 ha ©]4e] A
Z-Lo] Aw) F ot Zrke] HE ApFEo] 100%S EAstE 19709 =
wkoll ALl Al 7F HaE A UA (o] &, 1983). FHF FAEFF FEE
7HE7) AR gRlEe] W FAHE Aibel didh Ao g AuwH Aol T
A3 ZF7bske] 2007 137,000 haoll o]2A =3t}

U252 FFAAE DASE A, dojeux] Eatk oy &Y, B

2o wabe] B ey B one] HuAE
2|

ol rot

!

&3, dAAH dA & A BA, TR E3 5 oe T HA S
2 ARE Theetth T SHIAED A ge g
5 Aol A A el Bosgo] o] FoA| AL Q)

gk Elojeux] o] o]&o] Zlssit. 3
2002)¥ LEYF(A &, 2001; Seo et al., 1997; Seo et al., 2000) .= &g
T U T2 SRS o] AFHAAL ha T F4E 19~351 kgZhA A
b & 4= 2tk (Power et al., 1991; Holderbarum et al., 1990). 3}¥-3}+=
of A4 sH(A 5, 2008) R ¥E md(A 5, 2008) F, Fxvd o
Tk vf JA T S HHES FFEAL IAHS FI sAA ArE
o g g AN F79 FUIEE Fote dAad HES Jbeett
(Meisinger et al., 1991; Shipley et al., 1992). &3} Fojgm ]2 v}t
Stz HuAL 3 25 o] 89 gk A%=(Clark & Meisinger, 1994)7}
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v el g9l Fuje] AT vlue Holtk, Su|e] EvtAl ol

AR E A HEAE T E o ge EFetel SESE AL wan £

oW AL AR A% 7] 2 3Rt AE o) GFHe] F1 5

sholl wlste] we] AEAL vBate] FEWYS AAAE Bk EF
A=y e)

oy

K

m
_OL
O
&
v
9
o\
B
A i)
1o
ot
é‘
oX,
&
o
r
L
riy
e

rob
po)
ol
)
[P
A

3] HElE =ulE o]g Ao T3l Folg
N ]

e X
-+ 3
Al
=
=2
2

E%lﬂimqoioﬁr}w—lnrﬂmi
i oy
N

i
4
ol
ol
ol
e r
ol
-z
Lo
o)
=
™
@
=
>~
o
=
™
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ol
)
Lo
N
P
2

<Al 1> i Fodol o3 BEAE A5 R W A Al BF o]}

g Wst

2 A= 200618 AlFERgl7] Wil 2005 Tkl =HFE 9hE ol
w7Fs stk A 2 Al e 1daks o F-olA Al @ =httes 79
gto] Al st HHEe &89 4x= 10a & 1.5 ton, EI
= HHIEE 0.75 ton + SO EHIA] 0.75 tons FHSATE FHL W ool
14l sRvt. W FF2 dEH THE ol HH £ § H
Auj Al Ay AH TR AR 10a & N 9kg, P05 4.5kg, K20 5.7kgs A
Soklar oo A S wHARerd W 2T Al skl AlE
XL A7 FdAel AAR =AY AT 2 14
How 24d BEAE AIY M Alde sdslY B4 AMYE, A
GE, dEZ FAS macro plotoll A AlEAS 33T ZF plote] WA
180moltt. A= w3149 s4E 2=/ &kl 24T s
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=254, 2003). A== A EA(SPAD 502, Minolta, Japan)S ©]-&3F4]
kA3 AE Ao dEFAA SAHSEAT. 7] ¥ A=A Alse 70C

A 72A%F B 4F Az F RSl FRIFL 2ARA HBAF

ol

o] A9} A CNS2000(Leco, USA)E o]&3ate] EAsqtt. E%ke] 3}
g 542 5387 ETE0-15 cm)E zHﬂZ% T4 F AHE(2 mm ©]3}) 3}
Ao o] &3ttt B pHE 1:55W (BE9E), #71% X CNS2000<
o]-g3to] wrageol| Al 1.7245 F3}o] ,}%s}g}u} 109 A} W BA O
TEXNSH SAAEAT 1ol ek 2ARSHSITH

<AIE 2> FHH|EE o ¥ EAE ASEY £ W AW A EF

53
1%
(o,
H

2 ol Al 2006

¥ 2008 10¥ %——crvm Bﬂé}oﬂv} Al g
28 | =]) T A 2 35k3l
ok Al gell AREE Fol A= FoollA e H-1, H%-t— @50 1
] & of 2]l A

e SksiTh
FSict.
s 1
2 9.3 kg,

(H-1)Z 200633 200730 25 10 9o 25cm {}74
AU B =ujHg] g8y nef+sojewx £
HEFe Fojgx= 10a B 9 kg, HHIREE 14 ke 313
2o} Fojglwl X 2 ¢ 12 STk Eapre] Bele] 10a 3 »}ﬁ
slojg] M #] 3 kgo 2 it Hu]2HES] 3912 200612 59 144,
59 150l s3ith ¥ o= 271d % 649 39 <& o< ssinh. Suj =
of Aule FalAE skl HlAHE gl § o1 XHHH-E =n)2E YT
st & A&ehA] eFokal st a et FH|FE Fal ARS FEsisith
SHlE o] 243 Ao A HE|ZAP|FE Fslar £3k9] Foly
W x= weleh FElete] ARSI SHH| AR AT AdTe 548 1
QFste] HA 1 mx 1 m WA A& &

b A= Sl Hléo}%éow il ? 1x7] 60ColA 24A12F Az

gakslo] gakstitt. A EA T FAa9F A= CNS2000(Leco, USA

1

—LI

10

HU
oy r

1 -lm

il

¢

N
O ot

\)
(e}
(e}
ﬂ
rL
rlo

~—

&oto] FAS A B OLU‘%OPW EEAS 5‘—@,3 FEE AF st 2M KCL
Gollof] =3}l Inject flower meter(FIAstar5000, FOSS Sweden) = =43}

ol
A
o B fi7lE FFE CNS2000= o &38he] whadhddel] Al 1.724%5
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AHEL wet sieving 7] (Eijkelkamp 08.

o4
sel

A

o

TR 4 go] EYS 0.25 mm ¢

A1 3]

g °

13, Netherlands)

ol

_Zrl

i
=

sl

&
=
&y

dl

=
=

(2 g NaOH/L) 100 ml

&
olo
<
H

X
N
3

oy T ok AW

28 29 EA 10 cmollA WEFHA= (Pt/Ag/AgCL A= Orion 678BN)S E

}oitt. Eh

S

Jol +199 mVE B A

Toll wEF 2AFS AT

A AT 7]

g
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h H pud
std W3t
=Rl R o] gelo] mE EAE W AFFES FE, AR, HYE ©
o2 FUT(GE 1). 448 EdolA gk 45 Foll= Hu| gk A2t 88
Hup Aol gt ol HH|FEo]l AAM3E fdE o] o AHo] JFe
nX Aow Az, 53] Bl gl Aol weo] A&o] A B =
7P Fokth sujrRger WA o] Eule AR 2 AS5FdS B

FAT(E 1).

I 1 EAGE mujnee Y 9 o]t ¥ 4597 AS 5A
T % (cm) BONF) |9 =(SPAD)
1= H] 1 g 59.9 21.6 37.6
AMSE | BE+3 o] 2] A 53.9 19.2 35.3
#+ 3 56.4 17.5 34.4
1o H] 1 g 59.6 22.7 37.5
&4 E| R+ A 57.8 21.6 36.1
7 3y 56.9 17.9 33.4
=H] 15 g 53.8 18.1 34.3
ASE | B+ o 2w A 52.9 16.47 34.7
¥ 3 51.9 14.1 32.3

= EdolA el wste] Bej@drt 1Hg ol

: FAT7F v Ad B #JGE 2). % 29 AN
7= B b8 AgaRg 1d =0n. 5710 AR
A AEo] Fhoer JE, YRS com AEo]l FUT shAINE FESE AL
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FE 2. 15H] Yol we BEAE ¥ 2579 ASEA
_ 57 7+ T3 A=
AE e (2.9 | () | () | (SPAD)
=H] K g 8. 23 75.8 20.1 31.0
AFFE | B E+ o] R 8. 22 69.9 20.5 30.6
o 3 8. 22 69.1 20.5 29.7
=] 1 g 8. 23 70.8 19.9 20.1
¥ E | B+l gHA 8. 22 71.8 20.1 28.9
7 3 8. 22 67.8 19.9 29.7
=H| K g 8. 23 67.3 19.9 30.5
2ore [ Hal+3)o]a W 8. 22 66.6 20.3 31.4
7 3 8. 22 63.7 20.7 27.5

ol A 7} EFAAE FHTH LY FFE 2ARGAT ALY

4 ggor E, ARl woldlth AW EY BTl
27 gt WA o 9%74 2% A%k oAt 3).
ANA =% Auste] £g Aol of7] wlRel Awisie}s]
J&Lﬂm.

2
—>C‘ w
b

o =
10 JN ot
o

o 9 X Hi
an el i

2

%300 FPdes ¥ 5

o | TR 5E 8 | o | TF
e W& R I I I T AN I
(7}/m’) IR ( (kg/10a)

(0 g (%)

=H] B g 321 | 106 | 72,5 | 22.1 466 107

AR E (B +ao]gwl x| 290 | 106 | 79.1 | 21.9 459 105

# 3 246 | 114 | 76.8 | 21.9 437 100

1= H] 1 g 312 | 117 | 80.0 | 21.9 456 109

4 E|HF+F o] =] 291 97 69.5 | 22.1 422 100

¥ 3y 223 | 100 | 73.5 | 21.9 420 100

=H] B g 233 | 110 | 84.1 | 21.7 420 102

2lorE B +aolg =] 271 | 101 | 68.1 | 22.0 437 106

7 3 212 | 106 | 78.7 | 22.0 412 100
% 49 AdoA A A7]E C/NEQ HslE HH 23 & A|do] Ad
5 C/NE2 57F si9la giAl= 3 75 BeldA e C/N&o] E8ktt
T HEle] C/NEo] A3 slojeux] R} =9kom e X7} 7}
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e ONES Bt &3 & 702004 80 Alelol ®elet 9] C/N
2 9438 S7Felal A2 354 509 Alelo] AA STFFITH(GE 4).
3E 4. =54 A5 A7 CO/NE st
. =38 F 208|159 $ 35Y|ED F 504 |EE F 704 1EE ¥ 80
o q+74| < (94| < (F+AE] 2 9+ E| 2 (144 2
woog 8.4 | 157 | 9.0 | 17.7 | 13.7 | 29.1 | 20.4 | 23.1 | 39.2 | 45.6
ojgwlx | 6.5 | 13.6 | 9.7 | 11.0 | 9.4 | 11.0|10.7 | 13.9 | 10.8 | 14.4
T 9.4 |17.6|11.1|17.2|16.8 | 32.3|20.8 | 17.6 | 39.9 | 39.4
-2 10.2 | 13.1|11.9 | 15.3 | 15.6 | 19.7 | 15.4 | 20.8 | 17.7 | 21.5

E 5= A § B ol s 2ARE Aot B RN pHe
VARG StopA= Ags HAAT 2 Afel= mvahalal OMe Hejet 3§
ofeiMlxle] EdA el A gobAl= AFoIATh. frE dake o] diAH
oz Folth. BA4Y K, Ca, Mgd| &2 AGE, 4E, AAdES] ¢o= wik
I FFEE AGE, R, AR ToR mokou wujAed o3 g5
'Y 57k FEAAM YERRTH(E 5).

£ 5 B4 AUE EY ol 5ehy

A8 s pH | OM |Av. P,Os| Ex. cations(cmol’/kg) |25
(1:5)|(g/ke)| (mg/kg) | K Ca Mg | (%)

=] 1 g 5.84(3.21 27 0.29 | 2.72 | 0.40 | 66.4

AL E (B E]+ SojeHlx]| 5.86 | 3.89 23 0.27 2.92 0.63 | 63.3
S 6.08(3.66 | 34 0.24 | 3.01 | 050 | 64.9

1] 1 g 6.25(3.57 | 21 0.31 | 3.69 | 0.62 | 58.6

4 E |Hz+ sojgx]|6.24] 4.02 | 32 0.27 | 4.49 | 0.76 | 59.7
S 6.29(3.61 28 0.25 | 4.33 | 0.52 | 59.6

51 B 2] 5.677.89 | 21 0.30 | 5.80 | 1.14 | 50.5

A YE | B+ oA 5.78 | 8.96 21 0.28 | 5.75 1.38 | 50.6
o 3 5.89|6.78 | 25 0.24 | 5.87 | 1.39 | 54.9
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<A 2> HH|RE o g% BEE ASFY 2 B AW A EF
o| &gty W3}

e
SHZHE Y52 FH)4=9] biomassoll 83 4TS gt SH|AHE YES

HEHS s o 7HA] ddell osiA RS Wtk 20061 R 20074 2
W BT ded H0Ee] ASEAS AT 1), 242 20079

ASFETZL 20061 Ko thA FEek IS Al9]star 211t 2ko| 7 gtk 1Y

U YRSE 2007d0] 2006 KT 2 Atk ol 2007w

Al ZHe 7392 Qlete] mJu|RHEe] ¢ < R P

AZFE Q) 714e] FEskeid 200602 S-S Wi HEHlE GEAA YR
7F BRI T AMYES AYE Sii 1} A}%Eg‘r ASE

(3

Hl

3= Rew oA ev(Clark, 2007) ol dofe)Ae} y_a Sl Al
89S B A% A0k E Aot Gfent Aiss X
o)

Fe G FEFo] AL

2006 2007
EA | HAgug | 2| dEF |97 9NE | 2| dEF |de dET
(cm) | (U0/m") |[(7])| (SPAD) | (cm) | (ZH/m’) [(7])|(kg/10a)
=njRe | 11.3 547 |4.5| 24.0 |11.4 | 422 |1.0| 9.7
AVSE| E3H(EP)| 11.5 287 39| 32.3 |10.4| 367 |1.4]| 10.8
(H=)| 8.1 107 - - 6.3 33 - 1.1
wH] R | 10.0 807 |3.7| 24.0 |10.7| 422 |1.8| 11.0
¥ E| TIH(RF)| 9.8 387 |4.3| 284 |11.1] 300 |1.8] 8.3
(#H=D| 8.3 87 - - 8.7 89 - 3.1
Ul R | 8.5 500 2.7 18.3 |11.5 411 | 2.1 12.0
AGE| E9H(HY)| 8.2 427 3.1 199 | 95 400 2.0 11.9
(#H=])| 9.8 100 - - 7.7 89 - 2.5

* AR AIZ] 020069 119 134, 20079 11 16
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0SS
=

W

i

=K

M

o]
e
(a\]

B

oy

2] ol A biomass’}

E7F 52l 45 B biomassell

ol
=

| =73

Aol A5ZA7F 2008 Btk 204

4579 9

HH

o

el
_foo

jgase)

& ARFES} FEo

b

=T

A

A

gyl

t}. 2007

ary
X

M

XO

v

el A 7}

=

= =
kil 53

HH

o
oz YE Au9 E4o] 9

TR

of gl =] o] 5o

. il

27

29.3
36.0
13.1
26.7
37.3
16.0
6.7
8.3
5.3

217.3
238.7
73.3
214.7
270.0
103.0
82.7
65.3
34.7

2008

3.0

11.0| 5.1
15.4] 3.2
11.2] 9.8
12.6| 3.3
13.7] 3.1
13.3] 9.1
15.7] 2.3
13.5] 7.9

11.1

42.5
42.9
10.1
36.3
31.9
8.8
27.0
20.7
6.8

230.0
253.6
64.9
219.2
199.5
53.0
160.5
129.9
37.7
- 78 -

2007
7.6
13.9
7.8

39.3

(cm) |(SPAD) |(71/) |(kg/10a) | (kg/10a) |(cm)| (¥]) |(kg/10a)|(kg/10a)

11.2 ] 41.7
10.0 | 43.3

8.3
9.4
7.6

220074 3¢ 8Y AL, 20084 3¢ 27

sH(He2])| 11.6 | 42.8
(#12])

v(R2e])| 10.0 | 42.7
(=12

| E.2]

sH(He2])| 11.2 | 39.6
(#12])

=0 HE | 11.1
SUEE

R
R
R

=2

=2

=

%
E
%
E
%

« A 2A}




Kl

s 3kl d A 2 EAE S0[AEY 4554 2 A Wt £
2o Ao AS S o] 200799 Bx, AEFTS 2008 Bt
=AU 20079 g SHjEP 8o 2T 10a G 860~1,060 kgo =

