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SUMMARY

This research project was conducted to develop a new digital chlorophyll meter to determine a
precision nitrogen content of plant leaf which would make a major role to use as a criteria for the
amount of top dressing in nitrogen fertilizer management. This technology was aimed to assumption
of linear correlation between chlorophyll amount and nitrogen content of the plant leaf.

The following was summarized of the research results for the past 3 years in the above research

project.

1. Application of a new digital chlorophyll meter in rice plant

- There was significantly different between nitrogen level and leaf chlorophyll in the rice plant.

- Among cultivars there was highly statistically significant difference at panicle initiation stage of

the rice leaf.
- Over the 100% level of recommended nitrogen fertilizer rice yield was not significantly different.

- At 3 different field trials there was highly significantly different between SAPD value and total

nitrogen content.

- A measurement of leaf chlorophyll content was right time at panicle initiation stage with fully

developed leaf in the rice plant.

- There was significantly different among different soil textures with similar trend of chlorophyll

content with nitrogen level.

- At 3 different field trials there was highly significantly different between SPAD value and total

nitrogen content of the rice leaf.

- There was highly statistically different (y=0.0656x + 0.3526, r=0.655%%) at field trials which might
be applied with a digital chlorophyll meter using correlative relationship between leaf chlorophyll

content and nitrogen amount with top dressing at specific growing stage in the rice plant.

— Digital chlorophyll meter was so precious detection compared with commercial chlorophyll meters
such as SPAD 502(Minolta) and PPW 3000(Satake).

2. Development of digital chlorophyll meter
- A digital chlorophyll meter was composed of 5 major parts with light illuminating system, light

reception, amplifier, U-processor, and detection(display LCD).



- The MPU system of the digital chlorophyll meter was flash type which would easily remove the
data.

- The amplifier was able to amplify up to 10,000 times and this capacity was detect to all samples.

- Date-logging was adopted of RS232 telecom function which was capable to link with PC with

on-line.

- Digital chlorophyll meter was prevented from light scattering during measurement.

— The SPAD502 (Minolta, Japan) was determined to compare with a digital chlorophyll meter.

- The distance in between phot-diods was 0.6mm which caused to minimize error value during

measurement.

- Digital chlorophyll meter was adopted two specific light spectrums such as red led-654nm and

infrared led-845nm which was able to increase precision value during measurement unlike SPAD5S02.
- Digital chlorophyll meter was much improved light diffusion system using a diffuser.

- Tester I(digital chlorophyll meter) was manufactured to field trial and displayed at the
international exhibition of machinery, science and technology for agriculture from Nov. 8 to 13, 2002,
seoul, korea.

- TesterII (digital chlorophyll meter) was manufactured with improvement of function and handling.

- Testerll was demonstrated with commercial chlorophyll meters such as SPAD 502(Minolta) and
PPW3000(Satake) and obtained a similar value and trend.

3. Application of digital chlorophyll meter in garlic
- There was highly significantly different between chlorophyll content and nitrate (NOs-N) of the

leaf in garlic.

- The higher amount of total nitrogen content in garlic leaf would be caused to higher bulb weight

of the garlic

- There was highly significant difference between chlorophyll content and SPAD value in garlic

leaf.

- The SPAD value of the garlic would be highly correlative relationship in nitrate of the soil.



- In a field trial there was highly significantly different between SPAD value of the garlic leaf and

nitrate content in soil

1) Establishment of optimum level of additional nitrogen fertilizer for garlic.

- With emphasis on adaption of cool area -

A high nitrogen dose gives rise higher vegetation growth such as secondary growth in garlic
plant. There is need to quantify the amount of nitrogen fertilizer to be applied during the crop
season to maintain normal vegetative growth in garlic. Therefore, this study was conducted to
predict the sufficiency indices for nitrogen fertilizer as an indicator of in—-season nitrogen status. It
was appeared that SPAD value were gradually increased as the successive growth period at the
first week of May thereafter, it was decreased with time. There was positive relation between
SPAD value and nitrate nitrogen in field, pot soil. It showed a higher correlation coefficient of
r=0.5421, r=0.5957 respectively. A positive relation was showed between total nitrogen contents in
leaves and nitrate nitrogen in field soil. SPAD value. It showed a correlation coefficient of r=0.7463,
r=0.6698 respectively. It was highly significant relation between fresh weight of garlic bulb and total

nitrogen contents in leaves. It showed a higher correlation coefficient of r=0.8629.

2) Establishment of optimum level of additional nitrogen fertilizer for garlic.

- With emphasis on adoption of warm area -

Among the nitrogen treatments test, fourth level of nitrogen application showed high SPAD
values, whereas the control did low values. Concentration of total nitrogen in leaves for each
treatments in pot culture were closely maintenance for the first week of May. There was positive
relation between total nitrogen contents in leaves and concentration of chlorophyll in leaves. It
showed a higher correlation coefficient of r=0.5434. A positive relation was showed between
chlorophyll contents in leaves and SPAD value. It range were lower in 40.06 to higher value in 68.7.
It showed a higher correlation coefficient of R*=0.5969.. There were significant differences between
SPAD value and nitrate nitrogen contents in soil, total nitrogen contents in leaves. It showed a
higher correlation coefficient of R*=0.5384 for nitrate nitrogen contents in soil, r=0.4662 for total
nitrogen contents in leaves.

Total yield was no significant differences among nitrogen treatment, when optimum, double, fourth
level of nitrogen was applied during 2003. The total yield of garlic were 1174kg/10a in optimum,
1205kg/10a in double level, 1080kg/10a fourth level of nitrogen.

In the hydroponic culture, There were significant differences between SPAD value and total

_10_



nitrogen contents in leaves, chlorophyll contents in leaves. It showed a higher correlation coefficient
of RQZO.8943, R*=0.8148 respectively. A positive relation was showed between SPAD value. and dry
weight of above ground. It showed a higher correlation coefficient of R*=0.5008.

SPAD value at the 3rd leaf were within 1 unit of the reference. Therefore, It value were stable

and no difference to relative value.

3) Establishment of standard level of additional nitrogen fertilizer for garlic.

It was appeared that plant height, leaf length, sheath diameter, fresh weight of bulb, leaf width,
leaf thickness, in the treatment of optimum level were observed in better growth than that of other
nitrogen treatments and control.

we observed that SPAD value and chlorophyll contents in leaves were gradually increased as the
successive growth period at the 24th of April. Thereafter, it was decreased with time. However,
concentration of total nitrogen and dry weight of above ground were reached their maximum on 4th
and 14th of May. respectively.

It showed that correlation between SPAD value and total nitrogen in leaves was positive and
highly significant with R” value of 0.7386 for total nitrogen in leaves, 0.2028 for nitrate contents in
soil, 0.4432 for chlorophyll content in the leaves. This has clearly indicated a closer relationship of
this traits with SPAD value, i,e. higher the SPAD value, higher will be the chlorophyll contents in
leaves and vice versa.

There was positive relation between total nitrogen contents in leaves and concentration of
chlorophyll in leaves. It showed a higher correlation coefficient of R?=0.4918. Based on regression
analysis, relationship between the each rate of nitrogen treatments and SPAD value (the regression
equation Y = ~0.1066X°+12.509X-342.89) was developed. The model provides a tool for the prediction
of these rates for leaves growing in field cultivation for garlic. we recommended that optimum
range of SPAD value in use of during the end of March through April was 58, 59 and 60unit. for
optimum and 56~60unit for broad range. Our results suggest that field SPAD reading can readily
identify severe nitrogen deficiency in garlic, have the potential to identify situations where

supplementary top dressed N would not be necessary.

_11_
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AFZF3E E (36x51x30cm) o] A Bl st o NEAIH] &2 7[H] - 1] -5H](50-20-30%) = 22t o3
T 3-2). ¥ o AT =AM HLE FEAY [ & YHor HEsgon FaArE 48 2
S 2AE 247 Tk A E T w A E S g ou) A 3ukE oz &t
¥ 328 5 A Aang A
=) 2] N - P20s5 - K20 kg/10a
= 2] g W
(N%) 11 - 45 - 5.7
0 0.0 - 45 - 5.7 FA
50 55 - 45 - 5.7 1/2v) AWl (N7]&
100 11.0 - 45 - 5.7 FFEA ] =
150 165 - 45 - 5.7 1.54) AlH = (N7]<5)
200 22.0 45 - 5.7 2 A (N7]5)
(3) B A& gAEAdL=AY] WY LAAF
133 FH4AYS X““M;%, A% A7, 5UEFY AaeEd ¥ Fo A4S A7|E G
T =4 (SPAD 502, Minolta)< 3ttt
(4) vl AASH7] o] &
B AgE FE 9 oM 4z 3859 Ad F S5 O, FFolA 7 o] FojH o
= S A

BEE FENT R R
(N71#) N(kg/10a) N(kg/10a) Py05-K20(kg/10a)
F-H] 0 0 771-12.8
1/2v) 4+ - 12.5 B H
ETT 25 25 2,000kg/10a
1.580 - 375
2+ 50 -
3w+ 75 -




AADEE pot(51x36x30cm-7FEX A Exzo] AVZEE) Al E potd 1574 & 20/MAE 288t
o ¥AAAFANE BT A AZ 20x10cmE A L3t T 30kE BT w X2 S 2%
AFeol AEF WAL 15mi(15x1Im)&E FYth NEAMH L 78] -31](40-60%) 2 23] 2 UFo]Fgo

o ke AP u, el A -2nE0-40%) 2 23l AH 7H7h Aelsth Fo 2AFEmO R AL
Al

Al g3 EYEA(pH, OM, Ec, T-N, P:0s K20, NOs, NHy, Ca, K, Mg) 954 &%, 454 54, 2

=4 & A4 9 BV AL, ASE A4 FEd g9AE A 392 58 47 sk

) A=) A
<1> OARAEEA7) A G A%

© YA"RLZH7] Al A 7 F88 9% %7 (Chlorophyll meter) 273715914 LED(#3th

olo=)9) 9 WHRedF A9 A (Infra red) WP L= A Y WAoot wE

bl AglE 0.6mm=E 3t

Aol 345nmoll Al 7} 7 JEAT

@ 2719 YAANA Yo LdPtjojo= Ho] Byl
£ A&kl

I e
& 2a5E Aol 4 EAAY A ey
1=

)

&S FHois Fo]7] fske] giHA] (diffuser)

(2 "gAgda F47] A&7 FAAE
@ Az719 9 Y
AA(LED, PDAIM)E 715, A%, 717 Az WellA 7]&9] AARG Hert an §-
3 Row shutslgdtt.
@ Block diagram
ANaE AR A4S & SAHAFE 59 545 A8k CPUE LED1#
LED 2& W53l WAl s4S =% ot
@ Flow-chart
LED 13 LED 2¢] ZA}gt F3} 92 PD(Photo diode)®
#<S A/D(Analog—Digital) & ¥ 3tste] CPUA AAksH
@ 32w A

rd‘
o —1m
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o
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o
=3
>
_O‘L
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uj
Q‘L
38
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Q) "AEEd2=F47] A&7 A
]

DOAZ7] 1

A7) T2 d5a54e 78 4, Vs, A, 37 A 14490 AA7I=A AZsel
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2) B Ag HAEALFAHY] NE XEAY

(1) AaAmFE

ARZFEE(36x51x30cm)oll LEB(FHAF)E s8] 108 aFE (G
0%, 25%, 50%, 75%, 100%, 125%, 150%, 175%, 200%)°.2 A &3ttt 3

