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& 8 N B ~w AR # (ly/day) 201.3 87.2 162.3 108.6 175.3
T AHR (%) 42.7 39.2 43.5 40.3 47.7
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4 Ry e B
C L C C C C C
15 15 11 - 25.0 23.2 25,8 25.0 23.5
18 285 22.9 28.3 26.0 22.4
%  +3.5 —0.3 +2.5 +1.0 —1.1
+1.4® 0. 4)
30 11 250 22.6 25.8 24.7 22.4
18 27.8 22.5 28.4 25.8 21.8
#%  +2.8 —-0.1 +2.6 +1.1 —0.6
+1.2%9 (0. 42)
45 11 243 225 251 25.0 22.3
18 265 22.2 26.3 25.5 21.4
#%  +2.2 -0.3 +1.2 +0.5 —0.9
+0.9® (0. 42)
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+2.2 +1.2 -1.1
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+1.1®
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enll LEEN B L ESEBRROMBIEDEETEET S
et

3) KEERBEC BT RER

WRME» bFE2—3 2B, A, Bv A0SR
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HDT, By RTKTHEEEYEES,y MEROLE
PHA~Y ABRBEYEIE L, ZOMBEELEL L
CEAGHA, F OBHEND, XAMER L BHREROR




WiRiE: ¢ € — bR Y SRR BT &7

Fo—¢ ZEHEMBERUVLEBOS AR

wm B q REER (A~TR) BHER (B RA)
EEN, F ZTHER XEERY me HEGETER EmERS
%47; hpemm <ot o vhom mE~sr SR N edm
C
5 H B #(C) +1.4 -0.3 —3.4 +1.0 -1.1 -2.1
R (%) 62 38
5 s MW E(C) - +1.2 —0.1 ~2.6 +1.1 —-0.6 -1.7
AR (%) 60 40
5 5 Z(CC) +0.9 ~0.3 ~2.4 +0.5 -~0.9 —1.4
R E LR (%) 63 37
5 | #ECC) +1.7 —0.3 —4.0 +1.2 -1.1 -2.3
W EEIR (%) 63 37
" % H B #(C) +0.7 —0.5 —2.4 +0.6 -1.3 -1.9
23R (%) 56 44
5 H E ECC) +1.1 —-0.1 ~2.4 +0.9 -1.0 -1.9
LR (%) 56 44

() 1) A, B-vAOHE LRRCENDSIw, B, + EEBHMEOLEN DA~ v AMIRO LA LR
EL, )
2) FEFBBOGHEL, EHEBO2EOHERYEHTED, HHEED 2/ L.

IR R DHF 2 — 4 B, WRELLLRDIHER
VR L0 40 L R ERBOBREN L < I A HANR
Hbhi,

BEHERY A 7 VKT REBBE L IET5 L, B
ERFL0C, 16C & B RISHREBROE 1 7 LOFH
RBEIE T BEHANAR BRI,

3. ¥ =

R, MPEEEORER MR EAYRYED
AR L LTCERE LR ERBED ORI OVTULT
TRBE LI, b— bRV IRLOBTEBEROYRIT
WHECIETE o » o, FORERMPREED B 5
ERGREBC IV TELTIRDTHS.

