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ABSTRACT

The capability of altering the spectral distribution of sun light by using 30 types
of solid state colored transparent materials and liquid solutions were investigated.
When the amount of sun light was measured using the photon flux unit, i.e. z mole/
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ni/s, the red (R): far-red (FR) ratio and blue (B): red (R) ratio during the solar noon
were in the range of 0.97 to 1.2 and 0.54 to 0.75, respectively. These values can be
altered using colored transparent materials and copper sulfate solutions, thus altering
the photomorphogenesis response of the plant under the covers. All the solid state
colored transparent materials tested were not able to block far-red light. Copper
sulfate solutions can reduce red light and block far-red light from reaching the plant,
thus B:R ratio and R:FR ratio can be increased. Values of R:FR ratio and B:R ratio
can be further increased if the concentration and/or thickness of the solution
increased. Glassy paper can block UV light and allows light with the same color to
pass through. Coextruded three-layer film can block UV and increase R:FR ratio.
Some of the photoselective films can block UV in some extends while red colored
photoselective film can increase R light and has little effect on FR, thus increasing
R:FR ratio. In conclusion, under the experimental conditions, the R:FR ratio can be
altered from - 97.2% to 23% using solid state colored transparent materials and
from 37% to 501% using blue copper sulfate solutions. The B:R ratio can be altered
from - 96% to 1083% using solid state colored transparent materials and from 19%
to 160% using blue copper sulfate solutions. The results of the study can be useful
in studying the photomorphogenesis of plants and developing photoselective films.

Keywords : Photomorphogensis, Light quality, Photoselective
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Table 1 Components and additives of two types of 3 layers co-extruded films

PEP j #2 s o 7]

PEP film and additives

PEE B £2 7 fro 1]
PEE film and additives

s

Outer layer ‘
)

LDPE /w4 b &2 4% &

LDPE Au % $h 42 4% % Bl
+ g EVA  Jofsh A% 2

]~

EVAChigh VA) Aok shspag e &) ~ 4

Middle layer 4 4 R ) SRANLE] ~ BLTE A et
P LDPE Ao shspds &) ~ |EVA(low VA) Ao sbapid a &) ~ %
Inner layer WFE I BRI ~ LA Aoty
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Table 2 Materials tested in adjusting the quality of light

FEEAM RIEEM
solid state materials liquid state material
EREBA Z R AWM REIES GICE & EA HRER AR VR IR
BEREME
colored 3 layers co-extruded | commercially
transparent and photoselective available copper sulfate solution
plastic films greenhouse glazing | glassy papers
BBA o 4 ZR AR 4, & (concentration)
(P110, red) (3 layers co-extruded (red) 10g/1 >
film, PEP film) B E (thickness)
0.1-0.3>0.5cm
BEA o el e 2 E (concentration)
(P863, orange) (orange) 20g/1 >
B E (thickness)
0.1-0.3>0.5cm
BEAH - FE REBEEAE &g e ;& (concentration)
(P867, yellow) |(photoselective film, (yellow) 30g/1 »
red) & (thickness)
0.1-0.3-0.5cm
BREA - e RBEMNE CES e #& & (concentration)
(P872, green) |(photoselective film, (green) 40g/1 »
blue) B E (thickness)
0.1-0.3>0.5cm
BEAH o EE KREBEME > K& Ea
(234 > blue) (photoselective film, (blue)
purple)
BB 0 RE HBFEME > FH A re
(P641 » purple) |(photoselective film, (purple)
transparent)
BHAH > A&
(WH09, white)
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K EEHEM %2 RFR Bl B/R HIfE% %
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MR RE JJ LA R/FR A (L 3R Bl B/R AL R P A% -
R/FR 8 {b 3245 A 255 7% RAFRAE K 25 23 Al R/FR
fEFFERAZE Z A R/FRAE « B/REE L3 2 G B HH
HE -

= REREER

DA - W R AL B
SEYIBH LA RIFRAE ~ BRA - 3.2 8L
S 25 B R L B <

OEEEMBARE RFREBR &

FHZe 3 HhES il N2 AT RFRE” (2 $fEv]
FI1 > IERES KES L R/FR fEAE 0.97 % 1.20 .2
] o AN 3 A RAL A W [E RE ZE A A AU A
BAT 2 R/FR {6 > 53000 5 = g 2L 75 BE PEP 5 -
SRR - R EIREAR © S BRI (P86T)
L% (1 0 IR AT (P863) 5 TLER Bk v G B S A s 2%
R/FRE4}: - @ (X R/FRAE © R/FR A B %%
IR =400 i i ~ fkE B EE B AR -

