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SUMMARY
Research 1. Improvement of Soil Fertility, Weed Control
and Fruit Yield by Cultivation and Utilization of Hairy
Vetch(Vicia villosa Roth) in Pear Orchard.

This study was conducted to examine the productivity, weed control
efficacy and soil fertility improvement by cultivation and utilization of
hairy vetch and to investigate the effect of hairy vetch on qualities
and yield of NiitakaldOpear through developing the efficient management
techniques of hairy vetch in pear orchard. The obtained results were
summarized as follows;

1. Fresh weight in shoot of hairy vetch after winter was increased
rapidly till the middle of May, flowering period. Since then it was
started to decrease by the summer depression.

2. Dry weight in shoot of hairy vetch after winter was showed the
similar tendency to the fresh weight. Comparing the productivity of hairy
vetch with different cultivation methods, the seeding and the tillage was
better than that of No-tillage.

3. Total nitrogen contents in shoot of hairy vetch after winter were
increased rapidly till the beginning of May, before flowering period. In
higher nitrogen contents were maintained throughout the cultivating
period compared to the other crops without the regard to covering
rates and growth stages.

4. When hairy vetch used as cover crop was applied in orchard,
eight species of weed, Capsella bursa-pastoris, Draba nemorosa,

Youngia japonica, Veronica didyma, Hemistepta lyrata, Alopecurus
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aequalis, Poa annua and Artemisia princeps, were occurred at the
spring in 2003. Seven species of weed, Echinochloa crus—galli, Setaria
viridis, Erigeron canadensis, Erigeron annuus, Persicaria hydropiper,
Acalypha australis and Artemisia princeps, were occurred at the
summer in 2003. The occurrence number and species of weed had
appeared to affect negative highly with covering rate of hairy vetch.

5. When hairy vetch used as cover crop was applied in orchard, the
weed occurrence was similar tendency to the occurrence number and
species of weed were occurred at the spring in 2004. Nine species of
weed, Echinochloa crus—galli, Setaria viridis, Agropyron tsukushiense,
Erigeron canadensis, Erigeron annuus, Chenopodium  album,
Persicaria hydropiper, Acalypha australis and Artemisia princeps,
were occurred at the summer in 2004. Weed control efficacy was
showed the similar tendency to 2003. The weed control was better in
treatment of seeding and tillage than that of paraquat treatment.

6. The effect of soil improvement of hairy vetch used as cover crop
was appeared to improve the soil pH, CEC, content of OM, mineral
contents and lime requirement compared to that of the control.

7. Fruit qualities of [ ONiitakaldpear was not clearly difference
among the treatments. When hairy vetch seeded clearly over 7kg/10a,
yvield of OONiitakaldOpear was higher in treatment of seeding hairy
vetch than that of paraquat treatment. When hairy vetch was seed
with tillage over 9kg/10a, vyield of fruit of pear was higher in

treatment of hairy vetch than did the treatment of paraquat.
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Research 2. Development of sustainable agriculture with
using hairy vetch in upland field.

This study was conducted to examine the productivity of hairy
vetch and the mineral nutrients with different seeding dates and
seeding rates, and decomposition rates of hairy vetch, outflow rates of
mineral nutrients, the effect of soil fertility improvement , and the
covering effects of hairy vetch in order to develop the techniques of
sustainable agriculture. The obtained results were summarized as

follows;

< Experiment I > Productivity and its mineral nutrients.

1. Fresh weight in shoot of hairy vetch after wintering was
increased rapidly from April 9 to May 22 and June 25 in both seeding
dates of Oct.10 and Oct.31 . After that, it was started to decrease by
the withering.

2. Dry weight in shoot of hairy vetch was showed the similar
tendency to the fresh weight. It was appeared that the dry weight of
hairy vetch productivity was dependent upon with the seeding times
and the seeding rate.

3. Total nitrogen content of hairy vetch was ranged from 2% to 3%
throughout the investigated periods, showing the higher N content
compared to the other crops.

4. The contents of phosphate in hairy vetch was ranged from
minimum 0.38% to maximum 0.50% after wintering, but it was

decreased slowly as the growth was proceeded. This contents were
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HV9>HV3>HV7>HV1>HV5 n seeding on Oct.10 and
HV1>HV5>HV3>HV7>HVY in seeding on Oct.31.

5. The contents of potassium in hairy vetch was ranged from
minimum 3.76% to maximum 4.62% after wintering, but it was few
changed until harvest time. This contents were HV3>HV5>HV1>HV7
>HVY9 in seeding on Oct.l0 and HV9>HV7>HV1>HV3>HV5 in

seeding on Oct.31.

<ExperimentIl > Decomposition and releasing nutrient rates.

1. The decomposition degree of treated hairy vetch was the highest
in both 20C and 30C with water 100% at 5days after the treatment,
its degree was similar with all of other treatments.

2. The days to be reached to 50% of decomposition rate was the
fastest in the treatment of 30C with water 10096, while its days was
the latest in the treatment of field moisture capacity.

3. The decomposition rate of the hairy vetch treated as the green
manure in five different treatments of covering, two water conditions
with soil application, and two temperatures with 100% moisture was
the highest about 50% of decomposition rate in the treatment of 30T
with water 10096 at 5 days after the treatments. Its rates of other
treatments was appeared to change rapidly until 15 days after the
treatments, and its rates were not shown to change much.

4. The N content of hairy vetch was about 3.2% before the
treatment and it was about 2.0 - 2.5% at 50 days after the treatment.

The residue N content was about 3.2% before the treatment and it
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was about 0.6% at 50 days after the treatment.

5. The residue amounts of macro-mineral nutrients after the
treatment were remarkedly changed at 5 days after the treatment in
the treatment of 30°C with water 1009, and then they were changed
similarly among the treatments after 20 days of treatment.

6. The releasing macro-mineral nutrients from the treated hairy
vetch were gradually increased throughout the experimental duration.
Its releasing rate of N was about 80% at 50 days after the treatment

and it of K was about 90%.

Research 3. Studies on the Cropping system of Vegetable
Crops Using Hairy Vetch in Alpine Area.

In Alpine areas, green manure of hairy vetch(Vicia villosa Roth) has
not been commonly practiced. Field experiment were carried out to
investigate the effects of different residue treatment and sowing time
of hairy vetch on soil improvement, vegetable growth and weed
control under hairy vetch/vegetables cropping systems. Under hairy
vetch/vegetable relay cropping system, where whole planting of hairy
vetch was mulched. This experiment conducted in Alpine area from
2002 to 2005. The result are summarized as follows.

1. With the progress of plant growth of hairy vetch, the densities of
weeds decreased to the depression by the over-shaded hairy
vetchcanopy. It measured that the numbers of weeds per square meter
was D.2 and 55 in plots treatment of hairy vetch fall-seeded , and
22and 31 in that of no hairy vetch in 20. April and 15. May,

respectively.
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2. During the fallow periods, weed depression rate were 90%, 83%,
70% in plots of hairy vetch, rye and italian ryegrass mulching,
respectively. In sod culture weed depression rate were 85%, 78%, 56%
in hairy vetch, rye and italian ryegrass, respectively. In conclusion, the
depression rate of hairy vetch was the highest. 3. The yield of hairy
vetch were 2,500-5,500kg/10a in fresh matter base and 460 -670kg/10a
in dry matter base. The nitrogen uptake of hairy was 7-18 kg/10a.
The organic matter and P-content of soil with hairy vetch plot was
higher then that of fallow plot due to inhibition of soil. The organic
matter levels tend to improve with the addition of hairy vetch. The
hairy vetch could improve with soil quality byreducing erosion
compares with bare fallow.

4. The weight of chinese cabbage was 1.59kg, 1.69kg,1.72kg
respectively, when the slurry application rate 0, 10, 20kg/10a. The
yieldof mulching plot at hairy vetch was lower 122 than that of the
plot of 10kg/l0a animal slurry. but commodity yield was not
significantly different.

5. The rate of Plasmodiophora brasicae was 0.2% in hairy vetch
plotand 6.2% fallow plot.

6. The nutrient content in soil at the fallow plot was reduced 27%
in organic matter, 47% in Mg content and 27% in Ca content.

7. In alpine area, the cropping system for sustainable agriculture
werehairy vetch with fall seeding plus summer vegetables and
hairyvetch with spring seeding plus summer/autumn vegetables. The

croppingsystem for house was the crop combination of hairy vetchwith
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fallseeding plus spring, summer and autumn vegetable Therefore, it
was estimated the green manure of hairy vetch could reduce nitrogen
chemical fertilizer as much as 50%. We concluded thathairy vetch
could have an effect on weed control, effective greenmanure
forvegetable. The hairy vetch was a good alternative for use in

croprotations for controlling weed control and building of soil nitrogen.
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gk, B ATE slolguAE w) HEgelA Hu 2L HEGRE o] g
shel dlolgul Al A% u S TS, sl ¥ ol@
W agle] gEuAETe R Est U e Fuv FAEAS =
Avste] EdbHolm BANSA W AeAe B PES Awas] s

of F=#stalnt.

AP SHEUSy FaRde FE&s v dgdelA 20029 -
20053 7kA] ek ok 2002 9¢ 10¥ el 3kg/10a(HV3), 5kg/10a(HV5),
Tkg/10a(HV7), 9kg/10a(HV9) 471 FFo=2 Atgstadtt. 2003+ 171
el 8¢ 10¥el 2002@ ¥ 22 o2 3538 3 (Seeding), THE
N A7t sloigwAl 2 A4 F 89 10¥0l Aevks ot 32
a4 Fkow(Tillage), &+ 170 A7+ A A Tl 4&s oA
2 a1 el 3k tH(No-tillage).

AlEL. sl mA e A R AEA A4LTF W

(D) AE AH D ARG A}

20021 9€ 10l TFe sloje M X]= 2003 49 7Y, 4€ 214, 549 6
A, 59 199, 6¥ 2d0] AFE ARE FFedoer, 20039 82 1049
TEe sloj A et A 2 BT slo] g H A= 20049 49 129,
49 269, 59 10Y, 59 249, 6¥ 7l 7t A F 3tE o R AEA 9
A AEE F8ste] BATES FFert. 28 788 As5E
CE FAHE d3Ax7]dA 4813 o) Az § A=k
ArS ZAEAT Al v A Py 3ntE o R slglon FAA g

+ SAS Program®. = 3}t
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2003 749 74 2004 7€ 5o ESFAIRE AF St 10€ FAg
T omA 2 ApE e
B4 pHE HE 5gs Aty /75 26mE H7Hs
Zb AojEe), 183l 308 % pH MeterE Ab&3te] A&t xskA] o
o] 2(EC)2 ZE 10gS 100ml AHzEetx=ze] AHsta T/FFT 50mE
o

A7Fske] 3087 A® A7 & Whatman No.2 o] 3A]E A3}

ot
Ho
AL
of
fllo

72l odls EC Meters AH&3ste] SAsA 7718 dHFS AE 1gs
250ml Az Eet~ae] AHA=S & IN KoCr:O7 10ml, H.SO,4 20m¢ “1E] a1
H20 100m& &3t Whatman No2 A E AL&3te] o3} F
Spectro-photometer(HP 8453)% 610nmel 4] B] A =2 3} T},

NHs-N9} NO3-N2 KjeldahlH & o3t S48 on, P.Os2 A&
Sgs AFE F A4 A=Y 20mE EFETE A HEF AL Acetic acid
400mé 9} Lactic acid 300mE FF5 64 %<9 & Ammonium fluoride
22.2¢, Sodium hydroxide 170g 22} 32 Ammonium sulfate 133.3g< 77}t
gafste] 204 = wEETH IAF HE 20mE St 10E7F A'AIR
% Whatman No.2 o #A & A&eto] o 3gie} of ke A g 3mlol] =
Z+l s &gt ZFMS Ammonium molybdate 200mle] Boric
acid 100mE 17 2 &t wheET 22 6mE &33kal 308 59 30T
o Al g F Spectro-photometer(HP 8453)% 720nmollA] ®] A =33}
t}.

