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STUDIES ON THE MICROCLIMATE OF THE MULCHED ROW SURFACE

VI Effects of canopy and mulching with black polyethylene film
on the soil temperature in plastic greenhouse*

Haruo Suzuxi, Toshiyuki Hasumoro™™* and Koichi M ivamoto

Summary

The purpose of this paper is to investigate the effects of mulching by black polyethylene film and a canopy on the
soil temperature in plastic greenhouse.

The house and mulching materials had made use of translucent chloroethylene film (0.075 mm thick) and black
polyethylene film (0.04 mfn thick), respectively. Regulation of transmissivity of solar radiation was conducted with
a model canopy made of lawns. The rows in the house and an open field were mulched, the model canopies were
set and the cucumber cv. ‘Shinko’ was planted. This experiment was made from December in 1980 to July in
1981. The results obtained are as follows. o

(1) In the plastic house, the net radiation and sum of latent and sensible heat fluxes on the row of mulched
plot (No. 1) had increased 11-12 percent than that of unmulched one (No. 7) on May 18. But the soil heat flux of
mulched plot had decreased 6 percent than that of unmulched one.

(2) The soil temperature difference (mulch-no mulch) as effect of film mulching on the soil temperature (—35 cm)
was gained without regard to amount of solar radiation in the plastic house. But in the open field, it was gained
with 26-123 cal cm™? day~* of solar radiation. And so, the temperature effect of mulching is remarkable in the
plastic house.

(3) The ratios of diurnal range of soil temperature of mulched plots to that of control (no canopy or no canopy
and no film muich), which are the single effect of model canopy and the compound effect of canopy and mulching
on soil temperature, were decreased with transmissivity of solar radiation was reduced in the house and the open
field.

(4) The more the growing period was early, the more the effect of cucumber canopy on soil temperature in house
was great, whether was mulching or not. And in the case of whole growing period, the effect of temperature in un-
mulched plot was greater than that of muiched plot.
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Table 1. Treatment in each plot

Transmissivity

Plot Mulch Planting Number of solar Cucumber
House Open field hole of lawns radiation®** canopy

No. 1 No. 8 ® 0 100
No. 2 No. 9 * Pk 75
No. 3 No. 10 * 1 63
A |No. 4 B | No. 11 * 2 39
No. § No. 12 * 4 12
No. 6 No. 13 * * 0 100
No. 7 No. 14 * 0 100

C * E *

D * *

E * * *

F % *

*: Treatment; mulch material used black polyethylene film 0.04 mm thick, and the diameter of planting
holes was about 5.5 cm.
**: Meshes of lawns was enlarged.
**%. Measured on May 23 (12: 00) 1981.

Table 2. A list of the observation

Items Plots Points Methods
Soil temperature A(No. 1-No. 7), B(INO. 8-No. 14), 5 cm depth Thermocouple
C,D,E F

Air temperature C, D and observation field 1.0 m height Thermocouple

Humidity C, D and observation field 1.0 m height Thermocouple

Soil moisture A(No. 1, 3, 5, 6,7), B(No. 8, 10, 5 cm depth Glass filter

12,13,14),C, D block
Evaporation ANo. 1, 6, 7), B(No. 8,13, 14),C,D row surface Evaporimeter
Solar radiation In house and at observation field 2.0 m height Pyranometer
(Plot A) (Noushidenshi)
Transmissivity of C,D row surface Pyranometer
solar radiation

Net radiation A(No. 1, 7), B(No. 8, 14), C, D 50 cm height Net exchange
radiometer

Soil heat flux A(No. 1, 7), B(No. 8,14),C, D soil surface Soil heat flow
meter
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Table 3. Albedo (%) and solar radiation on the row surface in the experimental plots

House (A) Open field (B)
Solar radiation
Mulch No mulch Muich No mulch (cal cm™? day™")
(No. 1) (No. 7) (No. 8) (No. 14)
Apr. 18 6.7 11.2 7.3 13.2 462
1981
Jun. 8 8.5 13.4 8.4 16.0 537
1981

Table 4. Daily amounts of heat balance components in house (plot A) and an open field (plot B) in
cal cm™? day™*.

