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SUMMARY
(P &8 k)

I. Title

Development of heating sheet for raising seedling

IO. Objective and Necessity

The objective of this study is to improve the energy efficiency for an
agriculture electricity utility by developing a new concept of a heating sheet.
The advantages are in fields of pollution prevention, economics and
productivity.

The growth of the seedlings is dependant on the temperature. Especially this
state of growth determines the quality of the later crop. A homogenous
temperature improves the growth. Therefore the structure of the new heating
sheet contains drainage holes and cantilevers. This structure guarantees a
perfect allocation of the temperature by improving the ventilation. Even the
drainage problem can be solved.

This study is to improve the agricultural productivity and the objectives are

as follows:

1. Development of a heating sheet for raising seedlings.

. Study subjects and Scope

The subjects as well as the scope of the study are as follows:
B Survey and analysis of fundamental data

o Investigation of the influence of temperature on raising



seedlings
o Investigation of root heating techniques
o Analysis of heating sheet in general
W Properties and Manufacturing of heating sheet
o Analysis of raw material
o Investigation of manufacturing facility and processing
o investigation of the capacity of heating sheet
B Analysis of temperature and moisture change
o methods of temperature measurement on the heating sheet
o methods of temperature measurement of the soil
o ratio of moisture
W Property of sprouting and growing
o Pepper, tomato, watermelon, melon, cucumber, Chinese

cabbage, lettuce, corn

IV. Study results and recommendations for practical utilization
1. Results

This study was financed by ARPC and cooperated with HANSEO University.
ARPC supported this study by bringing in experience and technological know
how related with heating sheet. The study results are summarized as follows:

a. This structure guarantees a perfect allocation of the temperature by

improving the ventilation. Even the drainage problem can be solved.

b. The heating sheet seted such as 15C, 20T, 25T, 30C, 35Cand the

survey temperature appeared to the average 0.13C ~10.23C so that it was



low. The temperature of the central 2~5C appeared so that it was high.

c. The temperature of the earth expressed almost same with the temperature
of a heating sheet temperature distribution. The temperature of the point not
to be adhered expressed by the winding of a heating sheet so that it was

low.

d. A ratio of water of the earth is fast reduced as the heating sheet at high

temperature.

e. The electric power of heating sheet was differents each other electriccity
such as @ 0.1kW/h at 15C, 0.15kW at 20Ch, 0.4kW/h at 25C, 0.8kW/h at 30C, 1.2

kW/h at 35C.

f. The like a warm crops such as pepper, tomato, watermelon, melon,

cucumber, corn is gathering growth speed which the temperature high is fast.

g. The like a cool crops such as Chinese cabbage, lettuce is growth speed is

similiar without the temperature by heating sheet.
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FES 2% s, 15, 20, 25, 30, 35T

[¢]

WANES £ FUY, FEY L% U FHE9 W FH5] Aste] A

Table 4. 7157

Data L T CR-10X
ata Logger e
se P Campbell Scientific, Ins.
Type Copper-constantan
lype ~200~400C
Thermo couple ;mge .
e ron—-constantan
J-Type D -
Range 0~750T
Type JW-1(Digital)
Balance Range 4~3000g
Accuracy = 0.1g
Type JS-300
Dry oven
Range 0 ~ 300C
Type M Type Integrating wattmeter
Wattmeter
Accuracy + 0.001w
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IR €AY
2 &
20% 30%
_26.2iE —395(E
IR : max 26.2C - IR : max 39.3TC -
IR : min 21.7C - IR : min 22.1C —
SPO1 24.3TC = SPO1 30.47T =
395 395
[ 30 :_30
IR : max 26.2C — IR : max 39.3C -
IR : min 21.7C - IR : min 22.1C —
SPO1 24.3T = SPO1 30.47T =
25% 30%

INDEX/T 23 A 71
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Table 6. HEANE HAPLLEHE S8

Eo &% Wiz}

15T 20C 25T 30T 35T

0>
rkJ

1475|1502 |14.78| 17.3 [1815[19.67| 23.02| 21.18|21.29| 24.07 | 25.53 | 24.38| 23.26| 27.77| 2542|1446 | 1454 | 145

14.78(15.06 14.81 |1819]19.01 [ 19.80(23.17| 21.14| 21.27| 23.62 | 2568 | 24.21| 2549|30.21 | 27.1 {14.55|14.77| 146

14.86/15.14|14.89| 182 [19.08{19.89|23.27|21.17|21.35| 23.5 | 25.7 |23.95|2565|30.29|27.34|14.62 [14.87|14.65

149 1517]14.94(1814(19.11 | 199 | 23.39|21.18|21.46| 23.06 | 25.47 | 23.89| 25.88|30.73|27.27|14.66 | 1492 | 14.7

