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ABSTRACT

1. This study seeks to identify and select appropriate green manure crops
for the volcanic ash soil in Jeju Island, South Korea. To this end, in this
study experiment, green manure crops were cultivated for 4 years from 2011
to 2014 during the fallow period after the harvest of winter vegetables such
as carrots and potatoes in Sehwa-ri, Gujoa—eup. The study performed a green
manure crop examination to choose crops with excellent growth, yield ability
and nourishment supply amount. With respect to the green manure crop
growth, Vicia villosa Roth, Secale cereale L. and Glycine max MERR. were
found to have a strong gemination and growth; whereas Panicum miliaceum
L. and Sorghum bicolor(L.) Moench showed a slow gemination and their
post-gemination growth was also slower. The biomasses of green manure
crops per 10a were found the largest in Secale cereale 4,274, followed by
Vicia villosa 3,415 > Panicum miliaceum 2,234 > Glycine max 1,842 >
Sorghum bicolor 1,225 kg, in order. The dry matter per 10a was the largest
in Vicia villosa 638 > Secale cereale 626 > Glycine max 337 > Panicum
miliaceum 318 > Sorghum bicolor 181kg, in order. The N, P and K contents
of green manure crops were found 39.3, 2.85, and 26.6 g/kg in Vicia villosa;,
26.8, 3.30 and 25.9 g/kg in Secale cereale; 24.2, 2.05 and 32.0 g/kg in Panicum
miliaceum; 31.0, 2.65 and 20.1 g/kg in Glycine max; and 17.9, 2.40 and 30.2 g/
kg in Sorghum bicolor. The nutrient content of the three green—manure-crop
elements was the highest in Vicia villosa 68.8 > Panicum miliaceum 58.3 >
Secale cereale 56.0 > Glycine max 53.8 > Sorghum bicolor 50.5 g/kg in
order. Green manure crops N, P-Os, and K>O feed rates per 10a were 25.1,
417 and 20.4 kg in Vicia villosa; and 16.8, 4.73 and 19.5 kg in Secale cereale,

indicating that Vicia villosa and Secale cereale had over 2 times higher
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numbers than those of Glycine max, Panicum miliaceum, and Sorghum
bicolor.

This study intended to establish a usage system technique at the point of
the green manure crop selection by identifying the sowing period of Vicia
villosa and Secale cereale having excellent yield ability and nourishment
supply amount. To this end, the study experiment was performed for about 6
months from March to August, 2013, in Goseong-r1i, Seongsan-eup. Vicia
villosa and Secale cereale have the peak growth period between the last part
of June to first part of July regardless of their sowing period. They began to
wither from the first part of July and almost withered away in the last part
of July = first part of August. Vicia villosa and Secale cereale with 3/10
sowing date showed better results in terms of plant height, fresh weight,
shoot weight and root weight than those with 3/20, 3/30, 4/10, and 4/20
sowing dates. With respect to the tractor rotary tillage after Vicia villosa and
Secale cereale cultivation according to green manure addition; Vicia villosa
stems were found to be better mixed into soil without being rolled along the
rotary on August 3, the period of plant withering, rather than in the last part
of June, the growth peak period. Both Vicia villosa and Secale cereale’s
biomass per 10a and dry matter were higher in the case of 3/10 sowing date
than in the cases of 3/20, 3/30, 4/10 and 4/20 sowing date. On 3/10, 3/20,
3/30, 4/10 and 4/20 sowing dates; the N content of Vicia villosa was 36.97,
36.85, 41.88, 40.04, and 38.71 g/kg, respectively; and Secale cereale, 11.61,
12.65, 9.92, 13.88, and 13.75 g/kg, each. N, P;0Os5, and K-O feed rate per 10a in
the case of 3/10 sowing date was the largest due to the higher dry weight.
It was found that the earlier the sowing date, the heavier the dry weight
was. Both Vicia villosa and Secale cereale showed general increase in all of
the soil salts (EC), nitrate ion (NOs), available phosphate (P>Os) and
replaceable potassium contents in 3 weeks after tillage, compared to the

pre—experiment status. But their soil acidity (pH), replaceable calcium and



magnesium contents decreased slightly. Effect of nutriment supply was

stronger in Vicia villosa than Secale cereale.

2. After green manure crop soil reduction, change in soil chemical property
was investigated. In the case of green manure crop cultivation, regarding the
soil fertility in Week 5 of tillage, the soil salts (EC) concentration decreased
slightly in 2011 from the pre-experimental status; but soil acidity (pH)
increased a little. In 2012, soil salts concentration rose but, soil acidity fall
slightly, representing the huge effect of precipitation. Regarding outdoor
packing, the pH, EC and NOs contents in soil according to green manure
crop mineralization were higher in Vicia villosa and Secale cereale than
others but they were largely affected by precipitation. It is deemed useful to
save chemical fertilizer in the Jeju volcanic ash soil if crops are sowed during
the fallow period prior to March 10 after the cultivation of winter vegetables
such as carrots and potatoes; then tillage is performed between the last part
of June ~ first part of July (the period of carrot cultivation) and last part of
July ~ first part of August (the period of potato cultivation); they are
decayed for about 1 month and soil test is performed to distribute fertilizer
amounting to any shortage.

After green manure crop soil reduction, in-soil nitrogen content change
was investigated in order to determine the appropriate period of green manure
crop soil reduction for fall potato cultivation. For the purpose of the study
investigation, tractor was used to plow the field every 10 days from the last
part of June for soil reduction. During the experiment period, precipitation
was small at 83.5 mn from June 28 to August 23, 2013; especially as small as
24 mm from June 28 to August 18 within the period. In 2014, precipitation
from June 28 to August 22 was 590.4 mm including 293 mm by July 15, which
accounted for as high as 49.6% of the total precipitation. The nitrate—nitrogen

content of soil according to green manure crop mineralization for each crop
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chopping period was found higher in the case of July 31 chopping than in the
June 28 chopping case; and ammonium-nitrogen was higher in the July 31
chopping case. Concerning the ammonium-nitrogen of each mixed sowing
combination, the mixture of Vicia villosa and Gramineae was generally higher
than the single sowing of Vicia villosa. Green manure soil reduction in the

last part of July is deemed efficient in using the green manure nutriment.

3. To research for productivity enhancement of green manure crop in
volcanic ash soil for vegetable -cultivation, the study experiment was
performed using the silt loam (Sineom Series) in Shinsan-1i, Seongsan-—eup,
Seoguipo—si, Jeju, South Korea. The single sowing of Vicia villosa and mixed
sowing of Vicia villosa+Secale cereale were investigated to find out the effect
of wusing slurry liquid fertilizer and chemical fertilizer on green manure crop
quantity and nutriment feed rate. This study examined 3 groups with
different treatment - non-fertilizer group, slurry liquid fertilizer group and
chemical fertilizer group. The green manure crop quantity was found higher
in the mixed sowing of Vicia villosa and Secale cereale recording 510 kg/10!
on average than in the single sowing of Vicia villosa with 400 kg/10' on
average. No significant difference was found between the Vicia villosa single
sowing and slurry liquid fertilizer—-chemical fertilizer mixture. However, the
quantity of Vicia villosa and Secale cereale mixture increased thanks to
slurry liquid fertilizer and chemical fertilizer. No difference was found
between slurry liquid fertilizer group and chemical fertilizer group. No
significant gap was observed in soil nitrogen feed rate because of green
manure crops. The phosphate and potassium feed rates, however, moved up
in Vicia villosa+Secale cereale mixture, compared with the Vicia villosa single
sowing. The slurry liquid fertilizer group and chemical fertilizer group showed
larger nitrogen, phosphate and potassium feed rates than those of the

non—fertilizer group. No difference was observed between the slurry liquid
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fertilizer group and chemical fertilizer group. Consequentially, in order to
elevate the green manure crop quantity as well as phosphate and potassium
feed rate, mixed sowing of Vicia villosa+Secale cereale would be effective.

Also, slurry liquid fertilizer is deemed to replace chemical fertilizer.