K, Ca, Mg 2 %ol A3E&(CEC)S HE 5gs 100ml AH2tZet~=
of F&3tal IN-CHsCOONH; 50mE  F7hste] 3087 H&A7

—

o

Whatman
No.2 AHAE ALEste] oAHAIZ] A5 Il S/FF 19nE 3 7Fst

o] W WEAIZl ¥ Atomic absorption spectrophotometer® =% 3} t}.

_26_



st 1

] 7}s

Pz
-

=

=

5ml

ol

=5

o AE 15g& A@sta A=

il

ot}

1

A
=~

20cm
70
140
210
280
350
420
490
560
630
700

=

=

A]

=
g
lg=

o~
T

15¢m
53
105
158
210
263
315
368
420
473
525
éjlil(oo)

1

kel
R4

1-19A4 2
o] 1/ =

=
It

[e)

Aezlolo] w

35

/N WASAGI FEAo] e w7}
70

7 e HE 7ol

10cm
105
140
175
210
245
280
315
350
Y

=]
A=

=
=

ko3
T
ol

x BF 258] x A&

g

N A
(ml)
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50

= =3}

5} ol

=
K3

KCl 74.6g# NaCl 29.2¢g

=
T

7}

3
10
2

3] 8 4% (kg/10a)

ol
oH

< 3}
A
S

3
Bromo Cresol Green, Brom Thymol Blue, Bromo Cresol Purple Z}Z+

(0.25m0) 3} A A BS O



0.3gS 95% Ethanoldl =¢] 100m=Z =tk F3ld2 CaO9 Ca(OH),
T8 NS AFESEH, CaOE 56%, Ca(OH)w= 74% = stk Alg T o)
A= FI kR o2 o FAAH = SAS Program o 2 3FA U
(3) HAdeo] =3 4
Hleo] e Aoy 4 wiuF (A A Imx3m)e 3 2T E
ZAbstar, flolg 570¢] S AF st HdAsS SAHT ¥ F9d

ZA38tal, AFEE Whatman No2 o#3A 2 o33k 35 10mo] FHF
100me = 343k & 1% phenolphthaleinS 2~3%-% % 7}slar 0.IN NaOH
= AAste] {F714 FES Adedt dxe A E=AFHR-5E At
gsto] ARl FAs AT AT A= FAR 3RO R &3

o FAAHE = SAS Program® & 3¢t

_28_
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AL SolguA e YA 2 ALFF W

7h A 2 A=A

20021 99 10l F3 dojefuAle] de Hd Fd ds F KA
71 AT WskE 24N Ak 29 1-139 2

ottt ol F HFA38 Frketol sl 5Y Tl Ha AAFEFS e
14
12 +

10 |

Fresh weight(ton/10a)
()]

4 |

2 -

0 ]
Nov.20 Apr.7 | Apr.21 | May.5 | May.19 | Jun.2
2002 2003

Fig. 1-1. Changes of fresh weight yield of hairy vetch at different

growth stages with four different seeding rates before and
after the winter in 2002 and 2003.
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a9 125 20040l AsA 7 Eolelul Aol AATe] WEE AL
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A Tl Al 119ton/10ae® 7} =9kom Tkg/l0a ©]4F IFETol| A
10ton/10a ©]¢e] A4S veplTh

BT E 59 249 FAFA] 9ke/10a ATl A 12.7ton/10aS. = 7}
= AATESE 2o Tkg/10a o]/ ATl 4 10ton/10a ©]74<]

AR AAFES ZAarh 18 8¢ 109 SR BTl 5~
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[A]

Fresh Weight(ton/10a)

Apr.12 Apr.25 May.10 May.24 Jun.7

Fresh weight(ton/10a)

Apr.12 Apr.25 May.10 May.24 Jun.7

[C]

Fresh weight(ton/10a)

Apr.i2 Apr.25 May.10 May.24 Jun.7

Fig. 1-2. Changes of fresh weight yield of hairy vetch at different
growth stages with four different seeding rates and three
different cultivating methods in 2004.
[Al:seeding, [Bl:tillage, [Cl:no-tillage
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Fig. 1-3. Changes of dry weight yield of hairy vetch at different
growth stages with four different seeding rates before

and after the winter in 2002 and 2003.
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Fig. 1-4. Changes of dry weight yield of hairy vetch at different

growth

stages

with four different

seeding

rates

and three

different cultivating methods in 2004. [Al:seeding, [Bl:tillage, [Clno-tillage
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Fig. 1-5. Nitogen contents in shoot of hairy vetch at different

growth stages before and after winter in 2002 and 2003.
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Fig. 1-6. Nitogen contents in shoot of hairy vetch at different
growth stages with four different seeding rates and three

different cultivating methods in 2005. [Alseeding, [Bl:tillage, [Clno-tillage
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o} o] dojelul Ao} ddA FaEes A5G AusdE
1

Zo] A JhAge AET ol

Table. 1-2. Density and dry weight of weeds as followed by cultivating

hairy vetch at pear orchard in the spring of 2004.

Annual Perennial
Treatment Cb Dn Yj Vd H Aa Pa Ap
HV3 11.3 17.0 0 77 0 0 0 6.7
HV5 7.0 7.3 0.3 0 0 0 0 1.3
No. of
weeds HV7 4.3 5.7 0 0 0 0 0 0
(m')
HV9 0.3 2.3 0 0 0 0 0 0.7
Untreated 153 283 1.7 90 07 103 163 9.3
HV3 6.48 1.88 0 966 0 0 0 3.8
HV5 393 1.02 049 0 0 0 0 0.81
Dry
weight HV7 1.69 0.82 0 0 0 0 0 0
(g/m’)
HV9 0.12 0.68 0 0 0 0 0 0.27

Untreated 61.23 990 488 50.44 2.05 43.63 54.83 9.43

Ch @ fapsedla bursa-pastoris In : frabs nemoros:
Yj : Fourgia Jjaponica Vd : leraonica dicyaa
Hl : Hemistepta yprata hm . Adcpecures asqual is
Fa : Foa annua Ap . Artemisia princeps
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a9 172 Hdol YA E sEEds GEste I8 AHs
S w dF F olFdl woll LA FxEo g wAEINE Ed A
oltt. lo]E] Wl A 9keg/10a FFTollA = 988%° Mg Ee& FEUA
Z Hyon, 3kg/10a FF oA 898%= 7MY wre HExWAERE B
ek o, dojgw Ao gFFo]l FUbel whet FEuAEdE 7t
st Aee 1ol slojglm x| 5kg/10a o]/de] WETolA 90% o149 =
e FxwAans 2A.

100 r

90 T

80
70 1
60
50
40

Control value(%)

30 1
20 1
10

0

HV3 HV5 HV7 HV9

Fig. 1-7. Effect of weed control as followed by cultivating hairy
vetch at pear orchard in the spring of 2005.
#F 1-32 solguA e ARFEFs dEste] vE Agsids W dE
F o5 ol A WAT FEI 2T TPNE P ARFL
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A Aufolth, MAT FEFS AMRW, AU FrEE ¥, ZopA
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W, thdA 29 % wE solguA B3 rel A wsd 18w

paraquat A 2] 7ol M= ¥ 7F 7HE wol T Askl

Table. 1-3. Density and dry weight of weeds as followed by cultivating

hairy vetch at pear orchard in the summer of 2005.

Annual Perennial
Treatment
Ec Sv Ec* Ea Ph Aa Ap
HV3 50.3 0 250 1.3 6.3 19.0 7.0
HV5 40.7 5.0 0 5.7 0 9.7 6.7
No. of
HV7 10.7 3.3 0 0 2.7 13.3 3.7
weeds
(m) HV9 o 0 0 27 0 57 33
Paraquat 33.7 9.3 5.3 2.0 4.0 10.7 4.3
Untreated 253 80 137 197 417 357 11.3
HV3 4.70 0 745 155 232 055 5.28
HV5 465 047 0 3.91 0 0.37 5.53
Dry
.. HV7 210 0.28 0 0 034 035 523
weight
(g/m) HV9 0O 0 0 01l 0 014 2.97
Paraquat 240 165 206 120 015 056 2.18
Untreated 22.89 10.7 26.78 92.05 26.88 7.70 31.04
Ec : Echinochlox crus-galli S5v ! Setaria viridis
Ec” ! Erigeron canadensis Ea ! Erigeron annuus
Ph : Fersicaria hpdropiper hm o Acalypha auséralis
Ap . Artemisia princeps
ALFS Avnw, 2E dolgux] FEToA Fxe] LA vl

A Azl 2A pad Ao Hol HoljemAd o8 A%z A
[e3]
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FrUAEsds BT

100
90 T
80

70
60
50
40
30

Control value(%)

20
10

HV3 HV5 Hv7 HV9 Paraquat

Fig. 1-8. Effect of weed control as followed by cultivating hairy

vetch at pear orchard in the summer of 2004.
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2003 84 10l slojeulAE dFFFS Destol FFeka, 2002d
of stFetdd slolelul A AeE AL B Wdstds W olE5s Fol
WAT gze] 2EY WANE L ABFS 20049 49 1290 A
Ade w143 2o,

Table. 1-4. Density and dry weight of weeds as followed by cultivating

hairy vetch at pear orchard in the spring of 2004.