Cﬂ»b

14961 15.03|18.12| 192 (2001|2342 21.2 {21.49|23.47| 255 | 2381 |25.87(30.44|27.17|14.69|14.95|14.73

\

t:

r:u

14.95 18.92 21.93 24.39 21.32 14.68

A

Table. 7

|E

15C 30T 35T

0>
rPO

14.69|14.95|14.7319.04| 19.1 |18.63]20.73| 20.8 | 20.23| 24.5|25.29|25.09|22.23| 27.29|25.18|14.46| 14.54| 145

14:71|14.97|14.74{19.23|19.07| 18.69| 20.65| 20.69| 20.27| 25.29| 24.34(25.29| 22.19| 27.11 | 25.25{14.55| 14.77| 14.6

14.73|14.98|14.76|18.95|18.98| 1851 | 20.74| 20.5 | 20.25|25.42|23.85|25.47| 22.6 | 27.02|25.37|14.62|14.87|14.67

14:75|15.02|14.78{19.07| 1883 18.86| 20.89| 20.51 | 20.13| 25.6 | 23.55(25.58|22.43| 27.28| 25.24|14.66|14.92| 147

1478|1506

14.83

14.81|19.12{1891

18.92

18791 20.54{20.44

20.49

20.02(25.59|23.62

24.95

25.81(22.67|27.36

24.96

25.24(14.69(149%

14.68

1473
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4) 29 A&
FANES g AHE WS Table. 97 Zo] 15CelA ok 0.1kW/h, 20Tl A
F 0.1KW/h, 25Cell A 0.3KW/h, 30T~ ¢k 0.6KW/h, 35CIA ok 0.9KI/h7t 28

H90 M BANEY HALE BL5F A AT B & & Atk

Table. 9 TEANE G2 A7t AEAEF 2 o
JNESE
15C 20C 25T 30T 35T
H 1
KW/h 0.1 0.1 0.3 0.6 0.9
S+ /hr oF 39614 | °oF 39614 | k109 834 | oF 219664 | °oF 329494
¥AF(EAE W) 1KW/h3 3624103
Table. 10 HIANE md AEALEF 2 o+
ELE
15T 20C 25T 30T 35T
H] 11
m'F KW/h 0.1KW/h 0.15kW/h 0.4KkW/h 0.8kW/h 1.2KW/h

Lw/hr | oF 39614 | oF 49674 | oF 14944 | oF 2991034 | oF 434327

HRF(TAE H) 1kW/h% 369104
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A3 A TANES o83 oA HEe| wolsk P55

A 0 AES] 4% A% WAL 9T

il

#7] 9Asto] ofefst ol o
A Azl wolsh A% 4ol tete] A7 AL

Aol SAE HAEe AT FRAACNAM A whakzkE euk (), el
) # ol(FE F1F), 7HAH = nF(iEr)et BEvkE(A), A Abst
Az owF0E), =5t 2= FFEA, s e FEFE(@AEl) 8

A AES FARIOR SFarh

& Al AR BEAEE § ATAE AAE Foto] Alxd veled 24

ANEZ A#E §H trayd 4l @A 35%x50 cme] 712 Al2td 5

o
i)
12

FH pote AT THAZAA #Avsts 507 58 tray(5x107H)E AR&SER o,
FEE AT dd8 FEE AMEEAY FEE trayel ¥dE FES AR

te 8 B BAEAE 179 3494 57el BEew BEa. &E
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tray 9 €& FEW A gFebA] @skon AP wixl= dHH 3
g o 2 AAETh
A 2L table 33 o] Frbe A Qd9F R 2 dF F7F 24y
+ Growth cabinet& ©]&stqlth. 35 5 1413 &3 A5 AAsAL &
of% 109740l 173 12847 F7]a FKolF3vt
4) ZAPEH
A A=Y Hdold g Zb tray R FAFAS 50%0] o] wotgh Es o
et on, ASEHS ZF A dA 1574 F Ase] wdsta FHELL 10
AAE Adste] 243 AGF de$S SAHGAT AEFTS 80T Ax7]dA
B AxT F A=FTs FASReH AL HdHlal= T4 package
SPSS(Ver. 10.0)& ©]-&3t% Duncan®] A4 % T-testE AAISHATH
Table 11. ¥EAEE o] &3 SR %
e BIEANE 25 AKY 2= A A+
Al (C) (Light/Dark,C) (Light/Dark, hrs) 7%t H2
7
°on T, 25, 30 - - 45 5¥5¥7692¢
A2, 15, .
20, 25 15/10 16/8 4=
Growth % 20 F% 10,000 lux
cabinet TZLjﬂéO , 20110 16/8 37 0%15 5;)i10%
214, 20, -
25, 30 25/10 16/8 3T
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Table 12 WAAES o] &8 159 wol % Y554

