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Abstract

The greenhouse temperature controls in general have been managed by the
above-ground part environment. But the temperature of root zone was known
very important factor for the growth and the yield of vegetables in greenhouse.

The purpose of this study is to develop a good method for cultivation using
solar energy which can apply warming soil and to develop the greenhouse soil
temperature automatic control system.

Followings are summary of this study:

1. When the greenhouse inner temperature changes were about 24T during a
day in October, the temperature of non-warmed soil was diffierented 6T in the
depth 10 cm and 3T in the depth 20 cm.

2. When water supply temperature was kept at 40, 50 and 60T, the lowest soil
temperature in the depth of 10 em is 20C and that of 20 cm was 23C. and when
the water supply temperature was over 40C, the space heating temperature did
not affect the temperature variation of soil.

3. In comparision with conditions of the warmed and non-warmed soil, when
the water supply temperature is 28T, soil temperatures had the high
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temperature of 4C~77T in the depth of 10 cm to 20 cm.
4. The line of boundary area was appeared in the depth of 15~20 cn, 13~19 cn

and 12~17 cm, when the water supply temperature was 40T, 50C and 60T.

5. When the inner greenhouse air temperature is maintained over 11T and

the water supply temperature is supported 28C, the lowest temperature is kept

up over 20TC.
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Fig. 3. The experimental device for
measurement of the soll heating
temperature
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Fig. 2. The sensor positions for the soil
temperature measurement.
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Fig. 4. The monitoring graphics for the soil
temperature measurements.
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Fig. 5. Relation between soil temperature and
elapsed time at inner ambient
temperature changes in the
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Fig. 6. Relation between soil temperature and
elapsed time at the supplied water
temperature is 40°C(A), 50C(B) and
60°C(C).

Fig. 6 32 W7]&0°] ¢ 10T~12Cd
q 724 =& 77 40T, 50C. 60CH3
AFA ok7re] ol A 2wzt viehgiel.

7h2%7} 40T, 50T, 60CE H3}slu &
dE 7z AF 10 ) HALE: <
20C, A% 20 md} HAH L=+ oF 23CE
eluic). wald 72X 7l 40TolAd AL

7} wWE AF 10 cn~20 cnAlo]g) &

=ugle vAse sleexe] 3] HQlo,
2 HALEE 20TolAdeE AsAd
A},

Fig. T& 71&&x7} 40T, 50T, 607Co]
3 go]lx wldAe)st 12 mY A$ Fd7et
FETY 1Y FFLEAE Jehe e,
40CY 4% 3.5T. 50CY A% 4.47C, 60T
d 7% 54CTAEER o] 7k 79 AYA
22 Wstsigen, e Wi’ FE]F
9] 2xxe A1) Zo), oL wfo]zAA
15 molA Wdsls d3Fe] U4 LR34
F28 A5 o 59 u]F Aols}l 2
ol wish A2 2z, ey F3¥F
sfo]xze] o] @ o] Fomz bl
e rd AFLra 42 Yehdo

4T = 0.09591T + 2.5451 (R2 = 0.9966) - -

A71AM, AT = F479 #5879 2=3(T)
T = 7l&4 ¥&(0)

g 5 /
2 y=0.953tx + 2561
:
E

Rt 0.9966

L] 0 60
HETED TEMPERATURE

Fig. 7. The average differential temperature
between inflow and outfolw of heating
supplied water during a day.

Fig. 8& 749 &=7F 40TC. 50T,
60CY A4 EorAcdge] 2EEIE g
yzlg, o7 2% AF 20 oA e F
24 Bxrt st Jehd xFopes o3

_20_



EMEERTRE £78 1R

< e Ao vepyrd

40C9 A% AF 15~20 o ¥ZAA F
24 22Co A4z AT LxE 45}‘41
3 odch o] dge AN Lxuisie} z)s}
39 Lxwisyl miEe AAdGez 4%
2

50C8 7%+ AF 13~19 cn oA
21.2CE AyulsgE Jehllz gle], A2
Lxwistel Asye] Lxuwispyl wapsie o
doz dg2ggled, 60CY A$Le AF 1
2~17 cm ¥ 22CE Az Jehy

