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Effects of Soybean Canopy and Sweet Potato Canopy
on Soil Temperature Variations beneath Mulch Film

Teerasak PONGSA-ANUTIN, Haruo Suzuki, Toshiyuki MAtsul and Nobuyuki OKUDA

Abstract

The purpose of this experiment was to determine how the soil temperatures beneath the mulch were influenced

by different types of canopy. Soybeans and sweet potatoes were used for the experiment, and were grown in an open

field and in a greenhouse.

The influence of canopy on the soil temperature was smaller in the greenhouse than in the open field. The differ-

ences of influence exerted by different canopy types were smaller when there was mulch than when there was no

mulch. Soil temperature thresholds determine the order relation between the soil temperatures of two plots. The com-

parison of such thresholds revealed that the differences of influence on the thresholds were larger in the greenhouse

than in the open field, both when the soil temperature was at its lowest (at 6:00) and its highest (at 15:00). In terms

of the shadow ratios by canopy, prostrate canopy like sweet potatoes exerted greater influence on the thresholds than

erect canopy like soybeans. This was more so in the greenhouse than in the open field. On the relationship between the

thresholds and meteorological factors, the meteorological factors that exerted influence on the lowest and highest soil

temperatures were different between the greenhouse and the open field.
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Table 1 Experimental details.

Number of plant per plot”’

Plot Mulch "’ Canopy
Open field Greenhouse

Ne Nomulch  Soybean 80 40
Np Nomulch  Sweet potato 40 20
Nn Nomulch  (No canopy) 0 0
Me Mulch Soybean 80 40
Mp Mulch Sweet potato 40 20
Mn  Mulch (No canopy) 0 0

1) Balck polyethylene film, 0.02 mm thick.
2) Plotsize: 0.9 mx 12.2 m.

3. ERERRUEE

3.1 HBEDEELT

HIZE—IE TH RIS T LN T Y 03B L2
boT, EBROHIROWEREIZ 1 HOBENITLAL
THs. Tz, WROKLBIZB VT2 XLEAGZ D
WAL EZEZONDLZ NS, 2 TEYLVFTOH
i1 AIELS X B HE = O A 12D\ TRRET L 7z,

ZXFE—% (10cmiE) O10MHE» > 1 KiZo &1
MY, 2 X HIEZE O S A FEEIS DOV T 6 B & 158
OMERREEZILE L2, 202 XEo#iEE1E, 10%x10
DOFT100:E ) OMETE 7D, ZNOOHIRET KR
B IR P OBHEE & L CkeD, Fig. LIS L7z. %
B, Fig. 1 DK (a~1) 213K~ 2 X OB F G
LFRL.

ZIHOWM IR Z A5 &, Ny AN, R
W DAL FHEIZ b 5T, < IVF >ES LT O
BThy, “VFFPELF LY H1.0CH536CIT
FERTHo7. Lo, —ELEENE Lo 7.

WIZHIRZE SO W CTHEMO 6 BFFTlE, MHEMAT
(Fig. 1 ®a) OHIEZIZFH20CIZER L TV L DI
L, #vya (o) 44X (1) TlRHiRZEDOHHFHAA
Fol. NTADEE (¢, g k) TIX, WFhbHEH
I VMR A2~3CRELAD, 2CHEIZRK
HELZROMBE R L7

B FEH (b, f j) WhDE, EHAT (b) 14
OCICHRAMEEZRL, 7o va () THLHEAETH-
72h, BAROHEHRITL VLT o7, ¥4 XTI 2TIC
RKBEASIBIL 2. M, Ny ATIE (d, h 1), W
FTNORKEEDBZEHOLGAE LD L RKEVHIEZE B
3C) ITBATLT.

NSOGB EN TN 5 IERWERL, RE
TIPS P TRV, <IVF R X 55\ i &
TR GOBRESE L SNDLY . T, AR IR
T5h vy a by A XOHIMOEN SRR O—E L%
zeonrt,

3.2 HWEREOEERERFR

B oA L FRERIC LT, 2 X RO SRR I
ODVWTtMREXHWCHELX., T4bb, tEIEE
DR, HEEMIZI0MEFEHEOFEVX 2 &SRS L, AET
ek FEEEKERSREOONRWE Lz, BESGE Y
AN DWW TISFEDY; A % Fig. 2 1ZR L7z,

Fig. 20~ )V F—#E~ VFXHIZOWCHEY (Fig. 2
Da) T, WINL VT >EE LT OHEAE DS,
K (Mp-Np) Tl3EEHIZET (Mn-Nn) & 377 (Me-Ne)