4. After green manure reduction, the study experiment was conducted
using the silt loam (Sineom Series) in Shinsan-ri, Seongsan—eup, Seoguipo-si,
Jeju, South Korea, to find out a method of using phosphate fertilizer. In the
soil chemical properties, nitrate—nitrogen content was found higher in nitrogen
fertilizer group of both Vicia villosa group and Vicia villosa+Secale cereale
group. But no difference was found between the two types of treatment.
Vicia villosat+Secale cereale group showed slightly more than Vicia villosa
group. Replaceable potassium content was higher in nitrogen+phosphate+
potassium group in both Vicia villosa group and Vicia villosat+Secale cereale
group. Potato shoot growth showed no difference between Vicia villosa single
sowing and Vicia villosat+Secale cereale mixed sowing. It was stronger in
livestock manure and chemical fertilizer group than non-fertilizer group. After
green manure crop soil reduction, the commercial yield of potatoes according
to phosphoric manure use was 1,266 kg/l0a in Vicia villosa on average;, and
1,337 kg/10a in Vicia villosa+Secale cereale group but without difference.
Fertilizer-using groups showed higher numbers than non-fertilizer group.
Nitrogen, phosphate and potassium groups showed the largest numbers
among the fertilized groups. Phosphate absorbed amount and usage rate were
the highest in the nitrogen+phosphate+potassium group. Vicia villosat+Secale
cereale group showed phosphate use rate of 4.40%, higher than 3.61% of
Vicia villosa group.

In all of the green manure crop groups, soil nitrate-nitrogen content on
Day 25 of potato sowing was the highest in nitrogen basal fertilization group

and nitrogen basal fertilization+additional fertilization group. No difference was
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found between non-nitrogen fertilization group and additional nitrogen
fertilization group. In the flowering season on Day 65 of potato sowing,
nitrogen basal fertilization group and basal fertilization+additional fertilization
group were found to be similar while non—nitrogen fertilization group was the
lowest. All of the sample groups showed no difference in available phosphate
contents. Replaceable potassium contents were found similar in all of the
groups and decreased with time. Potato shoot growth was good in nitrogen
fertilizer group than non-—fertilizer group. Additional fertilization group showed
the lowest among the fertilized groups. The potato quantity after green
manure crop soil reduction according to nitrogen fertilizer amount was 1,504
kg/10a on average in non-fertilizer group, the lowest; whereas nitrogen basal
fertilization group and nitrogen basal fertilization+additional fertilization group
showed the highest numbers of 2,607 and 2,797 kg/10a, respectively. But the
two groups showed no difference. The average quantity of Vicia villosa group
was 2,044 kg/10a, indicating the mixed sowing of Vicia villosa+Gramineae
was higher. The yield of marketable potato after green manure crop soil
reduction according to nitrogen fertilizer amount was found the lowest at 961
kg/10a on average in non-fertilizer group; whereas nitrogen basal fertilization
group and nitrogen basal fertilization+additional fertilization group showed
2,235 and 2,199 kg/10a, the highest but without difference between them. The
average quantity of Vicia villosa group was 1,689 kg/10a, indicating that Vicia
villosa+Gramineae mixed sowing had a higher number. Nitrogen use rate of
potato after green manure crop soil reduction according to nitrogen fertilizer
amount was found 65% in nitrogen basal fertilization, higher than that of
basal fertilization 65%+additional fertilization 35% group. The basal
fertilization 65% group in Vicia villosatSecale cereale group showed 39.4%,
the largest.

Potato shoot growth was found the slowest in non-fertilizer group and

potassium fertilizer use showed no significant difference. With respect to
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change in soil reduction potassium content depending upon potassium fertilizer
application method, all of the green manure crop groups showed increase in
potassium basal fertilization group, potassium basal fertilization+additional
fertilization group and potassium additional fertilization by October 16.
Potassium additional fertilization group was increased on October 5 by
additional fertilization. Total potato quantity and commercial quantity
according to potassium fertilizer amount after green manure crop soil
reduction were higher in Vicia villosa+Gramineae mixed sowing group than
Vicia villosa single sowing group but without significant difference. In all of
the green manure crop cultivation groups, non—fertilizer group was found the
lowest while basal fertilization and basal fertilization+additional fertilization
showed the highest. Consequentially, yield of marketable potato was found the
largest when sowing both Vicia villosa and Secale cereale in mixture and

using 65% of the standard amount of potassium fertilizer.
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w X o] Rsl Ao wE Aix FEFow uus] B AgddE 32 g/keSd
A gk 509 Hell= 6 g/kgom A 5o EYF 100%¢ 2=+ =7
AA FASA WstAth thFdAe] THEsES AT A5t solddl wet
7HEshgol FrbetEd, A 50dd EE AHyzedA N2 80%°1%d, K&
90%0°]/d9 7t48k&S HATHE 5, 2006). FH)EE] 2 A
2154 3t e AAdEEy C/NE, cellulose  lignin St Sold 2] &4 2

AESAAZ AALF-Z C/NE, cellulose ® lignin &&Fo] ol Hnjis] 2 =

b
a”
Ib
H
N
A
i
T

(Yadvinder et al., 1992).
A E=Ednje] o] 8- [7|AMY el A&golgts AANAQ] W s

o o% AdEEelehs WA 2 oulsk Yk ERuE NEAROR AE

Aol d2le]l "rh(Frost et al, 1990; Kilmer, 1974). =%-n]e} 244 H|
AlE-L BT NO3 -N9o| 825 Z3387] wjio(Beckwith et al, 1998; Jensen
et al, 2000; Nielsen and Jesen, 1990) ==cin]e} g4 zto] #AAo st A7F &
o] o]FojHl 1 Fet ElYEolA ERxe] AR ol&AdTE TR EEYINA
o]Fo]H o™ (Jeon et al, 2003; Kim et al., 2004; Lee et al., 2004; Park et al.,
2001) RHEFAAM ] EgH St Ao gk A= vttt

wEGAA 39, Fre, Ad R ol HAE gFsto] =in] Al§ol
2 58] 2E9] biomass B FwdH He EwdH] FASFHT EE 91 A&
Tol A Woh(Lee et al, 2014). HHZAEL G2 HUE A7 5ol o
(Kim et al, 2011b), AA= sstn|g o] 2G4 AR glo] =n[a=s A Eds

o= HolE Be oz Lo] grh(Lee et al, 2011). kA Hto] Zu|FE A



FA W (Lee et al, 2011), 3ozl ul |

H & Al83

o = EutAu) &3fo] thak A7 o] Fo] HTHKIm et al, 2011h).

sofjelul A= A
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) AFAYG FAAEFAN GF4E ARA] Q%e S04 4P
AF BRAG AEAE ARAN A w4 Adas] Astel Pt
A 2% F FAA AR Astel 4% R FRIFTF $5 S0

SH 2 A= F23 g o] gud F FAE 3E To(11d 3/15,
12 3/2D)e sl gl Wl X (Vicia villosa Roth), =4 (Secale cereale 1.), 3
(Glycine max MERR.), 7|13 (Panicum miliaceum L.), %12} (Sorghum
bicolor(L.) Moench)E 10a & 22} 990 kg, 154 kg, 879 kg, 3.13 kg, 6.60 ke=
cbgbsta EFEHZ A & &S 93 69 Feke(11d 6/11, 124 6/26)7HA

Avfstgiet. A% 9 FF SARNE 69 Foked AR HugEL Fasto

9 %EN7 74
A sofeulAsh U HEA/E FHH] Sske] 20139 39RH 84

o Ay nAeelN FARAY EFe A Gge
o E4 RN EG vAAGEN AAstdch SagE AuE 4% ax
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9= sho] solelu Aot TR 10a F 247 9.90 ke, 154 ke At £
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2ol 89 327 AetAth 64 202 AT Hu4EL S5 A

=
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Table 1. Chemical properties of soils before the experiment

Soil pH  OM. Av.PO: Ex-cmol /kg EC
Texture  (1:5) (g/kg)  (mg/kg) K Ca Mg (dS/m)
SiL 6.0 75.6 88.2 0.85 73 29 0.39

Table 2. Chemical properties of liquid pig manure used for the experiment(%)

T-N P205 KZO CaO Mg O NaQO

0.10 0.048 0.10 0.06 0.02 0.03

2) NEA = R 50 AH)

sojelu A datel FolEwA+s R E FE Yo, sHAE
A Al T s R s A H]FE (N-P-K=4.0-0-4.0 kg/10a) % == HH] AH]

ol
(N-P-K=4.0-0.96-4.0 kg/10a)¢] 3 F= AT = &l Ea4 wjxHS AL&3)
Atk AlET WHe 35%5.0 molAth FFE e Fojeu x| 135 kg/10a, &3+
= oW A 6.8 ke/10a2t & 11.3 kg/10ac] At}t. Hu|AES 39 119 3

