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Relations between Transmissions of Global Solar Radiation,
[Nluminance and Photosynthetic Photon Flux Density in a Glass House

Keiko Hosokawa, Hiroyuki AGo and Haruo Suzuki

Abstract

In this experiment, the solar radiation, illumination intensity, and photosynthetic photon flux density (quantum
flux density) were measured in a glasshouse to clear the relationships among them, The measurements were con-
ducted at 9:00, 12:00, and 15:00 daily from September 20, 2005 to September 9, 2006 at 25 points in a glasshouse
and one point outside the glasshouse.

For the average transmission factors of the solar radiation, illumination intensity, and photosynthetic photon flux
density at the 25 points in the glasshouse, the following relationship was observed at all three times of day: solar
radiation > photosynthetic photon flux density> illumination intensity. For the average intensity of the light, all
three types of light showed the following relationship: 12:00 > 9:00 > 15:00. For the relationship between the light
in the glasshouse and the solar radiation conditions, the global solar radiation greatly impacted on the light in the
glasshouse at all three times of day. For the average light intensity of the 25 points, high correlations were observed
among all three types of light. As the sun altitude rose, the increase rate of solar radiation became smaller than that
of illumination intensity and photosynthetic photon flux density.

In plant canopies with soybean, sunflower, and rice, the transmission factors of the solar radiation were greater
than those of the other two types of light. With all types of plant and all types of light, the transmission factors were
greater outside the glasshouse than in the glasshouse.

The experiment results indicated that the relationships among the three types of light in a glasshouse varied de-
pending on the measurement times of day and measurement points. Therefore, light measurement under the same

conditions was required in order to mutually convert among the types of light.

Key words : Glasshouse, Illumination intensity, Photosynthetic photon flux density, Solar radiation, Transmission.
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Fig. 1  Measuring points for global solar radiation, illumi-
nation and photosynthetic photon flux density in a
glasshouse. @ : Measuring point.
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Fig. 2  Seasonal variations of transmision of global solar
radition, illumination and photosynthetic photon
flux density in the glasshouse from September 2 in
2005 to April 24 in 2006.
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Fig. 3  Mean values of global solar radiation, illumination and photosynthetic photon
flux density in the glasshouse from September 20 in 2005 to April 24 in 2006.
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Fig. 5

Table 1
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Correlations between the light (global solar radiation, illumination and photo-

synthetic photon flux density) and some factors (global solar radiaton, ratio
of sky solar radiation to global solar radiation, cloud amount, sun altitude and
sun direction) at measuring points in the glasshouse from September 20 in
2005 to April 24 in 2006. Measuring points (1-5) were the same as in Fig, 1. *

- Significant at 5% level, ** : Significant at 1% level.

Solar — Illumination

Solar — Quantum

Illlumination — Quantum

Solar radiation Ratio Cloud amount Sun altitude Sun direction
1 EJE * % * ok * K
2 * ok * ok * ok * K
EW * % * % * *
4 * ok * ok * *
ot 5 * % * %
Solar radiation 0 :: =
2 * % * % * *
N S 3 * ok * ok * ok * ¥
4 * ok * ok * ok * ok
3 kK £ Xk EES
1 EJE EES * ok * K
2 * % * % * % * %
EW 3 * % * % * % * %
4 * ok * ok * ok * K
9:00  Humination : 5 5 E 3
2 * % * % * * %
N S 3 * ok * ok * % * %
4 * ok * ok * ok * ok
3 3 3 Xk 3
1 EED * * ok * K
2 * % * % * * %
EW 3 * ok * ok * % * ok
Quantum flux 4 * * * * * % * %
.. 5 * % * X % k%
density i * ¥ * ¥ * ok * ok
2 * % * % * * %
N S 3 * ok * ok * % * ok
4 * % * % * % * %
5 x * X X * %
1 EEY
2 * % * *
EW 3 * ok * ok * %
4 * % * * %
o 5 * %
Solar radiation 0 — o Fa
2 * % * % * %
N S 3 * ok *
4 * % * *
2 ok Xk k3
1 EES
2 * % * % * % *
EW 3 * % * ok * %
4 * % * % * % * *
. H H 5 * % * * %
1200 Illlumination T ¥ ox Py * % ¥
2 * % * % * %
N S 3 * * x
4 * % * % * %
5 * ok * ok Xk
T * X
EwW 2 * ok *
3 * ok * *
Quantum flux 4 * % * *
. 5 * %
density 1 3 ¥ ¥
2 * % *
N S 3 * ok
4 * % *
2 Xk X £ 3
T * X *
2 * % *
EW 3 * % * %
4 * % * % * *
iati 5 Xk * X %
Solar radiation 2 — =
2 * ok * ok
N S 3 * * * *
4 * ok * %k
2 Xk Xk
1 *
2 *
EW 3 *
4 *
. H H 5 *
1 500 Illumination ? Fay
2
NS 3 *
4 *
Xk
1 *
EW 3
3 *
Quantum flux 4 *
. 5 * % * %
density T ¥ ¥
2 *
NS 3 * *
4
3
120 120 p
@ House Y = 136.7X <
100 O Field 100 +=0.985
i< Y =985X"
K=Fa 80 Y =125.7X 80
B2 r=0.944
£ x 60 Y'=811x' ° [ 3
£ r=0.880
S5 X 4 o . 40 p
- 20 20 p
o o
0 0.2 04 0.6 08 o 0.2 0.4 06 0.8 02 0.4 06 08
Solar radiation (kWm™) Solar radiation (kWm™) Solar radiation (kWm™)
>
Ze 300 300
5 2 250 Y = 2875 o 250 ¥ = 249.1X
8 x r=0.968
- 200 Y’ =231.4X"
5, 200 =0.933
= 150 150
E €
ERS 100 100
€ E
S 5 50 50
(S 0
o 0.2 04 0.6 08 o 02 04 06 08 02 04 06 08
Solar radiation (kWm™*) Solar radiation (kWm™*) Solar radiation (kWm™)
- 300 p
P Y =22x Y= 21X _
e ~0.861 P Y = 208X
2o 250 p V,ﬁ”x, 250 | r=0.964 o —0.837
iy 2o Y= 280 v'= 230
T 7 200 b o 200 P =0 961 +=0.842
2 150 b
£'e
100 |
£3 o
S § 50 >
(< o >
0O 20 40 60 80 100 120 o 20 40 60 80 100 120 20 40 60 80 100 120

