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Establishment of Soil Fertigation System and Its
Technologies for Avoiding Successtive Cropping Injuries and
for Ensuring Regular Production and Higher Fruit Quality

of Greenhouse Grown Vegetables
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SUMMARY

I. Title

Establishment of soil fertigation system and its technologies for
avoiding successive cropping injuries and for ensuring regular

production and higher fruit quality of greenhouse grown vegetables
[I. Goal and significance of the study

The studies on (O improvement of soil physical characteristics, ®
constituent of nutrient solution and management in supply and drained
nutrient solution, @ éterilization method of wmedium, and @
development of cultural technologies of tomato, mini-tomato, cucumber,
and green pepper were conducted to establish soil fertigation
technology, which the merit of nutrient fertigation was added into
current soil culture, for avoiding successive cropping injuries and
for ensuring regular production and higher fruit quality of fruit
vegetables in greenhouse,

Also, the goal of this study is to provide technology guide line,
which can be adapted directly, for the production of other fruit
Ccrops.

Particularly, the system let most of farmers introduce soil



fertigation system easily, using the current irrigation system which

grower have, adapt this system suitably, and establish the system with

the least expense by automation in supply management of nutrient

solution.

II. Content of Research & Development and Its Range

Sub-subject

Content of R & D and Its Range

Optimization of
fertilizing level
by soil textures

(D Collecting soil in greenhouse and
classification of physico-chemical
characteristics of successive cropping area

® Soil texture and pattern of salt
accumulation

@ Improvement of soil physics by addition of

 artificial medium

@ Optimization of fertilizing level under
different crops and different growth stages

® Assessment of crop growth response to
differential soil conditions and

fertilizing levels

Exploitation of
by-materials for
soil fertigation

system

(D Programming of complex liquid fertilizers
for soil fertigation system, culture
chamber, automatic supplier of nutrient
solution, and fertigation program

(@ Standardization and evaluation on
utilization of by-materials as affected by
different environmental factors in

greenhouse




Technology of soil
sterilization and
recycling of
drained nutrient

solution

(D Recycling technology of waste nutrient
solution
@ Development of soil sterilization system

Quantification of
technology and
drawing up of guide
book for soil

fertigation system

(D Fundamental and adaptive experiments on
soil fertigation for crops such as tomato,
mini-tomato, cucumber, and green pepper

® Evaluation on adaptation and problems of
soil fertigation through selection of model
greenhouse-farmer and on-the-spot survey

@ Guide book for soil fertigation of each

crop

Drawing up of white
paper on
on-the-spot
bottleneck

(D Case studies by each subject of on-the-spot
bottleneck and drawing up of technology
guide book,

IV. Results of Research & Development and

Suggestions for Utilization

As the result of this research, utilization of soil fertigation

system in fruit vegetables is adaptable through field experiment,

other investigation,

and its analysis. In practice, adapting the

method and technology of the system results in the production of high

quality-products which can reduce investment expenses.



Light receipting of crop canopy and work conditions of human were
greatly improved by changing conventional ridge width from

100-130cm to 80cm,

At l-row planting, optimized root zone was 40cm in width and 20cm
in depth, and addition of artificial media such as perlite, rice
hulls, cocopeat, and granular rockwool to the restricted root zone
in 30 to 50 % ratio could improve physical characteristics, and
also irrigation of nutrient solution(EC 1.0dS/m, pH 6.0) to the

soil after removal of salt improve chemical characteristics.

Growth of fruit vegetables was enhanced by using nitrate magnesium
to reduce sulfuric by 25ppm compared to the composition of nutrient

solution recommended by Japan Horticulture Experiment Station.

Optimum electric conductivity of nutrient solution was 1.3 to 1.7
dS/m. Nutrient solution of the system should be supplied at lower
concentration than with solid medium and its volume was suitable at

173 to 1/2 level of solution,

No significant change in growth was observed even though nutrient
solution was supplied once at dawn, and only water was irrigated at
daytime, or nutrient solution at lower concentration was continually
supplied at daytime., The former was suitable for bad drainage

conditions, and the latter was well for good physical characteristics

_lO_



of soil condition which is appropriate for micro-environment of

root system,

After supplying sufficient nutrient solution with lower concentration
at early growth stage of tomato, vegetative biomass was sufficiently
obtained. However, at late growth stage supply of nutrient solution
with higher concentrations improved quality of fruits, Supply of
nutrient solution with small volume at 1-month periods after
transplanting has done once (drip for 5-7 minutes) every 2 days,
being effective to prevent physiological stresses from

over-vegetative growth.

Soil textures mixed with media such as perlite, granular rockwool
etc. enhanced crop growth more than soil alone culture when
low-stressed nutrient solution was supplied by using the reduced

sul furic ion,

Growth and quality of cucumber was enhanced when irrigated with
only pure water, supplying nutrient solution at high temperature
period. Nutrient solution at vegetative period was appropriate at
low concentration which is low saline type, and supply of nutrient

solution at higher concentration after harvesting.

Effective electric conductivity of nutrient solution at lower

concentration is around 1.5dS/m at early growth of cucumber and at

_11_



fruiting period 2.0dS/m, respectively. Yield of green pepper was
greatly increased at 4 stems, with planting density of 25cm, and

high light-receipting efficiency.

10. Additional application of potassium to nutrient solution during

11.

12.

13.

reproductive growth period enhanced yield and quality of fruit
vegetables. When application of 80-120ppm potassium sul fate to
tomato and of 150-200ppm potassium nitrate to cucumber was done

the quality and yield of fruits was increasingly improved,

At 2 weeks before final growing season, stopping supply of
nutrient solutions and irrigating removed salt accumulation. But
if later the soil was redried, sufficient irrigation was needed,

due to avoiding salt accumulation in soil.

Soil sterilization by water steaming method, not by chemicals was
more effective, and sterilization by sun-heating needed to apply
regularly fungicides (propamocarb hydrochloride, thiophanate etc)

by using flushing method during growing period.

At on-the-spot survey against model farms which are managing soil
fertigation system were necessarily required to be fully equippea
with convection fan, foliar spraying system, underground heating
system. Before distributing the system to farmers, contamination

of herbicide and hormones in soil through investigation of

._12_



previous pesticide application history should be investigated.

The results of this research could be adapted directly to farmers,
who are managing soil fertigation system in greenhouse, through the
help of Agricultural Technology Service Center of each City and County
in Province. By-materials including fertigation system, liquid
fertilizers, mulching film can be transferred their technologies into
industries and was thought to be contributed to increase domestic

demand and international export,

_13_
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A2 A APge B e

2 d3E 27 BFAHIE HI J1edd FUHRHEHE 2 AAUleEH
Eggdapig g 271d AAR 7= HEEE F3 A =
Eelagstex Al sUte] RS AAEA e HAF AES SA
2 grdiulet #AH FapAG x| A gA %
By AR A AHAE FAEs=vziA dFUEE ZHsidct

2
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2
lo
-3
i

1. BEGREE AM7IE A3

7h Al el Eoke] @RAH WY &

a

Aol £HT EG ol BYe ZAY the RN
Aste ARAA Side FHs] AFUH AAH o) VY + A= B

T AH] JleE ARSI STUAE Fo ECof FAF W] TlE &

e ARYH 1Y A Ao,

L AdFulA] Hotel Lt EQUNRIIE Y

T oolgstE oz tYgo] Fe VP2 FY FIt glen FU3} HFol
S0l ¥A, HelolE, dFdd, JE 5 ARE o]&sirh
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FuUolA ol & ZHedtAL £ dAFdHe] AL e TiST FApAY
e AEE £33, EFFA BAH FxpzRe] sfdo] A A st
de vgits, And, ojaetd Fo8 FH A Jleg FAUSMA =
U 715 BE, Aui#E ol AU FANE st o] 87lee AA
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- folld AR ol EgduH|Aul U goixiul HE Himlg,
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Ble] iz mag pusialsd R4y HYujz £ AFuAEE A
z g TlsA RESY 2AE ZTEOE Algo] Mt HE& Fele il

z 2y Justn AuidEE +Psch

th ZE Y FEANE o1& AAE FAAZHAY 782 oS
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7} JHedt $EMM('95E AF4 ab-T e 0%711% HE)E ol &3t
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B)E IriE BRY £ U=F FAxPALHE Al F7]

A7)5e 2712 RAY + AR riugyes

Eororeliziuje] Z-¢ ujedfo] i Hy] djEel slde] AL vl A
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4, 22 Tororolxjujy|ae] AW 2 W 22 Auj WA Uz

EnlE, Q0], 13 5L UZLE ttt EoR¥E 442y €
e ajujze] B8 So iyt Ag G4E ARHAA sl BE 7t
=3t AR MR ZAgstadon Q) P Aol Ad BH LU Htof
gl "etals 2B A8, £3% 9 3 S ARHY ARE TYARA
o2 St A ZE Aujo] WRE AL xalzp & Ao U B
21zf2] ol-&y, @RAteE A 2A ] AR (trouble shooting manual)

5g 4A44 4 AES sk
5. 715t Aoz 44 372
Eototalalul AARE ANBAY HBsF AW, AR, FF 2R
]

ol 3047 o}de] AlME7HE A3t A= B, FAR WAH=
EA ol thdted Ateld tfgrle2 2dste] 2Nul A Aol Eysigirt.
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A 3 A 7ilvjizzt 9 LUt
1. 7lciazy
7. 713 &4
1) 71&9 tichs Ald EQaulsrlol] tiste AdAdFsried &
Azfuje] FHES HEAIBEHN ZEAH AT HF o
AN e7NEe 24
2) 71&2 A3 AR AFA B 24T Hyla
ZU Alds7te] =29 Aol AU A Tu|AuiA= ©
Auirl&E Ao N AdEsres 243 7o U BIH
3) Az} GR, NRof thuldle] BH e o] Qe BARAY S A3}
7] $l3iMEe 34 gAzjupdolut 2| dlee} TAH EFFAz|uj

B, £ZESHeFAYE Y gl M

4) Addel 57t EQS REEE SRSIAL olo] AUY EGYY
AuiHe HUstEzH AR Y] @ FAH AxF At 7]

5) E} 2jugAjof wlsl] x}EEI} oIt e Y sPrleEH
LE= g
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M2 & ESSEY Au7|Ee s
A 18 AdEeke Bejsjety By B
1. AldBrte) Eot Belgierd B4 24}

® 2-1. 87183 el £ 54 249y

(D Weight oven-dried mix (Wm)

@ Calculate bulk volume of mix (Vb)
Vb= Vmix + Vwater + Vair

@ Calculate bulk density of mix (pb)

Wm
pb =
Vb
@ Calculate total porosity (E)
pr
E=1 - X 100 (%}, pr2 mineral® 2.65)
b

® Calculate volumetric moisture content (Pv)
Weight of clay at container capacity (Wc)

Wg-Wc
Pv =
Vb
® Calculate air-filled porosity (Ea)
Ea = E - Pv
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208 FA3 Uiy M EQol Ze &4

(B8, w4y, 54d)3) gutd SY(ERYEN 55, AR, ¥oleA
B, Brda ZEURY ug) ol 2AE Afulol HYsior gt

A [ A st A

3 Eor 35S E 2-13 P whHoR Y &4% e E¥ =4

3 BEASIUTHE 2-2). BadsE 1~3d 22571 4~64 3Bt 7

97-99d 7|ZHEt BF - A -

® 2-2. A AAuisrte] Bl BEQ 54 24 23

7 #lene

Pv Ea Pv+Ea
(B5¥) |(F38) [(Eed)
Al A E 6 15.2 13.1 28.3 53.2 16.5 | 30.3

AdgE | 32 21.4 14.2 35.6 | 51.2 | 20.4 | 28.4

E| 38 27.1 12.2 39.3 | 46.7 | 21.1 | 32.2
AR EL Y 29.2 15.6 44.8 | 49.9 | 21.5 | 28.6
W (85%7))| 24.3¢4 | 13.38 | 37.71 | 49.19 | 20.55 | 30.25

A7ty tRES AR R FRdsTt 20 w7t
AAES Qo =olM feiH AAde] Fe dES MUETL wWilth 85%F

7te]l W E&EYH(Pv)E 24.34%, F3&(Ea) 13.38%22H FHRSYPL
37.71%2 %3 HolAdrh AL 49.19%, AN 20.55% L 7]AF 30.35%=
Lietytct.

ol RI|¥F(mineral matter), %7]%(orgénic matter), &, Z7|
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208 o]FojAm, AME AR FHFF RHUZ 45% mineral matter, 5%

organic matter, 25% &, 25% & (air space)olt}.