T em, 649 289 st AAFTS S48k, 65 °CollA 4843t 45 A

[@))
1
9
2,
>,
I
0e]
>,
)
1]
ol
My
BN
rot
v
dlo
Mo
)
_0|L
2
>
>,
ofo
_0|L
38
v



toledo, Germany) =743t 1, #7152 05 ms 5943 FHAEES TywinB oz
BAastgon, F&24S Lancaster 02 A& At x4 do]L& N
ammonium acetate Ho 2 F=3}o] ICP-OES(Optima, 7300DV, PerkinElmer,
USA)= ZA 3t

AEA 242 2% AR 1 g& FdlFE Y3 HSO,H0.2 5213
sto] FriAdE A &8sy & ZAAE AL A(Kjeltee 2400 Foss,
Sweden)E o]&3dte] =A3H L, 2AAHS ammonium vanadate HOE  H] A A
(UV/VIS spectrometer, Carry 100 varian, Australia)E AFg&3lo] =3t z

2 ICP-OES(Optima 7300DV, PerkinElmer, USA)S A}-&3}o] #2413t}

4) JAE5 SHZAL

HEFE EF 70 em Aol porous ceramic cup(Soilmoisture Equipment
Co., 1900L)& “AXx|sto] 73 48A1%F Fo AR o™, &5 NO; N4

2 o Z$-A] vit} 243 3}e] Ion Chromatography (Metrohm, 850 professional) %

AEF wxE Bapux 3R om g1, AMY AdE SASZZ 1Y
(SAS. ver. 9.1)& ©]&3t] ANOVA test ¥ Duncan’s multiple range testZ
PR A=

4. 0| ZE Ao T A2 Avjo] ©E Augy A

SPIs Bl el mulstE Al § 7R Al s s AR S
dobr 7] fjste] Addtd HujHEQ doju Aot TEe] digte] dojE WA o
g dlojguA+EE 3ol HEe N, P, K AlH "2 U9 ke A
2 FHFEANS 28] feke] Adsgl

1) EG 2 AEA £4

Ede HF0~0mE Aste] Fd F 2 mAE B ARE e

rlo
K

o EY¢ pHe AR SFF HE&S 152 3dto] pH FA7]=(S47, Metter

_10_



toledo, Germany) =439, F7152 05 mE 5343 THEE TyurinH o=
BAastgon, F&24S Lancaster 02 A& At x4 do]L& N
ammonium acetate Ho 2 F=3}o] ICP-OES(Optima, 7300DV, PerkinElmer,
USA)Z 43+t

AEA A4S EHE s 1 g Wl FE ¥ HpSOuHo0:2 523l

ol
ol
e
4
N
oX
dr
M
1%
K
fic]
o
ol
ol
32
v
o
i
[0
rlr
it

93] (Kjeltec 2400 Foss,
Sweden)& ©]&3to 43893, A4 ammonium vanadate WOz H] A
(UV/VIS spectrometer, Carry 100 varian, Australia)E& A}&3to] A =Fsldich 2
& ICP-OES(Optima 7300DV, PerkinElmer, USA)Z A}-&3}o] A &9it)

2) SH3Y 3 A A EH 73

SR E MAEA AAE Ak mAME S E (A )0l A
FHEAT AY A BESo 3t pHE 56, #7185 98.0 g/kg, FEAMS
1024 mg/kg, X133 2, Ze

gl A tH(Table 4).

2 ol e 247 043, 41 2 11 cmol/

Table 4. Chemical properties of soils before the experiment

pH OM.  AvPO. Ex-cmol'/kg EC
(1:5) (g/kg) (mg/kg) K Ca Mg (dS/m)
5.6 98.0 1024 0.43 4.1 1.1 0.59

(2) 22 A s AS === A

A2 doje A &) dojeuA+3 e 9, FojulA+Ee &3
oA+ EGEAL S99 442 sto] 39 11l HAFsislon, 33
< dojelulx] 135 ke/10a, 3= dlofeHl A 6.8 g/10ast ¥ & st 3=
113 kg/10aclAtt. e Al =271+ 2+2F 210 m' ©]Ath. HH[ =2 64

280l Fatete] Fi G FAS 2AS] Ax FHFS Asstdch A
Fo wulgEe 69 2090 =dEE F et st

_11_



(3) AT Ag 2 A A

sloje ] guktel Fojgw x| +st Ly E9tE: FE st ow, Ak A
Al =H]+E 4 FH] 9 (N=0kg/10a), =]+ A2 71H] 65%(N=11.7kg/10a), 4]+
A 71v 65%(N=11.7ke/10a)+5 4] 35%(N=6.3ke/10a), v]+Ax ]
35%(N=6.3kg/10a) AlW]g-9] 4x2l7& ATE ate L& wAdE ARS8kl
o AlET WdLe 35x5.0 m ol AAAME SHAE g9 9 89 27Y
of AAAE 70x25 cnz FEdFe] 129 10Y ] =33k},

3) ZH| &I F I AHEH TH

_3"5‘_
(1) NAEFe sty
FREAT AF A EGY 38 E pHE 55 F71E2 69.1 g/ks, FE A

74.8 mg/kg, A 2, Zg g viadeddS 47 062, 34 3 1.2 cmol'/kg

o] AtH(Table 3).

Table 3. Chemical properties of soils before the experiment

pH OM.  AvPO: Ex-cmol /kg EC
(1:5) (g/kg) (mg/kg) K Ca Mg (dS/m)
55 69.1 74.8 0.62 3.4 1.2 0.36

(2) 22 A s AS === A

HH A2 o] A @b 8 ssso] g ux] Eutgte] 2A = she] 3¢
el spFakdtt. S o ul A 135 ke/10a, &3 ol 2ulA] 6.8
kg/10ast = 11.3 kg/10aolvt. Al A =7]= 42 210 m* oA =

A =2 69 28U st Rk G FFE A I FEES
Abstdnh, =) 2E S = 69 29YU0] EYHE ALEsle] mh e Th

3) AlgF A 2 A Al
Fgojg x| wrutgrel oM +3 Y ERTE FTE stgoen, A Ay
Al FH] R POATH]H(P=25kg/10a), NK A]B]5-(N-K=18-19kg/10a) % NPK A]H]
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T(N-P-K-18-25-19kg/10a)¢] 4# 2l 78 A7 sho] BRTuARE AF§a9
o AR WAL 3550 m oItk HAAuE wul2E B9 9 99 40
AR 2 70x25 2 FHE3te] 12€ 100 5 8aaAch.

4) 50 & F 2 AugY T3
() NREF] sety 24
B RS AFSEAANE ATEA A2E AP mALFEEDE)NA
St AF A B B4 pHE 61, F715S 710 g/he, FEAWS
1124 ne/ke, A 22, B
kgol A H(Table 5).

2 e adlEE R 247 067, 7.1 R 1.7 cmol '/

Table 5. Chemical properties of soils before the experiment

pH OM.  AvPO: Ex-cmol /ke EC
(1:5) (g/kg) (mg/kg) K Ca Mg (dS/m)
6.1 71.0 1124 0.67 7.1 1.7 0.26

(2) 22 Al s 98 HuFEo] A

Hu) 22 ol A wu 2 Fd+dolg X Tt 2422 sto] 39
160l FFstsion, gFFe dojguA] 135 kg/l0a, 7= 3o w A 6.3
kg/10aet &9 11.3 kg/10acldcth. A AldT 271 747 210 mo|th, =4
AE2 79 196l FEste] FEFY S FFS 2AME 2
Ak AT HH| g 7Y 1do] EHHR Feste] st

(3) Al A 2 A Al

ol grakte}l ol A+l EytE FrE sgon, Ak AujAl
SH]+ 7] FH]9H(K=0 keg/10a), =01+Ze] 7] 65%(K=12.4ke/10a), 54]+Z2] 7]
] 65%(K=12.4kg/10a)+3H] 35%(K=6.7kg/10a), 50| +Ze] F1] 35%(K=6.7kg/10a)
AT 4R FE ATR St BT W AES ARSIt Aot ke 77
1807} 250 kg/10aE AlH|3FATE Al WA-E 35450 m o|Arh AA = 1)

A el 591 89 27Ul AAAY T0x25 en=E HFete] 129 1l et

o

A
e

ftlo

Al kst

Mo

S
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Table 6. Average temperature and rainfalls in Seong-san(2011)