R

11-45-5.7kg/10a. 2, AAi+=
(709%-30%) %2 A& 3stRem

o Qo) A

¢ 11 A% 5d
e Aelaol

(3) EAE i

1/2000a Potel

¥EF 1, B

H -2 H|-4H] :
2 11-45-5.7kg/10a%] 1L

A
A% 2 QAE

4pEoz 39

AL 191

AR 2

FA= g
T, AARELE
382 FFEAMFS
7] )= A 0] =42 1] (50-20-309%0) & B AIEFA L Zre] =76 -]

A4k HAF7In| = skt
A& A et o] SPAD 502(Minolta, Japan)E ©]&3le] #3847
st or SAHAANE AGAIESA AT 2 o)A (A A

Al 7Zolo] 1244 o =mBoE 7}7t =430}

.
oo £ -UAERE 14 FF(EAF 3 TAFT 5 THAT 1 6= 1/2000a Potell A 2k}l 9
A

-1
=

.
2% 2AAAL V8 B D 2AE 5ELE

2
W EERANED FHAh AET WAL AAQ A uBos g

O

=5 0%, 50%, 100%, 150%, 200%)3tel Al AASFAL 1 FollA

FHEA oo, FAF A, FUAS 0 AFF)e Hustel A%E
o= AASET 2AEET AME e @1 SAsA
Fol ME % L AT W
VEHE FAG] EBLEY, ALY, FHE 5ALFFO, EENF 55,

d Fog
F 159 1 166, BF 20 : 22kg/100) 02 A H AT Dal 38 A7)
9%)et T el 28] EA (71 -50]:70-30%) itk 382

ARF7IR 2 AlE S0 Al Al s BEA4E d s o af A

]753 I J’]’ %EO]'ME}.

BAREH7) ANLEGA
o ABAGFAALGE), A/ EFANEAOVEFE), SAZFAFD 24T

a4
29 ;‘<]. FTAANHE FAE
71

H v F9 A

%4

t‘ﬂ Aul EGN M g7

.ﬂ

AL =7k yALS

W ] A% (SPAD 502, Minolta)9F g4 dA4d#s =4 6?915}.
J 2

GARE Z4sn 1 A AAs] AxA F

471 A E7] ol gl od 270 AR Flow FeAFAVIE W

A<, SPAD =4, SPAD 4ol 9§ AulF 44, ¢ & FFTHLEE 47 A

ah A o]

(D ANFET - XE

N —
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2

%%mmlbm14§%%:%ﬂ@%-%na@ Ao SES BT, EET250g/ha), 1500 T, 2
WpE) T, GulE] R 247 Aelsach. FEDG 124, A 2044 sl AduA 3B ow
A

i X8 th A 71H])(40%: 3Y 30Y) 9} ZH](60/ 49 28 )i 28| A g QAL A2
Al A 7u 2 Algstd o Zels 718]60%(3YE 30Y), FH 40%(49 28Y)& A 3}t
FANGES APAST BEY B4, AEA dE54x B4, da: 2 Aagdo|da dNEE 4¥91d~
49264 7HA) A49 S, 5Y olF = ALKES 47 AU FFE, daAnFEE A e vl

o ]*?s =
H T — =
SFRlal DA W el AR o] dRa A Aelgie] s 4o AREE
4

of o 3 AA daAvFs

(2) AIFO + =AXEZAE

A5 15xIm 7|2 A5t AAAvFEs FH 5 57 (125kg/ha), 1.5¥ 7+

(1875kg/ha), 28i8] - Z 4uin] 2 A 2letdal AAik2 77kg/ha, Ze]=128kg/ha, B8] 20,000kg/ha
2 Pot A FAdA Ao AAAZE dubAguiel Zo] 20x10cm®  split-split plot
designs flste] ¥ 3wk o2 st AP E S AF T 3 FdskAth

(3) F7F 24 A
$7h vk R

2 EF R A dands, JAE 2 dS2E Bkl 4

L ofi
o 1t
>,
2
=
rO
fo
>
el
53]
o
folr
ot
off
ind
>,
o
o
>
i H:l
I )
o
(o
2
re
—
[
ot
:Oé
i
o

3. 3xd =

DY F8 ZFHEs 2 4
3dat Aol M= W F

2 =

[e]

AR Fe 0 Y

&
el

T =5

A E ege, AvHE 2%

TAE TR, e s, b, s, gAY 5 6% F

T E FAH FEH A E AW FEH A F ] FX1 8 A EE TR

Al 155 <%
7h 4= 54

A E =42 SPAD-502(Minolta, Japan) € PPW3000(Satake, Japan) 27} 715 & Al&39ieomd &+
T oAt AF W SFFEAV 72 SA AT
ST 1, 293 AldATol A Ao g5 VFo R o] HT AAMAFA/2017)H 1 o] E S
Z+7y A5 o Ao 124- AYS 7Fo 25 LEFE T (SEEY JHEAE A



EREES 3
o
T

=
Az

nhs FEFES BAY FAHA AviE Aow AFTE WELS A AT 15m x 1.5me] T

3 potE 52cm x 36cm x 30cm plastic AFES o] &3] EUS I pote] THIFA A

Aok AR A= bl o] 20cm x10ecmZ 2002 10€ el 3% 3}
[e=]

A3 potd 9= 1 potd 20
WA A G G 3utE o7 St Ah AHFES WEYS] A4

<=7 (25kg/10a), -H]
T, WhEFR(12.5kg/10a), 1.5¥17-(37.5kg/10a), 291 -(25kg/10a),4¥7-(50kg/10a), 5FFo.= kAL <l
7.7kg/10a, Z2]12.8kg/10a, ¥ H] 2000kg/10a,= AlH|8tA T} pote] 7-9-+= FHIF-, ZFT, 2Wi
(50kg/10a), 681-(150kg/10a)2] 45T 2 AAhE 7|H] 40% =, 23]+ FH 60%=2 A0 A4k

AF7v 2 ZrEl= 714 60% FH]|23]40% = AlHEtAth AlEddS Y8 dAE AL
SPAD(Minolta 502)54 7] & o|&3le] F439 3 d54 42 Armor(1949)H o2 FA A+

Kjeldahl' (ASA, 1982), NO3-N&412 Copperized cadium AW (ASA, 1982)2.2 A3t}

2 Alg2 20049 3€EH 5¥EA SEREAVIEY ddrtEAE Y PET2AdA Adxe 453t
2 95 ddvts AHAETET 3~4ge HS A 3¢ 21 dFsan e 24 U
A2 N 150me-e’, P 30me-e’, K 60me-e’, Ca 80me -e’, Mg 40me - e ' 1] ZFY 2= Fe-EDTA

25ppm, HsBO3; 3ppm, MnSQOy - 4H20 3ppm, ZnSO, - 7TH2O 0.22ppm, CuSO4 - 5H20O 0.05ppm, NasMoOy -
2H.O 0.02ppml. 2 AP Fu|FE X eFw§, stock solutione A 3t4et £de9 a1 TET+
& 2.0dS - mL, 28] = 4dS - m Y, 49 7= 8dS - m ‘2 2A s g

Aug MEs FYAaE TEAEZE AIHE 480mm(W) x 300mm(H) x 1200mm(L)Z d A&
AbESFaATE 2 A= 5004 o] FRP® A 4705 Aol AA, vleds] A4 WS o] &3t 1<

53], 18] o= 9 100y #FEE 31900 vlA = vermiculiteE AF-8-3F%

ol &sto]l Al 39S FAsIA L M= AMAASA 1CR-200, Minolta, 154 &4 Arnon (1949)%%
How g4 Kjeldahl® (ASA 1982), NO3-N+#2412 Copperized cadium 3™ (ASA ,1982)2.2
A8l
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A AT e 2 2

1 1xd=

D Aug grgdaSA47] A 2E AY 1

W Aol T8 ASFE Aoz E F g Aojrh dden (1Y 3-2) 53] g Aol th
ZA YERskh

B 2%, A5 Tkl 4A Toem, :
F-AMFAOIE 2 o7} flol Mkd AFe wlth A sgu R AFHEE olg u53
Fe YO (1Y 3-3, 3-4, 35 3-6, 3-7, 3-8) ol ¥ EBFY 2WATelE AT Aol
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2 | 69 229 74 39 74 20 =77 o
5 | A¥E

(%) | 2% | A et A ety A 4k ¥ R 4 o S i B
(cm) | (1) (cm) (7H) (cm) N (cm) on) (cm) | (1)
éfﬁj‘g) 0 371 30|528d | 43¢ | 678 39 574¢ | 39c¢ |576| 39
50 | 402 | 52 | 584 cd | 73 bel| 717 64 | 599c | 61bc|604]| 65
100 | 439 | 71| 623Dbd| 95 ab| 767 90 | 652b | 79b |644| 88
150 | 456 | 76| 660ab | 111 a | 823 110 | 693ab| 108a |687]109
200 | 492 | 90 |696a |123a | 844 143 | 717a | 116a |718]121

3}
el 0 | 333 34| 447 50 |609c | 42b |651Db | 39¢ | 657 39

(A=)
50 | 354 | 69 | 483 88 |633c | 66b |667Db | 53¢ |678] 58
100 | 403 | 118 | 468 147 |76b | 109a |703b | 99b |717] 99
150 | 401 | 115 | 554 148 | 759ab | 118a |781a | 114ab | 790|115
200 | 428 | 107 | 595 152 | 771a |133a |791a |133a |784]135

==]

(%HE}%% 0 | 351 40 | 469 59 |604c | 53¢ |642¢ | 53¢ | 646|170
50 | 374 | 86|50 99 | 601c | 82bc|615¢ | 79 be | 622169
100 | 414 | 95 | 526 130 | 630 be | 112 be | 662 be | 110 ab | 666 | 17.9
150 | 429 | 115 | 58.1 150 | 681 ab | 123 ab | 702 ab | 119 ab | 70.9 | 19.0
200 | 447 | 124 | 616 180 |704a |159a |713a | 146a |717]194

=38 A= @2 & 3-69A4 E= uhel o] 2Rl SuiBel FAT(EAH) 2 THAAF(L
| =

Z 0 AT SHAAT L

= 2 YeEt 72 ASAVE g9 gL 249 30, =4 10%, =571
et dubg o s Frbske Aol S o9 o wek g e gAE ge Bl HT Y
of Hlsto] 1 o] o] MutHew =A eyt
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36 8 F2 5 A2 55 A5AY 2 999 94
B A, E54 109 #57]
x| (FRAME % (8871
N-POsK0 Hy 1 oldg FH o AY 4 1 olHg
69274 69274 79174 79174 79274 7927
0-4.5-5.7 30.8 345 30.9 31.7 33.1 325
ooy | 50-45-57 34.7 33.8 31.8 32.4 32.9 32.2
(2A4%) | 100-45-5.7 38.2 435 34.3 37.2 34.1 34.4
150-4.5-5.7 40.8 45.6 35.7 386 34.2 35.8
200-4.5-5.7 426 48.3 37.1 40.8 336 36.0
79229 79229 8411 8411 8921 8Y21<
0-4.5-5.7 24.5 26.6 27.9 286 26.0 26.5
v | 50-4.5-5.7 25.4 279 27.9 29.0 26.7 26.5
%) | 100-45-5.7 26.4 30.3 25.9 29.4 26.8 27.2
150-4.5-5.7 275 32.2 29.2 325 285 29.6
200-4.5-5.7 29.2 33.9 29.5 32.8 30.6 30.9
79204 7920 8994 8994 84199 8419Y
- 0-4.5-5.7 26.1 26.8 24.9 26.0 23.7 25.0
A
(FEgE 50-4.5-5.7 24.9 26.2 27.1 27.8 24.7 24.6
) 100-4.5-5.7 26.8 27.3 279 28.4 25.3 25.9
150-4.5-5.7 27.1 28.7 28.2 30.4 27.2 275
200-4.5-5.7 27.2 29.9 29.2 316 28.3 295
a9 3-33 3-4= iy o] AAaAv]Fe] wrE SPAD M= AABAS YEu o Fr) g A7)
A f¢ WAV AANAN 2 oAy BT 1% 2 BAY F4S w A 4ps vehy
Atk