RE EAO EakolA 10a & AXFOE 2,500 kgs A
3leto] GEoIME B4R 11.7 kg/10a = AAtsl3th 20083 A&o] Az
3}o] biomass A AAEA o] Hojx o} AdE Q] Eulto A 8.9 kg/10a 2
ALE A2, 7oz FAT glopd sH RS FolgH 9 &3t
sto] Aufstd W AQu) Al EH|E A7 7hes e AoE AR EHIUH 539
239t Al ®dEo] 30 = Aol FEst A3 Ut s Aow
/\gz}gohjr _13]2]—‘:’ st9] 7\1;3,] 200744 A§0/\1—§]- 1.:5 2, 20084 Aﬁ%%
go 8 3oty F a9 BF HHEg dalnd Zagol A 27) dzk A

1O ol—

o >~ =]lL.oO
o] $-43h& 3l

P
T

%3 9A% % EE h2Ee] Y A HH|3E ASEAD 2 ALY sk
= 2007 2008
. Agye | 21 | Bx2F | 0EFT CN N | 23| AzxF |(AEF CN N
° (cm) | (kg/10a) | (kg/102) (kg/10)| (cm) | (kg/10a) | (kg/10a) (kg/10a)
ApLSHIRE] [57.6] 860 | 260.2 52.6| 2.22 | 49 | 724 | 206 |50.33] 1.92
o1 2,520 | 476.7 [ 28.9] 11.3 1,520 | 398 6.85
°lzsh(He])]68.8] 720 [171.9(435] 1.75 | 64 | 480 | 148 [39.88] 1.73
= (#1=])197.8] 1,800 | 304.7 |14.3| 9.55 | 98 | 1,040 | 250 |20.25| 5.65
=n]H el |55.3| 1,060 [270.6 |49.1] 2.50 | 54 | 900 | 250 [46.12| 2.50
& 2,580 | 481.5(34.9| 11.7 1,913 | 454 8.85
(=3 (Re])|75.1| 560 |115.2[54.3] 0.96 | 72 | 853 | 225 |44.89| 2.34
(W] 2])[104.4| 2,020 | 366.3 |15.4| 10.7 | 106 | 1060 | 229 |15.76| 6.55
2| =HIWE] [57.5] 880 |226.854.0| 1.88 | 57 | 744 | 193 |33.90| 2.64
o1 2,020 | 486.5 [33.4] 9.10 1,176 | 304 5.29
Cl=3(1e])]68.9| 980 | 246.4 [50.8| 2.21 | 59 | 824 | 229 (34.47| 3.11
= (W]=])[ 71.1 | 1,040 | 240.1 |16.0| 6.89 | 82 | 352 | 74.6 |21.31| 1.58

* AR A7) 020079 5€¢ 144, 20084 59 15¢
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<AFE>,
A4 B4 2 wH A A8 A4
Aol Fasith HujzE] e $
Ao AR o g wE A olA g A
AfFES ErppolAE AT vad 4SS
Aeetal 27 d B SujHe] oA Fu)a

=2

=

A4

o= C/N&o] =& FH|Hg
el el Aol sl B A
HAFo] e 8o] w4

= we] Aol Fopdl



2007 2008

EA A U8 oty AT P ol A
(cm) (78/5) | (SPAD) (cm) N/

3 Al v] 24.6 6.4 32.4 33.3 9.7

1o H) 1 g 15.2 5.2 16.5 21.0 6.0

MR < 3} 23.2 5.8 27.9 23.3 7.7
=Y 16.0 5.9 15.5 22.5 7.7

3 Al H] 29.7 9.9 31.8 28.3 10.7

o = e H) 1 g 14.1 4.7 11.5 14.3 6.0
° = 3 24.4 5.6 29.8 22.0 7.7
T H] 16.5 4.8 17.0 24.0 7.7

3 Al H] 29.0 6.4 33.6 29.7 7.0

Nere =] 8.2 14.4 8.4 14.4 26.0 6.0
£ T 18.6 7.8 23.1 24.0 7.0

T H] 20.0 6.6 22.0 24.2 6.3

x ZAF A7) 12007, 2008 E5 69 19¢

z7] HulEQ)e] AdatA XstH W] sids] A4 Fol fddrt o

Al 2 Ao A = 20070l EAH B o]kS 2197HA] ESS] AbstEe A

(Eh)E ZAFSFITHEE 5). 2719 AYEE SR A5 Al
= 5AS Bt a8y A7) AR EN BE

Aol FA43] AP AT AFSFEANA = FH| R Fo A 7HF Eh gho] Stokth

T 21970l &3l A 23] Ehv}t Yol A

_—

th ol FEo| sl Aol ol WA RAHWA B mele]
B %3 A7 AnE FYHAL HF Sl B4 B EYS 4%
EQld] 2719 BAAuTIL B0] B @a QTh A7 BAFOEA
AFES A A S nolth 2719 @RE AAHoE EFS 24T A
o 9ele] Y Ao YUt
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. DAT 7 DAT 14 DAT 21

E A e R e ——— (V) ———————————————
T A 1] -55 —-197 —223
1] 1 g —160 —228 —237

AL ok —

4= = 5 45 —-153 —173
=R 4 -125 —174
A H| 2 -90 —129

& = 51| 1 2] —104 —206 —125
- 4 -178 —229
T g —20 ~131 —144
FHe Al v 162 —27 —38
= n| 1 g —68 —1438 —154

A] oF

HEE T 3 52 —-151 —179
E=RE] 41 —-134 44

o] i T A 1] —54 —150 —196
ERER —122 —219 —233

k) =
(hz=Ah) = o —113 -170 —178

* DAT : Days After Transplanting

Oﬁlﬂﬂ ] 9] %%%01 =
i

W20 BAFO] TR W oo 1099 B F 30YNE 15T FIE nY
th 55847149 79 2586l = A% stel xn] FAToIA ]t Ak

7F B = A

¥ 6. HH £ T Ao mE BEAE EQF NH—N = ¥l (2007)
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05¢ 21¢ 05¢ 29 06¥ 139 074Y 25¢
E oA AgUg| (39 3 79) | B F159) | (3 3 309) | (3K T 629)
(mgke)
7+ A B] 2.89 2.07 7.47 5.04
=4 H g 4.80 1.69 2.82 6.18
A}Ck =
= = 3 6.23 2.33 5.84 5.90
i H] - — 3.89 5.41
7+ A B] 1.95 1.69 13.8 4.10
o = =4 H g 2.19 1.75 2.70 6.40
° E 13.10 2.77 4.55 5.55
7 H] - - 2.22 5.28
73 A 1] 2.19 2.12 13.1 4.59
AopE = H]H.2 1.03 1.87 4.85 5.52
<z 3} 3.37 1.87 5.73 5.44
7 H] - - 3.68 4.69
X 72 SHZE o]f ¥ Au) Al EAE ¥ o 2 pFFAH A HEE
el Aolth, EdHEEE YE Tulgolr = AgoR #Pi} xfolrt
AATE 53] 200739 AAFEANAM = E37F FYAI ]GRO =9kt 2008
of Hlste] 200719 Fo] HAH oz A}, o= 2007d9] dxH = 59
717474 891l Aow FAHHAT

2007 2008

B Al ANE| £ 555 HEF| B5E | £ (555 AEF| 25
N/m)| (%) | (g) |(kg/10a)|(Z/m)| (%) | (g) |(kg/10a)

#PAH]| 204 | 87.8 | 21.8 | 344 b | 300 | 89.5 | 23.1 | 451 a

ApoFE %Hlifﬂ 172 | 935 | 20.7 | 244 ¢ | 222 | 86.0 | 22.6 | 325 b
c | 213 | 88.9 | 20.2 | 390 a | 282 | 91.5 | 23.5 | 446 a

= Hl| 151 | 90.7 | 20.3 | 219 ¢ | 222 | 88.9 | 22.3 | 277 ¢
AYAH]| 258 | 89.5 | 21.2 | 414 a | 304 | 90.3 | 23.0 | 418 a

o & =dlHa| 130 | 90.1 | 20.9 | 209 b | 207 | 89.9 | 22.7 | 286 b
° = | 224 | 88.0 | 20.1 | 400 a | 276 | 84.5 | 22.3 | 413 a
= Hl| 125 | 90.9 | 20.1 | 178 b | 207 | 87.4 | 22.1 | 249 b
A Y] 216 | 90.6 | 21.2 | 349 a | 304 | 89.4 | 22.6 | 437 a

Nere =d) K| 192 | 92.0 | 20.6 | 281 ab| 216 | 90.2 | 22.4 | 278 b
e & 3 193 | 88.0 | 20.1 | 311 a | 238 | 87.6 | 22.6 | 300 b
T H| 183 | 89.1 | 20.0 | 224 ¢ | 207 | 76.9 | 22.7 | 211 ¢

fa~ c: 5% levels of Duncan's multiple range test.
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SH A o] W A ¥ 27) A7 B B pH, 1€, FEUAN 2
A8 Zrele] gEisE ek Zlo] & 80|t pHe AFFEC] W Al
AL o] g3t YA HZEe] =B F 2 YIStk A1 d S7F B pH
AstE et wbg A X3 dew AAHY. Jy EGRTIEY] o
& 7 2 AAwE 2007 HlBke] 2008 d0] BE A TellA 2w ST
T A4S B AR T SrtE o] HH A A EFRTIEC] T
7T FEE o) f5 3A Raglth fraddast AEd Zee Fud 4
e HolA ehskrt whebA Hu|AE - FRAANM EF 7€ FoH

Ao

2007 2008
E A [ HglE| pH| OM |Av. P,Os| Ex. K |[pH | OM |Av. P,0s| Ex. K
(1:5)|(g/kg) | (mg/kg) |(cmol/ke) [(1:5)| (g/kg) | (mg/kg) |(cmol /kg)

w3y A|H]|5.15] 15.4 136 0.05 [4.82| 17.1 79 0.22

Ao =H] 2.2 (4.83| 14.7 126 0.05 |5.06] 15.7 121 0.20

e 3}4.82] 14.1 130 0.02 14.75| 17.5 134 0.17

S B]|5.25| 16.4 155 0.18 14.99| 17.0 91 0.20

A H]|5.44| 16.1 106 0.19 |5.30] 18.0 65 0.35

oF & e B 2] [5.18] 12.9 75 0.13 |5.04| 17.4 50 0.30

° = }5.05| 15.9 104 0.06 |5.15] 17.2 69 0.30

i H][5.39] 15.5 90 0.15 |5.19] 16.1 81 0.30

3P A4 [5.68| 19.9 95 0.34 |5.68] 22.3 75 0.47

Aope HH| B 2] |5.53] 21.6 99 0.34 |5.77| 22.3 64 0.44

A - }5.55( 20.4 131 0.34 |5.59] 23.9 62 0.45

S B]|5.75| 20.9 119 0.33 1|5.67| 21.4 139 0.45
Eoke] shshgol A wul A gol o3t A 2A Hetdont Bk 24l
gAYEY} FIENAE 2 BF BE EAA HulAg = munale
Lo A SAREUEE A FHEC] SUIstE S BT ol ]
g 1~2d% AW E F28 f-2 glomalinol el B2 Soll a4 S
H AoZ AAEATHA 5, 2009; Wright et al., 2007). EAAHEE = ALY ES}
SRl BA AN BT ek AGEAA R G FolA = AL
BAY 2 24S g8 $08 AYE st 2R 499 Aow
FAEJY. 51 A-E] HE2E T2 oM x| 7 FdE SaFrel A A E
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37} ek S ne] Bg T tha Fel gl Baks g ot B
ol wste] AMEE Agelgith. ol BUW wulu ] RS} e
°] wel 5o ggel Aoz ARG

W
[ 2007 2008
e A 2§ (Cm‘j LA = TIHE | fHERE | ¥IFE
(Mg/m") (%) (Mg/m") (%)
78 Al H] 0—10 1.32 50.1 1.46 44.9
10—-20 1.37 48.2 1.52 42.6
=H| K g 0—10 1.31 50.7 1.28 51.8
10—20 1.36 48.6 1.29 51.4
A}k - -
FeE = bk 0—10 1.23 53.6 1.22 54.1
10—20 1.36 48.6 1.32 50.0
T H] 0—10 1.37 48.5 1.36 48.5
10—20 1.34 49.4 1.37 48.4
73§ A B] 0-10 1.30 51.0 1.59 40.0
10—20 1.27 52.2 1.51 42.9
=H| K g 0—10 1.24 53.1 1.20 54.6
o0 = 10—20 1.40 47.3 1.36 48.8
° 3 0—10 1.19 55.2 1.29 51.4
10—20 1.22 54.0 1.26 52.5
= H] 0—10 1.35 49.1 1.33 49.8
10—20 1.35 49.2 1.48 44.2
8] A| H] 0—10 1.31 50.6 1.32 50.0
10—20 1.30 50.9 1.43 46.0
= H) 1 g 0—10 1.23 53.8 1.29 51.2
e ] 10—20 1.27 51.9 1.24 53.1
c v} 0-10 1.29 51.5 1.30 50.8
10—20 1.30 51.0 1.37 48.3
= H] 0—10 1.27 52.2 1.33 49.2
10—20 1.36 48.7 1.35 49.2
EHNANE EGAAREC] AR & FA Qo] e dAE FAkE A @
FdolglE WA Y (water—stable aggregate)o|etil dot. 19 5% AlE
o] HEAx 2008@ HoAQE 5 B F SaAE A ddste s AL
ST 2¥ 5 °‘EE9‘r A GE Tl sty 7R =T AMYE
o A = 144#*3%‘ Gl SOkt o= WA U] bl EAo] o
ol HAE= Aoz AZLEHAY. S HES FTFo| ti =2 GEo|NY E
Aol =1 T Al dustEr) molA = Ao2 FAEAUL
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pH EC OM Av.P205 Ex. Cation(cmolkg™)
1:5 dSm™* g kgt mg kg ! K Ca Mg
6.5 0.90 0.90 120 0.34 5.51 1.87

o Aulg 2 Ay
HE g 79} A= e W FF @ BEYEAM HAE 9FS 24}
stalzl Al B FFEOo R FH| = s

o W& X%FHLH vy E57 1
T B S 1099 BAFE 7IFo=Z 3§t 0, 1.0, 2
zF Aegakgitt. Belske LEP% A g AS Qg Ador F3317]
Aa Aa ARFEES A4 9 kg/l0as 7]5+o2 0, 30, 50, 70, 100 %= =
23t txT= 318 8 N-P205-K20=9-4.5—-5.7 kg/10a2 A-&3&}%lth
olwf, ¥ Auj7|zt T 3}3H| R 1 el s A4 50%, Q14 100%, 28 70%
M2, Bdr)d s A4 20%, F5EA7 dh 30%9 ZE 30%S 23
FHlE T Ed ol A= % 2E/10a% A A& Fol K9
A7 9 SRS A Ttet vl sl

e
PE
E,
rlr
o2
o2
fz

[S) o=
Kjeldahl'H o &2, F7|AE(K, Ca, Mg) S22 Ternary solution(HNO3
H2S04 : HCIO4, 10 : 1 : 4 volume / volume)2=& ¢t &3 & T2
ICPZ, P %2 ammonium metamolybdatet] &2 AZFslqitt. Z=4+4F =
& 550ColA 335 1% HCl §A o2 110Co] 2A12F 7} 3 thg o 7x]
E o]&ste A5k Wne] =AEAS A o FHSAVI(KETT
RN-500)5 o|-&sto] Ban], St dv], &4dn], Aet7|v], i gH] 3 o]
TETHHE AT o=~ $FEES Juliano®] 8.0.& MM A ow
ZAF8F3 © ™ (Juliano et al., 1981; Perez and Juliano, 1978), W& 3s}ake
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SFATE. OW pHe} ECE 1159 (E4E), =& Tuyrin ¥,
Lancaster®, X|&kA oFo]22 1 M NH4—acetate buffer(pH 7.0),
IN sodium acetate W& ©|&3st] F% A =FsITH(RDA 1988).