£ 23, Adoolsrle HAE EoF B4 24 A3 (99, 104 7F)

-

Organic NO3-N P205 K Ca Mg
matter(%) | (ppm) | (ppm) |(me/100g)]|(me/100g)|(me/100g)

5.1 o)A | 6.37 | 518 |431.5 |1,643.7] 3.25 | 11.14 | 4.00
4.6~50)6.65 | 441 |179.0 |1,884.8| 4.23 | 15.64 | 4.95
41~4.5| 6.82 | 439 |289.5 [1,902.8| 3.53 | 15.40 | 4.67
3.6~4.0 6.11 | 435 |2858 |1,634.7] 2.62 | 12,02 | 3.50
3.1~3.5| 6.58 | 4.30 | 242.7 |1,986.4| 3.20 | 13.05 | 3.81
2.6~3.0| 6.28 | 4.80 |185.2 |1,801.2| 1.27 | 11.13 | 3.01
2.1~2.5| 6.63 | 4.29 | 120.8 |[1,508.8| 2.68 | 11.20 | 2.72
16~2.0] 633 | 425 | 625 |1,463.7| 3.37 | 10.87 | 2.68
1.1~1.5| 6.56 | 4.26 | 48.5 |1,574.6| 3.56 | 10.86 | 2.57
0.6~1.0| 6.59 | 3.91 | 34.6 |1,433.0| 1.85 8.82 | 2.12
0.5 o5} | 6.68 | 4.45 | 79.5 |1,353.4| 3.18 | 12.15 | 3.04
®Z 203 6.5 | 4.26 |116.2 (1,588.0] 2.82 | 11.12 | 2.91

EC pH

() A&+ 1253

Al Qolful 7o EoF 1250 Uit EQAER ANE EYLAEE
(EC)EE pH, /7|18 %a¥(organic matter, %), HAFEfRA FTaE(NOs-N,
ppm) UAr FEK(P0s ppm), 7hel (K, me/100g). HE T(Ca,
pe/100g), mt2ulE ¥3¥( Mg, mel00g) & vlx% Hjes ® 2-33 Hrth

B pH 23 Ca EFS 3o AABAZ dB=HAeH (2 2-1), B

ofe] EC 4L NoyN e} F7het Relnel el dlalth Iy 2-2).
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*
18 y=4.2103x - 14.84 M SR
. er R =0.7101
S 14k
(e} .
12 -
£ 10 f
— 8t
3]
T 6
4 t+ LY
2 .
O 1 A J
4 5 6 7 8
&4z (pH
a3 2-1. Ads7te] B pHet g 2 & =9 A
(ME + @ 125%)
m .
. y = 79.28x - 40.252 R
500 ¢ R? = 0.8087 .

§,_

e 22 (ppm)

o
—
n
w
& F
w
[}
~t

EC (dS/m

a8l 2-2. AdsTtY EY ECe) AatefA L HE S5 A
(ME 4 : 1253)



2. A EQ /R3H Wi

Jlgor @RAH g3 eIl FUHE EYTRY SEID

of ¢33 £ sid2 19 2-33} Zrh

pH(R20)

SR ( darxol g
JeEyel AAR)  GRIYol YIY )

Y

27 2-3. AR 3P FRo ARG (BRE, 94)

2 Egollxe & 2-33 Zo] AidejAie} At fo] mlf i 4
3] g3 £E0] golRHEA ECTt FoldolE EF313, EY A== pH 6.5

#z02 oR® A4S HolxL Ytk

Aarejuse] watzt Eob ECE Hlmeto] Alulel B4E A o=
2AW SgARe] AINE 2-4)0l4 & 4 o),

NEH GRIEE 273y 3 EAY SE(EC)YS ME(HE &
3 A= ® 2-59) o},

14
(e
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H 2-4. =& o] &3 AHES Ecot Ay A (HAMRR, 1994)

3 132 A
£ EC A4 2 aaro] Th
1:2 NO3-N2k g o A
(dS/m) (kg/10a) =
0.2 o]3} 4 o]3} nj§ 25 FH]E 23t}
0.2~0.4 1~7 RE~G B FH] & 23t}
0.4~0.6 4~15 oFZt RE~HY AgArgof izt ]
0.6~0.9 6~25 At e BEQ
0.9~1.2 11~28 A gk~ okt zjr} FulE 222
1.2~1.5 16~40 oF7t e~z #A4E YA grt
tler V43l U8B E
1.5~2.0 | 20~50 | 79 ¥ Bgeled viwE
‘_—_1;].
‘ of g T3l
2.0 o|& 30 o g 2k W22 Rich

() AR E = 1:5 F&JoME dS/m 318 26§71 1:2 2Apx|7F Hoh

E 2-5. GAFYo] wE EAE 5= R AEWH

(gre] : dS/m, 25T H:0)

o.o | 99 54 94 209 | 109 5¢ P
E4 (cm) EC | pH | EC | pH | EC | pH | EC | pH

0~10 1.621590|1.91|6.121.4516.15|1.66 | 6.06
11~20 1,47 (6.12 (1.32 1 6.54{1.37(6.2311.396.30
21~30 1.136.14|1.12 | 6,78 | 1.08 | 6.56 | 1.11 | 6.49

(F) ZRAIZ : 24 94, &AW Saturation Extracts Analysis
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A 2 E AZuiR] HItol ¥ EYIT sy

By £82 29 2-49f Zo] F(clay), Rel(sand), mA}(silt)e
d B]&of whel AU Y E(sand loam), A1%E(silty loam), %E(loam)

o= FEHc}

Clay (<0.002mm)

T

Clay loam 0

|

Loam
Sand loam ) ® Silty loam
Sand (0.05~2.00mm) Silt (0.002~0.05mm)

{ @ Increasing clay @ Increasing sand @ Increasing slit }

3% 2-4. Belgol /12 Qe BF (m: UE)
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Eo
o3 o]FojzH, AE Ao AHHI RHAL 45% mineral matter, 5%

2719 F(nineral matter), -F7]E(organic matter), &, Z71 ¥

flo

organic matter, 25% &, 25% T =& (air space)o|t},

%% 2] mineral3} organic matter®] FF{2o} ol uwield Fe|HEHgol
gzt ofe siale] dodat 25 WEE Fol st A=, FEF
ST 5ol getdet. 59), AuEYGY Ffols Helo 2ulEHN RIS
$4E, DFY HUA ARol23 BY Sol st e HAY P
o] 31 glch

Ads7te] dRE2 AHAGECH EoliM 24Y F¥ EEL AYET

lo

i
Q
>
w
i
i
2>
)
o%
yl
o
o
o
29
oy
8
L
N
('-.-« o
)
o
R
lo,
A
2
o
|
AC)
Bl

Je
QY Best Ak
2. AZuh] Hrlel o B4 A

¥ 2-6. 8 wjz|g EX

. Capilary rise Water absorption .
Medium Percolation
(cm) (%, v/v)

Soil 18 21 very slow
Peat-mix 30 27 slow
Vermiculite 29 21 fast
Perlite 41 17 fast
Rockwool 10 17 fast

QIZAIE R dg| AMEE = wix| 2} B R4 (capilary rise), B4

& (water absorption), w3 E¥(percolation) 5 H|ZZt RoT zE
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LIRS
2 AyoAE oli}fﬂ’%’zi GdEEHD
$A, ZIAVNE, HepolE
Hotsted EQY Eel8E
YA A AEAE
Zgste] Pu(E$H), 15E
5o E3 2 RN Eh YA
=7:3, Eok:%A=6:4, EoF:Halo|E=7:3, £} Helo|E=6:14T o] E
cthg A el 7ol vl ZAESICh (% 2-8)

QBulAE o F

olojo} 3ich (F 2-6)
BM A= ZHEEH

Jgz *}%6}

Ea(Z3&),

548 vastdon,

(R 2-7), B oA 6| &=

water infiltration rate($FEZIE£&)

o EF vlE

F 2-7. A E5F ZH 544 HE
. )& | g Rper| pH [ZEW HE B3 (%)
(g/ml) | (g/ml) | (mis1) | (KC1)] N P K
BA (F7]12%) 1.59 | 0.30 | 180 | 6.4 | 0.1 | 0.1 0.1
BLolA (671¥E<)] 1.79 | 0.66 | 470 | 6.4 | 2.0 | 2.8 1.2
F 2-8. JFuix] Hrhu| 2ol wiE EQY FEAFE HyY
( Water
g & (v/v) Pv(%) | Ea(%) | PV+Ea(%) infiltration
rate(cm/sec)
EOF+ A =713 29 16 45 1.01
EQ+ ¥A =64 27 18 45 1.24
EQr+ UE =8: 2 40 13 53 0.75
EoF+ IE =7:3 48 15 63 0.83
EorHelo|E=7 : 3 37 15 52 1.08
Eo+Helo|E= 6 : 4 39 20 59 1.35
EQSTHE 29 11 40 0.65
(2) ZAol] AHRH olaYUFEE : ¢(10cm), H(15cm), Volume(1.18/)
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whebd, [PviEal & Y FRFEL GAufel] AT E] 45 ~ 65%
olmg thREe] Eghulxzt Bgafule] gt E2lH 5 %
dom, clgujxlel Arlol WE 2z Ael¥ &3 F4& ulasto
Helo|E2l B9 FIFELS oA By 116}6} i AAIE

Vgl wot AFF B4¥Z FolAAIRE wigde] Aslste 5

ok,
i
i
r o

t}.

2A B3R AL A =Fo] FHol 4 25, FIFEY WL
JArE AT 22t7] EEIMAE REEHA| daon of F AFe dsixM=
MEE UAY 71 Eo] "oslgdong FA7 A dgich
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A 3 A A2 %

1 A} 712 4%

AE2S FHlYol mel ULy FEU APl Helxa ®¥, AE
o] ASAEE 5 Frldadd AuPgE 53 FA dod £ Fos
29 B8 E 7Ivisty) o"A Hr)h 53], AFEE 8F Holut B
ety Bigo] debd Aol 2AEY F4¥E HIHIEE oo HY
3 A AulsEe ARt 1 Yort JA "ch

A Fe AEER P 128 Adsted TR ohge sl Hlgaol
YA (R 2-9), EntEe] slojMe EABuIAuiA ARE 2483 @
A= U FETEL W] Pedirtn 3 AFZAHRE 2-10)7} Qlrh.

i
o
o

E 2-9. HAF 1SS Aot oy vgd (kg)

(&, =5, JII#@)
22 N P K Ca Mg
o o 2.4 0.9 4.0 3.5 0.8
Enlg 2.7 0.7 5.1 2.2 0.5
7t 7 3.3 0.8 5.1 1.2 0.5
3 5.8 1.1 7.4 2.5 0.9
2 u 2.1 0.6 - - -
T 7] 3.1 1.4 4.0 - -