[ ]
b
®
—®

B
H
2

<2 g >
45 - eN15
@eN13
®N14
o
I 35 F
7] N5 y=0.1191x + 31.487
R2 =0.8984""
N2
N3
25 . . . )
0 50 100 150 200
HLAdH g (%)
oy 3-3. 9 o] AAxAF SPAD#ES gt
® oMY
<_?_1‘4]H1] S H8 (201HY)
50 p N15
zN14
N13
[a]
= 40 }
%)
y =0.1373x + 35.3
R% =0.9207""
N3
N2
30 N N N )
0 50 100 150 200

A E(%)

a9 3-4. ¥ 9] AAAn|HE3 SPADZY]
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<A H >

- N15
80 s
[m]
< 25
(/]
y = 0.0457x + 24.32
R? =0.9326""
20 N N N ;
0 50 100 150 200
HAAHE (%)
a9 3-5. 9 Qo] v SPADALS] g
- [ ] ooy
<§}‘}\é H:] > My (aoldy)
35 p eNi5
ON13 N14
a
E 30 i oN8
) y=0.076x + 26.4
R%=10.9642""
N3
25 N N N s
0 50 100 150 200
EALAHE(%)
29 3-6. 1 oo AaAW Pt SPADRS] A
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<A H >

35 r

25 P y =0.0411x + 25.513
R? = 0.9561""

20 N N N N N
0 50 100 150 200 250

a9 3-7. 9 49 AAAMFI SPADRES] A3

</\H%%§Bﬂ> ® Jo|mY

Mg (a01MY)

35 r
30
1,N3 y =0.0543x + 27.173
> _ o
o5 | R* =0.9378
20 . ' : ' :
0 50 100 150 200 250

a9 3-8 9 o] ALY SPAD#S] AT

_17_




rlo

X 37S W FF E Arred S NE don B FRAE A St wet ik
TS 44 Bk
X378 FF L AxFEd S
FEH A2 A H £ (%) E571(4. ) S & (%) % (g/pot)
< o= 0 7.27 78.0 763 ¢
50 7.26 71.8 10.89 bd
100 7.27 779 1733 b
150 7.27 85.0 2511 a
200 7.27 81.3 28.72 a
s}/ | 0 8.22 95.2 956 ¢
50 8.22 95.1 12.80 ¢
100 8.19 95.7 22.15 b
150 8.22 9.1 29.39 ab
200 8.21 %5 3587 a
A2 0 8.22 94.4 10.09 d
50 8.22 91.8 13.28 cd
100 8.21 94.0 20.67 bc
150 8.21 89.6 23.75 ab
200 8.21 9%.5 30.64 a
2) B A& OAEALSA AL FE AY O
TEATY qEAd FHES LEN AasEd 8 FaASAT Y g2 dAaE FAHAME
A E F7kel wel 443 SPADF S7FE HATHE 3-8).
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F 3-8 AaFEd v FaASAY AT Ao
e | O1FF 459 F54 309 E54 109 el
ST (7.10) (7.25) (8.14) (8.24)
=5 (BEFAE%)
NPORKO | 5oqg | 2ol | Aeq | 209 | A9 | 209 | A9 | 2oKkY
0-0-0 24.8 27.1 25.1 26.0 24.1 24.9 24.6 22.9
0-45-57 | 256 28.0 25.7 275 26.3 265 24.0 22.9
25-45-5.7 | 26.3 29.0 26.2 26.8 26.9 284 27.1 25.6
50-45-57 | 269 30.2 25.5 26.9 26.3 27.8 27.2 26.3
AFH | 75-45-57 | 276 317 255 26.0 26.2 28.8 28.9 274
(RS | 100-45-5.7 | 30.2 34.1 26.5 274 27.1 284 29.1 285
125-45-57 | 323 34.9 26.9 28.7 27.2 30.3 30.8 29.8
150-45-5.7 | 319 35.2 26.5 28.3 29.8 31.8 316 30.2
175-45-57 | 329 37.0 27.3 29.3 29.9 32.8 32.8 316
200-45-5.7 | 333 374 28.6 30.6 32.9 34.7 34.2 33.3
27 3-99 310 AEH O FFA 35U AEAGN 1 o)A FAEE FAF AW 1-5% B
AH fF948E& Baon A44 Jaes 247 By 53 GAE SAHAANYE FH AgArlga & 5
Qe FEFA7 ol Hg9de 2ol AL FAsE Aol FEd Aow ddHAL)
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B
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2

[z
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i
el

A
({7
K
R
v

o 38
N35NSE,
30 F oN27 Ng6  ON3

25

N® N8 N0 enN23 y=0.022x +25.117
R® = 0.6286°
20 . . . * '
0 50 100 150 200 250

a9 3-9. dFH ] A Y SPADRL ] g

® oMY

M (J01He)

e y =0.0358x + 25.486
25 I R? =0.8842""
N2
20 A A A A ']
0 50 100 150 200 250

>
a
o)

19 3-10. 4EH 9 A A =3 SPADZE ]

O
r
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# 39 dEve] daAgeesd B s el daAed Sk wet AT St

2 247 Ry

¥ 3-9. AFS AaALZI) BE v FFAo)
3 ARANEO) | ERNR D) | BN 5% (g/pot)
- N-P-K=0 8.25 879 9.36 d
23]
0 8.24 38.4 10.15 d
25 8.25 89.6 10.30 d
50 8.24 33.6 1271 cd
75 8.22 36.0 12.99 cd
100 8.22 90.4 19.89 bc
125 8.22 83.1 2321 b
150 8.24 90.4 26.43 ab
175 3.21 90.9 31.36 a
200 8.21 9.1 34.04 a

3) W AME HALEALSAHINE A

e 2GAEL FEARY, A7E5d7ed, s7HEGAA Aadsd nE A 4 9 4
A BAS Fe AAEAS SAvhy 3-11). ¥ Aw 2N A 20019 8¢9 199 A4 (flag leaf) <]
FAE S F43T F ST dS A= AFS Ax A7 F Aol Adx BAES 77 sk
FITF15% $7FE(4 7] 84) Alselm NITNISE #AEA GG ¥ A4xy, KITKIbeE 471% 5971
=9 v Arz oA A& Aol g B uie} o] ML ZHSPAD ) e H Ax
BeF7boll = y=9.6351x +16.0512] A A2 7} *=055152 A4 1%9] k9] Foldo] AR B3] 2 A
Sv 94 AU #H, FFS nEskA @G TR Qo] A% Fold wEt gAE g SA I
SAe oo A TS B4 S Adolmz AAbE] = npr) vl At
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50
* N4
o N7 * K13
* Ki4
* K7
40 050 N1
* N12 Fo
KOee Ng ¢ F11
SPAD
* F12
30
g y =9.6351x + 16.051
R? =0.5515™
* N13
* K2
20 :
0 1 TN (%) 2 8

1) vhEANE AR LZAY N EEAE
FEAYANA A2AF Skl BE GAEsh pot EFHE] NOyNE el gzre] 9or (1
S

3-12), 1% =

rlo
off
)
A2
Ho
1o,
oX,
o
ro,
o
)
32
)

SHIZ+ 35K
R =07&0s

1 2

v . .

RO (g kg b
g
[ ]

19 3-12. potESFe] NO3¢t #1553 e SPAD#L
AA A2 g
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T3 Al 599 SPAD#H & HAaddE A4 ddoew yeugten A4 fed0%)e] AA =

(29 3-13).

Vo J811 = 0 B0

R = 0.65156
?.]-
[ ]
. "
L] - =
o [
g | R '
an- ' e "
-
L}
E-
[
m ] 1 1 1 i
15 4.6 4.7 a8 4.0 50
Total Mitragen { % )

% 3-13. potEFelA A59 SPAD## T-N9J
AAA 2 A

a9 3-14= ESU NOs9 &3 vhs
o whzol HF FEEog & £ JE
j‘

ST

A5 F ArdFE =2 FodFIH(w=086211") = eI
% = 2

o
3} v Aol = e A A gtol

_|_,
ills
ke
o,
of
fll

LT B R

a =021
120 i
10l = ™~ ——
- -
= B -
= -
E ol -
Rl ~-
I‘I]ﬂ
L o 5 .
n
15 ik it il 88 5.1

Tatal Mitrsgen [ % )

1% 3-14 potEFel NO39F whs A5 e] T-N}
AA A A
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Y= 385 « 00z
R = (.7EI5E

- :- -:-'
'H =
.

h

r-uum.nqm
|-u

ﬁ
lr-
I

-."
r.:

"H

Wewight | g )

ol

3T

a9 3-15. potBEY vtE9 753 ks
I AAA Y FEHA

o] T-N#

) PhEAN g YA s%
W EY vk Al A vkl

o] A (y=0.72245")0] 2T}

I 2gA

SPAD# 3 E9Ul NO3-N &#e 13 3-1604 Binpel o] A

%
]

7
9]

fiedd
Ve 5289+ 14M35E
n - Ra0T2ads
. L]
- 18 .
-]
Eil-
° - g
- - Ll ) - il . .
e T T T T ™
’ SPAD
a9 3-16. HEYS] NO39 A59 SPAD#L
AAA 2 o] A
Lok i EoFe] NOs-N s npsdle] & AAgd AR 1% =2 544
A AHs 1 Hoex YEgoH(d 3-17).
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HO3 [mgikg)
8 & B B