(e}

7] Vz}%‘rs T 29 o] AALEE 49 —0.1TC, 11¥9-0.4TCE A3t
Hdo] Hl&) 0.3~1.0C 2 252 Ao, d2AHE 299+ 4.34]
7 wkoy oE A7l Hd 1 Hlgke] 0.6 ~16.5A1%F A5, 552 34
o= Hdo] v3] 18.4mm Egrot thE Al7)= Hdol Hlske] 3.0~ 47.4mn
Z o=

X 2. A7z 718 s

L]2]3a]4]5]6]7 8 9 [10. [11.] 12
2006 |-4.3]-4.5/0.1]6.5(13.3[17.7| 21 |23.7]16.6]12.8]3.9| -3

24 | 2007 [-4.4]-1.6] 1.2 | 6.1 |12.8[18.2/20.9/23.3[ 18 [10.2| 1.3 [-24

o | 2008 |-5.8[-6.9] 2.1 | 7.2 [12.3[17.4(22.7|21.8[17.9[11.1] 2.4 |-3.5

T 1A -4.8[-4.3] 1.1 | 6.6 [12.8/17.8[21.5/22.9]175|11.4| 2.5 | -3.0

(C) [53aB® ) [-5.5-4.4] 0.6 | 6.7 |12.5]18.0|21.8| 22.8 | 17.6 | 10.5| 2.9 | -4.0

A-B | 0.7/01]06[-0.1]0.3]-0.2[-0.3] 0.2 |-0.1] 0.8 [-0.4] 1.0
2006 | 144 ]174|205[137|197[162| 46 | 201 | 190 | 169 | 141 | 152
o]z | 2007 [178]179|155|211|213[185|107 | 126 | 91 | 194 | 200 | 145
A 2008 |165]231|194[211(215[172| 98 | 209 | 186 | 191 | 161 | 154
H4(A)| 1621195 185]186[208|173| 83 | 179 | 156 | 185 | 167 | 150
(hour) [ d(B)[ 170 | 190 | 200 | 198 | 214 | 164 | 89 | 166 | 155 | 201 | 168 | 167
A-B |-7.5| 4.3 |-15.3]-12.3]-5.2] 8.9 [-6.0] 12.3| 1.0 |-16.3]|-0.6|-16.5
2006 |38.6/19.5| 6.9 [59.9| 133|156 |754 | 66.4|21.9| 18 [61.6]25.3
2007 | 9.3 [15.1]135[24.2]| 146| 74 |269| 295 | 268 | 18.3[57.1] 11.3
A% 2008 [13.6] 8.7 | 56 [42.2] 93 [ 198540 217 | 101 | 35.6[18.5] 16.9
(mm) | B (A)[20.5/14.4]66.0(42.1] 124 | 143 [521] 192 | 130 | 24.0|45.7] 17.8
Hd(B)[17.0]20.2[47.6(55.1] 118 | 145|439 | 218 | 178 | 28.8 [48.7] 18.1
A-B | 3.5|-5.7|18.4|-130| 6.7 |-2.1]82.0|-25.8/-47.4]| -4.9|-3.0] -0.3

) H4A(B) : 2004~2008
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<A@ 1 > F2E ¥ A Al FHR FHAN7] 7
SH RS EF S Ax 3 O/NES 3% 33 g weo A%
& 7] 2,130 kg/10a, =% 109 2,250 kg/10a, =F 209 2,280 kg/10a

o]QlaL, HlY C/ ES E47026.30.2 7HF Wl o] % A 7HA I w5
7Vale] Z43 100 38.0 43 2090 42.5% =9k},
=y HEe] A ?;;%k 0.9~15%2 Z47] > 243 109 > =23 902
=
E3hom 10ad BAE2 4.3~6.3kac] ATt
¥ 3. A7 Hu)ey A 2 C/NE W3
AN =) == Zﬂﬂak ?‘sjP A /‘\_}ak
wuine @Ay | e =< | N N AR Ns
(kg/10a) | (kg/10a) (%) (kg/10a)
= F 7 2,130 421 1.5 6.3 26.3
%43 109 2,250 449 1.1 4.9 38.0
=53 209 2,280 473 0.9 4.3 42.5
% JUnE =57 ¢ 4. 27.

SH A= ASAI7E C/NES
= 11.7~1442 GEekov) shaaQl sujHe e E7]9 26.3, =575 204974
of 41.22 Folx i, T o R
Hot Fahsu aEel = . 5
3] ZujE el FHFHAER] SojguAE Eu & A ST =
2322 9= F AU

3E 4. =98] ASA7E C/NE #s)

T 49 3949 179 (49 229 |49 279|549 29 |59 7Y
o) B g 14.4 | 16.9 27.3 26.3 | 375 | 41.2
& o] 2] =] 11.7 9.8 9.6 10.6 | 11.7 | 11.7
ZH g+ sloj g x| 14.0 | 18.4 18.2 21.0 | 19.6 | 23.2
s 9 14.4 | 28.9 31.9 | 43.3 | 449 | 50.7
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SHAE S w2 W 24 AFE A Ade ® 59 2o
w7 = E57]0 L7 2FY w457 SUkeke Adeldlen, F
T = E5-%F 20¢ A7 27 BG5S st A Eo| ATk
¥ 5. mHlR Y] FYAVE W S
A 71(6/16) HEA7)(7/15)
o = >~ > >~
A7) ES A N o At ES A N A et
) (cm) () (cm) ()
= F 7 28.2 7.6 37.6 56.7 16.5 37.7
=535 109 27.4 7.3 36.0 60.3 18.1 37.9
=535 209 22.9 5.7 37.4 63.0 22.1 38.6
7+ &Y 21.4 8.9 34.3 64.9 22.9 34.6
% =H)(9UdrE]) O/NE =57 26.4 , 53 109 38.0, =53 204 42.5

sHlR o] dAZIE B 79 A5ERS & 63 Pl 2=

36, SH[H £}
R %0471 s T A =T
(£4d) (cm) (cm) (SPAD)
= T 7 8. 12 80.9 18.3 38.1
=T 10 8. 13. 81.7 18.0 39.0
=55 20¢ 8. 13. 81.2 17.9 36.4
o 3y 8. 12. 74.0 18.0 348
B o]d7](5€¥ 28¥ ), HH| EF FUAIVI(4E 26¢, 5¥ 6¢, 59 16¥)
o GAE ZAM ) (ES7)), T (JME=SH7), SPAD-502)

=R SFAA7E & FHS A 3 A= F 73 o] 579
8 Ao & FHE 457kg/10a0] L, =435 10, 20 Ao &
FFS 4657 438kg/10a% F AN+ 515kg/10a°l v]ste] 10~15% 4T}
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®7. 50 FJAAVE W FP¥FAAR L I £
A48 8 Ol*ﬁ‘j THHF| T5E | AHST | U5 H AT
N/ om (%) (2) (kg/10a) (%)
= F 7 16.5 | 55.5 | 86.8 | 214 457 a*| 89
=53 10Y 16.8 | 56.5 | 88.6 | 214 465 a 90
=53 20¢ 16.4 | 52.8 | 87.1 21.2 438 b 85
= &) 16.7 | 60.7 | 94.9 | 22.0 515 ¢ 100
* 0.10 frolose] dvs a4
< AY 2 > FFAE ¥ A A] FH|R ddF 73
Hr| R s A4S 18(N 3kg), 28 (N 5.9kg), 3= (N 8.9kg)
o2 W A8 ¥ 83 X 9o} o] [ujH o] BE4E z%}ﬂr 2o
F7F Woka, MR Eo] 3E AJET oA oldAT AEFHE Yot
AL F71d e 350 He AS & 4 AT
8. Hu|Hge] Sz ¥ S
=< 71(6/16) FH+471(7/15)
T 2% | B (9N =F | Y5 [dAET
(cm) ) (cm) (=
. 1.0 292.2 7.1 27.2 | 67.4 23.1 38.3
sk 2.0 20.3 6.3 221 | 67.5 22.1 37.6
ton/10
(ton/102) ™ 00 4 | 6.8 | 282 | 713 | 241 | 371
4 3 21.4 8.9 34.3 | 64.9 22.9 34.6
 =R](ggre]) C/NE : 33.4, 1E(N 3kg), 2=(N 5.9kg), 3&=(N 8.9kg)
T (GME==47], SPAD-502)
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S =5427) P S QA =t
= (9 (em) (cm) (SPAD)
— 1.0 8. 13. 74.5 17.6 35.4
solek 2.0 8. 13. 72.8 17.7 35.5
(ton/10a) | 3.0 8. 13. 76.2 17.5 36.1
7 8 8. 12. 74.0 18.0 34.8
« 1 o]a}7](): 5Y 289 ), FH|HE EY FUA7I(4Y 269, 59 6, 549 16Y)
o A I @Wﬂ(%?ﬂ), (M E=47] SPAD-502)

2 e 1E A& 448kg/10a, 2,3 A& 462, 500kg/10a= 3K Th

3~13% AA YJEI} =6 Hgjpto gz wo] Ao Fash GRS nh
At 4 gle AR Yelgon, dwmtdow weEE FHAuz xS
R 8 gE Fo 1~28 AHLolt}

T /=) O (%) (g) | (kg/10a)| (%)
g | 10] 176 53.3 79.5 21.8 | 448 ax 87
s [2.0] 171 55.9 81.7 22.2 462 a 90
(ton/10a)| 3.0 | 17.4 59.6 83.6 22.1 500 b 97

4 9 16.7 60.7 94.9 22.0 515 b 100
« 0.10 fFro)Ee] 94

< AIY 3 > FH|RE o|&A FZE B 9 AHF T
SH R A5 AAHE 30%, 50% A4 Ae 23 ¥ A5 1 113

F 120049k o] AANE 30% #H|T7F B3I} b= 7

W, SHEES AavE 50% 77 d83 v AES JER AT
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=471(6/16) HaEL71(7/15)
T =% | 4 oAt =% TET o At
(cm) () (cm) (5

=d|Kye |50% #AH]| 215 | 7.7 26.7 69.1 25.5 36.2
(2.0ton/102)|30% #4]| 21.9 | 8.3 31.3 73.4 25.3 37.6
=y|sd |50% 4] 20.0 | 7.3 30.5 65.7 22.6 35.5
(2.0ton/10a)|30% #H]| 21.3 6.8 31.0 66.2 21.2 34.2
o] 17.7 7.2 24.9 55.6 16.6 31.1

3’& 6@ 21.1 | 8.9 34.3 64.9 22.9 34.6

® 12. %ﬂtﬂiﬂA AT AMEE W A57)9 ASASE
= >~ T 2=z} o Al
A8 U e EOT7] e T A A e
(€4) (cm) (cm) (SPAD)
=d)He | 50% 78] | 8. 13. 76.0 16.6 37.1
(2.0ton/10a)| 30% %4l | 8. 13. 79.9 17.7 38.6
=HlEd [ 50% 7HH] 8. 13. 76.1 17.5 35.5
(2.0ton/10a)| 30% #\] | 8. 11. 74.4 17.8 30.1
Y 8. 12. 67.5 17.8 35.2
4 3 8. 12 74.0 18.0 34.8
« B ola7|( 5¢E 28¥ ), = Mﬂuﬂ 29 FYA7I(5€E 8¢Y)
wx AT ZAAZI(EF7]), T (N=FA7], SPAD-502)
SHHEE ESSY & AaAM| ] wE 2 3 ¥ 133 o] Ax
H R 50% %] 475kg/10a2 P Thn] 92%0°] ot AAH| R 30% FHH|

504kg/10a= 3] ] 98%%— ER AT

SHEHS EUSY & AaAM| ] wE & 3 ¥ 133 o] Ax
HE 50% 78]~ 463kg/10a= FHIAhH] 90%, AAHE 30% U
473kg/10a% HPhH] 93% = e T

ek e H e S o] &5te] T2AE HE Al uwl= 30% AR AL
S5 Y & ¢ Qe Few #dyr 53 FAEH|AE oA E
g ko] o] &% A wAUH] 95%°) FFE Urhfel RoR o g &
A== AEFoF & Ao w FFT)

% r}o%'

“
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g e || TEY  see aus ey FA
(7H/5°) D (%) | (g) |(kg/10a)| (%)
wywg | 50% W) | 17.2 | 61.6 | 93.6 | 21.9 | 475a¢ | 92
(2.0ton/10a)| 30% zH¥] | 18.9 | 70.2 | 93.6 | 21.3 | 504 ab| 98
wpsw | 50% #H] | 159 | 615 | 945 | 22.8 | 463 ab| 90
(2.0ton/10a)| 309% 7Hv] | 16.4 | 73.6 | 94.6 | 22.9 | 473 ab| 93

glo] 2w =] (2.0ton/10a)| 18.4 63.4 90.1 | 21.5| 511 b 99

ol R+ H ] | 16.6 65.7 89.0 | 22.4 | 490 ab 95

5 A 12.3 61.7 94.9 | 23.0 | 328 ¢ 63
s g 16.7 60.7 94.9 | 22.0 | 515 b 100

 0.10 95+ A5 31A

SHHYE o] &3 FE W AMiA] AiHE ditd wE AALS &
140 YeEpRATE 58] Kl o8& ¥ AQuA] Bl Aufe] AQ¥= FX}, M|
SH] & 1E3E JAHA 2 36 949$J/10a9} A 24 & HARA
A FoA o]y T Fdol mE QstdeF F 7|so] Atk HS 1y
u HH] B E o] &3t TE W A W ‘ﬂé% BAAR] 7HAE FE8] Ad
tha dekE o
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3 14, =0 B olg B AfA] AAang Al whE AAA

="

s
(&9 @ 4/102)

=4 A8 2B °of o 4 8 &(A)

O S7hsl= Bl : 21,4609 O S7k== 9 1 55,304 &

<IHH|ZHEO o $k> — B =4 31kg X 1,784 = 55,3049
— Z2e] 16(kg)x1,102¢ =17,6329|O A5 += H]4 @ 3,093 9
— 9pE 3R] 1 76749050 K1=3837¢ | <38 gl o>

— H]EH] : 84 3kg = 3,105¢
O HAZA o] ai
— ) STUEA07 : 6,977%) 0] =ik B
A= o3t
A 21,4609 7 58,409¢
® =74 FJA(A-B) = 36,949¢)
73

* BPwM FHiaAs
- FEFME A5 20079 0 2, PHE A5AR
— FEFAER 2R 20079 HHEA 7HA

- HH]EAE (F08) ¢ HE] 1,1029Y/kg, & 823¥U/kg
EEH] 08 TP (EAD) 7(7,6744/141%F)
8 11,0359 /ke

T
A
)
f
i)
o
i
DN
ot
ol
r
(e}
©

l
1
S

Al 1. 32445 v A Al SHj R o] Skl A7] Y
FTHAY =ESAA 1] BYgE ol &g F2E B(FvH) AujA] FH]
Helo] AA EF SFAAVE FHst] fste] FUaA wgA et Al
SE EGA FH] BHElE At Ads d3e oy Zrh
7h =H] BEle] B A7 AxHE E47] 2130, E5F 104
2,250, 5% 20 2,280kg/10a °]AT}. Hele C/NEL 57 o|F
=715l 243 20Y > E43 109 > =547] 4= oA}
S T7 > 5% 109 > 5%
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& 457kg/10a°1QaL, &% 10, 20¥¢ Ao & FFS 4653
438kg/10a® F=AIH| G 515kg/10ac] H]EFe] 10~15% Skt
<Al 2. 34| B ALA THE B AHF 79 AlE>
THAY =EFAA =1 BeE o &3 2 B(FHH) AQujA] =H]
wHelol AA EF A% o] st A HARREd S
& EGolA =1 BelE Aufste] Afe A3 a5 2

7F =ulEE o] skl o
8.9kg)olH, ¥ AHFLE Zu|HesFo] @
o]

grs 2w BAGA R
5, snaEel 3E A48T A4 olFA% A5FAE Ao 2

F F7E g&o] HE S &4 F AL

L & ke 1B AR 448kg/10a, 2,3 A8 462, 500kg/10a% 33
Ho}h 3~13% AA vy 51 Hejrto s vo S| Q39
T B oA g ofle e YE

<AE 3. ZH|RE o|&A] FZE B o AHF T>
THAY =EGAA SHEEE ol &3 FE W (FWH) AulA]l ]
walel wof digh AAavs e avE TYsty] sk FdaA gy
#}ee] 25T EYolA F1] BHElE Avfste] Alde dde v
7h =ajEe] S AAME 30%, 50% M AY A W S él_i
2 30% %Hl? 7v APt vszgk S UERdlen, SHsd S
A= 50% 7HHT7F B3 vlee S JER AT
L SHReEE Eok%-‘é T AoAM e 2 A FEFe AR 50%
M) 475kg/10a2 A H] 92%0]ley} AAHIE 30% ZH|T
504kg/10a2 3 thH] 98%= EMN AT
o} SHREE o] &3 F2E ¥ AuiA] AAaH| s Aol wE AAES
SH R o]& W AujAl B Aufel] AQ¥E F
Aot A A o2 36,9499/10a%t ¥ =4 T WIAZEA
A ololy} & F9le wE estHeF T 7|

mi
o

o)
DA
.t}
v
i
2 AU
=
e o
i, —
o o
o
o
L)
il
=
2
=
ol
ity
o off
oY,
)
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1. A
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B ﬂ.A%x B 2 M = o W% Wi5ﬁo
Xaii Htfq%ur ,Jlﬂma% ﬁx%mﬂo_z7i4é7o
= M %%d;.@r%l.xi R wokoﬁoluo~z <
%Mﬁ ﬂ%zﬂﬂamiuoﬁa_ﬁm ﬂﬁﬂg@% J_V%@Ms
noo e HEM@e%H%& o O i@m,o = L E
T o = © Ak iyﬁﬂ%% ﬂ%kbmt:_ﬁﬂﬂé
@@;ﬁ.iﬂ% ! g = P s X B AT =
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et al., 2002 ; Seo et al. 2002).