2T, BEUKEOKBEL,» LRBEERDH L
wl, ~7ARNOHIE LASBREIC LS 15HE 12
~1I5EED KB R FE LT, - b EY SOELRKE
EEHOWED bREBE L RD I,

¥, e— b EVTORBREYRDDCHI T,
EHREOKEY 1R L, FEEROKRET &HH

BHELYIE L DR AV, MEMILERNREL
7= 9 ~16RFDEHER L, FUERE2 U B LT,
(FE2—5) ¥, BECLAHMFORBEYRDD L
B, BAERE FHBHITHEELTR2—6, IBE
THIDERLOBRBBELYRDFEL—THELR, O
IR L TROST-RBABITIIERN S SH D, BUIAVEEL
L, Tibb, BKEREISC XD L1I0CORBMBLKE
S, BBYA 7 VTR A 2 ARKRBIEERDTHHE
Ens b, OB ETEELCEEL, iR 1C
ETCET BB TARS L15C TISHHRAR LR
T, 10CO0NERIBELHEIBVER LT,
BXh5 IS KBREINC XD $1I5CORED I &
T, ZOERLNEN EORKREDOHE, BK AT
SEBKE L L L EBe AL DD Eih D, WEIK
PMERIC S 3 EERE RS T O L, 1B
LA A FEBEORREHEIRD L L IBHBRETO
BETHL EHEE L, ¥, KEXEKRRBTERC
I2% 7o, AEEBECIERE LR BT X528
7, JEEh O Ry RES B WIHRE T RN
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T5, 200D, HEILERIRTCHEH7SICLS
2—5 EAE KD HRD T BHE R
= sk R RIS RETRERD 5,
H B - WME#E # & (kcal/h) ¥, R2—6WRLIEEIE, v— RV IOBH
, RIS0B T TH D, BEHRYEDL LT —
KBRET  —6.0C/h 6,000 TN L BRAKHE ORI BRI 5 BEO B
BoE R 96% 6,250 DT EREENTIE 5T,
B R 3.4kw 2,924
V eE—FR-THRABICEKITZEHKIE
B 1R 214 OHR (HE&3)
1 KT 2 PO HREZEELT9~16 B 3
e giﬁé%faﬁkgffﬁ # RB2 ORRED D e — bR Y ;f“@?&ﬁ%i@j%%‘%&a 1
2) RERL 2 REDFERZ L7022~ 7 B BRKEONBEMOTER L, BEHROL — |
ECOKBERNOLRD I, RV 7(2.5kw) WARLENE (5 m) AL THINE
#2—6 BHMBESIVCEHE &
BERE AR R
XE AR X ¥ B M Ponk XEREOVPHENE  1pomhE  KEBX
() (min) (8 /min) ) TBHE(kw/h) (kw/h)
#H & B B 652 22.6
7.25 ZHER(A) 326 22.4 11 2.72 29.9 0.37
1555 {
7 (B) 326 21.1
%®w B’ 652 23.5
15 7.2 { (A) 326 22.6 11 2.55 28.0 0.34
326 21.7
w B 512 23.8
7.27 { REEE(A) 256 23.4 9 2.27 20. 4 0.25
256 22.3
7w B 652 23.0
7.30 B(A) 326 22.6 11 3.13 34.4 0. 42
15% {
326 22.0
#H & OE OB 652 23.1
10 7.29 ZHIEE(A) 326 22.3 11 2.93 32.2 0.39
304> {
7 (B) 326 22.0
H & B B 652 23.2
7.28 5 {B’EE@EE&(A) 326 22.9 11 2. 67 29, 4 0.36
7 (B) 326 21.7
(B) 1) 7 ATHREHEE (2 D) O bR BRI 2) BERIIFME N3 kwTRE LT,




PSS ¢ v~ bRV IREREET AP 89

£2—7 HABROBRRE r 50. Om —
= — — =pdm k—bIEVTS
. = BARER: g S | =i P
pRENELREE  PARER # 1%
BB $h R B < ] = 7 =
ki HA (kcal/h) = - L = AL
7N &&a j&ﬁl CHET e—1t e — b B = 1 [ — EREVT
_ CRELicEE Hv7 RS e = — =l ET110
(C) () (kcal/h) (keal/hT) &R H10 R|| Sfe——— =
. AN |
15 5,000 909 4,600 4,800 66.0m oy Al (Saf)
15 30 4,700 1,093 4,500 4,500 @) ~*y MiEL 4m
45 4,200 1,024 4,100 4,200 M3—1 REBKoOKEBXM
15 5, 800 920 5,500 6,000 %3—1 % B K
10 30 5,400 1,256 4,700 6,700 B . 8 | el P
45 4,900 1,140 4,700 4,500 ~ B8 A B A B
@) 1) ERENEIL LHEOTE . 2> 3 3 4 2 4
2) BAREENIBEAEREI2~15 X TOFY B A BB
BEE(LYERBCLL, BEOEI(m) 400 600 600 800 400 800