Climatic March April May June July August
Factor  pio Md  Late Faly Md Late Faly Md Late Faly Md  Late Faly Md Late Faly Md Late
T(e,glf' 54 93 80 122 126 147 175 187 179 199 196 230 25 B9 KY 7Y B AUl
Ra(”mr;ff‘u 30 5 150 50 10 408 47 170 712 518 1166 2411 82 WT 75 1603 157 1505
Table 7. Average temperature and rainfalls in Seong-san(2012)

Climatic March April May June July August
Factor — pov Md  Late Faly Md Late Faly Md Late Baly Md  Late Faly Md Late Faly Md Late
T(e,,gl)p‘ 04 78 102 24 143 165 187 179 190 N9 A8 V2 €U0 BO A6 R R K0
Ra(”mr;ff‘u 606 282 %5 20 300 215 165 A5 130 108 181 699 612 165 13 21 €5 5
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2011

2012

Hairy vetch Rye Soybean Hog millet Sudan grass

Fig. 1. Growth status of green manure crops.

seeding date : 2011.03.15, 2012.03.21; photoed at 2011.6.11, 2012.6.26

(2) =R Az F34

AF BBl dEaE A & FA7IE sl HHl s A =
vzt Folol W dEeHEFS Hrhetr] skl mujAeEE A5
o] 10ad BAF R dEFs A AH(Table 8). A&4-9F A8t RF &
shek 2d W AA RS £8(4274) > 8o WX (3,415
(1,842) > Fekeb~(1,225
> 396260 > F(337) > 71FGE18) > Fd1et2(18lke) =&
2ol A A= dojgul At o] 71, F, gietsd vl =2
73 Bl

o] 5(2006)= 2003H-H 2005974 39 &<k A&H FIr] 10¥ Aol
10a® =92 10 kg, slole]ulA] 8 kes FFstaL o] 53l
A 10ad AAFS 2 A¥, 3dzE B @
T A= 2592kes AASEAT L SFSATH

Aol = AT 10aT B A F2 &lof 2w A
4 3046kgs AAFEte] o] 5(2006)9 - AIr
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Table 8. Fresh weight and dry weight of green manure crops

Cultivation Fresh weight(kg/10a) Dry weight
Crops
year Root Shoot Total (kg/10a)
2011° 538 3,076 3,614 7925
Vicia villosa 201217 234 2,981 3,215 550
Average 386 3,029 3,415b1T 638a
2011 208 1,907 2,205 A44
Glycine max 2012 190 1,289 1,479 230
Average 244 1,598 1,842¢ 337b
2011 366 2,457 2,823 341
FPanicum 2012 176 1,468 1,644 204
miliaceum
Average 271 1,963 2,234¢c 318b
2011 1,422 3,080 4,502 714
Secale 2012 1,033 3,012 4,045 533
cereale
Average 1,228 3,046 4,274a 626a
2011 - - - -
sorghum 2012 150 1,075 1,225 181
bicolor
Average 150 1,075 1,225d 181c

T Year 2011 : Seeding date, Mar. 15; Yield survey, Jun 11

™ Year 2012 : Seeding, date, Mar. 21(Glycine max, Apr. 24); Yield survey, Jun 26

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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Table 9. N, P, K, Ca, and Mg contents of green manure crops weight

Crons Cultivation N P K Ca Mg

P vear (g/ke)  (g/ke)  (g/kg) (g/ke) (g/ke)

20117 39.9 2.50 277 5.20 1.70

Vicia villosa 20121 38.7 3.20 255 5.30 1.50

Average 39.3a'T  2.85b 26.6b 5.25b 1.60b

2011 29.7 2.50 159 6.50 3.40

Glycine max 2012 32.2 2.80 24.3 6.10 2.20

Average 31.0b 2.65bc 20.1c 6.30a 2.80a

, 2011 30.2 2.20 36.5 2.00 3.40

Panicum 2012 182 1.90 2775 2.00 1.50
miliaceum

Average 24.2d 2.05d 32.0a 2.00e 2.45a

2011 34.6 3.40 31.2 3.10 2.30

Secale 2012 189 3.20 205 3.30 1.20
cereale

Average 26.8¢ 3.30a 25.9b 3.20d 1.75b

2011 - - - - -

sorghum 2012 179 2.40 30.2 450 1.70
bicolor

Average 17.9e 2.40c 30.2a 4.50c 1.70b

T Year 2011 : Seeding date, Mar. 15; Yield survey, Jun 11

T Year 2012 : Seeding, date, Mar. 21(Glycine max, Apr. 24); Yield survey, Jun 26

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.
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Table 10. Nutrient supply amount of green manure crops

Cultivation D.ry Nutrient supply amount(kg/10a)
Crops oar weight
v (kg/10a) N P.Os KO  CaO  MgO

20117 725 289 4.15 24.2 3.77 1.23

Vicia 20121t 550 21.3 403 169 292 0.83
villosa
Average 638  251a'™" 417a  204a 335a  1.03a
2011 444 132 254 850  2.89 151
G% mee 2012 230 741 1.48 673  1.40 051
Average 337 10.4c 2.05b 8.16¢ 2.12b 1.01a
2011 341 103 1.72 150 068 1.16
FPanicum 2012 294 5.35 1.28 974 059 0.44
miliaceum
Average 318 7.70c 1.495c¢ 12.3b 0.64c 0.80b
2011 714 247 556 %8 221 1.64
Secale 2012 533 102 3.94 133 1.78 0.65
cereale
Average 626 16.8b 4.73a 19.5a 2.00b 1.15a
2011 - - - - - -
sorghum 2012 181 3.24 1.00 658 081 0.31
bicolor

Average 181 3.24d 1.00c 6.58c 0.81c 0.31c

T Year 2011 : Seeding date, Mar. 15; Yield survey, Jun 11

™ Year 2012 : Seeding, date, Mar. 21(Glycine max, Apr. 24); Yield survey, Jun 26

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

g2 A4 Sy AzE 251, 417,
204 kgolda, T2 168, 4.73, 195kgol At T 104, 2.05, 816kg, 717
770, 149, 12.3 kg, Fe2gk=E 324, 1.00, 658 kgol Atk N, P05, KO &7 %
& FojguiA e 3ol F, 71, Faaetartt oF 2u) o] 2 Aol
N gF@e sojemAst add) va oF 159 A wkor POs% KO ¥
= 3

F ol Aok =8 B W23 el BEYYSE
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Vicia
villosa

Secale
cereale

photoed at 6/20 7/3 7/18

Fig. 2. Growth status of Vicia villosa and Secale cereale
seeding date : 2013.03.10
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Fig. 3. Growth status of Vicia villosa and Secale cereale according to

seeding date(Yield survey, 6/20).
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Fig. 4. Yield potential of Vicia villosa and Secale cereale according to

seeding date.
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s

Zkzy 36.97, 36.85, 41.88, 40.04, 3871 g/kg $frotla, &S 77 1161,
12.65, 992, 13.88, 13.75 g/ke= sttt o] (200002 19973} 19984 54
T8 A gFo] wMEFS Aol fgasdttal st & AlFdAM = o
gz} o E5F gFo] wES

gloleh 3k oAl A5 K 2 gFdo] wEFE i dads 4
Foldtt. slojeu X7} S8 ETY N &

ow gojgu Aot LT P, Ca B Mg $Hde A= B3 A aFeldl

Table 11. N, P, K, Ca, and Mg contents of Vicia villosa and Secale cereale

according to seeding date(Yield survey, 6/20)

Crops Seeding N P K Ca Mg
date (g/kg)  (g/ke) (g/ke) (g/ke) (g/ke)
3/10 36.97 8.74 65.47 8.88 3.70
3/20 36.85 7.63 66.31 9.61 3.62
Vicia 3/30 41.88 8.15 95.75 10.54 4.76
villosa 4/10 40.04 7.31 70.87 8.42 3.87
4/20 38.71 7.33 88.89 8.98 3.56
Means 38.89a" 7.83a 69.46a 9.29a 3.90a
3/10 11.61 7.54 47.46 7.21 3.05
3/20 12.65 7.63 42.44 8.59 3.78
Secale 3/30 9.92 6.65 32.01 7.64 3.46
cereale 4/10 13.88 7.02 42.13 7.96 3.93
4/20 13.75 6.82 45.08 7.36 4.64
Means 12.36b 7.13b 41.83b 7.75b 3.77a

