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Effect of Plant Canopy on Pot Soil Temperature in Plastic House
Miwako Jutori*, Haruo Suzuki and Atsushi HASEGAWA

The objective of this study is to elucidate the effect of shading on the pot soil temperature in a plas-
tic house, by covering the pot with plant canopy. Five different shading conditions were prepared using
imitation canopies and Wagner pots (1/2000a), and the pots were set inside and outside of the plastic
house.

1) The diurnal course of solar radiation on the pot wall varied according to directions of the pot wall
(Fig.2). The sky solar radiation was greater in the case of pots set in the house than the case of out-
door pots.

2) Pot soil temperature in the daytime decreased in proportion to the increasing degrée of shading in
the case of the outdoor pots, but no clear relationship was observed in the indoor pots,

3) A proportional relationship was observed both in the indoor and outdoor cases between the ratio
of diurnal range of pot soil temperature and the degree of shading by the canopy. Decrease in the ratio
of diurnal range of pot soil temperature in the indoor, however, was not so sharp compared to the out-
door when the shading degree was high.

4) The diurnal range of flowed heat in the pot soil in the horizontal directions was generally greater
in the pot set in the house than that in the outdoor pot. In the S—C—N direction, the range was the

% in depth average), followed by the indoor pot

largest in the indoor pot with no canopy (140.5 cal cm”
with canopy (128.7 cal em™?), the outdoor pot with no canopy (81.9 cal cm™2) and the outdoor pot. with

canopy (71.9 cal cm 2) in that order.
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Tig—TleRE~ OB HERC X v, KFHE Table 1. Transmissivity (%) of solar radiation in each
) pot

BEEAMVECHCEEZIhLTH S,

WFRO#E  tich, RELE (TERAEER Plot

Number Transmissivity of

WEL) 2Ry PEFHL D 28cm OEXETH  House  Open field  of lawns solar radiation*

LA ($913,700ml ) . No. 1 No. 7 0 100
Y AL, BE0.075mm OBHE =~ No.2  No. 8 L 68
» mm OEBE="Y Nos  No. 9 1 56
ZanvaBERBLL ~Y ARED 3 Tm , # No. 4 No. 10 2 33
. - No. 5 No. 11 3 18
= 4 SRR 8 (598 H
#90.50 ) DFALTTFTH %. ) % Measured on June 27 at 12:00 p.m. in 1984,
22 AEHE *% Holes(6mm in diameter) were punched at regular
intervals.
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Fig. 1 Vertical and horizontal sections
of a pot (1/2000a).
Dots; points for the measurement
of soil temperature.
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3. EBRERRUER

3.1 BHEE
[AREH . ERPEO2 AN 5 Bickit Table 2. Seasonal variations of some meteorological
? ts in 1984
BE&RRA, Table 2 CRLE. FRITLD elements n
&, BPFARBEVCThOASERI Y b~ Air temp1 ) I-Im'nidity1 ) Insolaztion2 ) Precipitationa)
AN, FOER 2B ~4Ar7C, BA  Month C) (%) (cal eni®day™) - (mm)
BA% <D BRI 10.5°CLeot, BE  Feb ﬁ; 8.2 9.9 158.9 s
) o) 1.9 64.9 244.4 -
COWTHBEME DDA~V ADHEIEL (FE Mar. H 107 92.4 169. 4 486
. 0 45 85.5 285 3 -
16~27% ), ~9 AL 37 #
%) 7B RRS B Apr. H 198 888 225, 4 66.0
RENT, KEECOETERTH S BRI, O 136 67.0 324 7 -
. e . May H 213 80.8 276 4 59.0
NYATRBEAR DO = =17 4 /v 2 2B 0 168 6.3 4338 -