House (A) Open field (B)

Mulch (No. 1) No mulch (No. 7) Mulch (No. 8) No mulch (No. 14)

R, B L4V R, B L4V R, B L+V R, B L4V

4+ 2721 59.6 2159 2440 632 1951 3197 722 2552 3104 98.3 2152

Apr.18 — 335 331 3.8 16.1 304 O 49.1 484 8.3 502 - 39.1 143
Y 2386 265 2122 227.9 32.8 195.1 270.6 23.8 246.9 260.2  59.2 200.9

+ 287.5 640 2275 247.8 101.5 157.1 33577 774 2614 263.6 1176 1474

Jun. 8 — 285 323 02 188 296 0 569 46.6 134 51.1 433 92

Y 2590 317 2273 2290 719 1571 27838 30.8 248.0 2125 743 1382

R,: Net radiation, B: Soil heat flux, L: Sensible heat flux, ¥: Latent heat flux, J: Daily
total of each component.
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Table 5. Storage ratio (Bo/R,) in the experimental plots

House (A) Open field (B)
Mulch No mulch Mulch No mulch
(No. 1) (No. 7) (No. 8) (No. 14)
Apr. 18 0.22 0.26 0.23 0.32
Jun. 8 0.22 0.41 0.23 0.45
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Fig. 2. Change in soil temperature difference (—5 cm) between respective plot and the control
(house: No. 1, open field: No. 8) as influenced by the soil temperature for the control
plot (five-day mean).
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Table 6. Soil moisture (—5 cm) in the experimental plot. Plots are the same as in Table 1

Hause (A) Open field (B)

Plot Plot

Mean C. V. Mean C. V.
No. 1 29.8 241 No. 8 29.7 9.4
No. 3 28.8 27.9 No. 10 31.1 11.1
No. 5 29.4 23.3 No. 12 35.5 20.4
No. 6 29.8 9.6 No. 13 28.0 11.9
No. 7 18.3 21.6 No. 14 22.0 31.0
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Table 7. Ratios of diurnal range of soil temperature (—5 cm) in treated plots to those of

controlled

House (A) . Open field (B)

Plot Plot

Ratio (1) Ratio (2) Ratio (1) Ratio (2)

No. 2 0.81 0.90 No. 9 0.81 0.89
No. 3 0.73 0.81 No. 10 0.82 0.89
No. 4 0.56 0.62 No. 11 0.55 0.60
No. 5§ 0.47 0.52 No. 12 0.44 0.48
LS.D.(5%) 0.02 0.03 LSD.(5%) 0.02 0.06

Ratio (1): Effect of model canopy, control; No. 1 (house) and No. 8 (open field). Ratio (2):
Total effect of film and model canopy, control; No. 7 (house) and No. 14 (open field).
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Fig. 3. Change in soil temperature difference (—5 cm) between respective plot and the control
house: No. 7, open field: No. 14) as influenced by the soil temperature for control plot
plot (five-day mean).
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FETH 5.

Uk XS, nvrieBds=r5 L HFNHOBEEHRE, BEEMOBAI I KEWS, B0 EHE
TS,
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E72, FUAANOEAHMBIBNT, BMEOENTEETH 1D, THILENATRAE LV ANEBTIEEHR
DN D, FROBEERAE, TBAIOEBILEbDEELONS.

b) BEEL

Bk LTH % Table 7@ Ratio (2) 243 &, "o R, BidbICHBEROES Ratio (1) &9, H#XOH
BERIZA~IB LR EL L ot TDT &, < AFICHEBENND S ET, < vFHEMBOEE (Ratio (1) T
BT, HR AREICRIZTHENNS O EEBHRT 5.

B, ChoMBORBELEBRNBERRLOBRE, KRNTELTENTES.

Rup=0.70+T+0.39 (r=0.99%*) (3)
Rop=0.72+Tx +0.38 (r=0.98%%) (4)

72721y Rupy Rop RENFO A A ICH G 5 H8 k22 Ik No. 2~5/No. 7), Tz 3¢ 3 iR A k2 No. 9~
12/No. 14) T3, Tr 3&X (No.2~5, No. 9~12) it B 3 BHBEBREZRT.

CORTHBBY "o R, BHiEbIEELACENSEL, BHEERLMEARERZRABE CHABERICSS &0
A5, ¥t, BHERBROEMLEHRBEAVROGE, HRMEBOEA 3. 2 2) XDETFREL.

UEDEHIC, "y AR AMBDOHBEELD S Alce v F EHBERMOEAMRE, BRHOBELEBLALER
LTHY, i, BMEROGAIENTHERIEZTEZERIMNIN.