&h

W 2ok upsAuol A 259 9] SPAD# I &
AS Ao rpyktt

¥ = -36.17
R =0 7463

+ 10 31X

1 T
3.8 40
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2 28.5 9.497 37.92 0.798 1.26
3 38.7 4.828 35.45 1.063 2.30
4 48.3 2.542 33.94 1.322 3.31
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7 68.7 0.620 29.54 1.875 5.47
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5.5 29.6*0.6 30.3%0.8 27.4x0.7 30.1£0.9 33.2£1.0 35.3%£0.6
11.0  26.2*£1.0 289=*1.1 24.3%0.9 28.5*0.6 29.7£3.8 35.1=0.8
16.5 27.310.8 28.2*1.1 24.8%0.5 28.4%0.6 33.3*0.7 37.3%£0.9
22.0 28.7%£1.0 29.6*0.7 25.7%0.9 29.1£0.6 37.1£0.9 39.4%0.7
0 27.7%0.7 29.2+0.6 26.910.7 29.710.9 26.4%t1.0 30.2*1.4
5.5 27.8%0.6 28.1£0.8 25.8%0.5 28.6%0.3 29.4x0.7 32.7x0.7
11.0  26.8%£0.9 29.4x0.5 26.9*0.7 30.0x0.6 33.4*1.2 36.7%t1.0
16.5 27.8%1.1 30.9£0.5 27.2%1.0 30.1£0.7 34.6*1.0 37.9%1.0
22.0 29.4%0.8 32.2%1.2 26.7%0.9 30.2£0.9 37.2£1.0 38.6*f1.0
0 29.9%0.9 29.4%0.3 27.4%1.0 30.310.4 27.510.7 30.1%0.6
5.5 27.6%0.6 27.8%0.9 26.0£0.6 28.8%£0.5 33.2£0.6 36.7£0.8
11.0 27.3%£0.7 31.6*0.9 29.6*0.8 31.2x0.7 37.5*1.3 39.9%1.2
16.5 29.0£0.9 32.2%0.6 27.4%0.5 31.1+£0.4 37.0£1.0 39.0%£0.9
20.0 30.3%1.5 31.8%€0.4 29.4%0.5 32.5%0.7 36.3£1.0 39.9£0.7
0 29.510.7 30.7*1.1 28.9%0.8 31.8%£0.5 29.4+£0.6 32.2*1.0
5.5 28.4%0.8 31.8%0.7 26.8%0.8 30.9%0.4 30.2£0.9 34.6%0.9
11.0 28.4%0.5 29.1x0.9 27.0x0.6 30.0x0.8 34.6*0.7 38.0%£0.5
16.5 27.810.9 30.4£0.8 27.4*1.0 30.3%0.5 36.7£0.5 38.0%£0.5
22.0 27.3x0.7 31.5%0.9 27.8%0.9 30.2£0.9 36.4*1.0 39.5%0.7
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(3£ 3-16 A%)

EF ArFF FFE437] 5¢4H FFE437] FrdA7] 543

C&102) Zogge waaAd | AaNe oA A999 eaand
THAE 0 257+t0.8 27.6*0.8 24.8+0.6 27.5*+1.0 25.1+0.6 27.7+0.3
3w 55 23.9+0.8 26.7+0.6 24.1+0.5 26.1+0.6 30.5+0.3 32.7t0.2
11.0 25.9%t0.9 28.9*t04 24.2+0.3  26.9%0.5 30.7+1.1 35.5*0.2
16.5 25.7t0.7 28.4*0.5 24.8+0.4  27.0%0.7 32.5+0.7 37.5%0.2
22.0 27.4%+0.8 29.1+0.8 24.8+0.5  27.4%0.9 39.7+t1.6 43.7*t1.0
o= 0 27.4+t1.2 30.9t0.8 27.5+0.6  30.1%+0.8 25.6+0.4 28.6+0.2
55 26.8€0.7 29.7t0.9 26.8+0.9  30.3*+1.0 29.0+0.6 32.0+0.6
11.0 26.2£0.5 28.8*t1.2 24.9+0.8 27.6*1.2 32.1+0.6 36.3%0.1
16,5 26.4t1.0 28.8t0.5 25.2+0.6  27.8%+0.5 31.8+0.5 37.8+0.2
22.0 282+0.9 32.47%0.3 26.7+0.6  29.2%0.4 31.8+0.5 37.8+0.2
g 0 27.1£0.6 28.6+0.6 26.9+0.2 28.8+0.5 27.4+0.3 29.5+0.2
5.5 26.3+0.5 27.8+0.8 24.6+0.4  27.0%0.3 30.7+0.3 33.1*0.3
11.0 23.4+0.7 28.0+0.4 23.4+0.4  26.0%0.3 31.9+0.6 36.5*0.2
16.5 23.9+1.0 27.3*+1.0 229+0.4  25.9%0.4 32.1+0.6 37.8+0.3
22.0 26.3+0.7 28.6*0.7 23.840.7  26.6%0.9 31.6+0.4 37.3%£0.9
MEHEE 0 25.620.7 29.8+0.9 26.4+0.8 27.7+0.7 29.00.4 31.0%0.3
55 26.5t0.7 28.8%t0.5 25.3+0.6  27.0%0.4 29.5+0.4 33.4%0.5
11.0 25.5*t0.8 28.2*0.6 24.8+0.4  26.3%0.6 31.8+0.7 37.3%0.1
16.5 25.9*t05 30.5*1.2 25.6+0.5 27.3%+0.4 32.6+0.8 37.9t0.2
22.0 259+0.6 28.3*+0.5 24.3+0.6  27.3%0.5 32.0%0.6 38.6*0.2
AEZW 0 27.6+x0.6  28.7+0.7 27.0+0.4  28.7%t0.6 29.6+0.3 31.9%0.1
55  26.7t0.7 29.1t0.5 26.6+0.4  27.6%0.4 30.2+0.5 34.2+t0.4
11.0 27.7£0.5 29.8+t0.4 25.2+0.7  28.2%0.5 30.7+0.7 36.8%t0.5
16.5 27.5*1.1 30.5+0.4 25.840.5 28.1+0.6 29.7+0.5 36.5%0.3
20.0 29.1+0.3  30.2%+0.8 24.8+0.7 27.9%0.8 32.1+0.8 38.7*0.1
T 0 287+0.5 30.0t05 26.8+0.4  29.4%0.5 29.1+0.4 31.8%0.2
5.5 28.4*0.8 30.7t0.6 27.4+0.5  29.2%0.6 30.7+0.2 35.2+0.2
11.0 26.8t0.6  29.6*0.7 25.3+0.5  26.8%+0.4 31.0+0.4 37.3%t0.2
16.5 26.2+0.5  30.7%0.7 25.2+0.5  26.8%+0.5 29.5+0.9 37.7+0.3
22.0 26.3+0.6 29.5%0.9 25.4+0.6  28.8%0.5 31.7+0.5 39.1*0.2
EFFo 2 -wto] wWE ALANSIIE S 2 FHFEEES B F 3-170 49 o] 47 2AF
E5YU-12¢, TAFL 3¢ 11¥-25Y, SHAEL 3¢ 18¥Y-30¥ WYz EIFHJY. FHF2 2AE
6.18-34.35, A %E 591-39.83, =WAE 741- 4256 g/pot= AS7|7kolt} A v &3 A A o]t

(3 3-17).
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¥ 3-18 FFo - gEEFY A4 AMFFo wE A kg
=F AirFFE o]dF30d o]tF 454 d&7] =771 TH¥E T
(kg/10a) B R =% AT g (€2.9) ») (g/pot)
(cm) ON/) (cm) ON/F (cm) /)
o 0 274 2.6 41.6 4.0 64 8.0 8. 7 82.4 69.01
(=A%) 55 33.3 5.8 52.2 8.7 67 85 8.5 88.6 89.47
11.0 299 4.8 529 9.3 70 9.3 8.5 86.8 98.19
16.5 34.2 5.9 58.8 12.2 72 10.6 8.9 85.5 103.87
22.0 388 7.8 59.2 14.2 75 13.9 8. 9 88.1  108.87
sk 0 265 2.3 385 29 62 3.0 8.30 88.9 28.80
(TAE) 55 284 5.0 41.1 5.8 67 7.1 8.25 92.8 52.86
11.0 31.1 6.8 43.6 7.0 69 8.4 8.21 94 .4 75.59
16,5 34.2 8.3 47.0 10.2 75 11.7 8.20 93.9 117.81
22.0 35.8 8.7 49.8 12.2 77  14.3 8.20 91.6 142.62
AMFHH 0 29.6 4.1 40.7 5.0 62 5.2 8.27 93.1 37.22
(Z4%) 55  31.8 4.1 43.9 6.8 65 8.2 8.25 92.5 60.97
11.0 33.2 6.9 46.1 8.4 67 11.1 8.21 92.5 83.97
16,5 351 7.0 51.0 11.3 73 125 8.21 93.2  108.44
22.0 36.3 7.3 52.5 10.5 72 14.1 8.21 93.3  132.30
50
<45 t
240 |
2]
H35
F
z130
25
0 55 11 16.5 22 0O 55 11 165 22 0 55 11 16.5 22
2aAEIFE(k/10) BAlE|$E(kg/10a) H A8 5 E(kg/10a)

2 3759, AaAmleE] e B A5AEY] gARe] FF £ - Aol
BN FM- B daggd ne 443 g% kg
Ao mE BEE A% 9 g wstE ARSI g4 Ege oa5de 2§
el Al Bewd AFERA Ca, Mg, K 59 dol&ol 58 H APEERG =oka AP E2
R gFel 796%% QatdtEe] AFd] =& AbEcl e FHE frlEe] wa flAbgEe] v v
AP A el TR 3-19).
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¥ 3-20. EAYE AXAAH|FF 2 QS

30DAT 45DAT 60DAT 7]
B4 HAixFE =% A =% A =% A i
(kg/10a) (cm) (AN/=) (cm) (AN/) (cm) (AN/) (cm) (N/=%)

HEg 0 33 73 39 79 59 6.4 58 6.8
55 35 85 43 101 63 71 61 75

11.0 39 101 47 130 66 84 63 88

165 39 92 45 115 64 86 63 106

22.0 39 79 47 117 64 6.7 56 13.7

AP 0 24 23 33 30 51 30 57 39
55 27 37 36 46 56 39 63 50

11.0 30 46 43 52 62 49 66 5.3

165 30 47 42 57 61 6.0 62 6.2

22.0 31 37 50 5.1 52 53 64 68

T o 0 26 4.8 32 37 49 36 56 6.2
55 34 47 39 51 57 59 5 56

11.0 31 48 45 57 60 6.0 60 7.3

165 32 48 43 A7 60 6.3 66 7.2

22.0 31 56 47 53 60 58 69 78

40 40
= 35 ® 35 |
- .
a
<30 | 530
H H
2 L =r
&l 25 g]] 25
20 20 20
0 55 11 165 22 0O 55 11 165 22 0 55 11 16.5 22
AN+ E (ka/10a) A A AJH| 2 (kg/10a) B AAIBI%F (kg/10a)

Y 3-60. AaAUFE HE Mo FEYY7) GAES W Fo]
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E A AaxFs =571 o & T
(kg/10a) (4.9) (%) (g/pot)

REd 0 8.19 91.3 30.58
55 8.18 93.1 41.70

11.0 8.15 929 4462

16.5 8.18 934 42.74

22.0 8.18 88.6 41.16

AL e 0 8.25 85.5 10.78
55 8.21 83.3 14.55

11.0 8.18 88.6 21.15

16.5 8.17 90.7 25.50

22.0 8.20 91.8 27.10

5 9 0 8.24 874 10.08
55 8.20 93.3 21.74

11.0 8.22 92.1 30.20

16.5 8.21 91.6 35.57

22.0 8.23 89.2 29.55
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DLCC-T (AW 2kl -4 71, Ho5)

A FAF A A2 (Dr. V. Balasubramanian and A. Morales)oll 93] 712, HFE a2+ A
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3 9E Ro] Eh b5d BUWAG] M LCCE 9 Aol Erh

HAER ME(2003,. 3. IRAI)
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(1) SPAD 502(Minolta)
A2 Minolta 3AFA 74 HE8tL e 4
oA de BHygwo] ol&sta vk sHARE 2 %@7]% ?i:rLZ} o JAE% %k
A F7Fel A vt2 EHA o] &3t oHe AA

a7 3-94. g% FA71(SPAD 502)

(2) PPW 3000(Satake)