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

-

BE)E muREY AR AREE BT LI 1027 FRIFY

rlo

Table 12014 X vpe} Zoh 3¢ 109, 39 204, 39 30¢, 4¢ 104, 4¢¥ 204
o] W& 10aT N &5 &F2 slojgul A7k 2h2 46,5, 41.2, 41.8, 39.8, 32.7 kg
o]lal, T2 114, 954, 6.69, 812, 4.36 kgolAtt. P05 v & @llof 2] ¥l =] 7}
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Tdo] WEFE =don, deFol St HlEHse] Srbedn 3¢ 10 3
TR A7 AdeFol m=aol Wk N, P05, KO &d o] Ald @gked, &
]_

SR NE 9F 48], KoO= oF 287F o =94tk Al 5(2000)2 =H]
=1

Table 12. Nutrient supply amount of Vicia villosa and Secale cereale

according to seeding date(Yield survey, 6/20)

Crone Seeding leirgyht Nutrient supply amount(kg/10a)
date (ka/102) N P-Os K0 CaO MgO
3/10 1257 46.5 11.0 82.3 11.2 4.65
3/20 1118 41.2 8.53 74.1 10.7 4.05
Vicia  3/30 998 41.8 8.13 55.6 10.5 4.75
villosa  4/10 994 39.8 7.27 70.5 8.37 3.85
4/20 844 32.7 6.19 75.0 7.58 3.01
Means 1,04221T 40.43a 8.23a 71.49a 9.67a 4.06a
3/10 932 11.4 7.41 46.6 7.08 2.99
3/20 754 9.54 5.75 32.0 6.48 2.85
Secale  3/30 674 6.69 4.48 21.6 5.15 2.33
cereale  4/10 585 8.12 411 24.6 4.66 2.30
4/20 317 4.36 2.16 14.3 2.33 1.47

Means  662b 8.02b 4.78b 27.83b 5.14b 2.39b

T The different letters in species indicate significantly difference at p<0.05 by Duncan'’s
multiple range test.
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Table 13. Chemical properties of soils according to Vicia villosa and Secale

cereale cultivation

c Plowing pH EC NO; P50 Ex-cmol ' /kg
oS date  (15) (dS/m) (ng/ke) (me/ke) K Ca Mg
Test before' 5.2 0.29 12.8 187 0.71 3.8 0.9

BPD™ 48 0.85 1,198 605 0.61 3.7 0.7

Vicia AWIT™ 46 0.95 142 462 0.80 2.8 0.5
villosa  AW?2 4.8 0.65 142 475 0.91 3.3 0.6
AW3 4.6 0.67 228 445 0.92 3.1 0.6

BPD 5.1 0.49 387 073 0.81 4.4 0.9

Secale AWI1 4.8 0.47 76.1 378 0.91 4.0 0.8
cereale  AW2 5.0 0.67 101 431 1.03 4.3 0.9
AW3 4.6 1.36 292 364 1.11 3.5 0.8

T Test before date, 3/10; Before plowing date, 7/20, plowing date, 8/3
Tt BPD, Before plowing date
T AWI, After 1 week; AW2, After 2 week; AW3, After 3 week

(5) dlejeu Ao & Al A FEITHF &

%)

R FHEI}E Folgw st A 465 ke/l0a, 94 110 ke/l0a 2 2]

_29_



Table 14. Nutrient supply effect of Vicia villosa and Secale cereale

Nutrient supply amount(kg/10a)

Seeding rate'

N P>0; K20 Total
Vicia villosa .
(9.9kg/10a) 46.5a 11.0a 82.3a 139.8a
Secale cereale
11.4b 7.41b 46.6b 65.41b

(15.4ke/10a)

T Seeding date, 2013. 3. 10
T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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Fig. 5-1. pH concentration variation of soils according to green manure crops mineralization on the indoor test result.

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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Fig. 5-2. EC concentration variation of soils according

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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Fig. 5-3. NO3; concentration variation of soils according to green manure crops mineralization on the indoor test result.

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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Fig. 6-1. pH concentration variation of soils according to green manure crops mineralization on the experimental field.

Year 2011 : Test before date2/23, Before plowing date 6/11, After plowing date 6/19(After 1 week), 7/3After 3 week), 7/19(After 5 week),
&/1(After 7 week)
Year 2012 : Test before date 3/21, Before plowing date 6/26, After plowing date 7/4(After 1 week), 7/18After 3 week), 8/1(After 5 week)

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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Fig. 6-2. EC concentration variation of soils according to green manure crops mineralization on the experimental field.
Year 2011 : Test before date2/23, Before plowing date 6/11, After plowing date 6/19(After 1 week), 7/3After 3 week), 7/19(After 5 week),

&/1(After 7 week)
Year 2012 : Test before date 3/21, Before plowing date 6/26, After plowing date 7/4(After 1 week), 7/18After 3 week), 8/1(After 5 week)

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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Fig. 6-3. NO3 concentration variation of soils according to green manure crops mineralization on the experimental field.

Year 2011 : Test before date2/23, Before plowing date 6/11, After plowing date 6/19(After 1 week), 7/3After 3 week), 7/19(After 5 week),
&/1(After 7 week)
Year 2012 : Test before date 3/21, Before plowing date 6/26, After plowing date 7/4(After 1 week), 7/18After 3 week), 8/1(After 5 week)

t PM, Panicum miliaceum; GM, Glycine max; SC, Secale cereale; VV, Vicia villosa; SB, Sorghum bicolor; NC, Non-cultivation
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2) S FE EGEA A7 79

2 74A] ZF9-=S 5904 moldew, 7Y 15U 7HA]

S 203 mE AR Fb FA7 e 49.6%7F %5 A vH(Fig. 8).
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Fig. 7. Average rainfall in year 2013.

Year 2014
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Fig. 8. Average rainfall in year 2014.

ole] A4 S ¥ w3k H(Fig. 9).
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Fig. 9-1. NOs -N concentration variation of soils according to crush green

manure Crops.

t VV, Vicia villosa; SC, Secale cereale; HV, Hordeum vulgare; TW, Triticosecale

wittmack
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Fig. 9-2. NH4 -N concentration variation of soils according to crush green

manure Crops.

t VV, Vicia villosa; SC, Secale cereale; HV, Hordeum vulgare; TW, Triticosecale
wittmack
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3. 3 &AE AMAAAN ZHFE g3 JAH FF AT

DAREYE & &9 3385 54

SH 2 e ol x] dakat b 400 kg/10a akth slojg]w X9} &
2 EZukt 4t 510 ke/10a® F7FE AT (Table 15). HH] 4 &L FopatE wha

= Foe sEgE e W o] S =H(Kim et al, 2011b; Lee

et al, 2012), & A2} #2 Aol o A= dojgux7t £ &
AFE 4o Aaate]l Fadgo] ol A Aol Fobx 7] witelrt (Kim et
al., 2002). sloj@] Ml %] crupte] A FH T 380 keg/l10a, =AW 410 ke/l0a 2
stk e 410 ke/10al® EEdiulel sfstulm AMIE FiFo] FrhE o
oAl Aol gl dolgmA el s Takte] s
/10a, =& 540 kg/10a 2 3}FsHH]Z T 570 kg/10alo2 =R Au| o} 513hHh|
= AHIE FFo]l ST AT ey =R e shetul . AJH| ke At
o= UEtA &oktt. slojgu x| dufgtell =E o] Al§ o R
o (Lee et al, 2011), & AFeolA = g T3 =&
Algo® F7FE0] 8% % AA FUTE of¥l A= T HHAE
AlgsHA e 222 FFTHELE st ASdte 54 wEel =i n
of o]gt dgko] A7l wlFolth(Lee et al, 2014). 12l s w X} s &3}
T FES =ZHEY spetRl R ol FTheo] 20~36%= EUTE oA

s HugEe T3 SugEs ge ¥FALE wgsts sHol g o
=S

sl gmol o mge] Wi FREES dojMAsd 3Tl dof ]
A gshTReh 74% 9% Bekoil, f914¢ Aol gth(Table 16). °]¥
B Esel FuE EveW SEAw EAe W wo dxFFel Fels
S(Kim et al, 20110)3 # AFsl wlzaigon), Ax
e Qe sdol AKF/E BFEE BA%I} o FolA AxFage] vhy] o]

o (Kim et al, 2011a). slojelwlx] @agtol A Fujgef = qn] Ay R 3

ot
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Table 15. Effect of green manure crops and fertilization on dry matter

production
NFET LPM CF Means
Treatments
kg/10a
Vicia villosa 380a'" 410a 410a 400b
Vicia villosa +
420b 540a 570a 510a

Secale cereale

T NF: non fertilizer, LPM: liquid pig manure, CF: chemical fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.