EHEELRD D IDDORBET - o,

S #£3—2 MESHHECRTS e — b3 v 7R
1. REBAE H H mE R %R
HEAL KB ZM A~ v 2 (990of) REHLLE (B 3— & # AKBEECC) 23, 80 24, 6V

1), ~vARRINism, BFE6mOEgE €= — AR, ok (1) 2,700 4,700

AT~y ME L 4AmORER 7 Xy R, BEUKRE
AT AOEMCARE S (8 1m, RX 5m, KELO
m) OWTREL, KBNS my 7 (EX15cm)

%  &(2/min) 20.5 26. 0

zv7 EILEOY 0.27% 0. 099
E & LRI ER 2. 5end Rl A F v — A D BEGR B 1 KEZE{E(C/h)
BED, HPCEZ 0. 1moD ¥ = — B0kl AR, 7 " K% 93 9
R EHEAKETS oD lBcEEL, k<=
;g;szf;z%: ;ziﬁz%xm; P ) gt% ’% %%g@g? py  t36I —2.170
THREOREIES » MRS T (F20m) %@F;Zii;% 3.8 3.9

200m (1<, FDRI50m) #HF10emicERL, &
Ry PEBA Ly TAANTRERGTC, BEAEYTE
CEMTELREC L, —7, REBRIEI -1 GE) 1) ; 15~21EFH, 2) ;23~S8HEH, 3)

BUEFRE 3.2 3.17

RELHICBEARYE2 CRBRTES L3 1CL, Th ;T ~18B9F

EREBS (Gom) FRMGTREEECED Lol K RERIKRIC Lo f, K= (Wh-Wt) Wt

o S R Y SIIHER 2 TR LS 5 — (2 5kw) BL Kr ; SMEoREE %)

b DL . 7 Wh ; f#1ERSOFHAREL (C/h)
DRV, BEAKEORMLEEL v 7. 2kw) TH Wt ; EaERO FHARLEE (C/h)

L, 197545 A26 H~28 i Chnle, AR 3 ¥OK  RBHREI KR X o e,

% R A L, COP =Qw/Kr/860W

RRBAEROKE, ASEYF— 25— R {51, COP ; fiffh¥ (Coefficient of Performance)

328 CEETSD L L CRRERCANE, & i orERAL (eal/)
BESH CHNRDELMEL L, Ik, b bR 7 W EENE (kwh)
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K3—3 BEERFCLB~, F OEBERESM
@170y RBRI (8 H14H)

F3—3 BABOv — MR v IRERK
H g

BB AR

& ## HN&BEE (C) 28,2V 22,32
EHKE (4) 5, 000 5, 000
W& () /min) 26 26

— k 5@ RPN
iyf Tt By Law 1.70”
[=1
== _5@

gfg%j%fwh) 3.9 3.6
RER (%) 9% 9%
RARGRH 2.07 2. 86

() 1) ;10~168FH, 2) ; 22~ 4 BT
REEITFE 3 — 1 DHHBHRBERIC X - 70,

DOIEHKBEIH D LA NOKEEN5 CILie5 L5
L7, IERORE T BRSO KEY 2. Tk L
AIR46C T CHR L, BEO Az EaiEoKxEs
4 TP UTHE L,

2 HERRER

1) BEAKHIL LS e — b} R v 7ORBER

b — bR YT ORRFIR I RE G B D THE
T52EDFHT, L RBESHEEHIRTHANZORE
VRO RESFETD, Lichio THED L\ R
(IfREHE H o) WEBKEOKELHLTRE, B
Ty MREYARTEOREFITCHS,

