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Purpose&

Contents

O Development of practical hydroponic system skills for minimum
drainage(non-drainage)

O Development of practical technologies for commercialized closed soilless
culture systems reusing drainage solutions

Results

Section 1 Development of practical hydroponic system skills for
minimum drainage(non-drainage) of strawberry

1. Effect of the water content in the root zone at drainage, Irrigation,
growth at strawberry culture medium

When control root zone moisture using the FDR water processor in a
strawberry highbed hydroponic strawberries of coconut coir, average daily
irrigation amount was reduced 277302 and average daily drainage amount
was reduced 30'35% compared to the conventional timer. The EC had my
badge was not increased in the rhizosphere target levels. EC of the medium
did not increase and the target level was in the range of rhizosphere. In
addition, photosynthesis, growth and fruit yield was not different in 44-55%
moisture by FDR sensor compared to timer. And drainage rate was 0-8%.
Irrigation system by FDR moisture sensor control. As a result, despite of
daily irrigation change we knew irrigation supply by FDR moisture sensor
control is efficient and environmentally friendly manner(no drainage
hydroponics) because rhizosphere EC is stable and there are no different
grwoth, yield.
2. Effects of the water content in root zone on irrigation, drainage and
growth.

using coconut coir medium FDR used the sensors to the hydroponic
strawberries, by controlling the fluctuation range of the medium section
rhizosphere moisture content was to investigate the medium moisture
conditions suitable for growing strawberries. It was to investigate substble
moisture conditions in medium for strawberry growth using FDR sensor,

controls the fluctuation range of the rhizosphere moisture content section at




strawberry hydroponics using coconut coir medium. The timer control
treatment and rhizosphere moisture content control treatment using FDR
sensor set respectively 501 2 £3 £5 and then it was compared to
photosynthesis, growth, fruit quantity and supply / drainage rate, etc. In
FDR sensor treatment, daily average irrigation amount per day was
1587203ml and In Timer treatment, daily average irrigation amount per day
was 2257300ml and irrigation amount was reduced. With Increasing
irradiation  irrigation amount was measured to be gradually increased. At
drainage of water content treatment 50 £ 1 showed the lowest rate of less
than 5% and in the timer, drainage rate within 30% was different about six
times. When it was compared to drainage rate and photosynthesis, growth,
fruit, etc. of each treatment, Rhizosphere moisture content fluctuation range
deserves to be recommended by + 29%.
3. Effects of the medium composition on irrigation, drainage and
growth in strawberry medium

Irrigation and drainage rate was highest in chip 50% medium (dust: chip =
50: 50%) because chips content of the coir medium increases, the irrigation
and drainage has increased. But Since February, it exhibited a drainage of
10% or less 50% at the chip 50% medium. Strawberry growth,
photosynthesis and marketable yield was higher in the dust 100% or coir
medium mixed chips 10-30% or commercial medium.
4. Effects of automatic irrigation control with FDR sensor on
irrigation, drainage and growth in strawberry medium.
Average daily drainage rate is decreased 25735% than conventional timer
irrigation control and In EC 1.271.6 treatment drainage rate showed around
5%.
Photosynthesis, growth and yield in water control by FDR seonsor were not
differences compare to timer treatment. But it deserves to be recommended
by the EC for plant photosynthesis, growth, product and yield of fruit.
5. Least latency detection and crop growth for minimum drainage of

strawberry

_10_




From December 2014 until April 2015 during coir highbed hydroponics of
strawberry total irrigation per plant was 31.1L(daily average irrigation per
plant: 162.9ml(winter), 269.4ml(spring) and total irrigation per plant in FDR
sensor was 40780% of practice (daily average irrigation per plant
30770%(winter), 37.5789.1%(spring). Drainage rate of practice was maintained
at 30 + 5%. In the FDR sensor control drainage rate showed less than 6%
in all treatments except for the minimum waiting hours, 0 minutes in the
winter, and the drainage rate was less than 10% of the minimum wait time
of 15 minutes in the spring. Unstable EC changes in rhizosphere by FDR
sensor were not observed and also in shoot growth and yield compared to
practice. The minimum possible latency was 10 minutes, if set to 15 minutes
in the spring to maintain the high level of water reserves and practices
affect the growth drainage minimize grown up in the winter. Water use
efficiency by FDR seonsor control was higher than 13.8g-L-plant-1 in all
treatments except for the minimum waiting time of 5 minutes and water use
efficiency in the minimum waiting time of little irrigation content to 5
minutes was the highest 235g - L - plant-1. The total cost of fertilizer
inputs per plant has possible savings 63.9% of fertilizer cost per of
practice($12,193.9/ha) as set the minimum waiting time of 15 minutes in
FDR sensor controls. Therefore, minimum drainage growing was possible set
minimum latency 10 minutes in winter and 15 minutes in spring and by
maintaining a high level of water reserves, such as the practice.

6. Irrigation end time detection and crop growth for minimum
drainage of strawberry

From December 2014 to April 2015 a total of irrigation per plant was
31.1L(daily average irrigation content per ©plant : 162.8mL(winter),
267.1mL(spring) and drainage rate kept between 25 and 26% during coir
highbed hydroponics of strawberry. The total irrigation content per plant was
30760% of practice in FDR sensor control. When setting irrigation end time

in 13h in winter and setting irrigation end time in 17h in spring, drainage

rate was less than 10% and 6%. Shoot and fruit growth and yield did not
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show any difference in treatment. Water use efficiency including this result
was higher than 184g - L - plant-1 in practice in FDR sensor control. It
showed water use efficiency, stable quantity, high sugar content set
irrigation end time in 17h in FDR sensor control. Therefore, when irrigation
end time in the winter to 13h and irrigation end time in the spring to 17h
using FDR sensor controlor, it was possible to minimize drainage does not
affect the growth and yield of strawberry cultivation in coconut coir highbed
hydroponics of strawberry.

7. Strawberry farmers empirical results using irrigation control by
FDR sensor

While growing hydroponic strawberries from December 2014 until April 2015,
total irrigation was 8.7L of FAI treatment(daily average irrigation content
per plant: 57.2mL), timer treatment was 14.9L(daily average irrigation
content: 98.9mL). this was a total geupaekryang 8.7L (average daily share
geupaekryang 57.2mL), TIMER treatment of FAI treatments 14.9L (average
daily share geupaekryang 98.9mL). Water reserves is not different in medium
between FAI treatment and timer treatment but the drainage rate in FAI
treatment was 13.4%, while the drainage rate was 483% in TIMER
treatment. Between the treatment of the harvested strawberry yield this is
no difference and there was not shown growth difference during experiment.
Water use efficiency calculated on the basis was 69.3g-L-1/plnat in FAI
treatment, 56.1g-L-1/plnat in automatic irrigation of FDR sensor. Therefore
water use efficiency was highest in automatic irrigation of FDR sensor.
Therefore, when cultivating the strawberry in consideration of the medium
water content of FAI treatment during 5 months, fertilizers were saving 40%
compared to Timer. It seems to increase the utilization of environmentally
friendly materials based on closed hydroponic system because plants have
fully secured water content in medium and maintaing moisture reserves than

Timer.

Section 2 Development of practical hydroponic system skills for
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minimum drainage(non-drainage) of paprika

O Application of Korean type hydroponics in un-recycling system with
minimum solution drainage

- Minimu environmental pollution in un-recycling system with minimum
solution drainage

- Un-recycling system saving by 20% nutrient solution and water

- Automatic supply method of nutrient solution and save of labor and
capital by using coir medium with FDR sensor in Paprika

- Income increasement of Paprika hydroponics by using coir medium with

FDR sensor

Extension in the other plants of technique using FDR sensor

Section 3 Development of practical hydroponic system skills for
minimum drainage(non-drainage) of tomato

In the first experiment, until 62 days after transplant (DAT) during the
autumn to winter cultivation, daily irrigation volume was in the order of
3R5F (858mL) > b5HRIGF (409mL) > 3RI0OF (306mL) treatment, and daily
drainage ratio was in the order of 3R5BF (44%) > 5RI15F (23%) > 3RI10F
(14%). Between 63 and 102 DAT, daily irrigated volume was in the order of
5R15F (888mL) > 3R5F (695ml) > 3RI10F (524ml) with the highest drainage
ratio, 19% (+2.6), at the 5RI15F treatment. During the spring to summer
cultivation, daily irrigation volume and drainage ratio per plant was higher in
the 3R5F treatment than that of the 3R10F treatment. For both cultivations,
a higher water use efficiency (WUE) was observed under the 3RI0F
treatment. Integrated all the data suggest that the optimal off-time length is
10 minutes. In the second and third experiments, In results, no significant
difference in daily irrigation volume was found among the treatments until
88 days after transplant (DAT). However, during the 88 to 107 DAT, the
daily irrigation volume was in the order of IR (2125 mL) > TIMER (2063
mL) > FDR (1983 mL), and during the 108 to 120 DAT, it was in the order

of IR (2000 mL) > TIMER (1664 mlL) > FDR (1500 mL). The lowest
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drainage volume was observed in the FDR treatment with the order of IR
(12719%) > TIMER (4712%) > FDR (077%) during the entire growing
period. A lower irrigation volume in the FDR treatment after 88 DAT may
be due to the sensor’s detecting capacity for less water absorption by plant
after completing fruit maturity with apical pruning and removal of lower
leaves, while a higher irrigation volume in the IR treatment may be due to
gradual increase in integrated solar-radiation amount as closer to summer
season. There was no significant difference in plant growth and fruit yield
among the treatments;, however, a 11% and 18% of higher soluble sugar
content was observed in the FDR than that of TIMER and IR treatment,

respectively.

Section 4 Establishment of automatic irrigation management for
non-drainage hydroponic system

This study developed a nutrient supply system using a water content sensor
and complementary to enable integrated management Irrigation automation by
hydroponics with no drainage or minimal drainage conditions. It was
developed with a wide range hydroponic system utilization program reflected
the improvements of the Integrated irrigation control system development
commercialization and using various sensors (moisture content sensors, solar
sensors, flow sensors, EC, pH sensors, indoor temperature and humidity
sensors). It may also have a pc program with a view to converting the
control and the control result by the sensor as a text file, an Excel file, such
as by using a graph to check the result at a glance. Thus, the advantage of
hydroponic beginners can also easily access the control result of the settings.
It is determine the irrigation time and irrigation content monitoring the
moisture rate sensor and using the solar sensor. And it applies the irrigation
time and irrigation end calculated automatically the sunrise and sunset times
changed during seasons. So it will be made more precise the automatic

irrigation management.
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Section 5 Development of an integrated nutrient management system

based on stabilization of nutrient balance and minimization of fertilizer

input in recycled soilless culture

Development of nutrient solution—-mixing technologies in
completely-closed soilless culture systems for reducing fertilizer
consumption compared to conventional systems

Development of nutrient-balance control techniques in EC-based
soilless culture systems

Enhancement of plant nutritional and biological stability in closed
soilless culture systems

Scale minimization of closed soilless culture systems

Reduction of photo-degradation of Fe in the nutreint solutions
Development of a closed soilless culture system capable of integrated

management of nutrients and water

Section 6 Development of monitoring and control algorithms for the

primary ions in the nutrient solution using the ion sensors

Development of individual ion sensors

Development of calibration techniques for the individual ion sensors
Development of an individual ion monitoring system which can be
applied for the greenhouse and conduct the sensor calibration and

sample measurement automatically

Expected
Contribution

The practical application of hydroponics fusion technology for Korean
horticulture

Fertilizer, improved water use efficiency savings hydroponic growers
operating costs (20% The savings)

Contribute to minimize environmental impact

Commercialization of cheap circulating hydroponic system
Commercialization of cheap practically no drainage hydroponic system
(commercialization, technology transfer, technical training map)

Reduction of farm production costs through minimizing fertilizer inputs
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- Increasing adaptability of the farmers to minimize the size of the

circulating hydroponic system

- Precise control nutrient solution can be measured in accordance with

the development of the individual ion sensor module

- Domestic horticulture materials industry new technology

competitiveness, commercialization and commercialization (FDR

universal multifunction sensor, no drainage hydroponic systems,

recirculating hydroponic systems, the nutrient solution disinfection

systems, etc.)

Keywords

Closed-1loop
hydroponics

re-use of
nutrient
solution

non-drainage

FDR sensor

nutrient
management
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600 60000

EZ@timer B V. C.45% P
500 { ==Ew.C.50% WY C. 55% - 50000 NE
"_T‘ EEwW.C.60% EEOW.C.65% >
E 400 = Radiation{month) L 40000 %’
= £
E 300 1 30000
= (-]
S : P
E, 200 - . e = E 20000 -2
100 - 10000 E
o
0o - 0
Nov. Dec. Jan. Feb. Mar. Apr.
Month
60
Etimer EW.C.45%
50 EW.C.509% BEW.C.55%
EW.C.60% CW.C.65%
g 40
7]
® 30
=
T
o 20
10
0

2% 3-1-5. B s Aol A FDR AlA ¢F Efo] & o] &3k F Aol A] A+t

S @) W A& (),

& 3-1-1. &7 aAFA Al FDR AA 3 Aol 2 Timer 35 A FFA, 7T HEE,
ShAkEl A= 9F
Treatments Photosyntheti_c rat_e Stomatal condt_lctarice Transporation_rate ]
(¢mol - CO2 - m™ - s™) (mol - H20 - m™ - s7) (mmol - H20 - m™2 - s7%)
Timer 14.8 ab’ 032 a 32 a
WC 45% 139 b 024 b 2.7 ab
WC 50% 141 b 0.28 ab 3.0 a
WC 55% 151 ab 0.36 a 3.0 a
WC 60% 15.2 ab 0.34 a 31 a
WC 65% 156 a 0.35 a 35 a

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)
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3# 3-1-2. 7] nAFA Aol FDR AA & Aol 3 Timer &wol 93 A5 Hl
(2013.11-2014. 4).
. Petiole Crown Fresh .
Leaf length Leaf width . . Dry weight
Treatments length diameter weight
(cm) (cm) (g)
(cm) (mm) (g)

Timer 10.1a” 19.2a 15.98a 19.8ab 21.07ab 1.7a
WC 45% 10.2a 18.7a 12.3ab 18.2b 20.65b 1.60ab
WC 50% 10.6a 18.8a 14.7a 21.3a 22.18ab 1.76a
WC 55% 96 a 19.4a 15.5a 21.2a 21.98ab 1.72a
WC 60% 10.5a 18.7a 15.3a 20.6a 23.17a 1.69a
WC 65% 10.1a 19.5a 16a 19.8ab 23.81a 1.65a

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)
% 3-1-3. &7] nAAFA Al A FDR AAl & Aol 2 Timer &wol &g A A F A,
AEI AR e, 3 E(2013.11-2014. 4).
Treatments No. of ‘ Aver‘age fruit Marketable yield Non.—marketable Fruit s‘ugar
marketable fruit weight(g) (g/ plant/ week) fruit rate (%) (°brix)
Timer 48a* 14.6a 18.6ab 8.1ab 9.5ab
WC 45% 46a 13.7ab 19.5a 9.1a 10.0a
WC 50% 48a 14.3a 20.4a 7.7ab 10.56a
WC 55% 42ab 14.1a 20.9a 7.2ab 9.6 ab
WC 60% 46a 15.1a 20.3a 9.8a 9.8 a
WC 65% 52a 14.5a 19.4a 9.1a 8.8ab

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)
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a9 3-1-6. Alo] eyt Brolv] A elel M =2hE 27 (2014. 1. 15)

2. BMAANA 2R B4 AAA) WA FA, A R YKo MAE IF
g7 A FAANA 2R FE%e 5% AdANe W o W fEe 27

+1%6(49751%, H L H 23T FAF 2%), +2%(48752%, HiLH A At 4%), £3%(47753%, H

DAL 6%), +5%(457565%, HLALFFEA 10002 Gelste] 2 FRITF WSl
2 Fag, Mg, B, 4F A% 2L S 2A4F A3E g 2o

@7 wAF Aol FDRAAES o §8 A5TAAloln] 2 24 FE% W9le

o 9 stF Wt v A= 1587 203mlel ™, Timer &7~ 45 2257 300 ml= 28 30%
wolgFo] AU dArE St wel S g A8 Srtete Alem SAHNY. TR
g Alo] o] wlAg F 50+19%, 50+2% Aol A 10% olete] 7 v wilg Kl B}
ol 7% 30% e wjAE&= oF 68 X 27} e
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b=1
o
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2300 gy E 80 B50%£2
L B50%+3
5 E350%23 LS00 B s
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9 3-1-7. 2] aAdFA A FDR AlA g Ao B Timer 54 <A S8

WSl o) % sHEEere] FY F AT w A& (),

F 3-1-4v SUEA olF 93t FaE = Aol A B AR, SR 5042%
Ao FdAE, 7edEE, SAE BT 7MY =2 FAE Bttt Timer A&
= 50+2% Aok TAACE folg A¥ s dErlAnh A4 AEdE AsA BY
50£5% HelelA 7Hg =& AATH AESTS HEFR O Timer A2l 79F SAH SR FAL
g ASFEHE BEATHE 3-1-5). 9 Ht g dF% FF 5 Hd FZFlA TimerA
el R Aol I FoAkE 4T o % 50+2%7F & Aol ]3]
duiAew A, A5 H AN AFEHIT SAHGS UEHATH

Sk

9
rE
L)

ot
rlo

97] 2d5A Al FDR % AAE o 88 A7 44 2

d s
F HE 7Heky] Astel xR Timer A2k 5021 £2 £3 5 A5 A
50+1% el A 7 ste A it Feidat v g vebllon, wEe M Timer A ¢

T o 30%2 FRFY Aol TR 460 = Mg weth

% 3-1-4. &7 nAFA Ao A FDR A4 4% Aol 2 Timer 3854 <@ T35 W9
7V B, VS AEE, FARE vA = P (2013.11-2014. 4.22).
Treat ¢ Photosynthetic rate Stomatal conductance Transporationrate
reatments
2 (ymol - CO2 -m™2-s™) (mol - H20 -m™2 - s7) (mmol - H20 - m™2 - s™)

Timer 14.8 ab” 03 a 3.2 a

50+1% 15.62a 0.37a 2.31c

50+2% 16.09a 0.4a 3.07 a

50+3% 13.2b 0.38a 2.33bc

50+5% 13.8b 0.26b 2.87ab

"Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)
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F 3-1-5. &7] w4 Aol FDR AlA =2 Aol 2 Timer = A <d

7F Ao v A= 98k (2013.11-2014. 4).

A
it
ol
oL
do

Petiole Crown Fresh

Leaf length Leaf width . . Dry weight
Treatments length diameter weight
(cm) (cm) (g)
(cm) (mm) (g)
Timer 10.1a 19.2a 15.98a 19.8ab 21.07a 1.7a
50+1% 10.4a 16.1b 17.4ab 20.5a 19.65b 1.52ab
50+2% 10.45a 17.1ab 17a 21.7a 21.3a 1.73a
50+3% 10.96 a 19.4a 18.82a 21.2a 20.4ab 1.73a
50+5% 10.5a 19.5a 17a 20.6a 21.5a 1.76a

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)

# 3-1-6. 7] s Aol FDR A4 G Aol 2 Timer w4 < s M9

Mz
ol

Marketable
No. of Average fruit yield Non-marketable Fruit sugar

Treatments ) . ) .

marketable fruit  weight(g) (g/ plant/ fruit rate(%) (°brix)
week)

Timer 48a* 14.6a 18.6a 8.1ab 9.8a
50+1% 44a 13.7ab 19.1a 9.1a 9.8a
50+2% 48a 14.3a 19.4a 7.7ab 10.7a
50+3% 43a 14.1a 19.9a 7.2ab 10.6a
50+5% 46a 15.1a 19.3a 9.8a 10.6a

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range test(p<0.05)

3. 71w A Gl A wj A=A (chipFF)el F, Wi R BFo v FF

7] wiA 24 T chip &S 27 0%, 10%, 30%, 50% *7Fetil dustE FX1st7L, Al

o

<<% @Shinsung gtols 4E239 FBVB BC2 g7 AEHEE FxIg w=olA FDR

ﬂl

2

Az 29 F5E 50:2%2 AL W 4 Y% v e dolnmd 2P

7}

it

rr
aw)
o
&
M
i)
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solo] iAW H ko] FrtdEs FAFd wjdeS F7keke] 3 50% A (dust

:chip=50:50%) el Al 7} =JtH(1H 3-1-8). chip 50% ¥iA[lA] 11¥€ 3 12¢€ wjH&e 77t
53.7%, 49.3% Ao}, 19 o] F wjH &2 3 olst= FHAstAth dust 100% iAo A &= 1€

it wjefgo] 12%9em, 249 o Fujdoltt. AldE = wix oAM= 11493 129 wid&
< 31738%°l 4 149 o] %

A W ] Skl whE 8] A2 4FS AL 9, 4ud, #5-A4, AT chip
30750% e wiA e} Al Alddwvl=e] &9 wjA|el M :ekom, Al BC2 wiA = Aol
StHE 3-1-7). A FH 10750% rrE wi A &F Al el A A
3-1-8). Tt FETFEFS dust 100%, 3 10730%, A& 2143 v A o] &

He2 A FH3E Zolzb AATGE 3-1-9). AlAulA] BC2 WA= AEe e WA vldas
o] 7|k

Qo] wjdge moWA e 50%E Ao FEEd wE 7] AS Astrr AW 71 T
of JFgS + Ao=E HY
500
600.0 60000 du.st 100%
Emdust 100% ﬁ ; c:?psﬁ[;za
5000 + | Echip 10% L 50000 E 400 A .Eh;psu%
Echip30% E P
) 4000 1 | EEchips0% —- 2 @ ShinSung
© | |EmEShinSung E: $ 300 1 ‘ @se
< =280 = 3
£ 300 4 30000 £ £
H : £
£ - & xﬂ.
82000 4 | - 20000 =
T 3
o g
£ 10001 L 10000 G

00 -

79 3-1-8. @] mAFA Al FDR M % Ao} 2 Timer &FA wlA 244

SHEBre] F FAFE) T & (5,

5

3-1-7. &7] A=A Aol FDR A & Alof % Timer &34 <3 F2dd W4l

7F Ao v A= 94 (2013.11-2014. 4).
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Petiole Crown

Leaf length Leaf width . Fresh weight Dry weight
Treatments length diameter
(cm) (cm) (g) (g)
(cm) (mm)

dust1009% 8.7a” 17.9a 14.68a 17.8ab 19.87ab 1.55ab
chipl10% 8.2a 18.2a 13.3ab 17.2ab 20.65ab 1.60ab
chip30% 9.6a 18.4a 14.9a 18.7a 21.18a 1.73a
chip50% 9.0a 17.8a 14.5a 18.3a 21.98a 1.70a
Shinsung 8.9a 18.5a 14.3a 19.1a 21.98a 1.74a
BVB BC2 7.6ab 17.4a 12.8ab 15.4b 18.81b 1.45b

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)

#F 3-1-8. 27] nAFA Al FDR A4 G #lo] 3 Timer ¥4 <A s ¥

AEE SAbE v x= 3R (2013.11-2014. 4.22).

Substrates Photosynthetici2 ra:cle Stomatal condl_lzctarfe Transporation_ Zrate_ 1
(gmol - CO2 - m™% - s7h) (mol - H20 - m™ - s71) (mmol - H20 - m™@ - s™1)
dust100% 13.2 b* 0.2 a 20 b
chip10% 144 ab 0.3 a 2.8 a
chip30% 14.7 a 04 a 31 a
chip50% 147 a 04 a 35 a
Shinsung 156 a 04 a 37 a
BVB BC2 132 b 0.1 a 21b

"Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)

3E 3-1-9. 27 adsA Al A FDR AA =& Aol B Timer 3w A <@ T2 H

7F A R, B AFA, vEI 9, 3 o vl 9 (2013.11-2014. 4).
Substrates No. (?f marketable Aver‘age fruit ‘ Marketable Non—‘marketable

fruit/ 10weeks weight(g) yield(g/plant/week) fruit rate(%)

dust100% 42a 14.6a 17.6ab 8.1ab
chip10% 47a 13.7a 19.5a 9.1ab
chip30% 48a 14.1a 20.9a 8.2ab
chip50% 38ab 14.6a 18.1a 9.3ab
Shinsung 46a 13.6a 20.6a 9.7ab
BVB BC2 28b 13.1a 15.8b 12a
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"Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range test(p<0.05)
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few ECL2 AgTelM ATt d=Fol 7HE =7 FAHHAAG. diAlZ ECAH ¢
Timer# 2ol A ¥ 23 AFAEE YENJAT(GE 3-1-11). Hvt A F AN = TimerA 2] 7}
7V Edou AEd A s ECL2AHE7F M =4 YEPSTHE 3-1-12).

23 @7 adsg Qe A FDRAAME ol g3ste] @9 FE& A4S o &

Hif

B9 Timers] W&ol sl 25740% 7HF wastgon] B, &, HA FF foI7
= oglglth The, BC 2delA Beke w BC 12 Aol 4%, the Azl vs) B34, 4%,

HFFeld 2w ¥ F2d A3E B

=5
w
L
R
(@)
iz
N
&y

il
A
o,
N

fujell 4 FDR AlA 45 Aol & Timer &3 A A7|AE%(EC) ¥

E7F A, e AER, SAkEo] mA = G RR(2013.11-2014. 4.22).

Photosynthetic rate Stomatal conductance Transpiration rate
Treatments 9 4 -2 -1 -2 -1
(gmol - CO2 -m™2 - s™) (mol - H20 -m™@ - s71) (mmol - H20 - m™2 - s71)
Timer 14.8 a” 03 a 32 a
EC 0.8 136 b 0.3 a 31 a
EC 1.2 146 a 04 a 3.6a
EC 1.6 139 a 0.3 a 28 b

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)

% 3-1-11. 27] 2ol FDR AlA 4 Alo] 9 Timer &5A A7 A E%(EC) &

Lo & A5 v 1(2013.11-2014. 4.22).

. Petiole Crown . .
Treatmen Leaf length Leaf wdith . Fresh weight Dry weight

length diameter

ts (cm) (cm) (g) (g)

(cm) (mm)

Timer 10a” 17.5a 14.1a 18.1a 22.6a 7.5ab

EC 0.8 10.9a 18.8a 15.1a 19.3a 23.5a 7.3ab

EC 1.2 10.4a 18.5a 14.6a 19.4a 23.9a 8.la

EC 16 10.2a 17.6a 15.1a 16.2b 17.8b 7.0b

"Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range

test(p<0.05)
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¥ 3-1-12. ©7] nd57 8ol A FDR AlA 8 Ao E Timer &HFA A7 AE=%(EC) =&

Lo WE Fet FAFA, FEHS 7, vdEIS 7 9 2(2013.11-2014. 4.22).
Average fruit Marketable yield Non-marketable Fruit sugar
Treatments ) . .
weight(g) (g/plant/week) fruit rate(%) (°brix)
Timer 14.6a” 17.6ab 8.1b 10.7ab
EC 0.8 13.7a 19.5a 9.1b 10.5ab
EC 1.2 14.1a 20.9a 8.2b 10.1ab
EC 1.6 13.1a 15.8b 12a 11.5a

“Mean follow by different letters in the same columns are significantly different by Ducan’s multiple range test(p<0.05)
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Hxdr)Azrel @7 A48 AT Hu 29§45
o A5E A 29 Free 4od BAH Az

Bgov BE HxIAL Ao sl £ 2R 5P FASI

¥ 3-1-13. 7] 3olo] nASAAMl A FDRAA S timers ALgalol waAlo] A 2z
A A ] wE A FF F A, g, FRARGE B ojds
Winter(December until January) Spring(February until April)

Off-time Irrigation  Drainage  Retained  Drainage Irrigation Drainage Retained Drainage
length volume volume volume ratio volume volume volume ratio

(mL-plant '-day ™) (%) (mL-plant '-day ™) (%)
TO 719 d” 114b 60.5 c 15.9 101.0d 11.5d 89.5d 114
TS 984 c 1.6d 96.8 b 1.6 240.0 b 41.7b 198.3 a 174
T10 118.8 b 6.6 c 112.2 ab 5.6 208.7 ¢ 39.3b 169.5b 18.8
T15 495e 1.4d 481 ¢ 2.8 126.0 d 10.7d 1154 ¢ 8.5
T10-15-5 60.8 de 0.0d 60.8 ¢ 0.0 126.3 d 225¢ 103.8 cd 17.8
control 1629 a 414 a 1215a 25.4 269.4 a 9PB.3a 174.1b 354

“Means with different letters are significantly different at P<0.05, as determined by Ducan'’s test.