B gt b 0 welA mele] snmAel og e Y
a0 EH] HYE ol &% B AuiA] Bl A EG SUAT], ¥ AA A
2 5 TEele Hul welE ol &e ¥ AWML Aeaa 19684

7F &EEo] A 300 Az HE AulEl AlstE Al g E A A
0] melE Astel ARAYE AT,

<A 1. =4] B9 FAA7] AE>

B A= A8 Bordt A K] =E ok A 2006 d5-E] 2008714 3
Wk st o AFEYGS BXE AAYER B olgtstde ¥ 13}
Fdgs
i 1A d EYY sk

pH [EC(1:5)|T—N| OM | Av.P:05 |Ex. Cation(cmolkg ") CEC

-1
1:5  dSm™'| gke! | mgke! | K | Ca| Mg | Na | (cmolkg D)

6.7 | 090 |0.49] 12 132 0.19]1.8| 1.5 ]0.52 6.7

Aol A=

F ohgsl melel 47
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=)
A}
AL, 2008 ol = %H] EE]Q] A=

20%, Y] 30%= 33] EAISHGlaL, ik SN E AP V=, 7
Astze]l 2 718 70%, %i—%j

B2 sEWUE
A3l pHe EC= Mettler Toledo(DSC—F7 7= }goyoq =24 O}M-L -
=52 Turin®, Fa&AqrE Lancasterd, &2k IN—NaOAc(pH4.0) #
H, CECE IN-NH40Ac(pH 7.0) &%, %ol IN-NH40Ac(pH 7.0)
HEAIA ICP-0ES(VISTA-MPX) & o] &3lo] #4383t} A &A= 70C
A Ax = l‘i—ﬁ]-?»l_ A7E FAEs 8] d4E Kjeldahld, 4FS
Vanadate®, %o]2-& ICP—OES(VISTA-MPX)Z o] &3&to] &A1&t}

Heol A 2 FFe sdHsr|ed T 2AMHEA 71 (RDA, 2003)90 93k
ZAFeFS o wnl o] )3 E 9= FOSS Cervitec 1625 Grain InspectorE ©]
sto] &b, Aebr], B4EE, gad, dEHS ARG en, o] A
2 FOSS 1241 Grain AnalyzerZ ©]-&3lo] @iy} o2 o~ 5 FAI3}
=

N

b

¥ Hr o

<AF 2. 39 BY AN FAE W) NuF 79 NY>

WOARE A% Rk ASEIHA =Rl A 20079 2008744 2
A7 Fasgon AYEGe FEE AANGER % osstge AY 1
5} g},

A Hge 18 Be(FYR)E 109 Tl sEsto] Anygt
T ol ®mErl 4% T 10930 REE AYor B dkdsta &
g2 HE Aufsiitt. o Aqel= A4 11ke
/10aC’07 : 9keg/10a)E 7]+2 Fs 7= N
0% (N FA14]), N 30%(N 70% #4]), N 50%(N 50% #H]), N 70%(N 30%
Au) = A sl
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B o] 69 59 FmwE TR VA3
2 714 50%, A 20%, FH] 30%E 33 A
% *

A 7IvE, 2= A2 R 7)h 70%,

Ot b

o 1 1> HoC
03

sleld & FEXNETH FAHSVIEY EAH(NIAST, 2000)9] 3o
Fod pHe} EC= Mettler Toledo(DSC—F717)& AF-g3te] A8 a1,
Turin¥, F & A4H2 Lancaster'd, 3@1%’\}3 IN—NaOAc(pH4.0)
, CEC= IN-NH40Ac(pH 7.0) ®&H, &l IN-NH40Ac(pH 7.0)
FZ&A]A ICP-0OES(VISTA-MPX)E o]&3lo] B4t} 4 &= 70T

A Az 5 " AsEE FAEset dAv Kjeldahly, <1AR
Vanadate®], %¥o]2- ICP—OES(VISTA-MPX)Z o] &3}o] BX&1¢t},
He] AS 9 FFe w8 EATFR2AREA 7] (RDA, 2003)0) 98k
ZAErE a1 wu o] 9 EQ)+= FOSS Cervitec 1625 Grain InspectorE o]
gato] b |, Aetr], HAEE, JaY, dEHs Ao, Wae) A
2 FOSS 1241 Grain Analyzerg o] &3to] ©hiidy} opd2 o ~5 A8}
0:11—4..

ol

rlo

2 oM N Ao

b4

<A¥ 3. 3FE tﬁ A A Zd] BEe FAPF 75 AP>
B e A8 Feokdt Aste 1A =E A 2007 dF-E 2008714
2zt ’%oWOfﬂ ANRAESFS £328 AXNSER EG9 o|stad S AE
13}
Aol AEle H8]8 HEl(FER)E 109 FwAd sl Aust
T vedl ®BErh 5% § 1040 2EH Z%L"égi B sk
Z 3 FS 3008 ZH2E 155, 2.0%, 25808 Y
o] ﬂﬂo}w_ ?&% W= N 50% AHC07)<k Prﬂl( 08)= Ajujatict,
5 TH 7IAlolstglar, vl A= H A 11kg
/10a(’07 : 9kg/10a)e 7o R EdHATIY 07d R = N AlH| e 50%E
Agatgda, 08d R = a2 Attt das 242 78 50%, 29
Hl 20%, 4] 30% % 33] EAlalgar, ¢1Ake 8A4Q1nS He 7|u 2, 2
= Asbdg R 78] 70%, E9H] 30% = 254 LA BFA T
EO]@}&HQ lr_inz]iz% lr_OJJ,]_tﬂ-ﬂE.? ‘?j(NIAST 2000)01] _Z,:g—}oi]
F-23510] pHel ECE Mettler Toledo(DSC— F717)fé— Abg-ate] A8l AL,
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=]
=

52 Turin®, F &4k Lancaster, & 714F2 IN—NaOAc(pH4.0) #
H, CECE= IN-NH40Ac(pH 7.0) =%, <ol IN-NH40Ac(pH 7.0)

y O
HZAA ICP-OES(VISTA-MPX) & o]&3s}o] E4313th 2 &A= 70T

oM Hdx F 4" ARE F4Est] @A Kieldahl®, <Iibe
Vanadate®], %ol ICP—OES(VISTA-MPX)& o]&3}o] #4351t}

H ol As 8l e FA AT EdAFT2AREA 715 (RDA, 2003)0l ¢ sk
ZAFSFRA 3 Wul o] 9] E 9]+ FOSS Cervitec 1625 Grain InspectorE ©]

g3t S, M), BAEY, WA, DEPL 2ARGOm, Wojo]

#-& FOSS 1241 Grain AnalyzerE o]§3lo] @iy} opd2 o ~5 #43)
St}
3. A3 2@ u %

<A 1. =4] B9 FAA7] AE>

7F =4 B 3UA A xF 2L C/NE

BHyol EoF kA X 2 C/NES 3 29 Zv}h Wyl Ho BxT
(C07~'08)& &=47] 2,044 kg/10a, =43 10¥9 2,108 kg/l10a, =53 20
2,118 kg/10a o|Qar, Bele] C/NES &7 7V wtar o|F A7+ 3o

el Frkekel 4% 209 > E54F 109 > 57] £02 ¥

¥ 2. 58] BE A E AxH 2 ONE

T 5= =571 5% 109 | 5% 20d
2006 2,014 2,179 2,361
A == (kg/10a)| 2007 1,517 1,541 1,554
2008 2,570 2,674 2,681
2006 19.5 24.7 37.4
C/N& 2007 37.5 37.9 65.2
2008 46.2 52.9 71.9
¥ =0 Ry F947] 0 4.29006), 4. 24(°07), 4. 22(°08)
U B 0] EQF AR FESE
SH E o] AI7E FUAE e ¥ 33 guh mujaee] Ah A
o E57]d M wol =47] > 5% 10Y > 4% 209 5 YEHY
AaL, B2 HS 75 2099 7P ol 4% 20 > 4% 10¥ >
=T7] 5 YEeER IO
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%
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3.0
4.4
5.6

2.3

92.1

91.1

91.2

93.7

i)

)

—

0

;OT
Ny

—

0

_foT
A

"0

ol
W

=0

Hh, 2] =5u] Algel mE B

A
o

el

A7)0 WE Eckslsiye W a Eo]dl Ak

(C08)

7
ap
M ol e B S
O © |o|lw|w]w©
&
o
~] s |olalolo
0 Z | R[]
.IHKM — — — —
Sl —~]mn|x
& S|lm|lon|o|lm
=
Sl ||| R
= Ol ||| m
O oloulw]o
e IRCH IR N I
m oclo|lo|lo
Ora —
|
N ap LO
) 0 | —
HlES|Sle e
> o0
< | 2
= TN
517 N|fm|m]|o
w | == =] —
Z |~ o= |~ o
[ SN I B A e
= oclo|lo|o
~ —
ol — || <] 0
| Elelrlele
Olwn|lololo|o
M| o
T |||
[a} — b~ (D~ | D~ | O
— | oW | om
PINIZ|S
il — | N
AT .ﬁr .Er
Ll A= A
| |

<A 2. 5H] B A&A] FIE B AHF 79 NP>

7F. #4227

s
o=

Fe FIIF H6 B A B @

- 106 -



o], 8] 1] AT A A F7tel mel AAFTol
st =u] HE] HEl$E N 70% AP (N 30%41]) HEdAMe dias
2 #HYPFHY i A

3 10. 0] © A HEE He| 8] A (C08)
E 5 % (ke 1027
i} E] 1= I ( g a )
L5 Az Al
% 3 2.92 10.80 13.72
N 0% 1.83 9.33 11.16
N 30 % 1.87 9.77 11.64
N 50 % 2.15 9.76 11.91
N 70 % 2.43 10.17 12.60
. 58] By A5 AbjEke] wE ¥ S H AR
=y Hylo EYdY & AsAH| g wE dAxpd & SES ¥ 119 Y
BRI, F & FZFC07~08)E FFHFALALE X 129 YERRAT oY
Az g =4 24 md Jes A g S uel w4 JEle A
S&uge vl 2 daAmEe] Frlo] uel 9A yErdth Aed Ho
B N 70% AET+(N 30% A8 7F #s+-9] A=y g5t ot
A HElE HH|E o] g5l TAE WE AT wi= 30% AR HAaH|
55 7 = e Aow dIddn
¥ 11, =4 Ao wE oAz & S (9] : kg/10a)
A = 2007 2008
7%+ 3 451 553
N 0% 421 509
N 30 % 437 518
N 50 % 438 520
N 70 % 464 546
= 440 523
DE|
E R LSD(5%):25.3 LSD(5%):25.1
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12, 3] A8 vle) Aol mhE ] A 8 e (07~08)

me | 55 | E v

. 4 4 o B g | ug | gz Ageer | EF
(em) | (cm) = (kg/10a)| A<

(AW | (%) (g)
&+ Bl 69.1 | 20.5 | 31.0 | 85.4 | 21.4 502 100

N 0% 61.7 | 19.4 | 29.6 | 87.3 21.0 465 93
N 30 % 62.1 | 19.9 | 30.9 | 83.0 21.2 478 95
N 50 % 64.6 | 205 | 32.5 | 79.6 21.1 479 95
N 70 % 66.6 | 20.8 | 32.3 | 82.5 21.2 005 101

th FH] B A DA i win)e] A E9

=] He] A & v daAme mE wnje] A F9= ¥ 13%
th AR o] S mpel ehdd HES Rt fhaEe F o] UERY
N 50%, N70% A&& #Prrt A7 v)&o] Aoy 1 2ol A9 ¢l
ATH
313 HH|RE] 3RS vle] ZAaH|Eol wiE winje] 2 9] ('08)

S (A | EGAE | Held | ded | i |otdRe

o - I N e %

¥ 3| 921 | 3.0 3.2 1.6 0.1 6.1 16.2

N 0 %| 946 | 2.8 2.4 0.2 0.0 5.9 17.1

N 30 %| 93.7 | 4.0 1.7 0.5 0.1 5.8 17.4

N 50 %| 92.0 | 4.9 2.7 0.4 0.1 6.0 17.2

N 70 %| 91.9 | 4.0 3.7 0.4 0.0 6.0 17.4

it
i
o
Lot
%
o,

gh. Bl =] Algel
=] 2o 8 52w WO Ao A AlY F =Ede e £ 9
o YERH AT

A F BEdEted e A Sold

f
oN
o
o
T
-
)
&2
%2,
i)
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CEC
cmol kg™
6.7

6.8

7.0
6.4

6.7
A,

(C08)

-
R

Na

0.35{4.1|3.3|1.85

Mg

Ca

27b 8 A wH BE o]

K
0.35(3.8]3.0|1.11

0.39(4.1|3.41.97
0.35[4.0(3.11.10
0.36/3.9(3.11.25

mg kg !
99
105
87
83
90

g kg

T—N| OM | Av.P,Os | Ex.Cation(cmolckg™)
0.49|12.4

ul we] o]g B AfEjAl He] Aujel] A8

0.66 10.33]13.3
0.35 [0.39]12.0
0.59 10.45|11.6
0.36 |10.56|11.4

EC
0.61

1:5 [dS m™
|

=

pH
6.7
6.5
6.7

7.6
7.4

&
N 0%
N 30 %
N 50 %

7]
N 70 %

]

159 YER AT},

il

=

o

Al E A el

Sz W A g

T

h S

o) &

=
=

o =H] 2 s

=

3}

o] Att= HE& iy

[e)

SRR

w
o
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3 15, =] Be] ofg- 1 AW A ile] me Ak w4 (V1 : 2/10a)

&4 A 2 2B o] ¢} A 8 Ax(A)
O S7ER= 181 97,6339 O7FR=9 1 6,060 9
<HEREol| Hfel> — 2 59 3kg < 20208 =6,060¢
— ZA] 22(ke)<1,1029) =24,244)
— =] O ZAasl= v 11,262
- AR 1 7,6748AARY = 7,6749 <sj3hgo] k>
- TR 7,674900.58R1=3,837¢ —H] 8 H| : 84 7.2kg = 7,4259
- PR] 1 T 67ARDCARI=15,3489 | — AlBEH] 1 76X 05ART = 3,837¢
— H|EH] :
- 92~ 19.1kg = 19,8009 O BIARFA olelads
- 829311 36.0kg = 20,7909 — Y SFA07 : 69778)°] 3t B
- 5FA] 6.0kg = 5,940¢ A= eJakezt
— R Ege] NEEH, A, W3
S PR T FoA 84
Al 97,633 Al 17,3229
® 74 FJA(A-B) = — 80,3114

of Yetlidet. AiagrEe w3l 7F =4
Ha JE P AE =u] Hale Eolek Z7tbd wat
ok =] By A% = )
At gaTRn we daFrdgel Al

o=
TR Bk, v
2

Eregel 371 89l
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¥ 16, =1 2 AAAMN] A2 W] 8] AASTE (’08)
A g 5 4 2 (kg 10a”h)
% Wz = Al
1.5 ton 2.92 10.80 13.72
2.0 ton 1.25 8.72 9.97
1.57 8.89 10.46
2.5 ton
2.13 9.39 11.52
U =1 By A3 AbjEke)] e W A 2 Ak
=1 Bl gdFd mE W AS 2 RS % 179 1% 189 YEMS
oh =] 2P AlES $2E WE FHE AQuslg S o BE A oA 3
T S ARy 2y AR ek #P R HA ey 1] 1
Tto 2= wo] AlFof Q3 YRS BT AT # gle Ao Yt
¥ 17. =0]) By skl e dAxpd Aeak (9] : kg/10a)
oI 2007 2008
% 3 451 553
1.5 ton 441 496
2.0 ton 459 505
2.5 ton 487 518
—— 462 506
¢ = LSD(5%):29.8 LSD(5%):30.9
318, =] HEje] SRl e W A4S W & S5 (‘08)
g | 2w md | s | womay | Zmgg
A (Lo) ( o) B | e ddEe (ke/loo) X]i
cm cm _ g a
AM| %) | (2) v
% 74.4 | 21.4 | 31.5 | 88.3 23.0 553 100
1.5 ton 63.0 | 19.9 | 27.4 | 91.6 | 22.3 496 90
2.0 ton 64.4 | 20.6 | 29.1 | 86.8 | 224 505 91
2.5 ton 65.8 | 20.5 | 31.3 | 85.0 | 22.2 518 94
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. wH] we Bgge] we wne) 2 Eg