Table 16. Nitrogen supply amounts of green manure crops

NFET LPM CF Means
Treatments
kg/10a
Vicia villosa 11.71a' 12.66a 12.61a 12.33b
Vicia villosa +
11.16b 13.78a 14.77a 13.24a

Secale cereale

T NF: non fertilizer, LPM: liquid pig manure, CF: chemical fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.

SH ZHEo o) gk Bk QIAt TS slojelulx] @3kt 1.07 kg/10a, &

rlo

g2 +3 8 Ea47F 144 kg/10az ZtH(Table 17). HH] &2 <l 4ks)ak

stayro FazEo]l oF 28] Hx @ AiE 3HFetal J=ul(Cho et al,

- 44 -



2006), ¥ A A oA = AL ¥E FEA S5 AL
3 23] B Aol Eoh(Kim el al, 2012)3 3 Ao} e 7 ko]
Atk T3 Lee et al.(2014)> F¥ FH]ZbEol Hl3)] L3} ZH] A& A Q14
swel Mg v v Lgal FRlFET =i oin] 9 shetHl R AlH] e

)
Sh
s
s
2
N
k1
ot
r>~
Hﬂ
o
flo
[40
2
2
I
s
i
=l
w
=,
=)
O
j)
(e
A
B
—_
O
g
2
f
o2

of QIMHHIE7E Al&E F AEAdFdd o&He ik Ao fiiito] A

2235 ®©rh(Joa et al, 2007). 18} B0 FE Eoo w2 =k U A

Wt R A Eo] AuE s ¢ BEY T

Au = HAo) EafEol A= A7t 5 &5
E

FollA =ujztE Sdr] B U

I

Z(Cho et al., 2006) 3}k
Aibsted Wslel & &9 AFol WX =

gl e JEsL Bast

Table 17. Phosphorus supply amounts of green manure crops

NFET LPM CF Means
Treatments
kg/10a
Vicia villosa 0.95b 1" 1.14a 1.13a 1.07b
Vicia villosa +
1.21b 1.5la 1.62a 1.44a

Secale cereale

T NF: non fertilizer, LPM: liquid pig manure, CF: chemical fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

SH ZHEol ok Bk 2y Fa e o]l A] ©akat 12.37 keg/10a, &
YA+ E37F 1506 ke/l0az dlofefu 2ot 3 E3k47F gokv e

il R EReju] Aluel Hetulm AuFol A weton ERoju Ay
To} ssw AT Aol7h R (Table 18). old AdE Ax 2 A
FEE 2o AFolrh. ARAG % FLFFLL AwA] FEFLnr)
Garol olEAoly] WEel F F7hgo] B HEy mulgEo] FI wud
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Wt ZE5F7F80] =thlee et al, 2014). 2 G % Table 159 b=}

s}

spotul & AlH] el A 2 7] wl o]t

Table 18. Potassium supply amounts of green manure crops

LPM CF Means

NET

Treatments

kg/10a

12.52ab

12.37b

13.37a

11.21b"

Vicia villosa

Vicia villosa +

15.91a 16.93a 15.06a

12.32b

Secale cereale

T F: non fertilizer, LPM: liquid pig manure, CF: chemical fertilizer

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.

o AAHAL FF W

w=H 2 A7) 7

!

ol

!

e

—
fite)

7ol H

o vttt 2 Aol At w

A7F e A

AgFtolE B

mg/kg BT Yol SH]AulA]l 7}

i)

7

T B

-
it

a(Table 15), A4

A= Az kel & Aot

3
=

o] €& 7] W&ol (Yun and Yoo, 1996) & A]

:‘,:
SRR
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Vicia villosa + Secale cereale

(mg/kg) Vicia villosa
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e - n i3 )

0 —— T 0
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Day of water-intake Day of water-intake

fgoro Vicia villosa + Hordeum vulgarg g .cr S50
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. ‘\’\’_‘_’\\‘_ﬂ\ﬁr“' 20 ’_\\‘\;—:—T‘,
o . T 0 & N | S—
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Vicia villosa + Triticosecale wittmack

Fig. 10. Concentration variation of nitratio-N on the infiltrating water.

4. 0| ZE Ao T A2 Avjo] ©E Augy A

D) SH@d F Az AuEy 74
(D) 32 5o 9 dx 899

Aese s A+R2e] 77 930 kg/10a, slofelwlAx+ELEALF7F 910
kg/10az sojel w2+ Aok sloje) w7 uoh geton, Aol Ze
F2 slofeHl A 7E 242 349, 311% % SEdHEE, B, EYEAY) BT =1
A5 S 028%% SRR ekt HA 4k B 2y aE e s
(9, 2, EEAD)EIAT7F dojeu A 7Ry gokew, west EgET
d 37 7S g SktH(Table 19).

o

A e e mukE A gelA A 9 254449 99 21l

Az AuFsh A AHFE A g B3, Ak TS A S0 Rrel

B AAduds dFS dojuA] dakatel o wl A+ 3kt Eubt b

b sk 659 A JHst7IQl 109 30l A& ZIu[A e el Z1H]+FH] A

977t wzsgon], Ax FuT} b vgth B AR AL §Fe 3E
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Table 19. Nitrogen nutrient reduction value according to green manure yield and green manure(Yield survey : Jun. 26)

Dry weight(kg/10a)

Nutrient contents(%)

Nutrient reduction value

Treatment (kg/10a)
reatments . :
Vi
ea Gramineae o N P K N P K
villosa Crop
Vicia villosa 440 - 440c’ 3.49 0.28 3.11 15.42b 1.25¢ 13.77b
Vicia villosa + 3.28 0.29 3.12 15.79b 1.94b 18.34b
21 42

Secale cereale 0 0 6306wt 03 @s1) 905 (135 (11.96)
Vicia villosa + 3.03 0.28 3.02 16.69ab 2.8la 24.08a
Hordeum vulgare 220 70 930a (1.42) (0.31) (2.48) (10.03) (2.19) (17.47)
Vici 1] +

Icia viliosa 210 700 9104 3.34 0.29 3.02 18.79a 3.04a 24.83a

Triticosecale wittmack

(1.68) (0.35) (2.63)

(11.73) (2.43) (18.51)

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s multiple range test.

T ) is Nutrient feed rate of gramineae crop
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8/22 9/21 10/3011/2412/15
Vicia villosa+Secale cereale

A2 v =8 At (Fig. 12).
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NF, Non fertilization; BF, basal fertilization; AF, additional fertilizer
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Fig. 11. Nitrogen fertilization level and growth period nitrate-N content
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T 1504 ke/10az 7pd wgtony A 71u|+Fu] = 22t 26073 2,797 kg/10a
2 7 =A YeEbgth(Table 20).

H0| 2 s AR A FEEe dojgu A sty Eubty
kg/10a= &loj g w] x| -9] it 2,044 kg/10akth BATh =u]2=9] $2E AS

3 ko] B ATolA solMAE dangsde] ol Aree] 36~

-

2,342~ 2,363

41%% b9 T3 F8E] H&f 1% o]4 @2 HAo|th(Smith et al, 1987).
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Fig. 12. Stem widths and plant height of potato plant according to nitrogen

fertilization after soil reduction of green manure crops.

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.
T NF , Non fertilization, BF, basal fertilization, AF, additional fertilizer
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Table 20. Potato total yield according to nitrogen fertilization after soil

reduction of green manure crops

Treatments VvVt VV + SC VV + HV VV + TW Average
Non fertilization 1,348 1,489 1,576 1,602 1,504¢ '
N(BF 65%)'" 2,387 2,699 2,712 2,628 2,607a
N(BF 65%+AF 35%) 2,450 2,904 2,919 2,911 2,7197a
N(AF 35%) 1,980 2,275 2,246 2,257 2,191b
Average 2,044b 2,342a 2,363a 2,349a

T VV, Vicia villosa; SC, Secale cereale; HV, Hordeum vulgare; TW, Triticosecale wittmack
T The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.
T BF, basal fertilization; AF, additional fertilizer

"
<

AziE £ gAY 4E FFe FHTE BE 961 ke/loaz 7+

22

A 7oy A4 7Rj+FH e 22 22357 2,199 ke/l0a® 7HE =

A 7Fe zFol 7t ldth(Table 21). v S AedE=E 7 AFE
1,6890~1,807 kg/10al. 2 do] g u x|+ 23} Eup+47} =& 7 ko,

ol itk A BSI FHEe Aa 718 66% e AA 7]H] 65%+3H]