)

Volumstric water comlel (%

Volumetric water content (%)

2015.3.13.73.19(e}-#))
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FDRAA 4O 9t 7 Elolmalole] % o7 BCE 2 w3}

3-1-13). 9% 29 ECE #47h A4S HA Rola7] Agstel B4 F8 F Fobd: 288 ngh
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5 ool AEe G FUF ol FolAMAM I ECTF MM 8 YolAe ddE Btk Aeel
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5SS SAA HALU7IAZE 589 FEATH(SPAD value)o] 4472 T2 A9 9=
A 6 o Hlste] SAIF R e ghs BV o HRITHE 3-1-15). HA
F 5o fdEATEFS A B AT AT AFEAHANGE, A9, Hd

THIALE 197290 W= o 1074 o]FoHa, 3€o ASAE a8l 27] 2575 AA
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FH 7] A zbel whE AP wiA] W) st ECH 1 (3, 3E(5)).

_58_



Rl

A7 Auiell Al FDR AlA Aol B Timer Al Al # At 7] A Zbell w}

Photosynthesis rate

Stomatal conductance

Transpiration rate

Off-time

length (umol-COy'm ?-s!) (mol-H,O-m *s™) (mmol "H,O-m *s™)
TO 15.22 ab” 0.11 a 1.60 a

TS 1479 b 0.10 a 153 a

T10 18.18 a 0.15a 2.05a

T15 16.72 ab 0.15a 216 a
T10-15-5 18.00 ab 0.14 a 2.05a

control 17.32 ab 011a 170 a

“Means with different letters are significantly different at P<0.05, as determined by Ducan’s test.
Data obtained from February to April 2015.

& 3-1-15. 27]

e Aol A FDRAA Aol 8L TimerAlo] Al #H A&t)7]A[7ke] m&
A 4(2015.272015.4)

Leaf length Leaf width Petiole length Chlorophyll
e eaf len eaf wi etiole len
Off-time & & contents
length

(cm) (cm) (cm) (SPAD value)
TO 104 a” 91a 120 a 45.8 ab
TH5 10.8 a 96a 119a 447 b
T10 11.0a 99a 132 a 486 a
T15 105a 93a 124 a 46.7 ab
T10-15-5 10.3 a 93a 122 a 47.3 ab
control 106 a 95a 119a 46.6 ab

“Means with different letters are significantly different at P<0.05, as determined by Duncan’s test.
Data obtained from February to April 2015.
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rlm =5

3-1-16. &7 A7 Aujol A FDRAA Aol 9 Efolm Aol Al HAth7] A gbel] u}
B (FEW) 2 FFMY).

January February March Total Total Average
Off—time vield marlfetable frTJit
length MY FW MY FW MY FW yield weight
(g-plant™) (g-plant™!) (g-plant™) (g-plant™) (g-plant™!)
TO 49.7a" 246a 410b 171a 297b 153c 192 1225a 19.0 a
T5 323a 254a 647a 169a 390ab 162bc 227 1380 a 195a
T10 604a 237a 452ab 177a 387ab 157c 203 146.3 a 19.0 a
T15 416a 225ab 566ab 174a 578ab 179b 219 158.0 a 193 a
T10-15-5 50.5a 215ab 46.2ab 17.7a 472ab 162bc 228 146.0 a 186 a
control 430a 189b 599a 176a 689a 201a 215 171.7a 189 a

“Means with different letters are significantly different at P<0.05, as determined by Ducan’s test.

FDRAIA A o] Al HA7]A| e w2 8o &3 & (water use efficiency, WUE)2 3] o]
A} 13.8g-Leplantt ©]AtHE 3-1-17). FDRAIA Ao ¢] FRol&Ea &S HAI A7 552S A
Q)3 ®»E FDRAAAoJol A 1467235g-L-plant '& #y R} gt B AYo|x FRo]&FE

&2 A e AR AEH FF T FHAA SAA FAAT ileng sk JFS
A

gt H)ske] w9 HAW FDRAIA A F HAt7|AZF 023 15689 FRo|&a8o] 7
22.2g-L-plant '¢} 235g-L-plant '2 %A vebwtth. A& 71A7F 10-15-5% 2

=
AaRae Hav Az 158 3 AW AR Age] Havl7]Agt 5E R} o} fol

(3

HAe] FH4e Uedle d=s 82798Brix &2 FHAUI|AZE 15780 % A e uf 7t

T7)e] Folo] FAA A FHE wMIAE VFoR 20149 12€5-E 20159 4€74A] F
dE B ERES A elolmAoldA $12,1939/ha2 7HF =skth FDRAAM Al A Fdd
8N &S Bl 155%763.9% Fi ol wEld FDRAMZ #45E Alojste] A53 &
A9 HA $1,8887/ha T ol $7,788.1/ha A7t 7hest Ao E YEY
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% 3-1-17. @719 Felo] A Al FDRAIA Ao ek BrelwAlof Al AAlF, d&=, 5
T FEARY B FE0l 88820149 14720159 49).

Plant fresh

Off-time _ SSC Irrigation volume  Retained volume WUEY
weight
length
(g-plant ™) (°Brix) (L-plant ™) (L-plant ™) (g-L-plant ™)
TO* 217.9 ab” 8.2 11.2 9.8 222 a
T5 2075b 9.2 25.3 21.8 95d
T10 253.7 ab 9.2 20.8 174 146 ¢
T15 287.6 a 9.8 13.2 12.2 235a
T10-15-5 219.0b 9.2 13.8 12.0 182b
control 3014 a 9.0 31.1 219 138 ¢

“Means with different letters are significantly different at P<0.05, as determined by Ducan’s test.

# 3-1-18. MaAldd 27wl o Abgstol 2715 Auistle w FDRALA Ao} <} B
ol Ale] Al FJ¥ = v FEH|-E H W (2014 124720154 49)

Fertilizer Amounts of Fertilizer cost($) per ha for the entire growing period

Fertilizers cost fertilizer (1 Dec. 2014 to 30 Apr. 2015)
(origin)

($%/kg) (kg-1000L°H)  TO® T5 T10 T15  TI10-15-5 control
5%‘;‘8]\1 O3)2- 0.92 0.354 12946 20274 21332 9119 12294 25240
KNO; 165 0.354 23218 36360 38259 16355 22050 45268
MgSO, 11 0.246 10756 16845 17724 7577 10215  2097.2
K2SO4 0.92 0.026 951 1489 1567 670 90.3 185.4
NH,H>PO, 2.29 0.058 5280 8268 8700 3719 5014 10294
Fe-EDTA 8.26 0.012 3940 6170 6492 2775 3472 7682
H.BO; 21.1 0.002 1677 2627 2764 1182 159.3 327.1
1(\)4“504‘H2 29.4 0.001754 2085 3265 3432 1470 1977 4065
gn504'7H2 20.2 0.001539 1236 1935 2035 869 117.2 240.9
8“504'5H2 9.4 0.000177 20.7 324 338 147 19.8 40.4
(N H4)6MO7
OvEY 195 0.000126 24,8 3883 40.8 173 9235 483
Total 62543 97945 103052 44055 59393 121939

“&: US dollar (USD)
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Volumetric water content (%)

Vidumeric water confent (%)

a8 3-1-15. 7] A5 A A A FDRAAE o] &3 FAA A T5E 7 A 7z
e Fr A e R Wmsk (23 7)7F 12015.1.15.71.21(%)), 2015.3.13.73.19(o} &)

an 2.0

1Y

—=—T13 -

——T13 = .

———T17 : .

3 o —re=—T24hrs & LB

==+=control

conductivity G1S-m 1)

Hlectrical conduciivity St
=}
{

‘;iwuw"'ﬁw ol el

sw.s' 00

C 03

Hlectrical

" " e ' 15 . ' ' i
2 e 59 5 2 -
o = g e 12 # 1 a 0 @ o 00 12

&

a9 3-1-16. @7] A7 Aol A FDRAIAM ¢ Timer(control) S o] &3+ F A o] A]

BT EA o] g Ao v x] i et ECH k19 (F), 39(5)).

7)o solo] wAds Aol ] FDRAAM Al 51 @& efojmAlo] Al AT aA Ztol] uhE
B 54 = A 3 A7k ;AT 3-1-19).
B LS 15.19715.88umol-CO»'m %5 'o] i, 7] & HAEEE 0.0970.11mol-HyO-m *s™!, &

2
oft

< 1.3371.60mmol - H.0-m %-s ol ek, A AEFGEANE ANIgEES A3 AaH
< 104711.1cm, HHRFZL 91799cm 2 AZH42FH(SPAD value)> 45074752 A7 3+ A

_63_



FHRAIE 1¥9729d = H= & olFo] M, 390U MEERAES 9 @] 2F=
AASAL T2 8FA FHZALE T3 F AEFEFY FddsS 7 12057171.7g3
184719.8ge 2 g 7t BAH F9x UAATHE 3-1-21). #FFTEANLS 13X 2 HAQs)

BpAle] Al HARA e we

TRA4CR YEST 3 244 of e g <A FHom Qda HAE
&0 FolAAA 2€el ol Hlske] 3Hel gl Yolx= FHol AA yErETHHE
3-1-17)

3 3-1-19. &7 a A7 A ujel A FDR AlA Aol & Timer Alo] Al #FFH A 7ol W

T EA.

Irrigation Photosynthesis rate Stomatal conductance Transpiration rate

off hour (umol-COy'm %+s™!) (mol-Ho0-m %s™h) (mmol *H,O-m s ™)

T13 1519 a* 0.11a 157 a

T15 15.27 a 0.09 a 133 a

T17 15.62 a 0.10a 1.46 a

T24hrs 1522 a 0.11a 1.60 a

control 1588 a 0.10 a 151 a

*Means with different letters are significantly different at P<0.05, as determined by Duncan’s test.

Data obtained from February 2015 to April 2015.

E 3-1-20. &7] AT Aujedl A FDRAA Alo] 2 TimerA| o] Al

A 5(2015.272015.4)

N

BrELA L e

. . Chlorophyll
Irrigation Leaf length Leaf width Petiole length
contents
off hour
(cm) (cm) (cm) (SPAD value)

T13 11.1 & 9.7 a 14.0 a 475 a

T15 11.1a 99a 13.3 abc 450 a

T17 106 a 93a 135ab 46.3 a
T24hrs 104 a 91a 12.0 be 458 a
control 10.6 a 95a 119¢ 46.6 a

YMeans with different letters are significantly different at P<0.05, as determined by Duncan'’s test.
Data obtained from February to April 2015.
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Average
fresh
weight
(g-plant )

184 a
184 a
19.8 a
190 a
189 a

T2ihrs

Total
marketabl

il

e vield

1438 a
153.0 a
1419 a
1205 a
171.7a

(g-plant ™)

Total
yield
206
262
211
192
215

sonirol

EfojwAlo} Al
Fw

15.7 be

153 ¢
201 a

March

h=d]
=
(g-plant ')
478 ab 179 ab
46.0ab 187 a

36.5b
29.7b
68.9 a

MY

TS

FW
175a
176 a
166 a
171 a
176 a

February
(g-plant ™)

MY
428 a
576 a
410 a
599 a

cont

FW
219ab 382a
197 Db
189D

242 a
24.6 a

January
(g-plant ™)

7] 57 Aol 4 FDRALA A o]
MY

T (FW) 2 FZFMY).

69.2 a¥

62.5 a
384 a
49.7 a
43.0 a

13

a9 3-1-17. 27]9] solof A Aol FDRAIA Ao ¢} Efo] v A]of Al

=unmarketable fruit ratio

Ahdagddid b

=unmarketable vield
mmarketable yield

200
150

3-1-21.
YMeans with different letters are significantly different at P<0.05, as determined by Duncan’s test.

5
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7)o Folo] AT AN FFE vlFAS VFo R 20149 12€9HE 20159 497}
] B9% v Z8)8e 33 go|mAolo A $12,193.9/ha® 71 ==kt 3-1-23). FDRAIA

of Make] F = FATL oF 30770% FFOZ Agdte] wel vjEw

&2 4 $46806/ha T Hdl $7,198.6/ha d3t 7Hs ek

3 3-1-22. @7]o] Folo] FHAujol A FDRAAAIo) 9} ElolwAlo] A #=F T A 2t
e AAF, 3%, FY 5 FAY FY F FRALG L FROISEAIQ0MY 1
24720154 49).

Plant fresh o )
Irrigation . SSC Irrigation volume Retained volume WUE

weight

off hour

(g-plant™) (°Brix) (L-plant™) (L-plant™) (g-L-plant™)
T13 258.3 a” 94 20.1 179 178 ¢
T15 2495 a 95 174 16.0 21.3b
T17 246.8 a 99 16.5 159 20.1 bc
T24hrs 2159 a 8.2 11.2 9.8 29.1 a
control 3014 a 9.0 31.1 21.9 18.4 be

“Means with different letters are significantly different at P<0.05, as determined by Ducan’s test.
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F 3-1-23. A d 2rimga o Abgste]l @r1E Avietls Wl FDRAIA Al <} B
ojmAlo] Al FYJ ¥ = HFH|-E ¥]u(2014 12972015 4€)

o Fertilizer cost($) per ha for the entire growing pe
Fertilizer = Amounts of

Fertilizers cost fertilizer riod
(origin) (1 Dec. 2014 to 30 Apr. 2015)

($%/kg)  (kg-1000L™")  TI3 T15 T17 T24hrs  control
[Ca(NO3)-2H:0] 0.92 0.354 14818 15551 10340 12946 2524.0
KNO; 1.65 0.354 2657.7 27891 18545 23218 4526.8
MgSO, 1.1 0.246 12312 12921 859.2 1075.6 2097.2
K>SOy 0.92 0.026 108.8 1142 75.9 95.1 185.4
NH,H,PO, 2.29 0.058 604.3 634.2 421.7 528.0 1029.4
Fe-EDTA 8.26 0.012 451.0 473.3 314.7 394.0 768.2
H3BOs 21.1 0.002 192.0 2015 134.0 167.7 327.1
MnSO,-H:0 29.4 0.001754 2389 250.6 166.8 208.7 406.5
ZnSO,-TH20 20.2 0.001539 141.4 1485 985 1237 240.9
CuS0,-5H,0 29.4 0.000177 235 25.0 16.2 20.6 404
(NH)sMo7O9-4H:0 495 0.000126 285 29.7 19.8 24.8 483
Total 71592 75133 49953 62546 121939

“$: US dollar (USD)

7. FDR AA FYA]E o] L3 14 &7 F7} AF 27

2014 9¥€ 10¥ Folo] wiA|(dust : chip=40%:60%, v/v, 4d AAFE)el] 87F/m’> (F3+

20cm 7HA)78 At A st wol WAL A 12pd=e] AIE wgde FDR AlA

A Aol WA (o]t FAD® ©erolm (3, o]dt TIMER) WA o= gqlon, A= 10€
18U ol Al&tetaith AbE wl R fria Aol At Al 2 E7] MFYom Fefsi
FDRAIA A& w42 @A 2 /s J A Al =8 (Magma-1000, GreenCS Ltd.,
Korea)ol 65mm FDRAIA (W] 41A)E AAste] Ao grg, HAt7|AZE HAdd 7] A1

HH A2 AIZES A Aste] g ¢ =S st olm 13 A 7] SRR

O

AAstlon, o= B3 T Aol &3 Aew 139 3/mL7t 5 HES 3

il
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A3 FAe ZAE Ao AN E areldte] 2783]/day, 11.6mL/3], 4= F 24 7kel] TH]A] A
(Agrow-2000, HPA-2003, Hangaram, Korea)d & Al#8tal, d& A 2413t 5 4S T8}
Atk dd g, AW EC, 5+ @ HAA dlo]HEZA(WT6E00, Mirae Sensor)E ©]-&

stel 102 1A o AFste] ARE LU,

(

Z3FgRe AL FAFH e F & ZRAYov, YEFFS 2AAAL FAFT )Y
AN o §3 o S

tol e &(%), retained volume (F 4% -l )& =8y £33 A&
& & (WUE:Water use efficiency, g-L 'plant)& 20153 59 15d¢] AEAES £33 =
e 2oz Ag s

o

o

WUE = fresh weight / retained volume
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3-1-25).

3 3-1-24. FDR AlA Fof w2le) wE A3rsd Juadsd, Hom ey o asF 2 o)
(2014. 12.772015.4.30).
WST* Ave. IrV Ave. DrV Ave. RtV DrR
[0
(%) (mL/day/plant) (%)
FAI
7-Dec ~ 60 68.2 42.3 294 56.0
18-Dec ~ 55 35.9 4.1 31.8 114
3-Feb ~ 58 44.8 2.3 425 49
11-Mar ~ 60 49.5 47 448 11.1
18-Mar ~ 62 127.6 32.3 95.3 29.5
~ 30-Apr 59 777 4.3 73.4 55
Timer SR+2 7 SS-2 98.9 43.9 54.9 48.3
"WST 5% A4 Vg e, Drvial = RtV 253, DrR:vj o &
1200 - - 350
g FAl ®mTimer —-SIR
S 1000 - 300
g o
& L25g E
= 800 - é
g z
3  epflecccsscsfotecccccnmndiccsnns -g--f200 3
E 600 g
2 Ave. 666ml 5
g - 150 H
-
= -] -l N W00 R
& 2
E i Ave. 370ml 4
0 - 0
49 50 51 52 1 2 3 4 5 6 “}ek 8 9 10 11 12 13 14 15 16 17
i
23 3-1-23. dAbEFe] W& FAI® TIMER Fowad o & FFA= W3}

(2014.12.772015.4.30)
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1% 3-1-24. FAISt TIMER w2 59 Fujel =k W3} (2014.12.7.72015.4.30)

Y

¥ 3-1-25. 79 WA wE Fd g

(2014. 12.772015.4.30)

49 51 1 3 5 7 9 11 13 15 17 Ave
FAI (A) 327 34 2.1 3.8 1.3 104 29 262 39 3.6 7.3 8.3
TIMER(B) 503 641 630 564 676 670 350 425 387 448 168 48.0
A/B ratio 650 53 3.3 6.0 24 165 83 616 101 80 435 18.8

FAI A2l TIMER A2 2 s =k W= 29 3-1-259F 2t} FAL A2 +2
g 58762% Wl Ao, TIMER A2l +-9 2 63765% MAAUT w2 A2
FAI A Feo A4 Zustsss wr)s Aoz 12/209 2/8Y HoF MAEE d42o] 55%

o, WA geFS 60£1% Wl EAEAT o= AA Hx Fafel mdstd wee

Aegt Az Beksojor & Ao vy 3-1-31).

a9, 82 A W EC Bt #2& A4S I EC 5 e FAISH TIMER * &
b zpol glol WA wixWl ECe AW elel AAtk 1/173/1 713t & ¥iA W EC=  FAI
Aol A TIMER Ag]7-Hth tha =2 9ol A= dl, o] A7l FAL A& 5-9] wjds
& 5% WRto® Hiel FHog Hu Fiolgo] o]Fojfe] wE F4 EC7F TIMER A ¢
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19 TS, SRR 2 ol
2/9 2/10 2/11
. ReV DrR ) ReV DrR . ReV DrR
Times Times Times
(mL) (%) (mL) (%) (mL) (%)
FAI 2 459 44 2 42.6 10.9 1 239 -
TIMER 5 449 54.7 3 17.8 70.0 1 55.3 7.0
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S T ofd FHoew Judn. Fo WA mE wjde 7] A wse 1§ 59
A e} Al7]ol wel Estot FDIMA oA tiF A N, K, Ca 52 thx @& 43
Hol 7]E EntE Aujo A el Autel fFARgE Aoz Hlt
3% 3-1-30. v Wlol] wE A3 Hu g, Harjd iR A 2 s
(2015. 11.2672016.4.11)
PTP? Ave. ItV Ave. DrV Ave. RtV DrR
(%) (mL/day/plant) (%)
FDI
26-Nov ~ 67 423 18.7 23.6 477
9-Dec ~ 59 58.3 16.6 41.7 25.0
29-Dec ~ 58 35.9 0.0 35.9 0.0
30-Dec ~ 57 46.8 0.2 46.7 04
5-Jan ~ 59 47.8 0.0 47.8 0.0
6-Jan ~ 60 67.8 0.5 67.2 0.7
12-Jan ~ 61 87.7 0.7 87.0 0.7
15-Jan ~ 62 82.6 11.6 71.1 10.8
26-Jan ~ 63 95.7 115 84.2 11.3
28-Jan ~ 64 105.2 11.8 934 9.6
12-Feb ~ 65 112.8 15.9 96.8 13.8
19-Feb ~ 66 205.0 25.7 179.3 11.9
22-Mar ~ 64 232.3 14.9 217.5 6.6
o 93.86 9.85 84.02 10.65
Solar @)
26-Nov ~ 250 47.8 25.0 22.8 52.3
27-Nov ~ 270 61.8 49.8 12.0 80.5
9-Dec ~ 250 67.3 25.6 41.7 37.5
2-Jan ~ 150 1325 53.2 794 41.8
26-Jan ~ 180 147.9 26.1 121.8 19.6
22-Mar ~ 150 329.7 38.2 291.5 11.5
o 131.17 36.32 94.87 40.53
Timer
26-Nov ~ 3min-3times 89.2 56.6 32.6 63.5
29-Nov ~ 3min-2times 59.5 56.3 3.2 94.6
30-Nov ~ 3min-3times 89.2 54.2 35.0 60.7
2-Dec ~ 3min-1times 29.7 18.8 11.0 63.1
3-Dec ~ 3min-2times 59.5 43.8 15.7 73.6
4-Dec ~ 3min-3times 89.2 56.9 32.2 63.9
10-Dec ~ 3min-2times 59.5 52.1 74 87.6
11-Dec ~ 3min-3times 89.2 52.8 364 59.2
14-Dec ~ 3min-2times 59.5 54.2 5.3 91.1
15-Dec ~ 3min-3times 89.2 45.8 433 514
18-Dec ~ 3min-2times 59.5 341 25.3 574
22-Dec ~ 3min-3times 89.2 62.5 26.7 70.1
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23-Dec ~ 2min-3times 59.5 443 15.2 74.5
25-Dec ~ 2min-4times 79.3 45.8 334 57.8
26-Dec ~ 2min-3times 59.5 56.3 3.2 94.6
27-Dec ~ 2min-4times 79.3 474 31.9 59.8
2-Jan ~ 2min-3times 59.5 46.9 12.6 78.8
4-Jan ~ 2min-4times 79.3 46.0 33.2 58.1
24-Jan ~ 2min-5times 99.1 62.0 37.1 62.6
28-Jan ~ 2min-4times 79.3 46.4 32.9 58.5
30-Jan ~ 2min-2times 39.6 94 30.3 23.7
31-Jan ~ 2min-4times 79.3 23.7 55.6 29.8
7-Feb ~ 2-1+3-3 109.0 41.7 67.3 38.2
8-Feb ~ 3min-2times 59.5 448 14.7 75.3
9-Feb ~ 3min-4times  118.9 75.0 439 63.1
11-Feb ~ 3min-3times 89.2 354 53.8 39.7
12-Feb ~ 3min-1times 29.7 19.8 9.9 66.6
13-Feb ~ 3min-3times 89.2 66.7 22.5 74.8
14-Feb ~ 3min-2times 59.5 41.7 17.8 70.1
15-Feb ~ 3min-3times 89.2 31.3 57.9 35.0
16-Feb ~ 3min-3times 59.5 28.1 31.3 473
17-Feb ~ 3min-3times 89.2 7.3 81.9 8.2
20-Feb ~ 3min-10tim 297.3 0.0 297.3 0.0
26-Feb ~ 3min-4times  118.9 229 96.0 19.3
28-Feb ~ 3min-2times 59.5 354 24.0 59.6
29-Feb ~ 3min-3times 89.2 54.2 35.0 60.7
1-Mar ~ 3min-4times  118.9 50.0 68.9 42.1
2-Mar ~ 3min-2times 59.5 45.8 13.6 77.1
3-Mar ~ 3min-4times  118.9 34.0 849 28.6
24-Mar ~ 3min-5times  148.6 50.0 98.6 33.6
25-Mar ~ 3min-4times  118.9 313 87.7 26.3

@ 84.50 4251 41.97 56.84

“PTP 5 Ao =

r 2,500

SRl

3}(2015.11.26.72016.4.11.)
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12/21 12/28 4 111 118 /25 1 11 2/16 12/21 12/28 4 L1l 118 /25 21 11 %16
045 - —=TIMER 0020 q_ e
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~1- —Lo A [9) 1 S 5
o9 3-1-37. 5y E ) o U5k WSt

T 129 9¥%-H v 3 149 309 A FE A 2 FHS

A 2lel meh 2ol 7t

Do (3 2), e, G5 AMEE A wE Aot YUAJATHAIE v AA]). o] e A 7]|E
Ty W2l Efolo] Aojo] HlE] FDI WA AEAdSo] 9A F9 dd wH=Fo] 16ml 2
BA T HATE A S 45% ol FAaskal, A5 FRFed= zbolrt glo] & 3hH
A Ff Aol 7heds T F AU
F 3-1-31. 717k w7] g E R
A€ SOLAR(5) TIMER(F) FDI (%)
7|17k 7} (ea) FA(g) 7} (ea) FA(g) 7}4~(ea) FA(g)
2015-12-972015-12-31 3.0 83.2 4.1 104.9 4.4 107.5
2016-1-272016-1-30 3.7 778 2.9 55.2 2.2 457
7 6.7 161.0 7.1 160.1 6.6 153.2
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3-2-3. W Au] & ME HdHF Y@ FF
L o o & CEE I R 3} % AEE
T (%) (g) N/F) (g/%) (kg/102) (%)
0.0 1777 cz 180 a 2,132.4 ¢ 7,037 ¢ 65
1.0 2107 b 179 a 25074 b 8,274 b 66
2.0 2490 a 165 a 271387 a 9,038 a 75
=zt 3.0 2424 a 16.7 a 2,7154.0 a 9,088 a 74
5.0 2377 a 188 a 271378 a 9,035 a 76
7.0 2436 a 16.8 a 2,7285 a 9,004 a 73
m 226.9 174 2,599.8 8,579 71.5
0.0 2372 b 135 b 2,135.1 ¢ 7,046 ¢ 70
1.0 2269 b 213 a 3,222.3 b 10,634 b 5
2.0 2474 a 225 a 3,711.3 a 12,247 a 32
3] of] 2~ E} 3.0 242.1 a 219 a 3,033.7 a 11,661 a 33
5.0 2444 a 212 a 3,446.4 ab 11,373 a 32
7.0 2427 a 198 a 3,203.7 b 10572 b 33
m 240.1 20.0 3,208.8 10,589 79.2
0.0 429 ¢ 59.0 a 1,685.4 b 5562 b 32
1.0 489 b 49.8 a 1,6239 b 5359 b 85
n) 1] 2.0 484 b 56.1 a 1,808.7 a 5969 b 36
o 3.0 490 b 62.7 a 2,048.1 a 6,799 a 37
e 7} 5.0 50.7 b 52.1 a 1,760.4 b 5809 b 36
7.0 56.5 a 458 a 1,669.2 b 5508 b 36
m 494 54.2 1766.0 5,828 85.3
“Mean separation within columns by Duncan’s multiple range test at p<0.05.
#E 3-2-3& Mgu & mE FAAF T FEIHLLS FHF L AEES U Aotk
Bt Fxot 2 o ie FFAAE wd o] SHEFE TR Dol 2%l
of iAol = o ak7E AT My gz st = wHnlE& 0% ATl A BEats
o] kgl ot wjfn] o] Frteto e W SRS Adom 7%l Ao E 29
o gasts Aotk F Ausi del e FF A 0% wlo) HelFolA gashs

S G IR B PR

2T = ==
U e EIE S
4EA9 A5
5, 1998;An &, 2009 EIov F4
grhs Avks BATe oo Hed &
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3-2-4. wiHu]gol - HFF79 T

= = =

e B An em % m  HHF e k5
0.0 91.7 a” 40.8 a 26 a 58 a 104 a

1.0 94.0 a 377 a 2.2 a 51 a 96 a

2.0 88.2 a 39.7 a 22 a 58 a 9.7 a

F-x 3.0 855 a 371 a 26 a 6.5 a 99 a
5.0 911 a 392 a 26 a 57 a 104 a

7.0 821 a 40.0 a 3.0 a 59 a 9.2 a

m 88.8 39.1 2.5 5.8 99

0.0 89.1 a 82.0 a 36 a 74 a 71 a

1.0 89.9 a 793 a 3.8 a 70 a 72 a

2.0 915 a 759 a 34 a 78 a 7.2 a

] of] 2~ E} 3.0 89.6 a 82.0 a 36 a 74 a 72 a
5.0 85.0 a 823 a 36 a 76 a 6.9 a

7.0 849 a 83.1 a 40 a 77 a 6.7 a

m 88.3 80.8 3.7 75 7.1
0.0 917 a 40.8 a 26 a 58 a 104 a

1.0 94.0 a 377 a 2.2 a 51 a 96 a

2.0 882 a 39.7 a 22 a 58 a 9.7 a

i 30 85 a 371 a 26 a 65 a 99 a
5.0 911 a 392 a 26 a 57 a 104 a

7.0 821 a 40.0 a 30 a 59 a 9.2 a

m 88.8 39.1 2.5 5.8 99

“Mean separation within columns by Duncan’s multiple range test at p<0.05.
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3-2-4% wjeulgol We S FEE vehd Aotk RE EFo] #u 3 Ao
) o= Az 2ol 7t 4l
oAt el GEE WFE gl Aol7l giey EF geli muszessh wo] g

= A ovE =% S T 234 % e
o (3] ) (cm) (g) N/=) (g/) (kg/10a)
7:3 1475 a* 2485 a 54 a 1,342 4428 a
5:5 1385 b 2476 a 43 b 1,065 3513 b
F 3}
3:7 139.2 b 246.8 a 34 b 839 2,769 ¢
m 141.7 247.6 4.4 1,082 3,570
7:3 1354 a 2377 a 56 a 1,380 4555 a
5:5 1356 a 2436 a 48 a 1,169 3,859 a
o)) 2~ B}
3:7 131.3 a 226.9 a 46 a 1,120 3,696 a
m 1374 237.2 5.0 1,223 4037
7:3 89.4 a 2569 a 88 a 372 1,228 a
5:5 88.7 a 2474 a 74 ab 307 1,013 a
| 3} Z 2] 7}
3:7 789 a 2421 a 6.8 b 294 969 b
m 85.7 244.4 7.7 324 1,070

"Mean separation within columns by Duncan’s multiple range test at p<0.05.

