FINKEFREEMRE 256275 19~24, 2010

RERWEEMTICE 2 AHE, BE, XA AETREEDE BT

MINEF - RoHYT7XT10> Ta—FY%7 - $5KEH

Transmission Characteristics of Solar Radiation, [llumination intensity, and
Photosynthetic Photon Flux under Agricultural Covering Materials
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Abstract

This experiment examined the relationships among solar radiation, illumination intensity, and photosynthetic pho-
ton flux under agricultural covering materials. Transparent polyethylene (Tp) , purple polyethylene (Pp) , black
cheese-cloth (Bc) , and black polyethylene (Bp) were tested from May & to September 24, 2005. For period aver-
age of solar radiation transmission, vertical relationship was Tp > Bc = Pp > Bp. For transmission of illumination
intensity and photosynthetic photon flux, relationships were Tp > Bc > Pp > Bp. Transmission of illumination inten-
sity and photosynthetic photon flux were slightly lower than transmission of solar radiation, except for purple poly-
ethylene. Maximum, minimum, and standard deviation (SD) values of the transmission during the period showed
results similar to the average values. For transmission of all types of light, variation coefficients of Bp were notice-
ably higher than those of other materials. Among other materials, however, there were few differences. Relationships
among different types of light under covering materials showed high correlations, except for black polyethylene.
Relationships among solar radiation, illumination intensity, and photosynthetic photon flux under agricultural cover-
ing materials varied depending on covering materials, measurement times of day, and measurement points. Experi-
ment results clearly demonstrated that examining the measurement conditions is important when mutually converting

among the types of light.
Key words : Illumination intensity, Photosynthetic photon flux, Solar radiation, Transmission.
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2.1 HEEM
KEBTIEIREN L VFHEM TH LEHEY
(Tp), #ERY (Pp), BaRY Bp) &, MELHEH

ThLEMIEGY (Bo) ZMENEM & L7 (Table1).

Table 1  Test covering materials.

Symbol Use Raw materials
Tp Mulch Polyethylene  Transparent 0.02mm thick 16.1g/m
Pp Mulch Polyethylene  Violet 0.02mm thick 21.7g/m
Bp Mulch Polyethylene  Black 0.02mm thick 18.2g/m
Bec Shade Vinylon Black #600 56.3 g/m
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Fig.1  Seasonal variations of transmissions of grobal solar
radiation, illumination and quantum flux density

from May 20 in 2005 to July 25 in 2005.
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Table 2 Mean value of each transmission (% ) of global solar
radiation, illumination and quantum flux density
under four covers from May 20 in 2005 to July 25

in 2005.
Cover material  Mean Max Min SD. C.V.
To 87.50 97.8® 71.3D 580D 6.7@
Global solar Pp 55.5Q 64.9Q9 42.6Q 413 743
radiation Bp 49@ 103@®  0I@ 2@ 3070
Bc 58.82 6712 44.6Q 4.8@ 8.1
Tp 80.6(D 89.4D 584D 6.5D 8.1@
Pp 10.1Q 143 29Q 173 17.3@
Tllumination
Bp 3.3@ 7.9@ 1.6@ 1.4@ 4170
Bc 522 704@ 37.6Q 612 1733
Tp 832D 94.20D 58.9D 740D 8.9@
Quantum flux Pp 2220 292 15@ 253 1133
density Bp 3@ 8.7@ 13@ 16@ 5180
Be 50.8Q 59Q 327Q 6.42 1272
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Table 3 Correlations between light transmission and some meteorological factors mea-
sured from May 20 in 2005 to Jul. 25 in 2005.
Covering materials”  Solar radiation” Ratio” Sun altitude  Cloud amount
Tp 0.399 -0.342 -0.310 ~0.3256
. Pp 0.534 -0.281 -0.383 -0.287
Global solar radiation
Bp 0.606 -0.666 -0.472 -0.186
Be 0.660 -0.485 -0.577 -0.445
Tp -0.286 -0.107 0.087 0.069
L Pp 0.752 -0.459 -0.053 0.057
lllumination
Bp 0.776 -0.726 -0.018 -0.306
Bc 0.123 -0.214 0.137 -0.067
Tp 0.909 ~0.696 -0.418 -0.471
. Pp 0.685 -0.393 ~0.126 ~0.393
Quantum flux density
Bp -0.049 0.246 0.527 0271
Be 0.858 -0.708 -0.354 —0.560
1) Symbols were the same as in Table 1.
2) Global solar radiation.
3) Ratio was (sky solar radiation) / (global solar radiation).
*. Significant at 5% level, ™ Significant at 1% level.
Table 4 Standard partial regression coeffients in the relations between light and some
factors from May 20 in 2005 to Jul. 25 in 2005.
Covering material  Solar radiation Ratio Sun altitude  Cloud amount ?:;%ﬁ);?e;igressmn
Tp 0.422 0.377
- Pp 1.128 1.126 -0.227 ~0.550 0.772
Gilobal solar radiation
Be 0.926 0.636 -0.367 -0.278 0.780
Bp -3.970 -0.504 0.687
Te -1.361 -1.750 0.583 0.750
L Pp 1.383 0.732 0811
lliumination
Be ~-1.155 1.110 0.554
Bp 0.510 -0.359 0.777
Tp 0.932 —0.286 0.241 0.941
Pp 1.343 0.764 0.749
Quantum flux density
Be 0.858 0.847
Bp 0472 0.404
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Table 5 Relation between global solar radiation, illumina-
tion and quantum flux dentsity from May 20 to July

25 in 2005.

Plot Equation r
(No cover) Y, =1.42x10°X;  0.983
Global solar radiation Tp Y, = 1.32x10°X,  0.962
~ llumination Pp  Y,=135x10°X, 0988
(Bp  Y,=563x10°X;  0.168)
Bc Y, =119x10°X;  0.966
(No cover) Y, =268x10°X;  0.974
Global solar radiation. Tp Yo = 252x10°X; 0916
— Quantum flux density Pp Y, = 1.02)(102)(G 0.912
Bp  Yq=708x10'X, 0816
Bc  Yg=229x10°X; 0998
(No cover) Yq=190x107X,  0.989
lilumination , T Yo=190x107°X, 0948
= Quantum flux density Pp Yo = 400x107°X, 0918
Be  Yqo=1.10x10"% 0552
Bc  Yo=1.90x107°X, 0982

Yy llumination, Xg: Global solar radiation, Yq: Quantum flux density,
Xi: Illumination
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