RUHTRT4 v - K-

I - B A XhER & Y a KERRAS T 14 L A< v F T HR S

Open field Greenhouse
I I 1
6:00 15:00 0p 600 15:00
%0 %0 Mn: 26.6°C 0P mesisc
ob M 233°C “’\"'": g%’g Nn: 24.0°C Nn: 28.4°C
b Nn: 21.0°C n: 27 s i
" oy 0f ¢ wh No plant
10 10 |I|II d
0 0 0 0
-10 -6 -2 2 -0 -6 -2 2 6 10 -10 6 -2 2 6 10 20—_5 -10-5 0 5 10 15
A °\° e X 2 X Mp: 29.4°C
. 30 Mp: 22.1°C R Mp: 24.8°C - Mp: 25.3°C - Np: 27.2°C
> Np: 20.1°C 320 Ne239%C 2 Np: 23.1°C 3
c 20Fp c < 10 c 1w} Sweet potato
o e ||I ) f © g ) '
S 10 S 10p |II 3 3
o o o o
(] (O] (] (]
= 0 < 0 < 0 < 9
L -10 -6 -2 2 6 10 L -0 -6 -2 2 6 10 L -10 -6 -2 2 6 10 L -15-10-5 0 5 10 15
30 p 30, . 20 p 20
Me: 21.7°C Me: 24.2°C Me: 25.3°C Me: 30.0°C
20 p  Ne193C ol Ne22iC Ne: 22.6°C Ne: 26.4°C
! j oh k Soybean
10 p III'II 10§ |III
0 0 0
-10 6 -2 2 6 10 -10 -6 -2 2 6 10 -10 -6 -2 2 6 10 -15-10-5 0 5 10 15
Soil temperature difference, °C Soil temperature difference, °C
Fig. 1  Frequencies (%) of distribution of soil temperature differences at 10 cm depth between two plots
from April 19 to June 30 in 2005. The differences between two plots were determined from 10
points in each plot at open field and greenhouse. Plot symbols are the same as in Table 1.
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Fig. 2 Frequency of order relation for mean of 10 soil tem-
peratures at 10 cm depth between 2 plots (A, B) at
15:00 from April 19 to June 30 in 2005.
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Fig. 4  Seasonal variations of threshold of soil temperature difference at 10 cm depth between the two

plots from April 19 to

June 30 in 2005. Plot symbols are the same as in Table 1.
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Table 2 Relation between threshold of soil temperature difference between
two plots and ratio of plant shadow area to no shadow area.

Equation'’ r
Mulch T=—0.66Ln(Sr) +4.47 0512
Open field
No mulch T=-054Ln(Sr) +3.92  0.442
Soybean
Mulch T=-058Ln(Sr) +4.35  0.807
Greenouse
No mulch T=—-047Ln(Sr) +3.84 0.733
Mulch T=-0.34Ln(Sr) +3.21  0.644
Open field
No mulch T=-0.37Ln(Sr) +3.16  0.692
Sweet potato
Mulch T=—-0.57Ln(Sr) +3.89  0.749
Greenhouse
No mulch T=-0.67Ln(Sr) +3.99  0.775

1) T =Threshold of soil temperature difference between two plots.

Sr= Shadow ratio.
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Table 3 Standard partial regression coefficients in the multiple regression between soil temperature differ-
ence of plot A - plot B at 10 cm depth and meteorological factors from April 19 to June 30 in

2005.
Meteorological factor'’ Mum? le
A-B regression
Te Ia Um SmA SmB PhA PhB  coefficient”
Mn-Nn —-0.501 —0.488 - - 0.718
Open field Mp-Np —0.948 0.942
) Me-Ne 0.369 —0.756 0.739
600 Mn-Nn  —0.645 - - 0.602
Greenhouse Mp-Np  —0.877 0.860
Me-Ne 0.629 —1.158 0.670
Mn-Nn —0.559 —-0.335 - - 0.590
Open field Mp-Np —0.559 0.486
15:00 Me-Ne 0.798 -0.513 —1.059 0.885
Mn-Nn  —0.423 - - 0.322
Greenhouse ~ Mp-Np 0.397 1.699 —2.584 0.893
Me-Ne 0.623 —1.028 0.571

1) Notations: Ia = amount of insolation, Te = daily mean air temp., Pr = amount of precipitation,
Um = daily mean wind velocity, SmA = soil moisture suction (A), SmB = soil moisture suction (B),

PhA = plant height (A), PhB = plant height (B).
2) Adjusted for the degrees of freedom.
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