AE Satake FJAFANA ik BHF3 Ao 2A ZHAHFLo] SPADA| 7 ofd AA(N%), @l d(P%)=2
EAEE Aol EHo|tH (Y 3-95). 3kAgF E =AH7|= SPAD 5029 H]&te] N% <
294 glof wrh AAE FA7 oA Bl AR A4 v

a0
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AR A el = o g o] AT
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"] Spectrum technologiesoll A 71 BF3ar9lE ¢ M = A (Chlorophyllm meter) 2A4] dHo| A 7l
SPAD 502(Minolta) ¥ G =3L(12~72)2. 2 YeElH+= Zo] EHo|tH (2 3-96).
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SPAD 502(9 M %) PPW 3000(# 4:2%)
R EC ] PN R I ED e I D Eee B
Tz |g2z( a7l . g i
w3 (| axn s 71593 A%

[e]
%) [F [ wol | A el | A | crol |A[xel[AF] crol [ A [xo]
A9 | A9 | o9 |49 | o149 | A9 |99 | A 99| A9 |99 |29
0 309 | 309 | 272 294 | 286 | 295 | 23 | 23| 21 | 22 | 20 | 27
50 336 | 351 | 294 | 325|292 | 305 | 25 | 28| 21 | 23 | 22 | 22
g | 100 343 | 41.1 | 30.7 | 350|292 | 323 | 27 | 31| 24 | 25 | 22 | 24
150 369 | 425 | 2877 341|306 | 339 | 29 | 35| 20 | 27 | 22 | 25

200 39.6 | 46.7 | 335 | 403|333 | 380 | 34 | 36| 25| 33 | 24 | 29
0 311 | 348 | 279 | 304 | 299 | 309 | 25 | 27| 22 | 22 | 24 | 23

50 311 | 372 | 294 | 327|307 | 303 | 32 | 35| 22 | 23 | 23 | 24
gmlE | 100 352 1419|306 | 355|313 | 345 | 34 | 38| 22 | 28 | 25 | 27
150 38.7 | 46.0 | 322 | 402 | 352 | 384 | 31 | 36| 28 | 32 | 27 | 3.0
200 434 | 463 | 383 |445] 349 | 430 | 33 |38 32| 36 | 28 | 35

2 =437 93 AAH 235 18 3-979 A
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4 S
() 1&A4: S/W ON - "yA&d2=547]9 7]'s Keys °l&3te] ON &9 Hut
(2) 2€-A]: Calibration — & TAEHAAZFA7]9] Calibration o] AR Al
Calibration?} g & st A ©rh(1d 3-100).

9 3-100. HAEAARZA7] A#7]9] Calibration's 2+ H

N}

(3) 3&7l: STANDBY - Calibration¥}7gdo] %o A3 ¢ & UXE€d42547]= STANDBY %4
glol ol XA @29 3-101).

STHHDE

R
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(4) 4GA: A =57
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olF 7|Fo R o 124% T5MY) +5 F9d

Tru
il

Ao (™ 3-102).

dofA (2" 3-103)

Absorbancegke] HlE

(5) 597 SPAD(SA#-4057), A3
olojA 7e71E ol&stol A F(2545%)=
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::. bl
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29 3104 OAGALZHe) A7) E o] 87 Mool ALFAG 54

obZ el HAAAR HFAIA7 7 A H 20049 8¢ 209) 1¥ 3-1059F o] HA AW (LA kg/10a

- 2.5kg/10a)°] LEDS4 ¥ B &o] YetuA

Ddxnx4/] olg Mo Argdak I

19 3-105. © A

Y 31062 UAERLZAY] ALAM ¥ Qo] GAE, AR 2PN Aol AU
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a9 3-106. HAEALFAH7] A219 dHelH A A e A

(6) 6A: Aan T AR A
ojepr2 M dANA Ao N%#he] Hitghs fof 71e71E ol&ste] =dAnt g wHu AA
[e3]

Az Rk, F 5) AAFS 433

3 0, 50, 100, 150, 175%°lA Z7 =435 A}
AlZE71e] G g AaEin(%)w ®3-249F 2okt 5 AagE¥ SPAD#E Aol dus Hio

#E 324 YAEALZAT] A7 dAgEE SPAD#EI No%6H|

AT (%) SPAD N(%) Absorbance
0 30.69 15 0.841
50 32.59 1.7 0.896
100 36.98 2.2 1.024
175 40.57 25 1.128

o s A AeAdes A7 71 FAE=A(SPAD 502-Minolta, PPW 3000-Satake) <}
a3k At v 23 SARE A4 EATHE 3-25 % '™ 3-107).



JA = T-N(%)
NO
SPAD 502 Al 2 7] PPW 3000 Al 27

1 26.9 26.9 19 1.8
2 29.4 29.3 2.0 2.0
3 27.3 26.5 1.7 1.8
4 30.9 29.7 2.3 2.0
5 32.4 315 2.0 2.2
6 31.3 29.0 2.2 2.0
7 325 31.8 2.4 2.2
8 296 27.0 2.1 1.8
9 29.4 28.5 18 1.9
10 276 26.4 1.7 1.8
11 34.3 30.3 25 2.1
12 30.7 30.9 2.1 2.1
13 29.7 28.7 2.2 2.0
14 28.7 27.5 19 1.9
15 289 28.2 2.2 1.9
16 278 27.6 19 1.9
17 35.3 33.6 2.4 2.3
18 30.3 27.9 1.7 1.9
19 30.3 30.2 25 1.9
20 339 30.2 26 1.9
21 38.0 33.2 2.4 2.3
22 30.1 30.0 1.7 2.1
23 31.8 30.8 2.2 2.1
24 33.2 32.4 2.2 2.2
25 28.3 27.8 2.1 1.9
26 29.9 28.6 2.2 1.9
27 31.3 28.6 2.4 1.9
28 27.0 30.0 2.2 2.0




(3£ 3-25..71%)

© FA= g T-N(%)
SPAD 502 Al 2] PPW 3000 Al 2+ 7]
29 24.7 25.9 14 1.7
30 289 28.7 2.1 2.0
31 29.8 28.7 2.0 2.0
32 27.0 27.3 19 1.9
33 33.6 32.1 2.6 2.2
34 35.1 30.8 2.1 2.1
35 34.3 32.2 2.2 2.2
36 33.3 30.2 2.0 2.1
37 38.8 34.6 2.2 24
38 36.5 34.4 2.9 24
39 379 34.7 2.8 24
40 34.9 31.9 2.2 2.2
41 334 31.6 2.2 2.2
42 32.7 28.5 2.1 1.9
43 32.5 31.2 2.6 2.2
44 32.1 30.5 2.6 2.1
45 32.5 31.1 2.2 2.1
46 34.0 33.7 2.6 24
47 32.7 32.2 2.5 2.2
48 29.4 29.9 2.3 2.1
49 36.2 35.0 2.8 2.5
50 34.3 33.0 2.7 2.3
51 35.0 32.8 2.7 2.3
52 30.0 29.6 19 2.0
53 36.7 31.2 2.4 2.2
o4 30.8 30.5 2.0 2.1
55 38.6 33.4 2.6 2.3
56 34.6 34.5 2.8 24
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(3£ 3-25..71%)

A= T-N(%)
NO SPAD 502 Al Z+7] PPW 3000 Al & 7]
57 34.4 32.7 2.8 2.3
58 30.1 30.4 2.2 2.1
59 33.0 30.2 2.4 2.1
60 31.4 31.6 2.4 2.2
61 35.7 33.5 2.8 2.3
62 37.3 31.6 2.2 2.2
63 28.9 27.8 2.1 1.9

64 29.2 29.4 2.2 2.0

65 37.7 35.2 2.9 2.5

66 35.6 35.8 3.1 2.5

67 35.1 34.1 2.8 2.4

63 39.3 36.2 2.4 2.5

69 38.3 37.1 3.0 2.6

70 39.9 37.1 3.1 2.6

71 355 34.2 2.8 2.4

72 42.1 38.8 36 2.8

73 40.5 38.8 3.1 2.8

74 36.7 36.5 2.3 2.6

75 33.1 31.7 2.3 2.2

76 35.8 32.7 2.9 2.3

77 34.9 34.3 2.6 2.4

78 39.1 36.5 3.3 2.6

79 38.6 34.9 3.3 2.5

80 36.5 35.1 3.1 2.5

T 33.1 315 2.4 2.2

* 2 A 2004, 8. 16 wx Far A7) A e A FES AEY
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g AF=(©)S 52l o3 FF=A)S] 5 B3, M = A+ S = logllo/Ir]lol 2= @ A7F At
e R A

(Io)st F33 A71In)E F 38, S 95270 FFsts 20D FstA &5 3F02)00 A Aoof
sty &, MelA= ML) = A + S olH, 2ol = A(2) = 0o]2= M(2) = S(A2) o]t} Akgh
=7F gl wheb gebAA gevhd, 5 Sl = S(2) o] AL = ML) - S(A) = M@ - S(2)¢]

o JHE FAES AN & Aok o F Aestu

IN

_ _ I5(A1)
M(A1) = A(Al) + S(A1) = log Loy (1)
_ _ In(22
M(2) = A(A2) + S(22) = log 1.012) (2)
22l A AR)E GF27F FF5A ¥ g FHEIER AN g& 00] €t
et A (2 A Qe xd & 5 gl
_ A2
M(2) = S(A2) = log 1.(2) (3)

714 SO = S o= 4 )& A () tsu

MU = AGD + g X8 = e 2Gy ——@

oldTh A (E sl AF2st FEaE BFAA FRE, AR E@sd

A = logloun _ joq doun
Iy T2
I,(AD) 12
D 70107 720> R -

8 (A, (22)
o] At wehr] A PBxo FAE, = GEX FFLS 2 Bl 9kl I S 9on v 71x

243, = QEL7 Fros SgelAel QAR A7) Dk B A7) LG, 4587 F5eA

o shgel el YA AY LO2s TR AV HODRRE ANE 5 ok
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Red LED

intensity

IRLED

0.0 0.1 0.2 0.3 0.4
time (sec)

9 3-114. 399 98 A

0.5

25 —W F _

24 -

output (V)
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2.0 1 1 1 L 1 1 | 1 |

0.0 0.1 02 03 0.4
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100

RED LED IR LED
(652 nm) (930 nmy)

60

40 |

intensity

20

I 1 i 1 i 1 i 1 i 1 i 1
500 600 700 800 900 1000 1100

Wy wrgriel = ofd Tk A7) Ir()s el wFtiel o= ot T A7 (2)E 574
ato] Z7|3t% o2 RE SPAD #S AXtste] HojFErh olu AlmE T Figo AVIF @s
ol = wlo] AR ZRAAIF FEASTE W]l FF7]9 FFHE(gain)S 10 #f Ei= 100 w2 W &
Fapge] A7IE tAl SA S

SPAD-502014 ¥ %= SPAD #h(¥¥tz oz SPAD goldt HE)S& &7 fste] o3 AzdAE
ARttt R AR AT 29 3-1179 Zo] WA of oo WE Fasta AoM 49 F5F A

o] SPAD-502& HA3sA Y SPAD #< #esly] =& Azo|th
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<AZ7] 13>

2 2HE FFo| 27ts
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2to| M| Etsto] CHAl &

a9 3-118. A A7 1 9 AA=

AR E ol getel ol g AmBA 149 ARE AHgstel 6W WE Zgstel FREE sk

(3 3-26).