Tllumination (Ix, x 10%)

Tllumination (Ix, x 10%)

Tllumination (Ix, x 10%)

Relations between global solar radiation, illumination and photosynthetic photon flux den-
sity at the field and in the glasshouse from September 20 in 2005 to April 24 in 2006.



6 BN RE TR AT GS 5563%, 2011

LT, ERARIGEFREEIIREGIEOW RS D
Y — 7 il & il & L7z RS (400~700nm) THh %
DT, KR ESSRET 2 HEE (03~40um) &
AT, HEREEASH F 2 FEfAT 12 A AR LE T
WEBENL DML 727208 E 2 57,
BE-XEREWNREFREBE | HELLERAR)
TR TEBEMIL, N7 ANNOWTIOGE L EWH
AR A SNz, LD SNy AN TRREDRING
BEASNE o7z, ZAudmik (3.3.2) X912,
HREE LGB A MR T IREE CIREERES R R,
L b REOWERRENEVEREINT ANTA 2o
Tl rEZ LN
TEERAERCEFREEOMIAEIL, FHb L O
7 AN E 129 REIE > 120l > 1SFHEDNA TR E <, T
IR E < % AN H o 72,

Vb, 3G OBRIE N AL & BRI L o T
7 HAEMAR E N7,

3.4 HEHADLEBRR

3.4.1 HEHFOHE

BHENT ZIZBI LT AX, eI, A%

W (1/2H) ofNEHEBOHER %, Fig 6128 L7,
Fig. 6D FEII K LEBFEOMS 2R L, TEIIZILE
BWROGEH— N7 A ZDHE TH 5.

Fig. 6122V T¥ A X (a) Tid, PP, F#oH
FEBEFRECEBL, KRISNT ADOH =, il

DMERARICE T RHEEL i 7z, BEZHRITIES
AR L, BEHE D NI ARG TR -7z, K&
TEBERIIFEE NT 2L DKL B L.

L~ OHEAE (b)), ¥4 XL IIEEBERET A
T=VENPEL D @T“[E%khi*‘f“ XS, #o H
EPR D o7z, REEEE L GE T EEEOMERA I
HHWE T o 72,

414 (c) T, THEWOEBFMRIZBT 54D
T o7z, 8 HICAR A L, HEHEERILFE
ENT AL BIZHHFIZE L o2y, BEEHEE L S
T BEOMEANIIARE TR H o 72,

WICFEH— T A ELZ T HE, ¥4 X (d) T
27 A RSP TIE, HEHEBRIIEH TOER
MHIN. 572D, TORIIBEERF L mTEREL D
\Z—%F L7ZEIIE A S N h o 7z,

e~1) (e) TS, HEEREL
TOBEMLALNT. 8 HIZR 2 L BEHOMREF B

HHAIZIX
WEROYA

M

s
—EFAIC ST EREL VB L o 7278, 8 Iz
INT ADSENL & T o 72 Z OMEPNZGETE
HEFETH o 7.