Treatment Annual Perennial
Cb Dn Y] Vd Hl Aa Pa Ap
HV3 87 150 03 27 0 1.3 50 3.0
Seeding HV5 90 50 0 1.3 0 0 1.3 3.0
HV7 53 37 0 0 0 0 0 0
HV9 97 33 0 0 0 2.0 0 0
HV3 53 77 03 1.7 0 0 5.0 2.3
No.of HV5 27 67 0 10 0 0 07 1.7
weeds 8¢ HV7 17 27 0 03 0 0 0 17
() HV9 20 23 0 0 0 0 0 13
HV3 130 197 13 103 03 157 93 10.3
No- HV5 97 140 03 73 0 107 73 11.3
tillage HV7 83 90 0 6.7 0 47 23 4.7
HV9 3.0 50 0 2.3 0 0 0 2.3
Untreated 97 257 23 70 10 183 160 12.3
HV3 136 180 053 267 0 073 801 0.52
Seeding HV5 152 062 0 157 O 0 210 0.97
HV7 090 056 0 0 0 0 0 0
HV9 127 050 O 0 0 084 0 0
HV3 09 111 049 262 0 0 701 0.48
Dry Tillage HV5 045 092 0 144 O 0 070 0.34
weight HV7 026 042 0 045 O 0 0 0.28
(g/m) HV9 038 030 0 0 0 0 0 0.24
HV3 2392 540 3.06 3457 0.80 56.40 14.79 9.26
No- HV5 14.06 466 065 2405 0 39.01 10.53 9.64
tillage HV7 809 274 0 603 0 752 267 2.45
HV9 291 142 0 274 0 0 0 2.31
Untreated 31.64 577 566 4277 3.08 64.66 41.34 14.72
Ch @ fapsedla bursa-pastoris In : firabs nemorosa
Y @ Fourgia japonica Vd : leronica dicyma
Hl : Hemistepta yprata o @ Alcpecurus asquad is
Fa : Foa annua dp ¢ Artemisia princeps
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Fig. 1-9.

vetch at pear orchard in the spring of 2004.
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Table. 1-5. Density and dry weight of weeds as followed by cultivating

hairy vetch at pear orchard in the summer of 2005.

Treatment Annual Perennial
Ec Sv At Ec® Ea Ca Ph Aa Ap
HV3 447 6.7 0 0 1.3 0 53 200 6.0
Seeding HV5 11.0 0 0 0 20 03 1.7 133 4.3
HV7 O 0 0 0 0 0 23 b3 1.3
HV9 0 0 0 0 0 0 0 1.7 0
HV3 26.3 0 0 1.0 1.3 0 30 77 3.3
. HV5 120 0 0 0 1.3 0 1.7 20 2.3
\Iize(: Tillage pyz 40 0 0o 0o 0o o 0 27 17
HV9 O 0 0 0 0.3 0 0 1.0 1.3
(m’) HV3 553 193 10 50 90 10 37 240 130
No- HV5 283 83 0 1.3 1.7 03 50 163 13.7
tillage  HV7 47 0 0 0 1.3 0 1.7 33 9.3
HVY9 3.3 0 0 0 0 0 30 23 3.0
Paraquat 40.0 11.3 0 43 3.0 0 23 123 2.3
Untreated 437 210 1.3 83 63 23 180 393 8.3
HV3 455 056 0 0 0.48 0 056 0.43 3.87
Seeding HV5 1.06 0 0 0 076 038 016 029 277
HV7 0 0 0 0 0 0 019 0.14 0.67
HV9 0 0 0 0 0 0 0 0.07 0
HV3 2.40 0 0 0.39 0.90 0 0.30 0.26 2.13
Dry Tillage HV5 1.59 0 0 0 0.28 0 0.16 0.06 1.76
weight HV7 0.88 0 0 0 0 0 0 0.09 0.77
HV9 0 0 0 0 0.87 0 0 0.05 0.67
(g/m') HV3 674 186 371 1349 1193 2.8 050 0.49 124.35
No- HV5 441 096 0 258 334 103 068 049 115.19
tillage  HV7 0.56 0 0 0 0.87 0 032 0.08 3.83
HV9 0.30 0 0 0 0 0 029 0.07 1.28
Paraquat 430 1.07 0 366 6.74 0 0.23 0.40 5.61
Untreated 154.88 24.40 192.16 55.76 110.28 23.67 34.78 16.93 254.11
Ec ! Echinechian crus-gadis Bv ! Sofarda wiriais ki | Agrapyran Esukughlanes
Ec® : Erigeran canadansis Ea | Erigeran annudas Ca @ Chenaposdiun &L
o ¢ Ariemisia princs s
Fh | Farsicaria hwarapi par la : Aoadyphe auscranlis
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Fig. 1-10. Effect of weed control as followed by cultivating hairy

vetch at pear orchard in the summer of 2005.
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21w %] 9kg/10a Az ol A pH 6622 7 Eon 3kg/l0a A2l +9F
FA e el pH 5322 7 wokth. CEC+= 9kg/10a A2l 7ol A 12.1
2 7M1 =gew FAFAA 742 7HF wrokoh ol x] AT
B¢ CECE A¥uw, dojguxe] sFFo] F7heel weh =
CECE Z7lete 4ae molvh. 2egla f7|&ded % CECS vzt
A2 9kg/10a A2l 7olA 1.7%= 7 =3kem 3kg/l0a A2 75 A9
g B Sl M x| A el A paraquatA B ek FA B TR =8kt

Table 1-6. Effect of soil fertility improvement as followed by

cultivating hairy vetch at pear orchard in 2004.

Treatmen NH; NOj

. pH EC CEC OM N -N P2Os K Ca Mg
15 dS/m Cm(;/ Koo mERETT ool kg
HV3 53¢ 0.lab  95c 1.0b 53c 31b 421.1b 05bc 4.1c 08c
HV5 59b 0.2ab  9.6¢c 15a 64b 4.0a 471.7a 0.8a 5.7b 0.9bc
HV7 55c 02ab 105b 12b 74a 38a 4672a 0.7ab 4.1c 1.3a
HV9 6.6a 0.2ab 121a 17a 7.2a 39a 4763a 0.8bc 6.8a 1l.4a

Paraquat 6.3a 0.2a 9.2¢c 10b 7.2a 36a 4723a 06ab 50c 1.2ab
Untreated 5.3c  0.1b 74d  10b b5b5c 3.0b 4087c 03c 28d 0.5c

*Same letters are not significantly different at 5% level by DMRT.

17 dFdoA oy uAE FF, A 2 Hdeas W Fdr
A B MFads dolrr] 98] A Aol

B pHE ol %] 9kg/10a 3+&T-olA pH 642 7} =kom
3kg/10a +F T4 pH 52& 7} w3kth. CEC+ 9kg/10a 78 <ol A
12852 7h wmgtom, dnkdo® ¥ 59 20039 wharbA &2 & of 2 H
2 o] wpFFo] F7hgtel uwhet Fo] CECx S7lete Ad3ds Hlon
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Table 1-7. Effect of soil fertility improvement

cultivating hairy vetch at

o WSET} Ho}

=] A 2] el A

2] o

S o)
= =2

Merwin 5 (1994)3} ©](2002)7} X 313%k w} <}
o B¢l fr]EdEFY CEC
= ATFA e} AA| AT

as followed by

the orchard in 2004.

NH; NOs
Treatment pH EC CEC OM N N P20s K Ca Mg
dS/ + +
1:5 cmol/kg % ——- mg/kg————- -—cmol /kg—-
m

HV3 52¢" 0.2a 9.8d 1.3¢c b5.8e 3.5¢ 4352d  06b  45c  09cd

HV5 55cd 02a 10.3c 1.7a 7.0bc 39ab 469.3c 0.7ab 58b 1.2bc
Seeding

HV7 53d 02a 115b 15b 6.7cd 3./7bc 4839ab 0.8a 56b 1.b5a

HV9 64a 02a 118 18a 7.ba 41a 4732bc 0.7ab 64a 1.3b

HV3 56¢c 02a 10.3c 14c 6.2d 33cd 464.4c 0.7ab 55b 1.2bc

HV5 54d 02a 112b 16ab 7.2ab 4.2a 501.8a 0.7a 6.2a 1.3ab
Tillage

HV7 59b 02a 102c 15b 76a 37bc 490.6ab 05bc 59b 1.lc

HV9 59b 0.2a 128a 15b 74ab 37bc 5054a 09a 63a 1.ba

HV3 55cd 0.2a 9.6d 15b 56e 36bc 471.2bc 05bc 5.lc 1.0c
No- HV5 6.1b 0.2a 10.8¢c 1.3c 64d 38b 481.3bc 0.7a 6.2a 1.2bc
tllage  py7 57 022 107c 18a 7.2ab  4la  4823bc 07ab 62a llc

HV9 58b 02a 123a 16ab 7.1b 42a 4731bc 08a 6.7a 1.4ab
Paraquat 6.2a 0.2a 9.0d 1.0cd 6.9c 3.5¢c 4855b 0.8a 54b 1.2bc
Untreated 54d 0.2a 8.1e 1.2d 5.7e 32d  421.3d 03c 35d 09cd

“Same letters are not significantly different at 5% level by DMRT.
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Fig. 1-11. Lime requirement of soil as followed by cultivating hairy
vetch at pear orchard in 2004.
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Fig. 1-12. Lime requirement of soil as followed by cultivating hairy
vetch at the orchard in 2005.
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Fig. 1-15. Yield of pear(variety:Niikata)as followed by cultivating hairy

vetch at pear orchard in 2003.
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Fig. 1-16. Yield of pear(variety:Niikata) as followed by cultivating hairy

vetch at pear orchard in 2004.
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Table 1-8. Fruit quality of pear(variety:Niikata) as followed by

cultivating hairy vetch at pear orchard in 2003.

Treatment V&Ijeir;i}tlt Bri)g d'egree Acidity Fruit firmness Shape iqdex
(@) ("Brix) (%) (kg/5mm#) of fruit
HV3 558.9a%* 11.2a 0.17a 2.29a 0.88a
HV5 562.2a 11.2a 0.17a 2.29a 0.89a
HV7 596.8a 11.1a 0.16a 2.33a 0.87a
HV9 581.1a 11.6a 0.15a 2.32a 0.89a
Paraquat 570.0a 11.3a 0.15a 2.31a 0.88a
Untreated 546.8ab 11.3a 0.15a 2.34a 0.89a

“Same letters are not significantly different at 5% level by DMRT.
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Table. 1-9. Fruit quality of pear(variety:Niikata) as followed by

cultivating hairy vetch at pear orchard in 2004.