F 3-26. AE7]e] ASHEE

T Io(x1) Io(x2) It(kD) Ir(A2) ;zlg %13@250294
13] 1167 1101 266.7 988 0.5940 1.2294
23 1158 1100 133.2 976 0.8873 1.2355
33 1148 1097 120.5 983 0.9313 1.2435
43 1132 1099 118.1 989 0.9358 1.2385
53] 1132 1099 118.3 992 0.9364 1.2435
63 1128 1096 118.1 988 0.9350 1.2435
47 EAAR HRA AP Byt B YFF Fest Bgsel S4gkel W} Bo
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<A A7) 33>

2% 3-119. AAme] A A%

Al Z7] 339} Minolta SPAD-502 x| & A}-galo] the3 o] E3 52 =4 ) ashgrh(

3E 3-27. A1 &71¢F SPAD 502¢] A e H]

Al =7
AlZE No SPAD 502
Absorbance SPAD%A
1 0.206 8 8.9
2 0.208 8 8.0
3 0.484 18 19.4
4 0.573 21 20.1
5 0.689 25 253
6 0.845 30 30.4
7 0.904 32 33.3
8 1.064 38 373
9 1.120 40 39.8
10 1.311 46 454
11 1.614 57 56.0
12 1.710 60 60.9

3 3-270 4 K= wpel o] 27]53ke] S gkl vl wi dX 3 Ao R Ly
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A = log 24k g S
L) I
16
g L2 5)
& L (ANI(A2)
(4) F9e] wA
7F) LED =L7] &<l
I3 3-1210 49 o] wdto]l o =422 AZE 0.6mmE v Fol =449 Fdo=E ALEE T
S FYe SA e wE eate AE oz Azteth a9 3-122v Ao wETele=E H ARl
2 Ao weoll= Holx ZAuk fAd Fhwgtel AFEski= A 71Q CCDE A9 Jd7pA] 73HA &
F 7] wiEel HgHd wFro]eroA] Yo We A & 4 9y 1y 3-1232 w7 wgrlol
SEqA Yo WE =4 3 ol 19 3-124% F Wdro|oeE »nE Ay A3 Aot}

- 108 -



N
™
0
™

CHOIREE

b

[=] e
=g

< It

18 3-124.

4D

A3 Ao A ol

LIS
=

o] o
= -

al

].

fife)

2] 34e 654nmeol Ao A9

g 342 845nm=E

[e)
Y

1

ﬂo

- 109 -



gLE]

Red (654 nm)

IR {845 nim)
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&

L | L . L L X a | 2
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53 msedd 22 TR de 7H A= 954 F(SPAD #)=

8% 1 ~ 379 @5 0 ~ 100Ate]9] o= i
A A A
SPAD = —1.002 + 37.25 x Abs

2. 9% A &F2 SPAD gt wlEEte FFERFE AN 7he st
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slol AR ZR AN B4 V18T Agdte] oe FH Al BF ARE AL AR
of meh Abgstolor s, ool FAM JFS WA W= FPWA WAL FPSPP o

FE2 A g A7 des Aow Azt

¢

) s Aol HAE AaEA7] ol §AFATAN
(1) WEFANA whze] wEAuF 27

el wAge] AxAug FHe 00 oot Bk BPHoR AgH vndon =P
Aol pAgle] AgAoR Aesdrh. 2eF AW AFALEIE AuFe A47h 15~184, 4ol
Lo~ 439, Zelt 12~22004 s A8HE Aew nuEm vkt 5 1994) EF A A e A
R QAAAR Aol Wt B EgoA SeuEst AEERE §714 wEt dssew

J[m

- 113 -



jai]
=

s
)

ofuet Bl @A

o] =

=
=

HH

o

A A

1 <]

I3
Bo] g

A5 0] 4]

3}
of

woltt. 3

HlgFol Azt kA Eo] 20028 A HlE A

spalding 5, 1993).

200239 342kg/halo 2 2|7} o ®Wol A}

$o e

o 7§ 277kg/haoll W3}

)

Al 7]l

L

Ju

11 4]

I3

B 7t 43

SED

A
Ris

.]

= }\]

214 o]t} (MOA, 2002)
Starter solution®] 7I'd o2 AJH] #=FE2 wlg vt

Zz gpie) M

KeR
=

)

o

—

O
~

;OL

Mo
o

—
1o

oF

| 7t 2 it (Jung 5, 1998; Park,

0

o] ofgtxa glom ol® ¢

=
o

7}

e
=

1A A

©

glo] 7] ARt ¥

o A% f7
[e]

SRR

=
=

o]

et

EEERE

S
T

Skt

o

A5 Agate] 7t

2001). whehA
3k

hul

o))

zel

X
o
el

A

=0
HES

el

o] ¥ g

F2 olRolhn

1A

Bl A4 g

)
=

I ]

A

o} Al

o
o
ol
<
il

o

=

5
o
TR
)
ot

<
s

3o,

9

o w4

17] Aul@eel B olggol AT WA wrh w

Al

1l

]

o))

ot

o

Holth 1

ks

oz

[

1993)

=4

,©

1993; Fox

- 114 -

ol

=
=

FALA

H
gl

Q

[¢]



U AAASE A=AE 7] witel 4T A=
o HZo = AEAE ERAIA g 5L F8S T
of Fu7F Aol Foistr] Hal, 7haL, AestA olu MY AREE 5 vk A=A 4o 9EAE v
I AAFE F74(Yadava, 1986)3t3 o1, o] SA47]= 429 B A+7tE0l ofs] AHE¥ o $krh.(Takebe
and Yoneyama, 1989; Takebe et al, 1990) 2#] il Turner and Jurd(1989)+= W (Ozyza sativa L.)¢] &
DAHE oS5t

of ATE 4BL ZH7E olgete] wAe] Arue HJdi AW AHE AN T 5 dx, F
Mo A AMFS 5T 5 o, vhse BRGNS EFBRRA D FA0GUA] F4S 9
A A EFNA 47 AW o] g AT 5 UES sed 1 BHo] gk
@ A% AGFBP

B Age AFgsta SFAT L AGEFNA 52 ZH71E o8 Fulel vhy 4PN G 47
2 98 AEe FPsAT

NPEFS ® 3-28 @ 2-29014 ZAbEHF pH 569 oFAS Za 9la ZAE A AE 20mg - kg Q)

gl I

EdolA FPadt vhs FES WY dYTOoR FH FHUEY 9 nEAEFeRYEH 7Y
st om Alg = WEYC 44 plotd 15m x 15me 78 oz AAAEE dukaujel 2o] 20cm x
10cm® 2001 10l #Fstlow Ty 3w om F3ekql
plastic AFZHES o] &3t EFS 1 pote] TH7FA A3, 1 potd 20702 A2 Sk pote] A5

FH) S, BT, 2695 (50kg/10a), 3vl+(75kg/10a)] 47F, WHW 3WHR o R it AAAN TS
W oke] A9 ¥ FET(25kg/10a), F-HlT, W (12.5kg/10a), 1591 7(37.5kg/10a) 45702 i ¢
2F 7.7kg/10a, Z+e]12.8kg/10a, EH] 2000kg/10a2 AlMatAth A4t 71H] 40% FH]E 60%2 23] Al
il Aake A 7uE ZEE 7)H] 60% FH 40%= 23] Alblstsch Aldds flE dAE

42 SPAD(Minolta 502)5471& o]&3ted F43931 G54 42 ArmorH(1949) 0.2 Jd4AE

i

Kjeldahl® (ASA, 1982), NO3-N#41-& Copperized cadium 3 (ASA, 1982)0. 2 A3k o).

% 328 NEA g oA 54

pH EC P20s OM NO3-N NH4-N

(us - cm' ) (mg - kg V) g kg (mg -kg) (mg-kg!h)

5.64 27.10 133.23 29.0 20.00 107.21
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¥ 3-20. Al A Eko ol x5
Ca Mg K Na

*********************** (cmol - kg )

6.07 1.45 0.48 0.33

(3) vhs ARAY FBAT
¥ 3288 A9A Bl osetd JAL el ol

pHE 564% ¢F2HAS Yellar o ECE 27.10us - cm® @A ZAMEAY. /7104 A= 2

o] 133.23mg - ke 02 AAAM EFnche A 7 @] wil zAHJL. 718 dIe

29g - kg 'o® HAAFEA 20~35g - kg ol Wl ZHE AL AAHALY H9E 20mg - kg o=

a9 3-1232 MEFAA 2 Ak Ao wE dad SPAD#S UERd olth

A ZARA Q) 39 209 9] SPAD#S FH|7F 525602 Yrekal ¥ b 56812 A 2AE Ak ub
ol M 54547 ZAME QAL 158 ol A= 53.030. 2 ZAME ] SPAD#S ZETolA =kl 49 8
Aol Ag Al ATl FHlF, EFT, 15Tl Al ZH2E 5835, 58.21, 58.88% H]S=dhAl ZARE UTh

49 2298 Ag= Fula 2 owkEETtol A ZhzE 59.09, 59.57= HAFE AL EFTRel A 60.06, 154 -l
M= 616472 25 = 2AE AT 598U 9] A f-olli= SPAD#C] HaA el @t AlZI=A 1 o]

SPADFAI7F WoAAAl €& & 03 2 A= HuAd =gyt A 72 A2 T3t
SPADS=A|7} o4 ZFol7h glo] Furell A 5889, Wkaky 61.60, &7 6259, 1.5 7ol A 66.44=2 =
A itk SPAD#ES] H A= 59 A Foll A A A Th
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70

65

SPAD-Value

20-Mar  27-Mar 3-Apr 10-Apr  17-Apr  24-Apr 1-May 8-May
Date

29 3-129. vhse] AaFEW SPADZEY s

9 3-1308 @R WEe NOyNe| @& e 1ot
39 2099 FAMA] 158 A FollA E%¥ NO;-NE 1339mg - kg 'O 2 A4 ZAIE QDL 1 thgo]

EET 9.25mg - kg |, WEFT 74lmg - kg |, LE] 3 Pl A 420mg - kg |2 UHA AR I

A2 NO;-N¢| 3o E ko] A denitrification® o] 1 FHeko] ZHAaw o] 7M= A3 Bt 49 8¢
o] EoF NOs-N9 shafe Fu| gt whakt 3=t 158 F#7F 2+ 271, 361, 6.41, 92mg - kg 102 FA}
Hith 49 2299 Aol 159 115mg - kg |, ¥+ 7 89mg - kg |, ST 7.6mg - kg |, TR

43mg - kg 'O.Z F7F 49 8 FAlWE T Eolxon 59 8Awe] Al AE 17} 0.92mg - kg !

o2 ygtomw wE 187mg - kg |, & T 447mg - kg |, 159 7= 11.78mg - kg o2 ZAFE 9T}
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—e—Non-N

16
—a—0.5-N
1.0-N
19 1.5-N

NOs-N(mg kg™")
oo

0
20-Mar 27-Mar 3-Apr 10-Apr 17-Apr 24-Apr 1-May 8-May
Date

o
i
o2
i)
>
=
i)
[N
o
g
oy

19 3-130. ke AaAgesd FAH

9 3-1312 BEYY NOs-N&gHF A2t SPAD# S A#dAE vebd Zolth
WEAke] NOs-No| &3t dA =27k SPAD#EZFY] A#d7AlE r=054212 AgATo] d&S & &