‘ DAAE Fardold 4 =% AFFAES
T e (3) (cn) (ng/1)
A 13.0 10.10+1.43 a 36
LI)e 25 11.0 14.02+1.98 b 48
22 30 8.3 14.60+0.93 b 82
F-test ok
T2 g - - -
15 28.0 264+0.22 a 4
15C/10C 20 20.3 4.86+0.38 b 10
25 12.3 7.44+0.46 b 34
F-test ok
4 2 15.0 5.06+0.23 a 10
20 14.5 5.86+0.47 b 11
20°C/10C 25 10.5 9.10£0.47 ¢ 40
30 7.0 10.7+0.53 d 54
F-test sk
T2 g 11.0 9.10+0.74 a 30
20 10.5 9524053 a 32
25°C/10°C 25 9.0 11.62+1.16 b 48
30 7.0 1214127 b 58
F-test ok
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Table 13 HHAES o] §8 Evpzo] Wol 3 JH54

] g NE 2%(T) Téﬂ%}%?( Z7(em) AT Aus
) (mg/1%)
A2 8.5 16.36£1.02 a 132
Brrees 25 7.0 22.20£1.40 b 226
30 5.0 22.80+2.20 b 230
F-test Hok
2 7 18.0 6.40+0.54 a 22
15 16.0 7.60+0.57 a 30
15C/10C 20 11.0 13.08t1.11 b 92
25 8.0 17.70£1.52 ¢ 210
F-test Hox
A2 9.0 952+1.38 a 54
20 8.5 11.16+1.19 a 64
20C/10C 25 7.0 13.76+1.87 b 116
30 5.5 13.48+0.78 b 118
F-test sk
2 7 8.0 15.34+1.82 a 82
20 8.0 18.04+0.62 b 9%
25C/10C 25 7.0 16.60+1.08 ab 124
30 5.5 17.38+0.77 b 125
F-test sk

WEFRA A BAAES APAN EAHE MmsaA W AelelAe] 4B



A5 2% 26C/10CAAM B3 7HAe Ad=s5 A5 10022

o
ek

%ol

25, 30T

ar
=

ZE7F 5T w2 20T/10TC ol A

&

o, 45

o] o
M=

—
1o

al

o7 &

R 2T,

KN
=

133, 180

o~
T

Azl el A AgEL 24z A

g%

gx

=

0
M

il

Azra ot

b

o)
N

)

)

™
s

ol
™

|

jn

o
-

vzel

X

-

syl

aFot EvpEe] F9 A7

Table 14.

100

30
40
54

25/10
20/10

133
180
160
100

25
30
25

20/10
25/10

-
|

48

82

25/10
20/10

141
144
151

116
118
124

25
30

25

20/10

EnlE

25/10

55



BE WAANES 257 30TC/HA ES5E

&

A5

el

A
=

L 2
LS W

7}

=
T

[e)
Chy

Table 15,16,17,18%} #tt}.
o]

=13
=

[e)

R

=
T

T+

)
ol

%

el
00

el

7
No

#7F H

5

A e

ol

ol

= A8 doprh Hx sk

/10C 2] - 2] -l A

=5 257, 30T

B

O

e

Moo

56



Table 15. WAAES o &8 Fute] wol 2 4554

A AE £T(0) ool A 4 ( . AT AES
) (mg/14L)
A 9.0 10.80+0.89 a 144
Hote e 25 8.7 1550+1.43 b 284
30 5.7 15.20+1.52 b 364
F-test ok
EEE - - -
15 28.0 2.83+0.15 a 8
15C/10C 20 18.3 442+0.13 b 16
25 8.0 6.26+0.90 ¢ 30
F-test *%k
T2 14.0 5.82+0.31 a 28
20 13.0 590+0.19 a 26
20C/10C 25 9.0 8.66+0.79 b 100
30 5.5 11.50+0.46 ¢ 202
F-test *%
2 7 8.0 12.88+0.66 a 126
20 8.0 13.66+1.24 a 150
25C/10C 25 7.0 15.34+151 b 230
30 5.0 14.26+0.95 ab 264
F-test ok
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A4 2% 16T/10C-FA 279 HAAE 16T A+ =25 ds doprt 3