. A% et
Spegh e (A, el 2E(EA) 2 wUsZel N (44) 3 FES FAS] oo

Al FESES FDR A S of&ato] wjdn &S Aottt 33F 25 AFx7]d=
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& 0% AelTolA Bl Zhuslon Mango] otk Fitas SIhEL A 9lov
7% ATl 3E Fadte 4

aj el A2l Fell A ks A

k. e ke v A FEE wAuEo] 1967w ko] skl ot 2%0] e
el A 2] el A wfu] & 3ke] Fel 2k GSleh myskzel ke wjedu)go] %A el el A Tt

A ool Wtk AEH &S W go] FAVES Fe FFolPov] EEE Fren

AU
y
N
rlr
=
12
=)
o
2,
a
il
=
o
=%
o
£3)
N
)
(3
oZ
ol
B
&2
pac
k)
ol
rln
o
of

o,
B
=
SE,
k)
S|
rlo
=
2
i)
o

of e foAst gglon HAG W AFTAE 2 Agow Akl Aol gtk #A

olgel Aol 273%2] wjgoll A Aol Fasta FRAATE fle Acw AT AN

2. Hxe)7t FAAMA ZolojujAe] A& Mg o WE A4 2 T

7h As 23

B ATS 2014004 20150 A LGN A frel2 Aol FAH AT drkatze)gt ‘S
2 (A ), 2wy gz 7F (4 A)2% 5 (Enza Zaden, The Netherlands) & ©]-&3lo] 89 27 9]
gFatAnh A2 A= 3§ 9F 40~459<%0 £4 6~7v], A Fo] AHE WE VFoE
gze]7t FASEYd F3 SEYAS o]&dto], 10¥ 249 solojulx] &£2FE(575 x 15 x
100cm)ell A& stdvh. FolojufAl= ¥ EEH &S 55 B 822 AYE FAoh 1y

gl DGR FAS AMRSlaL, A4 5 T Yoo ECE 20~23dS/m AR®E SEH7

==

o] wiAI® ¥ EC Bt 02dS/m Ax =4 ¥wstdth. &3 9 ¥+5 ECy 3.0~3.2, pH
52~57W ¢ = 3Tt

xRS FDR AA (M ef 4l Co, Ltd Kor) & ol €3] dlolE ZA(CRIOx,
campbell Co. Ltd USA)o| AAAse] =AsHA FF3FE AststdA vjdn &S A9
o} wl AN &L 071%, 375%, 779%%2 A4 HyTtsS FAT 1Y FAA L ol TARE

ot
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0_1_4
ol
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2
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2
2
_OH
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U 23 2 uF
£ 3-2-62 vu gl we 19 FEFWVFFS ekl otk vieu o] WegE oy

HEol Skt AL Asx7vs) 5TVl R AFFIIF FATHFFl EuT A el =

i)
=

&0l E& A7

]_
Hlgo] S7tdes Fa el Shsklth

jus)
_
2

B F(ml/L/5)

A e I (R s
(8/2873/15) (3/1675/13) (5.1476/30)
071 320 536 750 120.7
55 375 560 840 1,100 2546
o7 650 960 1,280 280.6
071 430 850 1,200 180.2
8:2 375 854 1260 1,650 253.9
577 926 1380 1,860 320.2

ZH5Fe AY) S 55004 wAE 0%7F 1207 L/F9 3, wjdE 375%7F 254.61/5F, 123l Hj
Mg 577%7F 280.6L/FG o™, Hu)& 204 #lAE 0%7F 1802 L/FRaL, wjd& 375%7}
2539L/F, 18] vl Hg 577%7F 320.2L/F A tE375, 577% EF wjdn] &9 FUh= Aol 2

wlold F7kskE AFeln AnlE 829 Aulgol Be oM BFo] FHSHAL

099
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3E 3-2-7. vjH] & wWE FHe FUd

F%(EC, dS/m)e] ¥ 3}

N

Ll

] Hj o &

=& (31522 %) 84 104 12¢ 24 49 64

071 2.8 2.9 3.8 3.8 3.9 4.2

55 375 2.5 2.8 3.0 3.6 3.7 3.5

' 577 2.5 2.7 3.0 3.3 3.5 3.4

(= v A m 2.6 2.8 3.3 3.6 3.7 3.7

TR 071 2.8 2.7 3.5 3.5 3.5 39

89 35 2.5 2.7 29 3.3 3.6 3.2

' 577 2.5 2.6 2.9 3.3 3.5 3.3

m 2.6 2.7 3.1 3.4 3.5 3.5

071 2.7 2.8 3.7 3.7 3.8 4.0

55 375 2.6 2.7 29 3.5 3.7 3.5

' 577 2.5 2.7 3.0 3.4 3.5 3.4

il m 2.6 2.7 3.2 3.5 3.7 3.7

Tz 2] 7t 071 2.7 2.7 3.4 3.5 3.4 3.8

30 35 2.5 2.7 29 3.2 3.5 3.2

' 577 2.5 2.6 2.9 3.3 3.5 3.2

m 2.5 2.7 3.0 3.3 3.5 3.4
E327¢ ASEAY vage we 2@e] BC WsE Ui o welge Boss
Sela A Aol we g2u &el A WU o] ECE wtkth Fxel EEe) WA
Wl go] 55014 L W & (%% A%z71Q) 896 ZAECH 2814 A kolA AKFQ
8ol ECA27HA Z7hstedt. wule] weulgo] 577% A Fol A %2719 8Uel =
EC7} 25014 A4 Zobd A%%7]9l 8ol EC3A7A Z7hakglont wjejul g 0710 M ks

AAF71ESE skt mystze)yt FFolM= F2e F

O vl 0T1% Kt d AS7]7bel skt

¥ 3-2-82 #jdu] Lo w2 ASAE 2o W

-

=) 2%% BT P

[e)
=
= W gH&o] FUMEFE Aol dolon 375%% 577%

F Al&o] bboll A= vl gHlE 071%A 2l A A%

o] wel dold ASEF7](2/2)0] = 143cm Yt

F371(2/2)91+= 159cm A th.
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7]1¢1 849
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It =
of wE zeol= glovt W&ol wE Aol ik F
o A7 AT wA]
71(10/27) e &= Z=7Fo] 6lem oA A5 x
Y7h= &
ol dojAl= Aol ot Ml HE o= FoA7E I wiA H Hle

M) & 071% A ZANA ABH271(10/27)= Z27e] 65cm oA Aol Fa ol wa}

<HEC7} 2.7°1

e sz

ol E7F
o] 559
4 o]

o] 577% =& Tl
EC3.27+7] Z7}sh4
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=)
i
o

ok
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=
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szalzbe] Ago] AADSEE EC7t EolH = Agolglon], wejgo]l Weis WAy 774

o F%ESL WA 2] A%E AAHL

& 3-2-8 #An g w2 A7E 2o Wi (9] cm)
. o ) uf of £
% R ) 10/27 12/2 1/5 2/2
071 61 b’ 106 b 115 b 143 b
55 35 69 a 116 a 134 a 157 a
577 69 a 118 a 135 a 155 a
N m 66.3 113.3 128 151.7
071 62 b 107 b 116 b 143 b
g9 35 68 a 116 a 134 a 156 a
577 70 a 118 a 135 a 156 a
m 66.7 113.7 128.3 151.7
071 65 a 113 a 132 a 159 a
- 35 66 a 115 a 130 a 156 a
577 69 a 119 a 141 a 166 a
_ m 667 1157 134.3 160.3
vz 2] 7} 071 65 a 113 a 131 a 159 a
8:9 35 67 a 116 a 132 a 156 a
577 69 a 119 a 141 a 165 a
m 67.0 116 134.7 160.0

“Mean separation within columns by Duncan’s multiple range test at p<0.05.
-2-9% Wjduj gl WE FAHRT 5 FHFEFELLe) FF I AEFES HE Aotk

e
A& Aol ot 376%01de] wiA g ol s FoArE T Fxek FF] 55 P&
oA HFIFE 071%2] v Au] &S 2122g0 Lo} 577%H] &l A= 249go] At 13 vy
719 55 Fulgol A FEAFL 071%] wlohu] &2 52g0] Aot 5779%H] &l A= 56.4g

T ANFE e A o] Fxeh W owjy stz glel A Ful gl e olzk gl w
Hgo]l F7HETE B Aot 376%01 o] mAA g FoA e A il Fxet
FZFo 55 P oA FF FRFE 071%] wAn] &S 2270 o 577%H] Eoll A= 24.371
Aok z2elar wyaEzegte] 55 P&l F3 ZHadags 071%9 wian s 6271 o
577%H &ol A= 7219tk e Fxe 9 njy stz gte A ARl &M E Aolrt gl
mjogo]l T e s we Aol oy 35%0 4] WA e Foxrt gk F=
g FF9 55 FAuEolA FHFL 071%9] widan &2 10,783kg/10a o 375%H] &0l A =

AY
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14,474kg/10a .= 7} ok

T 3-2-9, Wl &e] WE FFAF L 5

- oA g gans Ags 75 S FES
o (%]:5- 1) (%) (2) AN/=) (g/) (kg/102) (%)
071 212.2 b* 22.0 a 4,668 10,783 b 64
- 35 246.7 a 254 a 6,266 14,474 a 76
577 249.0 a 243 a 6,051 13978 a 75
I m 236.0 23.9 5,640 13,028 71.7
071 210.3 b 217 b 4,564 10,543 b 68
- 35 2377 a 258 a 6,133 14,167 a 75
577 2436 a 26.8 a 6,528 15,080 a 73
m 230.6 24.8 5,742 13,264 72.0
071 52.0 b 62.0 b 3224 7447 b 80
- 35 576 a 758 a 4366 10,085 a 87
577 56.4 a 721 a 4066 9,392 a 88
- m 55.3 67.0 3885 8,974 85.0
vz 2] 7} 071 53.2 b 62.7 b 3,336 7706 b 87
5 35 577 a 771 a 4,449 10,277 a 86
5 577 565 a 768 a 4,339 10,023 a 86
m 55.8 72.0 4,041 9,335 86.3

“Mean separation within columns by Duncan’s multiple range test at p<0.05.
agla vyyze]ghe] 5:5 Hu| &l e 071%2] wAn] &S 7447kg/10a%) o1} 375%H]

& wjeinEo] Fbd R =2 Ao wixo] HuEol= Apolrh fidth A

[e)
=
Hl&2 Fxet 5L 64776% 10 e vy gzl v Sk Aaglo] 80788%9] =2

# 3-2-10= wjeiu] ol whE vhzel7 F5d v, davk 3 7|g e RAE s vE
gk, wi A ke Fae), vy stz v B jeinlgo] veaE TS0l wokony
Le]7he] e Sokth

Tt FF0 55 FHHlEoA A BAAE2 071%0] Wi HHl &2 12.3% o 375%H]
oM 75%% Stttk Zelal vy ukEe]zke] 55 HulEolA A sat TAES 071%9
Hj A H] &2 56% A 2 3TH%H]&oll A= 32%= Sk

_95_



¥ 3-2-10. wju] ol wE Ao i S WAl S
_— ujj =] Hj A& Wl 354 52 SIEAR 713 1}
i (8 (%) (%) (%) (%)
071 12.3 36 135
-= 35 75 2.3 10.2
577 7.2 2.3 9.8
_ m 9.0 2.7 1.2
T 01 102 23 125
- 35 6.8 26 10.2
577 7.2 27 85
m 8.1 2.7 10.4
071 5.6 25 12.3
- 35 3.2 2.4 1.2
577 35 2.3 10.2
) m 4.1 2.4 112
b=t 071 5.4 2.7 135
9o 375 3.6 26 102
577 3.8 25 114
m 4.3 26 117
® 3-2-11. win] o w2 S5} =
v UK UEE: EEn FE - AEF A 8E
e (F:5) (%) (mm) (mm) (N) (mm) (°Bx)
071 93.0 78.0 4.0 6.6 7.2
. 35 99.1 74.6 3.0 7.4 7.0
55 577 985 771 34 74 70
B m 9.9 76.6 35 7.1 7.1
et 071 9.0 72.9 3.4 6.0 8.6
' 375 94.2 74.3 3.6 6.5 7.0
82 577 98.7 75.2 3.2 74 69
m 94.0 74.1 3.4 6.7 75
071 81.3 40.2 2.3 6.3 9.4
o 35 777 38.7 3.0 6.1 9.6
577 84.2 36.9 3.2 6.0 9.5
jfli‘iq m 81.1 386 3.0 6.1 95
= 071 76.1 385 3.0 55 9.6
- 35 785 33.0 2.3 6.1 9.3
577 80.9 40.3 3.0 6.6 9.2
m 785 389 29 6.0 9.4
“Mean separation within columns by Duncan’s multiple range test at p<0.05.
Aoy Fx vygzey Z5F wjdu o] BSE o] wokoyy Fxglel vjyy
2z 7te] Frolli= 2 Aolrt §lATh F=ZE EFF9 55 HH &AM A HAAEL 071%2] Y
MH&& 36% o1} 375%H] &l = 2.3%FE SEekoh
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aela mystze]zke] 55 HuleolM At BAALE 071%9] wieH & 25%%0 01 375%
Hl &l M 24%= Sokeh 713 AL vl St 8l Aol 42 Agow Fxe) vy
FZE 7} B e go] egs wAggo] wokont Fxgtel vjyshze]te] tel= 2 A
o)7F Stk FZk EF9 55 Hul &l Vg HAEE 071%9] i An &L 13.5% % o
3o%H &A= 102%% S@th s wystzegte] 55 Huleeld Vg 2
071%] Wl Au] &2 12.3%% 01} 375%0] &l 4 11.2%2 ST
F# 3-2-112 wju&o] we g5 Fus el Zojth e FFo] a3 T2
e EEol mE frolArh gller Ads % ASFAE g A

t}

t]

Rl

A F2 352 TN, 28 iy zegbs 234 T2t SF 2 55 HulE
oM HFF7= 071%2] wfdu]&L 6.6mm ou 375%H &0l = 74mm= °FFF F7 T
aelal myszg)zie] 55 HRlEdA H5FA= 071%9] widH &2 6.3mmSA St 375%H] &
oAM= 6.1mm vk Aol Fr= wiAe] FHRj& wjeigol= Aolrt filoy FF el
vystzezbrh gl se FFRUE =2 ol FEE FFe 55 HuleoA FE=
071%9] wjeiH] &2 7.2% Ao 375%R &0l = 7.0% Atk 12l mystze] kel 515 3]
oA BT 071%Y #lAH] &2 9.4% A o 3T5%H] &A= 9.6% ATt
olgel Aol 273%2] wjgoll A Aol Fasta FRAATE fle Acw AT AN

o. A3 g

sz ez FAAMA etz Faep (A A), 5wy gz ] 7F (A )25 F (Enza Zaden,
The Netherlands)& ©]-&3ate] viAIW HH]&ol wE wjodulgo ik A4, FaATFEFS
HA¥l& 550 A v & 0%7F 120.7 L/, whHd & 375%7F 254.6L/5, 183l wj & 577%7}
280.6L/FA . A9 ECE AFx71 8ol 25004 HAH molA A&F 7] 8¥olli= EC34
7ML F7Fet ot Wil & 0T1% Kt A K7 SSE vk ow wjdEo] s E wiAy
7199 Z7FEE 7 Wk o 23] A5 A H AT

Badee Fxg % vy gz ggte A Hujgo A= zol7t fIlaL vl Eo] ST E
A Aol ot 3%l wAA ol = Folxrt gl 9 A Fd AT
I o] Fxet g wjy mtzelgle A JH gl A= Zol7t gllal W&ol TR B
BEFolA o 375%01d e wiA Aol A= FolArE flleh FEet FF9 55 FHH] &l A
THF2 071%<2] v An]-&2 10,783kg/10a% &1 375%H] &l A= 14,474kg/10ao. = 7} @oko
™, 2gfal vyskze|gte] 55 FulEoA FF2 071%2] wi R &2 7447kg/10a% & 375%
H] & 4 = 10,085kg/10ao.2 7} okt
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FAFFHHS FORAAME o] &8t AsdaWHY 7oA BPoz ALEst= Efo]w o
ot FEWHS AYTE FAG wiA U FEEHFS FDR AA (W AA Co, Ltd Kor) &
o] &3to] ©lolE A (CR10x, campbell Co. Ltd USA)el AAd ] Z=AsHA FF3|FE A
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- 100 -
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ojmel o7 FeHeo] TEWUHMEY Ul A= B%oew I Ay 10a T FFESFEC] FDR AlA
£ o8& AF FHUPol 11458kg/10a= Efolmel &gk FHe] FHwHel 1

1000kg 8% ©l B AFES F AYUERT BATREKE = dFolAoH A=
FDR AA S o] &3 A& FoAgrgo] glojmol o3 Ffe] Faiminy FEEo] Eskth
AAFe g wet el #AGle]l 32740 MF o Z7]o= 40 = tha Bekoy A
F5710= 3270 e S Agtel = AFel7 glld

5o FAE AA7Ie #ARle]l 7.1783mm AL, Agitel= FDR AAME o] &3 A& =
o]l Hyt kg o] Brolvo o3 o] FHEFWH BT FAU

Ao G AFx7oe= Ao #AIgle] 8.6%= HlwA kot ASo] Hdgd uhet
T gastes Aol AEjztedl= FDR AIAME o] &3 A5 4 HolA TE7}t

of olgh o] FEWHMET ti Evhdde] Wi gHES 8.0712%A L Azt
FDR AAME o]&3% Abs FAgols =7t efojvjo] o3k FHel Fuiutt tha 40%
woknh, e dAFAES 455% UL A itel= FDR AAE o] &3 A5 AL HoA T

[0
=
a7
==

oo

olge] Aol M FDR AME ol g3 4% Fepguol s Furt golvlo] o|g Gl g7
WHRT Age] FEFHT FFGATL Ho) HLet £AANA PG ol FH FATFY

How dehE A

A3 A EFE #jdg S23(Fud) A" 483 Ve N
1 BFlE o Fa3 SFANNA Fuid 2 2d B Ae

7h A" FR

EutE Fujel =R 7w A&3E f& v #y VEs AFAHoR AAS st
3ttt =, FDR (Frequency Domain Reflectometry) &% A S 283 Fo A 2eoA zt
E d A 21 AFsE A8 AE AAS F9

52 Fgstast s

d

48 59 3
1) A% 2 AWB
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EVE THEES BES 2487 Z2A Al 2 AES AAEd. 7hed As AE S
ate] 20139 10€ 11l AAste] 20149 1€ 210 AF TR B3 A5AME Slst
o] 2014 3¢ 13l A st FAA7A Au] 2 AFo] g Fojth 47he] oY He ZF A
olo] A &2E (100cm x 20cm x 10cm, dust:chip=100:0%. Sivanthi Joy, India, Sinsung®)
o 0.33m A2 A3 1.2me] WA Aoz AA A A 4719 EgEE Gy
EAA whow 34 Axtienl (latitude 35°49°N and longitude 127°08°E)ell %]k w4
220 wjx|elA Y. EvtE F3H wdY (the Glasshouse Crops Research and Experiment
Station at Naaldwijk in the Netherlands)S 125 L Bl 3o 3% % 100 Lo 3]4] % o] 4~FLH
(55W, Hyupsin®)°ll ©Jsf w4 it 7heat A2 Aol vdss 24 dya Evte
vl FolS pH 589 EC 20 dS'm-145F22 A A&7l 5339 B3 o AujeM =

=

42 F 50U7HA = 20dS m-1FE o2, A4 F 51delA 65Ut A= 1.8dS m-1FFo®E, 4
2 F 66U T2UNAE 16dS m-1FFoR, A F T3URE I o]FEE 15 FEoE FF
sl A7z Eeh 24 U CO2, °x, AdsE, FE ¥WiE ALMEMO®
2890-9(AHLBORN, German)ell &} 30+ (FAS= FA4 =St

(2) FDR i AlAe] o3t A5
% FDR FEAIA FH4 Al2~€ (WTI1000N, Mirae-Sensor®, Korea)oll o3 FH-S A
Aok 7t AL Aujel= FRD FRAAME o]&35te] ujx &4 =i ghafo] A4
17}

A =65%0] =g & w vt g4 5 63U FE= 60%0] =Y &

(3) Ad A (13 gd=FH A 114 AHe))
7V AL Arfol A FDR A4 Al2~= (WT1000N, Mirae-Sensor®, Korea)ol] ¢]3F =}

T FYA 18] FREFS 38 e bR o® AAste] 3 AF 13 60ml/plant ©] wo HI=
% ot 5% A% 13] 80ml/plant FHteS sttt 13] wHFS 37 (60ml/plant) &2 A
Aok A g7t HALS 58 (M T35) & 107 (M8 T310)o.= 33a 13 g HFE

5% (80ml/plant) &2 A AT A Fd 7+A S 1657 (HE: THh15)S2 A A3t
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(4) F}AE 24 2 AKFEAL

ek B217] 7] (model Li-6400, Li-CO, Lincoln, Nebraska, USA)ZS o]&3&to] A4 CO2¢}
50 -60% W9 FdulsE, 1500 yumol'm-2-s-1 9 FZ=(PAR) o=z o FFAAE
(Photosynthesis rate), =4F& (transpiration rate), 23 7|9l +=7|¢x+ (VpdL), 7l &4 =

= (stomata conductance), Al 7+ Ale] W CO2 (Intercellular CO2) 5 =S JFA A7 oA =

7], 34 wlg7), 7 o ol waagt)

(5) ZAEE: B4 Alo] A4 F wjde] & Fo 9 vl @ Ao FoF Ay &
ok W EC Wa, AEA A% B4 5g AENE sy 94 5593 58 23
ahoict.

6) EAEX: AoA A& dolEE SAS 92 Z&EIUW(SAS Institute, Cary, NC)O &
ANOVA A3}t

O 4853 Jy& 2 A5
(1) =2 374 A3}
A AEf7IZE Eok 24 W CO2, &%, AuUlsy, ¥E W= ALMEMO® 2890-9 dHo]H

>~l

Z 71(AHLBORN, German)oll 9l&l] 302 2+A o=z ZA=AT. 73 AL A7)t Fetol =
AR CO2 F=7F Aud ez = FAEUdY o= #@7)7F Ald | AL Aujrlel o
W717F 7bed A #E ok (1Y 3-3-1). ofte] HA 22X 11°CE 1 o] =7} of
=15 e
o= 5004 70% BEE FAHT 24 WHe F== 119 vls) 1283 1€ svkokrh =
I o E Au717F ok (3€764Y), 224 U CO2 v=+ FHA 136ppm A 870 ppm o WS
FASA L 25E HAISC oA 37°C 7F FA AL FulFEs A 16%04 31 100%
7HA A HAT B FE BT = FHL 1122 tmm-2s-1 ¢ HMYES Bci(Yg 3-3-2).
&

s WEEH AR s A v ARl vlE = 54 HRaL edls A E
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1000 30 <
1000 : Py 25
gop @ CO2 ——PAR —a—Relative Humidity —e—Temperature 5 o0 —®—C02 —#—PAR —&—Relative Humidity —e— Temperature
1 23 =
800 - iy T E 800 20
a"a"nSntyt £ 4
E w0 ‘.._Ill...-' |- :. .l.ll.ll.
= o
5 \. 5+4%
2 600 | () 18-Nov % 600 15 S)
2 i 2 500 bt
E] ~ 400 (b) 11-Dec 10 2
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= | & & 200 * 158
S 100 G akykhadabiadbada R adahiad sl
sl e A
¥ 0 0 e PSRN
OB TG, PO by 2 Il he Ly 2 2 00-’"7") ’a@’,’-"/./&/&‘:’/.‘)e
Py B Y B Dy, % By, Yy Y, Yy B % e B “ % % " 0y
Hours Hours
1000 - ) - - 25
5 —#—(C0O2 ——PAR —4— Relative Humidity —®— Temperature
5. |
é 800 - (c) 10-Jan 20
R T T —— —— Ll
Z 600 115
3 500 #4009 %y g0e®* 00e®
2 400 10
=
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£ 200 - M/.JA“ 5
O
100 Jakdaa %ﬂﬂ—k‘ﬂﬂﬂ
0 ) 0
9 .f Lo O, 250 iy L Iy 2, 2
% B o B e % ’Jor’aa L% ‘TJG 'Paa PR

9 3-3-1. 7k AE A

Hours

(2013

A 109119 ~149219) 9 3+

Fo| Bepay s

- = O = = . . qe o o
o|2k3lEk 2 (CO2, ppm), B4 F&33% (umol/m2/s), A% (relative humidity, %), 2
° _
2% (temperature, °C) ¥7.
1000 = CO2 —+—PAR 40 1200 —a—CO2 —+—PAR 40
—&— Relative Humidity —&— Temperature A Rei;ti\'e Humidity —e—Tenperature
. 35
28 Mar
| (a) 28-March (b) 21-April 36
Z 00 memmaTEERERER, na® Eamm" 25 c%
&= £
= 500 20
= 400 5 &
= S5
= 300 2
i) 10
& 200
~ 100 2
0 eesssssssssees 0 0 seessssrveres S 0
a, /. ., 6, 2 ly Ly Laly L Lp Lo P O a9, 7. 25 45 Ly g 2 2
G % N % % Y, e Ty Yy, Yy Yy Yo ™ " 0 0y B R 2 s,
Hours Hours
1200 —a—CO2 ——PAR 45 1200 - —®—CO2 ——PAR —&— Relative Humidity —@— Temperature, 45
—a— Relative Humidity —e— Temperature 40 40
1000+ (c) 19-May < 1000 )
35 (d) 6-Tune 35
30 800 30
25 . 25
20 600 - ‘h.q -
2 .__.-ug 20
15 400 15
10 ... 10
5 200 - .
g 3
0 o dkbikhik S T 0
Gy Loy D, P, 6, 29 L, 7 Ly Ly lp Lo 2 2
2. LoV %% T 973- 0TS Gy Loy P, 2,9 dp Ly L3 2 2
0% B B e % %, e, % Ty, e, v, e, Q%Jo%,ab%ga%%d‘ v"g%ouo%Ja
Hours Hours

a9 3-3-2. B3 o] E A
o] A3} Er A (CO2, ppm), 33+

(2014

A]

d a3 (umol/m2/s), FUlHF =

o)
T
2% (temperature, °C) ¥7.
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3913L6U0W) Y 37 Fo| Fekrgy g2 )
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(2) 3t Hvt wi= @ Ft wjdE

Auy Al7lel wep A dAE 29 U 53 SRR (%S 2 st A3 AgE SAs
a7 Fet FHF (ml/plant/day) @ B+t W AE (%) #HFeATGE 3-3-1). 7H=3 AL
A8 ol A3 (60ml/plant) = Holl 5 w2 Ae(T3B)E 3 4-97F & Aol vlsf A A
vl 717F )b AEAT shF W gd "ol 7MY BE Aow yEwt (F 3-3-1, 2). T35A
goA AHa & 62U7tA AEAY otF Wit Fd o] 858(#64) ml/plant/dayH il 3
(60ml/plant) = 2ol 107 w474 Al (T310)olA4  &F = ZFol 7HE it
(306(£25) ml/plant/day) (3 3-3-1). 5F(80ml/plant) 5 Kol 15% v4 A (Th15)+

409(+18) ml/plant/day°l =9 = Avt. A2 F 634 FE 1029 7kA = T515004 &FF =
EAT ¥ud F T Aol 838(+63) ml/plant/day= T gl Hls] 7MY @A T35 A
g7 2 S o] (695(+£33) ml/plant/day), T357F 714 SEkth (524(+24)ml/plant/day).
42 F 629714 M A EL T3BoA G2 F 629714 44% = 7HE =93 THI5H 2ol A=

23% % 1 theow =gt} T310914E 14%= 7F okl a2#u AA 3 63U 5 E 1029

N

o,

EY
il
2

jl
2

@ 4

0.