53], 712 Egdulaful srtolA ol &sle] U g3, dA%rie, 3

AHEIRNE §2 EY AREHA A8 ddo] HE Habole
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(S0, ") =k Gao]2(Cl)o] ¥FES A= ol& HIREE ERAYFH} 4HEE
o] ATt o FL2 AAto] 2 (HP0s )2t HATe) A A0 2(NOy' )& E-RT v
5Z ulFo] Au|d "H7t oA Hrh
¥ 2-10. EulEe] HAHuIA] Au] A o (FE-AELIE)
e FEY 1ED HER, ke
A% = A A A A A AlQA A # AL e EC_
M| Jtel | 4Rw| 7t B | 7tE |2 E (dS/m)
e
1, 2, 3 4 40| 60 0 22,0 (126.0 | 50.0 | 0.4 3.5
5 6,7 8 4.0 | 25.0 0 22.0 [108.0 | 50.0 { 0.6 3.0
9, 10, 11 440 4.0 0 220 680 50.0| 1.0 2.5
12, 13 440 | 64.0 0 22.0 0f 5.0} 1.2 2.3
14, 15 60.0 | 64.0 0 22.0 0| 500 1.4 2.2
16, 17 76.0 | 64.0 7.0 22,0 0| 5.0 1.6 2.0
18, 19, 20 76.0 | 64.0 | 22.0 22.0 0| 500 1.6 1.8
21, 22, 23, 24, 25| 76.0 { 64.0 | 30.0 22.0 0 5.0 1.6 1.6
26, 27, 28, 29, 30| 76.0 | 64.0 | 30.0 22.0 0| 50.0] 1.6 1.4
ey
1, 2,3 4 76.0 | 64.0 7.0 22.0 0| 50.0| 0.6 1.4
5 6,7 8 60.0 | 64.0 0 22.0 0t 500( 0.8 1.5
9, 10 40 640 0 22.0 0] %0.0] 1.0 1.8
11, 12 40| 4.0 0 22.0| 680} 50.0| 1.0 2.0
13, 14 401 250 0 22.0 [108.0 | 50.0 | 0.8 2.2
15, 16, 17, 18 44,01 0 0 22.0 /126.0 | 50.0 | 0.4 2.5
A}& : A. P. Papadopoulos. 1994, Agriculture Canada Pub.
(%) n]akQ4 STEM(1.45% B, 3.2% Cu, 7.5% Fe, 8.15% Mn, 0.046% Mo,

4.5% Zn) 0.7kg X Fe EDTA(13% Fe) 0.5kgS 27},
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B dFoME 3o Ad AR EntEet Qolo Eofgziul AlAH
& F&3tn a@FAHATY AEFALTE FESI EEOA] FAF
70/3) AP L £stgch. B3, ASTAEE AuFE AAs) ¢
st} EggAxiulol A FY(IF2AAEATL, 1998)E ©] &3t
Jes2 EC 1.1, 2.2, 3,3, 4,4dS/nE Fw3le] AujAdEE £33

th,
211 AHFe FA] Gz ER
AlH} L pHzY RE
. (1) @40l &% : 2uM (60ppm)olrt
I EEE P : cren .
(2) ato]2 et @ 4uM(84ppm) o] 4
' 1) @40l ¥& 0
A(@FAR | ) BEIEET ;
(2) Aol #+aF : 2mM(32ppm)o] 3}
£ 2-110] Uehd ZHE BaolZoly dacle F Zud golee 7

9 109 THEstel 49 159 B4
2 A%ol AAHUN 5=



il

AZAIZeh

Qo] “AguUrEAeol” £F& '98d 24 214 ¥ 44 2 24
o] 6~7nf AAHLE wh FAsHAH, Fof ECx 1.2~1.7d5/n BHE 7]
zog astda, AA ¢47) 1mist =S of F ECE 1.7dS/n7HA]
grh

F 2-12. “E 2-10"& 7128 248 EnlE, Q0]9 ARG

Ea & L2 ol
v e 28 (EC 1.5dS/m) (EC 1.5dS/m)

THN-1 THN-11 CHN-1 CHN-11
A A E] 5[Ca(N03)z + 2H0] - NHNO3 488.1 | 606.6 | 493.0 | 608.5
A Ar7}E] KNO; 316.7 | 508.6 | 393.0 | 512.3
AH181417}2] KHzPO, 64.4 76.1 4.3 76. 4
Al1¢lAtet 245 NHeHzPO, 48.0 44.0 47.2 42.4
AT E Mg(NOs)z » 6H,0 286.5 - | 200.8 -
AT E MgS0s « 7H0 258.2 | 348.8 | 295.1 | 346.5
o317 8] KCI 32.2 - 32.8 -
3} 3] CaCly - 10H0 48.7 - 49.6 -
BAt7he] KoS04 33.2 - 76.4 -
(%) THN-1 © EnlE 2@FAeF, THN-II @ EofE AEFA 22,

CHN-1 @ ©o] JEMz|T CHN-11 : Qo] AEFA T
2 Ay Az 2d9FA ol EnE, 20| 33| 137]uitt &/t 3

A EQ EC7F S5 53], ESTHAEE Fujo] oyt A7

ob 7%t Al71E Tl ECE 2l FATe sheiAw 2 ECel
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5 zdold oje Bl AAE 2Adch olte "l HAFAFE EC
Z717F A9 gl AFAHY EAL 9 ¢ # vk EY, AERAL

27 2@ EA 2o vlsle] Eo pHel A5y} @vtsizich

r
. 25 ¢ —— X FHEIT . .
ol eewe TEAXEIT PR
o=
- st -
H © w
S o1
w . ./'\'/‘\o——o—o\.
| 051 &
i 0
0o 1 220 3 4 s 6 0 8 D
AR Y%
23 2-5. gede] A&3 Fojof wE 2 EC A
f
I
; —e— XAF 2T
; oo DHEH2|IT

E(pH)
[+)]

1
I Tl .. n
ol .
Pl i C e
[ -,
i ﬁ}?s ..., Y EETT -
i 4
! gt .
i 0 10 20 30 40 50 60 70 80 0
5 RPN

% 2-6. de] A&FH Foo] upE 2 pH W
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3. AR Al 438y
E-olE z3oA EnlE, Q0] AJd]|gko] ulE A
EAFES £33 A ¥ 2-133 Po] An|£E &, KKeZe HE

Zboll zto] 7t AFH ST

¥ 2-13. EntE, Qoo EggdaiuiAl AueEd £, FANE

(R-4¥ : B-oF AW 71E)
gl 55 | ERE £ (ke/k) 20] %3 (kg/Hk)
(dS/m) AZ BE A AE BE A
0.5 2.0 1.8 3.8 1.5 1.1 2.6
1.0 4.0 2.2 6.2 2.8 1.3 4.1
1.5 3.2 1.8 5.0 4.1 1.2 5.3
2.0 2.3 2.5 4.8 3.1 1.4 4.5
3.0 3.5 0.5 4.0 0.7 1.8 2.5

Quolq +uH T B JAEHAue AY AIHE E
2-14%} ol YAEA ol N F43} HE £30] S o] YZFWrh

Tetd, EQggddus JHE A st gn Funez F FTFol
st A1EsH AFdon HE P4 Hyeld ulel o= zjny
"ot Qb 2os WylHLh 2O kR FFol shseitid Auj=
NGB A EE AFOT RSt Fo| ABo| webd THY WSZAL

Hoid 4 9lA Hrh

l‘

N

r
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F 2-14. 20]9] A4 Aujzt A £7 (REK, 95d)

Axue A £E (E/10a) pzra

(o]
25 AE T
0
(Nkg/10a) = gz cz A T
A ML 40 13.7 3.1 3.2 100
Bk g zf vl
orol & 7 zj ufj 32 15.2 3.1 3.0 111
T3y ayul 30 6.5 1.0 0.9 100
o A 2 ul
oF ol & A 2 ul} 19 6.9 1.0 0.9 106

Egotezuo s 2ol Q7% FES HAY Avlel R gt

FEoE o] o= FE JHEStREA HESY &A glo] o8& &S

Y 4 & ez Fride}

59)2 Ald o] Al A EggAzuls FFxRulol w)

el e 208, ARl 35%2] 4 H|RE AP
b

ok
k<)
Z*
)

1. ol Zelo] mE Eore) Bt

_l?:‘.
i
ox
rE
T

Eartoiaals Baialulol wisted Alw] Egol WaHol whebx Alula
o) tiZHQ Aol Fhssith weld, Alule] 2T Eorozel Habd o
,!'F'-r

Hel7t golxle A2 gith ¥W EGAuolM s EQ EC7F wolA| E
gt HEE AR, BEgdYAuidMes B EC7F dFH R YA /A
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E 215, GlsEe] ME EQe Hetd 54 Hy

Treat, POs | KO ca0 | Mg0 | Nos EC
Date| pH | OM CEC

(dS/m) (ppm) | (me/100g) | (me/100g) | (me/100g) | (ppm) (dS/m)

4/ 46.30[1.70] 830.0| 1.62 | 4.42 | 1.08 |50.27 |8.55| 1.58

Con. |4/27/6.40(1.90|931.0| 1.39 | 502 | 1.06 |13.29|7.50| 1.12

5/1106.4001.90] 914.0| 1.60 | 4.84 | 1.03 |42.25(8.40| 1.52

4/ 46.50(2.10(1034.0] 2.37 | 3.99 | 1.29 |60.63|9.37| 1.55

10 [4/2706.50(1.90{1134.0| 2.35 | 4.78 | 1.39 |68.439.18| 1.57

5/1106.34]1.90] 999.0| 1.60 | 4.60 | 1.07 |86.37|7.60| 1.41

4/ 406.30(2.10{ 932.0| 1.39 | 3.96 | 0.99 |81.02]9.10| 1.67

1.5 |4/27|6.52|1.90|1054.0] 2.79 | 6.18 | 1.14 |87.15|8.90| 1.65

5/1106.36/2.10(1144.0] 2.37 | 5.02 | 1.18 |98.40(8.00| 1.67

4/ 4]6.52/2.00{ 974.0| 1.90 | 4.78 | 1.07 [101.41/10.20| 1.79

2.0 |4/276.30|2.00{1084.0] 1.94 | 4.14 | 1.25 |101.85/9.13]| 1.78

5/11(6.20(2.00(1323.0| 2.29 | 5.63 | 1.19 [128.70{7.50| 2.00

4/ 4]6.52|2.10(1124.0] 2.35 | 4.23 | 1.11 [120.90|9.97| 2.00

2.5 14/27/6.40/2.10|1104.0] 1.75 | 6.64 | 1.32 [204.46(8.30| 2.41

5/11/6.4112.10|1114.0} 1.75 7.65 3.87 1245.67(8.40| 2.73

el g FAst7l Y AAst ® 2-150Ith &

=2
+5 Zrisle Z¥E 2o stel, #s,
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nf2uls 5 EC 1.08F 1.5dS/moll & tfz7e & xjo]& Holx] gigto
L} EC 2.03} 2.5dS/m Ag|tolde FF7|3t0] LoAALE Fste B¥E

F EQSE AMeivt ABsHA §3A
1.3~1.7dS/n B$I7F A3 Ao
FEe e FAFL YAEHA dsdeh 2,
Q T FUE Yo A5 F
Foll wlet 4] ke FUEEE w4 FAY ULV AE At
3, 2 dFoME HIEFEF AFARE AE B IFH L Z
2

£3 U4t Barol2old FAY @S ¥ AE 4R IYE ulxA

T dTelAde A HFEE ALY £ e JIeE2A AHEAe
3 AMNE Fol FHsle AMUECHYA(PH-93, Nookoop, Udt=) o
Sap Analysis ¥ EFEMARE Y ASAIE29HE H&3AA stale
L Alde] o, FAE ASBZY Weldt A w7 LR BEEAE
A%Y + ek FF AL AA ZE&F App|@ET} FsstAl 3t
$13iA & o] &ofoll thdt FAHA AFL7} utetol & AL 2 Atg ),



A3 & ESLANUE FAA WL oS
= N

A1 A AAulgY Uz} E8IE

LoFue HEY FPEF L A2 9N By 2

Fufoll A gdful-g o2 o] &FIL e Ry FRe [(E 3-113 Zrh
o]F HxatzZgd xE4e], vdis, WAE, Ad, FF, doizeldl,

2 Sold 4481 Q= R ol8stn glom, Iueld Y Qi
uge) ERE BAUlTE, BADE, AQNTE AAuYRE, A
A Qi Bolm H2Eol WargFel F79UD, Ul vEE BF 4

ol
=]

Zof JZHT 9lo] olE w9 ZAlsir} uf¢ A]F AFolch
EoF orolzjujg el ZAFI] YsME IlolA 2Fo] foldtm,
F(cl7, S0&)e AH st Qe wEE HYstoiof s, stFe] AHs}
Fle] golsjol 3t Alg = B e LIl A=E Y&
FHo| I o] R EZ ZA|Eojo} g},
B3], orlzju) rlolAs FAZAE 91T AlPgo] Wol £8F T UE
AzstAY 2130] FWskA kg A ZHZo|ut Al HE FL Al
= =] oA wa¥stm gk

mpebd, 2 dqoldE dut gelxjujgos AEHI Qe HESE C, S0F
o ato] FE HEE MY (FAUIIYES FAMIYELE tiA)sld B
3-29} o] Eororoizjul AGRYL Azstglon, dujz b o] A

o
=]