] g AE 2%(T) %ﬂ%?}%‘]?( Z7(em) AT Ae
) (mg/1%)
2 7 8.0 13.44+094 a 182
Eesn 25 7.0 16.84+0.63 b 206
30 5.0 15.34+1.68 b 226
F-test ok
2 - - -
15 - - -
15C/10C 20 15.0 2.86+0.25 6
25 7.5 6.28+0.63 42
T-test Kok
A 7 12.0 4.48+0.24 a 22
20 9.5 4.88+0.18 a 34
20C/10C 25 7.0 7.48+0.73 b 70
30 5.0 10.58+0.67 ¢ 140
F-test ok
A 6.0 9.26+0.38 a 102
20 6.0 10.58+0.44 ab 122
25C/10C 25 5.0 11.88+1.43 hc 148
30 4.5 13.02+1.29 ¢ 170
F-test Kok

w1 1% FOAFEAN FAF
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20l HAfom FIrl 243 A& BF HAANES 25Ut £55E ¥
dhold 4=o] w3t X4 HEFT F7E YER I
So0lo AL FHe} FubytE g Hulolat: AP Frb gllon b #e
2ol ASHUe] 2x7F US4 E dAAES AP adrt AUy oz Zoh
Table 17. TLAIEE o] &3+ Qo]9] do} ¥l A EA
x| ihg—o [o) A} H d o ==
Az AE 2E(T) R Fd4=( =2 em) AAAE AES
o) (mg/1%-)
T4 6.0 15.10+0.74 a 418
Hleen 25 5.0 18.86+1.17 b 590
30 4.0 20.80+2.97 b 628
F-test $ok
A 23.0 2.62+0.13 a 22
15 19.3 3.30+0.33 a 28
15C/10C 20 11.7 7.46+1.32 b 84
25 5.3 13.84+2.18 ¢ 346
F-test ok
T4 8.0 7.88+0.24 a 172
20 7.5 7.98+0.72 a 188
20°C/10C 25 5.0 10.66+1.45 b 304
30 3.0 10.56+0.92 b 414
F-test sk
A2 5.5 10.42+0.26 a 270
20 5.0 11.86+0.52 ab 348
95C/10°C 25 4.5 13.44+2.17 be 402
30 3.0 14.82+0.98 ¢ 424
F-test #ok
% 1 1% FelaTolA F9%
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Table 19. YLAEZ o] &3 vjFo o} L WYSEA

Ae AE £E(C) ‘éﬁ%f)}%]?( ERen) AR (/1)
A 3.0 8.32+0.52 a 316
BAeea 25 3.0 9.86+1.37 ab 340
30 3.0 10.14+0.47 b 351
F-test Kok
A g 4.0 8.62+0.93 a 168
15 4.0 10.00£0.44 a 440
15C/10°C 20 4.0 11.90+1.47 b 554
25 3.0 10.90£0.44 b 578
F-test *ok
A g 3.0 8560.81 a 254
20 3.0 10.62£1.19 b 364
20°C/10°C 25 2.0 9.26£0.86 ab 284
30 2.0 9.60+0.37 ab 298
F-test Kok
A 2 2.0 11.34£0.34 a 298
20 2.0 12.74£0.88 b 301
25C/10C 25 2.0 10.98£1.29 a 312
30 2.0 11.52£0.71 a 328
F-test Hok
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2 Folg veEA 9
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rom, ASAdelM= wjFek o] 15T/10T 9]

Aol wstel Agol g

e Jeusd 4 Az @iwols

L Hlol ol 2=
Ae AE ew(T) i])}ﬂ( 2 AEF(g/1P)
=

g 5.0 11.84+1.25 a 114
. 25 3.7 14.34+0.71 b 198
TS 30 3.0 12.44+1.63 ab 166

F-test Kok
g 5.0 768+0.59 a 66
15 5.0 8.88+0.67 b 112
15C/10C 20 4.0 10.32+0.75 ¢ 184
25 4.0 11.30+0.19 d 210

F-test Kok
e 4.0 8.64+0.67 a 90
20 4.0 8.26+1.07 a 106
20°C/10°C 25 3.0 8.98+0.89 a 110
30 3.0 11.96+1.01 b 108

F-test sk
F2 2 4.0 10.92+0.93 ab 70
20 4.0 10.46+1.04 a 9%
25C/10C %5 3.0 1454+1.10 ¢ 78
30 3.0 12.46+1.68 b 33

F-test ok
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# 2 ANE 2%(T) \éﬁ%;%q Z7(em) 73_%;]?:/1%)
e ke 5.0 34.30+4.37 402
Boleen 25 4.0 34.20+3.40 408
30 3.3 35.40+1.64 406
F-test ns
A 8.9 12.56£1.44 a 32
15 8.0 13.94+1.36 a 38
15C/10C 20 7.0 25.36£2.85 b 130
25 4.0 34.46%1.86 ¢ 306
F-test ok
2 5.0 32.64£2.27 a 212
20 4.5 32.32£2.38 a 218
20C/10C 25 3.5 40.54+2.92 b 344
30 3.0 47444513 ¢ 482
F-test ok
4 g 5.0 47710+2.77 a 424
20 4.5 49.96+£3.55 a 434
25°C/10°C 25 3.5 5760£3.21 b 522
30 3.0 55.66£3.44 b 536
F-test ok
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Fig. 36. A5 A3l 85 Edolst A& A5A
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