A4 (f) Ti&, @%@ C—2 Lmist
EXIche ot FARX, ex7) EREST, RET
FHFRIIFEM T OB E & o7z,

Dl Stz o Tl &R & b HfEEE RS
EWEAZR L7, BEH— 7 A TIE, wWIhotd
FHN ORI D T3/~ ANRERE & 1) b BIRE I &\ aE

Soybean Sunflower Rice
—0—Solar radiation (F)

70 80 0 r_ =t lllumination (F)

60 a 70 b 80 =~ Quantum flux density (F)
_ 60 70 ? —@— Solar radiation (H)
= 50 60 —A— lllumination (H)
5 %0 50 —m— Quantum flux density (H)
7] 50
2 40
£ 30 % 40
c
e 30
= 2 20

20
10 10 10
0 N N " " 0 PR PR o Lb_ =&, , ., ., ,
5 12 21 26 29 4 6 14 1 5 11 21 22 7 1025 7 9 24 2 9
Jul. Aug. Jul. Aug. Jul. Aug. Sep.
50 d 50
f W Solar radiation
40 40 Tllumination
30 30 O Quantum flux density

Difference of transmission
(Open field — House), %

5 12 21 26 29 4 6 14 1

Jul. Aug. Jul. Aug.

3!
o
o

5 11 21 22

7 10 25 7 9 24 2 9
Jul. Aug. Sep.

Transmissions of global solar radiation, illumination and photosynthetic photon flux

density within three plant canopies from July 5 in 2006 to September 9 in 2006. F :

Open field, H : House.



MUNEET Al 2 HETE - B - Aot E 1% L 0 &kt 7

e oz,

3.4.2 REBRODIBA

BN O K EBERIL, HibE, BE, SGERELE
FRBEICLoTEE->TWS, 22T, £z
BIREIC S 2 72012, HIESEIZ BT 5 & B #ERONEN
&3k, Fig TR L7z,

4 X Fig I &L 5 L EHOEE, HEhEEE]
MOLFEIFHI00% TH Y, ST LKH Ok H
DHT400~700nm % FEPEAS & I L 7245 CTh 5. Al
FHORE, JGAERAERGEFHREE S 2 O EHIPH % %)
G LTWBAH, 700nmPl_ ORI & A &
FRD720, #Hfke LTHRHEDEZEBRENE L ol
P (A

N AN O H GHRE B 1 AT1E80% F T RIEIZ A
L7278, MEGEEZETIZEHD 7 %0 5H55%I12 LA L
7o, bETEMRAORAEL, B (14%) L) bH
T (28%) L7-.

Evx7U 0 BHOHFERE 1O LFEIZHT0% &
W, MREEEE L AIEH2%, HETEMEE L
I3%FEETH -7z, NI AW 5 L HEHEEZE 1 71
DI LA L72H (78%), HEEEFIIH%E L
AL, tEFEEELEM (14%) D21 (27%) T
FR L2 4 X oENE, FIZERBOME R CREE
R DR NERT S LE 2 b,

1% BEHWOWE, HIFEEEONEM 1A712#80%
L, MEEBER]MIZI9%, KT EEBR LAY
38% Loz, L L, Ny ANTIRHSHEBE]L O
WERIEHT0% LA L7zhs, BREEE & 1AL RS
STRREREIC AL, SbE &M 1 A0dH30% L 3 20
WA L7z,

COEIIFTARX, exT), A AFEET TIHERO
T, N ZADONIMNE L o THEBRIERM2SANED Y,
FiBE & SEDOTEREIC X B HFEOFF AR S 7z,

4. & B

N ANIBIT S HE R, BEE, SGERAROLE RS
FEDAIE, B AR FMFIC L > TENENRL D
EDHS NI o7z N AR ORERENIZ BT 5456
TR L 7SR, ¥4 X, =), A 3xEHIC
SR NP SN EY: S e W =y b ol Ll AR S
DY ENEAICH o 72, RN OEBR 2 fEH &N A
MThDLE, HZBEBEELEHICEBOFIE IR L
BN OB DO WT, McCree” 1TV b —Froff
BREEZRRL TWD, REBRN,L, LN OBRIZ N

Open field House

Solar radiation ]  Solar radiation ]
E TR Ulumination R G Soybean
cuantam ton [T R Coertom o [ T R

% 20%  40%  60%  80%  100% 0% 20%  40%  60%  80%  100%

Solar radiation m Solar radiation | et |

Quantum floc [ Prrrrrrr s DR uantum

0% 20% 40% 60% 80% 100%

Solar radiation 1555 - | Solar radiation

Tlumination

Quantum flox [ PRI R Quantum flux

0% 20% 40% 60% 80%  100%

0% 20%  40%  60%  80%  100%

Frequency, % Frequency, %

Fig. 7  Frequency of the transmission order of global solar
radiation, illumination and photosynthetic photon
flux density from July 5 in 2006 to September 9 in
2006.
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