R

7}

R



(HNO;) & 71ste] pH 4.5 MR W& F HIRE HUIse] 80T o|4L2 7
shaA fAsjdog A3 gajAlzict

F 3-1. gAzfujof ojRET Q&= HE FFY ZEFE
i
A 38 3 2 4 B F (%) LR
2 4H(100%) HNO3 22N03(W/V) 63.0
Q1 A4H(100%) H3P04 32P(W/V) 98.0

5[Ca(N0s)z « 2H:0] « NHNO; | 14.3NOs : 1.3NHg : 19Ca| 1080.5
Artzd g

Ca(NO3)z - 4Hq0 11.9N0; : 16.9Ca 236.0
FAPATI -] KNO; 13.2N0; @ 38.2K 101.1
Artot s NH,NO3 17NOs : 17NH, 80.0
AATE Mg(NO3)2 + 6H.0 1INO; : 9Mg 256.3
A1 QA S | KHaPO, 23P @ 28K 136.1
191 Aol 2 3| NH.HPO, 12NH, © 26.6P 115.0
%L{‘_]_'%_}% K2S04 45K : 12.8S 174.3
Zatol TulE | MgSO4 - TH:0 9.8Mg : 12.8S 246.3
%}"“_}'UJZ_]_' MnSO4 . HzO 32Mn 169 0
Zhatoldd ZnS0q4 * TH0 23Zn 287.5
%A}(Borax) NagB407 + 10H,0 11B 381.2
Bl H3BO3 17.58 61.8
A CuSOq * 5Hz0 25Cu 249.7
Zejadil

NasMoOy + 2H:0 40Mo 241.9
AT}

Fe-EDTA, Fe-DTPA 430~
2 & o] E ’ ’ 5~13F
e N T € 1118
() Aotgls Az} Qiate] 2= 717 60, 85% Yo 9
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o 1008} 2
T L] I3 ppm 1=
A abzhgs 5[Ca(N03)z + 2Ha0] « NH4NOs 869.5 86. 95kg
ZAb7}e] KNOs 254.1 25. 41kg

Aol
2 Abot s NHgNOs 21.7 21.70kg
Z Y o]E4 FeEDTA 20.0 2.00kg
A Ar7}12] KNOs 319.0 31.90kg
19147 2] KHoPO, 318.8 31.88kg
2 xtub U4 Mg(NO3)2 -+ 6H:0 197.5 19. 75kg
Shatol 1|5 MgS0s - 7H20 310.0 31.00kg
. FAt7ta) K.Si0; (2olzxfujoint &) 250.0 25. 00kg
o 2 AF HyBOs 2.86 286. Og
34 ZE MnS0; + Hz0 1.57 157.0g
atoldd ZnS04 + THO 0.22 22.0g
AL E] CuSOy + 5H0 0.08 8.0g
Ea|BularAc} NaMoOy - 2Hz0 0.025 2.5g

v

A7 PILANEATL, 1999, 4

(%) QEUA AL 71208 FiolS F U APl

¥ 3-29] Az EZ ECE 2.2dS/mE BAROR Eororalajuje] o] &
dS/m Uel7t BAsly, AU S8 2AL ¢istd 0.8~2.5dS/m
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E 3-3. olaztd Eoyhu] Aujg "Eev =" AHPYE HEEH

N I R e R i e N

, yrd7h (u]gFed4 A1)
N:P;05: K20 N: P205: K20

N:Py0s: K20+Mg0 N: P205: K20

1:1:1 19 : 19 : 19 18: 18 : 18 +2 | 20 : 20 : 20
2:1:3 19: 9: 28 17: 8:26+2} 19: 9: 29
212 21 ¢ 11+ 22 210: 10 : 21 +2 ] 22: 11 : 22
1:2:1 15 : 31 ¢ 15 14 : 29 : 14 +2 | 16 : 32 : 16
1:1:2 15 : 15 : 30 14 : 14 : 28 +2 15 : 15 : 30
2:1:1 27 : 13 : 13 2512 112 +2 ) 27 : 1313
1:4:1 12 : 43 : 12 11 1 40 1 11 + 2 | 12 : 44 : 12
2:2:3 17 : 17 * 25 16 1 16 + 24 + 2 | 17 : 17 : 46
1 :% 3 12 : 6 : 40 11 : 5:37+2 | 12: 6: 40
4 :1:6 20 5: 30 19 : 4:28+2 ] 20: 5: 30

olaztde] AS EQTuuE HYUET AUH YAT B HE=
wel Lalatelolr] TiZo] BF 484 A3 Solstn FzAA P
a7 BANIUES HES Foislelol s Ay, UM, §AE 9B
weo] MEES 229Th (E 3-3)

2 dpolx AU EQUUulg oa SyuEs Sy 43
Aol Jbsshul, BulE, 0o 5 RE 24F 2Bo] Hgo| hst B4

2 zZt3 9lth.
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BXEOE
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N R N a4
- RHEH = K& - RBEE M2
N - FHBR = RHE

ME | ETANEME ME |, zonx7 N Mz | E,‘tiﬂ‘ﬁ AR

8 |- SUAM E% ;;RHE a5 (- W8S
RPN o~ - MukE AIRICH
- B82S =N 1= CYATE
2EY, Ty,

g4 £X80¢ g4 a3s g4 3
e R

2% 3-2. iz AL dEesd 1Ay

£ ol 3 A4ul7t st itk s7HERel B3 Aol
et YA S FUOE EgrlAl Asue AYas sgoms 1y
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3-19](b) oA (uix]E7HE& B3t A EL +A8Iqich

AufzE AAsIRAL & ol Zsd BAE 5 Lslol ste)
2 Aol xS BASE Hold 1Y 329 T EAT AMZ
7} ZFojol & 2ASE AT

Al Eokajul Fe AS AAAzE BF 25X50cmolH o] &l
= 20~30cm, ZEHE-L 80~120cmE 92 tloksith. I HuIRE o] B 4
Aufof o] &dtL Qe AR Ee FZHL & 30~40cm, %] 15cn Y2 2%
Ao} 7l&ojth. Az e LE]EF0] thFEoll UF FepaY A
FFolL}l 30~50cn AL molZE 1/28 Ausle AujzE A=

] 1:]._

—

B AL 117100 1150 &8s PE

PEZE o
Y2AE BleS
2MELO| \\ (PVCIH O} )
PAZOE

Bi=E8

(a) BtAlsta (b} Al &t ()32

T3l 3-3. Bogozinlg Aujze] RF (G, HelA)

28 3-39] (a)ulx|slAle AE|EE AJujR(WHL, 35%X15X100cm)S o|&
3lo] wrdof w48 PVCT}o] X (¢50mm)E AdX|3tA=d AF 1/2HE 10cn
A2 0l0m FHS U S 1202 ol o] g3tch wi4S &

AAZL 5 AA sl7] ¢ste] AUIRE 171008 BAIAA A8t wi+&
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a7t v TojX HOoT

(D) AL AEIZE W= (a)oh Zo] FYuio]2e} Y2 pTjo]Zts

A st sdo] st wiEEX UEE PELE(90. lmn)S Al viFof

(c)Az|AE Azt Belste] SetxEA] vie FF5L& AAstEL i)
g 733 WY £ U=F =Y A P2L olgsiden iz
Yol PVCHO]Z(030mn)E o] &3tn wie3E& WEI o7l FAXE
Ao vl HAE 23 F5 A= BE3HAT

HA & WES 27kA Feh=2 Azl & A3} EEZ(5cn olu)9] ECA S
of & xtol& vehulrh (17 3-4)

A of2x g FEE 19 3~53 FYAL, 1F(K)T FALES
ghe 4 800~750cc, Z3l & 400~300cctTh. o] 7|zt Fere] EntE A
3 wAls A2~33hol JistEE Al7]glTh

0% 3-4(a)9] B9 EC ZHo] AEAMY AAFo UFH FFLS B A
AEE FHo= 3 b7 Scm oufe] EELE EC 4.9%2.

Nl

ul

Mo

lo

3mS/cnE VIERWY
U, 28 3-4(b)8) ALLE EC 3.1%+0.8nS/cn HEE HYosd {7 WAl
o] B2 WEZ o] &3l vhHo] dFETY AL AW Y £ o=

SUY WY WS ZA(QY PEEA)AA BE 2R A9E 2
2o ¢4 (AAH)Z MALE, K Aol de FEu & AFolNE
% A3 G olgstel AT
3 A3 E 348 Zol EnlE 2L 943, wAGE, K Fol Aol S
A WNOR BEY S 1Y FA

+

He

[

o



(HRXI =)
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N\ AT 7 8 (d6em)
Z5)

@cC 4655 EC 1.6-25
&ec36-45 (JEC06-15
EHEC 26-35

a

e

3-

()

-

filo
K

3 B ZEZS EC ¥}
Azl% 159 #('97. 8. 10)
ZAL 717 0 FAFRE S

ol HAUES ¥F

o} EC 2,0dS/m, A

oy &

T o]A(LF 4~54])

Qe x| £%o] Bz Fuojt ooz

e

Ugo2H 227} o ROE BRAF0 WA Hol B ATs} ARe
2ol AT Aupualy &

THE 7IthE 4 lglch
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(ZAMd @ 97, 7. 15, 2F 44])

2% a4l |E ol(en)| EC (ds/m) | uAEE (%)
5 2.9%1.12 52.31+4 32
2AL B 10 2.7%0.93 61.6%3.24
15 2.1+0.91 58.2%3.10
5 2.3%+0.83 51.6t2.14
Y 3A 10 2.1£0.54 67.3+4.71
15 1.9£0.33 63.4x3.16
(%) AE PAE Az 79 FHOE ¥ 5o o] 4H 2
2. Aulzel s BY AA
2 QoM E 27l WALE A5y AMEE AENACE WAL

Fol Al Aael %7 Folo] M A vlgE AWSHA T 4 At W
Moz Y =of olate] HolE em oHOE FolT B 80cn ol

Z<Q thE ola F4 ol & 40cm, Zo| 20~30cn RALIE AU FoILt A

7] Aol 7HedtE A
sl BAY A4S e 4 A oA v JHsd ¥ 4 UES skl
th g 3-1).

ThE gh7iRle] WA whdzt B $¥o] 4% AE|REA Mz
17 3-59F o] A 2ste] 2 HoM 10cm ol AeAA wjdstz, of7of
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FAzfulo] 2 o] go] Hedt AuMZE ItiE
& Axie} ©e] BEYY @t
Hal g g A 29 o2y EYLE ZA o] stedt A)E 7lthst
Azl 7b 271 who] glout atae] FF o8 HEYOl =
§ A 4 ol alrh
AAME(DY 3-5)& 7|&e Az} Zhe EAEE A3 #is) H)
co] Auto] E712 L ui4F S Fol 4 FI olatERtAL] MFo]
Us| o] AR EE slglon, st Redle] FeuozH HEHY 4o
o wjed  FEHs JHestEE stk W= FAL ol 1m, F
30cm, ol 13cn® to] uix|aF2 30¢ WYE FE3SL7] chEeo] wie ZA

Hojrh, 3, 7]&2 wiA] Y UAle] =olo] folste] ZAUR hel o

Py AIAIC

3% 3-5. FHeld 2E|2F AR “AdadE" A
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ozt & 80cmoll °] 30cnE 33t Zo| uldAsiH, of F F
40cm, Zo| 20cm®] FERE FAL HelolE, IE F& of&sloq Ee4
& AAstE, X3t 20cn F2o AF 4 o] Z wiFEE WEA] HAs}o

of gt} w3t FAAAE AAITAU HAUL o &slo &7 Fo] 7}

g oAt (27 3-6)

XSHHE001T 70%+EH X BIOIE(G0%)