Fruit weight Brix degree Acidity Fruit firmness Shape index

Treatment (g) (Brix) (%) (kg/5mme) of fruit
HV3 552.8a 11.5a 0.16a 2.27a 0.88a
HV5 548.4a 11.4a 0.16a 2.28a 0.89a
Seeding
HV7 568.4a 11.4a 0.15a 2.27a 0.88a
HV9 564.9a 11.7a 0.14a 2.28a 0.89a
HV3 550.5a 11.5a 0.16a 2.26a 0.89a
HV5 567.5a 11.8a 0.14a 2.29a 0.89a
Tillage
HV7 562.8a 11.6a 0.15a 2.27a 0.89a
HV9 572.7a 11.5a 0.15a 2.26a 0.89a
HV3 546.2a 11.4a 0.15a 2.31a 0.88a
No- HV5 540.6a 11.5a 0.16a 2.31a 0.87a
tllage  pv7  5658a 11.5a 0.17a 2.28a 0.88a
HV9 561.5a 11.5a 0.15a 2.29a 0.89a
Paraquat 563.4a 11.6a 0.14a 2.27a 0.89a
Untreated 528.6b 11.2a 0.17a 2.29a 0.88a

*Same letters are not significantly different at 5% level by DMRT.
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K, Ca, Mg, Mn, Cu, Zns9% %ol =2 Disposable syringe®l
filter(MFS-13, 0.5um, ADVANTEC MFS, Inc, USA)E H2ZA]A A&
e AR F FEAY ZZ=v WEE =84 7](ICP-OES, GBC
Integra XMP)= ZAstlvh. Al uixl= Fay 3ukR o siglow
E7A218] &= SAS Program© & 31t}
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Alg 2. sl X e SHEEA F&535 2 G VM &5

oA E 8 Ax T oA Fx3 @ FEFE SEE
ZAbeE7] flste] A& ZOgE Imm-mesh bagell ¥o] ¥¥& Eg3, 1
gar 2AE 2=ddd wel Aeste] dAFAVER AlgE AFH e, A
B ¥st 9 A FrldEHTES] HstE Ak dolgu Ao R
st 9 i 7HE3 SRE AFESiA T dEA s u5E oA &
of Yol A& bagEs ¥ol olv] &y U9 slojgulAet FdatA &
FHel FAHES A, EFSFAdxAANE ES s 20S
7+7} 50%9t EF-ETFS A EY o 2= ﬂ?ﬂe Ob,\—“% 2
CExANE 20T 30CE B2 FAH:E &

100%6 = -WX]E]E% ;(]qu],y\]jr A=

WR o] o

#H Fojgu = 5 1Ao7 AHEHEA ZHzre Fojyux A BRES

BCE FAHE AFEAXT A 48A7 el Axd F A78 S W

3tg 2AbSte] v 22 FA o R FLsss rEsn
2}_2:]“:’1_‘ ‘6‘}\71;13:]2:11:!1

* 53k (%) = = R #9) 100

A AMEE A BRASHEA HSO,H0HS o]&835te &
Rem, FAEd F Whatman No. 26J A& o] &3t F7
100ml volumetric flask W& o] FA|7]1H 100ME S 3, o]= F 7|9

R BAGROR o] §5Y

A

TS FF T Ea f?% < Indophenol blue® (665nm)<-, <14kt
%S Vanadate® (420nm)S ©]-&3}o] v A ;‘é%’ﬁo} °om K, Ca, Mg, Na,

Fe, Cu, Mn, Zn®| F 7|42 ICPE ©] &34
A

°}°ﬂﬁ‘r 2N g H7)
JEYROon AEYH H§E S NEFGEY T

s AEF() = Ael FARE x FAGFYR
_ Az AR% - A F A BED)
s Aesag - FEAEE - AN F AE BED
Az 4R
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A 3A A% R nF
Al L ol A e A e MG " FIIIES
aF

7h A R AEAY ¥
slojglul x5 10€ 102 7 10€ 319 F Al7]ol 2Fshar
ol slojelul A o] A=A EFE AFAIVIER AR A3t
I 2o

4F A5 A8 Ak

2 49 269" 59N Q4AHeE Fse AYe gt 3%

2
AC)
=
o
N,
o
-z
M
(il
-
ot
rlo
2
r]I.
)
o

A717F whgld 10 109 ool A= 449 99 FARA] 400Kg/10a w|RF
oz Aoy ofF wEA Frheto] 549 229 EAMA Hofeul A 9] I
Zol 3Kg/10a ©]4¢l EE Ag-5olA 1,000Kg/10a0] 32 A&+
B

FFA7I7F =0 108 31Y gF oAM= AEFEe]l 49 9
100Kg/10a wgto 2 ytonv} =1 o|F w24 ZF7istg oy 549 229
Al = SEEFE R Aol AAAINE 600~900Kg/10a H9lo]l H==
, 69 259 AR Cl= esld Aasiit gy 69 259

al
ZAA ol g X 9KglOa TE ol o F71eke]l 900Kg/10a ©] <]

(6]

—

FFA 7] mE AEFEFS AN FAE AIAE 449 997 549 ®
7RA 2 A7l A A 717 wE 109 109 T EolA 3 A

e 109 319 HEFEAARL BE Be A8 F32 e,

i

_67_



2000.0
1800.0
1600.0
1400.0
1200.0
1000.0

800.0

Dry weight(kg/10a)

600.0
400.0
200.0

0.0

2000.0
1800.0 |

1600.0 |

Dry weight(kg/10a)
(=]
[=3
o
=)

600.0
400.0

200.0

0.0

- HV1 [A]
-B-Hv3
—A-HV5
<~ HV7
K- HV9

1400.0
1200.0

1000.0

Apr. 9 Apr. 23 May 7 May 22
Date

-~ HV1 [B]
-5 Hv3
A HV5
X~ HV7
¥ HV9

Apr.9 Apr. 23 May 7 May 22 Jun. 25
Date

Fig. 2-1. Changes of dry weight yield of hairy vetch at several

times with two seeding times and with five different seeding

rates. [A] : seeded at Oct. 10, [B] : seeded at Oct. 31.

EFd dolgux e dE AN 109 109 dF oA s slolg
=] 9Kg/10aE HF& A2 TolA 7Hd ki, IO oz e 9o

2] %] 5Kg/10a, 3lojglwlx] 7TKg/10aS 353+ & FolA] Egtow 3
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ofgul A 1Kg/10as 3F3 A7t 7H4 wokth 10€ 319 957
A= 108 109 #FT-9F #F2 A= oA 9Kg/10as FEF A
gl A 7Hd = okal slol el Al 1Kg/10as 53 A TolA 7HE B
of FFo] BerE AEYF = & T o] AAF AEFS
datdle W e HAs AFAIIVE wMEFS, 3EFS BeTE U

B2 A, Adeds de 7 A

H
Hir
dlo
=l

’

U Frldd8E TF 2 4T ¥E

7ol wEsle] 9%3 slojEuAs AV ER
FFEA7] B GFFEE FESE oA A A L FTES
Az A a9 2-29F 2k

slojel A 2Rl dAL FHEFS A daglo]l 49 9UNH
49 239S AF 2 slo] oF 3%A=E
TE 69 25Y7HA AA 8] AsEA o 2%01 e AATES FAI5H
g2 253 vus 2 o dojms ASA 7 BAgle] 2 A
AagEds 2e e 4 5 gk d:Fd FojuA A dda
HrEgs AEEE 108 109 FdFFolA= 59 224 ol A
3Kg/10aEs 3F3 A FolA 7 =%kl I ggoz2s oA
1Kg/10a, 3lojelwlx] 5Kg/l0as T&T AgF-ellA =k dof e A
TKg/10as &g AgTollA 7Hd et

HU
Y
=
N
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3
T
N
I
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e
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May.22 Jun.25

May.7

Date

. seeded at Oct. 31.

. Uptaken amount of N.
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A
. seeded at Oct. 10, [B]

[ 1 : N content, —

[A]

at several growth stages with two seeding times and with

five different seeding rates.

Apr.9

Fig. 2-2. N contents and N uptaken amounts in shoot of hairy vetch
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=

5 o = 5 = a1 O =
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gl 2wl %] TKg/10a, dloiel vl #] 3Kg/10aE I3 A& T+

o® Eoth 109 31Y HAFolA =T A dube] AA oF 2~3%9
AagaEs FA B A=y vuwstls oW A5A7] dute] A4 &

ArgdEdFS A8 7] Wit HnERA e 8o HFgsirtan g

oo gRg AagdE $595 649 25U dlojelwx] 9Kg/10a7F 7+ =
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20 7.0
[A]
6.0
15 F 50 s
_ CIHVA COHV3 ENHV5S EZHV7 ENHV9 )
] <
% -=-HV1 —HV3 -+ HV5 -e-HV7 —%HV9 40 %
c -
210 c
c o
8 3.0 £
o s
X
208
05 s
1.0
0.0 0.0
Date
20 140
[B]
15 130 5
[CJHV1 [CHV3 mEmHVS HV7 HV9 =]
—_ -#-HV1 —-HV3 -4a-HV5 -e-HV7 -x-HV9 %
9
I3 G
g | 1,0 %
% 1.0 2.0 g
8 g
o c
g
s
05 | {10 5
A
N /&
0.0 %/\\ 0.0

Fig. 2-3. P contents and P uptaken amounts in shoot of hairy vetch
at several growth stages with two seeding times and with
five different seeding rates.

[A] : seeded at Oct. 10, [B] : seeded at Oct. 31.

[ 1 : N content, — : Uptaken amount of N.
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o

He A¥goldu. sFFE dojgul A AW A4t FHEFS AHEH 10
4 102 FFTFAAE dojg A 9Keg/10aS 53 A 77t 7pg L
3 glojg Wl %] 3Kg/10a, slolglwlx] 7Kg/10a, 3loj=]Wlx] 1Kg/10a = °]
om dojelwl X 5Kg/10as & Az FelA 7HF vtk 109 31
gErel e dolelMA  1Kg/10a7t b wRkn doluA
5Kg/10a, @] 2]l %] 3Kg/10a, ]2l A 7TKg/10a =ollom 8o 2]
A 9Kg/10a7b 74 vtol Flojgwlx] shFFats F Aol 7t gl th

ELF 104 10Y HFre] @dRT A AR S5Es AR s §
AL S7tett7 AdeFeol w48 A S7kske 5 74 ol Fo it &
THE FASHA Frresth. FEFEE = ol M A 9Kg/10a FF T
Aol A 7 =ekal slol el A 5Kg/10a, ol 2l ¥l 2] 7TKg/10a, &)<
2w 2] 3Kg/10a =°]¥lem ol wx 1Kg/10a 3}& 3t
Aol A 7H vtk 109 319 FE el A E 109 109 959 vt
ANARZ Folg A AEFo] F7tetE 49 239HE FAA Stk
o 109 10 I HEiAE 1 Yol AUt B HEE 69
2690l FFFol g W dolgMlA 9Kg/10aol AL, Fol e H A
5Kg/10a, sllojefHl#] 3Kg/10a, sofe]wl#] 7TKg/10a =ollew & o]z H
A 1Kg/10a7F 744 skt

M
32
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A 2-6. Sof2H x| F2| X F2|=ZH|2|of

Ag 2 dodgmAy =ugen 243 2 FE e &=

F 2-1 A =09 oA o] dAATIE e W}

Aol F A%
0 5 10 15 20 25 30 35 40 45 50

g
] & 20.00 17.41 16.58 10.31 6.89 6.04 5.23 5.49 5.74 4.64 4.24

EF34I | 20.00 16.75 10.80 1044 877 7.76 7.35 7.12 5.93 7.70 5.92
EQF39 1| 20.00 15.07 12.15 10.84 9.19 6.26 7.53 7.36 6.70 6.03 5.65
20T |20.00 11.70 10.03 8.67 7.65 6.76 6.21 6.08 5.38 5.37 5.13
30T |20.00 10.42 7.93 6.87 5.77 532 541 499 4.68 4.36 4.17