AR SREUT NG, BEED W3 225, Bk
RERECOVTE, WHERTH - FmdWIB~%Y LIE
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P &S HRRI O R RSy B &R
HIOFCTE Lic, TORBRXEI—3RRTISIT,
H i i U CREOEVEA RO B2 & Hidons
ol foT, ZRHUDOHEMIASRTHY, ok
b — bR YT RBEORH UCBE P REE D
DT, ERGKE DO KRR HHhRBEY RD 554
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BRIEEAREEE L T3ET -2, BRI 2 A
LAROTERBEX R 3— 2 12nt, Bl @EARE
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#F3—4 BEEAXAREC ID>BREBE
- I = | A B I
H B
A B A B A B
[t & #* # &) 2 3 3 4 2 4
% H B % o £ X (m) 400 600 600 800 400 800
b & (f/mink) 9.8 10.6 10.0  10.6 9.0 9.6
E A E KE ZE 1t (‘C/n) 1.22 1.47 1.27
KEBRED SRDICHEEE  (kcal/h) 6, 100 7,350 6, 350
% BB e — FAHE VSR EE  (kcal/h) 6, 650 6, 650 6, 650
4 % # &  (kcal/h) 12, 750 14, 000 13, 000
B Off |’ # & (kcal/m-h) 12.75 10. 0 10.8
* B~ F (T) 3.1 1.7 2.4
WHREE w #H < r (c) 2.0 2.0 1.1 0.9 1.4 1.4
(10~198%) % E3l E (¢) -1.1 -11 -0.6 —0.8 -1.0 -10
B O ®& # £ (kcal/m+h-C) 5.8 7.1 5.4

@ 1) 2 kEESETI0~19FTEEY 1 2 13304 & Ui,
2) e— rEVIORBEIZFES — 20 AhERR X 1,

#£3—5 XEBES 1 I710 1T X5REE

15554 7 v 309341 7
H g
A B A B
[ -4 7 ¥ (EREm) 3(210) 3(210) 3(210) 3(210)
% # 4 =3 £ (m) 600 600 600 600
i # (2/mink) 9.9 10.7 9.7 10.6
T & KEE L (c) 1.37 1.60
KEEL RO IRBE (kcal/h) 6, 850 8, 000
B EHE b—rRYIRHEE (kcal/h) 6, 650 6, 650
& 3 2 £ (kcal/m-h) 13, 500 14, 650
B O % # £  (kcal/mh) 11.25 12.20
* B < 5, F () 1.4 1.8
wEEE % H < o, ¥ (c) 0.1 —0.1 0.4 0
(12~198%) & # i3 (c) -~13 -1.5 —1.4 -1.8
B Ofr % # & (kcal/m-h(C) 4.0 3.8

) 1) 2XMEETI2~198: L L,
2) e— b RVYITORBEIIEI— 2 0 HEERC X - X,
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SAKOERC X ATER L BIERORKLCREREC
B AREDERD, ZHIGKERDEL & RRFR O
B, BEERKLSTWALOEHEESRD,
HFEBRECRLAEELER LSS, BREENE
CAHDTIREVWHEVCIBER DT, B3—20X
5k ¥ pHiBAE TR e, BEUKEY VBRI
REA TR\ b D LHET LT, REFBRD YA 7 MTDWT
BRI —51HRD X 50094 7 LD FHREEITK
S, HRE T2 ek L7 BB EEIRI6 v A 7
TS Rs T

3 & =

SREMIC B U2, 5w & — b v R RERAICERE)
x4, WMERETOBREELIKKT 5 oDy, Lo
HEIn U BBl G T o LESH B,

BHBEEORBEITHTILOTNE L e - PR Y TD
LI T D BB STHE PRBE L HD T ENTE
B. COXHLUTHETS LB ER A 7OREE
1 AfE10~13keal/mh Eirote, X HICHIPAHEY
Bikk U7 B R B 3 5. 4~T7. 1kcal/mh Lo 72, &
@ﬁfﬁkﬁ&qﬂmiﬁzm@%A@é{imﬂnE9 7~11. Okcal/
thO%UZkkoto