¥,
o
)
Ho
lo,
oX,
o
‘0,
ol
i

Q
=

EF9 NO-N &3¢ uteh 9% 547 @4o] Aol7k dglov], ol #AS HALANE A3}y
SPAD#(0 Sl3tel 13p4 02 1}

lo,
i)
>
=
i)
[N
oot
of
<
rr

= 1.055x - 59.341= FALEow WEY

NHy-N3}e] #Aloll A HejaA7E =A4dTaL st o
5 Sl i FIHARD Aol Wbkt Eas

(Shaobing,et al., 1995) @ ZAALE) A & (Westcott et al.,, 1995)¢ Q-3 A4S Holm T w3 o

rlo
2
N
[N
A
ot
i’;
lo,
N
2l
=]
offl
rlo
2 =

F FER vt W 9 e Ads Hola vk Scotts(1995)

T Aa & WF HAEo AR FFAolz dste] o] FA Sl dFS Wevha s
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16

y = 1.055x - 59.341
r = 0.5421

NOs-N(mg kg™")
o

50 55 60 65 70
SPAD Value

19 3-131. SPAD# ¥ =AM A ae] A
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3 3-30. FAAMN A vhEe] AasEE Y% Aol

emergence plant leaf Sheath fresh Welght
treatments rate height length diameter of bulb
(%) (cm) (cm) (mm) (g/bulb)
control 98.9a 66.3c* 19¢ 6.6b 21c
optimum 9854 8174 %8a 8.6a 30.3a
double
level 98.8a 75.3b 26a 7.1b 277
forth 98.9a 69.0¢ 29 6.5b 924.7ab
level ) ’ ’ )

? Mean separation, within columns, by DMRT 5%
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E 331 FAAuel A AnsFAL D whrelel Afe]

leaf leaf chlorophyll value of colorimeter
treatments width thickness
(cm) (mm) (mg-gh) L a b
control 1.1p* 0.84b 6.68c blba -190a 296a
optimum _
level 1.3a 0.86ab 11.57a 49.9b 174b  24.4b
double 1.3a 0.87ab 11.65a  475c -163c  226¢
forth _
level 1.2ab 0.94a 10.94b 43.4d 155d 18.0d

? Mean separation, within columns, by DMRT 5%
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)\
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A wWale] 4u 7Y A= 59 109 6378 AP o= 59 209 59.3, 5¢€ 309 4760.% HA A}

AS yerdllth el A9 257 49 30974 SPADZEe] Alg =7FEiEd 59 10Y
467, 59 209 427, 5¥ 30¥ 4178 AR vk dureAol A AxAH] X8 SPADZFETF o)A
= 10¥¢ =A7FA 79 28T A SPADRES o AES BT
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—e—Non-N

10 r —=—1.0-N
——2.0-N
8 r 4.0-N

dry-weight(g)

10-Apr 20-Apr 30-Apr 10-May 20-May 30-May
Date

I3 3-146. FAAu| A AaFFE AA

2
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o
>
ol
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o
33%, 2¥7- 2.59%, 4¥l- 2.35%0l Hlal] Ao

I o] Wgkth Ul dAE A TS 59 10€7MA AAaAM] A EelAe I e SIS

ez}
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= AF%S Bt FAA A= FElE Al 59 1097bA] dA A el FUHAE Bla FH] ol A
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—e—Non-N
3 - ——1.0-N
—A—2.0-N

leaf)

Amount of T-N(%,

0
10-Apr 20-Apr 30-Apr 10-May 20-May 30-May
Date

2% 3147, FAAel A AafEE whsdde] AN AsgPws

% 3-1482 A Auel A Al71¥ ¥ chlorophyll gF3F8 YERH Aot}
g total chlorophyll®] 79 49 109 HgT+E59] e FAqe 63Mmg g, BFT 7.38mg - g |, 2
=

W 807mg - g ', 49T 92Img - g (e ® ARANYF BEFE AUl 454 dFe] Yolde s By

om EETS 20079 A9 59 100744 @54 ol S et 4o P9 49 30
WA HPHoR PH29 Fol F/ST 1 olF Pashs AT WYtk ww T 7

S 49 209744 T6dmg - g o2 FUFETIL Algte]l A4E Al 1 F o] askl)

22 Aol T 59 997X A% 1 Feko]l FUbEkAth 49 109 FAMA] 720mg - g o
AlZetel 59 99 774mg - g o2 A% F7HE BEul(data WAIA) ol AS$E FHTE AdEe}
ggron] EET, 20T, 49T At AR 2xdwe] Aute sl
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10-Apr 20-Apr 30-Apr 10-May 20-May 30-May
Date

19 3-149%= S AulA] SPADREI Al 39 AE A el #AE yErd Aol

Al 3ol dAA e SPADgEe] #A= AoAWAE FA JA ZAREAT. B
of A gkt SPAD#Ee] Aol dduAel dAHAY. dAds gkl mE SPAD#(x)C] WIE
FAEAS 2 Ay = 0.0498x - 0.8818(n = 72, R* = 0.8943)2 H A4 Fe(y)E SPADZE(x)l ¢
st 1A o2 vERd 4 ol wpeba SPAD@ e 2 Ul AAA TS o ¢ dvka AZbE

w
o
1

N
o
T

leaf)

N
o
T

y = 0.0498x - 0.8818
R® = 0.8943

Amount of T-N(%,

30 40 50 60 70
spad-value

T 3-149. FA Al A mhs o] SPAD#E I A AgHeEihe] A
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3-150 & A Al SPAD#E I AWl 954 e #AE vERd Zlojth

H=2 Ty SPAD# TS BAE ARAR 1o FojAo] AAFHUTH o] AL =AXHY A
Ao Azt Heogpow Pk i
= 0.1944x -1.17(n = 72, R* = 08148)2 @ =24 Fk(y)E SPAD# ()] olate] 124402 73 5 9]

ou] SPAD@ elstel Ul dma FF¥S FHE + Atk

e
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o
33
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wm
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S
E
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14 r
y = 0.1944x - 1.17
~ 12 R = 0.8148
IO)
210 r
©
° 8 r
£
_ 6 r
*

= .
o
S 4 r
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=
[&) 2 L

0

30 40 50 60 70
spad-value

29 3-150. G Rlujol A nhiE el SPADZI @ % £

o
>~
2
o)

19 3-1612 FHAuiA] AFEe] HET I SPAD#E ] #AIE dERA Aol

AN AEFH SPAD#H IS #AlE AAAR 1k FoAdo] dAFHATY AT =T ()l o
2 SPAD#(x)9] W3S 3AEAHE A3 y = 01279x -3.1015(n = 72, R* = 05008)2 HAEF(y)=

SPAD#(x)ell olate] 1xp2 o2 YEd 4 3l

Minotti et al.(1994)o] ¢]&td 7ZFAH(Solanun tuberosum)E Al &3 A3} SPADZA 3 Al AA o] =
F4 F2 1A AT Alolol= =2 FoAdo] v AHRAAE AASA L I SAZS A=A
Aol T7ESFE AT A
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y = 0.1279x - 3.1015
7 [ 2 PS ‘
R® = 0.5008 . o
6 L
e
=5 7
N
(@]
= L
=
%3 r
o
2 |-
1 L
0
30 40 50 60 70
spad-value

a7l 3-151. FAAujol Al whsdle] SPAD# I HEFTIHe] dH

E 3-32% BEYY AAEFAIN SPAD#E tiv] Fu], 285 SPADS8 ¢t ApolEH|al gk Alo]th
sho] Fult, 2u]9te] SPADSA S vlwsk Aojrh 39 20 1 <le] A
G EFEAE] S gk 5L14eH 28] SPADSA 7L 50.7¢1m, 1 Apol= 0.440]vh 3W Sl A9,
EFAH] SPADS8 #ke 50.1801™ 2u o] A9 49.740]™ 1 Aol 0440l 1¥ Sl
gleh. Tl A AA A& 1 Zolzk -0.0701M F WA AL 031, A WHA d& 09302 FFA
v ti¥] SPADZ A 3k unit 10]8t2 o]/t ¢l3S & 4 A 3¢9 28U A WA o A9 ZEAIN
%0 diel 29 zhel= 029, F WA A4 0, Al WAl S 0312 ZAMESATE FHe A=
A A o FEAR ZAZ dH] 2 Aol 054, F AA 007, Al HAl QS 04307 39 289U %
}F 9A 2ol 7b 1 unitE @A kokoh

4 84 A A WA A9 FEFAIM S8 o] 2w Aol 031, F WA 035 Al
A 0672 ZAMEATE FHe] A A WA Qo] REAIH] SAG div] 1 Aol= 064, F oA Y

L 154, Al WA 22 0139 AolE Bl 3¢ 28U Ul WA Ao ABF FE=AE SAgE ] ]
°f Ag-= 1 xel7h 1.630m 49 8Y Ul ®A Ao AP ZEAW FAF diF] FuTe] Aee 1
zpol7b 1910w, EFEAIH SA G v 28]t A9 1 Zbolrh 1.19¢)th 1 2R 1 unit ©]dFe] Xl
7F 49 8Y 2AF 7 WA ol EFEAIM] SAG oiv] Falge] Aol ffell= A EAF FAgke] 1 unite] dt
2 ZAEAE 498U o], vl WA Qo AS= Ful, 28 oin] BEAE] SAES 2 Zolv) 1
unit ©] © XA HERZ s A9 A WA S SAsH Foha AZsch 19 2-249] A3

dol mEdds AdEgEE 3 M 9 A3 Aol dul HA| o} v} AAE il AL A]AEHH
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19 3-152. vhEele] AF7bel whE <o) A st

407 Q3 5AA Qe oAl AR et QEelnw Jge] ofx ohfla FHE Fi vl 39 @

o= olE AEo] obd ofrtn et

oy
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3% 3-32. AA4&FEd SPADS AL #o] vl

Leaves . . Optimum ) . Double
Date Control Differential Differential
No. Level Level
1 51.21 -0.07 51.14 0.44 50.7
3/20 2 51.07 0.31 50.76 0.6 51.36
3 49.25 0.93 50.18 0.44 49.74
4 474
1 52.53 0.54 51.99 0.29 52.28
3/98 2 51.88 0.07 51.95 0 51.95
3 50.12 0.43 49.69 0.31 49.38
4 49.31 1.63 47.68 0.12 49.43
1 55.1 0.64 55.74 0.31 56.05
2 58.87 1.54 60.41 0.35 60.06
48 3 58.34 0.13 58.21 0.67 58.88
4 54.79 1.91 56.31 1.19 575
5 54.4 2.29 51.01 2.28 53.29
6 53.3 50.0

pot Aujel A WAL S A Fol 49 10858 5L 27HA A ke W3yt glold. 59
9YU o] F ZHAsy] AlFEth AU AL FEe 59 99 ol F 7asty] AlFEth Jul dE ek A
chlorophyll®] #A= Ao dFtoldom Fojgdo] AAGHATHr = 0.5434).9 W chlorophyll® SPAD#E
o BAE ol Y AodBeld e SPADIES] M= 4006 ~ 68.77H4 HSTHR® = 0.5966).E
% NOs-N¢ SPADSe] #AE Fo4do] A4 Ho FAwASE ZIYHR® = 05384). SPAD#
AUl A A= AYBAR FA 0] ABHJAT@ = 04662). A2t vtso FEFS Ao
TRb FeAdol flom wETer BAR fodel 9AHJYG. FE=T 1174kg - 10a’, 29) 7 1205ke
10a’’, 487+ 1080kg - 10a ', ¥ 27 837kg - 10a ‘o] At}.