Hl Bgjo] sk mpE winje A EH91E 1 199 YERJAT. =]
B AES WE 74 e o =98] SAE(1.5t ~ 2.5t) A7 EFolA
S HES #PHY A YEIG D ad e Ao v YERS:
=3
¥ 19. =4 129 shigke] whE wujo] A 9 (’08)

5 2l HAY | M) A E| TElY | ey | i (o2 e~

— % ________________

7 8 92.1 | 3.0 3.2 1.6 0.1 6.1 16.2

B g | 1.5 94.8 | 3.0 1.7 0.5 0.0 5.7 17.2
s91ek | 2.0 95.3 | 2.5 1.7 0.4 0.0 5.8 17.3
(ton) | 2.5/ 95.1 | 2.5 1.7 0.6 0.0 5.9 17.1

2}, =H] HEA| &5 mE EE]-35ehd

=1 HElo] EF S mE A ¢ EY B2 2 S E 20
I 3% 219 YEMNT H1] B AlEFE # TRl v|ste] EFe] Aot
SANEE 9 Yol FAE YEURa, EYe FSES o SIS
THE eI o 1 Zpol = vn| sk

. Z % (mm) {4 % (Mg m°) T=E(%)
T 2007 | 2008 | 2007 | 2008 2007 2008
sy 12.7 10.2 1.19 1.18 55.0 55.3
He] 1.58 AlE [11.8 9.7 1.20 1.18 54.5 55.6
He 2.0= A€ 9.9 9.1 1.17 1.14 55.9 56.8
HE] 258 Al 9.7 8.6 1.17 1.13 55.8 57.2

- 112 -



(’08)

T
SE| x| 2| el
O m e} o~ e} ©

o
Ko Lo <+ o~ o
[ Na 0 — [aN| —
- — — — —
= lalala]g
B e ) ™~ ~
S =] — o~ © 9
g [ © <t o o o3

@)

s =) =) o =)

o) —

(@) I
Al 2 o © o oy
S| o > o0 o

< =
= ~ < ~ N
5 | - N N [N N
,g — — — —

A
o Lo ™ )
I T = T I
= o o o o
T — N o —
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o
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=771 ol
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}AREE Y EY
R 2006 5E 20080714 3dEST FyPARnetd 754 4ER
AAEFNA ARG AP EF Fehy BYe E 13 2k E
F AEE 52002 MBS ma flow, e R Al g
747} 31.1 g/kg® 121 mg/kgel At 12]al XA ol e -2y
2t Gt =2 HE] i 9 =R EAS YEeERa it
%1 AEA EY 38k
: +
pH EC OM P205 T_N EX.CathH (CmOl /kg)
1:5 (ds/m) | (g/kg) |(mg/kg)| (g/kg) K Ca Mg
5.20 0.56 31.1 121 2.0 0.33 3.89 0.84

U Ag 9 Ay
PEEDRPEI-RES 2
S $A M FFoni A9, nals g

A
T HE 24 1099 AAFS 71%3?_ 34 0, 1.5, 2.0, 2.5ton/10aS 7t
7ZF A sl melghdo] me di e S8k Ago= 4357
el Ax ARFES A4 9 kg/l0as 7]Fo 2 0, 25, 50, 75, 100 %= A
gttt &7+ 3182 N-P205-K20=9-4.5-5.7 kg/10aS A]-&3}5it}.
oluf, W w77t F s}H| s 1 H @ E A4 50%, 914 100%, ZHF 70%
M2, Bhr)dE A 20%, $5347)0 DA 30%9 TF 30%= 2x}
FH)skeleh =3 229, lomﬂﬂ AE 7t 28/10a% A ATE
weo] A7 9 skl Aelqtel vl usei)
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KjeldahI'H 2.2, F7]/d%(K, Ca, Mg) ¥ Ternary solution(HNO3

H2S04 : HCIO4, 10 : 1 : 4 volume / volume)2 =& ¢t &3 & T2
ICPE, P S22 ammonium metamolybdate™ .2 A3 ZFAF 5
2 550CoAA 33} 1% HCl €402 110Co 2A17F 71E sk b o] 7}%
£ o]&ste A5k Mne] =AHEAS A o FHSAVI(KETT
RN—-500)E& ol&3ste] Fan], ddn], 2420, Aekr|v], dsidu] 9 o
TEHHE ZASIG Y ol 2 A S Julianod] R 9= H|A) HakwH o
ZA18F3 © ™ (Juliano et al., 1981; Perez and Juliano, 1978), vz
25 T ArTFER) N S AT 6.2 wake]l FAEksiTh 4
7h= AHA(Toyo MA-90)E o]-&3ate] 438kt Ede 3194
TE7] FTE0-15 cm)E AMFH T = ARE(2 mm o]sh)sle] FA] o
sttt olw] pHF ECE= 169 (E¥E), 7= Tuyrin ¥,
Lancaster®, X|&kA oFo]22 1 M NH4—acetate buffer(pH 7.0),
IN sodium acetate < ©|-83lo] == A FsTHRDA 1983).
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O ox — ol |
flo rlo oo rlo o rlo fu
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7b, H0)EHE A E A FReer

SA FF5 FA mHFEe] FRIFE F 2004 HiE wiel U T-N
= oy A>AEd>TE>HY o7 =9, P205E oy > A
=9 > BYPEF7] >3UEF7]> RYFH7] o2 =9, Ca0, MgO+=
Pl“

=9k sl HE|ol Sl A whgk
Hoh 57|94 T-C, C/NE,
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i 4. mvjRee] Sgwd wo] BSE (08)

SR Z%(cm) A4ON/F)
° HAuEd| -84 | 297 | Huid [f584 | 25
A3 (FEFA)H]) 52.1 74.4 92.5 19.5 16.7 16.0
Ha =9 0 44.1 69.8 90.0 15.5 12.6 11.6
N 30 48.7 70.8 94.8 18.7 15.1 13.6
o 50 49.1 69.9 91.8 17.0 15.4 14.5
serlR 7 505 | 70.2 91.3 19.1 144 | 15.2
e =37 | 437 71.3 90.9 15.5 13.4 14.4
s1olx =3 109] 41.9 70.7 93.2 16.3 15.4 14.1
FANN=="00a 425 | 715 | 92.3 14.7 13.4 | 13.0
0= 41.0 68.6 86.6 14.8 15.4 12.9
He 15 43.2 71.8 93.2 15.0 15.2 13.6
soer | 2.0% 42.6 71.2 91.5 15.7 16.4 13.5
2.5% 42.7 71.2 91.6 15.3 15.0 14.4
o] 44.3 68.4 89.9 16.6 13.1 13.8
U AHE | AR | 52.0 75.9 98.6 20.9 18.9 16.3
alojglw|=]| 48.8 74.1 91.6 17.5 14.7 14.1
5 39.7 64.3 83.4 13.5 12.0 10.8
b B FETEAdL A U Ak
B SAA] 7] 2 Y= aglal Ao AE]SFEe e AFEES A}
A= ® 5, 69 Aok EFEAIR Y A4S 593kg/10a0]ATh B =
7lol ReElE d3 Ao B4 565 kg/l0aolal, 4 10€% &
209 Ag-o] Ak Zh2b 553 3 572 kg/l0a® E7] Ag 9] 2
I FEe 2polE YERNA] @okoy, kAol vl B4R oF 5
s
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x5 W FETAdeA 98 FRC07~08)
. i ssnpolzs| =2 | AYR | =28 T (kg/10a)
DA ARG AT T G| @ | ) % 5] A%
=+ NPK 73.1 416 24.2 83.4 498 b| 100
0 71.9 406 25.1 92.0 510 b| 102
E\ZLF) 10¢ 76.4 416 24.8 91.9 513 b| 103
23 =} 20 78.6 340 25.1 88.7 493 b 99
07| 1.5 76.2 372 25.6 93.0 470a 94
e 2.0 71.5 372 25.1 92.3 460a 92
(Mg/10a)
2.5 77.7 389 24.8 89.5 500 b| 100
LSDo.0s ns ns ns 3.97 22.4 4.52
=T NPK 76.2 374 27.7 86.7 593 100
0 75.3 342 26.2 90.3 565 95
?glﬁ) 10¢ 82.5 337 26.4 90.5 553 93
3d =t 20 86.3 308 26.5 91.4 572 97
(‘08) 1.5 80.8 345 26.2 91.1 581 98
&l 2.0 85.0 318 26.3 90.6 563 95
(Mg/10a) ' ' ' '
2.5 76.6 330 26.4 92.1 579 98
LSDoos | 6.19 56.5 0.58 2.69 ns ns
6. BB mol] A Alujgke] whE B £ Ws('07~'08)
Az |xa TFEYT ~’F~’F9 AdE | o5& T (kg/10a)
h/=) | OR/m”) (g) (%) aeE | AT
NPK 73.1 415 24.2 83.4 498 b 100
N 0% 74.3 286 25.0 93.5 373a 75
292 | N 30 72.8 396 24.4 88.5 472 b 95
(‘07) | N 50% 69.1 381 25.0 90.8 487 b 98
N 70% 73.1 400 24.2 87.8 493 b 99
LSD o.05 ns 82.6 ns 6.35 34.0 6.82
NPK 76.2 374 27.7 86.7 593 ¢ 100
N 0% 84.3 325 24.8 93.1 500a 84
3dxk | N 30 73.4 342 27.8 87.9 579 ¢ 98
(‘'08) | N 50% 70.6 342 28.1 89.1 540 b 98
N 70% 69.9 347 27.6 90.2 561 bc 99
LSD .05 ns ns 2.14 2.26 38.8 7.54
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Be 0% A2 +7F 483kg/10a

"

&

9]

1aL, NPK A g]-e] Z2F A5l A

He 1.5%, 2.0, 2.5+
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X 7. WFET] AEA S

Azl s T-N | P:Os | KO | CaO [ MgO
— g/kg —

3 (EF=AH]) 7.03 4.66 29.2 9.73 3.30
0 5.31 3.49 27.9 9.59 2.91
HE &9+ 30 6.51 4,13 30.6 10.42 2.96
slatn| 2 50 5.92 4.17 29.7 10.14 | 2.96
70 6.79 4.09 31.1 11.43 | 3.22
e = 57 6.22 3.81 32.0 7.15 3.03
.51 4] 7 %i 10 5.78 3.49 31.6 8.27 2.63
s =4 20¢ 5.70 3.73 32.2 6.73 2.89
0= 4.78 3.89 26.5 10.6 2.46
He 1.5% 5.66 3.24 29.5 7.05 2.77
Eolegr 2.0% 5.63 3.65 31.7 9.18 2.56
25% 5.48 3.45 29.9 10.86 | 2.74
sz 9 5.80 4.29 27.9 9.50 2.83
=Hj s | A R 9 7.19 4.42 34.0 | 10.23 | 3.38
& o] 2wl | 6.07 3.93 28.4 11.30 2.70
i+ H] 5.57 3.39 27.0 12.61 2.64
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13 A EeA 18 HelE Jddna 18kg/10aE vEatglon, Hlueg
T 18kg/10a¥} o2 ul %] 9kg/10aS vE3lF L, HEE B FFA TS
FAh BA=Y 2 20061 9¥€ 269 Mlxwpetgla v Aujstglth
H £ 5989 45 49 174 siqla Belst dojguAs B 545 7

A7l 59 1Y 3t ar, ¥ o]ote 259 FHE 69 79 &FaL, B Au) ~
Alv e #AFPAH] N-P205-K20=9-4.5-5.7 ¢ R Yo AHAL=

N-P205-K20=1.8—0.9—-0 & &} t}.

23z Age 7} =mu) g g 1dake go] i, 9Ee B4
=72 20073 102 99 33k 1Akt &8 23 Aol = ®.E]18kg/10a
of dlojelwlA] 2kg/10a EI}sl= HElE Fo] €9adsE Bt =1 F9)
A7l &9 5 7ol Belef oA 59 14l sFith B o]k
6€4 29 259 EE ol&sila, w  Au} Al AR[EE AP
N-P205-K20=9-4.5-5.7 ¢ ® & 99 A-$+= N-P205-K20=6.3—-3.2—-0 =
sttt

3. dx 8l uF

7h v EE] Ak

Aol AL&3 =X Algdd EYHSE AEE X 1S A B
71&3 ol 3.7%~4.3%°1th. =EYS] HSE Aol A '07d dA F7=T
ko] 2.4%<21 Zlo| H|dtA o}lF H& Holth A|IEHE Ky = ¥Fo=
AEE, AUAZA 2004~2006d 33 3A7F 9 Aejo A Hu| A EAE S 4233k
olgo] QlojA fF7]ESEHo Wol] HXH Zow ddHAY

¥ 1. AEA =gk 3shA

Av. K | Ca | Mg | Na
H OM
9 o] | =pek b
ceees I (1:5) | g/kg P205 cmol+ /kg
mg/kg
2 5.6 43.1 73.4 0.28 | 5.64 | 1.59 | 0.18
2007 5.1 Rl 5.5 40.6 72.4 0.26 | 5.29 | 1.77 | 0.18
Tl Elolg W x| | 5.4 37.2 89.2 0.32 | 5.43 | 1.80 | 0.17
e A 5.3 42.4 70.9 0.45 | 495 | 1.73 | 0.18
e 5.2 41.6 73.3 041 | 4.84 | 0.65 | 0.24
o] 5.1 38.4 71.3 0.25 | 4.69 | 0.63 | 0.28

20085715 eTa1vl A | 5.3 | 89.9 | 70.4 | 0.54 | 5.01 | 0.60 | 0.23

Y3 AH] 54 | 41.3 | 101.5 | 0.37 | 5.27 | 1.056 | 0.39
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meEbd Aels @ w8 AAES R D ¢ Aok iE 20 mH
200739 A9 REef 5L 3.0ton/10a H%E o]

= st w H ot e
20089 = FElZto =z =h]7F AAAHA 1|5 171 1.6~1.9ton/10a
T 2007 WA Al Bk 380 H9 AAME VEo® 20%
£ A&, 2008 d0l= 70%E AlESit HeElAte® sl u ezt A
4 4F S8 HHFe Fgusy] e A7 HRTE AEE oo &
Ao & JehE it

J =2
W% | H0ER | 57 }_° TloAaAE | 29 | A
Zal
1 4.24 78 3010 4.27 20%
2007 ] 4.18 111 2900 4.17 20%
& o 2w #] 40 2250 4.27 R=RE)
1 4.30 71 1900 5.13 70%
B+ 4.30 — 1210 5.13 4]
2008 | &lof 2] ¥ =] - — 700 5.13
] 4.23 135 1600 5.7 70%
& o] 2] #l| %] — 69 2100 5.13 )

¥ 394 Bl Aigho] 20070 = 7.2kg/10a7} R E AL C/NEO]
30 L& ol 209 Al&3stgl o}, 20080 = Hu|HE YA C/NE
o] 48.8% U =a1, F7t7F 227] HEA 3171 98 1.5~2.0ton/10a2] 4|7}
grE A 30%4% Au7E 7bsd o R sdste] B Au) Al AAa 7E
o8 70%E AEEAT.

oMz o] A9+ BHEE AM|EHA] olx Fgh ]
C/NE&%Z ofF wro} Fu] Auj slqlrh. 2008 H g
TFolME FHLTFE i o} dojewAe] gl A =Ed
7= e agste] FH| Auekaloh
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o slolalu x el A Szt 29 de S molo

, 5 A= (2008)
T 0] 5 g = Foj g X EE]| B A

® 12, 7% 4 F¥E484 (2007)
R EZ77] | o2 | dEk | g | HHET | B T
T @ | onE) | OV | (%) (g) | (kg/10a)

2y 8.18 18.2 60 52.1 17.6 313
Rt 8.17 16.7 60 77.5 18.6 400

&lof 2 # A 8.18 17.3 65 54.6 17.5 303

Y Al H] 8.18 18.6 61 59.3 17.4 318
20

18

—

16 /-’)_ RT=0.9895 —#%— oz
14 e

s -,/ i 3 R®=09803 m =
10 //-’_I//{"ff

. /%7" R*=0991 —— H'||7:|

c // R®=0.9813 —~— T=H

724

4 //

,

a T T T T 1
osEi16Y o0eE 262 o0oZEo0sd o0oEi1sd ooFE25Y 102052
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¥ 13, 58] A8 ¥ 257, 7F 2 FEFFAALAS (2008)