I Q1] o] o] AARYLE AU

oA FFe49 LEE 40THA 50C=
10T AsAlZol wet Ady-oF A4 A4
E AAZE 2 aAE AEAAD 4 9z, =¥
7R4E 50CTAA 60CTE 10T AR
et AAEE 1 aAE ASALS e AL
2 v, 283 40Ty 74 F
FA AF 15~20 cmoldty 2= & dAHR:
oAl fAAA 4 Ut wEty ZFY
Zol7t 15~20 mdl AS$dle ALY FHAL
5§ 20C2 71dslr] 984 & AdzAd4
T 40THT G 252 Jl2Fool & Ao
2 Asgd.

3. A3 XZBII2 U BIIRAL
2T Wl
71e49 L5E 40, 50, 60TE WA

AL AS A3}, AF 16~20 cu o3}l
A AL 20T o]z #AAA 4 U
A714 RS 27t AL E AR &
Zstel A)shy-9] =Wzt AAGAe] 4zt
Asste A%E vehlx et

a2y 22 FFo g% AFIE A
o] 2EE AUAA AFAA A3y v
A 4SS AAY £ o EF2AE o3
Ad FE ok E=£Z A3 R A 2%

HEIGHT(m)

HEIGHT(m)

HEIGHT(m)

Y
] ey fil
1Y @8
16

4

' 1 2 » 0
WIDTH(m)

Fig. 8. The vertical section isotemperature lines
about the depth of soil when the
supplied water temperatures are 40T,
50C and 60TC.

Ao g3t e Felo] AEHAE 2AY £
= sl

¥ AgdAe AA Auna 387
(1996.11.1~1997.2.28) % 28T A4
FFd AF AFIR REE AZsld Tl
Al A&} v zstc,

- 21 -



A2 F-7 0 ALY e A BEF o4 AEst AXAML(1)

Fig. 9% A7 2% $7heve] Lxus
g AXY Aez H9a Wrlee] 11T~2
TC7AA WHE A% AF 15 e LEE
3T~20C, A% 20 ¥ T&+= 15CT~207T
7 W shasc

30

3 SOV UUOUPU ST GPUUNNUY 05 WO
(]

put

220
—
o
-
-
E
2

Inside temp.

10

5 "

8 8 § 8 §8 3§93 88 § 8 8 ¢ 8 8 %
8 83 8 2 2 ¢ g R 88 83 ¢ & 2§
96.12.15 96.12.16

Fig. 9. Relation between soil temperature and
elapsed time at unheated soil during the
growth period.

Fig. 102 7|3 F 28T 7}&5d ¢
g AE A A=, AF 15 m o)F el
Ae 20T o)4e] 2EE #A 4 o} AL
g FFd ¥ Lx4sEI Folo] Yehte
o, AF 15 m9 x4 20C~24TC A
52 3717l ulstd 4T~TCAESY o]
& Holxm Y}

E3] yrjee] 714 3 ol sl &
7t 7V F=3d

A 20 nefA Q) EW3lE 22T ~24TC2
/12T vlstd g4 4T~T7TCTH AolE o
el e, 279 o7k 20 cm 2 A
$ode " 25 A% 4 ddd AF
15~20 cmolld F7p&te] dg AF7129
EFZ A 2E45o] B A4S e
o] 28TCY 7I4E ¢3A7l= 7ol 547
Ao B} wig E AR wEEA.

olZL A sl 11TeI4d A% A

Z 15 cn o}3l9 2EE AF7}Ld 98 =9
2EE 9HLER FAE F 9lev 15 cn ©]
Arel AR 2xE 82 |29 43S

ol e ALz vehgh

Temperature

Inside temp.

a0
10:00
13:20
16:40
00
20
240 |
00
20
40
16:00
19:20
40

12.15 9%6.12.16
Time

Fig. 10. Relation between soil temperature
and elapsed time when the inflow
supplied water temperature is 28T
during the growth period.
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