LTWh e dic, B~ T Y 2 Tiisl~ 1) Daily mean.
QREED RV, FE (BH) GRS EE g; ﬁfﬁﬁ’;ﬁ;@.
80UBREDOELTH o', 4) H: House, O: Open field.
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~ T R Rp=1.48—1.23 S¢ r=0.88% (1)
% ) Rp=1.11-0.57 Sr r=084"% (2

feti L, SpiR12BRIE 02K BHEORRE (calcm™ min™) 59, Rpii &K BHBE T 55 HE
B (12832 ) o h®Ry 7. ‘
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BEBRCH o1,
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HRE L EIETR Lz, ks, ERECOVTRARASE (RPoaR ) EEERHE (BR) TRLEL, =
BWOBEEEHRCOVTIE, FHTORLEMBLEC LTEREH » b BEH TORA BRI LD, Tho
YEBETENULCEXAHE X VELFVTRD,
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Table 3. Daily amount (cal ci’day™) of net

radiation at the soil surface of pot S
on June 4 in 1984," Measured helght . .
was 25 cm Fig. 2 Comparisons between calculated and meas-

ured values of the daily amount of solar ra-
diation at the pot wall. Figures on the axes

House Orpen field denote the ratio(%) of the amount at the out-
+ 152.4 395.8 er surface of pot to that at the ground sur-
— 15.6 28.8 face on March 8, 1984 Heayy lir}e,calculation
5 136.8 297.0 of direct solar radiation; fine line and open
(312-0)* (542.3) ¥ circles, megsurement of total solar radia-
. - tion; dotted line and solid circles, measure-

* Amount of insolation in cal et day _1. ment of direct solar radiation.
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No.7) W Fh b @h Bk (HHEE 1 %~5%) Nbot, £2T, FERA » + ORBA » b LT 5 LR
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Tibb, ~Y ARBER » + ORBERE No. 1T21.5°C—44.7°C ORE) 225 &, WThinBRy b
(No. 1) DEE X D SERTH Y, »0, RBH» b BERTHRELh DX JEAR D o, EREE &
DBIE T, LAMCEREBENK E {ADRELMEHEH » + OLBREMEEBEONRA » 1 X D MEL LB,
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Fig. 3 Change in soil temperature difference at 14.5 cm depth of pot' soil between
each treated pot and the control (House: No.l, Open field: No.7) as influenc-
ed by the soil temperature for the control pot (five—day mean). -
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BIIEOREZINR I 1D,

LicioT, BFEBMETHD & EEIEA » MIHBA» + X0 SEVEE TH B, B THNBL, t ORE
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BCHB LTS 686 HitkiFad D%, Ky t N 14.5em BORE THE LT,

Fig. 4t kb d, ~VALBEHOLEHR y + &b ThZROBINTEEBEDBELIKEV, Y AT
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Fig.4 Diurnal variations of pot soil temperature
at 14.5 depth in each pot on June 6, 1984,
Plots symbols are the same as Table 1.
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Fig. 5 Vertical profiles of mean soil temperatures
in a pot at the daytime, nighttime and dur-
ing a day on March 8, 1984.
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MEHE4.6 °C (HHE4.6°C) BRLT~Y ATiL 8.5°C (A7.0°C) £z oT\ 5,
BESHROEL: Lo, F HEOTHHLREL LR L, KiLEH ) + OBEME < 56 (Fig. 1Hic
BT HLBREEO B 25, Tabled ELEE (5 2 14.5cmiE ) ORISR LR LI DOTHS.
Table 4. Harmonic coefficients for the daily cycle of pot soil temperature at

14.5 cm depth of the pot soil surface on March 8, 1984. a,: Mean
value (°C), 2, : Range of the day (°C), €,: Phase angle (deg)

House—no canopy House—canopy Field—no canopy Field—canopy

(No. 1% (No. 3%%) (No. 7**) (No. 9%
Position ¥

8 a, &y a, 2 & a, ay o ag a; €
c 14.3 9.1 183.1 13.9 9.0 1830 58 54 179.0 6.3 49 1791
S 146 9.7 210.6 143 9.3 203.0 6.2 59 211.0 7.2 53 2122
N 140 8.9 198.7 134 8.1 192.5 4.9 57 1899 54 51 2002
Ea 143 86 2119 14.2 8.3 205.9 58 4.5 199.9 60 46 217.9
W, 14.2 101 1961 13.8 9.1 190.7 59 7.0 1948 6.5 6.3 199.7

* : Positions were showed in Fig. 1.
¥k : Plot symbols are the same as Table 1.