 ARB T ARSI OBEREE L b, TOSBR
OBERIETYS THoTe, Ticbhb s’ DKEDKE
200 % 8 C ¥ CETT5-dDERMIIIN 7R, =
wHoEESRS e — A v 7REETSOT 1 A6
MCHot. o TRY SHMERTRTSY, Th
SERKIER AT B C LT L fe B, SRIOER
égﬁﬁ(m~wﬁ)&bfﬁﬂ?5& R D158
HBBTES SElh, WO B 778, 500kcal/h
GRIRGE 2.8) L LT, FEKELRDD LHIO0mD

e— bRV IHBACE TR

AEIZCET (0CTHH8T) X85 LAWETHS.

93

ORI E LT, 1EFREYD#13,000kcal/h, b—t
# v 7 DIEE 8,500keal/h & B> THI2. 2, 000keal
/b BT CH B, - T, ~A T OBEMEBE
(F3—4, 5) ®i18kcal/mhi 3% &, BEAA S
#1,680m&7sh, 1-%y b (L4miE) 4AREL LT
#1, 000D HBEHC BWETES, LB OFHED #
BRI EERTLC x4t L, HRET RN 2
CTELI,

V EFERCIIBEETLHROL
F, N2 E%4)

v— bRV L VHRET RIS, P PRIV
KEHEOAE, NECE IFTHEC O\ TR ETT

72,

1. RBRAE

Z ORBIAR 1 OBFY AV, ABRRKEEL—1
CRTESDTHD, HWEASMIERARIBCE20%
DF1973% 6 A 1 H~9 ASOH D122 HETER L1

b= O REITMIAENE AV, 2 A2IBREEL
IR ORF R BILT 5 72, B FREEI018RCER
LTCHEN L, Efd 4 B21H 54ig 1. 2m,  Fkfif40cn
D2EMEE L, IR a0 EF42ke, U V2.8
ke, MNES. ke HEAI L7s, EAT 1 RASIORDES]
ELT,

v r ¥ LRERE L EEY AV, 6 1158, 7TH2H,
16H, 8 A 1H, 15D 5ERCENT, BEgEtay
heeF1. Oke, Y VEEO0.5kg, JNEO. kg jEA LT

AU Ly vRESEHYy, 7AISHEE BEET
adMih1p &Lt MIEETayy &K1.0ks, Y VIR
1. Okg, IR ekg& A L7,

2. HBER
1) ~ v ARSE LR

& BEBEE120, 000keal LB DT, HOAAIE o ARRRIL T 5 4 B Y OERO T ASFRITIS~
#i4—1 R % S
E%*ﬁ BX B OB % BAARE r~b  75¥F RYLVYVY i %
TR e
s b [ B S B By
S 2 10 .//1//\-— Z{CL%% 15Cx2C O O%:] 7;%4: 1OCmZK-_‘|2L%'E2/Lf_ﬂE)’5@
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(kg)
25 ElE
80 p e, o
241 ! T
B
#
23 ¢
60
B 22
L at #h
40 F ; L3
201
19t
20
. 18}
Gt FEd F LB F Lo FLEd T

A 5 6 7 8 9
(GE) %EI26 A 1 H~9 A30H., @Y — 13220 1055 n & i B AN
= % B —, YWS— X—x, BEY A—a LR
WH(2A) W -, YN/ XX, BRY A-A B O#® hm(ek) WHAF)
Ka-—1 HHBAE T A8 & A PR O EL M4—2 MWRETLE b~ FORMLIINE (EE - 2080