DY IR GFAA A Ko o o B T
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afetA Zhe APSHA st At &olshy Fedelrt It ALRE
Fay west drh ol#y BXo] YUY FuEHe FuolM FAuH
o gl AT $2 glou} o} Mgl won, 1 HALRE FIiA
AR A Fwar ool EC, pH B FAA A ARG Ut gl7] wiEelch
sjelola ALY AFozE Tyrd “EARE-JHEYI]", uvj=d
“Anderson Ratio Injector”2} “Dosmaticplus Injector”, o]Azjadle] “wlF

o] ol

= Al EYA £EE Ty 3-73 Zo] F4gste] F ECLt pH
ZHE &Y A2 YAl HHugn} 48 A2 JHesiAl sttt ol
9lslol ® 3-29] ou]Z 25~50u1e] HAMu|ER 1749 Y I T
gstn b7 23 Qe BEG FFALRE IR ol&ste WH(a)
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2otysizng S3 d, vk Yok ¥ 447 oluiel 13
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E 3-5. EQorlxiulg FAFA (T AF ALY

b} =]
T o

F 2 A %

AEED

o FEWE (8)-24VAC . AujY B (2)-24VAC (SSR)
o =BAA (1)-0n/0ff - A 24VAC (40VA)
. LCDE}‘:EEL7] : 38X 70mm( ZH-& Wefo| EZFA)

2907 (5) Q& - A& 1 - | - ulgus

- AR 290A (1)-23% FEHE
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BLEA (1)- 4408 BY ol
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- PU758M(1 1} )
- oA -otd 0, Tkgf/cn’d o) A7t
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ch 4ol 9], wigde] Zo], TR Fof gt
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H 4-1, HYAF A52 AT 2= £ QA3 (MH %, 1990)

+ & 2E(T) A ZHE)
3 o= 70~80 15
= 60~71 20
A 60 10
=ale) & 57 30
HEZE|A 55 15
a2 55 15
glo] & E1]o} 52 30
o Bl & 46 40

Aabsrtol A tiF&e] {7122t BAE ZAE(dtel2& A 2])2 60TCAlA
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A 2 A wge P, A 4 AEEI|E

o Aujz o - 22 vl o] =& ulet on] mhEE 13
5ol WG 42 £BUIT 23} AVE PAE A Hd
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bt Lo
N
2

Aol 13 A3 g W Aoz AAste] WA o ol
Bizo] 73 VY wiAE Fsidd vl g Hae dol2(K

¥ 4-2. YL ol 8T SdA 2w I (A215e: 50/8)

7 = NO3-N P K Ca Mg S
=} 2] 2 (ppm) 190 100 515 112 81 131
] 2] % (ppm) 105 63 123 32 21 - 58

2. B o &3 Hgoiz a3}

HdoAE AEAY 2, =HARZ F TAEL AASI] AT B
o2 RodzpEE AMEIIET Beodarle 80cn golE TEeH 4%
Ocmoll &< EH(¢ 2mmo] )&, FWFole 7FeRA (0 0.25mo] 3})
2 z23lgon 322 20cnE AL 2 — 16mm £ Z At Rejol
g3 BRE AAE DEHSHA o] FAZAY HHUu|EEY Z e AAS
of ulel W3tcHE 4-3).
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® 4-3. RZejoizrlo] A #3548

+F +FAE & (%)
Phytophthora 8,000(cfu/ml) 97
Fusarium 10, 000(cfu/ml) 85

(F) Fdoll FFHFTF A4 S e Fo Y=g 24}

347

o =)

PR T S
20ca|sesses oo (¢ 2m0I2h

2= 2ol

A0ca (0.25ma O}5H)
A2
(2~ 16mm)
20ca

60ca ol =

a3 4-1. A¥e] AR Ry RAs
3. zhatA] Azlo] ol% gz

12} o2tF AEH HAuAELS 2xA £ ZolM Atsieo] 3t xS
= F 4-48 Pl

,000ppn3} 2 2&4(03) 1.0ppm Az FoAE o
® F(Phytophthora) ¢} 9| Z™F(Fusariun)e $A3) BFEglon zpataps
2 (H02) 500ppn3t 2tA(NaOCl) 1,500ppm A 2] Lol = W Fo] AlF&o]
99.3% ool e 2P I 99.9%] MAFSE Hch

_78_



= 4-4. o] o3 AR E T}

. A& (%)
BtatA) 5= (ppm)
Phytophthora Fusarium
Hz0; 500 99.3 99.9
NaOCl 1,500 99.7 100
Ca0Cl 2,000 100 100
03 1 100 100

4. 37145719 S AFAY

Aol At g g ol Y B
U mEes 4% A3 EPas
A4 AE AL o5 B 77

Bosigict. FU - 8 F8& Frlas

)
=

MSAJ 2] & (MS 2008] %, A
- AR A}
JltAiEE 105, 000Keal /h

al o]
N

Al

AR B4

—

Al dE)
(BR) BT BT (Matusima machine manufacturing co.,

B

SEEE
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Z
=
- 5%
A
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2 31

560Kg
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P AbedE, Axbs JEE

Mayer GmbH & Co.

34

_79_

FEYAY AA LS
slede) AYE 5ol vl
2EF7) W A2

ket 2,

R

N 8
a0 Hr

LTD)



- Z7]9Adar 300 ~ 2,000Kg/hr
AGgHA : 60~400n
-2 1 2E~ 428

- gEAe}  AEYY, AAE A=

Eoforelafulol ] vl g HASIA AL M AujzTt 2L
2 529 Ao Ao Alaglo] FEEF oo} vy T, Sz
sjel gl EQgAiufl s B Y fFwol A ESuAE T
Hate] mdEE P et ARt EFHAoR WHHI] 3, wijd
9] 5= EC 0.4~1.2dS/m, pHE 5.5~6.8 Hel7t HE24 g 3
AYggsle ZAle oyt E, AAHRSFE oY FIA BEXY AGE
Hs7] sl Fag Yy Aspesty] gl widF2 A et
ZRFste = Frgsich

wiebd, wide AEE e Aed ME It BEGFAAY AL
He 78Y B 71EY S a-el HAFI Sl Refodr] Ee
ZelAE pembrane HA71E o] &8l WAl AR £ 3 =3I, WHAY

AF UEE 2l W &5 HeAAE ol &8ss Wiol H&dYd AL
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A1 3 EnE
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3) ZUsE W] e EnkEe] 43 I BALEE P,

SRE ER T

) A¥s]7 1998 3¢ ~ 64

2) AEAA : PZLALERTL HEEY (SetaHsheL 80%)

3) BAES  RREIR(TakiiZE, d42)

4) 3 : 39 29 723 EEdgolo] Halo]EY IIVE
(6:4,v/v) EIIRE $AFHAo nHF

5) &  E : 39 18Y mEuixel HUT ERhIAE ELH XE
(9x9cm)oll 2% F o]A]. YEUJANEFFF S
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1/2 % %(EC 1.2dS/m)E ¥ 87

6) 3 A 49 69 ARAY Welo|ES 27 0wy TR =kl
G YRAN Y LY, EC 1.5d5/m) & FE3] T4
A7 % 20cn HAOZ 2} Aol PR 2074 A

) Heluhg ¢ X 513} 2

j,i

r_ﬂo

¥ 5-1. A F A&

U Ws 5 (dS/m)
A 2u& wiA] ZH(v/v) Al z7) Al 2. B
(% ) (= ¥)
R1 1.1
R2 2.2
-] ok &1 A-70: .
R3 U oF 944 270: 30 2.0 33
R4 4.4
P1 1.1
P2 29
BLE o) glo] E=70: 30 0 .
P3 i oF+H glo] 0 2 33
P4 4.4

(F) REQZ ZAXNZA M Ao gl AYEES 7|2

) ZAhAE3
) AszAL 2%, 37, 9% 9% 59 A4BNE 7Y PHos
63 u)7kz) za}

L) HFERA  AE, £33, @ Alx - whab] &3 ) By
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¥ 5-2. & AYolA o] 8T ¥

ZAE(YELA N B R FY )

. = =
MEd sy 5= g nyy  °
(ppm) (ppm)
5{Ca(N03); - 2H;0]  869.5 Fe EDTA 20.00
- NH:NO3 H3B0; 2.86
T}F  KNOs 729.0 | m3  MnSO, - H0 1.57
21 A NHH,PO, 62.8 | €A ZnSO, - TH,0 0.22
KH,PO, 109.0 CuS0y + 5H,0 0.08
MgSO04 + 7H;0 500.0 (NHy ) 2MoO4 0.03
th A4 9 2%
1) Agure
F 5-3. vfX|Z 8 H JYAeEE EnfEe AL (A F 749)
A 2 23 ] a5 =kl
L& (cm) (mm) (cm) (cm)
R1 247. 3a' 18. 8¢ 51.0a 53. 0ab
R2 229. 3ab 20. Oabc 45. 7cde 54.9a
R3 222.0bc 18. 9be 43 Qe 51, 2ab
R4 193.0d 19. 6abc 47. 2abe 53.0ab
P1 240. 3ab 20. 8abc 50. 3ab 50. Obc
P2 232.3ab 22.1a 47. Obcd 54, 3a
P3 221. Tbc 21.5ab 43, 2de 52. 0ab
P4 206. Ocd 21.9a 46, 3cde 47.0c

F) 1. ZACHEAZ(MRT) ol % FIFRFYXHFE 95% +F)
2. AHel&2 ¥ 5-2 =2



7})

1)

c})

<+
51

ECHS ¥ 23 A2 Rl A Fo)A 71 gion, HIolE

3 i FollME Pl Aol 7H wdrh

ARAL Aoz Helo|EEPA TN SATUAFHL}

A etk

27 9 Helo|EL] EQGEYAT 2ol FAFT 1.1dS/w

2 Feoig Rl, PLAE|FolA Aol 7bE JEeid b s
4.4dS/m2 A 2|3 R4, Paxe|FolM 7Y ubgirh wh

2, LAY Helo|ES Eoo] EYst EdFA=ME A4l

g A¢ ddsse vny A2 Beste Aol A= BS

40
—0—R4 ——R3 ——R2 —x—R1
35 T
30
25
20 * * * * *
5/18 5/25 6/1 6/8 6/15 6/22

=L

3% 51 @4 24 ng



- 7b

th)

7})

T})

UAS LY EhiRolN 7 Hald g4e] HREL 4g T
712 248 Al Aozt A uehdth 4% Filele A
w5 HeFel Rlo] 1% % Hel2el R4ETh G40 Rl kol
AT A T2 24E MR B 948 Fretgc
Pelo|ES LY BN 2 Aed g4 BHge
AE =83 Eui N ANYoz Rt AsE AT
Plojd 1% we @48 Hxs] Uiz gl v, 35 AT
Q) P4oll N F+-HREL 713 Yirh

ojate] ZTolA, EntEe] Eooreizjuja]l YARCH: Helo|E
2 ool TIPS AL @49 YRS WAHOT S U
4+ gom, 7t Eguixleld AsEE Hesie Zlo| g4 ¥R

of frelstaich

I e HelolE 8 AFolM FAeEE 2.2d5/m, 1.1
dS/m2 F4 P29t PIAE|FolAN JPE wRed, ¥A &
He)F & FYSEIL % R2, RIAE T Helo]E & A2
T F FWe=Tt g2 P4, P3AE|FolME 7H RodTh

AFS Helo|EE TEY ATl A & ARt &
NHoE & AYS vehilon, HelolE E§ A1 B¢
FAEEE 1.1, 2,20/ WA FAY MeFdM M U
2*5& RS

o] FEE At HeolE 8 Al BE A2 TN F
W= E 4.4dS/nE FelY s AeF(R4, PA)olA HIYE
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X 5-4. A 7 kg

A g 2t4 =5 A A= (pH) A/B

ye  (ea/F) (g/3F) °Bx)(A) (B) (%)
R1 3.9p' 177. 6c 5.29d 4,14 128.0
R2 3.3 191.3b 5. 45¢ 4,12 132.3
R3 4.5b 170. 3¢ 5. 56¢ 4,08 136.3
R4 4,9 183. 5bc 6.48a 4.09 158.4
P1 5.1a 219.0a 5.32d 4.21 126. 4
P2 5.8a 202. 6a 5. 42d 4,14 130.9
P3 3.7c 192.6b 5.52d 4,09 135.0
P4 3.9 188. Obc 6.31a 4.11 153.5°

F) 1. QACHE AR (WRT)o] 28 FFH2HYE 95% +2)

2. AHeUyge E 5-2 AR

eh)