F EFBAT  EGLE 50% EFUAM : EFFE £4E5

Z0A FETH 100% Az dojeu Ao Fauw 14
o7 A&LHE Adow yuken, FE 100%] =x31 20T 30T
Me= A F 5l 20goll Azt 11.70g¥ 1042g 2 2 50% A =71 <
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2. A8 F FoguAY FNAEHTF L FENESF
b B FRE T F
& 2-2. Azl ol Ao dAFATE dFda e v
Mineral T Ael & A5
Nutrient reatments
0O 5 10 15 20 25 30 35 40 45 50
%
I 5 29 25 22 22 20 21 20 21 22 25
Egse 1 24 20 22 22 18 20 21 23 20 21
N Eggdn |32 1.9 20 19 1.8 1.7 1.8 1.8 22 21 22
2E=Z720T 26 25 25 24 25 23 24 23 26 20
SEZA30T 2.8 2.7 26 28 26 26 24 25 24 23
I 5 02 03 03 03 04 04 03 03 04 04
Bl 03 02 04 05 05 04 05 06 05 05
p EgO |04 03 03 03 04 04 04 04 05 05 05
SEZA20T 0.1 02 02 03 03 02 03 02 03 03
2E=Z2730T 0.1 0.2 0.2 03 03 03 03 03 03 03
I 5 32 33 20 03 03 02 01 02 02 02
Egse 1 31 20 24 23 16 1.2 1.1 11 1.0 09
K Eggdn |37 25 1.1 1.3 05 07 06 03 04 02 02
2E=Z720T 1.1 14 06 07 05 03 0.2 01 01 0.1
SEZ7A30T 09 1.0 05 06 04 03 02 01 01 0.1
I 5 08 08 1.2 1.1 13 1.7 15 1.8 1.7 22
EgSd I 09 12 12 14 14 18 19 21 20 24
Ca O |07 09 1.3 14 16 1.3 1.9 1.9 28 22 24
SEZA20T 1.1 1.3 1.2 1.2 15 16 1.8 1.7 20 1.7
2E=Z2730C 08 13 1.3 16 15 22 20 22 21 23
I 5 02 02 03 02 02 02 02 02 02 02
Egse 1 02 02 03 03 03 03 04 04 04 04
Mg Eggdn |02 0.2 02 03 03 03 03 02 04 02 03
2E=Z720T 02 0.2 0.1 02 02 02 02 02 02 02
SEZA30T 0.1 02 02 02 02 02 02 02 02 02
* EGFYT] @ EYTFE 50%, EGIYN | ESTFE 2FEF, S2EE2AA
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F 2-3. Agzdd sojguRle] A7 v Fds ke W3}

Miner g T
Nuatlrie Treatments
nt 0 5 10 15 20 25 30 35 40 45 50
ppm
95 596.6 606.0 767.0 687.5 683.5 5426 4225 504.5 666.7 717.5
EgEd I 795.8 742.2 676.4 783.0 614.5 616.0 500.2 638.5 722.5 732.2
Na  EYSIT |644.2 803.6 783.4 790.5 620.2 710.2 5289 373.8 673.2 689.6 559.4
2E%7120T 877.0 842.1 714.0 609.5 700.5 549.5 609.4 708.4 714.5 583.9
LE=z730T 668.7 813.7 774.7 592.3 792.0 608.0 703.7 684.1 722.4 659.8
a5 310.4 382.8 301.8 404.1 3129 359.3 170.1 1198.3 672.0 349.8
Edsd ] 780.3 836.1 741.8 638.8 7555 2424 4294 5245 1533.1 542.9
Fe E | 221.3 519.9 732.4 392.8 883.2 354.4 4152 710.6 1216.3 786.1 8985
L=2A20T 250.4 326.1 275.0 232.9 156.8 5152 647.5 3224 522.0 729.6
L=2A30T 334.3 497.7 428.6 668.3 347.2 368.7 358.2 479.4 5585 404.7
5 149 21.8 238 140 683 29.1 69.1 29.8 607 184
EgEd I 149 209 251 362 262 194 363 31.3 335 196
Cu ES$YI | 11.8 156 263 21.2 443 538 245 53.0 325 654  29.2
2E2A20T 148 238 21.7 197 255 328 31.8 353 43.1 346
L=z730T 22.0 255 221 30.6 329 305 31.1 40.1 394 312
o5 72.9 76.5 1227 1157 159.1 201.8 174.0 224.7 216.8 229.2
Egs I 171.3 164.2 2323 192.1 176.0 206.5 243.0 228.7 277.8 235.2
Mn  E4Z90 | 74.0 177.1 226.7 250.8 240.6 175.9 248.2 3245 296.7 311.7 329.3
LE27A20T 81.1 108.1 88.4 1055 128.9 1244 143.2 145.0 173.0 146.4
LE=27A30T 59.2 102.2 1029 127.6 114.8 162.7 140.3 1425 171.0 181.4
a5 127.0 108.1 128.3 117.8 130.4 161.0 1525 151.2 172.0 200.4
EgEd 125.7 109.7 1452 141.6 110.1 135.9 146.3 171.2 1422 164.4
7n ES3 |106.6 108.2 1289 151.3 137.4 1269 1475 1489 1840 1725 191.6
LE2A20T 103.0 137.8 138.2 147.8 173.2 200.3 211.1 2353 257.0 245.0
2E=2A30T 129.6 170.8 167.1 204.1 216.6 244.8 249.0 300.2 356.2 384.9

F BRI L BEFSE 50% EFBAN  EGSE £H4E5Y

sloje A E IE, EG3Y B 2zl A & dAHA]
ofglu Aol e Fo FUIdFILe 4T A £ 22 %

2-33 k. Aio Ag AY Aol 32%9 =2 FEFS UEHlon A
7 5 50l 2.0725%° XS 7HAM Az Atololl= i 100%¢]
22 20TeA 2082 7HE w2 FEFS Uehia v EA oA

Selel Ae A AR BRe 37%Aed AY F AR F7
=

7 AR o] 9on] A F 50 A A3 wmeld
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# 2-4 AP =Ad FojguAle] JdAVAE Egda gFEF A5
SRRSO
%&?reig?llt Treatments
0 5 10 15 20 25 30 35 40 45 50
g
I35 0.500 0.413 0.213 0.148 0.124 0.109 0.112 0.116 0.099 0.103
EgFAI 0.385 0.212 0.234 0.192 0.136 0.145 0.149 0.138 0.151 0.122
N Eg3T 0.640 0.289 0.224 0.196 0.147 0.106 0.134 0.132 0.144 0.126 0.124
2LEF7120T 0.301 0.245 0.210 0.180 0.172 0.145 0.142 0.122 0.136 0.100
2LEF730C 0.291 0.213 0.177 0.161 0.136 0.135 0.122 0.117 0.100 0.096
a5 0.041 0.042 0.031 0.021 0.022 0.020 0.017 0.019 0.016 0.019
Bl 0.046 0.027 0.040 0.040 0.034 0.032 0.034 0.038 0.036 0.029
P Eg3T 0.088 0.037 0.032 0.030 0.031 0.026 0.031 0.028 0.033 0.028 0.029
2Ex7120T 0.016 0.019 0.013 0.022 0.020 0.015 0.020 0.013 0.014 0.013
2Ex7130T 0.010 0.015 0.012 0.017 0.014 0.016 0.014 0.012 0.012 0.012
5 0.547 0.540 0.191 0.021 0.020 0.008 0.007 0.012 0.008 0.007
EgFAI 0.499 0.212 0.254 0.198 0.123 0.091 0.078 0.064 0.077 0.054
K EgI 0.748 0.374 0.121 0.136 0.045 0.041 0.047 0.022 0.024 0.014 0.014
2Ex7120T 0.122 0.138 0.047 0.053 0.032 0.020 0.012 0.007 0.007 0.004
2Ex7130T 0.089 0.075 0.036 0.035 0.022 0.017 0.012 0.007 0.006 0.004
¥ & 0.138 0.133 0.118 0.075 0.080 0.088 0.083 0.096 0.078 0.093
Bl 0.148 0.131 0.125 0.121 0.108 0.133 0.137 0.128 0.149 0.140
Ca Eg3dn 0.133 0.132 0.143 0.145 0.136 0.081 0.145 0.137 0.180 0.133 0.133
2Ex7120T 0.123 0.124 0.100 0.092 0.104 0.099 0.110 0.093 0.106 0.085
2Ex7130T 0.084 0.101 0.091 0.091 0.080 0.115 0.101 0.102 0.089 0.094
I35 0.031 0.031 0.025 0.013 0.013 0.009 0.010 0.012 0.008 0.010
EgFAI 0.033 0.026 0.032 0.026 0.023 0.026 0.027 0.026 0.028 0.024
Mg EgAn 0.037 0.030 0.028 0.027 0.025 0.020 0.025 0.017 0.025 0.014 0.017
2E=z7120T 0.018 0.019 0.011 0.014 0.013 0.010 0.010 0.009 0.008 0.008
2&=27130T 0.012 0.014 0.010 0.012 0.011 0.012 0.011 0.009 0.008 0.007
* EQRA] : BSFE 50% ESBAN : EF5E L4857,
LA TR 100%
2], Za 2 vtadlgelME A FEeR AR FEFE o=
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AL B 5 el 2% 100%) SEEA 30TAA Ael F 5474 A