L

7HA = T35 T3109 vl Eo] 242 11%9 13%= & ZFol7F fIglal T515014 19% = 7H4
=3 w3 A5 AwiAZIdl= T3HelM AgA § 23U7kA & F it F ol
610(+137)ml/plant/day = T310Et+ 5 wf 7bF =ka w4 Eo] 87%S%Ath. Wi T310 A 2o
M 2 A7)l s Hat F N HEe 333(+65)ml/plant/day o] wl o] WAEA] ekt
80 ol F-ol T35 T310H T s+ Hat FejFo]l =h=dl o= 7

NME= 2 A3E el T3cA o= F AuiAl7] 25 e d571A
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¥ 3-3-1. A& 4 A GAEDAT:days after transplant) <43 W 3% FE2FZHPWC: %)
¥ AE Ao 93 &F Hir FNEF (ml/plant/day) @ HF wlAE (% /plant/day). 2 & A
= 13 595FS 37 (60ml/plant), = A43+e] 7+4 S 58 (A8 T35) v 107 T310)S
=

tlal 13 F 4 7S 58(80ml/plant), 59 tAS 158 (A8 To15) o2 A4t

T35 T310 T515
Autumn to Winter
PwC . . - Drainag o :
DAT Irrigation Drainage Irrigation Irrigation Drainage
volume ratio volume . volume ratio
ratio
13-62(240ct™12Dec) 65 858(64) 44(2.4) 306(25) 14(2.4) 409(18) 23(2.0)

63-102(13Dec™21Jan) 60 695(33) 11(1.6) 524(24) 13(1.7) 888(63) 19(2.6)

T35 T310
Spring to Summer
PWC o . .. Drainag
DAT Irrigation Drainage Irrigation o
volume ratio volume ratio

15-23(28Mar~05Apr) 68-70  610(137) 8.7(4.0) 333(65) 0.0(0.0)

24-41(6Apr~23Apr) 68-66 1049(114)  2.9(1.4) 948(96) 1.4(1.0)

42-50(24Apr~02May)  62-61 1226(164)  0.7(0.3)  1127(194)  1.0(0.9)

51-65(03May~17May) 65-64 2069(115)  0.3(0.2)  2263(130)  3.4(0.6)

66-72(18May 24May)  66-67 2593(143)  0.0(0.0)  2598(173)  0.7(0.0)

73-80(25May~01]Jun) 69-68 2686(195)  0.2(0.2)  2644(115)  0.3(0.3)

81- (02-Jun~16Jun) 70-72  3211(341)  16.2(4)  2115(208)  0.9(0.5)
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FESLAS) AAE, G, A8
o/g EE AW Aele 1

als
M

2
Gapel A delEe W 2 ) FRE
i (60ml/plant), wYzte] HA-S 5F(AH ] T35) E+ 102(AH ] T310)o.2 kil 13 w5

&S 5% (80ml/plant), A 7S] FFA S 158 (A 2] TH15) o2 A A At

Irrigation Retained”

Leaf FW  Stem FW Fruit FW SSC v
TRET (g plant’) (g plant) (g plant)) (°Brix) (chf)lﬁlrrrllteq) (Lvogﬁg&) WUE
Autumn to Winter (11" October 2013 to 21% January 2013)
T35 684(27) 324(15) 2009(73)" 5.5(1.0) 68.8 47.0 64.2
T310 629(37) 383(55) 2127(46) 6.000.9) 36.0 32.2 975
T515 777(116) 320(51) 2019(135) 5.2(0.6) 55.2 40.4 779
Spring to Summer (11" March 2014 to 30" June 2014)
T35 - - 4266(17)* 5.8(0.2) 147 135 -
T310 - - 4545(16) 6.000.3) 130 126 -

7 Retained volume = irrigation volume - leachate volume

Y WUE (water use efficiency = leaf, stem, and fruit fresh weight at harvest + retained irrigation volume)
W Fresh weight of fruits harvested from cluster 1 to cluster 3.

X Fresh weight of fruits harvested from cluster 1 to cluster 4.

Data are means of four replications per treatment in a completely randomized design.
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L&
1

(2) Auturmmn to Winter (from 14 DAT to 34 DAT)
70
5 63
Z 60
-
B
=
= 50
45 1 —l—=E35 —k— T310 —a—T213
24: 1 X 3 4 5 e T8 1031 BXAs 141516 1P A8 1o 212X 23
Hours
-0 .
(a) Autwmnto Winter (from 31 DAT to 91 DAT)
&3
= 60
S 30
45 + ——T33 —a—T310 ——T513
2y 2 5 4.8 6 F GE 9 40 113X A3 I4 1S 16371810 2123 25

Hours
a9 3-3-3. 7Fe 3 ALAA S dAE A Ao wE 2| o FESE W Ad
A= 13 F A7 37 (60ml/plant), wAzFe] A4S 58 (A T3H) T 108 (A :
T310) o2 393 18] FH &S 58 (80ml/plant), 7 H7He] HA S 15%(H ] TH15) 0=

A A 3Rtk Bars represent standard errors (+£) of means for 20 replications per treatment

between 14 DAT and 34 DAT (a) and 13 replications between 51 DAT and 91 DAT (b).
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(a) Sprng to Summer (from 13DAT to 23 DAT)

Preset water content; 70%

£ 70
Z 68
S 66
5 64
T
ES 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i
24 1 2 3 4 5 6 7 B 9 1011 1213 14 15 16 17 18 10 2021 22 23
Hourz
i i {a) Spnng to Surumer (from 66DAT to T2 DAT)
——T3: —e—T310 :
i Preset water content: 67%
= 710 i
£ 65
S 60
:'D 1 1 i 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1
24 1 2 3 4 5 &6 7 B 9 10 1112 13 14 15 16 17 1% 19 20 21 22 23
Hourz
a7 3-3-4. I AFAAA S dAE A Agd nE 2d Wl FEEE ek A9
A= 13 FHFHE 3 (60ml/plant), = H7Fe] A S 5 (A 2 T35) T+ 10 (A

T310)2. % 3} o). Bars represent standard errors (+) of means for 7 replications per

treatment.
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{a) Autuwmn to Winter (from 16 DAT to 19 DAT)
63 =i
2 60
5 30 F
. ——T33 —— T310 —&—T313
40 . . . . . i .
854 0-04 0:15 Q25 936 0-44 0-54
Times afterumgation mutiation
-0 -
(b Aunpnn to Winter {from 83 DAT to 882 DAT)
63
= 60
= 54
453 i
—l— T33 —ak— T310 —8—T513
_1[:' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L 0. £ =, o, 2 -, ey -, ("'J -, #,

Times afterimigation mitiation

9 3-3-5. b2 A ASsaA E A Aol wE T A F 172417 W
od W FEdE Wik A3 A= 13 F A4S 38 (60ml/plant), H A7 A S 5

(Mg T35) T+ 10 (Mg T310) =2 st 13] F &S 52 (80ml/plant), & 4=

15% (A g]: Thlh) o 2 A A3t} Bars represent standard errors (+) of means for 4

replications per treatment.
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(a) Spring to Swummer (from 66 DAT to 69 DAT)

~ 83

Z 60

5 sp A set W - 670

z 50 Preset water content: 57% T35 A T310

=

45
5. e - - - - o o, o P o F. o
T By Ve % % e Ym Yy o Yy S Ty
Times after origation initiation
T 3-3-6 B3t o BAMAN AP Aol mE Fo AA F 24 U 26 U FRIB
Het A AHeEle 13 3 S 3w (60ml/plant), T H7He] 24 S 5 (A2 T35) E=

105 (A g]: T310)2. 2 3} th. Bars represent standard errors (+) of means for 4 replications

per treatment.

3000
(a) Spring to Sunumer (from 66 DAT to 69 DAT)

5. 2300

= OT35  ET310 T [

S 2000 l J

S 1500 :

= T

= 1

3 1000 [ T

: _ Ui oz I

500 = 1
0 =] .
10:00 13:00 17:00 Totadl
Times=

a9 3-3-7. B3 AFAul A AF Aol wE aF T A i E FHFE A AYe

18] Fol S

ol 7}

B N

3+ (60ml/plant), &

o] 2+AE 5% (A T3H) =& 102 (M T30S =

At} Bars represent standard errors () of means for 3 replications per treatment.
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(3) 24 W EC ¥3
b AL Al A A7t Fek FE i Ed e ECE 20 dS m-1 FEo® A st
R EE AolA <@ U EC7F 22730 dS m-1 FFS At (19 3-3-8a). A2 ¥ 51
doll A 91d7kA] BEsAS W F7lo] wielEe] iyt 19%A" T515A 2felA <d EC7t

22-25 dS m-1 FEo® 7H vtekal $7lo] AL it wigEo] HlElw T35¢ T310&
HlalekH T35 A= 2.672.8 dS m-1 F+&, T310°4+ 28730 dS m-1 F+& Bt =3

A Aol = FA F 6643 729, = ¥ ¥R EC7F 16 dS m-1 #Fd # <9
vl EC7F 2.0726 dS m-1 HAd THAZANAE= 23726 dS m-1 F55 BI 3 T310
ANM= 20724 FE5 dS m-183

FN
o

(4) HEA FEJAE BAF, 3= 2 FE]& &S

b A A7l A3 7], AEAT FAEFAL] AT B FE= AP Al o
SAA fFA7E fls AR YErET AR FRol&Es (A EA AAFT + FEAAE A
As) + (Fad=F-vd)S T310 > T515 > T

T310A 2ol Al A=A et F4FHE AT & Aot zol7t flar T =k} ufo o]
P e AoR A% ot B AFA M= ofA Ado] e FolANk 6 16U 7HA
S dolge AnEs B A2 T 7dREH 569704 dFd Ao w SAHY AExFY o
A2zt Zpol7b e Ae®m yewt (Ld 3-3-9). @A 74A T310A 2ol A A &4
THAEHEY BAFl THET 5L AoRE Yetwt (i 3-3-2). 53 o5 AufelA 2=
A FAFLFE T35904 147 L plant-10]3 T310x o4 130 L plant-1 ©]t} vjAE LS
T35 4 8.2%°]aL T3594 3.0% ©] At}

n2

I
rr
Ol
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52!

3-3-3. &34 & (Photo: umol CO2m-2s-1), 7] ¥ H =% (Cond: mol H20m-2s-1), 45 Al
F59C02% = (Ci: umol CO2mol-lair), 5At% [Trommol: mol H20m-2s-1], 3+ A3} 7]
o] gakekAk [VpdL: mol H20m-2s-11. 23 A= 13 w i &S 32 (60ml/plant), = 27+
HAS 58 (A8 T35) e 10 (H e T310)o.2 st 13 =S 57 (80ml/plant), & <Y
o) AL 1584 T515) 0.2 A4

)

TRET Photo Cond Ci Trommol VpdL

Autumn to Winter  (11th October 2013 to 21st January 2013) (At 39 DAT)

T35 20.4(2.2) 0.7(0.1) 669(33) 4.2(0.2) 0.8(0.1)
T310 20.4(0.4) 0.6(0.2) 636(63) 3.8(0.4) 0.8(0.1)
T515 20.8(1.6) 0.6(0.1) 631(52) 4.1(0.2) 0.9 (0.1

Spring to  Summer (11" March 2014 to 30" June 2014) (At 56, 62, 72DAT)

T35 18.2(0.7) 0.8(0.1) 226(7.4) 9.3(0.6) 1.5(0.1)
T310 19.1(0.8) 0.9(0.1) 233(7.8) 8.9(0.3) 1.2(0.1)
34

(2} Autumn to Winter (from 31 DAT to 91 DATY

Lad
I

(]
o=

28 L 1 ﬁ i
T 3

B in substrateids m D

—m—T33 —k— T310 ——T313
241 2 3 4.5 & F R 9 A0 112xA3 14495 61T 1R A9 2021, 22 X5
Hours
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L

B i subetrate (ds meh

(b) Sprng to Sunumner (from 66DAT to 72 DAT)

Nutrient solution EC: 1.6 dS m?

——T33 —4—T51

0

2 3 4 3 6

Bars represent standard errors (+) of means for 13 replications for per treatment for

autumn to winter season (a) and 7 replications for spring to summer season (b).

120

100

20

&0

40

Plant Height fem plant "

T19Y3-3-8. w3 AFAelA FA 5 7L

A= 13 &

(a} Sprimg to Summer (7 DAT to 56 DAT)

——Height-T33

—&— Height-T310

—+—Leatho-T33 ——Leafho-T310

7 21

28 34 49 36

Davs aftertransplant

.
NS 3% (60ml/plant), = AZFe] HA S 5% (A2 T3H) &=

T310) 0.2 3t}

- 14

- 10

20

- 18

16

12

2

Ll number (e plant '

=

TE 56UA7MA A 29 g4 sk A
4

10+ (A2l

Bars represent standard errors (%) of means for 24 replications per treatment.
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wee oEFTFEE AWl A FDR AlAol &g A3 Hlwstr] flste]  Elolw
(TIMER) Alej7d #tfo 2 AR o8 FoFHAME 49+ FDR FRAA ] &3
WAz vjasty] 9lske] FA UAFFAA (IR: Integrated solar radiation)$t TIMER A7} 3t
gox AAGHATE FDR AAel og w23 IR AlAjo] ok gAHAL A3 A5 H 47
(WTI1000N, Mirae-Sensor®, Seoul, Korea)ell ¢]3] Ao} ¥ TIMER W2l-& elolwr 2k
H AEa Aol ofs) A=At FDR AlAel ogh Fof w2 H3geh vjx] &

g oET 2 A Tl Ha HE FEEd =g &

K3

Al IR AlA Aol T E7 FHUA}L

MA@ FRAS AL Wl wel dF 147 B

Bk HB2A17] 7] (model Li-6400, Li-CO, Lincoln, Nebraska, USA)S o] &3t =4 CO,%}
50 -60% W9 AulFE, 1500 umol'm*s ' FEe FE(PAR) ZXo= 9o FFHE
(Photosynthesis rate), =4F& (transpiration rate), 93 th7]9] +Z7|¢= (VpdL), 7l &4 =
% (stomata conductance), A3 7t AFe] W CO, (Intercellular CO») & =S #H23A . A A
of Az & mde] F
E

ol
= = 5 = sz = o = =) 2~ 1 =0
T W AEA S, AR 28 AEST 2 FRolEEES 54 it FEolgE S

[0

Hek wjole, wjdE, @ W gd5E& % EC (Electrical conductivity)

(water use efficiency)< ta3 o] A= WUE = (Fresh weights of leaf, stem, and
fruit at harvest)/(applied irrigation volume — leachate). ¥} 9} & (Drainage ratio (%)) th<
9} 7ro] AArEA}; drainage ratio(%) = 100 x (daily drained water per plant/daily irrigated
water volume per plant). Z¥oA A& do]EH = SAS 92 Z=Z I (SAS Institute, Cary,
NC)e.& ANOVA #433it}.

. A%

e

1
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4 20del 278TSH. oY A dAbEE 89 224, 9¢€4d, 9¢ 209 9¥U30Y el

550077000 J cm? 4 Eolx o7 ¢ =A yehyta, 1 ¢+ 150073000 ] cm 2 &

dd AEAT ASHAY FAFS A2 T 30-554 @AAA FDR FEAlAl Al o] ol A
LRdTEs 66%%E AAT A3 TIMER Alojol Bl&l 24% A JATHEE 3-3-4). ©] Al7]
of TIMER Aol 99% ujdo] ¥l elar FDR A Alo] i wjolo] wAIE =] ekgkt),
whebA] &S Qs FDR AAl Alo] ol Al FofwFe] 10% F5dd oz et A
2 3 69-107¢ SAME EXFFES 6% 2 A AAAGNE TIMER Ao] ol 13
FA o] 26% AU o] Al7]el TIMER Aol = 10712%¢] o] ¥t ¢l 1 FDR 4l
A Aol i de] WAEEA] gkokal Stk mPR AR, wjdES 7HekEH FDR AlA]l Ao
ToA FHEFo]l 10% F=FId Aoz dAdsch wapx A Au7|t 5 3 A=
¥ ZF%S FDR AA Aol oA oF 18% A%E SSHTHE 3-3-4). olgldh Zxdtss e
 BAe] 7]Ee] AFARE EURE AAT Zolu AFAT w7t A9H Aol 7t AEE
AujAl 719 zpol, 7F Frhe] A Hold (M= Ax Wy, Wz 7] T =EHE E o)
T 43 Fol wet debd Qv nAHAT webA Rxdad AR A dd 73 F
FS pAsty 72 AsAdd EvE AE o A5y dAHES SxFd5IFS HA G
of dtrh. A4 F 56-68Y TANA HETTES T4%E HAT A FDR AA AotolH
HFE TIMER Alof-oF folak7t gldeh aFA vk s} FDR AlAl Alo] el A= 4.6% A
131 TIMER Aol el A= oF 11% HAsAth FDR AlAl Ao o 4] o] whAab=] &F

RAE AEAT 18] FHFS 70 mL2 A st Aot F, Agrrs] Wao=z njde]
Akl ekA "k TIMER Ao+ 13] 978 807110 mL= A4 at7] wjiof wjeio] whay
shA it dubd o @ HEdhy EvtE AulErto A s wl g 20740% W Eske Blo] #aol
o] EvlE ¥7bE 10715% 2 Algkstar itk

A A Sk wiA g T AP 1 Z Aolvh flley (71y 3-3-11), WA Ul EC
FZE FDR AlA AlojFelA A4 604 o] FHE 3.0-40 dS m! FFo2 TIMER Ao+
(25-35dS m") B} =odth (17 3-3-12). o] A AFH A2 F 69-1078 @A =

o)

o

rlo

0
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TIMER Alo]Toll Hla} H o] 26% #HAEJAL vl ES etstd FDR AlA Alo] 7ol A
HA o] 10% = FDR AlA Ao} F-ell Al FH3F7F A 275
o S7)of A A BHo| S Aew FukE (719 3-3-13). o]y g A= FDR AlA
Aol ol A AEAG EntE Fdo] 20% #HAHAL FEE 1.0 Brix 719 Aoz unZdy
(% 3-3-5). EvlE 105052 500m’el &A= o]A s w) v =32 FDR AlAlo] <& w)
NG F43t S u 186,072¢0] AnE vbH e FgaE 22718209 0] AH|EH o=
UERSTHE 3-3-6).

A4 o2 FDR AA Alojv= 49 +9 ddds #ds-so o33

!
B8 SER St Folgdelnz 18 FHY L TEWFES 4 Al 844 54 2

3% 3-3-4. Comparison in irrigation volume, drainage ratio and water volume in each
irrigation between FDR-automated and TIMER irrigation systems during summer to

autumn growing season.

Days after Preset Irrigation water volume

Treat- } Drainage . o EC
transplant trigger volume ] in each irrigation 4
ment ) B . ratio (%) (dS m"H
(DAT) point (mL plant™ day ) (mL)
30-55
_ 65% 879(56)” 0.0(0.0) 70 2.0-1.7
(17-Aug~09-Sept)
FDR o008 74% 1729(279) 46(2.9) 70 17-15
(10-Sept™22-Sept) ° o o
69-107
- 76% 723(30) 0.0(0.0) 70 1.7-16
(23-Sep™31-Oct)
30-55
3 - 1157(68) 9.9(1.1) 80-120 20-1.7
(17-Aug~09-Sept)
TIMER 26708 - 1592(34) 10.6(1.8) 90-110 1.7-15
(10-Sept™22-Sept) o o
69-107
- 978(47) 12.1(1.6) 40-110 17-16

(23-Sep™31-Oct)

“. The numbers in parentheses are standard errors.
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3% 3-3-5. Comparison in fresh weight (FW) of fruit, soluble solid content (SSC), total
irrigation volume, and retained volume between FDR-automated and TIMER irrigation

systems during summer to autumn growing season.

Fruit FW* SSC Total irrigation Total retained irrigation
Treatment L . 1 )
(kg plant™) (°Brix) volume (L plant ™) volume’ (L plant )
FDR 1.28 6.8 86 34
TIMER 1.62™ 5.7 105 94"

? . Fresh weight of fruits harvested from cluster 1 to cluster 4.
Y ‘Retained volume = irrigation volume - leachate volume

*. Asterisks indicate significant differences (t-test, p < 0.05).

3 3-3-6. Comparison in fertilizer costs for growing 1050 plants in a greenhouse sized in
the 500 m®> where 1050 plants are grown under the FDR-automated and TIMER irrigation

systems during summer to autumn growing season.

Fertilizer costs

Treatment
(won/1050 plants)
FDR 186,072
TIMER 227,182
2000 .30
——Integrated solar radiation
3.000
—&— Air Temperature (°C) 1 25

1 20

Integrated solar radiation ¢ oy
Adr temperature (*C)

17-Ang 24-Anz 31-Aug T-Sep 14-8ep 21-Sep 28-8Bep 5-O0ct 12-0ct 19-Oct 26-Oct

Date

19 3-3-10. Daily integrated solar radiation (J cm?) and daily average air temperature
(C) in the experimental greenhouse between the 17" of August to the 1% of November in

2014.
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19 3-3-11. Comparison in the volumetric water content of the substrate between

FDR-automated and TIMER irrigation systems during summer to autumn growing season.

15 L =FDR - TIMER

Substrate EC concentration (dS m!)
-l

S o R R o %)
oo G- S S S > | §
SARLAEE G A L A

19 3-3-12. Comparison in the substrate EC concentration between FDR-automated and

TIMER irrigation system during summer to autumn growing season.
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219 3-3-13. Comparison in irrigation frequency between FDR-automated and TIMER

irrigation system during summer to autumn growing season.

19 3-3-14. Images of field experiment in the greenhouse of commercial hydroponic farm

during summer to autumn growing season.
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19 3-3-15. Images of plants grown for 56 days after transplant under
FDR-automated(left) or TIMER(right) irrigation system during summer to autumn growing

season.

19 3-3-16. Images of plants grown for 96 days after transplant under
FDR-automated(left) or TIMER(right) irrigation system during summer to autumn growing

season.
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(2) ]2 F 54 AuE A Tl AN Ve S

ol2 BT EH AujolA &4 W 7MY =S e 699 36To) M = dAEHS 6
4 9% A 942 J em? FFEOIJEHE 3-3-17). A Aui717F HoF A W =S FDR
AR Ao Fel| M= 52-64% MR F24 =, TIMER Ao}l 3, 490 54%=2 7
H 59l 60%, 69 74%%2 FAEATH IR Alo]Foll = 3, 496l 55759%, 5, 69l 72%
2 fA HAth A A B 2@ Ul vlx] EC vRE Al Ag EF 1832dS m! F
FOo 2 fFAHAT (19 3-3-18).

AsaAd dd AEAY Fd gd=FS Al A2, TIMER, FDR, % F4 4AFFIR) BEF
A2l % 13-519 = 600-630mL, 52-60< °ll = 1000-1200mL, 61-68%-21200-1400mL, 69-78%
< 1800-1860mL, 79-879 2 1820-1900mL "9 = &HEATHGEE 3-3-7). 22l Aw F7],
42 F 88U o] Foli= FDRY IR Aol oA dd AEAT Hyt FA T glojA] Aolg 4
#= weEd FDR Ao & 16522ml 502 FFHYd w3 IR Aol & 2111mL §

2 FFEHAHE 3-3-7, 19 3-3-19). o]& Awl F7] =, 59 o] F FHUAF TR IR
ATl A= wodel F7he Wk FDR AlA A2l7te AAGE 29)# 947 13 »i7t

A) olFol i FEFFS EolA ¥ AF 59-60% FEom AT A ddo] Uk

™

TIMER Aoy B g% 1873mL o2 FF5Aa 1 wo] sjAE4.1%)S 7t
3t FDRAA A= Hx P28 445 172% wox 9 3oz dudr
A Ae 712 Sk vl E S TIMER Alo]+-9] ¢ 4712%, FDR AlA Aol 44
077%, IR Aol T+ A% 12719% %= IR > TIMER > FDR <=0l th(E 3-3-7). dyh3
H =3kl EvlE Al s tol A= TIMERY IR Alojwh 2] S o] &3ke] wldlS 20740% ol
Z3l= Aol #oly o] EmE ke TIMER Alojwalo g 10715%= #lgeta glo] IR
Aoj7= thE dvk ket fAHA S wEst e s HEE ASOAE FHUANS
A Ay AEAY dd H FAFo] e AHYFEL FAEY wdELS xR e
Tl 2SR o= A AFE dHZ TIMER Aol Zo] IR AT % 13
807120mL= A 7g3t 7] wiiel dd Hi FAqFS FDR AA AlofF-oF frAlstth v dEo]
=4 s Ak A4 T 60Y o] F FDR AlA Alo] ol A widlo] o #Aad A A&
T 13 FAFE 609 olFHE 65 75mLE A Aotk 3-3-7, 1¥3-3-20). B4 =
719l FDR AlA A|o]5-% TIMER Ao} 22 59 13 gdFS Fashe] uodo] 7%
Ax AT ol A 27lel e &3 ASAES A o &3] el o o

S Ao AuHo] 13 FAHE ¥ o A T ASIA wel =4 dAsA

o

—

rlo
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3-3-0). ZAE FRIFASE A AT 19 FAAE = AOE HehFrHE 3-3-8).
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3 3-3-7. Comparison In irrigation volume, drainage ratio, and water volume in each
irrigation under the FDR-automated, TIMER and Integrated radiation (IR) irrigation

systems during early spring to summer growing season.

Days after Preset Irrigation water volume Plant
Treat— Drainage
transplant trigger volume in each irrigation height
ment ratio(%) (cm)
(DAT) point (mL plant! day ) (mL)
13-51 . .
(1Nt Age) 623 106(2.7) 65-110 149(2)
52-60 .
O-AoeT1-Ape) 1036 11.5(4.6) 85-110 170(4)
61-63 .
(18 gt 1247 9.0(6.5) 70-110 194(7)
TIMER o s
Bt M) 1783 10.2(6.0) 75-115 924(4)
78-87 ) .
5Ny 13- M) 1820 9.2(6.6) 85-110 v
88-120 . .
(14 My Jir) 1873 41(32) 85-110
13-51 58761% 603 6.3(2.2) 60-90 153(1)
(1-Mar-8-Apr) 3(2.
52-60 .
O-Aop 7oA 1244 6.6(2.8) 90-110 179(1)
61-63 )
FDR 69-78 59760%
. y )
(B et D) 1863 32(4.1) 65-75 933(2)
78-87 . B
(5- Moy 13 VEg) 1883 43(5.2) 65-75 y
88-120 i i
(14 My i) 1522 0(0) 65-75
13-51 —  a50~1705 605 145(1.7) 70-110 156(1)
(1-Mar-8-Apr) A
5260 501307 1014 11.70) 100-110 180(3)
O-Apr—17-Apr) :
61-68 1307 1424 16.6(0) 100 202(4)
(13-Apr-24-Apy) :
1R 69-78
Bk 1307110] 1827 14.1(0) 100-120 236(4)
78-87 - ,
S oy 110750) 1900 185(0) 80-90 o
88-120 . .
PRV Ay TR 2111 135(0) 80-90

? : The numbers in parentheses are standard deviation.

V' The apex of plant was removed after the 2" of May at 76 days after transplant.
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¥ 3-3-8. Comparison in fresh weight (FW) of fruit, soluble solid content (SSC), total
irrigation volume, and water use efficiency (WUE) under the TIMER, FDR and IR

(Integrated radiation) irrigation systems during early spring to summer growing season.

, ] . Irrigation
Leaf FW”* Stem FW* Fruit FWY SSC :
Treatment 5 5 5 o volume WUEY
(g plant™) (g plant™) (g plant™) (°Brix) B
(L plant ™)
TIMER 758(64)" 455(25) 1889(258) 4.8(0.1) 138 26.73(0.90)
FDR 701(76) 420(35) 2430(282) 5.2(0.4) 146 28.75(0.93)
IR 761(51) 420(30) 2253(308) 4.6(0.1) 148 30.94(0.72)

Z : Measured at 121 DAT (15th of June)

. Fresh weights of fruits harvested from the first cluster to the forth cluster.

: Drainage ratio (%) = 100 x (daily drained water per plant/daily irrigated water volume per plant)
V: WUE = (Fresh weights of leaf, stem, and fruit at harvest)/(applied irrigation volume — leachate)

. The numbers in parentheses are standard errors 5 representative plants per treatment

. The numbers in parentheses are standard deviation 2 representative plants per treatment

3t 3-3-9. Comparison in total and daily average weights of fruit harvested from a
greenhouse sized in 500 m? where 1050 plants are grown under the TIMER, FDR and IR

(Integrated radiation) irrigation systems during early spring to summer growing season.