7% 3 TR KB AL 2% = g S 47 R it
Z RFRAEES 1.05 T ¢35 #% R/FREES 1.3 {Kpijak
G AT AR 4 55(1.3-1.05)/1.05 <574 23.8% -
Jr AR [ R 25 44 AT S OR Bl iz RIFR fERY
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before and after transmitted through various solid-state colored transparent films

Table 3 The red light vs. far-red light (R/FR) ratio and the percentage of variation of solar irradiation

Fo# #H AT R/FR & %%4% R/FR & $i %
materials” R/FR ratio before |[R/FR ratio after| % of variation
transmitted transmitted

Z R IR R
3 layers co-extruded 1.05 1.30 +93.8
PEP film
RBEMEE &
photoselective film, 1.05 1.16 +10.5
red
WK o Ka
glassy paper, orange 1.08 1.14 15.5
#wBA 0w e& (P86T)
plastic film, yellow 1.06 1.10 +3. 8
WA o K& (P863)
plastic film, orange 1. 07 1.10 +2. 8
HIBM KO
glassy paper, yellow 1.04 1.04 +0.0
HIBIEME > BH
photoselective film, 1.05 1.03 -1.9
transparent
BEA - aé& (WH09)
plastic film, white 1.09 1.06 -2.8
WA o e (P110)
plastic film, red L.07 1.04 -2.8
KBEME > K&
photoselective film, 1.04 1. 00 -3.8
purple
BWEBA 0 e (P641)
plastic film, purple 1.09 1.04 -4.6
WA > ke (P8T2)
plastic film, green 1.08 0.98 -9.3
WIRM > s
glassy paper, red 1.20 1.0 -16. 6
HEEME > EE
photoselective film, 1.05 0.892 -91.9
blue
B4 0 Bé (234)
plastic film, blue 1.09 0.80 -26. 6
WK > K&
glassy paper, purple 0.97 0.44 “54. 6
W > K&
glassy paper, green L.o7 0.17 -84.1
WHK > B&
glassy paper, blue 1. 07 0.03 -97.2

X REALRZ KB/ EEG 8 F mEEg]
¥k listed from positive to negative in the degree of "% of variation’.
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Table 4 The blue light vs. red light (B/R) ratio and the percentage of variation of solar irradiation
before and after transmitted through various solid-state colored transparent films

Mkt FHA B/R A %% B/RE g%
materials® B/R ratio before | B/R ratio after | % of variation
transmitted transmitted
& 0 B
BB S 0.6 7.1 41083
glassy paper, blue
wEAs 0 Ea (234)
plastic film, blue 0.61 0.84 +37
B BEE
photoselective film, 0.55 0.66 +20
blue
BIHE - e 0. 66 0.70 16
glassy paper, green
2RA - % e (Podl) 0.63 0.66 45
plastic film, purple
LEA - 4e (P8T2) 0.61 0. 62 12
plastic film, green
REFME > RE
photoselective film, 0.55 0.55 +0
purple
BEA > a& (WH9)
plastic film, white 0. 61 0.58 -5
KIBEMEE - W
photoselective film, 0.54 0.51 )
transparent
WA - Fa (P86T) 3
plastic film, yellow 0.61 0.56 8
BB R 0.66 0. 60 -9
glassy paper, purple
BBA 4 e (PRE3) 0.60 0.53 11
plastic film, orange
FEBME o b
photoselective film, 0.55 0.39 -29
red
ZREERE
3 layers co-extruded 0.55 0.25 -54
PEP film
BEBA 0 e (P110) 3
plastic film, red 0. 62 0.23 63
I 0.64 0.12 81
glassy paper, red
AR - XE 0.56 0.04 ~92
glassy paper, yellow
BB 0.75 0.026 ~96
glassy paper, orange

¥ REAERZ KB/ BIER & aHED
¥ listed from positive to negative in the degree of "% of variation’.
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FHZE 4 hEE M 5B ni BRE” 2 8fE ]
1 TEIES KB SER B/R {iAE 0.54 & 0.75 &~
M o 2LA1EE 4 i AE AT AT 1Y [ g & A > B/R il
IR 2 N RT = 4050 0 5 BE B AR ~ S g
A1 (234) Bk L IR AR - BTE I B/RAEE 7.1 > I
&A1Y B/R Al % o B/R E)f 4 & 2 W Hi
=S R A - EOEAL AT /N
0.12 - Fi I [ R & A4 1] i 4 K otak .2 B/R
ME B 3L AE-96% 25 + 1083% o Y& 4Bt 45
N B/RAA -