FE4—2 HEETE L= FORHIE

- 6 H 7 R 8 A 9 A = B
B 'R EE B2E EE EHE #EX BB EE HE
o g 2 g o g =1 g = 4
® 29 4,070 225 28,350 82 10,690 107 14,700 443 57,810
i (100) (100)  (100) 100)  (100) (100)  (100) (100) (o0 (100)
SR — 56 7, 340 206 38,380 57 8, 770 91 11,390 500 65,880
(193) (180)  (132) (135) 70) (82) (85) 77 (113) (114)
7 B Ry 57 5, 800 208 43,150 81 12,820 141 18,900 571 80,670
197) (143) (132) (152) (99) (1200 (132) (129)  (130) (140)
G B W 36 5, 230 291 38,290 99 13,520 133 18,370 559 75,410
(124) (129) (129) (135) (121) (126) (124) (125) (126) (130)
H oa— 42 5,730 278 39,030 88 14,430 117 15,890 525 75,080
= (145) (141) (129 (138) (107m) (135)  (109) (108) (119 (130)
2 may 46 6,030 335 52,370 89 16,130 112 16,640 582 91,170
.S
& (159) (148)  (149) (185) (109 (i51)  (105) (113) (131 (158)
B B 51 8, 570 276 46,740 126 17,290 86 11,990 539 84,590
: (176) (211)  (123) (165)  (154) (162) (80) (82) (22 (146)
Hooali— 49 8,130 264 38,150 121 19,590 94 13,410 528 79,280
= (169) (200) (117) (135)  (148) (183) (88) 91y (119 1s7)
% By 45 6, 700 319 46,800 95 15,640 73 9, 600 532 78,640
< (155),’ (165) (142) (165) (16) (146) (68) 65) (120) (136)

B () RREBRIBCKTAEE ) 208k A EHE
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4 20 10 0 10 20 20 10 [4] 10 20 20 10 0 10 20
0 7 7 7 7 4 7 7
0fem o mhc e --l._-,.’.--7_- ..-;1--..4._-,...-
20, -—-’l--l--J-- :‘ —-l———’--l-— |‘ O i bl it :
B i 1| N e | A e
of——F—F—( i} ———(141 —— {41
| 1 ; 4! ! ' : al ' H ' ‘VI
10 ==k b= 141, ——0---.--—.-—-"4", —--{-—-0—-4—--'1.,:4
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R R O ) ISR L O 11| S R 8
. ! 74 ! H H {1 ! ! i H
B O N U S S S
' ] I 1
o Pob b4
m
0 10 20 30 0 10 2'0 3.0 0 1'0 2.0 3.0
0~10
10~20
20~30
30~40
om
HELD W (24) BIRE B (44) BIRE
fﬁﬁ;ﬁi{i@ 45. 33me (150) 39, 65mg (132)
M4—3 7ry 7EclafRRosfigk (10A5H)
0% L1EL, 7~ 8 AOEEIRETRSH (F80cn) F4—3 WREFEVr FOLEENE
I HCHRARE R T > e DERCEB L, BBOE  jaf - ﬁigﬂypmﬁgirwqgmﬁ
R4 —10X 5, EERKOEcAmao A8 ™ (em) (R)#& (8) (A
TEHIEI22. 2C T 2 ARER OB 2 CERAKE 615 B4 fEEE 25 9.2 133 100 8. 7
BL, 4 FEFLE SCERTDH T %1 32 1.1 263 198~
ﬁ%ﬁﬁ#wﬁkklm?m@%&ék,%EEDV Wk m# 27 6.5 249 100 #

A=K, By <+ Kl h ErCER
KA BEEIA S, FHFICH 5 ~ 6§ DEHHM
YA A-RKARBRAYREDERCEBL, T~OAEE g 5 ma g 32 99 222 100 821
PRI Tt WEI2 ARERIC IV T < A FRITH
KLY ) RE TR, <47 ORMETIRE
X LFEC v - KB R CRR LT,

z) b2 rORE, NE
Eﬁﬁﬁﬁu%ﬂﬂl’aﬁm%n B bhithot, FIEH 716 R4 mEe 39 12,9 521 100 9. 5
DEITERI T ERE K L S R ORI ERinl, # BH 41 10.3 610 117 #
WE o A— KR LERRD b T, B4R
RO RA Y I~ LBIER R 5 B2 35
nic, BEHORE Ty -, By KL SPTEHR
PRMT B EE SR DR, BEY EOMEMBECE 5 ) A mg 43 110 782 100 9.21
BLT11~18%¥mL 7,
RIEABIR 4 —2, 4—210RT L5 CEREK
ORIBER LT, BHXKOEML 2 RS RN26%, 4
AREKIL22% ORI L 75> 1o, BETIE 2 ARERO
BHi230%, 4 KRB OBHITA6, L L 1> 7, () WHK 2 FEE