FAAufel 4 SPAD#H %5 AAxse] BAE Foldol IAFAT Ao AAAAE BYTHR?
0.5384). Skl Alulol A SPADZ ¥ 1% chlorophylle]l #HAlel A Ao AdaH(R® = 0.8143)7 o)A e] <1A
H vk FAA el SPAD# A AEF5 3o #Al= Foldo] ARFHAL Fo FHAAE B
tHR? = 0.5008).

=4 42 A 39S 39 et H SAHFol Frha vk Al 399 SPAD#-E 1 unitetel vk 1Y

BRI ge kg Aol Adigre] el taEl oAl goeR AT 4 dvh

o
o

J
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Y nhEA R BN §H2 47 ol 8@ Fulo vhx AR A

s FE2 AE dSFFToE AT E W EYS] AT plotd 1.2m x 4me] FEOE A A=
ARk e} o] 20cm x10cmiE 2003 10l sFstlon Wiy 3wk ow Faatgirt. A A H]F
T WES A9 EF(25kg/10a), F-HI, 28]+ (50kg/10a), 481 7-(100kg/10a) 4FFo 2 8 3}
o} 914F 7.7kg/10a, Z2]12.8kg/10a, E/H] 2000kg/10a® AlH]8tATh AAE 7]H] 40% FH|E 60% % 2
3 Alm|Ela QxS Ak vuE Zele 7)H] 60% 4] 40% = 23] Anstdth AdFES 8 o

= SPAD(Minolta 502)%7871& ol&ste] AU 954 £42 AmonH (194902 14

2+ Kjeldahl® (ASA, 1982), NOs-Ni41> Copperized cadium 3HH(ASA, 1982) .= FA 3} o).

”l
I
>~I
rlo

Toll A Z+ZF 89.7cm, 87.7cm, 85.7cm® ZAFE At 4w te} T Jbo] RFelAdo] <l
AdEdor, FE9k FalgelA folde] JIFHATY. xS FF7F I 30em=E 15 AA %
AFEI QL e o] F 2L 25emE A TE GxFol A @At Fultek 26 Alole] JxFL
Z+7} 27cm®E {ro]d o] gl
AxAL T, 290, 48l ZFZE 135mm, 12.3mm, 11.5mm=E A AH 5 S @o] AH| 3 g+
o fJxAol #HA HAEJAL AEAHE T AAYTEIF Fode] AAHJY. FH Y D=
115mm= FF7 2elal 283 Zhzhe] freojide] gt o Fulhet 4ute] A itel= o4
o] glith AT AT TolA 78goZ 1A FHPA FAEAL FH|FE 583go 2 F A A
2af el M= T0ge.2 ek folAdol |l 4t 60.7go.2 2vl At
ool glloy EFEToke FoAdel JAAHJT v 23 AFES AU AaHE A, 9HA

A, ALEPAE, AFENoR B, AALEIY 5, EFx Fol Fasth agn Apgom
o Aad MRS OY AE AL BAAA ANE A9, EA/EG A8 GERUS W, B
AR ol ANEAY, Folg 2/ AANE AP, F FTE AetG L ool wol B

A
Aste 2o e AThE, 1985). LelEE oA o] HALARE F st FAaF Hlae o
F Algo] ojatA S o] YElE A9t kil st B Ao E 4uje] A9 16%9] = o)A}
AAeS BT
Wb B 8%, FE 12%, 28] 13%9] o] A& S
o] AR AT EFET, 20Tl = FES AAT F qldom 2u -, 4wt = felde] AT

o
[5ed
8
ﬁ
_{

I
=3
M\
-
¢
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N
2
rr
Ho
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oX,

ek
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3 3-33. AaA S v A5 Aol

rate of plant leaf sheath fresh rate of
overcome height length diameter weight of secondary

treatments winter bulb growth
(%) (cm) (cm) (mm) (g) (%)
control 91.7a 84.3b” 27b 11.1c 58.3c 8c
optimum 91.9a 89.7a 30a 135a 78a 12b
double level 91.8a 87.7ab 27b 12.3b 70ab 13b
forth 91.9 85.7ab 25 115 60.7b 16
level 9a 7a C e Thc a

? Mean separation, within columns, by DMRT 5%

Q&L TFETFoNA 22cm, 2017, 4= 242 21em, 20cmE 3A 2 F3F Aol AA A kT
gy ek 28, 4ul s ARt freldo] A a
ok, EETet Fulke] foAde]l AAHAY A& FAE GEFH 2L dgoR HAHJAG F
0.8mm, T 1.03mm, 297 0.98mm, 4¥]7 091m= FAFH o] 2 AH

o] AAFHATE. T FEFF 2v -, 4u] 3 Fo el AABHAT. FETNA FE, A5 FAY Kol

)

A%

55
ui
-
e
-4
rir
=
8
t
ints
e
o

tad)

AA d2astede TuFE HETEZ 27 846mg - g |, 11.047mg - g o7 FAFE O] folAe] QA
Hoach AAH TSI 20, 40T ASE AA G20 ko] 27 10.84mg - g |, 9.46mg - g 'O
2 F AEgF FoAdo] dA 2AEN oW 7z AP TED 747 foAe] dALHJY. =T A F

S Fepol AY wA AU

(¢

FAE] A Lk Ful oA 48, 4ufgol Al 4792 FHEIE fode] qldrh v EEeh 2]
Troll = ZFZ; 467, 46622 Lako]l A9 A FAFEHO A4S A St} azte] A9

T, Fe b relAdol A 2ARE AL 20, 4w Rtel = e Ad o] gl 2AE AT Ry ols =

1:1;1

il
4>

497 BET 2T E frolde] AAHUG. AAE bgel At BET, 2MTE 242 3 gol
238, 232% frelde] QIMEA R AW, Pl 747 223, 2072 Vet felge] QgH T

‘(V?r
= EETO FHT, 4Tl 47 frolge] AgEd
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3E 3-34. davE e v

e
4o

o) A& v L

N

leaf width leaf chlorophyll value of colorimeter
treatments thickness conc.
(cm) (mm) (mg/g) L a b
control 1.8p° 0.8¢c 8.46¢ 48a -16.2b 20.7c
optimum 2.2a 1.03a 11.04a 467  -162b  23.8a
level
double level 2.1ab 0.98ab 10.84ab 46.6b -16.5a 23.2a
forth 9ab 0.91ab 9.46h 4792 -169a  22.3b
level

? Mean separation, within columns, by DMRT 5%

ek npso QAFE H BETONA 740, 20l 750, 49t T8 R ZAFE LA TR ol A
TINZE ZAFE QT QHAFE 4ol A 78712 ZAMEAOY & 2-69] AAS 4] 7olA 60.7go = <l

Aol WOWAR T FAZ WA 2AEND £ FuTE d@ASE T1AQ e E 269 A
A FAE 83go® AOWMAR 1 A7 Gal &s 2AHAT. EEFS FHT Abe] fol4ol
2174 % 91}

AE+ FHl9- 33kg, EwT 3.3kg, 2817 32kg, 4t 32kgo® ZHzte] A FERE ool AA

H2) ekt LS HETIF 69.2%, 28], 4wt ZH2F 69.3%, 70.1%0]w Fu] b 68.9% % zhz)
°of AeTE3t Fedel AAHA Fsh). vz R AW Lk FA Y A g tely 242t
o] frejde] AAHA FAurh agk bat A AAAHFE Poluh FAE Tk Aol A felgde] <

E A ekt

¥ 3-35. AivE £F9 ol oyl A4S
no. of clone hardness  hydrous rate  jone value of colorimeter
treatments
(ea./bulb) (kg) (%) L a b
control 7.1b* 3.3a 68.9a 30.6 -34 19.2
optimum 7.4ab 3.3a 69.2a 80.6 -35 192
double 75ab 32 69.3 808  -35 194
level ~a 4a 3a . ) ]
{(6)‘1:21} 7.8b 3.2a 70.1a 30.7 -34 19.3

? Mean separation, within columns, by DMRT 5%
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v FEOkE)S EET, 2, 4w, FHlFel A 24z 1 S EFo] 37.3g, 354g, 32.6g 1E]il

304go 2 FAMEAL F 2-69 AT THAE 1 FA7F 2

EFET, 2003 fFolAe] gllem e Zh7bel AHYyE el foAel AU Fi KenE

EFT7F 345mm, 297 33.4mm, 487 32.9mm, F-H T 315mmE FAFE o FEeE 2u) kel =

Foldel A Fuar 29 A A ETde fFoldel AU

TAEKE)S T AR AAFER T A7 #AM7F o EEFUE 43.8mm, 20

42.6mm, 497 41.5mm, 8] 40.8mm= A TFEL Fedo]l AAHAT FHAFE FA T
5 UE goz A7 A FEt 1302 FAEY fo4de] fldth

# 3-36. AaAHFEEE vhs Ao ASSAH

bulbing bulbing bulbing bulbing
treatments weight height diameter index
(g) (mm) (mm)
control 30.4c* 31.5¢ 40.8¢c 1.3
optimum

level 37.3a 34.5a 43.9a 1.3
double

level 35.4a 33.4ab 42.6b 1.3

forth

level 32.6b 32.9b 41.5¢ 1.3

“ Mean separation, within columns, by DMRT 5%

9 3-1532 =A AAaAM A SPAD#S HERA Aol th

SPAD#-2 3¢9 1569 43 FAE, o, 24, 499 S4¢k2 7217 380, 42,0, 43.0, 45.02.2 =
ALEATE % SARS Alde] Al wel F&58HA Fhekdth 49 2499 SPAD#S ®ET, 2]
T ZV7ZF 677, 65.30. 2 SUVEFR AL 4u) e A $- 62302 Al FUFEATE % olE AYTFES AT
o] Aol wil Al SPAD#C] HAaFHATh FAH Y A% daAe et o] 49 244744 A% 1
ghol bl3o® Frtetttrh 1 FEE A4St EFETE 39 259 ZAMIAN-E SPADgLe] v x4}
Adubth Eokal 4924 FAPolF Al A Shivh FAETFNA ghe]l 1 kot

SPAD#Ee] W 9l= o’ FAMAA 38.0~67.77kA4 A= Ao 12k 2AMAol= 2 W97 40.06~69.6
ojlom 23 FAlol= 39.2~682% ZAME AT FAA ] FAA = 2 W97} 37.4~67.30] Ak 18
o2 wkE AA] 71 SPAD#O BAEE 37.4~69.69 Ao]lZ ZAE AT SPAD#C] AU =2 A7
4935 59 xolm o] &% A, dx T /1A e wd 2A gka thEcha Azhsic

4,

_]__
o] 712 Takebe and Yoneyama(1989)7} R i1t Z ¥} Zvpa Azsiy ASTEA 374, & ol ot

o
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3} tH(peng 5, 1996b; Balasubramanian 5, 1999). Z1&iy @A o] 7[xx Y& Mihe FFH9 3
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37 o) ule} W3t slw (Takebe and Yoneyama,1989; Campbell. et al, 1990),

o, 1993)5 Aol meh Wdva ste] FAo] o Aj7jolupel] wel fAH4 SFAHF(SPAD)S Eebd
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gkek vz o A SPADZ A X7} 58, 59, 6002 FAHATA s olel A$-= FH HEES FX4
erole wv ZAgho] 57, 56, 5501 Plrkwl FH] H]BE 03kg - 10a ', 0.7kg - 10a ', 1.4kg - 10a ' of
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