K

57| 3 | oA |FaE | BuE | NYF| BED
(%)

(g) |[(kg/10a)

He 8.15 | 78.5 | 18.3 76 88.0 | 21.3 | 518a

8.15 | 78.0 | 17.7 76 88.8 | 21.3 | 508ab

R} 8.15 | 75.4 | 15.1 77 83.4 | 22.2 | 498b

slojg]w| x| 8.15 | 78.4 | 19.7 84 | 88.5 | 21.3 | 493b

—~
SN
ololol| o olo"“H-I
©
N

#3yAH] | 8.15 | 76.3 | 17.3 87 | 83.4 | 22.1 | 522a

* a, b~ DMRTO0.05

ESe sy

a8 4. FojPH ] A% 3k = EZ 10~15cm oo FAHE maE
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3 14, slofelw x| AL A ¥ AujA] By S92 =547 i)
TEAT
0~ 0" 0 6 57 3 5 7
(0-9)
| ] A A =
N - 700 | 1589 | 2310 | 2100 | 1500 | 2000 | 2500
BAAZE | 1900 | 1210 | 745 380 - - - -
ZAA2 | 1900 | 1910 | 2334 | 2690 | 2100 | 1500 | 2000 | 2500
FNoH 6.4 7.6 10.6 | 13.1 | 10.8 | 9.7 | 11.3| -
H XN g+ — 3.6 8.1 11.9 | 10.8 | 9.7 | 11.3 —
AFAE | 2008 | 2008 | 2008 | 2007 | 2008 | 2001 | 2001 | 2001
AEES | v | 9 | F9 | 39 v | s | sk | A
D U AT U N &2 kg/10a ¢
T 533 A (1R T Al $2E Hesdx SAGY 2 9 A5
AT 2008 Ay} AFEQ
vh, 7454
¥ 15, W A6 A] v]gn] P 8] FQE ZH] A4
sl =1 K g 1] 1.2 + 3 o] 2] W A
T (HE()] TR 20%AH] | 709%A] 4] T H] -8 (%1)
H & H] | 35,023 | ZHH]| 22,262 | 22,262 | Z4H]| 22,262
— — =] 28,190 | 28,190 | =74 28,190
- - Hl 28] ()| 7,005 24,516 — -
Al 35,023 - 57,457 | 74,968 — 50,452
* AgEAS BAAH 2 Fre AA(2007) 7Y



¥ 16. ¥ AujA] 0] FE Gzt Bl S (2008.11.19)

= 1z 1] +3] o 2w A
= (1.9ton/10a) (1.2+0.7ton/10a)
=% (cm) 9.2 10.2
AN 1.6 2.1
4 A = (SPAD) 20.1 27.2
AR

« He 3£7] 0 2008 10€¥ 159

O 2007 398 7] 49 1892 o] wfjo] AA|FS 4,641kg/10a%
- A Eke] 2,900kg/10a® - ste] FYsiQlth. Bl 257717 49
2498 =53 39 AAF Al & 3,010kg/10a0 2 &Y F4l
I vzt agR A FYsiglen, wix e A9 49 27d ASFo
2,250kg/10a0. 2 1O 2 A% Tkt

O 2008 I3 o] 47|+ 49 23Yo|om 549 7d FUH A
1,600kg/10a°]1aL, dgrels= 57171 49 3092 59 139 F
AA S 1,910/10a% 95 DRT} thh Egkon FojgH A= 54 1
oA T4 AAFe] 2,100kg/10a0] At

O Bt se] 49 2007d2> Aol %}9}% o] 2004~20061 o

_—

=

% o
= rlo

w

2 A3 oA wFskslar, 2008 = 2o 2 HEy 3398 v
T3S 7] wTol AAFo] FEA K 740; = Ao :Lam =
2 A REly S gFdd Agdds 7HE Algsiedor & Fo=

AZbE QAL menel el A9 v A Al 30%4 5= 3t 1@47} A& A
o= desith

O 200799 45 F3dd B dErdndA 5 739 T HvEE
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FEE] QS ALE FFEAE B3] Hu4E ANE Fojs
7] stel ARFFY A AT AASte] AGEIAY D AR A AL

Ao deto = Fxlakar vk AuE AL ( 02)4531 = (‘'04)66 = ('07)134
24 20072 2002 o] 38 F7bskRlaL, ol S A A S ((02)223
ha = ('04)23 = ('07)43 =4 20024 rﬂﬂl 1.98] =7}kl ol A=
20073l 3,150ha0] Z 83k T2 A4 25.6, & 309.9, slofeH#] 5.9%
o FA= T vk Jﬂﬁtﬂ SHAALE Ao AuiAA o] of
H2o] ol TUTAE & dolup e S AFo] ofH
A FFEA FH N, A Tl ofEsta e AA
ojt}, w3k aHlo] FAF Q0% 8,468 B T FEEVIY] AR 49
= A 68%E AASL =

A 2 AR Y l—ﬁ—tﬂ?—%% A 57%(6,977%)S A s T
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2. A= ¢ A

Pk

2y, 39 5 sEat AE3 A, defdA & FHgES AEAR
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BalE, Hx, vel AF 8 FEFEs vastax geEdvlEd (s &
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L 95 ~ 97%=A] 4zslY o) oW A 80%,
AL 44%7A BRI mu|FHEo] BlEte] ugkth Y% AH R HUS v
STHoA BE, &, ol A= HH2ER Aurt 7, A

A Abaksie] Afriels BAR BEYeE duA] AMsiEa Fafol o)dk aLAb
2}

MAZE dAste] dggol vha slo] Aol ey & Alge FHdat
= At AR degat Aol g Fuekd 2 4AHE F7helA
L837] A Fudbuteg figaty), S ous AN we S
A =S At TR AAsEs drd dar) ik =3 W5 2
FAH el Hgte] 50% ¥ dhle WRb ofuet dE § FuHlE QI ¥

AR FEAWAME 5ol =Lt

E 3 SRR 4%, S £ 2 FYAY] bw
o [EER] EFA [ 23 [ oAF AR AAF AR R AR R [T EE
*ﬂH];gl'E °

(%) | (&

]
. D) | (em) | (N/m®) |994171| (kg/10a)| (%) |(kg/10a)|(%) )
5. 512,824 a| 22.7 641 a 32.0

= o 97 4. 24 | 118 618 | 4. 242,897 a| 20.2 | 584 a | 45.7

slojg|lx] | 80 5. 10 117 71’ 5.131(2,354 p| 16.6 | 391 b | 59.6
3 s . y . .
(Ns}k7]) (A7)
2 & 9| 44 4.27 40 424 5. 13|1,106 14.4 | 159 68.4
- _ . , C . C .
° (W37) (Z715)
CV. ————————— 106 ————————— 15.0

fa ~ c . 5% levels of Duncan's multiple range test.

D oA - 2A /A

o] Akl AAFEE RYE 5 F 9924 59 59, $US
=24 449 244, Fojeu A eF Ahd2 549 13Ul FAFSGITE HH]A
& 59 2.9%/10a, B 2.8%, dojguA] 2.35, A9 1.1E0] L, A

N
(R A
4 ot
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C/NE A A (N) Q1 2H(P,05) 7] (K»0)
(%) (%) (%) (%)

=
H = 41.6 1.17 0.16 2.11
< ki 44.9 1.08 0.18 1.75

& of 2] W A 12.6 3.74 0.27 3.65
& 9 15.0 3.10 0.23 3.82

C/NELS shdat #=<¢l Helel 0] 40% olelar, F34=
gz e} AFEG2 15% ©lst oAk C/NE&2 25 1g)a A& St
of wel 24 A 5(2000)2 Hio] wraw 49 239 FojglH A 10.4
2 26.8, 59 9 dlojgHA] 11.3, 32 48.7, 59 28Y Flolgu| x| 12.2,
88.70lgtx H st = B Ao T o %9&1 3| of 2] ) %
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A

3E 5. FH[E= S HE AL

)2 A2 (N) A2H(P205) 7] (K20)
(kg/10a) (kg/10a) (kg/10a)

1 g 7.5 b 1.03 a 13.5 a

z g 6.3 bc 1.05 a 10.2 b

&l of 2] v ] 14.6 a 1.06 a 14.3 a

2 3 4.9 ¢ 0.37 b 6.1 ¢

CV. ——————————————— 55 ————————————— 98 ————————————— 100

Fa ~ ¢ 5% levels of Duncan's multiple range test.

2 xS B 7.5kg/10a, &9 6.3kg/10a, dlo]e]®l =] 14.6kg/10a, =}
&9 4.9kg/10a2 A Fojg X7} th2 Hu|ZHEd] H|sle] A4 AYakgko] €
o] Bwekar, ®eErt sdol Hlste] Btk Ik ®HE, 5, doju A=
sttt ZHE e sloedx > B

&2

N
ol
=)
=)

1.03 ~ 1.06kg/10az= A AJ2keFo]
g > 39 > 2y sor AgA

B
OS#’ i
O

] 1)
AR A5 AEAL] HEAAE ol 39 sofeHx s Bey 5
of Hlgte] Aol Zel ARl wWUth RS & 7 AES Huldhe]
HH 27t s Hlste] HlsAdE IS mtonz daet e Ha
S BErE s niste] wdnh B ol AES HHE A F
HE Aujsta ZEe S50 BAEA, dihe FE5FS Atste] FUHE
Al &5 ddstolof sl QAbe g Homg ThE QA HigE X
F3to] A€ Favt AU £ 5(2004) Ko w2 B U 4EF
B AANH4-N)&= SH[ZHe FA] 2o M= 89 5¢ o5 5438 3
25 Holed whste] B o] 5] Fdo A= nkgt A E Ko
AA E57] AFed AAANEE W3] Fache a37F AL, Ao
Hlo] Hgte] NHA-N o] i1 &7 whep Suladrt Eqivhal
BT 7 5(2001)2 B2 o] =B o]geAd S WA A A
BAEY F5Fl GFS vH =Y 13 A Fxglel niste] B A&
Az QA Fade] ki, 28 F53dS Adva v 4 5(2004)
of W {714 B THEE BEY 294 MdasE gE2d, EY 77
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& W el mlsto]l A Aol <le] JAETE wokth ®efeh 2
7k 3ol Hlgto] &
|2 oF Abed W 33
2 Aol 2 kel 7t /1%

>

{o
2
BRI
< |z

d7F F 1.270/70A7F Ao FaERl §)
Aulell Blste] £A57F 0.9 ~ 1.0/ MA7F A&

r_ln‘:

E 6. AR ST G ¥ 27

o]9}F 264 (69Y 259¢) o]} 424 (7€ 10¢Y)
AEE Pads TR T [ REE [ R T
(N/5 (cm) (AN/F) (cm)
W # 11.0 30.8 40.6 15.6 62.0 37.7
B = 9.1 30.2 39.3 14.3 56.9 38.1
T =y 10.3 29.2 39.3 11.8 53.0 35.3
& of 2] H A 10.1 32.1 39.1 17.0 64.5 39.6
248 sH) 10.0 31.4 39.8 15.9 61.6 37.6

o]9f ¥ 42900 EAME B 7] A%S 1w v wayAuel vste] wes)
2714l AxSAL, dlojel A Sastgon, Agde vss
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1l 15 2%
of su] QoA ol W Aol Mste] A ARIZE QAo
Se oz pangdsd ot e CON& Jlss Aarlelddel o
@ AA opw AawE AT Do @ AUA Bes R

)
ARl A=A S BW(E 7) B HH] 3

=H 5 W oA TI3te] AAY TRy Aol Hd At
3 ]

Goll A Aol okt dutA oz A Fo

A= i AEAERYH 3 =S w8 s4stke A7 75 <
I om, EujEEel ok Al oA gl oigh HE nxIgh A
olt}. 7 5(1999)2 ¥ 9 allelochemical Ao #ostE 2208 #HAI 2
¥ Fo] AAUETL F2 ZEOA g ¥ AEAY FEFEFAS ¥ o
o7 A AEAY FEAEY & AAHS Bt siled, e A=
A HEy o gu A7t EYGE FEEEA gz gk allelopathy &4
aHl kAo tigh g A7 skl ofd #ske] ©](2000)+= ERfE
2hgel tigh A& ATEFS st A=, Folux]= Bl 21F
o] A FEo] o mulaet tEo] Al & 4 Jduka Hagk =
i, BY] 5 W79 Allelopathy B2 < dl=&d @A A5 A4S oA
st ZadE Hid =i 5o &% vk k. &g vl 5(1999)2 78
He] @ EY A5 FEENA 559 Phenol & FEHAoH, 2

O]:
g eF 1o wtol, %
ATk A 5(2000)> F
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) 21 Fx
FrIAE 2AH 1Y T 304)

= EREE == RERE 2 2

(F/m? (A A/m?) B

K 2] 10 20.3 b 62.2

s el 8 30.3 a 92.9

&f| of 2] ] ] 9 16.9 b 51.8

&+ 9 8 32.6 a 100
CV. mmm e e 11.97

= S A2 R i & K S (allelopathy)OH AGP Azl eko] dhahA|
Aol7b e Aolghar ddetr|7E ey Fx A § oukE <l

A &%),

=y
=
H g | ¥ 29.3 > E47lH] 27.3 > &3o]aro] 23.6 > HIE 15.6 > 7|E} 4.2

= 2| o)z o] 32.2 > EYUH] 26.7 > ¥ 22.7 > HE 14.9>7]|E} 3.5

Flolg WA | 7] 29.9 > &Aolarelo] 25.0 > EE/IH] 16.4 > HE 13.1 > 7€} 15.6

2 & | &olao] 46.7 > EEUNH] 21.5 > ¥ 14.3 > HE 9.2 > 7|E} 8.3

) WS mw dolauA SulagelA AXTY T 25y lu
o }

e 2
8o EAo] AL, TE HHAE o= dEEA Gt

- 150 -




Ak (2007, 8. 20)

3|

"

9.

o)

0.86

0.75

0

i~

e

=] 12 2)

—

ul

;&
HAr

CREEE
A &

3o

- ®
| o
ok
=
o —
o 0O
-
=
W =0
= W
=3
=X
P
T )
T
110
— E
o= E.E
T
NN
vy
Py
Ey
) wp
oW
[FL—
=0 ©
,WE m.w
mrHo oy
SN
o
_iﬁ W
N

i, o

ZE A

ofglH A HH] TPl THE wol &

tol melel sof e H|

S

of H]

Sk mEbA ®els SRl A

- Ir
1 E

© AA Fun. A ol ek wh(1997)

o o] tha Hglont 1 Aol
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i 2452007, 8. 20)
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&
7= B Tzt vl s} loiﬂlﬂﬂ Ae 29, Hel 5] 3

FU4 19 =
Aol 1) afol E\“J?Jr T

ol
Bl H] el A= Hzsldlty. Belet o985 nlast
of Bl ®el SH7F & sl Hlste] 1M 3em, 7 0.7cm AU w
2}

A SR AR wuAE FraEe] S Aol e ggo] thi
nRegm, welsh 3L Watele] wwW wesh sHe W] wel ol
o] At 743t el Ak

= = T 2~ =} X
Aelu & =57 & T T asgn
(4, 9) (cm) (cm) (0 ~9)
o2 = S 8. 9 77 20.1 0 4
| B 8. 10 67 18.3 0 s
=H 5 d 8. 9 64 17.6 0 B
& o 2] W %] 8. 11 76 19.2 0 3
A & 4 8. 9 74 18.3 0 15

3

Q
ol AT wE AFANG A3} FFTYLL
S 2007

L= =1,
37 2ok ¥ 12& 2006/2007L o] =n| 2SS A u)
H >

e
gl
+

2

2007/2008d el =

|

=
ol
o
)
BN
>~
el
_<‘>L
o,
2
)
_\zi S
FH
—
oo
2
2 5L ore

<l; g ojt}. 2007@8 2008
olAb = AR HzEloy FRHSTE A, TEHEe] o

Hsol sttt kA dAnjeES 20079 2008%301] H] }
Aol wel oF 20.8 ~ 46.4% Tl FU olHd AI}E FA st
200732 AlAdAuE G Folol weEh A HIEe] 50%E AlES e
2008 1S 20079 AEA A oete] 70%E 2A AR89 7] Wil 2008
ol v 4 FoE Zom daydo =3 ¥ A3Ad A (S, 2007
~ 2008) o] Hlste] 20073 °F 9.7% FFEJ O, 20083 ¢F 3.1%
s HA & kol AR #E Apolk ATH E& 2007de] A5