4>
o

i

ko))

36%7 kel Zkel7b glof HulE Al F Ax 7)¥] 65%F AlEEtelE A
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Table 21. Potato commercial yield(kg/10a) according to nitrogen fertilization

after soil reduction of green manure crops

Treatments Vvt VvV +SC VV+HV VV +TW Average
Non fertilization 973 929 969 972 961c'
N(BF 65%)"" 2,113 2,282 2,248 2,298 2,235a
N(BF 65%+AF 35%) 2,069 2,265 2,193 2,268 2,199a
N(AF 35%) 1,601 1,636 1,761 1,690 1,672b
Average 1,689a 1,778a 1,793a 1,807a

T VYV, Vicia villosa; SC, Secale cereale; HV, Hordeum vulgare, TW, Triticosecale wittmack

T BF, basal fertilization; AF, additional fertilizer

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

T Marketable yield : over 80g

(4) AAvE AuFe] & AEE, d2g5TY 9 o8&

Aang AR e A
71H] 65%+5°] 35% A= T7F b wRke
% THTable 22).
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Table 22. Potato Nitrogen utilization ratio according to Nitrogen fertilization

after soil reduction of green manure crops

Dry weight N absorbed N
Crops Fertilization methods (ke/10a) amount(kg/10a) utilization
Shoot Tuber  Shoot Tuber ratio(%)
Non fertilization 166 191 5.19 3.09 -
N(BF 65%) 245 380 8.11 5.49 38.3

Vicia villosa N(BF 65%+AF 35%) 282 379 9.65 5.00 39.3

N(AF 35%) 198 304 648 452 28.3
Average 223 314 736 453 34.0
Non fertilization 161 228 5.24 3.46 -
Vicia villosa N(BF 65%) 258 448 875 515 39.4
N(BF 65%+AF 35%) 268 426 952 501 32.4
Secale
ceredle N(AF 35%) 210 356 686 380 27.6
Average 224 365 759 436 33.1
Non fertilization 166 247 4.95 2.81 -
Vicia villosa N(BF 65%) 240 430 753 564 37.8
N(BF 65%+AF 35%) 284 458 850 575 36.1
Hordeum
vulgare N(AF 35%) 216 352 661 370 31.4
Average 227 372 690 448 35.1
Non fertilization 160 251 5.14 3.76 -
Vicia villosa N(BF 65%) 237 415 785 577 34.3

o N(BF 65%+AF 35%) 275 460 8.41 6.18 31.7
Triticosecale

wittmack N(AF 35%) 202 393 6.34 5.20 27.0

Average 219 370 6.94 0.23 31.0
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Table 28. Nutrient balance of nitrogen on the harvest period

. Absorbed
o Feed ratio(A) amount(B) Nutrient
Crops  Fertilization methods (ke/10a) (ke/10a) balance
GM' FE Total GM FE Total (A~B)
Non fertilization 1543 0.0 1543 519 3.09 829 7.14c'
N(BF 65%)™" 1543 11.7 2713 811 549 1360 13.52b
Vicia
» N(BF 65%+AF 35%)1543 180 3343 965 500 1465 1878a
viliosa
N(AF 35%) 1543 63 2173 648 452 11.00 10.73b
Average 1543 9.0 2443 736 453 11.88 1254a
o Non fertilization 1579 0.0 1579 524 346 870 7.09¢
Vicia
villosa N(BF 65%) 1579 117 2749 875 515 1390 13.59b
+ N(BF 65%+AF 35%)1579 180 3379 952 501 1453 19.26a
Secale N(AF 35%) 1579 63 2209 686 380 1066 11.43b
cereale
Average 1579 9.0 2479 759 435 1195 12.84a
o Non fertilization 1669 00 1669 495 281 775 894c
Vicia
villosa N(BF 65%) 1669 11.7 2839 753 564 1317 15.22b
+ N(BF 65%+AF 35%)16.69 180 3469 850 575 1425 20.44a
Hordeum N(AF 35%) 1669 63 2299 661 370 1031 12.68b
vulgare
Average 1669 90 2569 690 447 1137 14.32a
o Non fertilization 1879 00 1879 514 376 890 9.90c
Vicia
villosa N(BF 65%) 1879 11.7 3049 785 577 1362 16.87b
+ N(BF 65%+AF 35%) 1879 180 3679 841 6.18 1460 22.20a
Triticosecdle: \(AF 359%) 1879 63 2509 634 520 1154 1356b
wittmack
Average 1879 9.0 2779 693 523 1216 1563a
T GM, green manure crops; FE, fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s

multiple range test.

T BF, basal fertilization; AF, additional fertilizer
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Table 23. Green manure crops yield and phosphate reduction value

Dry yield Nnutrient Nutrient reduction
(kg/10a) content(%) value(kg/10a)
Treatments
VVT  SC Total \AY SC VV  SC Total
Vicia villosa 230 230 0.46 1.05 1.05

Vicia villosa

116 181 297 0.47 0.56 055 1.01 156
+ Secale cereale

T VV, Vicia villosa;, SC, Secale cereale

R fE FF WEE RE Ao Aol A¥gE FrhHl

A AAsk719) 1049 18U H-H M A3 A= AvH(Fig. 13).
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Fig. 13. Available phosphate content variation in soil.

T NF, Non fertilization
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FEH ] Fe P2 W3E T (Cho et al., 2006).

Cho et al. (2006)°¢] *=H]

-

1

olgirt. e} ¢

(Bauder et al., 1997), ¥ A]&

3
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212t (Table 24).
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Fig. 14. Potato stem width and plant height in phosphatic fertilizer according to

soil reduction of green manure crops.

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
Tt NF, Non fertilization

Table 24. Marketable yields according to fertilization method

Crops Fertilization methods Marketable tuber

yield(kg/10a)"
Non fertilization 803c™
P fertilization 946¢
Vicia villosa N+P fertilization 1,432b
N+P+K fertilization 1,884a
Average 1,266a
Non fertilization 185c
S P fertilization 989c
Zggle”lcﬂeorse‘;l; N+P fertilization 1,570b
N+P+K fertilization 2,007a
Average 1,337a

T Commercial yield : over 80g
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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Table 25. Fresh weight and total tuber yield of potato according to

phosphatic fertilization method
Shoot fresh

Tuber yield Total yield

Crops Fertilization methods weight
kg/10a
Non fertilization 778c" 1,333b 2,111c
P fertilization 918b 1,535b 2,453b
Vicia villosa N+P fertilization 1,352a 2,242a 3,094a
N+P+K fertilization 1,474a 2,465a 3,939a
Average 1,131a 1,894a 3,024a
Non fertilization 782¢c 1,261b 2,043c
S P fertilization 1,011b 1,479b 2,490b
Zéccfle”lclf;‘;l; N+P fertilization 1,450a 2,300a 3,750a
N+P+K fertilization 1,500a 2,675a 4,175a
Average 1,186a 1,929a 3,115a

T The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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Table 26. Phosphate absorbed amount and utilization ratio
P absorbed

Crops Fertilization methods amount(kg/10a)
Shoot Tuber Total Shoot Tuber Total

P utilization ratio(%)

Non fertilization 0.32 0.22 0.54 - - -

P fertilization 039 023 062 083 004 087
Vit
D NP fertilization 054 032 0.87 286 092 379
villosa
N+P+K fertilization 0.61 042  1.03 436 180 616
Average 047 030  0.77 268 092 361
Non fertilization 0.24 0.26 0.50 - - -
Vicia P fertilization 036 026 062 113 001  1.12
villosa + -
N+P fertilization 0.4 041 0.95 347 1.39 4.86
Secale
coreale  N*P4K fertilization 058 040 098 599 123 7.22

Average 043 033 0.76 353 088 440
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Table 2704 RiEupel o] QIAbe] i = doje|wx] wat4-7F ot
13.22, slojg A+ E377F Hit 142102

o= ¢ldth 2 HlEAE QaFAE Folwlx] @abgtel A FH T 1.28,
NK AlH] 0542 o} sgtom Qlibg AlH|3E P AJH] 9} NPK Al H] ol A]
Z¥7y 26.053 25.04% =t Aoy A+ E9-o AR 2 A