3.3 =aAFEFav ) OB ZHMIRHRE

TN F EF v ) ORBEIHIE (—S5cm) KRIETEIME, RCBEAHROEHESIIME (KaFH) OH
B ERO TR L.
HROFEHLEAZ, Fig.d LS5, 13
B, HFO v R BT ZAREELD I B,
No. 1/No. 7 (##1TiZ No. 8/No. 14) {17 4
na=wFie kB BEmgR, Plot C/No. 1 (F

Plot E/No. 8) & Plot D/No. 7 (R Plot F/No: 10 - A
14) @rhzh<wrsK, BerFRICBY 5 A~ N °\q'_ House (A)
WSO %R, % LT Plot C/No.7 (Rl Plot - AN

E/No. 14) id=r 7 LHBEOHAHRELZNZ

o—o0 No1/No7 g

g
3
<
g _
NERT 5. E a—--8 Plot C/No. 1 \ 2=l
Zhitk s &, "y RICBTE<FORME § 0.5 g---0 Plot D/No 7 ‘\ ”A\“A\‘,A_::
WRERY BEEL No. 1/No. 7) i3, MR H o s | x-==x PlotC/No 7 Bre e g8 gy D
FHTLI0LL Y, FHMITIRERE No) 2 [
EDI0BREL B oTe. Lbd, BHOERIC o
B> BHROMINC L 3 BREROHARSS 5
Y, MEHL00~1.250LHETEE-EL & )
Twi. chiUTERSTRESRORR: g TOYTN
I BB EHKRE Lo TOE. 2 e N
RO W RETY BBRELE, 64 2% NG N open el B .
WETR<VFREDE= A FROFAHRES _ RN o
GBL, BHOBE LR, LbL, # 05 ho—s Nos/MNors T RY, F
BEASKEE EBBELINS B 0D | aceza PlotE/No g SN
HTHE, ~v2, BESRBERTSS. Mk oee-5 Plot F/No 14 \;‘\““ i
Lo F OEAPRTOVTE, BEEEOB | we=mx Plot E/No.1¢ "
é,;;&tatfzﬁ»ﬁaw, BOWHE bR LHAER T R A BV R R
z. period Ma June July
wRic, WEAEELEBHREOBEPS= Fig. 4. Seasonal va:iations on ratios of diurnal range of

NFOHPELBE, REATRING. soil temperature (—5 cm).
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NY R Ry =0.95+0.09+1072+R; (r=0.73%*) (5)
B i Ry=0.91+0.06+1072<R; (r=0.35%) (6)

721U, Rus Re BV ARUBEHICS T 5 <07 OBIMERERTHE B KAELT, £h%h No. 1/No. 7, No.
8/No.14 TH YV ,Rs AR (cal cm™ day™) %£RT.

ANYRTE, BHBMBZVIEERERIAERY, AHROEMITHTIEE (BEH) EBRHBOBHALD
bETRE.

Th, Fav) OHBICK BRI, B HEEEEEEHEREOBRP S, ~Y ARTRERDOX HIKL 3.

<A F K Tanw=0.58—0.07+In LAI (r=0.92%%) (7)
W F R Tro=0.45—0.19+In LAI (r=0.98%%) (8)
7232 Uy Trarr Tro (MR HIEEE (N9 2R) TZ2HZh PlotC/No. 1, PlotD/No. 7 Th b, LAl {33E @&F

HAERLTHS

cm@a,ﬁmﬁaah%m&im%#m< THPORIBNT S LA BRI 2Ico07T, HERELIIR
BB, Fl, wAFREECNFROLETR ,bﬂwﬁicﬁoawumwﬁéi,vw?B@Tﬂmvw%z
XOMEB-TVE, TOLIIL #29 )OI REROMPR BT, REME® LRMRZ MESESH
T3,

Uk, "oREBHOERKICEOTE, P Y3 BBEOHEGLBEMNIC—HLZARZ L. LdL, Ml BBEL
T, N AA—BMOMICHEHERERS SN L, "N A—BMITZIELALLDL - L EOMBELIHERD
#@Hont. Thitl, ~NvRE Y2 VORBEROKN, HRERE, TBASIESHETEb0EEbN, 4%
B LEBBIERNOMARE~ AV FRAIROMEREEHOPI T EILESHLBDEEZL TS

5l B X Wk
(1) SHRFH: : HEEHEOMARI W3 5HE, VII LT BHE, V XKEOHEEBBRY) ZF L
by AR BT AR EAR ) ZF LYY V7 o4 vsDs iR RIS RE, BREAR, 38,
4 v ABSHE I RIF T, BAYH, 34,23- 135-144 (1982).
33 (1982) (4) ShARESHE » BFIET « EATE—  HEHE OMEA
(2) NEHEE - EBER R# # : Growth cham- ST AR, IV AP Kk s BRFY) =
ber FOMERE (6) —€ =—vn g 2 HOHBELE FULYT A NAOWEITE BHBEIER, BERS
SHEERE, RS, 32, 117-125 (1976). 35, 243-248 (1980).

(3) ShARRERE « HAP— « RBHE P | BEEH OHE (19824E10 A 30 A 3% 28)