[ B

2 2 e o

[
PEJH‘§33L‘~

Lrﬂ_
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o7 HH|AES FY3 #ARE A F71ES BT 4 JdE EGUAEA
5o FAAEA &7 wWEd Ao T AZFE 4 QAT
¥ 12, Z0|23 8 w2 W A A F e W] 1(2007)

\ ojatg: | R HS | T&50E [AuHAHS| BAEH | FEHAS

A& )

(7}/m*) 1) (%) (g) (kg/10a) (%)

W oo =z 347 ab 87 a 93.9 a2 | 22.5 ab | 462 ab 100

=] Bg) 310 ab 73 ab 94.4 2 | 22.3 a | 325 cd 71

=n e 266 b 57 ¢ 95.1 2 | 225 a | 371 d 59

3 of 2] W A 376 a 76 a 95.9 a 216 b | 502 a 109

2 & 9 346 ab 62 be 94.0 2 | 22.0 ab | 394 bc 85

CV. ——————— 9.8 —————— 71 ————— 1.97 ————— 0.69 ————— 7.9
Fa ~d: 5% levels of Duncan’'s multiple range test.
¥ 13, HH|FE mE ¥ LAl ALe B =7 ¥]a(2008)

A28 olatg: | Y | SH5EE [AuHHS| BAEH | FEHAS

° (N/m®) 1) (%) (g) (kg/10a) | (%)

W oo =z 351 a 110 a 91.3 b | 24.4 2 642 a 100

=] B g 279 ab 99 a 95.2 a | 23.8 a 644 a 100

=n e 218 b 95 a 93.1 ab | 23.8 a 506 b 79

&l o] 2] ¥l %] 354 g 103 a 89.9 b 23.8 a 669 a 104

2 & 9 317 ab 107 a 92.5 ab | 24.4 a 657 a 102

CV. ——————~— 14.3—————— 99.0 ——— 1.35 —————— 0.63 ———— 4.5
fa~ b 5% levels of Duncan's multiple range test.

A= 200732 200830l AFol 7t AAAINE o] & TS o]t ¥ w@Ef
34978/m2¢e] H]&te] FHolgu = ok 4.99% @tor) wHEe} THe 77t
15.5%, 30.4% A ATt olAtd Haes ¥ T2t H|ske] 45 SH[AE B
T FAHIEY I Aee s Ao A 7 Alsslth. 5]
H2 oot S H e wdle] AEdS vERded HEle e =
B ZfHfell A 1.5 ~ 2.2% S7FE AT & AHFTS dojgH A oA Ay
AaL, T2 3FY FH|ZEA A= vk nh & e ¥ ©E 552kg/10a




of Hlste] soj] A =u| A ufel 1 °F 6% ?érﬂi’ii‘% A9 =1l 5%,
Hel 1] 12%, 398 54 30%
o g Ao %%ﬂb Al o
17} AA v Aol 54 0]
¥ 50

3
o
Zelss ¥ @&l Hlske] o ~ 70% oz A7 A|LEH
=
=

—

T~

Az o] FHuo] Hlate] sHLie] SH| Ao A= & o]
UER s, 2t o 7 2Ewk vlaste] B RErh 5
24.9% STHAoY SAAJ] Foe sl ol AAEE TSt
B 20073 B AAE Y] 50%0] sjdels %S stetH|a R A
A= 2] FHl= 8 gz Hlsto] oF 29% frE Aoy, 70% 75
gato] AlES 20082 v e FEAAS YERAY S HE Sy AbE
W XA oF 709 o] AEe Ao o= o9 ]
& 5(2004) FHASAA AP BYys FHZHER Austa v Al
Al

A

o
oF
=)

W_

SHSHRE 30% Aitste] Aty v Az el viste] He
4.9% rEJoy 2AEGS 0.6% AL p_za whe} v =3k 7
Folodrh. E3k 2 dAle e ATAE AT we] fdde] wE s
Bl Aol A we] el seke R A a v of 30%ekar § At}
dAshs Zo® vepdth weeh suwks Hlaste] Bd i}fﬂu]e 50%

. 30% Xé%‘?% A= 27.2% STHAL. = £ 9 *lﬂlZéZjOH
al

A HlaLslel B Rl o] HlEke] B AlSo
Bl

o2
fol
ol
20

YE E oo

UHHHUr EFJQ} sloje A o] o] o)t
7F A
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2k, & E S
2 FE BY Sy vE> AN 88.6%¢ Hlste] HElef &F =
vl Aol A 1.7 ~ 2.8% =3kal, AaAitbeko] ke slojgwl x]ol A 5.9%
worom, A& vkl ek A4 ARl wd Elo] 2wl Ao A
2 & woront, HeEjel o ] A
= ¥ gzl mlsle] o]t §leE Ao FaFEdh upeb FEEQ 3|
z 2 Agﬁ— o] %Lo]. xg%o] 001:

qR A
Sha @ ol wokouh we] F9E tha =olAE Aoz e

el S ¥ T b N N - 414
(%) (%) (%) (%)

oo =) 88.6 13.1 6.7 18.3 40.0 68.9

5] 1 g 90.3 12.9 6.8 18.2 40.3 68.3

=n s 91.4 12.9 6.5 18.2 40.5 70.6

&l of 2] wl #] 82.7 13.5 7.3 18.3 39.6 66.4

2 3 87.7 12.9 6.5 18.2 40.4 69.7

9/10a9] A A% i1
Aol = oF 1,19391/10a] £5% 7jderh 4% 842 2 7HA] A

W7P7E o 1 Aol eF 5,555090/10a% AREATE wekA ALY o
olale oF 654477 %/10a°] T},

et
_q
r
ol
N
_I
rl
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Rius

ohet 3ulg Fxpol o
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HEg3)E 74
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1] X (100/46) X

1/kg = 69,804

-

/10a)

Rius

=

o)

RS

2

(

e}

fus

A/kg = 1,193

[7.5(x2]) — 6.3(

15. B s8] AujA] AAd 4 (=
457.5

O Z7H=]
. 84kg/10a x 831
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, BeEl7p aRlel wsto] okt B Z27IASE B dzbgtel] w]g)
vl QAT 7E Aol ¢lal, 2ol oy, EdgvE AT Aed

Hlgko] 70% FFEoz Azrele] AlgshH K Iu|Aujo A= v #ePx
b W3 S dEdiloy e 13.7% #ATHAN. webA He

=

H

4. TFAY

Hel, 3% sty AE oA, Aeds FHdES SHE 39
T wAeAl WalE 2 gz A, 8 AS 2 SRS 2AEIIY BEE
SH|ZHER AJEA] AIR[E 50%E 7182 AlE8tal FHlE AR dAR
ARkA o2 gafo] glaL oAbyt A om Aygo] thA FRsHA B dst
Aok T3 AP FHAGAA W F & gFstH FA7I7F =2 @
A= dsgo] dojx AujA Aol Wkt

SH FYA 7= SH(EF7]) 49 8k, HE(E5F 1049) 549 3, d9
Zu]x]) D A 59 13Y Ao, HElE 4 F 5 ~ 10Y0l] 58] T
P B o)A 7R oF 24| F57]7F FHIL THEEATE SH| A AL
AT o8 > 1l > oy A > ALY £o2 %, AETHFS
Bl > 59 > Fojgux] > 29 oo, ojw Ko HH] A
o AAFH 2.8%/10a, AT 641kg/10a o]ttt HH|FE 9] =u] 39
T H oAl ARG A =AY FsstEe A > FogHA > 59
> Hig Fo= whgit) ﬁz‘?—;*ﬂ%% ¢ > 39 > By > go]gu|A
Tow ¥y, ¥ EE B, 39, dojewA ] wnH] Y BT ¥, 2
GolH], S olar=gol7t -4 aam. iHW%% N v 5 A 3of 2
2] 14.6kg/10a, B8] 7.5kg/10a, &2 6.3kg/10a &4 &o]g]H]=]7 %
al
=
Al

I =
of 39S Hlawste] W Hel SajAfuzE S SajAeje] Hlete] =H] )
LUR=U S M i o

AEAoR RYE Su[AERZ AujstH soj WXLt 2l Hlste] =
|Z237F stk 28y Bt sES v 6}04 HH HEE s Hs)
of Aul kAol st =u] FYAI77F =& @io] o, C/NEo] v
HI S ol sokth ¥ AiA] 4ol o Mstar 5o Yusale
o, FHE Ul HEte] oF 259 F4E Wul ofyzl #o EAo=
& Apol7F AT B E SHAEE AT v Fo]E HE Ecfo] v =g
woll A Awastar, 71H] 50%R%F Al&stal FHl= ks, 7] hEekal H
TF2E5 HA3 Avlste & ARE B Ayl Fekelof gtk wEgh
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1. 44

HBAsHolM = AFSA 71 25FTUE st FTMF, A,
st g9 AR, FAFFS ARESIIT st R s ok ARES A
2Hgs wmolEd 7dsiglon AUl Alg o R s nithrl 2qdEe]
L= 2dsidlon AUAE sts AAE oA =AU ol g
Adlegde] itz Frtas5S RAstaA 47 AYSs BEsta s
FEAES AAE Y AAR FdEERS FHA8a gk

A4 5de 54 ALt A9 2dT8S A AgEs 74, &
FANA A=e] BEE Fr|Aos fAm AT s A7 2
Z35 o] FHA FTES Fo AN sUte] A5S wAstEd 9
T8 AxELS 44 F99 Abokxy sAHAMER FUS MEAY TS
of Folsta mAdEE VSRR HNE e g3 s BIFEST
FEuel #sAkl A 600ke/10a XS] S ded W dAe UEFo=
= du) 500kg, B2 590kg, &7 90kg, ¥e] 100kg AE7} Ht} oS50 EQ
N Fdt oy FE T AAWNS uysitd AAH oz 12.6ke/10a H=
ol W Fgo® 59kgo AVt @FHI B4 T PO = 6.7kg/10a0] &
27 BP9, EAE BEEY AAE oW fr|How HEFd Folof
o AARA7F otk mg FrIAmel A E4ke] AA 78 A RS 5~6%°]
U Sgubet sAR o] RAGES 23~26%] st Ay =g §7)
5 3 WslE B 1988 2.6%0 4 19990l 1.9%, 2003l 2.0%%

obA= Aol W& AuistH 10ad 75kg, W-H ] 222 ] o= 113
kgo] AR H T AL tr}, EH] 375kgoll = 37.5kge] F-2 o], =H|#E 375kgol =
22.5kge] F-2lo] AAPHER o]5 HF3lY] fsA BEAF 1222 B4 375
kg, EH] 750keS Alg&tojof s 252l A$-o= WS 565kg, EWE
1,130kgs Al-&3fof gttt

Agols TAEAFAMNAAE, o2 1A 5iE JdTHA S
20093 7kA] A ARWHA ] 30%71A] gjstal stev] g} A -EF AL S
d 5%0l4 #E ERE A1 I8 F5AS 54 THAHo R =43
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5o SuARe ALE SR FA el AZ4He obgrhgt
A Eoel AAWA, SR A, E 2ARAY BEAA F ol
A s, BEH BoSS AN wUN BARA 2 4TS 9
Sk whebA shshuln Ak 9 EY WS AL skel HulAE A
A& 2004 20,496haol Al 2007l = 125,000ha= S A vl A& A5

FRska glom 2006 A& 59,460, =M 10,808, o] glH|A] 5,780,
2 3,973ha®] ¥ 80,021has ¥ Attt 1 FH[AE AE 9
o FAEE FAHL 2003 5,732E 4 2005 d0= 901602 G535}
Ko oo e 9t AEFE 4,261 Dol A 7,835% EEE HE5haL
otk A SudA] AAE Thse AES HH R o] &gt ¢k
2 SH[AHE TR b Al gH et IEEHY @

s}
)
b oglel g AomE: BAE Sl 79T A
3

dobomE ¥ RlOSh o R R ORI oot

I} o] pH 5.2, 77]1= I 28.6g/ks, rE AT
H

o dov
ofo
oft
%
Y
o
fu
do
N
e
%
oft
o
o
rlo
ok
o
32
o
i
e
ol
ro,
e
i
oft

K
>,

Q
el
f
o2
lo
S
o
oX,

pH EC OM Avail. CEC Exch. cation(cml® kg™")

_ _ P20s5 _
(1:5) | (@S m™ | (g ke PO e ke | K Ca | Mg
(mg kg )

5.2 0.40 28.6 42 9.8 0.20 5.7 1.6

APHES A, dofeHAl, Bel, 298 5 459 HHEES Aujsko]
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! =270
3.5", T/R& 3.148%S] HE 6¥9 74 30emx14cene] A A Z 5 3~
584 7)70let &tk AxE oldF 10Ul F¢Hol FIE 5ke/10a
O

’ 1T =

& =,
AAE ohoHlE A A4 9.0, 4

] 5.7kg/10a2] XA EHES 7|50 5

50%%  Azrstel A&kl AR 0

0—-40—60%, Q14 100—0—0%, Z=] 40—0—60%= A1-8-3}31

ALE 24,
e g3bd, BYE GuREE A,
3 2. AFl AHERE He| 4
=2 o4 = a5 (g/30+2)
(cm) (vh) (71 (cm) 7 A AFEL | 2] B T/R
17.7 3.5 16.1 9.5 1.617 1.222 0.395 3.1

AFES FE5tshd B4 &I EY R AEA #41H(2000)0
el ZAstEd EY pHS ECe 2=
S Walkely—Black®, & <%
IN=NOAc(pH 4.0)& A HE3te] 700m3p-gol Al vl Z4g&qlrh. x| 3
4 Fol2l K, Ca, Mg, Na 5 IN-CH3COONH4(pH 7.0)-& 2.
A AAFFEA7I(AAS) 2 SA8RA L m—Fd49l Fe, Mn, Zn, Cu 52
ICPE B3t} ol X 8-&32> IN-CH3COONH4(pH 7.0)& Moz 3
Z3oto] Kjeldahal S8 o2 SASAY. B¢ §4dU%E} EY 34, &=
£ 52 100ml coreZ o] gste] E¢o] Ao P EYTRE 93 6tH

fru
g
0 e
>

ko A Sojufo] cutting lipe® # Zo} 4S5 Y UEste] 106C=E A
ZAA FAZE A, AMedn. majFEy e AEAs JEHEe
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, 21AF2 VanadateW,

| - 1 ) hui
hel % A3, REFFS AAFFEAI(AAS)A st BAFATh B
M) ARE SAA A TR

2423 Wl AEy FHEHTAHR L S HeE
AN E(CEERAZTH, 1995)9] 93kt

<289 > <& ol 2]l 2] > <H > <% >

& 39A = Aol AFEE FHHAEe] S TS YERITE 1]
o] &3l7] A Hu| A& =4S 39.5~118.7cm®E D3} o] g A7} 7F
Aow =79 g5 md 275 27 4.5~18.31), 578~1,2847] 2 &|o] g
H X7} 7b Btk A 38 1,622~2,406kg/10a0. 2 3 o] 2 H| x| 7} 713
Borom o > 22, Hyo Folon Ax 5L 439~683ke/10al 2
sdo] 7h wekomw sojEuA] > HE > AP Folnt

Aol ARgE S AR RSt B O HEAE Taws 1 49 YEY
ATk HH A= T-Ng#EHS 1.00~3.08%% ol 27} 7bd =gkom =}
9 > By, 389 $ollar, P205 S 0.34~0.62% % IH| A 7l &
z2Fol 2 YER A @kokal, K20 d3e 1.63~2.76% % &lo]eH x| 7} 7+ &
FgEFollom 2 > Hey, o] Foldnt. S HEAE FHEHS N

w27} 7Y B S YEdem A >

6.8~18.7kg/10a .2 &lo] g
Hel > s ol P Tkg/10a 0.2 =H] 25 ghol| & A}
ol&= gllont sojgu| Aol A WS I K &332 8.5~16.7kg/10a2
2 oM Aol 7Hg Be dEs Yelddeon & > 1E, A9
o] .

o O
OJ
ﬂ
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%3, Yol AR Sl A%

o =2k
P A S T~2F(kg/10a)
Z%F(em) AL P F7]5 A= Nz

2483 39.5d 6.2b 742 1,691c 439

& o] 2] ¥ A] 90.6b 18.3a 1,284 2,406a 606
®2og 60.0c 4.5bc 848 1,622¢ 552
3 9 118.7a 5.4b 578 1,821b 683
CV(%) 73 78 124
DMRT(5%)

A HErek H2AE

%H]Z]—%Ug Pl o(%) ] o < (kg/IOa)