Total weight of fruit™ Daily average weight of harvested
Treatment P . P
(kg 500 m*) fruit (kg 500 m”)
TIMER 6611 189(18)
FDR 6644 190(18)
IR 6765 193(19)

W Fresh weight of fruits harvested from cluster 1 to cluster 7 from 84 (11th of May) to 123 DAT (19th of

June).

- 128 -



3% 3-3-10. Daily times and frequency of irrigation in the TIMER irrigation stems during

early spring to summer growing season.

0l1-=Mar: 10:00 i 12:00

02—Mar: 10:00 : 12:00

04—Mari 9:30 11:30 { 13:30

05—-Mar: 9:00 10:30 @ 12:00 : 13:30

06—Mar: 9:00 10:30 @ 12:00 @ 13:30

07—Mar: 9:00 10:30 § 12:00 i 13:30

08—Mar: 9:00 10:10 i 11:20 i 12:30 i 13:40

09—-Mar: 9:00 10:10 § 11:20 i 12:30 | 13:40

10—-Mar: 9:00 10:00 : 11:00 : 12:00 : 13:00 : 14:00

11-Mar: 9:00 10:00 i 11:00 i 12:00

12—Mar: 9:00 10:00 § 11:00 i 12:00 i 13:00 i 14:00

13—Mar: 9:00 10:00 : 11:00 : 12:00 : 13:00 : 14:00 : 15:00

14—Mari 9:00 10:00 : 11:00 i 12:00 i 13:00 i 14:00 i 15:00

15—-Mar: 9:00 10:00 @ 11:00 : 12:00 i 13:00 i 14:00 : 15:00

16—Mar: 9:00 10:00 : 11:00 i 12:00 : 13:00 : 14:00 : 15:00

17—Mari 9:00 10:00 i 11:00 i 12:00 i 13:00

18—Mar: 9:00 11:00

19—Mari 9:00 10:00 § 11:00 i 12:00 i 13:00 i 14:00 i 15:00

20—-Mari 9:00 9:50 10:40 i 11:30 i 12:20 i 13:10 i 13:25 i 14:00 i 14:50

21—-Mar: 8:40 9:20 10:00 i 10:40 @ 11:20 i 12:00 : 12:40 : 13:20 : 14:00 i 15:00

22—Mari 8:40 9:20 10:00 i 10:40 i 11:20 | 12:00 i 12:40 i 13:20 i 14:00 i 15:00

23—-Mar; 8:40 9:20 10:00 i 10:40 i 11:20 i 12:00 i 12:40 i 13:20 i 14:00 i 15:00

24—Mar: 8:40 9:20 10:00 i 10:40 § 11:20 @ 12:00 i 12:40 : 13:20 i 14:00 i 15:00 : 11:40

25—-Mari 8:40 9:20 10:00 i 10:40 i 11:20 | 12:00 i 12:40 i 13:20 i 14:00 i 15:00

26—Mar; 8:40 9:20 10:00 i 10:40 i 11:20 i 12:00 i 12:40 i 13:20 : 14:00 i 15:00

27—-Mar: 8:40 9:20 10:00 i 10:40 11:20 12:00 12:40 13:20 14:00 15:00

28—Mar: 8:40 9:20 10:00 i 10:40 i 11:20 | 12:00 i 12:40 i 13:20 | 14:00 i 15:00

29—-Mar; 8:40 9:20 10:00 i 10:40 i 11:20 i 12:00 i 12:40 i 13:20 i 14:00 i 15:00

30—Mar: 8:40 9:20 10:00 i 10:40 : 11:20 i 12:00 i 12:40 i 13:20 i 14:00 i 15:00

31-Mari 9:30 10:30 : 11:30 i 12:30 | 13:30 i 14:30

01—Apri 9:30 10:30 § 11:30 i 12:30 | 13:10 i 13:50 i 14:30 i 15:10

02—Apr: 8:30 9:10 9:50 10:30 i 10:50 i 11:10 i 11:50 12:30 13:10 i 13:50 i 14:30

03—Apr: 8:30 9:10 10:30 : 11:10 : 11:50 : 12:30 : 13:10 : 13:50 : 14:30 : 15:10

04—Apri 8:30 9:10 9:50 10:30 § 11:10 i 11:50 i 12:30 i 13:10 i 13:50 i 14:30 i 15:10

05—Apr: 9:10 11:50 @ 13:10

06—Apr: 8:30 9:10 9:50 10:30 @ 11:10 @ 11:50 : 12:30 : 13:10 : 13:50 : 14:30 : 15:10

07—Apri 8:30 11:50 i 13:10

08—Apr: 8:30 9:10 9:50 10:30 i 11:10 : 11:50 i 12:30 i 13:10 14:30 @ 15:10

09—-Apr: 8:30 9:10 9:50 10:30 § 11:10 | 11:50 i 12:30 13:10 14:30 § 15:10

10—Apri 8:30 9:10 9:50 10:30 i 11:10 i 11:50 i 12:30 i 13:10 14:30 i 15:10

11—-Apri 8:10 8:40 9:10 9:40 10:10 @ 10:40 : 11:10 i 11:40 12:40 @ 13:10 § 13:50 i 14:30 i 15:10

12—Apri 8:10 8:50 9:30 10:10 § 10:50 | 11:30 i 12:10 12:50 14:10 § 14:50 § 15:30

14:10 @ 14:50 @ 15:30

13—-Apri 8:10 8:50 9:30 10:10 @ 10:50 @ 11:30 i 12:10 i 12:50

14—Apri 8:50 10:10 @ 11:30 @ 12:50 i 14:10

15—Apri 8:50 10:10 § 11:30 i 12:10 | 12:50 i 13:30 i 14:10 : 14:50 i 15:30 i 16:10

16—-Apri 8:10 8:50 10:10 i 11:30

17—Apri 8:00 8:30 9:00 9:30 10:00 i 10:30 : 11:00 i 11:30 i 12:10 @ 12:50 : 13:30 : 14:10 @ 14:50 i 15:30 i 16:10

18—Apri 8:00 8:30 9:00 9:30 10:00 : 10:30 § 11:00 i 11:30 i 12:10 | 12:50 i 13:30 : 14:10 i 14:50 i 15:30 i 16:10

19—-Apri 8:00 9:00 9:30 10:00 i 10:10 i 11:00 i 13:30 i 14:50

20—Apr: 8:00 8:50 9:30 10:10 § 10:50 | 11:30 i 12:10 12:50 i 13:30 i 15:10 i 16:10

21—-Apri 8:00 9:30 10:10 i 10:50 : 11:30 § 12:10 i 12:50 { 13:30 | 14:10 i 14:50 i 15:30 { 16:10

22—-Apri 8:00 8:50 9:30 10:10 i 10:50 i 11:30 i 12:10 i 12:50 i 13:30 i 14:10 : 14:50 i 15:30 i 16:10

23—-Apri 8:00 8:40 9:10 9:40 10:10 @ 10:50 § 11:30 i 12:10 i 12:50 @ 13:30 i 14:10 @ 14:50 : 15:30 i 16:10

24—Apr: 8:10 8:40 9:10 9:40 10:10 @ 10:50 @ 11:30 : 12:10 : 12:40 : 13:10 : 13:40 : 14:10 : 14:50 : 15:30 : 16:10

25-Apri 8:00 8:40 9:10 9:40 10:10 ¢ 10:40 i 11:10 i 11:40 i 12:10 i 12:50 i 13:30 i 14:10 i 14:50 i 15:30 : 16:10

26—-Apri 8:00 8:40 9:10 9:40 10:10 @ 10:40 i 11:10 11:40 12:10 i 12:40 § 13:10 ¢ 13:40 : 14:10 : 14:50 : 15:30 i 16:10

27—Apr: 8:00 8:40 9:10 9:40 10:10 i 10:40 : 11:10 : 11:40 : 12:10 : 12:40 : 13:10 : 13:40 i 14:10 : 14:40 : 15:10 : 15:40 : 16:20

28—Apri 7:30 8:10 8:40 9:10 9:40 10:10 i 10:40 | 11:10 § 11:40 i 12:00 i 12:20 i 12:40 i 13:10 i 13:40 i 14:10 i 14:40 i 15:10 i 15:40 i 16:20

29-Apri 8:00 9:00 10:00 i 11:00 i 12:00 i 13:00 i 14:00 : 15:00 i 16:00

30—-Apr: 7:30 8:00 8:30 9:00 9:30 9:50 10:10 : 10:30 : 10:50 : 11:10 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 i 14:30 : 15:00 : 15:30 : 16:00
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3£ 3-3-10-1. Daily times and frequency of irrigation in the TIMER irrigation stems during

early spring to summer growing season.

01-May: 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 : 11:30 i 12:00 : 12:30 : 13:00 : 13:30 : 13:50 : 14:10 i 14:30 : 14:50 i 15:20 i 15:50 : 16:20

02—-May: 7:30 8:00 8:30 9:00 9:20 9:40 10:10 ¢ 10:40 @ 11:10 i 11:30 @ 11:50 i 12:20 i 12:50 : 13:10 : 13:30 i 14:00 i 14:30 : 15:00 i 15:30 : 16:00

03—May: 7:30 8:30 9:20 10:10 § 11:10 § 11:50 i 12:50 i 13:30 i 14:30 i 15:30

04—May: 7:30 8:00 8:30 9:00 9:20 9:50 10:10 i 10:40 i 11:10 i 11:30 i 11:50 i 12:20 i 12:50 i 13:10 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

05—-May: 7:30 8:00 8:30 9:00 9:30 10:00 @ 10:30 : 11:00 @ 11:30 i 12:00 : 12:30 : 13:00 i 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

06—May: 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 i 11:00 i 11:30 i 12:00 { 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

07—-May: 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 : 14:30 i 15:00 i 15:30 i 16:10

08—May: 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 : 15:00 i 15:30 i 16:10

09—-May: 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 : 11:00 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

10-May: 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

11-May: 7:30 8:00 8:30 9:00 9:30 10:00 @ 10:30 : 11:00 @ 11:30 i 12:00 : 12:30 : 13:00 i 13:30 : 14:00 @ 14:30 i 15:00 : 15:30 : 16:10

12—-May: 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 : 11:00 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

13—-May: 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

14-May: 7:30 8:00 8:30 9:00 9:30 10:00 @ 10:30 i 11:00 @ 11:30 i 12:00 : 12:30 : 13:00 i 13:30 : 14:00 @ 14:30 i 15:00 : 15:30 : 16:10

15-May: 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 i 11:00 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

16—Mayi 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

17-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 : 11:00 : 11:30 i 12:00 @ 12:30 : 13:00 : 13:30 i 14:00 : 14:30 : 15:00 : 15:30 : 16:10

18—-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 i 11:00 | 11:30 i 12:00 { 12:30 i 13:00 i 13:30 i 14:00 i 14:30 15:00 i 15:30 i 16:10

19-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

20—May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 : 11:00 : 11:30 i 12:00 : 12:30 : 13:00 : 13:30 i 14:00 : 14:30 : 15:00 : 15:30 : 16:10

21-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 10:30 11:00 i 11:30 i 12:00 i 12:30 i 13:00 : 13:30 i 14:00 i 14:30 15:00 15:30 i 16:10

22-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 10:30 11:00 i 11:30 i 12:00 : 12:30 i 13:00 : 13:30 i 14:00 : 14:30 15:00 15:30 i 16:10

23—May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 : 11:00 : 11:30 i 12:00 @ 12:30 : 13:00 : 13:30 i 14:00 : 14:30 : 15:00 i 15:30 : 16:10

24—May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:30 i 11:00 i 11:30 i 12:00 i 12:30 : 13:00 i 13:30 : 14:00 i 14:30 i 15:00 : 15:30 : 16:10

25—-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 : 10:30 : 11:00 @ 11:30 i 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

26—-May: 8:10 8:40 9:10 9:40 10:10 @ 10:40 : 11:00 @ 11:30 i 12:00 : 12:30 @ 13:00 : 13:30 : 14:00 : 14:30 i 15:00 : 15:30 16:10

27-May: 7:10 7:40 8:10 8:40 9:10 9:40 10:10 § 10:40 § 11:00 §{ 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

28—May: 7:10 7:40 :10 8:40 9:10 9:40 10:10 i 10:40 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 : 15:00 i 15:30 i 16:10

29-May: 7:10 7:40 110 8:40 9:10 9:40 10:10 i 10:40 : 11:00 | 11:30 i 12:00 : 12:30 i 13:00 i 13:30 i 14:00 i 14:30 15:00 i 15:30 § 16:10

30—May: 7:10 7:40 10 8:40 9:10 9:40 10:10 i 10:40 i 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 : 15:30 i 16:10

31-May: 7:10 7:40 10 8:40 9:10 9:40 10:10 : 10:40 : 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

0l—-Juni 7:10 7:40 10 8:40 9:10 9:40 10:10 10:40 11:00 i 11:30 : 12:00 @ 12:30 : 13:00 : 13:30 : 14:00 i 14:30 15:00 15:30 i 16:10

02—-Jun: 7:10 7:40 10 8:40 9:10 9:40 10:10 @ 10:40 @ 11:00 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

03—Juni 7:10 7:40 10 8:40 9:10 9:40 10:10 i 10:40 : 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

04—Juni 7:10 7:40 10 8:40 9:10 9:40 10:10 i 10:40 : 11:00 @ 11:30 i 12:00 : 12:30 : 13:00 i 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

05—-Jun: 7:10 7:40 10 8:40 9:10 9:40 10:10 @ 10:40 @ 11:00 : 11:30 : 12:00 : 12:30 : 13:00 : 13:30 : 14:00 : 14:30 : 15:00 : 15:30 : 16:10

06—Juni 7:10 7:40 10 8:40 9:10 9:40 10:10 i 10:40 | 11:00 i 11:30 i 12:00 i 12:30 i 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

07—-Juni 7:10 7:40 10 8:40 9:10 9:40 10:10 i 10:40 : 11:00 : 11:30 i 12:00 @ 12:30 : 13:00 : 13:30 i 14:00 : 14:30 : 15:00 : 15:30 : 16:10

o oo ioo ioo ioo ico ioo ioo oo oo ioo ioo

08—Jun: 7:10 7:40 110 8:40 9:10 9:40 10:10 10:40 i 11:00 : 11:30 i 12:00 13:00 : 13:30 : 14:00 : 14:30 15:00 15:30 i 16:10

09—-Juni 7:10 7:40 8:10 8:40 9:10 9:40 10:10 i 10:40 i 11:00 i 11:30 i 12:00 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:10

10—Jun: 7:00 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 i 11:30 : 12:00 13:00 i 13:30 i 14:00 i 14:30 i 15:00 : 15:30 i 16:00

11-Jun:i 7:00 7:30 8:00 8:30 9:00 9:30 10:00 10:30 i 11:00 i 11:30 i 12:00 13:00 i 13:30 i 14:00 i 14:30 15:00 15:30 i 16:00

12-Juni 7:00 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 : 11:30 i 12:00 13:00 i 13:30 i 14:00 i 14:30 i 15:00 : 15:30 : 16:00

13—Jun: 7:00 7:30 8:00 8:30 9:00 9:30 10:00 : 10:30 : 11:00 i 11:30 : 12:00 13:00 i 13:30 i 14:00 i 14:30 i 15:00 : 15:30 i 16:00

14—-Juni 7:00 7:30 8:00 8:30 9:00 9:30 10:00 i 10:30 i 11:00 : 11:30 i 12:00 13:00 i 13:30 i 14:00 i 14:30 i 15:00 i 15:30 i 16:00
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19 3-3-17. Hourly solar radiation and average air temperature in the experimental

greenhouse between March and June in 2015.
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19 3-3-18. Changes of volumetric water contents and EC concentration in coir substrate
when water content was controlled by the FDR sensor, Integrated solar radiation(IR)

sensor, or TIMER.
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19 3-3-19. Comparison in irrigation volume between FDR-automated, TIMER and

Integrated Radiation (IR) irrigation systems during early spring to summer growing season.
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19 3-3-20. Comparison in drainage ratio between FDR-automated, TIMER and Integrated

Radiation (IR) irrigation systems during early spring to summer growing season.
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18 3-3-21. Correlation coefficient (R?) in irrigation volume between FDR-automated,
Integrated Radiation (IR) and TIMER irrigation systems during early spring to summer

growing season.
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19 3-3-22. Images of plants grown for 93(left) and 99(right) days after transplant under

TIMER, FDR-automated or TIMER irrigation systems during early spring to summer

growing season.
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1996) 283 WAL F7b A7h BaF Aotk Edn A5l dRodel nE @
AA, AAA 87 AAE 7F&dl(Giuffrida %, 2003; Kim, 2014), 21 2§32 7be A=
edzre npwel HshR YRl WENA RHE® WHoR A% UrhRunias
Amsing 2001). olel¥ £AE FH&] fstel 2 ) FLFL 44 BUEYs] WL
SasteAL Mo A8 WEAIA @t P wEBY FAANEE] ARHE Aol
4 83t

Mg UGN B Bl oR EholviA
oWe AHgA UrhLee ¥, 2007). AW F b MW BT 29 0 FRIFL AR S

gahie] ofelgol Utk A wEad R AN AEe FEaTEL WA FEAH

Z+ Time Domain Reflectometry(TDR) 414 ¢} Frequency Domain Refelctometry(FDR)7F 24
t}. TDR AAE 2F3E A A HEole s A& A EY |l 88 543}
, FDRAIA = Albo] st Fd&9] ¥ASAHoA tdst FarifE o] &5

249 @ B9E2 ddstel Z4ste ASsn 4§A

o

T 47t A FDR Al
ME ZES gl Hexd B #wel(Jaria 5, 2013), AA A SAH LA B
B AW (Kim, 2014; Park 5, 2011a; 2011b; 2014), A4 3 FEAo] HE 4 (Park, 2015),
=4 JMAIAIZI T 5 A7), g #E] (Yoo, 2014) o] A5l gkl FDR AAE €83}
o Agst 2ELS EvlE(Choi &, 2013a; 2013b; 2014, 2015), ®7](Kim, 2015), 32 2]7HYoo

Asgn| (Park, 2015; Farina 5, 2007)5°] Aoy ofz 702 A4 71485 9
g AAA AT AR FAHS BT AAolnh wepA E A e EnES] Folo] wixE &

TN A e HAsE 9% AuiiAe gYetalat FDR, At AA

2 golme] AR thE BAle] WAS Ageha o) whE Fujolw, 4% L QNS ¥

U4 Az 2 Y

(1) A& A

2 oAge 9% 294 ABEe AN EME A6 57t 9% 2F FHshes 350
A AN WAe Aew 500n (150, 10507 olw % 1500molx AA et £4 &

Ao FA3% Ent¥E(Solanum lycopersicum L. ‘Samsamgu’) +H+= 20153 29 17dl A
£ Folo] E&FH (100cmx20cm>10cm ] 4 ] ol 22(57); dust: chip (v/v) = 50:50%)
of 6574 A 1=7]=2 < sttt MgdS A gu EntE sjgR s 7|Fo 2 7HEso
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ARSI tE 5[Ca(NO3)2.2HOINHUNOs  90.8kg, KNO; 43.9kg, NH.NO3; 1.7kg KCl 6.8kg,
KH>POs 20.3kg, Fe-EDTA 860g, MgS0O, 7H:0, 68.4kg, K>SO, 36.7kg, MnSO4-4HO 169g,
ZnSO4 7TH0 104g, CuSO4-5H20 18.7g, NayBsO;-10HO 280g, NaMoO,2H,O 12.1g (1000 L
1004H).

(2) =A<

L
o)

rlo

FDR 414 (WT1000N, Mirae-Sensor, Seoul, Korea)ell 3t x}%F A2l x 2o} H]
ws7] fete] FALAFMA (IR Interated Solar Radiaion)®t EFo]# (TIMER) Aol & oz
TR AGA FEE AAsSh FDR Aol of gk @Ak IR AlMel o3k FAnAe A
A& 334 A o] 7] (Magma-1000, Green CS, Seoul, Korea)= Ao =132 TIMER %

Al
A
7} e AsF s 2 Aol ATk FDRAAC o3 Fuae Bx wjx §49 £

=]

o] 871139 Foo] 407508 7HA R HEE 39k IR A A FoME Zx FH A}

Fo| EHaldS w g HEE AAs A A7) 7F Bk 80J7350] WA &

ATHE 3-3-11). ZE Ao Tl 13 FALS ASGA o wat =4 AASACHE
3,

1. #F7hA 2 FEAS A- dste] mteh dE 1A § deste] A& 3 dol

(3) wo]= ¥
FDR AlA e} A5 #4710 7] (Magma-1000, Green CS, Seoul, Korea)ol ¥+ & 7]
A= A7 4 wo]l=2E HAdsl] 9ste] d7) o]l FE (Mirae-Sensor, Seoul, Korea) S
Adsto] AFE Aol WE FEEE WEE ASSAti(d 3-3-23).

FDRALA] S =) 2 RS485 23

12V 1A

100 20

8 [

60 65

19 3-3-23. A diagram of FDR-automated irrigation system applied with a noise filter.
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2 o] sELE dtof FopaE A Kot Wid giFE F FAHs L v pH %
ECs = 37 At wldE (%) b3k 2ol ALt v A& (%) =100x (53 = o}
F-7Fd FAF). A A7 T FDR#A IR A9 13] g4 FS A7IEE sdFAo]7]
(Magma-1000, Green CS, Seoul, Korea)ol] ¢19jH o5 AAeR 1 A7) d AAE 13 Fo=F
= dA e 7l Fsth F A BF gq3las A o A

dAlo7lel AHsA% =Anh TIMER A9 13 Feidy goqslas 5 d9Fes
AARAEAL 1 AR s A 7 F8uH. 2

A=
769, 59 49744 7109 (AR HRith 4 A% AF £uY S
)

(o

A7) st FF AN 719 o, =7, FAS 2T T ALF AT TEAF

Fs W FoE vUwr e YEHth +d W F5E& 2 EC(Electrical
Conductivity) 5% W3le= FDR A& As#FA o] 7](Magma-1000, Green CS, Seoul,
Korea)ell 93] A& 7I1E=H3Ao A4 100¥8 §F Fiol&as, #3844 =& (photosynthesis
rate), 7187 =% (stomatal conductance), M3 W CO, & %(intercellular CO, concentration),
Z A& (transpiration rate) % EZXH(VpdL: air vapor pressure difference)™ 334 =4 7]7]
(model 6400, Li-COR, Lincoln, Nebraska, USA)=Z3%3%A4F a3 (PAR, LED: Red light
emitting diode) 1500 pmol m %!, ©]AF&}EkA 400 pmol mol ! A% 50 - 60% 27 ol A]
AAsEATE AdeA A dolE= SAS 92 ZEIH (SAS Institute, Cary, NC)o.&
ANOVA(W F24]) E438%

o. d+243
A A 717 o S A TIMER, FDR, IR Aol 99 A&AY Hid gHFe A2
3 19-26Y0)= 411-489mL W= T o A2 T 27UdRE 75U7 A HiF g e
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TIMER(82071467mL) > IR(72071303mL) > FDR(61571280mL) <=°lATtH3E 3-3-11, 219
3-3-24). B4 76Y FHH 91¢7tA A d FHFS TIMERT 192472280mL, IR
193372000mL, FDR-2 190972000mL W= Al Aoj7-7F & #o]& Holx| gkgkth A2 92
SRE 1099 74A H@d FA#e TIMER(187572003mL) > IR(172571886mL) >
FDR(141471575mL) <=o]dth. 42 924 o] % HE]:= FDR¥ IR Al 4-7F eldt A7E 1S
=, o] o] Al7|e FHUAES] ZFrhE(1¥ 3-3-24) IR Aol FHo] ZvkE whH,
FDR A7+ A4 3 1079% FH(HA F 30d0] 43 Fodo] IR AojFru F3 Ht
300mL A7 &73E ZAiolty & Al7]e]l TIMER Aoj& & Ao Frt} FHake] 714
okth 53] A4 86Y FHE 106974 FHFE dEAHOZ 200072280mL HAE FHEH S
ok Btolw Ao & FDRIF IR Alelgel Hla] A &9 2 agFolv &4 wstel] f%54c]
A gtk s F F Ak IR Alo]FE Eolw Alo]FebE tEA A WEo] e W o

Wiso] AT SRk H ot xE AFAe] o IRl o&) F A 2 3§
£ 35 205 WmZ7F H7174A] 1A17be] AQw = v v Fokol s 30Ev e s LodTia
st tH(Lizarraga %, 2003). ©]21gk IR Aol 3} FDR Ao

G oaiE 02 4 e Ao BUHT FDR AN Aoie #4ER ¥ #5/A7A

Hif

>.

H EHS dFIA T vlE A7/ 2 2(Choi 5, 2013a, b), Yeager 5 (1997)¢] <13k

vl ol &2 TIMER #lo2 749 57224%, FDR AA Aot A% 0.26717.5%, IR Ao
o] 79 381713.66% F+#+o= TIMER > IR > FDR °o]th(3# 3-3-11, 2% 3-3-24). FDR
oAM= A F 92d o]Fd= wldo] 5%NE F43 HiE AE AJr durH o=

FrhAE A W ARAA BAS T35 s wds 20740% Wi =g
UH(Fricke, 1998; Schrodere} Lieth, 2002; Giuffrida ‘&, 2003). ¥ d7¢ A&7 23 (Choi
5, 2013a; 2013b; 2014, 2015)° 4 += FDR AlAel o3 ApsdrA2gdodqs <@ fl &3
G A7 HAEZ(EC)E AAIF ZUEHY S T3] sl S48t rhesits A9E Ak
Bilderback(2000)2 &3tAjulo] glo] &A1 #A5= v Hu SHWHAE FEFS 574

At} T3 Burnett(2008)2F van Iersel &

A z7)elE W B33 ALADS S8A FDR AAT wiolo] 7% HE MASES |

3] g Fes AAGAAT 2 F HjEo] 10% ole] AW olf= B4 5 80(GE 149),
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8259 169), 83(5¢¥ 17Y), 874 (54¥ 21¥)9l FDR A FollA FHo] 713 o] & A 3
Hol] 9=t o]= FDR AlA <} A5 #g# o] 7] (Magma-1000, Green CS, Seoul, Korea)oll ¥+

HE A7 B s dA714 wmolzg 1% Ao R AT

wj % 38 FDR AT Aui7)zt 59F 66782% W2 A S Ath(2d 3-3-25). 39
ol &= 65.6772.6% (1% 3-3-25a), 4¥ol= 66.7777.9%(1¥ 3-3-25b), 5¥olE= 72.3780.0%(1 9
3-3-25¢) 62l 63.9781.9% (17 3-3-26d)2 FAEArh FDR AAM=Z A= ojx wjx] EC
FEE FDR AlA oA 39eli= 1837237, 49l 1.887250, 590l 1977274, 69l
2.2973.17dS'm ! W= FAHJHIHE 3-3-2Bab,c,d). FAHE vl ECE 2.0dS/m=E &
Hotds W wiele] ECSF pHe Al ¥ Foxb7h sldvh(1® 3-3-26).. ¥} EC= TIMER
o] 7% 30765, FDRL 24768, IRE 2676.8dS/m BN (2 3-3-26a), pHE TIMER:
6.077.65, FDR< 5.9577.80, IR 6.077.35 9= FA = ATH1E 3-3-26b). ¥lA] F7]o]&
F2 FDR AA el A b8 F Aol vls] vha =RdtH(E 3-3-12).

A4 F 10000 48 G % 27 AAFS TPl B FAA felAsh fovhE
3-3-15). 4E3A & AY FAE FDR AATAA AE A=A 1, 3 4shgel A g o
AR AAY FHE AFFAFE G2 A Fud i ob @ JBANA 3 F

A AT Ay 2 F9A7F JATHE 3-3-13). I} G ZE A Fol 130 < 23
W< 33 < 4shl < 53 o w Eoth A ¥H g R AA oA 7S =%
TIMER A €]-e} wjaste] 1, 2, 3, 4, 53 T 2H7) 21.8, 175, 275, 26.0% = AT
3-3-14). Rl EZE(WUE)2 A4 #F227F glAW(GE 3-3-15). o= A Au7|t =
+ M (total irrigation volume)> FDR Al FolA 7} AHAA| vk wjA LS A3 B =
W= gHfxo] AAY FFEAAY STHE = (total retained volume) A2 H o] 27t

13h Bdo] gtk FDR A4 T 49 59 Fo3s #5702 FFHEA wo)

2]

[“.1
aly
Ll

ofj

Ho

!
& F23E 2R 18 THEL 45U

4 (carbon fixed/water lost)< F AA ol A 7 =ka, 33 a8, 713
=, AE W CO, 5, A4S, 2 ¥3F= o237 (AT (3E 3-3-16).