7 oo FFE F5 Y] Aole BE AN ZA UdeA &gk

Table 27. Nutrient balance of phosphate on the harvest date

Fertiliati Feed ratio(A) Absorbed amount(B) Nutrient
Crops fneth(? dSon (kg/10a) (kg/10a) balance
GM'" FE Total GM FE Total (A-B)
Non 240 0 240 061 050 112 1.28bft
fertilization
P fertilization 240 25 27.40 0.82 053 1.35  26.0ba
Vicia

villosag N*P fertilization 240 0O 2.40 1.13 073 1.86 0.54b
N+P+K fertilization 240 25  27.40 140 096 236 25.04a

Average 240 125 1490 099 068 167 13.22a

Non

.. 3.57 0 3.57 061 060 120 237
fertilization

Vicia
villosq P fertilization 357 25 2857 0.89 060 148 27.09a

* N+P fertilization 357 O 3.57 1.23 094 217 1.40b
Secale

cereale N+P+K fertilization 3.57 25 2857 1.69 092 260 2597a

Average 3.97 125 16.07 1.11 077 188 14.2la

T GM, green manure crops, FE, fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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o124k wAg o] %3 (Shin and Kim, 1975), E %] <14t g7}
AgE F B2 o]gHE e Hom fiEo] HEARe] B85
tH(Joa et al, 2007). wekAl Zxpe] A4bFFo]l A a, 7hgshE ste] thA] i
Ao AAERE Al EEHIL vy WiEoR ek

3) HHEY F #g AuEH TH

(1) 0128 a2 28 s

AT dlojeux+a8+7F 540 ke/10a, slole]®l =] 483 ke/l0az &z
w2+ Sl o WA R Betou fojH el Aol IATh Hule o
Ze] FE S doleuA+3 Db 17.87 ke/10a, dlol @l 1515 kg/l0a® 3
o 2] v 2]+ & U -7} Wt tH(Table 29).

AL AEA 9 FETFgHe] AEA FEFFHFRU S JEH o7
ol (Lee et al., 2012) +&o] B2 oy x+ad TugoA =2 Ho=z 3
et}

Table 29. Potassium nutrient reduction value according to green manure

yield and green manure

igh . Nutrient |

Dry weight Nutrient content(%6) utrient supply

Treatments (kg/10a) amount(kg/10a)
vVt GC  Total N P K N P K
Vicia villosa 483 - 483 3.33 030 232 1602 337 1515H™
Vicia villosa + 332 031 223 1782 371 17.87a
Sectle cereale 20 T4 M0 gyttt (020) (249) (267 (11D (602)

T VV, Vicia villosa, GC, gramineae crop

™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s multiple
range test.

T ) is Nutrient feed ratio of gramineae crop
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thH(Table 30).
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Vicia villosa Vicia villosa + Secale cereale

Fig. 15. Chemical properties nitrogen content variation of soils according to

potassium fertilization method.

T Fertilization method ; NF, Non fertilization; BF, basal fertilization; AF, additional fertilizer

g o, Zeujgs 7H] B 7]u]+F=n] ol A
7P Eskth Ao dE Sl viAle e gabzdey dstdeleh o] ZHe
dol A el vA= o] 27] "Zel(Kim, 1991), ZZH s AH]

Tl S7HENT. AEAH R EFEFE S oA RS

Esbela, AR BEDe 65%% A 85 Aol 1d @
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Fig. 16. Potato stem width and plant height according to potassium fertilization

method.

t NF, Non fertilization; BF, basal fertilization; AF, additional fertilizer

Table 30. Potato yield according to potassium fertilization method
Marketable tuber

Total tuber yield

Crops  Fertilization method yield
(ke/102) (ke/100)"
Non fertilization 1,685b"" 1,129p
N N(BF 65%)" 2,585a 1,861a
Vicia  \(Bp 6595+ AT 35%) 2,576a 1,898a
villosa
N(AF 35%) 2,457a 1,807a
Average 2,325a 1,674a
Non fertilization 1,832b 1,254b
Vicia o
villosa N(BF 65%) 2,531a 2,113a
+ N(@BF 65%+AF 35%) 2,671a 1,958a
Secale N(AF 35%) 2.421a 1,837a
cereale
Average 2,364a 1,791a

T Commercial yield : over 80g

™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

T BF, basal fertilization; AF, additional fertilizer
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Table 31. Shoot fresh weight and tuber vyield of potato according to

potassium fertilization method

Fresh Tuber
e . ) Total
Crops Fertilization methods weight yield
(kg/10a)
Non fertilization 210 207 417p'T
N(BF 65%)" 231 349 579a
Vicia N(BF 65%+AF 35%) 231 338 569a
villosa
N(AF 35%) 226 325 55la
Average 224a 304a 529a
Non fertilization 201 238 439b
Vicia o
villosa N(BF 65%) 234 346 580a
+ N(BF 65%+AF 35%) 235 338 573a
Secale N(AF 35%) 214 326 540a
cereale
Average 221a 312a b33a

T BF, basal fertilization; AF, additional fertilizer
™ The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.
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Table 32. Potassium absorbed amount and utilization ratio

K absorbed
Crops Fertilization methods amount(kg/10a)

K utilization ratio(%5)

Shoot Tuber Total Shoot Tuber Total
Non fertilization 6.79 3.23 10.02 - - -

N BF 65%" 794 565 1360 61 128 189
UZZZfa BF 65%+AF 35% 824 560 1384 76 125 2011
AF 35% 762 518 1280 44 103 1465
Average 765 492 1257 45 89 1340

Vicia Non fertilization 6.68 3.74 10.42 - - -
villosa BF 65% 816 575 1391 78 106 1841
- BF 65%+AF 35% 812 572 1384 76 104 1800
Secale AF 35% 726 521 1247 31 77 1080
cereale Average 755 510 1266 46 72 11.80

T BF, basal fertilization; AF, additional fertilizer

142102 Ea77F oy oAl Aol= A tHTable 34). Wl &4
g Ze] FA = sy gdatel A FHlE 513, 4] 35% el A 9.002
ko, Zel g 78] 65% ol A 139, 71H] 65+5135% ol A 20312 =gkl
oy A+3 Y EFolAE 78] 65% 8ok FH] 35% A @ g-itel] xpo] 7}
$1%l tH(Table 33).
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Table 33. Nutrient balance of potassium on the harvest date
Absorbed

Fertilization Feed ratio(A) amount(B) Nutrient
Crops (kg/10a) (ke/102) balance
methods g/10a (A-B)

GM FE Total GM FE Total
Non fertilization 1515 0 1515 6.79 323 10.02 5.13d"
BF 65%'" 15.15 1235 27.50 794 565 13.60 13.90b

UZZZI.SC; BF 65%+AF 35% 15.15 19.0 34.15 824 560 13.84 20.3la
AF 35% 1515 6.65 21.80 762 518 12.80 9.00c

Average 1515 95 2465 765 492 1256 13.22a

o Non fertilization 1787 0  17.87 6.68 3.74 10.42 7.45c
U‘i/lllzlsaa BF 65% 1787 1235 30.22 816 575 1391 16.31b

+ BF 65%+AF 35% 17.87 190 3687 812 572 13.84 23.03a
Secale AF 35% 1787 665 2452 726 521 1247 12.05b
cereale

Average 1787 95 2737 755 511 1266 14.21a

The different letters in species indicate significantly difference at p<0.05 by Duncan’s
multiple range test.

T GM, green manure crops; FE, fertilizer

4) B gl o ¥e L WYL

F87] A teold oW &3 W& ZALShe] Table 3ol EhiglTh
g oA Tl W 3206%0] W selMAisY  Eapl
251995 itk WHEE ol fAIhYoU 630~801% ofF stk A
(015)& =l 4= A2 FolA] Helelyel Wy gol wolAa HulA4E o]
e B9 g 2uvt dvkn mastgon, ¥ AQEgAE AAHoR o

Yol WAl Al ehbA gyl R FF PEr} Basih

ok
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Table 34. Potato common scab of infection ratio and disease ratio

Treatments Infection ratio(%)"  Disease ratio(%)'

Non fertilization 23.39 5.85

N(BF 65%)T 39.47 9.87

Vidia — \(pR 6506+ AF 35%) 34.78 8.70
villosa

N(AF 35%) 30.56 7.64

Average 32.05 8.01

Non fertilization 34.86 8.71

Vicia N(BF 65%) 17.91 4.48
villosa

+ N(BF 65%+AF 35%) 23.29 5.82

Secal

ecare N(AF 35%) 2472 6.18
cereale

Average 25.19 6.30

T TInfection ratio : Infection tuber/total tuberx100

T Disease ratio :

Disease tuber/(total tuberx4)=100

T BF, basal fertilization; AF, additional fertilizer
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