T-N P,0s K50 N p K
P 2.78 0.62 1.95 12.2b 2.7 8.5
& o] 2] ¥ A] 3.08 0.61 2.76 18.7a 3.7 16.7
1 g 1.48 0.37 1.65 8.2¢ 2.0 9.1
s 49 1.00 0.34 1.63 6.8¢ 2.3 11.1
CV(%)———————— 86
DMRT(5%)

F 5olM = FHIAE Al e W ASEAE AS5S YErdT
A7) Bo] 2L 459~ 64.1mE WA H o= 2, Foleu A &
e o] 83 Aol A @] 59.2emel] H]Ste] o] Zlal He,
o SHEH HHAES o8 AlFETAAE B Ble Aol

Tl M= 45.9emZ 7HE Zokeh. E57101E 78.0~100.4m2 T3} ] AHES
o] &3a AF T A Bl 95.8cmel HlEte] ZAFo] i R Hu]ES
ol-&3 ATl A HlEte] Aol Adn. FEU]Y] 2FE
79.1~103.9em% 3} HA[ 23 o] &5 Aol A B3] 97.9cmol| H]| Sk
7ol Zlal g Hu[FE S o] &3 Aol Bl Hl gt 2ol
Zgkon FulFel M= 79.1emz 7 2Hgkth,

md dee 2Ll 181~2887h 2 A, slogHA & %34 %ﬂtﬂ&%
S ol &% AlFTelA o] 25570 Hlgte] Wokou RE, o § shE
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I =H]AES o] 83 Alg oA E B v 2Eklar Fr) e A= 18171
2 71 A 57 % mg A4E 252~33372 T3 HH|FES o] §
gk Aol A= e 3077H°ﬂ vl gto] @Wotot st SujAE-S o] 83k
A gl s BT} B2t Fulgtel A= 252702 7 A 87
ol mF A 230~31670% R A= SR wet HaAger 2 Apol =
B A] eFk ot ol A= 23070 = 7?** A At

H olo] gAML Boy)o 33.1~38.80% A¢q, dolgHx & T =
= Aol A e o] 35.3¢0 Hlste] A ETE H9kal B, &
o] &3 A|F A= ol Hste] FHET} vl
312 7HF et 579 JAEE 26.7~33.30.2
ATl Al o] 31.20] Hlate] FAETF & A
o] &3t APl A= wafol st JAE=T} H|
26.7% 7} Wkt 7)o A TR 10.2~23.9%
ATl A B o] 21100 Hlate] FA =T FokaL
Ao A= BBt vstl o FH A=

i

=
L
e
o
of

di ok

1
I

-

2 =
> N
rr m{E
w o

o

olrt
R O

yu?

:i

_

et
o
e
g

S
2 o
o

|

o
'y 1
I
o

32
o
iv
4
jus)
o3
oo >

)
il

REE T A

I
R

o
1z

=
2

H1o o

oo L e o

=2

o ok rr

4 )
r

=
N
o,

f
LI

A
o},

i XL
x2

0

FFS ® 60 HERAT o]
a ol 3.3~14.370/m', Bl =
~28.07/m' 2 &I &3] AL
= BHY S3o] adfol= 39 5
o] WA sEH HE
¥ 14.7~22.070/m', w=e]E
2.0~27.37), 474 3.3~19.37}, A Huls 0.0~2.070/m' 2 3], EDIu], v|=
Eo] FFT& o]FAULE Aol wE dA 2T I T ZHjo] g

| sl 71 Aol e vleek AgS e, =

&2 FofeHl x| =H] o] &+ W 7W o] WAstglow 71 A A

ONNOQ‘:’WE
o

o FU1-:
%
off
>
e
()
()
{
(@]
ﬂ
= g
o
cﬁ‘l
xR = g bV
L <
o, to

©
oo
-
=2
_>.:
d
=
32
=
e
r
0
m
PN'
r o
Aa

=

ol uel 2 o= »}Emm Shore). mwlE
F MA T 42.8~77.37)/m'=2 T FH] o] &TFrol A M B TAHS Y
BRI LAl o= s A, #d > ®e, A9 wolslern] ] nsho] X}
+QF e =y o] gl A 24z} 33, 26% AAl AL Flol A,
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£ 7lAE HuAE A g e HES el
G SQRIOE olMAEE 16-180%, EReltE ol AEe
05-12%% QAR SR Afe] wokth Aol GE el 2ag
2 RY APTHUEY oBAEe FedH me Hu] o] TN Ty
13.3% Bot Egkon] slojellx] =u] ol gt wast w%d o]BY
R [ =P Be 46%2 Yead. =

e S R =3t S = e
cg% 1.3~3.9%, qu; ulxguh:.‘: 20
~2.5

Aelel we dFe) AHAEE wH HEy 1%%?44 461103%% RE
OIQ?CM % 34980t S depon Eubrish Syl ssigE

o Flojel W x| =] o] 8ol A A 2.7%9F 1.8%E Y H& AIEE YE
AL 7B Ao B vokh WMEate] HAE R ol HlA] =
] o] &7k & 9vtE]/20F Hh Bekow 7|Er A= APRTE A
o SHAHE o] go] wWE WaElF LAREE ARFHEE o¥AEL
A, Bl FH] o] &Frol A, Evlarr et SruvpEe] JsidE, wiET T
A== gegol Hlste] Foje]wlx] 1] o] &te A kT,

3E 5. FHEHE o] §of mE Ho] ASTAE A5

A = Alem) A FON/m). A=

TE7E7] | e |9V EF T8 | R e ET T

A3 63.9 | 98.9/103.9a|| 271 | 333 | 308a || 38.1 | 32.0 | 23.9a
ol g ml x| 64.1 |100.4(103.0a| | 288 | 331 | 316a || 38.8 | 33.3 | 23.7a
Hog 60.6 | 91.8| 95.6b| | 253 | 314 | 293ab|| 35.3 | 32.8 | 21.3b
s 9 61.3 | 92.3| 95.1b| | 252 | 302 | 298ab|| 35.2 | 31.1 |19.9bc
a3 59.2 | 95.8| 97.9b|| 255 | 307 | 290ab|| 35.3 | 31.2 | 21.1b
- H 45.9 | 78.0| 79.1¢c|| 181 | 252 | 230c || 33.1 | 26.7 | 10.2d
Q@ 63 7 b
DMRT(5%)
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3 6. ¥p|2HEolg ] A R RO 152 24k 9] : Ay

thd A Ad A =7

q e | 0 T oy v | 2| o)

ojaL | HE | A E7H 9 o= | A | s A | HlE

% o] °]
A3 3.710.0 | 0.7 | 2.0 [15.3] 8.7[11.7| 0.7 | 42.8c| 67
ojgwl x| 33|00 | 0.7 | 5.0 |15.3/27.3|13.3| 2.0 | 66.9ab| 104
Hoog 5.3 0.0 | 0.0 |14.7 |14.7| 5.7| 7.3| 0.7 | 48.4c| 75
3 9 1431 0.0 | 0.7 |17.3 [22.0| 2.0[19.3| 1.7 | 77.3a| 120
o 3 13.0 | 1.3 | 0.0 |28.0 [14.7| 4.0| 3.3| 0.0 | 64.3ab| 100
%) 127
DMRT(5%)

H s
Qj]_;(]UL ZH U 27 B
A e ﬂ}‘j; i:jm gj T_q] guprn] | owdT | Sy
=i} = e e >
(TaFE) | ()20 | (F3198)
978 | 19728 | (89 s B s

2474 18.9a 0.5 1.7 1.3 6.0c 1.4
3 o 2] W A 12.7b 1.1 1.6 3.9 26.0a 2.5
B g 17.0a 0.9 2.6 2.0 11.0b 0.8
s 49 4.6¢ 0.9 2.6 1.5 4.0d 1.3
o 3 13.3b 1.2 3.4 2.7 9.0bc 1.8
CV(%) 63 29
DMRT(5%)

ZH|Z2HE Algo w2 W AL A S B 89 YEMYAT
3]0 My 4 230~3157 2 B FE o] &TLol| A #a) 278709 H]E}
o Bodow AHeld wE m e oA > Ay > & By >
7

& . o] Folddth. Y, dAvddE, A &S 747 105~1277,
21.1~21.3g, 82.8~83.3%= A glol| wte} 2 xto]& YERN A Zokom 55H]
2 78.0~87.6% = SH|ZE o] &l Al T3 87.5% H|sle] okt &
ofgu %] 5u] o] & A ZHE vkt & FEFe 339~556ke/10a0 = ¥
516kg/10a°] vlale] slolg]u x| &} A FH] o] &Fol X 27t 7%, 2% &
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FEAAL B, TF ] ol ol = A7t 4%, 3% FEAon FulA
oAM= 34% HAFHAT. SAH R vﬁ*é% e AT

F 9olME HHFE o]gd] wE o] 9 2 FAS e 2
AH WS 77.4~90.7%% 4] o] &l A < 82.5%01] Hlahe] =9k

1=}

o 1%y HLL 6.2~18.4%% B3 11.8%0 H|3te] A&, wa, &9
wHH] o] oAl wEokal FojEHlA] HH] o] &Foll A= M=t &
o} Alm) o] Hl o Z47F 1.7~2.8%, 0.5~3.4% = A&7F 2 2fo| 7} gt 2o
Z Ao A Gl A ek} ol m s ek W= 7bzt 592~6.1%, 18.1~18.3%,
37.8~39.7%2 At F zte|7F gl ot An|ghe 79.5-86.0 2. 3| o] 2] ]
E7] ol &l 7 vt

& 8. HFH[A=E0lE B FETAHLAL B T
N T T ) 44 N
A oa | T ae | owe | aus | oae | S0 | as
(70/m’) (kg/10a)
(71) (%) (g) (%)

A4 302 123 81.7 21.2 83.0 526b 102
ol | 315 127 78.0 21.1 83.0 556a 107
H g 290 119 84.2 21.2 83.3 498bc 96
3 9 295 122 85.1 21.2 83.2 503bc 97
7 3 278 125 87.5 21.3 83.2 516b 100
o) 230 105 87.6 21.2 82.8 339¢ 66
V%) a7
DMRT (5%)
X 9. FH[A=0]E A v A F9 2 F4

\ = (%) = A(%)

1 e e [aga [ | aud [opes] we | Aug
o 90.7 2.6 6.2 | 0.5 6.1 18.2 37.8 81.1
slogulx]| 84.9 2.8 11.5 | 0.8 5.8 18.1 38.2 79.5
B 88.9 1.7 8.3 | 1.1 5.7 18.1 38.3 81.6
T U | 86.2 2.0 9.7 | 2.1 5.2 18.1 38.9 83.4
7 & | 825 2.2 11.8 | 3.4 5.2 18.3 39.4 85.1
O 77.4 1.7 184 | 2.5 5.3 18.2 39.7 86.0
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3
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R
ax
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W
Aelol oheba s Sz

-+ A
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Ak

fol

1,
oy r

b

yus

&
ot 2 _1]:];( o
PR et
By Moo
o X
oo )
—+ o
=
S

: o
A el mlste] veron 535 Hel, TR
o Sokth A 29.3~39.1% = Hu] %}
gL Fe 13.5~27.3%= =H|ZE o]

=2

o]

1

ﬂd
o
32
=2
N
oo g

Toll A el njsto]

e, 39 5 e SHEE o] &l T =kt

1385 EF9] 33t WstE Yetdideh. E9F pHE 5.2~5.6,

OM 28.5~30.5g/kg, Av. P205 24~46mg/kg, Ex. cation K 0.20~0.22, Ca

5.4~6.3, Mg 1.5~1.8cmol+/kg, CEC 10.0~10.9cmol+/kg, Av. SiO2 128~145mg/kgo.

2 mulakE ol gd A wale] wlate] f71% W, FEAMN B, fE

Aol FrhaY ot A4 FolL Ca, Mg BHE Padhs AP AT
v o

ol
il

dir e
b D 3 o x 2 30

>

’

=R ZEg o8-8k B Auje] AAY £Ae & 120 YERNS=H =

H

of @gorot 71z A oAM= AUk AGu= 309~395HY/10az gl
Hlste] Fu) oA Aot =u) &g o] Sl A= WAL 252 327~650
HAY/10az B3y 6351 Y/10a0] H|sle] sloje|Wx] HnH] o] &FollA 2% F
Vet ot 7)El F71HbE o] ol E 7~14% FHAsFa FR]o A=
48% Z+A3Sdt.

A A e B3 (%) CRaR:1
(g/cm) % N o 717 (%)
T R 1.16b 43.7b 31.0bc 25.3ab 56.3ab
&l of 2] ] #] 1.20ab 45.3ab 29.3bc 25.4ab 54.7ab
H g 1.11b 42.6b 30.1bc 27.3a 57.4a
s 9 1.12b 42.9h 32.8bc 24.3b 57.1a
#+ 3 1.27a 47 .9a 34.5b 17.6¢ 52.1b
| 1.26a 47 4a 39.1a 13.5¢cd 52.6b
V(%) M 53 57 57 57
DMRT(5%)
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0 OM Av. Ex. cation Av.

A (11)'5) (g/kg) F20s (endl /l) (cnf)lli/ckg) 5107
(mg/kg)| K Ca Mg (mg/kg)

! 5.2 | 29.5a | 46a | 0.20 | 5.4 1.7 10.3 130
& of 2] W %] 55 | 29.5a | 45a | 0.20 | 5.6 1.5 10.4 135
B 5.5 | 30.5a | 33b | 0.22 | 5.6 1.6 10.9 135
3z 9 56 | 30.3a| 35b | 0.21 | 5.7 1.6 10.6 145
3 5.3 | 28.7ab| 24c | 0.20 | 6.0 1.8 10.1 128
5o 5.4 | 28.5ab| 29c¢ | 0.21 | 6.3 1.6 10.0 129

CV(%)——————————————————— 6.3 —————— 6.7

. s R 73 3] 25 25AF
T o | s (A9) (3190) (%)
At 526 986 395 591 93

&l of 2] | #] 556 1,043 393 650 102
B og 498 934 386 548 86
s 9 503 943 390 553 87
7 3 516 968 333 635 100
Sl 339 636 309 327 52

% 714 0 & 37,5009/20ke, &9 1,0009/ke, 2 3,0009)/kg, FolE]HIA] 5,000/

kg, el 1,1009/ks 7|5

AP ATAT AAGLA AR(2008, $EAEH) R 200695 A FibE A

AR (FENTH) 71+

By

ABEYL Aol Bl /1% FFL wolu SR AEFS A
) NG A1Ee AL Astel SRR TRAGNA RelE )
2 ol gdtel WiEAE 44T W Y wre) YRS TYHAA A
FEV1Ed B AYTY 9 nAbd FEAA 1S FES ANDE
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g},

A}

= REo] S-S 27 38.0~110.8cm, AT 5.0~17.2v), mM@F A

433~65472 o] 7} Lo Egrom A xS 1,395~2,130,
HAEF 383~698kg/10al.®E A x5S Folg w27} 7FE kot

Aes2 Tdo] 7 Bt

Lp| 2] B EAE FEHS N 6.1~17.9, P 2.4~4.7, K 5.2~12.2kg/10a
o2 N Fu&2 dojew =7} 71 ottt

.U 2R Al E5ke] Ajulek Wl 7] S-S 27 78.0~100.4cm, m'

B8 262~3337, M= 26.7~33.30. % FH| Tl A 7P viglon
9, slof= A o] &l A A

U ol-8-ske] Al Wi=e] o] b 15697 AL 42.8~77.37W/

m'z o] Hjsto] ARGy}t Bl | o] &l b2t 33, 25% A9l
slofelix], S =H] o]&rell M= 242} 4, 20% BAl EASSITh

U ZHEE ol gste] A ¥=o] WalTs WA EE dRFHE
e A, B 5y o] &TtollA, Eubrveh W, WETE
Flojelul A 1] o] & el A FFH T} £kt

Wl md e 870 230~31572 SR AE o] &7t #Eo
Hlgto] @kl sojulal ] o] &l b wekeu S5
Hl &2 7P woktt

2 FEe ¥ 516ke/10a0] Hlste] oM oF AEQF HH] o] &
Tl ZHZt 7%, 2% SEEAAL W, S Fu] o] g elxE 7zt

4%, 3% % ATt

ROl AAHE 77.4~90.7% = 1] o] &Troll A T H|te] Eko

A gk sleje A =u] o] gTtell A TR Wkt

AE T OEFS WA wste] W AR o] §ToH FAUES} 1y
o nrdgod AT TR SANUL, 4718 FBY §8Q
A fE FASFE S0
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Lol HFS 10%7HA Z

R

R

ol w2 7F 7k E ol S 4

Els

3 oA, A9, S=H
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