COBRREBEMZTFER

Wi 5 Fror o AN [E] M B i I A R [H Y 55
Ho A Kk~ BB SE (B AR O R & OE 5E
(300-1100nm) {2 3% # i1 7 0.54 LA F » {HAE PAR
i Y 2 A R HIAE 032 DLF o ik & 5l o 3
(300-1100nm) i} 5 > AT HY B RE A M By 2238 R
1E0.54 2 0.89 .2 [i] = ZEF K iy m i = 5453 &
R SRR B B A (P867) BILAT 1131 55
MR 2R R R AR R AR -

k4841 47 (UV 300-400nm) 3 Y #ale 17 = Bt
TEAR ~ TSRS i B = g LB R PEP Y 283 3
PR > BRACOBZEEAUS 0.35 24k » HERE /MR
0.3 5 ZEBE RN =G L PEP X - &k - F3 6
EOPHEAR - /MR 0.08 -

FLEEE®B - 400-500nm) 7 B 8 1 5 > #g L
O AR TR O B R KA 0.06 o B
LSO B AR B R A & > 53 E 033 Bl
0.37 5 SYgE 5k i (o BRLEE (IR 4371145 0.78 B 0.9
MR 2R B -

FRALER - 600-700nm) 37 B i & 1 & - M
BYEEAR T I PAL Y > BRI 0.02 « KL AL
HRHE = Je AL RS PEP BRHIE =52 0.9 I 2R
B H L TR B AR - BERDE B R AR
1-

REREER » 700-800nm) % B [E 1 5 0 A
HE M I REAL G EE IR > R
i (WHOQ) Y i ALt 5B 3 059 Bk » HE
HOAE 0.68 DL I > SR M SR B AL - £k - 5860
BEEARI AL G ER T AL 09 LAk -

SEGEE A 8508 (PAR > 400-700nm) 4 [# 17

7 o E OB AT (P67 PAR 1% 4 0.89 55
0 B EOIEAR PAR 258 K L UAT 0.12 FS e fK -

OBREEMZTFER

Wiz 6 fir > B KR EEE R 0.3cm -
T 40g/1 2 i B A WRIRE 34T 9%(700-800nm »
FR)J I 2B R 0.06 » CIEfiRIA% -
2% 6 Il ARG T A R B > TR AR 2 R
2 1 2%(1997) 2 i3 »

TERTE RS MR & v BB
300-600nm B A7 B AT Y 2B (TR 0.9 LA 1) »
1 RAE 600nm LAt » B AT TR HISS >
HJZAE 700nm DAt - TR E IS - 8 B R
JEIRF (30g/1 ~ 40g/1) » P F R HA 700nm FY it K1 5%
PR R T BRI 0.2

mBREEMBARE RFREBR f&

T B SV i T P E S AL (FRY 238 - (HAHEF
SR ELEDEB)E (R T ER) - PLIEIREIK
RO BN G IALE®R) - FR B R AHLE - DLRTH
WA > FTARFRAEATSES - BEIRAHLL - DL
"REWMP S > FTLLB/RAAA SR - % 6 il
o W B LR R £ A

Al 1RO > BRI S S R RS 0.5em #f R/
FRE.Z 52 B BUE FE RS 0.3cm H A R A G - DU
JETN AL - R/FR I 25 1 e ] 5 Y 1 J2 e B
FEZ I nmi A g ey ss (IE 1) - fERTWRE
M ESHEALG T  RFR B EREG 37% 2
501% ; YA S SRS 0.1cm - RS 10g/1F > R/FR
RS 1.58 Foi/N + EEWIE RS 0.5cm > L
40g/11f - R/FRAELS 7.15 Fi ek -

AlE 2 AR > B/R A 2 T R Sl v 1) 5
SRR E SN T AT SN 5L - AEFT IR E M
IR & B/REEALRE I 19% & 160%
EAWEE LSS 0.1em > RS 10g/1 I - B/R fELS
0.67 Fyfie/)N + IR WIS LS 0.5cm > EFE L 40g/1
K¢ > B/RAEFRS 174 Tk -
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Table 5 The solar transmittance of various solid-state colored transparent films in
different wavebands.

ik KA FEE
materials solar transmittance
% | 300-1100nm |300-400nm |400-500nm| 600-700nm | 700-800nm | 400-700nm
wavebands| Total uv B R FR PAR

#BERA > e (P110)

plastic film red 0.58 0.49 0.26 0.70 0.72 0.42

B o Me (P863)

. . 0.78 0.72 0.72 0.82 0.79 0.78
plastic film, orange

BEA o K& (P86T)

plastic film, yellow 0.87 0.75 0.82 0.90 0.86 0.89

WA o 4o (P8T2)

. . 0.79 0.65 0.73 0.71 0.78 0.75
plastic film, green

BEA o BEeée (234

plastic film blue 0.66 0.46 | 0.68 0.50 0.68 0.55

B o ke (P641)