1) %34 £,

7h s5e] 4 4 34 F

6.4BxZ EF Az|Fo] w3 1Bx F= A Uelken, 4=

=

fr

Zh Azt A7t glo] 4.08~4.21 WS et

ol’gel AxtollA, wix] 22 FA uls} HelolEE Eyyl
ol BE AHE Hyon, Fo ECe 4§ 27(£¥A)d
EC 1.1~2.2dS/m ¢ 2 H2|st= Zlo] uighastdd=lwt, 24

-

y e

<

ool olZelMs ABE(EC 2.2dS/m o]4}H) e FABeE Es3}

o 2 &4

L =E=

AR "ot At

7%

ik

rir

]

3

A
T

HelolE Z& B ujx|
FollA Me=E FYI P2, PloflA 713 wiolct.
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2. AFujA] Hrlo] wE ErotEd BF AL A % UL
7h AP EH

1) 712 A4 EQiujol o] § st A% &7, Fruixe] A "
ol g WHE 7

2) chgt QlZujx & HISIREHA V& AAWESY &%

4 @3 2R AMY + dE M8 E ER

3) Qlzujxe) HA ZYu|LI} o] wE ANt AE Au) FE JES
=

ntee] 2EAL ey THedE 78

1) AEZ7 0 1997d 19 ~ 74

2) A¥AL - Adoidta saoist AL AEEX
(Eeh&E3h9-2 100%)

3) TAEZ : FIRXARREIR(Takii$H, ¥4&)

4) 3} Z 119974 19 209 72F ZYIEdgo|o HelolEg I3
FE(7:3, wv) EuixE FH F

5) & B : 19974d 24 154 wE 5 EPAE SetaE X
E(9X9cm)oll FZZ F oA, AELAANERZZFH]
ool 1/2% =(EC 1.2dS/m) 2 4 |7

6) A A @ 19979 3¢ 10¢d Z He|EE 3w T& B ol
(Z 80cm)oll 20cm ZtAo 2 FAlgon, Zt E} olF
o= d3 IAE HXY F 1/3HP ZEEZ} Elo|E
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&
2
)

o| &35ty T U4
7) Aeui-g : ¥ 5-5¢ TF

® 5-5. B4 F AUE

(%, &3n])
A e & wE ok %A HzjolE FIATNE

S-1 100 - - -
S-2 70 30 - )
5-3 70 - 30 -
S-4 80 - - 20
5-5 60 - 20 20
S-6 - - 100 .
S-7 - - 30 70
S-8 .- 50 - 50

= AUYEE &

(F) YEFS FAxEH AL FHol ¢

8) AP wjx] : fHFALulA] 3tE
9) Jol(sx) : dEUAFHufGY(EC 1.3~1.7dS/m)
10) ZAF &2 4y
7h) A& ZAL 2%, B3, 45 €% 45 HA Y HAA R FH
B 5 4% 54E H 24

W) 2 24} %A 3E, B4 B4R § AUS §

BN

>

et

o



oh a4 2%

1) Bk
E 5-6.AFufR] Hrtoll wpE z} Hed BSu2 (97, 6. 5)
Ha oz da AR #f(cn) 2243t (A))

g  (cm) (uf) (mm) q4x  JE oy

S-1 158, 2a 29.0 17.2bc  42.6b 54.0ab 5 3. 3ab

S-2 143.4b 30.0 16. 6¢ 42.3b 54.5ab 5 3. 0ab

S-3 155.1a 29.7 17.1bc  40.3bc 55, 6ab 5 2.7b

S-4 141.6¢ 29.3 17.9b 38.9¢c 52.4b 5 2.3bc

S-5 151.2ab 28.7 18.2ab  42.5b 52.5b 5 2.0c

S-6 150.0ab 29.3 18.4ab 47.2ab 50, 7b 5 2. 3bc

S-7 156.8a 30.0 19.4a 44 .3b 53.8ab 5 3.7a

S-8 149.5ab  30.0 18.4ab 50.3a 58.9a 5 2.7b

F) 1. BAUCtEZZ(DMRT)oll 23t HBF KX (HE 95% 4+F)
2. Az Wg2 ¥ 5-5 =z

7 AZuiA] Hrlel whE A4 H7ix]2 EnlE AL ¥lge Hajo
Eot IIAINEEF 30:70(v/v) LR ETYY S-7x2LoA XAz
B3l BRIl 1Y Sesldd W, S-2(UERSA=70:30,
v/v)2h S-4(RE+TANE=80:20, v/v)oME A3 AAL
ARero]l Ay oz yglr}

L) Hol 4B 45 YA ZIAMEI} 50:50(v/v) o8 B
S-8x2] 7oA 7ha wotdl whd, S-4(LE 3T ¥ E=80: 20,
v/V)A gl ol A= 7} ke

Th 23} 32 BE Az FolM sates Eosigon, mapss
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S-7 > S-1 > S-2 2% &glt}

gh) ol ZA3E & o J& UYEYo ZFE #4F wix]e
4o utet &2 ASZAE thdstA velgten, 2 Ay
M S-TAe|Fol ASo] HrtHog gFsidy UES T
o2 ARt Ao 2t AE dlth

2) 2347 ZAH g

180 r

160 |

140 |
120 ¢ m6/5
§ 100 | [@5/30
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A e @=(° Bx) A+= (pH) A4 42 (ea)
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S-3 5.64 4. 32 50
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(cm) (mm) (uh) (cn)

C-0 128. 2ab' 8.43 17 5,923b
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T-2 124 . 3ab 8.70 18 5, 564d
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A-1 EokH alo] E(70:30)
A-2 AEAFA e E ¥+ Akt (70:30)
A-3 (S0s” 25ppm Z+ef) B9+ I AT E(70:30)
A-4 E0X(100)
B-1 Eok+H alo] E(70:30)
B-2 E okl A (70:30)
adFAe
B-3 sk Eok 3 AT E(70:30)
B-4 E0¥(100)
W = o AHEFAe|F ILEFA=F
(EC 1.3dS/m) (EC 1.3dS/m)

A A2k 3] 5 [Ca(NOs), - 2H0] « NHNOs 513.79 513.79
ZArZHE KNOs 150.15 157.06

, BATUEE NN 12.82 -

[.)

7 #Zlgo]|EA Fe-EDTA 11.81 11.81
AR KNOs 188. 50 273.76
Zatn} 2l MgS0s - 7TH0 183.18 295. 45
#|1e14t712] KHzPO, 188. 38 64. 40

B AatolauE MgNOs - H0 - 116.70 37.22
S-AF H3BO; 1.69 1.69

of  Zakra] CuSO4 - 7H0 0.04" 0.04
ato}ed ZnS04 - SH;0 0.13 0.13
AL ZE MnSO4 + Hz0 0.92 0.92
EajBelAc} NaMo0, - 2H,0 0.02 0.02
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F 5-13. 20[8 B (FA F 544)

A 2] Z3HA) S (B) A/B 7 gH
V)& {cm) (ea) (cm) mm) (cf)
A-1 309, 5a' 34.7a 8.9 7.5bc 7,222ab
A-2 288. 2ab 32.0bc 9.0 7.0c 7,383a
A-3 267. Tbed 31.0c 8.6 8.2a 7,221ab
A-4 255, bede 31.0c 8.2 8.2a 6,417cd
B-1 274. Tbe 32. 3bc 8.5 8.1a 6, 576bcd
B-2 248. 7de 32.0bc 7.8 7.8ab 6, 204cd
B-3 274.Obc 33.7ab 8.1 8.3a 6, 744abc
B-4 243. 8e 30. 7c 8.0 8.0ab 5,980d
A2 A Z(g/F) AE5(e/F)

e o % i o % g
A-1  336.7a 255, 7a 592. 3a 31.2a 14.0a 45.1a
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A-3  290.7bc  246.3ab 537.0b 26.9bc 13.4ab  40.4b
A-4 247.7de  183.8cd  428.2de  22.9de 10.0cd  33.0def
B-1 266.7cd 165.7d 432.3de  24.7cd  9.0d 33. 8de
B-2 231.0e 152.3d 383.3e 21.4e 8.3d 29.7f
B-3 266.4cd 212.3bc  478.7cd 24.6cd 11.6bc  36.3cd
B-4 231.0e  167.5d 398. 5¢ 21.4e 9.1d 30. 5ef

F) 1. BACtSAF(MRT) o] 4%t FF /2 2H(F 95%
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Q—" CUSO4 . 7H20

ZnS04 - 5H20

MnS0Oy + Hz0

NazM004 . 2H20

Y dRAAF g &

? S04 25ppm ZHar A w

8) &

Az Fesisel FRe A4S 2719 WUAE 08 74
By 0F 6Al71x] 1Y 3~43%» Fg 500 ~600me]
Fejstglon, A4FU 4UREHE 2d 64%H
oF A7 19 5~634 £ 1,000n08 TS

- 117 -



) Z &3 W

7h) B&RA 2%, 44, 373, €% 95, 993, 71E AN
3 4 AEF 5 7d 1A LE 53] nmIARASIAL
#Zdof mzABIACE. HBAZA 7](Delta-T area
meter, CB 3535, CBS OEJ, ¥3)& o]&3lo gL
A3, ZAEEL 80T dry ovenollA] 27t AX
¥ st

) I RA - BAAF 4qoitzir] GEE glolal 4mir] o] FF
Z3x| A Aol 25em AFE ZA3IA S o) $H3}o]
AHeld AP 3ZE 53

ch Az ow a3

1) A

) gz wbge] mE EqUxul 2olo 4%e ApHew

A@FAe|TRehs AdFAeFolA wokch
L) AEFAEFoMAE FTASES YU IEERE Hg
Aol AntAd Aguhgo] gFslolen, 5 7]
AN F3} AEF HRYHN 1 B ¥o] Fsich

T

rOI'

)

) SERANHATFIAE FASEE YriFoR W Bl C

Aol Fold A Agugo] $4sigon, Ba] 7t 7wy
WA FT AEZ BrwEeld 1 alol7t WAt

gh) wela], ©o]2] Eokorelzjufa] ooz} Tt X AEF)
ATl thA 5T Be|ske o] BN fegt o

- 118 -



wrers gtk

T

¥ 5-16. 20]2] B39 (FA F 60d)

Az 2% 3%

£ a% & g A
-8 (cm) (mm)

Sl (cm) (cm) (da?)

A 288.2a' 7.02b 32.0b 46, 2ab 31.0a - 7,016.8a
B 286. 3a 7.70a 34.3a 48.5a 28. 6ab 6,615, 3a
C 248.7b 7.77a 32.0b 41.4c 26.5b 6, 659.0a
D 251.0b 7.52ab 30.7b 43. 3bc 26. 8b 5,352.8b
2 e A3 (g) AEZF(g)
e g 2 7 s A A
A 293. 4a 185.0b 478. 4 54 4a 26. 4a 80.8
B 277.3ab  220.0a 497.3 52.6a 29.7a 82.3
C 248. Obc 152. 3¢ 400.3 46.2b 24. 0ab 70.2
D 230.0c 148.0c 378.0 42.6b 18.5b 61.1
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N,

=€

(o] L

N-1 82.7a' 40.3 5.7b 12.3a 12,5a 3.97a 42.7b 35.0b 73.3a
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S-1 25 427]
S-2 12.5 4£7)
s-3 25 . 227
S-4 12.5 2&7|
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2 5-20. AalAzIel RAPHol TE DR ARUS(FA F 104)

4% o4 _ BAZ0R)
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Ug  (cm)

S-1 78.7b' 35.3c 7.0b 12,3 16.7ab 5.2a 48.7bc 41.0b
S-2 86.7ab  42.0a 5.8c 12,3 14.4ab 4.3b 46.7bc 42.7b
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NP gl 2(dS/n) __ mx
A Ta¥ | uaE  ad¥
N-1 1.0 3.0 +1.0
N-2 1.5 2.5 +0.5
2.0
N-3 2.0 1.7 2.3 +0.3
N-4 2.0 2.0 0

7h B&zA 2%, F3%, 373, €% 45 s 2 74
H BAFE 17U THo= 63 uTRAF A4
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th 23 9 3
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Al 2% FRY BB L. 9% 9% AASE)
Ug () (m) (m) T (m) (m) @ A

