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Control of Daily Integral PPF by the Artificial Lighting
and Shading Screen in Greenhouse”

Lee, Hyun-Woo
Dept. of Agri. Engr, Kyungpook National University, Taegu 702-701, Korea

Abstract. The object of this study was to develop the control technology of daily integral photosyn-
thetic photon flux (PPF) by the artificial lighting and shading screen in greenhouse. The shading time
needed to get the target PPF by using two types of shading screens having shading ratio of 55% and 85%
was analyzed. The results showed the shading ratio of screen to be installed in greenhouse should be dif-
ferent depending on the amount of target PPF to be controlled. The PPF control experiment by using the
55% shading screen in July and August showed that the maximum difference between measured and cal-
culated value was about 5mol-m™-d™ in no shading condition. This difference is satisfactory result
because the daily integral PPF is quite different depending on the weather condition. The simulation result
about PPF distribution pattern shortened the time needed to find the proper arrangement of artificial light-
ings in greenhouse. But the further study was required to find the supplemental lighting arrangement to be
able to provide the exactly uniform distribution of target light intensity. The supplemental irradiation time
needed to acquire the target daily integral PPF for different supplemental light intensities, weather condi-
tions, and months was analyzed. The result showed that the supplemental light intensity should be
decided depending on the amount of target PPF to be controlled. The result of PPF control experiment
conducted by using 55% shading screen and 300 wmol - m™2- s™ supplemental light intensity from the end
of May to the beginning of June showed that the maximum difference between target and measured value
was about 3 mol-d™'-m™. If we consider that the difference of the daily integral PPF depending on
weather condition was the maximum 30 mol-m™-d™!, the control effect was acceptable. Although the
result of this study was the PPF control technology to grow lettuce, the data and control method obtained
could be employed for other crop production.

Key words : shading time, supplemental irradiation time, shading ratio, light intensity, weather condition,
amount of cloud
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Table 1. Transmittance of experimental greenhouse depending on shading conditions.

Shading conditions

Without shading screen

55% shading screen 85% shading screen

Transmittance of experimental greenhouse (%) 70.5

25.7 83
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PPF =2.0668 x RAD (1)

A7\, PPF : AR ESEALE (mol - m™2- d7)
RAD : HHYAEFMI - m2-d7)
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Fig. 2. Benches and astificial lightings used for the lettuce
cultivation in greenhouse.
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Fig. 1. Arrangement of artificiat lightings and PPF measuring points.
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Table 2. Shading and supplemental values needed for gaining target PPF (unit: mol - m™2- d™").

Target PPF Cloud Month
(mol-m™2-d™') amount | 2 3 4 5 6 7 8 9 100 11 12
00-24 40 -88 -149 —206 -243 -249 -—246 -205 -155 -98 —45 -21
25-54 -16 =59 -123 -17.5 -21.6 -215 —20.1 -179 -13.6 -7.7 -25 00
11 5.5~7.4 -89 -13.1 -163 -174 -155 -13.8 -10.1 -52
7.5~9.9 . . 6 -98 =75
10.0
0.0~24
2.5~5.4
17 55~74
7.5~9.9
10.0

—, Shading value; and +, Supplemental value.

Table 3. Shading time to get target PPF (unit: hour).

Shading  Target PPF  Cloud Month
ratio (%) (mol-m2-d") amount ) 3 4 6 7 ) 9 10 11 12

5
0.0~24 11~13 10~14 10~17 A A A A A 10~18 10~14 11~13 12~13

2.5~54 12~13 10~13 11~17 8~18 A A A 8~18 10~17 11~14 12~13 W

11 55~74 S 11~13 10~14 10~16 8~18 8~18 9~17 10~18 10~15 11~13 W S

75~99 S S 12~13 10~13 11~16 11~17 10~14 10~13 11~13 W S S

S5 10.0 S S S S S S S S S S S S
0.0~24 S 12~13 10~13 10~15 10~17 10~17 10~17 10~15 11~14 11~13 S S

25~54 8§ W 11~13 10~14 11~17 11~17 10~15 10~14 11~13 12~13 § S

17 55~74 S S 12~13 11~13 10~14 10~14 11~14 10~13 12~13 W S S

75~99 S S S W 12~13 12~13 12~13 S S S N N

10.0 S S S S S S S S S S S S

0.0~24 12~13 10~13 10~14 10~15 10~16 10~16 10~16 11~17 10~14 10~13 12~13 W

25~54 W 11~13 11~14 11~16 11~17 11~17 11~17 11~16 11~15 11~13 W w

1 55~74 S 12~13 10~13 10~14 11~16 10~15 11~16 10~14 11~14 11~13 W S

75~99 S S W 11~13 11~14 11~14 10~13 11~13 W w S S

85 10.0 S S S S S S S S S S S S
00~24 S 12~13 11~13 11~14 10~14 10~14 10~14 11~14 11~13 12~13 S S

25~54 S W 12~13 10~13 11~14 11~14 11~14 10~13 11~13 W N S

17 55~74 S S  12~13 11~13 10~13 10~13 11~13 11~13 12~13 W S S

75~99 S S S W 12~13 12~13 W S S S S S

10.0 S S S S S S S S S S S S

W, Without shading; S, Supplemental lighting; and A, All day shading.