GH 35 6.8 362 145 »

&H 33 9.5 244 110 7

Bt HEHE 36 6.3 324 100 ~#
BHE 38 6.9 503 155 7

Mpdk E# 36 8.4 556 100 7
L 41 1L1 802 144 7

& 48 10.7 930 119 7

Mk E¥E O 44 117 859 100 #
BE 49 133 1,260 147 »
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455

E4—4 WBBETERY VYV o OEBRE F£5—2 BABERC ISR O EE
%&&Bﬁ ¥ i' %%%DE% 1 b e A a8 BER AR REBRX
N N N Cm g g oC ,C 'C
= ¥ - 2351000 136 (100) 363 (100) 6 T 21.9 19.6 (—2.3)  21.5 (—0.4)

A HY 28.8(128) 210 (154) 626 (172)
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Study on the Improvement of Operation Efficiency of Soil Cooling by Heat

Pump for Establishment of Cultivation under Structure in Summer

Ataru OKIMORI, Takanori YosHIDA, Shigeki HASEGAWA

and Kazuichi MICHISHITA

Summary

Soil cooling by effective operation of heat pump were examined from 1973 to 1976 to establish

the cultivation under structure in summer.

The results obtained were summarized as follows;

1. Average transmissivity of solar radiation into house was about 34-43 % of global solar radia-

tion, when the measured value of solar radiation became 140-187 Kcal/m?h. This value was seemed

to decrease by covering of plant.

2. The rate of soil temperature raising by isolation became 6-10 % in growing period and that

rate was less than that of bare ground, viz. 15 % of global solar radiation.

3. Soil temperature exceedingly went down at 7 °C cirulating water. Further mulching made

soil tempreature fallen down greater than non-mulching did, particularly the effect of mulching
was much better by silver polyethylene film than by black one.

4. Extent of soil cooling by cold water circulatlon was limmited within diameter about 10cm

of pipe’s center.
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5. Intermittent circulation system was seemed to be effective to improve the soil cooling effi-
ciency and the efficiency was advanced by proper circulation period which was considered the
soil condition and transmissivity of solar radiation.

6. Heat absorbtion was increased in the condition of 15 minute circulation peried more than in
that of 45 minute period at both 10 °C and 15 °C water temperature.

7. Chiller type heat pump (ability: 2. 5KW) which was equipped 5m? volum water tunk brought
improvement of operation efficiency, namely the efficiency raised when water in tunk was cooled
at night and circulated in secondary soil bed at day-light.

8. In intermittent circulation system, difference of soil temperature did not appear by using
water in tunk in case of dividing circulation area in the ratio 2 : 3.

9. Flowering and number of flower were not different between cooling treatment and mnon-
cooling one, but in soil cooling treatment harvesting number increased 26 % in two pipe arrangement
treatment and did 22 % in four pipe arrangement one. Further yield increased 30 % in the former
and 46 % in the latter as a result of increase of choice quantity goods.

10. Mulching brought arise in yield, especially black polyethylene film was best of all.

j1. Growth of nanking shallot (Japanese; wakegi), spinash and Japanese honewort were accele-
rated in plant height and weight by soil cooling, so that yield increased in comparson with non-
cooling treatment.

12. Electricity for soil cooling was amounted 0.5kWh./m?day in continuous circulaton treatment
and 0.28kWh./m?day in intermittent circulation system when the condition of heat absorbtion

ratio in continuous circulation operation to intermittent was in 47 : 53.