N-1 77.7b' 37.7ab 6.8 12.3b 14.5c 4.4b 51.7c 48.0c
N-2 86.7a 40.0a 6.9b 13.0a 15.3b 4.3c 70.0a 54.0b
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N-4 80.0b 351b 7.0b 12,7ab 153b 4.1b 66.3b 54.7ab
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C-0 79.7bc' 32.7 7.40ab 13.0 15,6 4.67 58.3b  45.7ab
C-1 82.3b 343 7.93a 13.0 16.7 510 68.3a 48.7a
C-2 80.0b 31.7 7.13b 12.7 16.3 4.97 63.3ab 48.3a
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T-2 85.0ab 343 6.17c 12.3 17.1 4.97 67.0a 50.3a
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® 2ol TEY o] AW F4 UL BT YBA 2=
w2 ShehE Beel Qe US YETH QUFY LES RAslDE
ol Qo) Wl AU WUE ol NS Yrh

@ B Yol Aol 2] 3~4A2e) BF 5T LEE Foig
th. 2olel A% 18T, EmtEU 13 F$ 17T, AT WE FL
20C Wizt Beste Qoli of Azclol el 60w7} HlERsE, D}
EnbEE 40% ol4be) T4l ulti7} o RoldTh Bal de AR &1 =7}

ol TF AAHE AT Mole=2 #edid 9~13T HH7F AYsich
® €& 247 ARE d&F 1AT7R Y T2AL(TT ol )= o
23 A0 BHES MY e AL #A, 49 FHA Fol /&

stch B3], Buto] Wel ofwe] EIE RaTh

® ANl & 2~347 Hol HAHE AFAA A it
FEYE AASHE Zo] FHo] MY digel TapHolrt

@ B/l AX" B 23 Fol 2EIF B3t B718E JiH
stat & wols Z7lof 5% njLeR dol Ad Y FAY 2= F5
Hetg WA stejof gl

D 24 ol Z2AEE #F 5~20%ute] A Eo] BE = AHEH
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@ % Sl 2ol Y3l FHY F4Ro] odstod 2WFe Qe

T URBS e 2R FU] REFE WA st do $E FUE

N

® 24 Fole BUE=E A FASHEA 37 #52E WA =
Zol drd Er¥Ad ¥ THESE Y & don, Wiz dF 2/T A
A e AU §EF ol Zol F%Bo]

Mg oMY 4 k. B, @
el 2z AEE AWAING Fotol HF Aol VLY YoiSES 2

Ay dert olch

® A Br], AT AdFFA, W 2FYY JIEHA 5 AE
dlA7h ST 71 /8] ol HAY o]& AF AMSSHA HE AE
FAY =]

-]
[+}
A7t Aol 3 F4E 2HY 4 ok
el ¥tztA e

O #3 ¥eVlA F=+& 800ppn Y2 H o] & &3] ¢sie &
A7}ATL 25~30kg/hr/1000m° $E 08 BZE ool 3n 27| $S5UL A
A sjof gch F3], A £FY btz E #BIE K] 4AY FE
F712] ZPAATE ©dEE, $AJ Y] 2AAE 400ppn +FEE BF

E gt

@ 193 29 F2 LeE BZEA AHlE FAARY FHE o|FE
ol ZaFolth dF 7120] &2 AJlde AsEe 'AbZlA N2 3}

- 170 -



o 7]ge] &y FAtgo]

v O

d 8 o] AtEler A
1Ir’e) HeANA 1.8kg
119 5% 2.4kg
112] Az}elatzla 5. 2kg

@ THbts AuBL o) olauitt MA S AwolN AAA HE
Al golo] RFojo} s, HHIE Fr1HoE GAL ZUsl ABAe
at3o] AAHofo} geh.

Wts =T 30 B2 HFAL & of FF HE

® °ofY IFE 'ItAE dE F

E &l Bt 278k 53], ¥5EFY, 484 4 74 9F
o] Al-&d w F23ic}.
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2tEo] Ay msjE A F
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2. TUTAY A3} Yt
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o] 73} 16T Y ws 20T vlst] ¥ % FrBol 605 7
#Helstn 15CE 50% olsl, 14ColME dFE F47t AY ol FARA| &
=th.

@ 13C olstolldE P AW F2gol AstAl wAstd @Al A
wA Em, 30T ool Cazt Mg A2US AT + Tt

-
3
mlo

@ Aol o Fig, whaleixw, uIY Fol WA A,
Ao EntEY $12¥ Fol WAdstA "otk 127 FNY Bl

= gy WES AASAU F el ZE wEARE Aty WAt

® AFL4 B2 AR X3t ZLE AT 29 Ul ¢
X3 Zlo] 2|2 FUY HHof uighAsly, BF 2F 20~40cm Heof
ufAd ghct,

O L ERAIA HBE 3 BEALS F 629 TAD ol
Aqulel s 19 2-38 FET 43 TS H7] BBl e B2
Brol £YoII Hol FEY B4 ol Foiol Urh,

el
=X
L
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2 62, AT AY EYSE BelE AP B

2 B A3 pF 1 -
2 9 2.0 U9
2.5 U9 2, @ AR
=nk= 1.7 48] 24 Ho)7)
7kx], FE 2.0 ~2.3
o 2.0 ~ 2.5 7 & A
g 1.5 ~ 20 F ¥ 7]

23t Eoke] A Entg, 1F, JiA], 7] &2 AE
o ofelg FFslnA & wol pF 1.7~2.0 oA A+E AAYCE 2
7 Asich. EntEY] Z¢ FAFE A3~43hyo] I

=
Y7k B4LE Folof Al 2719 bHFL o] B3FE ME 5 Yrh

@ TR FF I2olN FAHHE BEYY Wiyt Q=S F3
sto 135 B4k 150~300cc M2 ASUAEE A4 et ¥

D EF £ A EC= 0.5~0.8dS/mo]m 1,2dS/m o]4te] &1ztx]of
AN Aol =] EoF BEMz Ao APe wee )

@ #7214 HulY A9z 7T o] H2 RS A3 F50
WA de AEE AMEF N0-N| Fifo] WAHAL UEUE 7t&
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U 5o EA7F QleBE Agx] deth

® £ ol LY nlgdLE VABES 50% ool ateizA
A EUY Weot AT, 2 nwel BEeAE BEA orae) Tyl
ZASAL 9 AT AHgslodo} Tt

@ th¥Ee) HBS EorgUe] AT} ph 6.2~6.9 WY of 2
S3tt}. pH7l Yolx|H Ca, Mg F471 A3lE3, 2™ B, Fe, Mn 52
F7b AaEo] o] e JUTFEIL LASIAL G H3} AAto)
Bttt

0%

mfok

>,

© thgds SN + A8 2ol A3 F4
S B3t Relof AEHoz FI3)

Zo]l "Wostm, Cadl NHi-N2| 79 EQGEAA], 2A, 887 #siztol iz}

Hd

5
4
=
]
=

o

o oh‘.

rlr

tfREY A FE AL 23 =T vl 2on] AYA] F -1l =
24 Qo] WAsh A% 2A E7lolx ¥ wae] FK0ch
g B3 2W A4 BT PEE 23T Baso] SEULTS
B Z% olvl, H% A3HY PHOE QA Bol VL(3I)E o

Palolth, 92 B AULELE HT £FAZ ALY APE &
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A 4 d gAzg3 S

- 3P F5=(EC), At=(pH)

- ThE Aol ¢ AAMNAA(NOT-N), UREEFLA(NK-N), ZE(K),
Q1(HPO,-P), Z(Ca®), mtaulld(Mg®), (S0 -S)

- ool ¢ H(F”), WHMT), Fe(C®), old(zn’), BalBw
(Mo™), B(B%)

+ 71e} ¢ LUEFENa'), @4(Cl7), FEHHHCOs)

@ Eraraalulol Abgo] ety +3
C 1.0dS/m o]4}
- Ca 80ppm, Mg 30ppm ©]A}
+ Cl 60ppm, HCO; 250ppm, Zn 1.0ppm o)A}
7)) wer BREBLo] WE RS

U el &8 4

Eggg el AHEEE gde FRZLE Fuoly Fdapige aiE
AR AL Y FE “EelBE(3tolnl, olAsld)”, “HMIaR(dlo|=2 7}
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E, 0]2)" o] AH8H I girh

A7tA] BAL BAZ oM BIH FAL F4lo Fol olE2H ofF
@Al LR o] &3he dle Felst glet ot SAzA Y #H F
ol A 2130l Wl AAHY AR 2AEY FFo wlel M 2o &
gt 25 Mulsis o] ulgAsth. AEEW, AEY FFU 5
utel K/N B]&, Call NH-N = EE NOy/NH, v]&3t e8] A EC 55
2ejd Wast Qrk E 6-3 AE FHER AHE Y FFY o
A4 HE Ay oE vehd Azjolrt

L
™

E 6-3. FE ZFFE YUY FFY ciEdL A o (me/ L)

2L

5 NO3-N | NH4-N | PO4-P | K Ca | Mg | S04-S

o
y
o
4

U ]l 16 1.3 4 8 | 8 | 4 4
E0iE | d8 K 7 0.7 2 4 | 3| 2 2

uget=pBe | 13.5| 0.5 | 4.5 |9.25]9.25(3.5| 7

UL A 16 1.3 4

(o]
(=]
-
S

2 o} | ¥& 1wy 13 1 3 6 7 4 4
Ud2t=pPRG |15.75| 0.5 | 4.5 | 8 |8.5(2.75| 2.5
AdE A 16 1.3 4 8 8 4 4
A2 |k 13 | 1.3 ] 4 6 | 7|3 3
o 2
A Z @ Feh ¥ 8 1 3 6 8 4 10
vldetepRG | 13.5 - 3.7 | 6 9 2 1225
o2 Ay 16 1.3 4 8 8 4 4
g 7 '
ARO[ Ll 5 0.5 [ 1.5 | 3 2 1 1
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sororelzjufol M @RFAI Abdste] dao] He FatelY A

S Zolt Zlo| Wastw 4+ TPz wet Brldae] YRS 7}
2ol ek E 6-4k AR PAZuYAS JIFOE Biole HE %

Hl

Z 64ppno A 40ppn $ELE A A ARG Ho|n & o= EC
1.5dS/m 208 509 E7lol ol& AL3GS w) A7} WHAHA] 4%

T}

¥ 6-4. EQgGAu]E JYZLHE (EC 2.28 7€)

T =1 -3 ppm 10%0;}]]2
A Abzh 5[Ca(NO3)2 - 2H,0] « NHNO3 869.5 86.95kg
e Zxr7}a] KNOs 254.1 25.41kg
A4t E 5 NHaNOs 21.7 21. 70kg
Zgo] E3 FeEDTA 20.0 2.00kg
2 Ab7he] KNOs 319.0 31.90kg
A|114k7}e] KHPO, 318.8 31.88kg
A atu} 21Ul Mg(NGs), - 6H:0 197.5 19. 75kg
Fatol v MgS0s - 7H0 310.0 31.00kg
By FA7 el KoSi0s (Lol afufeilgt 3 -£) 250.0 25. 00kg
A} HsBO; 2.86 286. 0g
A ZF MnSOy « H0 1.57 157.0g
#atoted ZnS0s + THO - 0.22 22.0g
FAdte] CuSOs - 5H0 0.08 8.0g
Ea)Belabatt NaMoO, « 2Hz0 0.025 2.5g

AR C BTLALEATL, 1999, 4

() QRN AE 71E22 Falole B FU Ay
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o). BE olesEe] 4%

Fede) FH7H AU 1 oyel Brlda 4RE BES VY F o
242 F3 $42H 23 22T JLHE(R)E W the 8439 Fuy
ol 2(Hy)ol ZAY F$ olF FHAY + UEF Hrishe ) Yy

(C)& W Unz] “¥F HRo|RF=(A-B-C)"E 4&3IA Hr) (E 6-5)

F 6-5. FHRoIXHxY 2& 4 (ppn)

f 7 = Ca | NOs-N | NHi-N | K | HPOL-P | Mg | S

H 6-6, Jatz} ¢YdrEFo] 2o ZAW (F. Benoit, 1992)