—48 —



[e]

v Ay)
N33

ye

ABAaUE o) 4-3
o2 veptorn, AgEd HY ¢ 9mol-m2-d
Axe] Bgo] a3 Aoz A Higlol
17 mol-m2-d7'¢1 9= U5 Bgo] Had Aoz
Uehdi, 11958 19700 28 Yol Bo) I
g AoE FAEReH, o] 71ttt F Ao daWP
2 oF 15mol-m2-d7" A= Ao Yehgrl a8
v AR 1195 197 EashA] e Ao
e, 69 Aol 7P & ¢F 19mol-m?-d7!
AEe| xpgo] agh AoE FAEHAUG

2. LETFS QIEF XIZAIZ
55% e} 85% AFES 7 F 7HA FF9
2A32~7H8L o83+ 11 mol-m2-d"'F 17 mol-

e QAN PR A

N
N

Z4

mt. gle) BEHAS

FS Aot Qs ARFAIIE 7]
Az L EEE AR A Table 33 2T}
we o] ge gie d, S= Ho) et d,
AT FYAEo] a3 &S vt x3E0] 55%
¢ ABAE AT AT 4~8¥9] PR e 3
2 2JFE % 11 mol-d7!- m™2& 23 Ao
2 Jehgrt o]9} o] Pifo] sl P2 E
7¥s3 73l Aol O T8 AGAIE A3
oF & Aeolct. whAel xpdEo] 85%%] AFAE ALE-
& A9olle o] sl Fapzdo] Bl 4
S WAEHA] eiokou, 2ol & o] H2 d
EEsgEo] [1mol-m2-d'Q) A 189 FEFF

7, 399 31 ¢, 98 3d d, 199 7&

40
— Calculated Measured Cloud amount
o 3B/
o N s © 00-24
€ 30 | -~ A : 25-54 /|
S || e . 55. /|
R L
c - ¢ 75-9 .
o 20 1100 /--”'__..— .
= e e ,
g 18 o e T e T T e /
2 Fom e T T T T e T
£ AQ peevese ot SRS L e T
L e A
= [FTTTTTT e -
% A IR g
8 8 e I
0 P S T S R T S S S S SO T W VN ST
R B T T T T T = T = T T T = = T BTN
S O ® O K O N O O N OCK WG S © 3 O 65
Ty Y T T T T T T T T RTYNTIATNYTY TIRE
O 29 92 9090 Q QL Q8L ae Qa9 As
LT © 06 B 0 $F H O O O O = O - O w « 6 « o
O 0 0 O O & & v O v v v v v v - - v -2
Shading time (hours)
(a) July
40
Calculated Measured Cloud amount
35
- (] : 00-24
30 H - A : 25-54
----- B 55.74 ]
25 1 . ’ . 75-99 o
- * : 100 Py
20 - i

Daily integral PPF (mol-m™? d™")

Fig. 3. Comparison of calculated daily integral PPF with measured values along the shading time in July and August.
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Fig. 4. PPF distribution patterns under the illumination of HPS lamps (unit: umol - m~2- s7").
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Table 4. Supplemental irradiation time for each month (unit: h- d™).

S?gggﬁ::ie:;al Target PPF Cloud Month
(mol - m2- ¢ty (Mol m™-d™) amount 1 2 4 5 6 7 8 9 10 11 12
0.0~24 - - - - - - = - - - -
2554 - - - - - - - - - - -
11 5574 - - - - - - - - - _ 25
75~99 53 14 - - - - - - - 47 61

10 10.0 8.2
200

65 60 36 39 39 50 70 78 107 122

00~24 20 - - - - - - - - 15 39
25~54 44 - - - - - - - - 35 60
17 55~74 67 29 - - - - - - - 58 178
75~99 98 70 40 - - - - 14 32 60 94 104
10 183 165 147 143 119 122 122 133 154 161 19.0 20.6
0.0~24 - - - - - - - - - - -
2.5~54 - - - - - - - - - - -
11 55~74 06 - - - - - - - - - 17
75~9 35 10 - - - - - - - 31 41
300 10 67 55 43 40 24 26 26 33 47 52 71 81
0.0~24 19 - - - - - - - - 14 36
25~54 41 - - - - - - - - 32 56
17 55~74 62 27 - - - - - - - 54 172
75~99 91 65 37 - - - - 10 30 56 87 96
10 122 110 98 95 80 81 81 89 103 107 127 137
0.0~24 - - - - - - - - - - -
2.5~54 - - - - - - - - - - -
11 55~74 05 - - - - - - - - - 13
75~99 26 07 - - - - - - - 24 31
400 10 50 41 32 30 18 19 19 25 35 39 53 6.1
00~24 14 - - - - - - - - 10 27
25~54 31 - - - - - - - - 24 42
17 55~74 47 20 - - - - - - - 40 54

75~99 68 49
10 92 83

- - - - 07 22 42 65 172

74 72 60 61 61 67 77 81 95 103
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Fig. 5. Performance of PPF control algorithm.
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