FEAAE & AEdFAo] BAL v S SAstetHA AR 2 FAS A5
e WAL F e oy, A S BTl Hl&

AEA GowA Fvt 3 EvEE Aiste AHE 7 Ve ddEn
FDR AA ¢ A& d4=Ao] 7] (Magma-1000, Green CS, Seoul, Korea)oll & H %+ 7] A
WAL = HA7]H wo|=2E HAsEs7| fste] A7 xo]= HE (Mirae-Sensor, Seoul, Korea)&

AAsto] AFE el WE s MIE ASsATHE 3-3-23). H7] mol= AHE A}

N
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&k Ssk= w 20161 2¢ 2569 A % 80(56€ 14%d), 82(5¢ 16%), 83(5¥ 17¢), 8745

2
4 21l 4 9 T Fe] FDR AlA

1154

NN 7 =k (2Y 3-3-27a) L 2o HjdE
3-3-27b). ©°]& FDR AlA et A5a4=A0]7]
wE e A7 A BAEE A7) F wol=RE Qg

H

36.8, 458, 471%= 7}g =JdH(

1o AoE et 20169 7€ 159 A4
HH Xé’é Ma U’H tﬂ§]’7]’ ulo]

-
|
(Magma-1000, Green CS, Seoul, Korea)°ll &
=
= =)
Yth(28 3-3-20b). wo]= AEZ & A AA Ao W7 BrstE Aow =

o
_%'L_l‘

2

%}:.Q.
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ENCLS
W o= W E FrbHel Asdon FEow wrh AU 24 ARE AL F AL Ao
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¥ 3-3-11. Water set point (WSP), average irrigation volume (IV), average drainage ratio
(%), and irrigation volume at each irrigation (IVE), irrigation frequency (IF), and plant
height under the TIMER, FDR, and Integrated-Radiation(IR) irrigation systems for days

after transplant (DAT) during early spring to summer growing season.

Treat— Days after transplant WSP v Drain IVE .IF Pliant
ment (DAT) (mL/plant/ %) (mL) (times/ height
day) day) (cm)
TIMER 19-26(14-Mar-21Mar) 489 11.1(5.4)” 76 6.4(0.2)Y 74.3(1.55)%
27-35(22-Mar-30Mar) 820 22.4(5.3) 105 7.8(0.5) 107(1.93)
36-46(31-Mar—-10Apr) 1175 18.8(3.0) 105 11.4(1.0)  139(1.55)
47-54(11-Apr—-18Apr) 1356 16.7(0.3) 106 13.0(0.0) 170(2.38)
55-61(19-Apr-25Apr) 1443 14.0(1.8) 118 11.7(1.3)  186(2.83)
62-68(26—-Apr-02-May) 1564 13.3(0.2) 117 13.4(0.3) 214(2.29)
69-75(03-May-09-May) 1467 12.6(0.6) 121 11.1(2.4) 236(1.32)
76-84(10-May-18-May) 1924 18.9(9.6) 140 15.0(1.9) 253(1.11)
85-91(19-May-25-May) 2280 17.0(5.5) 135 18.7(0.3) =7
92-98(26-May—01-June) 2003 11.0(3.7) 127 17.7(1.3) -
99-105(02-June-08-June) 2100 11.3(7.4) 126 18.3(0.4) -
106-109(09-June-12-June) 1875 5.14(4.1) 126 17.5(1.5) -
FDR 19-26(14-Mar-21Mar) 58761% 419 3.19(4.5) 67 6.3(0.4) 74.5(3.75)
27-35(22-Mar-30Mar) 59760% 615 2.58(3.6) 68 9.0(0.5)  102(3.80)
36-46(31-Mar—-10Apr) 861 1.31(1.8) 79 10.7(0.8)  137(4.27)
47-54(11-Apr-18Apr) 1040 2.30(3.3) 92 75(1.8) 166(3.56)
55-61(19-Apr-25Apr) 1307 7.74(3.9) 112 11.7(2.4)  181(4.23)
62-68(26-Apr-02-May) 1336 7.49(0.3) 93 15.0(1.3) 197(3.12)
69-75(03-May-09-May) 1280 11.3(1.5) 72 177(2.6) 219(5.15)
76-84(10-May-18-May) 1909 17.5(1.0) 78 26.4(4.3)  233(2.27)
85-91(19-May-25-May) 2000 12.2(2.6) 82 26.4(4.9) =7
92-98(26-May-01-June) 1414 3.14(2.6) 84 20.6(2.2) -
99-105(02-June—08-June) 1429 0.26(0.0) 84 19.7(1.8) -
106-109(09-June-12-June) 1575 5.48(3.1) 84 20.0(4.7) -

IR  19-26(14-Mar-21Mar) 3507170] 411 7.8(0.8) 70 5.8(0.5) 73.8(4.73)
27-35(22-Mar-30Mar) 1507130] 720 13.66(0.6) 88 8.2(0.5) 107(4.48)
36-46(31-Mar-10Apr) 130] 1015 7.43(6.6) 99 10.0(1.0) 142(5.74)
47-54(11-Apr-18Apr) 1307110] 1153 9.12(1.1) 108 7.6(1.9)  175(4.48)
55-61(19-Apr-25Apr) 110780] 1486 12.6(2.6) 117 12.1(1.8)  193(4.31)
62-68(26—-Apr-02-May) 80J 1464 5.34(1.1) 122 11.9(1.5) 215(4.52)
69-75(03-May-09-May) 30] 1303 5.90(3.0) 121 10.6(2.6) 237(5.02)
76-84(10-May—-18-May) 1933 12.9(7.6) 123 15.3(1.8) 255(4.11)
85-91(19-May-25-May) 2000 8.08(5.9) 124 15.9(1.4) =7
92-98(26-May—-01-June) 1771 9.94(3.4) 125 14.4(1.9) -
99-105(02-June—08-June) 1886 5.28(1.4) 125 14.7(1.5) -
106-109(09-June-12-June) 1725 3.81(0.1) 125 13.5(2.9) -

? . The numbers in parentheses are standard deviation.

Y': The numbers in parentheses are standard errors.

X : The apex of plant was removed after the 10" of May at 76 days after transplant.
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3 3-3-12. Total nitrate nitrogen (NO3-N), available phosphorous (P-:Os5), and exchangeable
potassium (K), calcium (Ca) and magnesium (Mg) in coir substrates of washed never-used
(WNU) and of used in this experiment. Plants were grown under the TIMER,

FDR-automated, and Integrated-Radiation (IR) irrigation systems during early spring to

sumimer growing Seasorn.

Total N Total-P Total-K Total-Ca Total-Mg
Treatment
(%) (%) (%) (%) (%)
TIMER 1.84(0.03) 0.97(0.05) 0.35(0.01) 2.95(0.11) 0.37(0.01)
FDR 1.96(0.00) 1.19(0.01) 0.46(0.05) 4.20(0.11) 0.46(0.05)
IR 2.06(0.06) 1.13(0.01) 0.36(0.01) 4.00(0.09) 0.36(0.01)

? Means with different letter are significantly different.

¥ The numbers in parentheses are standard errors.

3# 3-3-13. Fresh weight

(FW) of

fruit under

TIMER, FDR-automated, and

Integrated-Radiation(IR) irrigation systems during early spring to summer growing season.

Treat— First Second Third Forth Fifth Total Total fruit
rrr:;t cluster cluster cluster cluster cluster fruit weight number
(g/fruit) (g/fruit) (g/fruit) (g/fruit) (g/fruit) (kg/plant) (ea/plant)
TIMER 146ab" 185a 200a 208a 167a 3.97a 22.7a
FDR 135b 185a 158b 149b 136a 3.38a 25.0a
IR 163a 188a 213a 194ab 182a 3.62a 19.7a

3 3-3-14. Sugar content of fruit under the TIMER, FDR-automated, and Integrated-

Radiation(IR) irrigation systems during early spring to summer growing season.

Treat- First Second Third Forth Fifth
me; ¢ cluster cluster cluster cluster cluster
(g/fruit) (g/fruit) (g/fruit) (g/fruit) (g/fruit)

TIMER 4.13c" 4.62b 5.02¢c 5.04c 5.50¢c

FDR 5.03a 5.43a 6.40a 6.35a 7.52a

IR 4.34b 4.81b 5.44b 5.80b 5.96b
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¥ 3-3-15. Fresh weight (FW) of leaf, stem and fruit, soluble solid content(SSC), total
irrigation volume (TIV), total retained volume (TRV), and water use efficiency (WUE)
under the TIMER, FDR-automated, and Integrated-Radiation(IR) irrigation systems during

early spring to summer growing season.

Treat- % SO Fnit FWS TIV TRV" WUE"
ment (@) (/o) (kg/plant) (L/plant) (I/plant)  (g/L/plant)
TIMER 569a" 499a 3.97a 141 117(3.1)" 43.05a
FDR 462a 424a 3.38a 121 104(0.25) 41.57a

IR 628a 495a 3.62a 127 114(3.4) 41.59a

” Measured at 121 DAT (15th of June).

Y Means with different letter are significantly different.

* Fresh weights of fruits harvested from the first cluster to the fifth cluster.

Y Total retained volume = (total applied irrigation volume per plant - total drained volume per plant).
¥ The numbers in parentheses are standard deviation 2 representative plants per treatment.

" WUE = (Fresh weights of leaf, stem, and fruit per plant at harvest)/(total retained volume).

¥ 3-3-16. Water use efficiency (WUE), photosynthesis (Photo), stomatal conductance
(Cond), internal CO, (Ci), transpirationrate (Trmmol), air vapor pressure difference (VpdL)
of tomato leaves grown for 100 days under different automated irrigation systems, TIMER,

FDR and Integrated Radiation (IR).

T Photo Cond Ci Trmmol VpdL
reat WUE (umol (mol'HzO-  (umol-COx. (mol-HzO-  (mol-HO'm
ment ) . .
COym%s™) m2sh mol *-air) m2sh 2.gh
TIMER 0.273b 16.850a 0.441a 284a 6.26a 1.759a
FDR 0.310a 15.861a 0.320a 268a 5.18a 1.886a
IR 0.277b 15.636a 0.387a 285a 571a 1.767a

“Each value is the mean of 2 replications (fstandard deviation).
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19 3-3-24. Average irrigation volume and integrated solar radiation (ISR) (a) and
drainage ratio (%) (b) under the TIMER, FDR, and Integrated-Radiation(IR) irrigation

systems during early spring to summer growing season.
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19 3-3-25. Changes of volumetric water content(%) and substrate EC (dS/m) in
substrate under the FDR-automated(a) irrigation systems in March(a), April(b), May(c)

and June(d). Bars represent standard errors (£) for the replications (30 days or 31 days).
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(2) Drainage EC

Drainage BC (dSf)
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10 |
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19 3-3-26. Changes of drainage EC and pH under the TIMER, FDR, and

Integrated—Radiation(IR) irrigation systems.
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19 3-3-27. Changes of daily irrigation volume(IV)(a) and drainage ratio(b) under the

Days after transplant

TIMER, FDR, and Integrated-Radiation(IR) irrigation systems without a noise filter for

days after transplant (DAT) during early spring to summer growing season.
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19 3-3-28. Changes of daily irrigation volume(IV)(a) and drainage ratio(b) under the

FDR automated irrigation systems applied with a noise filter and TIMER irrigation during

summer to autumn growing season.
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19 3-3-29. Hourly changes of substrate water content under the FDR automated

irrigation systems without (a) and with (b) a noise filter during a representative day.
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A o] LAY
AFTYE - FAz 2 AD2H| 2% A AE 13Ke Agto] o] U5
GND

10bit R3H3RIRIRIRIRIRIT

A/D8CH 13HIABKIHIHIHIKS ] O W 3 D24

ADIOBIT 8 R42 330/SMD3216 T [ | | ADDS

ADIOBIT 9 R4 330/5MD3216 ADD9

ADIOBIT_10_R46 , 330/5MD3215 ADDT0

ADIOBIT 11 _R48 330/MD3216 ADD11

ADIOBIT_12_R50 ,330/5MD3R15 ADD12

ADIOBIT_13_R52 330/5MD3215 ADD13

ADIOBIT 14 R54,330/MD3215 ADD14

ADIOBIT 15 _R55 330/SMD3216 ADD15

P
T
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#define
#define
#define

#define
#define

#define
#define
#define
#define

#define
#define

ECPHmaxwalueopende 29
EC25de 15
PHEOde 15

ADC FUPTenp

0 /A/rsi3z

ADC SILNETemp 1

ADC_ILSA
ADC EC1
ADC EC2
ADC PHI

ADC BAEGEEC &

<4

=
3
4
3

Srrs232 - bk

ADC ZILNEZUDO 7

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#defi

#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
define

#define
#define

#define

ADC HAMST & SAr833Z

WANSU_PUMP O
TANGAE FUMP 1
onT_& 2

OUT B 3

oUT C 4
auUT D 5
onT_E &
LLEAM 7

auT D 21
OuT E_ 22
ALRAM 23
OUT_gul_ 24
OUT quz_ 25
OUT qui_ 26
OUT_gud 27
OUT_gus_ 2@
OUT qué_ 29
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if (Mairsriew. F. ABCCHV==0)
i
if (ABCDEplus.ABCDEplusecnt[0UT _AJ>0) [relay out L(0UT &A,Ll); rg
else {relay out 1(00T A4,0);relay out 1(00T & ,0):}

ay out 1(0UT & 1)

if (ABCDEplus. ABRCDEplusecnt[0UT_E]x0) {relay _out 1{0UT_E,l);rekay out 1(00UT E_,L1):
else {relay out_l(0UT_E,0):;relay out 1(0UT_E_,0):}

relay out 1(00UT_D,0):
relay out 1(00UT E, 0);
relay out 1(0UT D _,
relay out 1(0UT E ,0);

else {relay out_ 1(0UT_D,0); relay out 1(00T_D_,0):}

if (ABCDEplus.AECDEplusecnt[0UT E]>0) [relay out L(0UT E,lj%relay out 1(0UT E ,1)
else {(relay out 1(0UT E, 0):relay out 1(00UT E ,0); }

B

relay out 1(0UT &,0);
relay out 1(0UT_E,0):
elay out 1(00T & T

rela}*:c'ut_l (0UT_E_,07;

1f(ABCDEplus.ABCDEplusecnt[00T _CJx0) frelay out 1(00T C,Ll)jgrelay out L(0UT C ,L1):} ~
else{ relay out 1(00T C,0); relay out 1({0UT C ,0):}

3) PCZ=a¢y A B

Dol PCAO el lo] F-Fflel o7k dY g WMAS wAshy] A% bR F.

— 1 ——— I (R e g
SN rerm—— [ 00
= C
=AZH = | 0KI0H00 V2,08 -] 13.0

Zg oA SLITE

i =501 1+ | E| 0.0
-Hol || 0 sh=tec] 9.2

L

- 160 -



- 161 -

10,43 =0 =
@ PCEZR oA vldds 3w v)gdae digh wMAlx 2l $ ujdas A
| | SHPH|[ 55 STHPH[ 58 |B 3
l | = 7H [ 2014-12-30 g+ o
B Al ZHT 10.55: B A EC 2t
_| | S I 10/55:30 HAEC] 00 |2
| B 7.42 A2z 182 ||o.
= @ed Hlaz2 SENASLIDEY i
| = 2 _ 7:18 duesl B30 |
|l I 245 dUsE[ 99 |
]l | | LM 7 22202 00 (L.
agexa| 8 N sEEd 92 |
y HE
|| 0 | G3:| 0 J/30min:| 276 J/Day:“ g | HE o | =
' af]
\ﬂe;ar# |
Az
| | |
THIO8 11.==2 4l 2
o[ B H| =
- PC 22250 9g 45 BAs7] 93 kA
T 7 A7 kA 5}
Ha 7|7 EE &5 AZA o) Fe JLeE shal 1 9] %2713
Al ZFA ZEO] 0:00]W AFE-BEA]
AZAIZE ol el = Ao t7I A ARESHA]
A th7] A7 FALEES 1547 o) FFE dHA] ES
H 7] NS 1501402 st 2 A7 S ALk o JdyH.



[Tl guansuz ()

UINT1G k=0,31,32,iu=0,rx[3]:
Jl=Mainview.P.hh:
j2=Mainview.P.mi;

J1=91%G0;

11=31+32;
iu=0:k=0;
if(_alialogVd.datel[0] <= Jjl && _aDialogW4.datel[0] >0)
{ if(_alialogV4.datel[0]x00iu=1l; ~/( Mainview.D.startime <= 1)
if{_ﬁDiﬁng?4.dﬁtE2[U] == Jl && _abialng?#.datEZ[D] =0]
{ if(_alialogV4.date2[0]x0)iu=2; /° Mainview.D.startime <= j1)
if[_&Di&lng?4.date3[D] <= J1 && _abialogvVd.date3[0] >=0)
{ if(_alialogV4.date3[0]x0)iu=3; /7 Mainview.D.startime <= j1)
ifi_aDi&lng?ﬂ.date#[D] <= jl && _aDialogWV4d.dated[0] >0)
{ if| aDimlogV4.dated[0]>=0)iu=4; 7/ Mzinview.DP. startime <= ji)
}

rr[0]=2; rr[l]l=iu; rr[Z]=1:

Inmouthode=node ;

S mincnt44;

if(3yatine.minutes'= mincnt )

{
if (Mainview.P. aDialogVeprockeys0) if( aDialogV4.proc[7]<900) aDialogV4.proc[7]+: /9 & @742
if (Mainview.P. aDialogViprockey:0) if( aDialogV5.proc[7]<900) aDialogVs.proc[7l+: A/ & 742
if (Mainview.P. aDialogVdprockey=0) if( aDialogV6.proc[7]<900) aDialogVa.proc[7l+: A/ & 7432
SApincnt=0;
nincnt=8vatime.minutes; /= mincnt
AAif(Mainview, D, tinecnt<1000)Mainview. P, tipecnt++ Mainview. D, keyont=0;
A/PRINTF(™\r\n Cqdd, #d(+d)", Systime. ninntes, alialogV4.proc[7] Mainview, P. keycnt),;

}

A/PRINTF(™\r\n ACT1=3d,3d", aDizlogV4.proc[7], abizlogVs.proc[7]);

(4) 5 794 dvolgHI FEHAA Z=219

o
ko
e
o

ATl PCAAlM de A F ol A, AT ES did 7Yl dolgrh &9

TUHE 9 dHelEZE ol HolHE e or ARSE I = A A
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JINT16 mainprocessgansu_sec (UTINT1e il,UINT1a

i

TINT1E jl,j2,k=0,1iu,1i:
jl=Hainview.F.hh;
jZ=HMainview.P.mi;
jl=j1%60;

jl=31+32;

SITA=31r

iz, UINTL6 i3)

if(i3==1 &&
{

Mainview.P.endtine >j1 s& Mainwview

if(_alialogW3.proc[5]<=]1)

{

LPostartine<jl)

if(0) // aDialogVi.procli]==0)

{

_abialogW3.proc[1]=0;
Alatart time gwansu or report?
Fiseol— PRINTF(™\r\n start first gwansul ")} Af=s "\
if Mainview.P.startine==0"1{Mainwview.P.startine= 1l:!

{| --40L30F 1000 — chart

ialogWh.proc[2]==

load [2014/12/17 -3 -|M[17 -2~ 2014/12/19 Cf[12 -|Alfe 2 _AHE |
17 v 27 Ir 324 Ir 474 |r 529
rasgger sojsglr saasalr NFAZ [FE2M [T HFEC [T BAMEC | 42
PeEgs [ratse |ruimEc |ruxes [rades [rauze |rase=g|ruE
= | | |
G e
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T p12_PWwim7

2 p1a_PYhia
9p14d

‘Wpls

1 wdd

‘2wssl

Jres

‘4 whh

5 pl6_10bit_ado
B opd 7_10bit_adi
T F18_10bit_ad2
‘8 p19_10hit_ad3
‘8 p20_10bit_ad4d
{0 p21_10bit_ads
11 p22_10bit_ads
12 p23_10bit_ads
3 p24

14 P25

h P26

6 P27 _PWihi3
P28 PYWMAIRTO
18 P29 _PWWha_IRT
9 P30_IMT2

O P3_IMTS

p43r?>;{1l BF R
58 "
pﬂf“’gél 59 CUMNET_SDA
2 B0 £
MDTHBT?E_ 51 TTL TAE
HIRYE Ex: “TTL.RHE
Airef Eﬁ
Vﬁig B5 T_T8
P 4q |68 o149
pso |61 920
pE1_PVWG [B——a=rm
pa2_PWih10 il 0 73
pgg 77 Q.75 i
Pex T 76 GND
P 74 ]
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EED TE gatel

T

R
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if( aDialogVe.datel[5]==1)

{

'

J=Mainview.P.um;
i=Mainwiew.P.dd;
value=3%100;
value=value+i;
scajulproscess (value)

_abialogVa.

el=e

{

key2=1:

_abialogVd.keyZ=0;

_abialogvlo.
_abialogVlo.,
_abialog¥l0.
_abialog¥l0.
_abialogVlO.
_abialoagVlo.
_abialogVlo.
_abialogVlOo.
_abialogVlo.
_abialogVlo.

A aDialogVid.deyiul [0]=0; Sfdayjul[7];
A7 aDielogVid.dayiul [1]=0; Ssdayjul[7];
A7 aDidlogVio.dayiul [2]=0; /rdayiul[7
A aDialogVid. dayiul [3]1=0; /
A/ aDialogVio.dayiul [4]=0; 7/
A aDialogVid. dayiul [5]1=0,
A5 aDialogVid. i
A4 aDialogVid. AR

A al

GcaleEc =100;
GcalelGuansu=100;
GcaleEcl =100
Scalelwansul=100;
ScaleEcZ =100
ScalelbwansuZ=100;
ScaleEc3 =100;
Scalelwansui=100;
ScaleEcd =100;
ScalelGwansud=100;

ar A1

Adayiul [7]
S0y Sldayiul [7]
0; _aDialogVl0.ABCCHV[1]=0;

atb'c 0 a,b,.c
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Jfa

2

(7) "9 sty 2 S 2E 44 & v dd

4

3 7dq

L

LAY g o JelR WAL A

g FH7] LCDZR 9o HEHS gHor M3

H Ll

of| > W7 +9+0+6+0+4+ <l E

ifikevi[2]==2) /Sfclock;

{

if(keys[l]==3 && keys[Z2]==7) clockset(l,keys); /hk mn'ss

elzse ifikeys[l]==3 && keys[Z2]==4) clockset|Z keys); Ayy ma dd

Sralock;

i=0;

if(keys[l]==9cckeya[2]==10sckeys[3]==0eeckey3[d]==10gckeys[5]==4)
{
] =8; i=1;

'

if(i==1)

{
wode=j[0]:
racom[0]=0x01;
currset(mode) ;
racom[S8] = 0x80;
racom[ 7] =mode;

AAPRINTFEE "™\rp\n resout mode = #d \r\»" . mode);
MRTTET DY o wvae fh o=

- 166 -



(8) PCAAN AEZ=213 B

Jf

E: 7] REZZAPANA A7E AT gl B4 H 2.
AFUEG : dlol8 EAAF ohul AEFO] Ato] =7k WA ghol 2.,

nhS2s RB e Mot FobdA AP WAE o] FAFHAL.

atl=sirnpstr.b cstringth LineRectGraphMFCDlg.cpp ¢ RUUfTEPIA] wingdi.cpp winocc.cpp Diatah witicore.cpp

~ CLineRectGraphMFCDIg ~| ¥ OnMouseMove(UINT nFlags, CPoint point)

SYSTEWTIHE st.
GetLocal Timel&st )
COLORREF pcolar:

rect!, bottom=CTEdate m_BRect[10] .bottom: //+rect botton:
rect!,top =CTGdate.m_BRect[10] .top;
rect!,left =CTGdate.m_BRect[10].left;
rectl,right =CTGdate.m_BRect[10].rightd
CTGdate Wrect[0] .bottom=rect?,bottom:
CTedate. Wrect[O].top=rect! top:
CTRdate. Wrect[O].right=rect!.right;
CTedate Wrect[O]. left=rect!, left:

¢+rect.right: CTGdate.m_BRect[10],right

ifipoint.y>rectl.top && point.y< rect!.bottom)
: iF{ point,#>rectl, left && point.x<rect!.right)
{ if{CTEdate.curpoint[2],¥==1)
{ dc.MoveTol CTGdate.curpointl11.% . recti.tood

B2y B =EEE
2oy | IFRERE B0 2 Oaaa %56 -

atlsirnpste.h cetringt.h

LineRectGraphMFCDIg.cap > BRI ME wingdi.cpp winoos. g ShareDatah wincore.cpp

A ClineRectraphMFCDlg = | % windowresize_charbotext(COC * pde, int page)

CTRdate.windowsize[CHeight1]=( long)fk1;
Fs=CTGAdate.windowsize[ CHeight1]/50;
fs=Cfontsiz:
GClientDC detlthis)
=] f/CErush NewBrushi{RBE( 192,192,192}
//CBrush+ pOldBrush = dol.Selectdbject(&NewBrush )
rect . top=CTGdate, windowsize[3ls
del FillsolidRect(rect, REB{Z212, 208, 200}
#/dc! Rectangle(rect) /7 w1, w1, w2, y2

CTGdate.m_BRect[10]. left=CFontSCALE+CFontWTSCALEXR:
CTGdate.n_BRect[10] .risht=(wws)—Ef0ntRSIDf+rect .riant;
CTedate.n_BRect[10] . top=CTHdate.windowsizel3[T

CTRdate.m_BRect[10] .bottom=CTRdate. windowsize[CHeight1]+CTGdate . windowsize[3]) //+rect  botton,

GetDlgltem |DG_Graphl j-=Mowell indow( CTAdate m_BRect [10]. left,CTGdate. windowsize[3], CTAdate . m_BRect[10]. right,CTAdate. windowsize[C
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Binit195

Tinitl195

EENT

WIRO(1y=1,0

Stinitl194

Blipnit194

&

start init 2

********************************************J—E—1{
---» report start T97 1

starttime? 11/27-15:52,

2,1,0,0,0,0,0,0,

W1RO0{1)=1,0

WIRO0(1)=1,0

WIRO(1)=1,0

WIRO(1)=1,0

WIRO0(1)=1,0

WI1RO{1)=1,0

ol glol I P =7t g 0- 1022 0Fke] veobA afd-s=2to] st H.

J[0]=mR¥D[4]-'0";
JLl]=uRXD[5]-'0"';
Jjl2]=mRExD[c]-'0"';
JL31=3[0]* 10043 [1]1*10+3[2]:
Mainwview.P.beagiEC=3[3]:

J[0]=wRXD[7]-'0";
J[1]=mRxD[E]-'0";
JL2]=mRXD[5]-'0";
I031=3[0]1*100+3[1]1*10+3[2]
Mainvien P beagite 1[5

sZSZdata[Z].H.eceAt=lD; =
if(rz2i2datal2]. .M. cocnt 10 e
rs232data[2] M.ccent?} 10% ool sh=alAof dlolE 7} B4log Sojox grom %7]std

o ol2Qs) B FEE w3 5EAC] Solst olHE ¥U A% olEAF BY F 4

J2datal2].M. coocnt++-;

MA: 9 o] if(Mainview.P.hamsucnt>100) ©.2 nv}HA %7] S 2lo] Aol Aoz =

olem F&etA st WaE FEotod, HolHE VIgE = VTR v
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ainview. P.hamsuent>100) /F rezi2data [2]. M, coont>

ATETE s . v He= &
A/i=sys md. Adiobit[i] ; PR SESR
Ali=tempoal (1)7

A Mainview. P.beagt tenp=>0 ; AEHLE F
/#i= sys md.Adivbit STIADC BAEGEEC] ArEHes £

AeMainview. B, beag’iEC‘:sys_md. Adiobitfi] » SAEHNSE F
SeMainview. D hapsu=s vs_ md. Adl obi t ST[ADC HAMSU]; // FEfes 4
}
else
i
Mainview.P.beagitenp=0 ;
Mainview. P.beagiEC=0;
Mainview. P.hamsu=0;

}

g

(10) 25¥ BN Fed A8 -4 T2 B¢

g s A4 g moh WA U SR F5ee]l B e B 27
AFUE 2705 FEvt MAF wh ZHE B ol

- UINT16 gwansuZ_pt(UINT16 #pt,UINT16 #ptl, UINT16 =*pt2, UINT16 iu,UINTI16 *rr);
ddzzade & FEol gmAmAAE F7keh

~>PRINTF("\r\n$} 4~ 2%d<%d" ,pt1[6],));

=M S >

Cg34, 0000
Sl==0<10
start I
e e e e e e e

*ﬂ:*:k#r*:k#r*:k#r*:kﬂr*:k#r*:kﬂr*:kﬂr*:k#r*_:j_%i;.1{
-—-» report start 2l

starttime? 11/13-13:34,
count? 1,0
,0,0,0,0,0,0.0,

Cg35,. 1007

3 A v
-> X g 730

void mainviewint( int u);°ll o}dg] Z=& F7}3h

_aDialogV4.proc[6]=Mainview.P.hamsu; /Ao =2 &

_aDialogVb5.proc[6]=Mainview.P.hamsu; // 2014/11/13F %3 =
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100;

Mainview.P.hamsucnt

HI=

=
N

// 2014/11/13

Mainview.P.hamsu;

4k A

_aDialogV6.proc[6]
ozl  Mainview.P.hamsucnt ¥4~ F7}slo] §2lo] ehm =
5

= A
(11) 2

Jo

=

°©

57

} 2fol 7F
WA A W4 IS uintlol] Al 3o

°©

HCNT17}F

.