ﬁ?i oko BAL n 5&
v & 2ES (+0. SmZIOHfPOU ;g; °o*<}24

EC 2.3 dS/m 2.3 dS/m 2.3 dS/m
NOs~ 14.0 mol 14,0 mol 13.67 mol
H,PO, 1.0 1.5 1.50
S04 3.75 3.75 3.66
Sol& #A 22.5 23 22.49
NH,' 1.25 mol 1.25 mol 1,25 mol
K' 8.75 8.75 8.75
ca® 4.25 4.25 4.25
Mg 2.0 2.0 2.00
ool 2 A 22.5 22.5 22.5
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grel, GAZAA] &4 FH-o FA7} Ao HPOS IS 0.5mol o
2L g wlolls & 6-63F T WAo] 23l Fol|R FHE RFIlof g
. g AR o9l FFL? N0y + 2XS0 = 14+7.5 = 21.50|m, o]
A& oA it #o]l BRAYXE utPste] 21.5 - HPO B = 21.5 -
0.5 = 217} EH, o7olA BAFN4E 21/21.57F "ol w2la], Nz
14.0x21/21.5 = 13.67%, SO, : 3.75%21/21.5 = 3.66mol 2 HAFHC}. o]
olof NHie] EBE #l3ide= gl 2R S wEch

3]

)

el v|E F71g AiH

D +4¢ 2% {2H BE ol LEEold FThitol o] HchstA
LREo] 218 7% S0ppn o] 48] FEAYOl2(H ) S QA B A4t 59
HH0') & B7tsto] F3HAIATH (E 6-7)

fr

E 6-7. FTI0I 2L FHE g3 Polo] AIHE Aty

ZEl4to] 2 (ppm) Ate] A7lek kg(L), 10084 1€ 7)&
& 4 | FEH FEZ| AY : 60% YAt BeY @ 85% ¢lal
75 25 2.153 (1.566) 2.364 (1.407)
100 50 4.305 (3.131) 4.727 (2.814)
125 75 6.458 (4.697) 7.091 (4.221)
150 100 8.610 (6.262) 9.454 (5.627)
175 125 10,763 (7.878) 11.818 (7.035)
200 150 12.915 (9.393) 14.18F (8.441)
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@ Z#(Ca)e] BE o]2%E O pmE AHEstazt she Aa

SEND
e 42 RHET ol Wew ANBEY B AVUTh A& B,
Pae BE o2

2% =7} 150ppnd %

- 1049 AAabzs 5[Ca(N0s)e. 73-9NO; 14.3%, NH,
1.3%, Ca 19%S 3r83t2 Q7] uwfFof oleje}t ol gxygg 789. 47ppn
Ar&g 4 gt

+ 2H,01 + NH4NO32]

Ca 50|

+ HEF Ca LR E

EEEDEDE
A4
, 150ppm <+ 0.19 = 789. 47ppm

=
_=

=

1

- 4403 A AraHE Ca(NO3)s - 4H:08] ZA-$- NO3 11.9%, Ca 16.9%E ¥
St l7] wiol ofzish ol WAL 887.57pm &Y 4 Utk

Ca ERo|2%

T W23 (s AEURE @ - WEY FUY ]
___B}\
. 150ppn = 0.169 = 887.57ppm K

o=
A
=

1

o] ztRollA ztzte] Aibzkgo] FHH HATelE £(N0g-N) =}

2 Eely
AN BARE 2Estofof Bm, 1 g

¥ S @28 EF NO;-NZ}F NHe-N
o] 2ol A witfe] HF FE o] =g A&
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- AAlof|A] NOs-N2F& {789.47ppmX0.143} 2= 112.89ppm, NH-NBFE
{789. 5ppm X 0. 013} 2. 10. 26ppmo] HC}.

- BAlo A NO;-N3FZ {887.57ppmx0.119} .22 105. 62ppme] B, NHe-N
< glch

® oluE(Mg) el BE ol2%® O pmE PAmiaulge] ntadg
HERGEE Upro] Lot Baupulge) g A4Rith o 59, Mg
o] BEo|2sE7}l 40ppnd A$ BAIUIE MgSO, - THO(Mg 9.8% S
12.8%)¢] A7t ofelel ol 408.16ppno S ArEHch

@ o)t 22 Wdol 23te] K, Noy-N, NH-NF §& Ar&stA Hedl
wololtt 43 24 Az} HF B ol2FEs} Welly] Wil FUY
) gzl AMEEE HIEY FHY w27 BF g A&
=W, HEEE ol2w ol M W Ffole Jdud FHuEER Al
QitetEES MY 4 A Ho mietd, AldLEES AHE3tolok st
ol o Z71E: #E wEE sty UNLE, BULE T F=EE Z

7h. FAzAA SPNAME ¢E ¥E

S

@ Z4(Ca)2t Fol2(s07) I Ql4to]-&(Pos*)
@ QAHP)Z Z#o|EH(Fe-EDTA &)
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@ E2|EelAbATHNaMo0,) 2} HI & HZ9)
@ At} ghabg=4-ZHE (KHCO3)

s

R LI

® NEHo AL 1000 & 500 SHALET HPHH, 52
a9 27) 2el, YAy AP AEREE A WA A7t Fulgolop
o 15w} olste] w&AL 1708 WA= FEch

GAAulel el Bzl EC v HBS FASA WA
712 7] wiEol S5 A, Bl A T 1tE WBIREH 4 A E
AHeje 4~ glch

&)

& PI(A, BA)E IS U B9 Aol AWMU, Y4B

&, HeolERE IR Y3 AMUEFe] Hrtge 39

=
d =
Aol YA Hrh wh, A, Bel3ol 3AFELE u]Ze] Faro] ulsgt BA)

Y 4 S ANLEY FE UrE Ro) wigtHsich

@ 7zte) Thd Al 3o ¢7) Ho| 240l HPHOE mof T
bl 7k obd 489 Aefol A EgE oo} B},

e
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off
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th wge gaeA
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B2 &eA e 7 B2 48 HAE o83t A=E pH 5.5 o]}
2 Z3Y F AN AEES AHolERE YA =Y nrgeR
Aatzdg g AUt BRAoM s HAALE, ndds, AAARES Y2
F Bautadiss MidaddE 2 AIAAYRE, ddEe €22 4

& B,

o

3. Fujeie

7} ddat=(pH) o) e

O BE4E AH8A Ude Gl wiz] o] HA At=7} pH 5.6~
6.2 Helol glor} WP Eakaiule 6.2~6.9 W7 AAsIch Bl
Bofl ] AR Atz pH 5.5~6.5 M| Lio]A Aol xjol7} glomT HA

A= W97t Wk @ 4 ek,

@ =S YL e pHE F71H 22 AlFsle pHrt AUAA

oM ZRole Fdol €% ¥4 FLUEE §& ol&3td UEF 0.1~

0.5mmol/f £ 2 A7 4 Qlcrl. o] AT NH AN & At
el ko] 105 9] WUA stefol gIth NH, o]22 A EoAM AlE
Edo] whAlgl 4= ¢l7] wjRolth

Q@ nitlE pHE Holax} & wlols FElalglere] Eao] AlAHo] o] &

lo

oA Feiito]2e] Waro] 25ppm oI5t ZHPoli KHOO:E FIML 4 9

o 1M U8 g FE& FrIsld s Aol

_183_



(<]
s
=

-

dAzt wAg

=

AR

L=

_
T
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el
ol FYZE MA 3| HFA7]

Ziol #elstd w2 EC 5EE Wl

g Uehdch w2hy, 7]

}

s

%

|

“

& 913to) ECE 2.5dS/m7HA] AFAIA
g

[e]

SEAL
©

pH7} $H& of

3 o o
gl =R} 0.3~0.5dS/m o|A LR Rolx|A

- Falole E4

SE(EC)] Bel
%ol Age zejebx) ehth

=
2

o

@ Eokokiziulold AaiFe AW HF ECE 1.5dS/m vigjolctt

=%

7} 0.3dS/m o]t e g FHstA F4 Asirt WBY +

=
L

)
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Ee

ol 1d ¥9
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O 9 #EL T ¥l ol

Al A% H48 Qo] 24

o] it

Sape) wrgo] wigtlsitin & 4

650~800ml/7} BA 4=Fo|n]

Foll=

o]

17147t 5 300~450ml/3%,

k-3
=

ol S2lsict, EunlEe} 20]2] AP o] Hrl 50~80% A=

st
t}.

® 29 R+ F B4l mel tlEA D AUGE~

53 ge 138 Fosiy oFo] 2/3, %ol %

EnEY YEEDIES

%,
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g
ol

ctiet,

3ot

3t 2olA HEZ 2499 13, 5~108 FE7} Aysich AAEY B¢
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o, o o

L
L
&

SHAl H

o
3] @o] o]FolXrt. ubepA,

T AE
TT=
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£33} gl ofelx AFE AFE 13 FAste Ro] Frh

® i} A2 & HAHSI] A A FE) 77, B 4
A, Fuiey He] WY Foll miel A BE Friuitt 3 104] e oF
4o B¢ &4 A3 st EC, pH HHE A, FATE UL
"ozt glch o] AREH o I8 FFH F22 gHo] dxNE o
2 oF A ASAE ue FEIt £EFo] (AP Ao uthy £ 9l
ct.

® FF8Rol Arid Fole ECE golHA FAZS FAL Foln,
BTl AHBE= Al7lole ECE WEHA FAZES A gEle Ao

F Aot}

@ BAEFol #F ATlole WEERE, 159 ZF 0.5~1mM Al
A4ME, Role 1~2mM AAMZE, EutEY FL 1~1.5mM FALEL 3
87t RESIch B, FHIFS LAEY AETE 2% AR FIHA7E
ol Zx= Ald Fefu, 2E A& AR, viA] A Foll wle} ClERR 5x4

QAHLE e s ol uiargsich,

2 B9 M} A E YALRE VY ZAol o3 AR

“ [«
o 3 24, F A, 137 FAY Fol JAEE F97t Wk

@ #HES A% Fo] FHAMAEA ZH BHE GFEHANI] 9
A Rol I} o|ct,
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A 5 A uE S5

1. o5 9 SRE24Y &

N
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N
do
at

74 2&FE 89 3te 71T mFo] o] Rl HFolME L27)d
SH7L 7Hesh] flste okt 22 SR Aol FulE oo} 3t

O HAF BF Fobt LEA} 8T o] dFHojof dtn oft A7)
2T 22°C ©|8}7} Fojo} opEHel AL 2stA detTh

@ 237 Ee TR Jte|AE A Rl dEste dide
A HFol AFPELHEAE Tl AU =S

R

Q@ eferzel Hejdol tist A]d F= WAt &L gol7] #l3tHo
AAE BN ke dulw dEAE A @¥se Aol

Hsto] o 27|71 wEA Ajde]
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2 WNHEE sta, HEY FUAEE ¥ Fr Aol A2 FHAA =
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® Ade A . FH, FHRFE PEA FBALE T &S I (Soll,



Zapdd], spihby £)¢) ulelE o} Fojok shdl, dgAte] | Ho| ¢
3] Br|go] MY $ OB A4 Uole FrIREUL AE A -

o wi7lg Ratsjel B BEE UYL

4 o

® Al Az U &9, 3y A2 AAE 3 £F& AA

L= 2

o] w37t Asty] wiEol AFREQPAA L] ZolH gl Aol F

109 zere 19 seri gFF AL olojxe 77 KEE
293t AM U LxBelol Felsiol sy 53, $E 2ot U=A
7o) wEI A2 T Astd ABAY 2AZE BYA He B9

O QzAZY BEI} FFS B st 2AY 1~2428 2
| Fzroll wabztael Aulel 1L B (V1€ eZRTH

tiAlZ "7t gleh

!
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3
Hr
N
Jo
N
ft &
ol
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ox
o
fifo
oN

@ 24¥ MEAE ZARY B AFsta, 252 ES YHEY 3
o2t SE FE 7HAE 10% F= o UTh
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Q@ Ald U 7HEBAE HF BEIlq =
HAsto] ol THY BE §GYUTL

A 7ROl F)8 ule)

@ BT, gude A

Sol fejstel F71M WAE 9T ReluA A2 Aul} Wesit)
® ool 18T ol31E Holxd Wig AN B/ 45UE ¥3
ZHLEE 21TC &2
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