o

wepol A #7438 Zol5W Azl F 506l ¥Ey
s

Aol WA 9% g 2 exxdus Add F ARl
FaEol ol PGP ES vigow el A0 oA uEAs BE

F 25 Az ol Rl o] dATIAE v AL FEF st
Aol F 9%
Il\\T/Iui?reig?llt Treatments
0 5 10 15 20 25 30 35 40 45 50
mg
5 10.27 9.98 7.33 4.61 4.14 279 232 2.75 3.03 3.00
EYS I 12.83 7.98 7.05 6.80 4.66 4.56 3.61 3.82 548 4.35
Na Egsdn 12.88 11.96 8.90 8.22 5.11 445 398 270 4.36 4.10 3.12
2E2120T 9.96 832 6.06 4.63 4.75 3.39 3.65 3.78 3.76 297
2LEF730T 6.94 6.43 525 343 4.21 3.18 3.54 3.21 3.01 275
a5 5.34 6.30 2.88 2.71 189 185 094 6.53 3.06 1.46
B3I 12.58 8.99 7.74 555 573 1.79 3.10 3.14 11.63 3.23
Fe Bl 443 7.74 832 4.09 7.28 222 3.12 513 7.88 4.68 5.01
2LEF720T 2.84 322 234 177 106 3.18 387 172 275 3.71
2E2730TC 3.47 393 290 3.87 1.85 1.93 1.80 225 233 1.68
5 0.26 0.36 0.23 0.09 041 0.15 0.38 0.16 0.28 0.08
EgSd I 0.24 0.23 0.26 031 0.20 0.14 026 0.19 025 0.12
Cu ESAI 0.24 0.23 030 0.22 036 034 0.18 038 0.21 0.39 0.16
2E2720T 0.17 0.24 0.18 0.15 0.17 0.20 0.19 0.19 0.23 0.18
2E27130C 0.23 0.20 0.15 0.18 0.18 0.16 0.16 0.19 0.16 0.13
a5 1.25 1.26 1.17 0.78 0.96 1.04 0.96 1.22 0.99 0.96
ESFAI 276 1.77 242 167 133 153 1.75 1.37 2.11 1.40
Mn Eg3I 148 2.64 257 261 198 1.10 1.87 234 192 185 1.84
2E27120T 0.92 1.07 0.75 0.80 0.87 0.77 0.86 0.77 091 0.74
2LEF730T 0.61 0.81 0.70 0.74 0.61 0.85 0.71 0.67 0.71 0.76
a5 2.19 1.78 1.23 0.79 079 083 0.84 082 0.78 0.84
EYgSA I 2.03 1.18 1.51 1.23 084 1.01 1.06 1.02 1.08 0.98
Zn Egsdl 2.13 161 146 157 1.13 080 1.11 1.08 1.19 1.03 1.07
2E2120T 1.17 1.36 1.17 1.12 1.17 1.24 1.26 1.26 1.35 1.24
2LEF730T 1.34 135 1.13 1.18 1.15 1.28 1.25 1.41 1.49 1.60
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: A9 % 4%
Nutriont Treatments 5 10 15 20 2 30 3 40 5 50
%
Bl 21.86 3544 6678 76.91 80.66 8291 82.58 81.82 84.56 83.86
Eoaell | 39.80 66.92 6337 70.04 78.76 77.20 76.66 7848 7645 80.92
N EQGBUN | 5480 6504 69.32 77.09 8351 79.02 79.33 77.42 8032 80.63
SEZA20C | 5303 61.80 67.13 71.86 73.16 77.40 77.79 8101 7878 84.40
SERA0C| 5448 6675 72.32 7477 7879 7885 80.97 8164 8440 85.08
S 53.78 5246 64.63 76.21 7547 77.69 80.58 7872 81.89 7891
BBl | 4806 69.88 5475 54.34 60.99 64.17 6118 56.69 5891 6658
P EG8BU0 | 57.50 63.26 66.16 6533 70.56 64.68 67.74 6235 68.48 66.64
SEEA20C| 82,23 78.60 85.12 7545 77.84 82.91 77.18 85.03 8449 84.99
SEZA30C| 8841 82.81 86.49 80.44 8377 82.29 84.04 8594 86.35 86.48
5% 26.88 2774 7441 9721 97.30 98.95 99.08 9842 98.97 99.09
BBl | 3328 7166 6599 7347 83.60 87.84 89.51 9145 89.65 92.79
K ES890 | 5003 83.81 8187 9401 94.53 93.76 97.10 9673 98.09 98.15
SERA20T| 83.65 8159 9372 9294 9568 97.36 98.40 99.07 99.03 99.44
SEZA30C| 88.04 89.94 9523 9529 97.09 97.66 98.44 99.10 99.21 99.48
EE 365 015 1145 43.99 39.58 3359 37.32 2808 4132 30.18
B |-1092 153 599 888 1017 -022 -3.25 3.86 -12.24 -532
Ca  EFSAN | 083 -749 -897 -206 3932 -895 -292 -3495 013 -0.09
SERA20C| 7.22 701 2460 3083 2169 25.96 1750 29.97 2009 36.02
SE2A30C| 36.63 2425 3151 3193 3978 13.67 2404 2340 3311 29.23
% 1659 1584 31.88 6430 64.78 74.96 72.19 67.74 77.02 7172
Bl | 933 2872 1270 28.74 37.17 30.16 2584 28.63 24.82 34.95
Mg ESBAN | 19.23 2471 27.52 32.92 4581 3311 5451 3291 6189 54.57
SEEA20C | 49.85 49.36 69.55 62.78 6516 72.01 73.21 7645 7831 78.53
SERA30C| 67.37 6118 7141 6850 7022 66.43 7102 7504 77.00 79.72
P EGHAT  EPRE 50%, EFVAN | EFRE £LEFY,
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F 2-7. A oA o] dAAZIE vl 7HE-ekEe WE)

Mineral
: Treatments
Nutrient 5 10 15 20 25 30 35 40 45 50

%

IR 20.28 2258 4311 6421 67.88 7837 8196 78.66 7646  76.69
Eg#Edl 0.44 38.04 4525 4722 63.84 64.63 7199 70.36  57.45  66.22

Na Edsdn 7.16 30.95  36.18 60.35 6543 69.12 79.05  66.14 68.15  75.80

RLEF20T | 22.69 35.40 52.94 64.05 63.15 73.67 71.71 70.65 70.82 76.98
=EZH30TC | 46.15 50.10 59.27 73.39  67.30 75.34 72.55 75.09 76.62 78.69
ul & -20.71  -42.36  34.85 38.76  57.21  58.32 78.86  -47.53 30.93 66.92

EgAI -184.11 -103.16 -74.77 -25.35 -29.41 59.50 30.03 29.13  -162.80 27.10
Fe EYgdI -74.82  -87.89 7.70 -64.36  49.78 2945 -1593 -78.05 -5.66 -13.14
2=Z7120C | 35.75 27.19 47.25 60.01  76.00 28.14 12.51 61.13 37.95 16.27

2EZH30TC | 21.65 11.15 34.41 12.62  58.27 56.48 59.33 49.19 47.38 61.95

¥ -8.55  -52.03  3.83  60.17 -7473 36.92 -60.80 31.43 -16.83 67.37

Egsd ] -1.23 487  -10.68 -32.82 16.16 39.40 -10.64 20.76  -7.35  50.85

Cu EgsAl 2.07 -26.19  6.87 -54.15 -42.67 22.00 -61.81 11.05 -64.62 31.17
2EZA20T | 29.09 0.63 21.93  36.77 2696 1441  19.67  20.32 414 25.80
2LEF730C | 355 1473 36.73 2519 2589 3259 3402 2052  30.62  45.04

iR 1522 14.85 2075  47.55 3489 29.94 3529 17.22  33.30  35.14

ESAl | -8666 -19.42 -63.82 -12.81 979 -3.30 -1851 749  -4248 548
Mn EgSAI | -7824 -7401 -76.39 -33.99 2542 -26.19 -5844 -29.97 -25.38 -24.08
LE%7120C | 37.70 2779 49.28 4577 4093 48.08  42.09  47.68 3845  49.72
LE%730C | 5849 4541  52.86 50.08 5872 4252 5232 54.81  51.78  48.95

o= -2.58 1649 4247 6293 6295 61.20 60.64 61.34  63.28  60.64

EYSA I 4.94 44.62 2896 4228 60.82 52.84 5048 51.96  49.37  54.16

Zn EgFdl 2442  31.33 2617 46.88 62.65 47.93 4953  44.05  51.84  49.90

S=Z27120T | 45.09 36.08 4491 47.29 4492 4197 40.76 41.07 36.55 41.61

2E=ZH30T | 36.91 36.67 46.88 44.57 4592  39.96 41.27 33.90 30.31 24.83

* EGEYT  EGFE 50%, EGIYN  ESTE 2 E&5H
=

& o

Kol 7Hg3hee Ael ¥ 509744 BAHOR Sk 4L o
0 53 A F 50 5744 Ae 2 BENA 0%E Wi 7He3
wol KYRY Su2A sk S mgel wawrh Aol
A FR100%8) EExNA Ael F 54744 B FEEES Ho
SuEANA g we Eses nolAw AP F 50QeE e
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a7 Aag Aed BFa FRuA, A=uE e B Ent 7o
v golguAe] FEAAE G o sole A Ase] WAL A
3w Aol A dojul Ao Ansl gHAAG et Awa A
EREECE

A24d A5 € 3y

2 Ao FAHE g ulx] EFFS v Penningtond A Aol A =
Y& Nebraska ¥94F Madison# &% x5 FFolth 3 dojgwA] 5

1A=k = 20029 99 30, 2w =foll = 2003 10¥ 5¥ o 953k o
HEF 10aT Skges HFotal A E SkgN/10a, 10kgN/10a A 2]
T& FACE dolguA = k20 A 5Y 2E, A9 AS 549 F
T Ao oeto] E4fo] |

z o]
B oukEobn Iy 3gtE o R otele] Yz AR 5

F 3L slojeu Ao =8 AFEn AR

Al H] A 2] it gt A F(N/10a)
S0 0
&l of 2] vl A] S5 5
S 10 10
LA (o 2= ) F 0 0

#S0 : 10kg N/10a, S5 @ bkg N/10a, S10: 10kg N/10a, FO: & A &g+

F3 oAl AFEAFLS 1A= 20039 49 20, 2dAbel =
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2004\d 49 25dl AFokdtt. T FI AR S Fokel FdsHA 83l
ot
slojel WX & o] &g AFAA oA = wWiFo] FAFEFS S A

&3t om 20039 59 25¢el FEste] 2003 69 309 65cm x 35cm

AGAGZ o] stk Mol A% A= 74 AT 574 o=
EEe &3] YA

f
off
<

slojelul Al &=k A4 AFAA AFT A= 1dAR] A7
oy g v %] ¥ B (hairy vetch mulched)E A& 42 Fi i+
B (no hairy vetch)E St}

Al 2dzbell slol g ul Al A e v A 25l slol g ul A& 1
AEE Aeste]l 2 AxAZ F EY T £dA7I= A A (hairy
vetch mixed in soi)¢t slojg]HlAE BlE Ego] EYAI7I= AT
(hairy vetch mulched), 3lol2]WlXE Aujslx] &= FA & F(no hairy
vetch)E FAt}h. T3k Fojeu %, o, olgget glo]xet~E 2004
49 259 F3e F

AEsIAT ob&d] sojgux], s, olgelet golagtrE HE I

H
-
=)

X

—{ﬂ

J&ALolell AfMll(sod culture)ste] FxAAA s8I} vd 23 &35 3
skl

AL FES wFo] mHEE R o] &sly] flete] oMl AE Fu 4
A F oA Y BEEAES AR dolyHAlE g F =
2 o] &stdle W #Fx2A, wiEAdS, EYY WSS e

Az
Al o 2 Cellulose %A= Van soest(1980) A AT &
sk oA AargTdFe Ao dEFTHE sk kAt
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a9 o 114 54 9%
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A2+ H| 31

HV-5, alojal el %], WS Au] Fu) AT
HV-Sy sloj el =], vjF=Au] Nt 10kg N/10a
HV-Sy oWl =], wjFA ] AAE R 20kg N/10a

Aok Ao Alge Fds
AN Eoko 3sA EAL pHE 6.3, F7]1E58Ee 51%, 7H84 <l
225 mg/kg, K& 1.42cmd /kg ©] A THE 3-4).