5t

°

AlsE ol A A 7)o B

= A

2

o
=4

%

71 7171 g3 5% °]

A1
AT+ZAH 89
& - of] A

=9
el

N

#
o

—~
fils)

B

b

A
i

FoFe
D

0

gegonn A9
A 2glol] u]

=

=

H= AA

A0 o

it

VA

}

0
yad

o

20
=4

e

i —

st== AA H A
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B

ol

|
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'Lr
b
INT16 get awg(UINTLS6* acm buf, UINT1S buf size, UINTLS new wal)
i
TINTS 3:
UINT3Z acm sum = 0;
UINTle il,i2,i;

for (i=0; i<(buf_ size-1); i++
acm buf[i] = acm buf[i+l]:
}

acwm buf[buf_size-1] = new_wal;

i=0;
for (3=0;]j<buf_size;j++)
i
if (i< acw buf[i] )
{
i=acm buf[j
il=j;
i
}

i=0Ox£fff;
for (j=0;j<buf size;j++)
{

if(ix acm buf[j] )

{
i=acm buf[i]:
iZ2=]:

for (i=0; i<buf size:; i++)
1

if{i==il}

{

+
¥

3. Fuid FAA FABY A3 A" FY

o #Fe HAHor 2] AL WAN E9 P5E 1@n BCEe
9

Rl B e s R R e e
X

4. a7d%
(D B7HE F5ea4e) A4g% 2UEY 38 2e

O <l : FDR MM 258 EqtH 4] A4 ghe]l ZUE " E o] d47]9] @ #Fo] oA
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> L o

L L e e Lo g 1| ke racas

bt

¥l

L
#define PORTD_INIT SOTahd 3210
#define PORTD _Initi) [FORTD = OxcO) AA0000 20400
#define DDED Init() [DDED = 0OxEO0 1101 Q00Q
#define RTC_R3T (PORTD_BEitd)
#define BTC_3CL [PORTD_Bit5)
#define RTC_35D4 [PORTD _Bith)
#define RTC_3D4 BEAD (PIND Bits)

#define RTC_IO Change(x) (DDRD_Bitsff (x))

#define HCNTL (PIND Eitn)

#ifdef  OLDR3Z3EZMCUL
#define UART1 Tx Enablei) (PORTD _EBit7 = 1)
#define TART] Tx Diszable() (PORTD _Bit7T = 0)
#define gatel(x) (FORTD_Eit7 = )

#else
#define UARTO_Tx_Enablei) (PORTD_Eit? = 1)
#define UARTO Tx Disabler) (PORTD_Bit7? = 0)
#define gatelix) (FOETD_Bity = =)

#endif

SA#define CUNET SCL (DIND Eitd)

Arug T Hr e (WCM) F48 A4 wy ue

AR 1 L o] 4dAl 2 RUEE U

H
AAghol 10790 &k Abold wint &3 dlolH = AR

FrdelE 1578 we F EAGS whH
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Aif(WRFD[0]==65 && WRXD[18]==13 )
1

S/PRINTF( "\r\m rsif2-2 ");

J[0]=mRxD[1]-'0';
J[1]=mRxD[Z]-'0':;
J[Z2]=mRXD[3]-'0"';
JL31=3[0]1*1004+3[1]1*104+3[2]7
cro=3[3]1/10;

(if(crc(go && Croe=10]) D
i
if (Mainwview.P.hansucht==0]
{
Mainview.P.hamnsu=crc;
¥

if (Mainwview.P.hansucnt{200)

Mainwview.P.hansucnt=Mainwview.F.hansucnt+50;

}

iew. Dy =07

if(iuu<lS)ivuat+
else

duaa=0:
if (vcT=Mainwiew. P. hamsu)Mainview. P. hansutt-; 4
else if(vcT<Mainview.FP.hamsu)Mainview.P.hansu--;

}

¥

else

i
PRINTF( "‘“ryn hor ™); SMeinview.l.hunsuerr=1,;
SeMainview. P hamsucnt=50; Adatel [a] -

i

O ATUHE

90/35 ... G 90/45
o &% ECPHEH 7t A

o
=
2 b
N
D

2. EC# A 7% F7}
- 8 HHo]x]of] wAgH

do
N
olf
E
o
ja)
Ho
[-40

SADRINTF ¢ Myri\n rs232-2 Fd,fd-len: A", mEXDI0] mREXD[18) rsz3zdatafz] . M.CNT)
SAPRINTF( "iri\n rs2iz-—-2 #d,¥fd-lend: $d — ".mRND[O]  mRXDTI18]  rs232data 8] ..M. CNT) -

| MEE 2A A% 27}
EA o] 2ol

R I
ojew 7 % ARH HA

(07100%)

HE sl

£ ABCDE €94 g2 (07100%)
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Maing

Window Help

= [# ADprosCNT

= AV

utel b | ntrl ¢ | Main BMS h | Config_BMS L. | ADC_BMS r03ic

EV E] main.c ‘ [#] nutri.c I D indude.h |

{
uT¥D[field no+t]
uTXD[field no+]

= _abialogV ld.awe[i];

= _alialogV ld.ave[i]=>G;

i

£4283

for (i=0;i<4zi4++)

{
nTXD[field no++] =
nTXD[field noH] =

Mainview.P.Gvalu[i]:
Mainview.P.Gralu[i]=>8;
}
£A161
nTxD[field no++]
uTAD[field no+]
SA163
uTrD[field no+t]
uTAD[field no+]
188
j:AEi:DEplus.ABCDEplusecch[UUT_A].'
J=(3%100) 4302
uTrD[field no+] = 3;
AwTXDIfield nott] = J==8;
J=ABCDEplus. ABCDEplusecntV[0UT E]:
3=(37100) /307
uTxD[field no++] =
S/uTHD[fiedd not+] = Jax8;
J=ABCDEplus. AECDEplusecntV[OUT C];
J=(3%100) 4302
uTrD[field no+] = 3;
A/aTXD[Field nowt] = =87
J=ABCDEplus. ABCDEplusecntV[OUT D];
J={3*100)/30;
nTxD[field no+] = 3;
S/uTHD[fiedd not+] = Jax8;
J=ABCDEplus. AECDEplusecntV[0UT E];
3=(37100) /307
uTAD[field noH] =
ST field no+]

_aDialogV7.min30TLEA;
_alialogV7.min30ILBAS>E;

_abialogVl0.dayjul[(];
_abialogVl0.dayjul[0]=>5;

b
= J>8;

N

Mainview.Gl2[1]=Mainview.ugl6[Z];
Mainview.GlZ [Z]=Mainview.ugl6[3]
Mainview.GlZ[3]=Mainview.mindDawJI[0] ;

2 12 fa]=1n R
|- 3 ¥
3=0; x=0:3=0;
for (i=0;i<5; i++)
{

h= Nainview.G12[1i]

TFT_ShowString (x¥1124+10+y7174,
J++;

3gs,

¥
3=0; x=0:;3=0;

for (i=0; i<8; i++)

{
h= Mainview.GEcgate[i] :
sprintf (ssh,"6% 2d/%2d
TFT ShowString(i+®100+10, 385+25, ssh ,BLACK , GREEMN]
J4+:

F
for (1=0;1i<5:1i++)
{

h= Mainview,ABCDE[1] ;

if(i==0){ sprintfssh, "4:%3d rohy cx=00)
else if(i==1){sprintfissh,"B:%3d

else i J{sprintf(ssh,"C:%3d

else i y{sprintfissh,"D:%3d

else if(i==4){sprintf(ssh,"E:%3d

if (i==0){ sprintfissh,"G1:%5d L R i

else if (i==1) {sprintfissh,"GZ:%5d L R S

else if(i==Z) {sprintf(ash,"G3:%5d oy FRsREY

else if (i 1{sprintf(ssh,"J/30min:%5d "oh) ru=3py=0r
else if(i==4){sprinctfissh," J/Day:s5d "eh) ru=3 ¥

ssh ,BLACK , GREEMN) ;

", Mainview,GEcgate[1i], Mainview.GPhgatel

TFT Showdtring(x*50+10, 395+50, ssh ,BLACK ., Hj;
for (1i=0pi<drit) T
{ -
el Lal i a_semmsier T .
s
(3) AAECHA 2HA AW Fehddue FPo WFE vA J5 27}
O Qo] vl BEF FPOE A A BEA EHo] %ol
O ATUE
-7 g BC mAEE, 4O 4s A4stel BCsE AUAe) 44
- b Aabgrel At oletd uf A AL AME A G2 FHAA} Ay A
- 7} #5FYuit; vpx 2 BEC, PH AAMES 7198kl 79 #5471 A" o 7)E B
=
=
AAHAZE f4] 3to] EC, PH W3ZS Zol= 7%
o sAWYY
- FEEANYE Z2aY
1 3AZb, 258123 ECH %, ECH#3e & 44T & dAFh
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- ADprosvalue_calcEC() static char cckl=10;
if(Mainview.P.ECspeedidx==0) //A| 7t EC
{
uuk[0]=_aDialogV3.date4[5]; //EC n A &%
uuk[1]=_aDialogV3.datedl[6]; //EC &3 *}3

o

13

rot
=N

uuk[2]=_aDialogV3.dated[7]); //EC €&
}

,ﬂ
BN

ol

else if(Mainview.P.ECspeedidx==1) //11% EC
{

uuk[0]=_aDialogV4.datel[7]; //EC A &%=
uuk[1]=_aDialogV4.date2[7]; //EC |4& 73k

BN

(6]
uuk[2]=_aDialogV4.date3[7]; //EC 934 3}3k
}

X

else if(Mainview.P.ECspeedidx==2) //215% EC
{
uukl[0]=_aDialogV5.datel[7]; //EC n A% %
uuk[1]=_aDialogV5.date2[7]; //EC &€ 4

o

]_

rot
X

uuk[2]=_aDialogV5.date3[7]; //EC | ¥

reL
X

o

}

else if(Mainview.P.ECspeedidx==3) //31&% EC
{

uuk[0]=_aDialogV6.datel[7]; //EC

ox
ol
X

nl
uuk[1]=_aDialogV6.date2[7]; //EC &€
uuk[2]=_aDialogV6.date3[7]; //EC &

uit)
ol
o
rob
X

else
uuk[0]=100; //_aDialogV6.datel[7]; //EC A &=

uuk[1]=60; //_aDialogV6.date2[7]; //EC €% A3k %
uuk[2]=40; //_aDialogV6.date3[7]; //EC €% 3}3F %
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2. 8UARME AN dArtFrE FEW)E AT = AASHA,
ARk ol dAF FEW)ZE EAE w 4 SpA gk
void mainviewint( int u)
Mainview .P.cursunvlue= (int)fk[0];
if(Mainview.P.cursunvlue>=_aDialogV8.datel[ILsaTroTle])
{
nugukilsaall.u32[0]= nugukilsaall.u32[0] + Mainview.P.cursunvlue;
}
3. F71E AZE o] F Al Huth7] AIRF JHEEE Z7]SEe
UINT16 gwansu2(),UINT16 gwansu3(),UINT16 gwansu4()
{
UINT16 k=0,j1,j2,iu=0r[3];
static UINT16 iuold=0;
if( iuold !=iu)
{
_aDialogV4.procl7]=0; //Z ] th7] Azt

wold =iu;

4. 79184 o]sAl ol FHA el ECPH AA#s 202 ol % 7199
void report_outl (UINT16 il, UINTI16 j)
//2016/0513
Mainview.P.ECPHgatecnt=20; //ECPHgatecnt

ot

o},

Mainview.P.ABCSdtVt[EC_Speedv]=Mainview.P.ABCSdtVtGrupEclj];

Mainview.P.ABCSdtVt[Ph_Speedv]=Mainview.P.ABCSdtVtGrupPhljl;
main() ///=————-—-

if( Mainview.P. ECPHgatecnt>0)Mainview.P. ECPHgatecnt——;
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(4) 4571 B F717F 4742 o Ho oi7IAE $EAA SR gt vhd

D717 AR w A 7] A ko]

o 94

O A&

W7

#

fol Al 74e" e meo

S

F717F fgd w Ao hrIAE 2718

-7

s
=0

g

_
o

243 Ao B o9l

]

A

]

257

277178 Al A= Ao ol 7] Ak
- g8 F717F AFEE Ao g7 A7 T EE 273

ted 7] Al

5|

(5) FAYA ARG W FAIH3

r QoA
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- Ao Rt g BUHIS AFHoR FHF & e
o Ay
- AN 65565 gl Folzk: A wn
- UlEE FER QW YT glol Wl Folue HAsw e
- ke MER ZRO9S A, AL WEE BE UE
> %49 mUEYe] AR Y

if(prl[0] <= 3l &4
if(prz[0] <= 1 &4
if(pr3[0] <= 1 &4
if(prafo] <= jl &4

ptl[0] =0)ius=l:
pt2[0] =0)iu=2;
pt3[0] =0)iu=3;
pta[0] =0)ius=4;

if{iu ==1)pts[7]=0; A3
else if(iu ==2)pt5[7]=0; /pti[3];
else if(iu ==3)pt5[7]=0; pti[3];
else if(in ==4)ptS[7]=0; Aptd[3];

'

unsigned long nugukilsaall K[3]: *-""—‘

void sunnujukwalueresti)
i
int i=0;
Mainwview, Pooujukaunwlue=0;
for (1=0:1<30ri+) _alialogV?.win30ILSA1[1]=0;
_alialog¥7.min30speedent. =0;

)

[0
¢

ﬂd
i
1

nugukilsaall,
nugqukilsaall.
nugqukilsaall.
nugqukilsaall.

wIZ[0]=0;// nugukilsaszll.
u3Z[1]=0;// megukilsaall.
u3Z[2]=0; /" mugukilsaall.
u3Z[3]=0;/F magukilsaall.

uiIZ[0] + Mainview. I, cursunvlue;
wiIZ[0] + Mainview. P.oursunviue;
wiIZ[0] + Mainview. P.oursunviue;
wiZ[0] + Mainview. P.oursunviue;

numukilsaall K[0]=0;
miqukilsaall K[1]=0;
mimukilsaall K[2]=0;

_abialogW4.proc[4]=0:
_abialogW4.proc[5]=0:
_abialogWi.proc[4]=0:

AdalnnWE nronl 51=0:
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O Q1 AAgE “AREeHE WA & ud
7b A&
O ATWHE

O AP

- AR T e AR T AE
a4 2l

AR AR 100] B 1-1HES

ol

F HES 9= X2
2 zzg9 ¥

W AEo] orsle
Folw A% A

ungigned int value,size,sizel,len=0;
WDT Togglei):

A 5 1-0 g5 1-1
void mainviewint( int u)
{

unsigned int i, J;

UINT32 ii=0:

float fk[6],fkl[3]:

AAGUT GUWANSU INFO ##guansu {0

1alogVi.proc[0]=0; aDialogVd.proc[0]=0;_aDialogVs.

o

dize= _alialogCreateZ[0].PglID;
gizel= _alialogCreated[l].PglDh;

if({clockeditD==0) WAL aliialngVd, datel, i+ ,u j;

{ wainview L(_aDialogVi.dated, 1+ ,u ),
i=Systime.centry; mainview 1( aDialogVe.dated, i+ u);
i=i*100+5ystine. year; nainview 1| abialogVl.dated, i+ ,u );
Hainview. P.yyy=1; nainview 1| abialogVl.dateS, i+ ,u ),
Hainview. P.yy=systine. year; nainviey 1( eDialogil.daves, i+ u |;
Mainview.P.mm =3v3time.month; g el ;
Mainview.P.dd =Systime.date; nalmien L(_abialog¥e.date?, 1t u )
Mainview.P.hh =Systime.hours; walnviey 1(_aDialogie.dates, i+ ,u |
Mainview.P.mi =Systime.minutes: wainview L[ aDialogVi.dated, 1+ ,u ).
Mainview.P.3sec =5ystime.seconds;
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(7) PC 2219 948 ¥y & 734

O €l dHF AL v S+24 oY oJew 24
o Arue
- AZYHA A B FRIE B Ay WA
O iAW
- peZEael ANge sk Wl ol 7 Ay WAL
- ZEagel 44 E 9EA 248 teel < AEYY HES Z2ay Wy
A gl e
BOOL Cformd::PreTranslateMessage(M3G+ pHsg)
{ /7000 {2l ES8tE BEE R0t WikE J2 EYH~E A

id Cformd: : textkevchange(int ch.int i)

Cetring str;
int i=0:
iFCi==0)
{
CEdit+ pEdit = (CEdit+)GetDlgltem{ch):
int nLen = pEdit-=GetWindowTextLengthi )
pEdit-»>SetSel{nLen, nLen)
GetDlgltemTexta{ch,str)
i=str.Find( ")
if(i<0 && nLen==2)
{
pEdit->Replacese!( _T(": "))
1
else if{nLen=4)
{
str=""
pEdit-=3etWindowTextAlstr)

}
glse if(j==1)
{

F
if{pMsg->message ==WM_KEYDOWN
{

if(pMsg->wParam ==13 ) return TRUE:

if(pHsg->wParam !=8)
{
int i,i=0;

i=GetFocus( )->GetParent( )->GetDlgCtrID( )
=1
if(i==0){i=GetFocust )->Get0lgCtrlID{ ) j=0:}

switch(i)

{

10C_4C0MBOZ:
10C_4C0MBOS:
10C_4COMBO4:
10C_4COMBOG:
10C_4COMBOG:
10C_4COWBOT:
10C_4C0MBOA:
10C_4C0MBOG:

case
case
case
case
case
case
case
case

I0C_F4EDIT4:

I0C_F4EDITS:

IDC_F4EDITIL:
IDC_F4EDITI2:
IDC_F4EDITI8:
IOC_F4EDIT19:
I0C_F4EDIT25:
IOC_F4EDIT26:

case
case
case
case
case
case
case
case

textkeychangel i, )

(8) A% WAA EFHAA Ha1dY ¢4 B

O €191 s Hlely AA# WAF AT
O A&
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1h =13;f?'_&Di&logﬂre&telﬂ[lj.PgID sAF = 18]

zl {
ccl=0;

}
if{ccl-0)
. 2 {

fei reintdizs el : //1: dis 0:enable
field no=5i;
for(i=0;i<lh;i++)
{
ccl=nRXD[field no++]:
coi=pRxD[field noH];
coZ=cca<df;
_abialogVWx[i]=cci|ccl;

}

zaveepromiccl) 2 :

rzintdis enf AALr dis Q:enable
}

l

static woid send mbus_framel (void)

{

& UINTS i,1h=0,addr=0,3;

b TITITT1E Avm Am 1 AAT

se £4 g A §5E T

[«

123

=

-|BOOL CgreenDlg::PreTranslateMessage( MSG+ pHMsg)

{ AATo00: HIH EsEE BEE 27 H/E= = EHE
if{pMsg->message ==WH_KEYOOWN )
{if(DHsg—:—wParam ==13)
return TRUE:
rniturn COialogEx::PreTranslateMessagel pMsg )
}
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(9) AAMAIES ZHold] ME HolH AFEA B

O A&
- e A (WCM) o EC PHEkOl Aol d o= ¢jol&dl &A1 24
O 24

- TTL232= 50Mell ZAol& AF&3sl7]o WAt dloje FAAY T4
- Z271& wAA aFgte] 42 gl 2ol doly e AHushA &

ool A2l Vs F7HE

| rutri.b [irit_sys.h | MBUS1 BMS_r01.c | IBUS_BMS_r01.c | MBUS_BMS.h | M:

void MET3Z FXD proc(woid)
{

UINTS i:

UINT1E crc,i[4]:

for (i=0;i< rz232datal[Z].M.CHNT;i++)
i

wRD[1]=wRxB[i]:

SADUTC (mRXDTE] )
+

if(mRXD[0]==65 && wRXD[18]==13 )

id !

if(Mainview. P.hansucnt</200) Mainwview.P.hamsucht=Mainview.P.hamsu
AADRINTFY "™\p\n rs232-2 ");

AADRINTFY "M\p\n rs232-2 $d, $d-lexn: 4" . mRXDT0) mRXDT18] ,rs232dat
AADRINTFEY "™\p\n rs232-2 $d, $d-lexn: $d - ", mRXDTO) mRXDT18)  r5232
J[0]=wRxD[1]-"'0";

J[1]=wRxD[2]-"'0";

J[2]=uRxD[3]-"'0";

(10) 579 879 --> 127902 #%

o,
O,
=4
uv)
do
=}
ax
r o
-
>,
o
12
o,
[

&3 F7kglel BTy 4% Ba
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- LCDZ 219 574

£ Edt View Project Flash Debug Peripherals Toolks SVCS Window Help

pi= = - MRt S " . ;[ Maimview.us] EET s BT < nronevac AT T ‘
et 3% [H maine & ed diszac | [ nutne | v % || [ induden” [ nouin | a1 |
Y BTMARZI0EVAL oy 3|[ e
i User ik DI04 const static GUI WIDGET CREATE_INFO _aDialogCreatei[] = {
- B [F] fsme_sram.c 072 £ \ 0105 ¢ sz+a,71. B 215 &, 0,18, 18, 191, 33, 0, 0 ¥,
- B [H led distde 7B for [1=0;1212:1++4] 0106
L e mathh 0704 ¢ 0107 ¢ aaiz, B AEH, 0, 6, 67, 96, 16, 0, O 1},
Ll fsme _sram. h 0705 polId= Mainview.codsl[i]: 0108 £ 1, "gaEe o i50, B, OB, T, 0. O 3,
L stm310xh 078 value= Mainview.dafel1[i]: n10g (1, §#=e 0, 266, 67, 88, 16, 0, 0 ),
~ ] core_cmih o707 funcrione (pyll, valge,ssh ; o110
Jstdim‘h 0708 x= alDialogCreatel[]+size] .x0; o { 1, mFYe, o, 5, 93, 48, 16, 0, 0 },
-] system_stm32f10x.h 0709 y=_abialogCreatel[j+size] .y0: 12, 1, "EFYe, 0, B, fti9, 48, 16, 0, 0},
] stm32i10x_conth o710 if [pgIDs0) 0113 ¢ 1, "3EYe, o, 5, 135, a8, 16, 0, 0 ),
[ stm32A10x_extih o711 ( il iod, TSR 0, b, A7, B, 1B, 0, 0 ],
L sm310xh 712 TFT Showtring(x| y, ssh ,BLACK ,GREEN): oits t %, ®5TEN, O, 5. 199, %8, 15,0, 0 e
] tm3210=_fsme, b 0713 3 0118 £ & "STEY. O 5. 229 W 350 8 e
i stm310x_gpia,h 0714 else o7 {1, ", 0y 5, 249, 48, 16, 0, 0 1},
- [ stm32f10xree.h 0715 i o118 { d—tggkn o5 c 4% —de—0. O
] Stm3210x_splh o716 TFT_ShowString (¥, y, ssh ,WHITE ,WHITE): o113 1, reFYe, O, 5. a0k, 48, 16, 0, 0 3,
[ Stm32A10xusanh o7 3 s 1, "o0F%Ye, o, 0, 327, 48, 16, 0, 0 I,
- [] misc.h 0718 I+t _________—-——'-—_ 3121 1, muF9e, 0, o, 353, 48, 16, 0, 0 1},
- ] stdllbf o718 3 *-"-1 niez 1, "299¥e, o, 0, 379, %A, 45, 0, 0 Y,
-] ok-stm32_font h 0720 for (1=0;1<12;i++) 0z
- ] ok-stm32_large.h 0721 ( i 1, nAlFm, o, 455, 96, 72, 16, 0, 0 ),
i (irpr} pold= Mainview.codsi[d]; 0125 ¢ 1, rndFrcr, 0, 430, 122, 56, 16, 0, 0 ¥,
0723 value= Mainview.date2[i]; 0128 + 1, ndZpEr, 0, 430, 148, 56, 16, 0, 0 7},
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dVy,

dt

dI/rhgi o
Qi — Qupy (M B

dV

= er er - Qtr’ er = Qir - Qtr (HH ;q) </}_]| 3_5_1~3_5_3)

= Qde + anj + Qwh - Qi7' (gt;ij]— %3—)

Quit 5% 54 (IL/min)
Quwe: 97 Y= (L/min)
Ve A W 729 & (D)
Vgt HHSH &= W] wfjoie] < (L)
Vi EF®A W 49 (L)

- YF o =g

d Csjb

er nmax le nsb JI (HH X]) (é} 37574‘\/37576)
dczﬂ, )
dt — War C'”Sb QdTJ ’LdTJ Qdisch Cvndrg (HH ol]l Eg = )
dc’

— I =
Qdm drg+ an]an_ ir nmz (§?§— %i)

Cep: W14 W FHE2] & (mmol)

- R FRGEA eE) 2

7_ Jrﬁax Qst . . .
T ol (Michaelis—-Menten equation)
‘K—IH Cy’nsb
7 ‘]éax Cnsb ..
Ji= [701}2&4 (root surface area multiplied) (2 3-5-7)
nsb
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] 9E T4 £5% (mM/m%/min)
Tmax @ FE FF4EE A5 (mM/m®/min)

K., @ Michaelis—Menten %5 (mM)

Tap
Q;, I°
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Uy I\
h 4 T
a /T\ RSA
Stock %i|  Mixin
" g Substrate
solution tank
(K*,Caz*,Mgz') Cnmx-vmx cnsub.vsub

le'

Quy Drainage
tank
Cngrg*Varg

Y 354 28 FHAM A2 FrE o BERY A

(2) vhzeE]7te] e AN oA A 29 voly

Ll

Sl

o

S ey 3%
* Berkeley madonna S/W(Version 8.3.18 UC Berkeley, CA, USA)®] least-squares
regression analysisE ©]-&3F curve-fitting &agl&S UE 4 yguy FEo|
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o A71e] BN FEF dzYvt FE FF FEEHE AEste] B «3y
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A A (A2 S, fixed mixing ratio, FR): s} o] o] & H]& 117
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n
- 4AAHNG (s =4, modifiable mixing ratio, MR): #j <} A& o] &
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Value
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29 3-5-00. FE T Aol darglE 48 gk FAA e nleghy A AN Al ~E
=]

¥ 353 G F9 Ao qugE AE w8 AN} veaA FAAN A e
7ol ol e ek ula
E42% Treatment T-N P K Ca Mg s
45g B2+ 3521006 0.36+0.06 6.14+0.81 3154012 0441004 0.52+0.03
=EA 3.67+0.02 042+003 5.38+0.33 3.54+022 0.51+0.05 0.57+0.02
t-test * ns ns ns ns ns
e Bl&=2H4 2591015 0.21+003 572+0.83 4.53+0.17 0.58+0.01 042+007
=g 265:026  0.25:005 6.61+065 4461027 0.6910.04 0.52+0.05
i-test ns ns ns ns * ns
ot (6.14) Hl=EAl 2011014 0.38+0.02 2.66+0.12 0.09+0.01 0.11+0.009 0.23+0.01
=2 1.85+0.09 0.33:0.02 2.36+0.34 0.08+0.01 0.09+0.003 0.21+0.01
ttest ns ns ns ns * *
IH4(7.12) HlE==A 2164018 038003 2.62+0.13 0.07+0.01 0.11+0.011 0.22+0.03
=B 1994008  037:001 2.63+0.41 0.08+0.02 0.11+0.013 0.23+0.01
ttest ns ns ns ns ns ns
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3# 3-6-1. NO;, K o] =48 9 =4d3%
NO3 K
TDDA Valinomycin
Tonophore ) _ )
400wmt% , Smg 0.50wt% , Img
. NPOE DOS
Plasticizery e o - o )
67.75wt%, 135.5mg o4.7wt%, 129.4mg
. PVC PVC
Matrix o e
2825wt %, 56.5mg 328wt%, 65.6mg
... KTpCIPB
Additive _
05wt%, Img
inner solution 0.01M NaNOs; + 0.01M NaCl 0.01M KCI