. . 0.72 0.71 0.74 0.71 0.74 0.69
plastic film, purple

#HA - ae (WH09)

plastic film, white 0.58 0.18 | 0.55 0.58 0.59 0.56

Z B £AE R
3 layers co-extruded| 0.75 0.04 0.47 1.06 0.85 0.68
PEP film

KREBEEME > &é
Photoselective film, 0.75 0.11 0.62 0.87 0.79 0.71
red

EFENE , i
Photoselective film, 0.74 0.12 0.78 0.64 0.82 0.67
blue

HEEMNE , T
Photoselective film, 0.89 0.27 0.90 0.89 0.93 0.87
purple

FIEIEME , FOA
Photoselective film, 0.78 0.29 0.73 0.77 0.79 0.75
transparent

WM - ol

glassy paper, red

WHE O HeE

0.61 0.08 0.03 0.87 0.82 0.45
glassy paper, orange

S 0 RE

0.74 0.04 0.06 0.85 0.85 0.61
glassy paper, yellow

IR > R E

0.58 0.03 0.15 0.15 0.91 0.32
glassy paper, green

WK  BEa
glassy paper, blue

WK > Ke
glassy paper, purple
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Table 6 The solar transmittance in different wavebands and percentage of variation on
R/FR and B/R of solar irradiation transmitted through liquid-state material in
different concentrations and thickness.

B 4R R FEF Bl %
copper-sulfate solar transmittance % of variation
solution
B ,%\fgi 300-400nm | 400-500nm | 600-700nm | 700-800nm | 400-700nm | R/FR B/R
thickness |concentra Uv B R FR PAR % %
, CIl |tion, g/L
0.1 10 0.94 0.92 0.77 0.56 0.89 +37 +19
20 0.93 0.90 0.75 0.41 0.85 181 +32
30 0.93 0.88 0.56 0.24 0.81 +129 157
40 0.92 0.90 0.58 0.2 0.73 +185 +67
0.3 10 0.94 0.94 0.73 0.4 0.87 182 +38
20 0.93 0.94 0.64 0.22 0.82 +192 165
30 0.93 0.93 0.45 0.1 0.72 +333 +109
40 0.91 0.81 0.39 0.06 0. 66 +501 +160
8 2
R 1.8 0.5cm
; 6T 0.5 cm g :i : 0.3cm
R 0.3 cm L2 |
viT 0.1 cm v o1 0.1cm
a a 08| ’/_//‘
LZ i Ansmitted i Ei : .—_.——_m:nsmmed
¢ * €o2t
0 0
10g/1 20g/1 30g/1 40g/1 10g/1 20g/1 30g/1 40g/1
Tt B VAW 2 4 & (concentration of copper-sulfate solutions) T SRR 27 4 (concentration of copper-sulfate solutions)
1 KA FETRIREHREE 2RISR 2 KR FETRIREREE 2 e AR

TR E R 2 A EEAL L fE (RIFR)

Fig.1 Thered light vs. far-red light (R/FR) ratio of
solar irradiation before and after transmitted
through various concentrations and thickness
of copper-sulfate solutions.

g~ ¥

AHged A 30 FEAS A Bt [ RE B RE B
PR E A [ 30 s A ] ) S Y R B LR RO 2
BEJT » FIVERAEYOC I RE 38 25 b 5% Bl 38 £ PR I
f#cz% -

EOLRRLOE R B AL (u mole/m?/s) FRIEF -
KEZoE) RFR fldfE 0.97~1.20 Z[# > B/R {EAE

BT ER < BT (E (B/R)

Fig.2. The blue light vs. red light ratio (B/R) of solar
irradiation before and after transmitted
through various concentrations and thickness
of copper-sulfate solutions.

0.54~0.75 .Z[#] = BLOEFH A 1= > R/FR fin]
i 4 1) B AL R AE-97.2%~23.8% ([H RE# A ) HiL
37%~501% (WEREZHF ) - B/R fifl vl F By s L
HAE-96%~1083% ([ERELH ) Hil19~160% (i

H 7 584144 (300-400nm) S B B AR A 22 15 K 1
/A 0.35 0 FT LUR] I BB AR AC U PR 28 9147+ 238
HIR AR PRk RSB CUEEAR > 19/)N% 0.08 -
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JiT A [ BE M 35 A1 (700-800nm) i [ 11 5¥ 455
HEZER - LB E > T
i B S A e - BRERSIVA R v 2= R/FR fi & B/R
B> AT [ v ViR U L 568 1 17 ) #
o mhidE RFR H2%0URM S > B 0.5cm Bl
0.3cm AH 2 AN K 5 H O E ] 30g1 8D E
700~ 800mnm 1 35 AT A3 438 A ESA73 205 P Rl it

ot Bz S VR T K R PR i AL (EREYE I
TE s AR M9 AT B PR e - (ELAE e o= 7 21
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