E 34 AREF] EFEA

oH OM Av. P,Os Ex. cation(cmol” /kg)
(1:5) (%) (mg/kg) K Ca Mg
6.3 5.1 205 142 109 4.6
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Fu R Flolg WA S BFate] AwstAl HE ol Ao u& |
7b T8 oA el Fxo Wwrt dAE] HAaHAT ol g A

slojel ez 9] 7o) 100-150cm7F H& A&7|2 HoEwA] AgE

b zEPow A HW oz MA kel o] ¢hd3s] ¢lE AE
7F 7] el Fx7F @A s A9 Fx7F fle AEd o=
= ek

!
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ARl 3-4. St 20lM Foj2|H x| H5 S|
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T2 S A Al Sl M A mu el B Fx GAEFS B
3-11¢F 2ok Hx dxE+ o u A FH| 4 7F FA g B oha wk
ot oolg Ade oA E =R A EGS o] H X<
gl oate] FzuAn Aol A HAoY FAHEYFE =AGHE
Fo] fxutAo] ol Aoz AlgET Fojgulx Hu|re FxEx
= m'd 37~4270Q1H skl soju A FA = 8.5~9.270 0] At
upeba sojewl x| A= FAEe] FRAA A s dAA8 TP L
= 2345 vEddth

E 3-11. gojeulA] 54 BRFeet gulF £ FxrEUe

A g H2F Il 5=
o] g Wl x| =H] 3.7 4.2
o = T 8.5 9.2

o

FAA/IFA el HHAE Aue] I9F Fx WA T

FAZNNEL wuE A @ gERuA JAERE AR 9
stel slofelu A, 59, oldelel eholmetaR AW A my F2w
WAL olgE et golazart RN AR wen 59 57, e
Sl RA FhE Rk oD et golavkat ASEE} %
o] Ao} FzolAHol oaglen $UE 23 AAW Fz NH
o 2% Wol ¥ AAY. el AKEEE WE Holw Fx o
AYE 2@ folgith ool An FAXCIA Hul 4B Aol o
Fz oA sl A Aol olske] 90% A7t e 9
78%, olR@ et ol ehs T0%E  hE AT
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F3-12. FAA A HHl A= ezt gl vA= FF

=5 H| 2HE Zz=(No/m') Z=7(em)
& of 2] w2 32(10) 27.9
kel 57(17.8) 31.6
olgrg] et o] et 95(29.7) 19.0
4 A 320(100) -

ne] e AWA olFAte] HulAE Aol @ Fx YA Lt
= E3-13% 2k BEE AWA o]Fitele] HuARS AWF F A

.

Aol A EaE FAF sk 3E3-139F o] FlofgHx] o] FAfo]

Az wAL sl 85% wEA EdE ehhuch ERAH
S oF 80% FxolAl &S Lhehfglom o= el vho] ek st 56%
FzolAaate e el

3# 3-13. o] FAbo]l = ztE Auj7E T mA= P

1] 2h2 2z (No/m')
&l o] 2] H ] 15(15)
o= 22(22)
olg&kg| ¢t o] 18}~ 41(44)
R 98(100)
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6. A MR AALFFF

sl AEA Aaghge FAAMAl 253%, FIA A 2.60%
o 2A FFAMAl AiFFo] FoAu] Bh tha ERTHGEE 3-14). 3
olglul =] Aufel 2% AAFFHLS 10a T FIAMAl 13.3kg, =344
Al 11.1kgol Ath. slojgulx] Hujo] 23le] 10ad 13kge] 2AZE FH 3}
= &97F ZIgE A mEa] $2 AaAuAl sl A HHlE ]
223 100%E FHs7l= Fito] FF£3 108 Holn wjFAu]
50-70%9] S-S sl u A Hule] o3l FHol e AoE AR
= At

E 3-14. slojeuixl e AagHEs A4 F5&

O
Mo

lo

A A (%) A2Fr%H (kg N/10a)
= 2.53 13.3
= 2.60 11.1

goj A A
Fo sojguA e Al 1dAR]l 200390 AAE e &
AEFFe 2850kg FFOIL AEFF2 500kg F =0Tk =3¢ o]
gl Aol Aabde 1 3-15% 2ok &9 dojgul X = Azl 10aT
2450kge WERRITE 3 Fub slofe Al o] A& g2 470kg W9l o]
ek wekA A Aojel A A=A SRl = Fukep Fuko] it

el Fol7t AA7t AT o HF ol maAX e FAF oF 7|F
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dlofelul A gl HAxAL tehe] oA od o Ago] o
S FzH AT wFol),

-16. slojeful Al o] =% (9] © ke/10a)

T 5 N AESTF
=+ T 2,850 505
= 9 2,450 470

i sol Ao AR ARFFE E 3163 2vh HEe
2002 9€ 204 AAlstd o e 20039 59 279l o] F

o] Yolx= o] 7] #™

4
e
N

fo
Ry
i
&

fu
B
N
ol
_E,
A
i
-
o

_ RS NETH
i Il

(kg/10a) (kg/10a)
600m 3,050 549
700m 2,850 527
800m 1,900 361

8. #ojal M o ALR7HA
LAl F3, E3) sol MR o] AsA AFRIHA

AL
O =AY e 27201900 3% g 959010 2w gh

[e] \=

rr

& FTA 162%2A FIAM 157% Hrh EoRAufel A tha = okt
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3 3-17. Aol A o] ol Hx] AFEZFA (F] 1 %).
= A A Zehag
= 9 9.59 2.80 15.7
+ I 9.10 2.72 16.2
3 3-18. sloj el X o] A fa g Asks (d9] %)
A € NDF”  ADF?  ADL? Cellulose DMD"
= I 50.2 30.0 3.38 27.2 68.0
+ ¥ 49.8 29.4 3.76 26.4 69.2
1) NDF : neutral detergent fiber
2) ADF : acid detergent fiber
3) ADL : acid detergent lignin

4) DMD : dry matter digestibility

hairy vetch?] cellulosed %2 50% WAttt =3 NDF, ADF, ADL
FatAfajl A FEdAe R Y thA
cellulose ¢ F71E=2 T4 5]

\__

[e)
FEES T

=

Hﬂ?g,

= o}
ST AN

G

3-18).

Eopr] B |ste] RaISIWA o] WEHo| 2

sh&2 F7F 68% =3l A 69.2%E YEMITE Yadvinde 5 (1992)-2
AAE 542 cellulose, lignin &3 C:IN&o] Folx
=olxthal spith. weba sloj A= N
|2 d85ojof & Zo7 AR ETH

Az

=o
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ol H A FH|7F Bl mA= IF
slolel WX & o] &3 AFAA AgolA B AelA - 534 A
Hskel] e @ AU FREAY &
7b slotel A FAul g Bop ESF olspebA AEdhEol wdth sl
w2 At FrlES g A Ak ASA ZEdEe] ok e
= vesteE ol solul Al Ajufel o] gt | i
dojubA] eok7] Wl Ao wm Abm e

£319. 58 F NYUZY £F| olaetH 54

Year pH OM  T-N Av. P:0Os Ex. cation(cmol /kg)
(1:5) (g/kg) (g/kg) (mg/kg) K - ™

2003 5.21 28.9 2.5 293 1.09 278 1.29

2004 0.28 35.2 2.6 302 1.13  3.01 1.40

Ald " 513 275 2.4 279 1.07 279 1.25

¥ 3-209) At o] solAx AujTe] B AL, 2B EY §9

WA 7kl AlE3 Hule] HgARe] §295A il AdHow IF

ol Aed Z&Fol &= o8 A=A & 3-19= slofeHA] A
oF Ao B o]gtd} watdek. slol gl A = 7=
o] 53% olal FEJAE 2283 mg/kg ¢ WA Soj M X & A uj A

-
&

X
A
i

e UAEGH Y FAY T EGFAE A8 fr1EEEe] 39%,
AFE 200.3mg/kg &2 ol th olE oy x|y EEIF o T ¥ Halo

G WAL 9L vebek
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# 3-20. ¢ olghehA Sl A= sojel Ao IF

pH OM Av. P,O; EX cation(cmol” /kg)

A (1:5) (%)  (mg/kg)
' ’ Herse k Ca Mg
& o} 2w #]
S 6.6 5.3 228.3 1.43 11.3 4.7

271% AR vpadlEoe] 47%, Zgol 27% FAH AT fFaAtY
2]

3 FEH (D)
OM(%) 1.4(27)
Av.P, Os (mg/ke) 28(13)
K (cmol/kg) 0.05(4)
Ca (cmol/kg) 3.027)
Mg (cmol/kg) 2.2(47)
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10. AW =] =2 A LA Z7A A

slojeul A= 7He 3t ol & ol Auigk & olFsfol e Aizt=S Al
= d77F AP vk Abdul-Baki & 72
ot #asH Al Folg A E o] &3 AE &S o] &% ARAAE AHE

@ A AaENE AT, TR Ad 5o dFRS o wol FF

=
©
o)
-

of

=
itk
Ach
2
1
2
&
Itz
o

@ 4 Qonz Fuo] o EolAva nusdr od 2e oAzt &
i) zo] WAL G209 JFS Solur] Ad NF PuF meDes F2
B2 o] APt

1) seleua + W 23A A

4 F 3009 vlFe] A E 3229 ) wjEe] 274%L Fol

X -S0  (FH]FH), S10 (W= 10kg N/10a Al-&7), S20 (A4

50

B 20ke N/10a A§7) Abolol A HV-S204 2 Fol A %24 9l =
o oA 2 A A seleuA T WFAMA A F
o AAFE 2L

Aol g1k,

¥ 3-22. 42 3 30Y A

w
S
(i1

A 2] A/ A5 (e/5)
HV-So 20.6a 295a
HV-5y 22.0a 303a
HV=Sy 23.1b 310b

* DMRT (0.05), HV-SO0:hairy vetch-slurry 0 KgN/10a, HV-S10
: hairy vetch— slurry 10kg N/10a, HV-S20 :
N/10a

hairy vetch—- slurry 20kg
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Aol gt

3 3-23. Fof el A -2 Ao wWiFe] Aol wA=

=] 2] 175(@|940) [ (em) |9 E(cm) | T3 (cm) | 7Z(cm) | T3 (g)

HV-50 1,595a | 58.6a | 29.5a 19.6a 23.2a 11.8a | 1,295a

HV=519 1,695b | 62.5b | 33.2b 21.4a 26.3b 13.6b | 1,420b

HV=59 1,725¢c | 63.6¢c | 34.3c | 24.2b | 28.3bc | 14.8bc |1,480bc

(2) w5 we LA

ool Wt Ee E 3-249 2 v wAeS
of Wste] /i 10kg N/10a Ao Ff-ol= tha
ol MZATEL AdEn 10kg N/10a Al&-oll A tha v