(2) &) Wl POy A =42 A

(Sigma-Aldrich)E Zo°] 6

o IWE WAL AvlX|(Sand paper)E °©]-&3Fo] (400, 1500 grit) T HE Ys2 & 57
Frofl 308 E<F AU Fo] KHP 0.025 M (pH = 4.0)o] 3087 Aty YS A XA

o1kl WhgalE IWE AFS A ZskATh
(3) NO;, K o] &M e A= 7aal 7

e H]® Y NaNO;, KCl, CaCl,, MgCl,, NaH,PO,, KNO;, Ca(NO3)Z o] &3}le] NO;, K,
Ca®, Mg”, PO, o] ¢] Folxl Flzzlel fres gnta2r] xgste] §4& Axdto]
Al B old 2SS ZAeAh Ca A= 48 AlF (9720BNWP, Orion, USA)S A}
Stk AA FHoAe] 58S dotry] & AA FAMFAA ] FHAPES Al
gatdded, A5 &de AA FAAMAA AFREHI e PBG A& T}
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3#3-6-2. NO3-K-Ca &%= g EMF ®¥-g-9] =24
I R . . Coefficient of SEC ( |
on egression equation L ppm
Determination (R?)
NO3 Y = -44.37logX +228.6 0.949 10.823
K Y = 60.526logX - 49.627 0.988 6.103
Ca Y = 27.343logX - 50.27 0.988 2.79%
350 200
300 150 -
® @
250 1 Y = -44.37 logX + 228.6 100 1 Y = 60.526 logX - 49.627
S (R*=0.949, SEC=10823) | S (R"=0.988, SEC =6.103)
£ €
L 200 - T 50 - 3
w w [ ]
150 - 0
5/.0
100 - -50
50 T T T -100 T T T
0.1 1 10 100 1000 0.1 1 10 100 1000
NO,-N concentration(ppm) K concentration(ppm)
% 3-6-3. NO3-P-K-Ca-Mg &3 A A FAHoZ Aozl ISE Hbg 54
o Al G SAOA A ZF HATY AS 71E7]IE 096, T oAF 23 23.78ppm o2
REA718 Y Hat 4% A oS3 LA gkS oF 20ppm e YEN o AR A S
#0992 g fold Ao Ueh Aud oleddy dgEe] del ) o]k
Ao EHRAYL Ao At (17 3-6-4)
T 250 : 8w
5 B
g Titiine| S g e
f, 2001 § 600 =0
%) w
> 2]
2 >
o 150 2
aé 8 4001
g Y = 0.9068X + 15.07 E
S 1001 R?=0974, SEP=10.116| ¢ Y =0.96X +5.132
"o o R?=0.9898, SEP = 23.78
o) 200 -
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2 50 5
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) S
3 o4 .
r o+ : : : . , , , ,
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Hydroponic NO,-N determined by ion chromatography(ppm) Hydroponic K determined by ion chromatography(ppm)
S 364 TAE we] 44 dele] 8@ ISE S o & AxntEadvyos
T F= % AEdEA (3 NOs-N, - K)
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(1) NOs, K, Ca d=9] 42l&

of dlal duj xol7t U= HE (102 M, 10° M)E 717 gdaS x43

1
o
N
S
rlo

=5 ode]l FHE Adste] 23 ®stE #Eeh o Wl o] &(NOy)
ZEHEKS AE87] A3 #AERE 1EAPVC) AAA “H(matrix membrane) & Ej
o] o] el dut(ion selective membrane)s AH&3FATH (3 3-6-1). ZHH =SS Orion
Abel g A= (part no. 9720bnwp, Orion, USA)S AF&3lith tf4=9] o] 2A e d=
Aol e AlFS 98 19 8y 2 ofad Al FAHE 25 A
ol B 78 (EMF)S 543571 918 OrionAte] olFH}AS 7IEd=

(Part no. 900200, Orion, USA)& H At il o]& AgilentAte] thaid dlo|H =7

(LXI-34972A, Agilent, USA)el dZ3sto] dlo|HE 3 A 4atsith

o UF9 AFE AFdddd JAAAZ & Fdo 2£xE 15~30CE ¥HsE Fo] 2%¢
EMF ®3le] AaaAZS gelsqtt. 25 WHils sZ ¢ o] E(SP131015Q, Cimarec,
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I (F 3-6-3) AsE A2 o5 1089 12 34 ste] A8ttt

¥ 3-6-3. Matrix effect &3 =35 93 A= =4 (Y mg L)
A )}

FRr N 35 o SF=Zelvt Gl |
Ca(NO3)..4H, Ca(NO3)2.4H2
2240 2240 KCI 89.8
O O
Ca(NO3)2.4H2
Fe-EDTA 0 Fe-EDTA 16 o 2239
KNO3 776 KNO3 776 NH4NO3 200.1
Mg(NO3)2.6H
NH4H2PO4 0 NH4H2PO4 57 4.10375
20
MgSO4 - TH2 MgSO4 - TH2
0 123 KNO3 527.63
O O
H3BO3 0 H3BO3 16 Fe(EDTA) 5.51125
MnCl12 4H20 0 MnCl2 4H20 0.72 KH2PO4 170.1275
ZnS0O4 e TH2 ZnS0O4 e 7TH2
0 0.09 MgS04.7H20 427.4313
O O
CuS0O4 e 5H2 CuS0O4 e 5H2
0 0.04 MnS0O4.H20 1.69
O O
NaZMoO4 NaZMo0O4
0 0.013 ZnS04.7TH20 0.9875
2H20 2H20
Na2B407.10H
2.86
20
CuS04.5H20 0.2
Na2Mo0O4.2H?2
0.12125
O

S FdsdY. A4 A2 ofdel FHel NOs;, K, &8 Cad= (9720bnwp,

Orion, USA)= AR&3Fo A tho] AlA el Ao Wats dEedn. 23 Aafstol A 7]

- 255 -



mV #ol, s FAsIL A& S0 tivste] Awi 24 A st & ts 574

NO3 A=52 219 7HA= ARkl AudA Fojdoez d=ilaghe] A= 43S
UEFHAIRE, 21 o] Fell= FAE=7F "olAEA Hit EMFZF AsH = Aldles &1l 83l
i 3-6-9), K¢ Ca A=9] A5+ Aabd=d e AdaigzFadde] =4 detd=
glstant (¥ 3-6-10, 3-6-11).

230

200 i
+ N-i-low
® * 4 &
> ~ ¢ ‘ - e ©® N-ihigh
L
150 N-2-Tow
= ® [ ] & @ N-Z-high
£ 2
: :_ : g | * N-IFlow
= 100 - L »  N-3-high
Ll
——N-ave-low
—8— N-ave-high
50
0
(1] Z 4 4] 8 10 12 14 16 18 20
Time (Day)
s A = =
a9 3-6-9. NOs A5 Az 54 47
200
180
160 o K-llow
140 ¢ K-1-high
> * * ¥
K-2-low
120
< ® b - @ & K-2-high
E wo * * o K3low
'
Z g K-3-high
@
55 ® i = :/: e K-dlow
3__%__/9—\- b 5 + K-a-high
- L} o ]
40 . —o— K-ave-low
20 ° —a— N-ave-high
0
] 2 4 6 B 10 12 14 16 18 20
Time (Day)

2% 3-6-10. K A= As 54 43
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35

a9 3-6-12. &x9 215 7|d¥ (EMF) 7+e] A##A4: NO; (), K (%)
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25 ® P-1

al] T trend line - “:“ ::nd . .
& y=0.6528x-10.292 15 = .. y=0.9058x-12.792
E_ R2=0.7971 E 5 ™ .-_’.v‘ R2=0.7547
i ° § io - A .-"..‘-.=‘ = ’
i i, - -l = = s EE
eoadliete’ 235
lo ” 20 TEmpEf:tu re,"C * ” “ * - * TEmpEf:tu re, °C ? > 40
a% 3-6-13. 2% A5 7118 (EMF) ko] 4337 Ca (), POy (5-)
o 2E G 224 AP E AFES Flsdon, K 52 1639 mV/Te] dA=S
A2 Ao e 14 499 tha ve 4% duges dAadd (19 3-6-14)
22 Ay M = A= gbol= JHAl Abol7h EAlste]l 2= AL HAS dEHow A
g AL el Aew AR,
: : .
E =4 Y= 1OZESK + 95012 E .';-'-Yc--‘a;aﬁ::=*_-3§:?:'.
R =0 597, SEF =076 s ? G
) - Te- D AT AU -_";-:- ) ) 1';'1 e i e o b il )
a9 3-6-14. =W 22760ToA A %9 215 71d=™ (EMF) 1te] A##A: NOs (), K
(-%).
. Az e oe vedsda 245 NO, K, Ca AFe] EMF &< 219 15% o] 4
Sk FRS 7l A%E gl 2E 24, Teli BEE AF FAAE 2
A=olA Fede] YA AitdA = Az g& ez tis] Fojv gk Zol7t
GERA ggkom, fol@ Aol7t Ak et gEAAE T Aol 1 mV el
o AAAoR WEYAT 4FL FA ST & & 9
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80 -50
140
*
120 40
60
100
e 30
E E 80 E *
g 1 * = s
2 g e 2 20
20 J; 40
-10
20
0 0 0
DWL LL PL DWH LH PH DWL LL PL DWH LH PH DWL LL  PL DWH LH PH

o AlA AT Y FHE s WA, AT ZRIAY BEAUHES kst d59
Drift+ d5wtth Wste = \Ax7E o] glo] ol& 8 5 23l AlsE S48
Wt V& 7)ek AAGS BAste]l oln AAGHE AFAES AREste WA oR JEgdl
S wWASFAA BB £ 9 EMFY =g ZE ZA4 ¢ uf 2AA wir} gZFHS 246t
v wARE AAT F de 28 Atk ¥ (2-point normalization)S A -&3FATH (1
¥ 3-6-16)

S Modified sensitivity plus offset .
£ compensation X5 Ya) Calculated the EMF of calibration
o sample(low, high) from calibration curve
>
"“ offset
Modified sensitivity B
% V') Measure the EMFs(Y,q, Ys,) of
Calibration samples
Xy Yio)
o (X5 o)
A
Calculate the ratio and offset
Xy Y10) Original sensitivity

Measure the EMF of unknown sample
and compensate(EMF’)

Concentration (ppm)
Predict the concentration of unknown

sample using compensated EMF(EMF’)
( ) and calibration curve

=

g g

[N

a9 3-6-16. 24 Aarsk R AR () B (%)

b
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lon concentrations determined by raw ISE datal{mg/L)

27 Aarst e A8S §3 A5 As By a¥= 9 3-6-17%

=9 ¥t 2g ATHE B RYY @ LERAAA HF 45 RESL ICP B
|mste] RMSES %= vhebdl Eolw], 44 %ol muEgels 28 B

g;:l_l
i
£

jus}

WAE F7tE FY% Adolth NO; 9 Ca ofwhe] o 1% uj9]9

. 19

[}
-

o 1%
ki

O;(]. KR E‘/\]— fe1s

1000 500 ;
=g . . et
900 « ® 450 ..f L i
’ e o
800 LX) B 400
[ & E P o
° ] r
700 P g 350 i
8 e
L) =
600 o s @0 £ 3w
. £
500 s ® = 250 = ® nNo3
s «® e x
400 f% 200 Sg ® ca
L] ® NO3 EE .‘ 77777 .
300 - - E 150
. e z b4 d L]
a.‘ ® Ca =
200 ¥ 0 s 1vs1 w100 e
e = ’5
100 . £ 50
2 -
o = -
o 8 o
0 200 400 600 800 1000 5 0 100 200 300 200 500
Standard analyzed concentrations (mg/L) Standard analyzed concentrations (mg/L)
Raw concentrations Drift compensated concentrations
RMSE(%) STDV(%) RMSE(%) STDV(%)
NOs 7111 1014 245 5.55
K 5444 1714 1121 7.09
Ca 36.09 1147 1827 8.87

a9 3-6-17. 23 Aarsk W A8 d EHH A8 F (9] = AF A vl

A5 Al 7Y 189 hebd v ol 7 AAM Wi Awsk Ni 505267

mV/dec, K: 35.7331 mV/dec, Ca: 1853587 mV/decZ Uo|2E

G Ao ZE (K 60.526 mV/dec, Ca: 27.343 mV/dec)E.t} 7
stATh o]+ ISE Wl§9 X §dE59 FE9 AfyMd &R0 Z A&

o Frol s Apol7} EAfste] A7IE HAYMY Al = Zoldl o3t

= ol 93t Jgko] YElE 4 A& 754 (Tang et al. 2012)=
s} Wof o] AAE HE8T F Ja FF Y F8oAA AA FA
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Two point  Two point
Normalization Normalization
Solution Solution Condltlgmng
(Low) Salution
Y ! /

(High)
\
Nutrient Solution

Pump

)

PC
¥

Caontroller

15 RefISE [gp
W7 Mixing tank

Drain Motor

a9 3-6-21. AHsEsEAEEA S e

o

o AT Y AAZ Mo n ARG ol AR o]LErE Zhss AREAR 1

stol 24 FAES Folx AHAAE AHEY (AU §e 450

=
ARG § neAHoz WEFE PN AeRFon AFEE /Mo thgde b

3 Q75 ye 2 Ax

o ARG A"l F 3-6-47 Zo] ARSAN B FEE, BHE EIe FEE, S
Al B 2L AR 7T F Ak AN EES 7] EE AAE ol&ste] o
ol Iy oz AE A el A&
A& Alolstr] 98l Pump controller® National Instrument AFe] NI USB6009 A|%-&
Control box IIel AXA3stA i ISES FAo 43I = F Uv =ol= AAE A
National Instrument A}F9] /O AYE EE<20 SCC68 AlEFel All3S Agste] Alad A
UMY g2z ARgekaitt (19 3-6-22 ().

o w3 =4 A wwkyt A F A} wlSS 93 mEH 9 TE AEZY, gdy A3

’
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9 TS AT BT L Geol, N2d Aol ¥ 28 ZRIAS FASE W Az

9, A% 245 2 A4 ode], BY AUF Ax® 5L /NoR AF Hele By

Y Alzgs At (29 3-6-23).

Foo] ole FEE 4L AZEY oA o] TN E dtglon ISE ANE  ofuo]
o Fejz w50l K, NO;, Cag FAlol 54& 3] dahs o) 29 Frms Addsie]
2 F RS s en A E0 el Fde] wwkd ISE AlFHE 918 el

EHe| 3 £x Aol AF EEEgtol S AAeden A 10,000 RPM7HA 3]

Sample holder o}&#o]+ High €43 Low £ 9 HS 4N gaE FH|son HAX

rr

22 A ANM AE Folst Low 9, High §919 33 % &2 A% 59

2 Ak ARNZ olEstt ool F& AFHoZ Alojatr] 918 Thomasie

E 364 ABANBYA Fa FAE A

A o] 5 (Controller part)

® Motion Controller
- NI PCI-7390
- 4-axis motion command
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A/D converter

NI PCle-6341

Analog input: 16bit, £10 V
Analog output: 16bit, £10 V
Digital I/O: 24 line, Max. 1 MHz

® Noise rejecting connector block
NI SCB-68A
Shielded I/O connector block

® Motor controller
Mitsubishi MELSERVO-J4
Power: AC220V, 50W

® Servo motor
Mitsubishi HG-KR/HG-MR/HG-SR series
Ranege: Max. 4,000,000 pulse/rev

® Preamplifier
OMEGA, PHTX-22
Gain preamplifier

%% (Motor & Pump part)

®m Sample holder

Teflon housing
Volume: 200 mL
Connecting hole: 8
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= DC

FEE "X 2ol

- Voltage range: 10~200VDC

HZHEHIZ (Peristaltic pump)
THOMAS, SR10/30 series
Flow rate: 55 ml/min
Tube: Silicon

Power: DC24V

Sample holder

- Sensor array
- NOs, K Ca ion sensing
- Rotatory chamber (0-10000 rpm)

Main system (PC)

- Motion controller (NI PCI-7390,
National Instrument, USA)

- A/D converter (NI PCI-6221,
National Instrument, USA)

- Remote communication

Two-point normalization and

drainage tank

- High: NO;-1000 K-420.324 Ca-
107.76 (Unit: mg/L)

- Low: NO;-100 K-42.03 Ca-10.78
(Unit: mg/L)

19 3-6-23. 7N
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Pump

-Two-point normalization supply
Sampling

Peristaltic pump (SR 10/30, Thomas,
USA)

Control box IT

Power supply for servo and motion
controller

-Pump controller (NI USB6009,
National Instrument, USA)

-Signal conditioning board (NI
SCC6H8, National Instrument, USA)

Control box I

-Pump relay
Servo motor (MELSERVO-J4A,
Mitsubishi, Japan)

Aol e mUEY A4
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= 213+ LabVIEWAA FAH 2 s F3) A Bgo]Ads ALtste] &) 4
m

ol ppm FEE = MEZy £EE 1 kHzE 3le] 100 719 HolEE o] Hitslo]
AL EE AASH T Setting 2 3l ¥ &8 AlF, HEZ A e AREAF AA

Normalization &
Calibration

-
| Turn on the Rinse Pump (30sec) |

| Mator set for empty(10sec) |

PUt in the two samples{low, high) Input the setting value Sampling &
for electrode compensation (Normalization, Setting time) Massrement
— i)
Vap = il H | Mermalization & Calibration | Turn on the Sampling
£ | & Mot t for fill
Calculated the factors for electrode J/ pump otor setiari
compensation according to | Motor set for empty (10sec) | \L

ocriginal calibration eguation

| Measurement

| i=0 | J

Data processing and

Calculated the factors iy logging
¥an-¥in %| i=i+1 |

Ratio = —— \1/ \|/

Yao-Y1o
| Motor set for empty (10sec) |

e

e

Turn on the Rinse Pump

offset = Y. -¥'x (30sec)
(¥'xg=ratiox¥y)
‘L | ppm calculation |

\L | Motor set for empty (10sec) | | ‘L ]
Data processing i
Compensated data = [ En ]
(logged data xratio) « offset

l

Predicted the concentrationx)
according to the calibration
equation
MNO.-N ¥ = -4436logX = 257288
K : ¥ = 60.526logX — 49.627
Ca: Y = 27.343logxX - 5027

9 3625 AFAYYA &8 FuelE FREAE

A oo EMF ghe S22 Wd A7le 37 $44e] etz pAHAEstel o)
& AFS NOsot K d=°] Low &4% High 948 oz 54 3 v& 3Hito] 4
dHer FE=A Aldste] daAEd AHEE Low &Y
a 7b7 100, 50 mg/L, 123 1000, 500 mg/LE ZASYTL 7 ol e B 374
A AT (Jung et al 20158 Fasrh (E 3-6-2).

=

AFEd We 2 Ao

%4 49 B I Aol Ao AAE PG + UEF golv] Jpo 2
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Wapglon] PAE Qe o] st 17 3-6-263 PR FAE Aol sk B 24 A
4 e} 44 NE Ten 7 W= AN A0 49 Ave HASE 24
A ool Aol mE AEWMAE I} Elolv] dAo] hesteE FAHAY. 4% A
e ER olE WEY k5ol 747 HHLES Savk

Ee N v s s o o
| = 9::!."?.-.”"“‘ CIECH
s
ot moker rpeed o W (M) I F::o:j ik ""'"7“_';
D;ww : Sdm:é:nTliﬁ'
19 3-6-26. /N o] BUEE A9 e Ho]x

FH71E AFEe G Ao Ax"e 2Asta o wE o Aol des Tl
= T A d=F BUHY A2dddA AT Mol =S TCP/IP 4
Fs S AT F JeE T Z=E ¥ 3-6-273 2ol AYstth
S HES2
[« “Sample Measurement” 'H

!
= & :5%‘%&1 Time (s)
ﬁ{easu{ement :q; : \ -
. 01 A ‘; =
N-orrnalizatic;r._\ setting time p‘:,TT\ |,m7' 3 £
> b § §ERE = e i
J i 7 [ E‘ E lc ’:‘g‘ nditioning | réHoffset L=
— -fHEE Ei“'. 5
1H> =]
__B@IJ : -‘_f@i%g‘le EMF (mV) @

= 'ﬁ L ® =

|
H
F

0]

29 3-6-27. AAofdelol gk el 2EE 54 A4 B A=

AR AT EL ] Fk AL AT H7F A9 Aol waw # 3-6-53 3-6-69 #ol



3% 3-6-5. NOsot K "=9] Low& 54 A9 A
NO; K
N1 N2 N3 K1 K2 K3
Ratio 0.92 0.90 0.90 1.62 1.25 1.23
Offset 41.76 41.69 39.56 18.01 192.81 -7.23

Low EMF(mV) 138.16 141.23 143.67 217725 -11212 49.21

High EMF(mV) 89.83 91.85 94.27 59.084 -63.51 98.49

Sample EMF(mV) 137.99 141.12 143.58 20.93 -111.04 49.34

Concentration(ppm) 100.79 100.53 100.38 4761 52.63 50.30

# 3-6-6. NOsoF K =2 High€& 54 43 23

NOs K
N1 N2 N3 K1 K2 K3
Ratio 0.92 0.89 0.89 1.59 1.24 1.23
Offset 4241 4242 40.07 22.78 189.74 -6.53

Low EMF(mV) 137.86 141.40 143.88 19.15 -110.06 48.46

High EMF(mV) 89.38 91.67 94.21 57.24 -61.27 97.58

Sample EMF(mV) 88.91 91.32 93.94 56.47 -60.41 97.97

Concentration(ppm) 102257  1016.65  1012.70  477.04 520.76 509.28
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Hydroponic NO, (mg/L) determined by ion chromatography
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- Controller Specification

- Micro Controller Unit (MCU) : Atmega 2560
- Communication : 4 channel UART (RS-232)
- ADC : 16 channels, 10 bit resolution ADC
- 128 kBytes internal programmable flash-rom
- Timer/Counter
- External Interrupt
- ETC.

- Display
- TEFT LCD, Serial GLCD module

- Output

- SD card or USB or Data logging
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H 6 & dxa™oM =&t ofl 22t

P2

lNedE

A 1 A Coconut AAH& 3t

Al Al ®BE Bl sk= coconuts Z Y oFAH(Cocos nucifera; coconut coir) W< 2 <]
T2 (single seed)et & = Utk A RS FA(FH)e A4S MdES TS AGSEE
A Aol A Agom olgHi Qi HYS =R/ UE 5~8m FAS AFHALS
coconut husk #} &2]H huskW A+ WE AFH s =2 wjE
NM= A AN HiHE FHFEA Do)t 10~30em S vERdTh A/E A8t
2 E(pith) 60%<F G 7-(40%)=2 F+4 8 F4HES coir dust, coir pith2 W T2

HA W2 A (3] coco shel)& coconutd] 12%9l &l dsts FAS veby &3 AA 1-2
charcoal?} & & Ax(activated carbon)= AAHETEH HE 159 Z3yl I oA 300kge]
charcoals AAFE o+ 3lom, dgeta 120kgo] ALt oJAES THA o2 HHY FA4
2 o]y e d5= &E&Ht 1709 coconut husk(300g)ol A H&o] Ak 210~
220g°] coir, 80~90g®] dust7} AAtETh dHbd oz HAf{7F 30%H & AA| s Ao Z LE
v vk o]y gk mayle oF 4000 AFH AujEo gk AAlA TP el HEFT S
Uz ofF tpde §x 8 ol &5l
TR of&HH Aul= AAA A FolA FE= o] Fo|A L gt

Yl ofxte wid o] M, 3 ASEAE e RdE0] AFEH vta Ao &

HE Jh8t% 45~60Y t4oz o]Fox 1 1o 50~10070e == 4
U2 B wl el 33 =2 A5 AE Rl (FHE) SR o] &5tr] fIsA
q2 F2 ddjotalol A9 FftrbE web o] FolX il vt Fo Ak

T QEuvAeol e, Qe 2Tl HEY, T Aol Folth o5 A HolA AlA AL
a

ATE 19801 oF 3™ REEol A 20001 d el o S0 REEC =

>._‘
_I]}J
1>
rJ-[I:l
o
m
2
_>,i

>v
re
bl
A
AN
2
2
Ho
~N

i
o

of gttt FE2 A wek zol7b ol A7 3500~6,00071/ha HEE YERHAL )
O Gy AHoR 179 70~1007/1 4 =7 AskE =d Aikde] =& Ao A= 150719 o] 21},
17 ZaYUE FAR 66%7F #53 7 (coco shel)E xA&+ar 35%7F 57 4 (husk) = -
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Table 7-2-1. Coconut production in major producing countries (FAO, million tones)

Country 1980 1990 1995 2000 2003
Indonesia 11.2 12.3 14.0 14.7 15.6
Philippines 9.1 89 11.6 11.3 13.7

India 4.2 6.2 9.7 10.0 9.5
Sri Lanka 1.7 1.8 2.0 2.0 1.9

Malaysia 1.2 1.1 1.0 1.0 0.7
Thailand 0.8 14 14 14 14
Vietnam 05 1.2 1.1 0.9 0.9

Others - - - - 2.16
Total Asia 28.8 33.0 41.4 42.1 46.3

Africa 1.6 1.9 1.8 1.8 2.0
Oceania 2.3 2.2 1.9 1.9 2.0

Latin
) 2.3 2.8 2.9 2.3 2.5
America
Total World 35 40.0 479 48.5 52.9

Al 2 A Coconut coir dust & fiber L& 3}

Coir A mmue Felda 9t 9238 (husk)ZHE $45(10~30m) e Hohf =

I~}

I YE "wEE SOo07 o0&t YMA coir dustE XA HA FU)ER o] &3 HXA
= =

2% o§Hm 9

o

Husk2H8 AFE #ol Uesde dedem Hleoly Adsz JHG~674)%

brown coir & Aitatazl, G4l Fath7H10~1271€9) white coirdd F5 AAFshaL 9

g

duk BlEoly A2 FAAHste] AFHE Aista Fe coir dust® X - 7bEEe FE H

A A (husk) ZF-H 30%7F A+, 70%7} coir pith® T4 AfFe A &, F r
2 FaE e 22 60:30:109] vlEE Ho] vk AAA coir fiber(Af)e] Hol A A

6
2]
ZF 500~600%HE FEoz FAHEI o olF 10% W7l AdH o AdEs Aor

H
oIt} Brown fibert 22WHE 0 2 QlLo A 70%, 28] &7t A 27%, 71EF 3% % H. At}
Aol #ZAA AR coconut AAFE x fiber yield(80~90g/nut) 2 AAFE 4 dom g
Aae AAY 10%d02 =43 Ay}t Coir fiberd AAA Hoh AAE(GAFEITHS A

b 500~6007H= o2 FAska Tk FAA UL o] FojA L gl S oF 10%%] 50~601=
AER FA5Y. A7 coconut A FAtAel EAstE 0] Sl w7k Q=g APt S
o, MEM, AlA, AmuAlo} SolA F43] AFE I g
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Table 7-3-1. Estimation of the availability of coir fiber raw materials. (unit; 1000tones)

Philippines Indonesia India Sri Lank
Potential fiber production 700 1,000 600 260
Fiber industry - - 300 100
Domestic use 70 100 60 26
Non-extracted fiber 630 900 240 134

HE gor ol FoEy] At 58 1990d
g oSl AT BREAG FALEA NEVs NG 4ABE H3) Adow o Hol u
%1 AAE A% Fol BROR Helw AAT F Yx FE FAH] A& FFAA =

w2 A wl A ZA cocopeat’t w43 A FEtal gl Abslolt).

FAFAYGNA AF3B0%)S AHAFFL & BAES BT 60%, WA 40%2 ZAEH

o] coir dust, coir pith® Eg1 HELOE o= AL 71FH AS cocopeatdbil F-

Atk ol# gk FAHES] Adg o] & thdk A+ 1980t TR HA EGNAAE /7

E, BE 2 FAAN viAmA o] &gol thsto] o] Folx F=

A=A FEINES FARE AMEEo] gith
sylo] Azt AAAANA 5000%EFe] AL o] F husk7} 35%E AFA| &)

7} coir dust o= 2 Azt coir duste] Hu] AAHF T

U A4 At ol e A= dustite] E&vbEd WHeldln Eod ¥ @

Arr FAE F il F8 oA okm Tkl A ALk T7he gk dust@FS oF 600RFESE

olAE duste] Hol Ak 12257 Eolan Al Ak 259 50%<1 600%HE g o)L,

AA AAE ] AYELL U= Fe 2T 10%4Q] 607HE A%

=
A A Aol Folithd o we Fol AL AFH Ad B F dvk: A2 welFw

Rl

peatmoss®} vermiculite T A

o] 1,225%k=0] Aikd &

o] q_

x

3 A AujHo R FHATHe] FYow FHuiste] ALk
I Y AR B, A 54, 2d @49 MIHAE A

, TR WES dEete] @4 AskH oy, v m/d A/
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Emission

Environment

Climate

Above ground
environment

Root Zone
Grodan

Content

Performance

Why water management?

Higher performance
High yields and high quality produce

Lower costs
Reduction growing costs by using less energy,
labour, fertiliser & water.

Reduced environmental impact
Sustainable growing by using less energy,
water, & fertiliser.
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Benefits of control based on WCM
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Relation slab EC to drain EC

__ 7 Average EC in slab (mS/cm)

= AVGEC
« AVGEC drain

Average EC in drain (mS/cm)

Controlled root zone for optimum
growth, production & fruit quality
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