P, Ry VPR THET S L, BESME (a,) 3~y AEHEEE (14.3°C) >~ v AEHE (1.9 °C) >FEHviE B
(6.3°C) >EMERHT 5.8°C)LIsoT, ~YARBOLOVEHEFDO IO L VVTHI T°CREME . 3b
w, WM LEEEON T, ~YALBEHEZEVCEORRELoTWS, | HEOBE (a) bAEBEERALT
EATHB. BEZEROME (&) ©OWTIR~Y A (No. 1 & No. 3) &@it (No. 7 & No. 9) ThZhd+
v PRI ENRNT E0D, EBEOEREMBLIEERO LS THD, ~TALERROES DI,

ZBHM (S5 Ny By, Wy) ©2VTE, WIFROHRy b b AFSEIEE (S,) #9% <, B0 356 &0E
Y AGHEH (No.1): 0.3-0.6°C, -~ AR# (No. 3): 0.1-0.9°C, BB (No. 7): 0.3-1.3°C, BEHrl
# (No.9): 0.7-1.8°C 75T, FHIMEELERC Y ARBEH v b OFINSERCH ok, —HHEOK
ERE&Hy b EOBEHEBEE (W) 25 JbE (N,) EHE (B,) EVAECHEATH Y, Ib~TAS>HEHOR
FBTHole, T OWTIE,

TR OWEFHD A » + BUSHIE 0%

S
= T 7 .
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R BB T AR T ¥ :f /=A\RE L /\-
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5 ICERBED FITRICIE A Tk

el Fig. 6 Isotherms of pot soil temperatures (°C) in vertical section

of pot on March 8 at 4:00 p.m. in 1984,
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S—N B2\ Tk~ 7 A TIREEHE (No. 1) LS (No.8) & bRERBIMCHML, EHLKERy b &
LMBEE LRENTE S, Ay FERTIHES, BEEE 10°C SEARDLATV S, Fk, MEDE 5 2SR
B0 LLEHCEEREL, #y P ERTREOENKE, ¥, #y t ORRBTIIEFML D IEVEE
THy, £y FEABRL I OZBNRLLRS,

BB L, ~Y ADEE LEUANRSE L ALRBN, SECHEEEIEROGIMEL, ~TAREOER
#10°C I bRS. \

W-N B oW~y 2t LED S-N BMEOHE LR UEATH S, 8, BToSMIBEEL %
e L, HENA» > TEROGHTH 5.

House

2 EEiagEL 1.0 Ry =0.89+0.10TR
ERSHRCRE TR, tHEREORKENDD
ZBBLENTED, TOLDI, EHKOLAE y POV 0.9 - -
-
T, TRHONBOMER A » BT 5 EEEEOE | o =" Open il
ey s g <" e
ETETRENOERSY » + OEBELZE > T s 08F -
B B A BEvEH-oT (BBE 2 € Ro = 077+0.22Tr
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Table 5. Standard partial regression coefficients in the multiple regression between the
pot soil temperatures at 14.5 cm depth, meteorological factors and soil rhois-
ture from February to July, 1984

Meteorological factor 1 Soil moisture ¥ Multiple
Pot soil temp. regression
Ta Hu Ia Ev Sm coefficient 2

Max. 0.511 0.346 —0.599 0.921 %

House { Min. -0.285 —0.842 0.928 *x
. Mean 0.425 —0.734 0.950 %k

Max. 1.140 -0.476 0.172 0.978 x*

Field [Min. 0.859 -0.294 0.954 *x
Mean 0.954 —0.118 0,987 **

1) Notations: Ta=air temperature at 9:00 a.m.; Hu=humid ity at 9:00 a.m.; Ja=amount of insola-
tion; Ev=amount of evaporation; Sm=soil moisture at 14.5 cm depth.
2) Adjusted for the degrees of freedom.

*x Significant at 1 % level.
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Fig. 8 Diurnal range of flowed heat in pot soil on March 8, 1984,
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