FH]e] 54%
ol w5

= ol At

¥ 3-24. 8= H3) 9A A3 2 nArLs

] . %3 i
# 2] T8 | FAEE (%) v A T5(%)
o] ¢} T(%)
HV-So 5.4a 4.8a 10.4a 4.8a
HV-Sy 3.7a 3.9a 8.1b 4.2a
HV-Sq 5.6a 4.9a 9.9a 5.1a

*DMRT (0.05)
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(B ME St FE £
£ 3-25% solilN wulHsh g Ago] wFe] Fust 4
F e YR Mo F5we HV-SI0 3 HV-S20  AelT

1_4

el Fo gk Aels WEtl A &t 12y HV-S10 A 79 w5+ %
< HV-S0EY =ttt HV-Syy Ag79 AF3F2 had 56,980

BN
S ®A HV-S 9 57120 ®u 3% #sH3dvh. wiFo dEstes B
B

&

) T N FETH N AESHE
A 2 A A
(kg/ha) (kg/ha) (%)
HV-S0 58,250a 88 50,910a 89 87
HV-5y9 64,250b 97 55,98¢ 98 87
HV=-Sy 66,100b 100 57,120b 100 87

#xDMRT (0.05)

@) ABT EF olghed 54
slojelul = Au) F ou] BE AGT EFe ol WHE 24}

- 115 -



E 326 AW A F G sety

ppos | KX | Ca | Mg

g pH |EC(ds/m)| OM(%)

(me/ke 1) (cmol/ kg )

HV-So 6.65 0.43 3.94 222 1.41 | 2.62 | 0.80

HV=5 6.69 0.49 4.10 252 1.46 | 2.69 | 0.85

HV-Sy 6.70 0.53 4.23 268 1.58 | 2.84 | 0.87

DMRT
(0.05)

n.s n.s n.s n.s n.s n.s n.s

g 6.60 0.39 3.90 228 143 | 11.3 | 4.7

2) sl R + FujF
Gl Zarel WA= o H A A Afe] &
slofelwl =] EA e} FA 2 Afelol 2 Aol gl

3-27. sojH A =R Aol wE o] Wsk (9] ¢ em)

3-273 2.

rlo
=3

= 2 64 20¥ 74 54 74 209
o)W =] wHH| ¢ 18.6 24.4 30.7
o = F 18.1 23.4 29.1

FujFo] AFo| v A= Floje A IH|Aule] &3 ¥3-283F
FuFo] FANA sojglwx] EA G 2.65kgelal FAEF7F 251kg &
2 WA 52 A5 HEAA T 2 9o A= FoA de

ol B LhehiA] ke,
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F 3-28. FujFo] Sl v = solguA] mulA g IF

_ =7 T T% AER & G
i (cm) (cm) (kg) (%) (brix %)
i :3 j;q 16.0a 19.5a 2.65a 9.5a 9.4a
g = 15.6a 19.3a 2.51b 9.6a 9.3a

3) dAMA + B2
slejeul g ) Ae ¥ B
W A ) el oM 2L 2 AolE vEhA gk
¥ 3-20. B23 ] gl vAE Sl Hule 9F (@] :em)

ot
i
AC
lo
PN
o
rlo
=]
w
o
do)
»
i
=
ol
2
v

= g 64 209 794 54 74 204
o g H %] =H] A 30.2 46.0 55.2
o %= + 29.1 44.2 53.1

B2 G ux= ol m At =ue dae ¥ 3-300] LE
Wt B2 Aol SlojA #FHF AL 38 ~ 39Y = Aeghel] Apol7t
o stlse solgu Aol 380g oo ® Fsstnh AET
F ol ul A el FAET Bu va w2 dEo|ley §
Ao FoARl Aol gl

F3-30. HReEe shE 5 v A= sojeul A HHe] JF

3} = e
Ae AN THFE g IHEE AT
(kg/ha)
(g/plant) (cm) (cm)
T 39.0 3852 13.6a 17.8a 43 1,580a
To 38.7 371b 13.2a 17.4a 42 1,561a

* Ty ¢ hairy vetch mulching, T2 : non—hairy vetch mulching

> DMRT
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AHEl 3-5. SfOf2|H| x| F=f xH 2K By

AREl 3-6. S O2|HI X =2f 2 E) STt
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B ASy RS54 ol "ol 714

=} O
T 0 o=
3-31 A FA g vlaste] YeUSIth B2 Aol oA H
A, FE 2 AALS Aol AolE YERHA] okt
3 3-31 BEEE S v slojgwR] S]] o
= = o] = Al A =
i% ]:q [e] ?j] H o
(cm) (g/plant)  G# AE (mm)
(cm) (cm)
T1" 42.5a 16.9a 715a 62.9a  30.5a 6.2a
T2 39.1b 16.3b 716a 62.5a 30.8a 6.1a

* Ty @ hairy vetch mulching, To

3) s 7L ol mA= T

slol e ul 2] =u7E AR el v A =

oJsko

T

: non—hairy vetch mulching

O(:)} Sk

[e]

ol ¥ &(%)

A € -
H2Fg Ful =

T1GEIA 2w A 1] 55) 0.2a 0.3a
T2(H =) 6.2b 5.6b

* Ty © hairy vetch mulching, To

«x DMRT(0.05)

: non-hairy vetch mulching
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itk FAEAY ol e slofe WA Hul el 02%2A S
doror} FATAE 62%] oW & Uehllel Fad Aol e
Witk sl A wu] el A FAukAE oW go] we e Hofelul
2w olate] mpEeld ANEAel EFPAe] ual AR ¥
AEh1g o] o] wtobal Ro. AR

Lo

4) oA && Aax FEAAZG

#F 3-33% e aRA A el oA E o] &7k A A
a0 ARAA £2dS dElAT FRE 1, 25 dolul Aol A
Aaoh A AFAAE A Aolrh, FF-£F1L FojgHAs A
de 7heel 9Fste] 59 dheoll Hul2 YAvrt 649l A o F A4
g dFohs AFAAIY. 3 AF2g 2= 492 ~59 x&ol o

A E F3 3F3 F 79 sheolA 8Y Aol dolguAE HH R
AT TheAAE Aviete AN Folth I AR 32 F1 5
olg A& At ¥ AFAALE AujstaL o)A

19 27e] slojgu Al A4 AFA AT 2 ATl F3b o2 ]
A 5 549 ol FujF, HEFelE Aujsta 8Y xol A F2 wiF
= Auliske AFAA eIty #3-340 M= g A A ol uAE o] &
& a2 AA AuAle] AFAAE el AN dE7] F
St Solelul Al S Awistal 59 & wAAE AWiEAL o FA A, A
& 5 AEH] Aur Zhs skt

T2 FIAE oA S HHIE sto] FAEe] JFS vA= A

dAdd Mz Aes oS3 AFAAE vEFT 2A o

at
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3 3-33. @A A oM A E o] &3 =AA A AFAA =T

3 2 25 A 112|3(4|5|6|7[8|9(10[11|12
1| TR I L sojema 2 | emas | aetea

p | LA L dojeen 2o | clg Az [Fhe s dpim

oAeEAlL + ThEAa

Flojawx] 31} + ol Al | o
3 o= A 2 25 A5/7FeAN A
& 3-34. AL Ao A Sl A o]& 3} ZHE-A|A
2 A Al 1(2|3|4(5/6[7|8| 9 |10/ 11| 12
glof g W x] (3}-9-22) + ] - - o - glof 2w =]
1 23] iﬂﬁ\_xirﬂﬁ = S I = i = | e

® ATE Fatol maAXelA sloleli g Ak LA o F AE7
$9 ARAAZ A4SAT. ndA Al AE BAHOR ofF WEE

Ao m Auet Axnrrt we Aol od@ Arstel 4% 2

= Al Aok mEbA 3 3-359F o] agA Aol A s H A&

%]
283 A Ax AFAAR =AM = SolgHA F3k + o F AL,



slofeli ] &3t + B/ AeALe mol bssgnh sz e o
AR E5 ¢ BAlL - g ¢ FeALe 1A 3% GRG0 s

a3t

A5 S
2 3 SRS

- dlojEHlA (3 — ASAA
- gojHlA (F3h) — AFANAL + T

ERER
- FejEwlA (F3h) - 5%
- FefEwA b - TR
a2 JE s ] ] ]
}:Lf%z_zl - o HA (£33 + FAA + oEAL + TR
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Al 43 d7E3 29
A A LA SR A o] sojE]w ] o] & do] g u ] e} Ao AR
AAN o3 A4 wd7les ML) st L= wul, ¢F
of ARETlol A Faedn. B AgolMe A AL AE] A ool A
slof g w2 - A2 A AL Qg VN EATEA oA e F3 E3t
of mE %, Ao, sl Ao =aje] o3k Ao BE3 Fx
WA B3, sH A0 o] &R RS ey flske] AAISHH

7ho sl wl Al S A Al dlolelwl Ao e dRzo] ool 3t
ZA FEo] Fol 2% FHx HEVF FAFET vEe] deeA ¥
ket dlel gl =] a5 49 2043 59 159 sloj A A Au
= m'd Fxe JNerh 52, 557 v A FIbel A= 22, S1E
Z ApelE e AT

<]

g maA F47170 5% SuaEd gxolAde R 4d do
g X = 90%, EU-2> 83%, olge et golaet e 70%9 FEoA =

BN

g JEAT. A2A 71 F olgate] S 4E Aule] o %3

of A A GeA Fojglwlx] F3 AulAl AL AEFEFS
2500~5500kgo] g on] AESFHOo 2 460~670kg o2 AJAAo] w9 =
okrh. wiE  Awf el SojEwAE HulE o]feH HirFow
7-18kg/10as V& F AATh sl w A Aufel ofste] Eke] f7]&E

A, Qb ey Bl HolA oA Ault Eoke] Ao

ek Sol e ul Al HH A & ouiE AATS HH] FA 2Tl A 1.5%kg
oHH] 10, 20kg/10a A 2]-2 4% 242k 1.69, 1.72 kg& YERO] H]A|
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ST FAE T Hlgto] v AFI FRFo]l FUHE AT & of M A
SH = AP[10kg/10a A& BT 12% 7 HJqoy AFFdFS Ay
10kg/10a, 20kg/10a Atolol AFo]& vERfA] &3kt
of Floje xS Bl 2AE 49 ¥EFAEHadE HERAY. F
AtebAR oW &S AT A3 oA HA A= 02% Wb

v AT EYAARE 2 oAl Auiat v 7] =0
27% AaEdom ntadls 47%, A4 27% F4 HArh FE2AT A
4 Zele dawkel 2A sk

Ab AL A Aol A Sol e u A S o] &3 A4 AFAAE FIb &
glul A+ oAF A&, Fub Fofeul A + FujF(HREe)+ 35, 3§
gl 2]+ AF/7Fe Al ZHEF 9ol Zbestidth obg-2 Aol A
slojelu Al FapA +J; AL +AFA LTS A 1d 4%E AR

o] Zbsstglth. slelgu x| Hulo] olste] o] AN Wk ofrje} A
of
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