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Abstract. To examine the distribution of internal solar radiation within various locations in multi-span greenhouses,
the solar radiation, light transmittance, and accumulated radiation at the central and lateral sections were analyzed by
dividing 8:30 to 12:30 in the morning and 12:35 to 16:30 in the afternoon. The growth and yield of tomatoes within
these sections were also compared. In the morning, the solar radiation of the central section and the side section was
275.2 W-m™ and 314.9 W-m™, while in the afternoon, it was 314.9 W-m~ and 313.9 W-m™, respectively. The light
transmittance and accumulated radiation were also low, confirming the low distribution of solar radiation in the central
(connecting) section of the multi-span greenhouses. The growth survey revealed no significant difference. The final
yield of tomatoes per plant was 4,828 g in the central section and 4,851 g in the lateral section, but there was no
significant difference in the central section compared to the lateral section by 0.5%. However, the amount of solar
radiation as per time in the central section is higher than the light compensation point, 60 W-m™, and slightly lower than
the light saturation point of tomatoes, i.e., 281 W-m™. The results of this study can help in greenhouse design based on
the insolation environment.

Additional key words: greenhouse frame, light compensation point, light saturation point
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Fig. 2. Location of sensors and plants in the experimental greenhouse.
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Fig. 3. Hourly variation (A) and (B) of solar radiation (I), light transmittance (II) and daily accumulated radiation (I1I) distribution in greenhouse on

a sunny day (March 22, 2022). A, 08:30— 12:30; B, 12:35— 16:30.

Table 1. Comparison of solar radiation distribution of center and side in greenhouse.

Solar radiation distribution

Hourly variation Category Contor . Significance
Average (W-m?) 2752 + 104.9° 3149 + 1273 *
08:30—12:30 A S (W) 66.0 100.2
Coefficient of variation (%) 9.0 11.1
Average (W-m?) 278.1 £ 99.1 3139 £ 111.0 *
12:35-16:30 AS e (Wm?) 794 57.1
Coefficient of variation (%) 11.4 74
“Means + standard deviation of average solar radiation.
*Significant at p < 0.01.
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Fig. 5. Hourly variation of cross directional solar radiation distribution in a greenhouse. A, 08:30— 12:30; B, 12:35— 16:30.
Table 2. Comparison of daily accumulated radiation distribution of center and side in greenhouse.
o Daily accumulated radiation distribution o
Hourly variation Category - Significance
Center Side
Average (MJ'm’) 40 £ 1.5 46+ 19 *
08:30—12:30
ASp MI'm?) 1.0 1.5
Average (MJ-m’) 40 + 14 45+ 16 *
12:35—16:30
A S (MJ'm?) 1.1 0.8

“Means + standard deviation of daily accumulated radiation.
*Significant at p < 0.01.
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Table 3. The monthly average temperature in the experimental greenhouse.

=

o Month
Category Division
Nov. Dec. Jan. Feb. Mar. Apr.
Temp. Day 243 £ 5.8 212 £52 23.0 + 4.1 243 £ 42 24.8 + 4.1 26.6 + 3.1
O Night 173 + 3.5 153 + 02 196 + 1.2 194 + 1.7 198 + 1.7 20.1 £ 03
“Standard deviation of average temperature.
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t-test ns ns ns ns ns ns
Center 279.0 £ 14.5 31.1 £ 45 33.8 £43 394 +£23 104 £ 1.8 55.6 = 4.0
155 .
4 £ 16. S x5, 1+ 2. 9+ 1. 0= 1. 1+ 4.
(22.0331) Side 2814 £ 16.1 335+ 52 341 £ 2.7 389 £ 1.8 110+ 14 56.1 + 4.2
t-test ns ns ns ns ns ns
Center 284.1 £ 16.6 2905 £ 5.7 314 + 3.6 412 £ 3.1 90 £ 1.6 56.6 = 4.2
170 .
1 £ 20. 7 £ 5. 3+ 4. 9 + 4. 2+ 2. S+ 4.
(22.04.15) Side 292.1 £+ 20.8 29.7 £ 5.1 323 £ 4.0 429 + 44 92 + 2.1 575 £ 4.1
t-test ns ns ns ns ns ns

“ns,*,**Non significant or significant at p < 0.05, or 0.01, respectively.
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Fig. 8. Accumulated yield analysis for plant location in the experimental
greenhouse.

Table 5. Yield analysis for plant location in experimental greenhouse.

Planti -
Total yield Average yield anting density

Location Row spacing (cm) %
(¢/16 plants)  (g/plant) Plant spacing (cm)
Center 77,253 4,828
. 160 x 35
Side 77,618 4,851

25 281W-m? Bk oL 11 3ol 7k 514 9ol 4% Ul
S Aol w3l Hlulgt FOE WISk
(Heuvelink, 2018; Wi 5, 2021).
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