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Effects of Covering Materials and Methods on Heat Insulation of a
Plastic Greenhouse and Growth and Yield of Tomato

Joon Kook Kwon*, Jae Han Lee, Nam Jun Kang, Kyung Hee Kang, and Young Hah Choi
Protected Horticulture Experiment Station, NHRI, RDA, Busan 618-800, Korea

Abstract. This experiment was carried out to investigate the effects of different covering materials and
methods on heat insulation of a plastic greenhouse, growth and yield of tomato. Night air and soil tempera-
tures in a double-layer greenhouse with external multifold thermal cover (MTC; eight-ounce cassim-
ere+four-fold polyform + double-fold non-woven fabric + single-fold polypropylene) covering were about
1°C lower than in that with internal MTC covering, but about 3°C higher than in that with an EVA film
screen. Tomato yield in the external MTC covering increased by 2% and 19% as compared to that in the
internal MTC covering and the non-covering of MTC, respectively, due to its high light transmission and
insulation effect. Night air temperatures in a double-layer greenhouse with external MTC covering and with
thermal screen (polyester plus aluminium) were 2.2°C and 4.5°C higher than those in a double-layer green-
house with an external MTC covering and in a double-layer greenhouse equipped an EVA film screen,
respectively. Tomato yield in the treatment with external MTC covering and a thermal screen was 18% and
37% greater than that in the external MTC covering and in an EVA film screen, respectively. Results indi-
cate that tomato could be grown without heating or with minimal heating in a double-layer greenhouse cov-
ered with MTC and a thermal screen during the winter season in sourthern regions of Korea.
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Fig. 1. Variation of air temperature in a plastic greenhouse covered with different thermal materials and methods for heat
insulation. Air temperatures are average value from Jan. 29 to Feb. 28, 1999 (A) and from Feb. 12 to Feb. 28, 2000 (B),

respectively. MTC represents multifold thermal cover.
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Fig. 2. Variation of soil temperature in a plastic greenhouse covered with different thermal materials and methods for heat
insulation. Soil temperatures are average value from Jan. 29 to Feb. 28, 1999 (A) and from Feb. 12 to Feb. 28, 2000 (B),

respectively. MTC represents multifold thermal cover.
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Fig. 3. Fluctuation of solar radiation in a plastic greenhouse
covered with different thermal materials and methods for
heat insulation. Solar radiation represents average value
from Jan. 25 to Feb. 25, 1999. MTC represents multifold
thermal cover.
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Fig. 4. Changes in relative humidity during night time in a
plastic greenhouse covered with different thermal materials
and methods for heat insulation. Relative humidity repre-
sents average value from Jan. 29, to Feb. 28, 1999, MTC
represents multifold thermal cover.
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Table 1. Effect of thermal materials and methods for a plastic greenhouse on tomato growth (cv. ‘house momotaro’) 40 days

after planting.

Plant No. of Stem No. of Plant Plant
Treatment height leaves diameter fruiting fresh wt. dry wt.

(cm) (ea/plant) (mm) (ea/plant) ()] ®
External covering of MTC* 879 16.2 ab 10.8 a 58b 365a 373a
Internal covering of MTC 98.2a 172a 102 a 79a 32a 377 a
EVA film screen 715¢ 14.8b 108 a 51c¢ 280 b 337b

“Multifold thermal cover.

YMean separation within columns by Ducan's multiple test at 5% level.
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Table 2. Effect of thermal materials and methods for a plastic greenhouse on tomato growth at harvest time.

Stem length between cluster (cm)

Stem diameter Plant fresh
Treatment .
Ist Ist~2nd  2nd~3rd  3rd~4th Total (mm) weight (g)
External covering of MTC*  39.2 154 15.0 18.4 88.0 0" 169 a 703.0 a
Internal covering of MTC 40.6 17.3 16.8 19.9 94.6a 15.9 ab 698.5a
EVA film screen 38.0 12.7 12.4 16.7 79.8 ¢ 16.8 a 6452 b

*Multifold thermal cover.

YMean separation within columns by Ducan's multiple test at 5% level.
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Fig. 5. Changes in initial growth parameters of tomato in a greenhouse covered with different thermal materials and methods

for heat insulation. The vertical bars indicate standard errors.
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Table 3. Effect of thermal materials and methods for a plastic greenhouse on the yield, initial harvest time and fruit sugar

content of tomato.

No. of fruits / plant

Fruit Initial Brix
Treatment Marketable * Unmarke Total weight  harvest dggree

Lage Midium Small Total  table (g/plant)  time  (Bx)

External covering of MTCY 4.4a* 43b 48b 135b 1.7 152a 2,354a Mar. 2 51a
Internal covering of MTC 34b 4.1b 70a 145a 0.6 15.1a 2,189b Feb. 22 53a
EVA film screen 23c¢ 52a 42c¢ 11.7c¢ 1.1 128a 1,922¢ Mar. 9 5.1a

*Large : over 200 g, Midium : 150-200 g, Small : below 150 g.

YMultifold thermal cover

*Mean separation within columns by Ducan's multiple test at 5% level.

Table 4. Effect of thermal materials and methods for a plastic greenhouse on the yield and initial harvest time of tomato.

Marketable yield .
Treatment Initial harvest time
Yield (g/plant) Index
MTC 1 3,130 b* 100 April 15
MTC 1 + thermal screen 3,690a 118 April 11
MTC 2 + thermal screen 3,750 a 120 April 10

*Mean separation within columns by Ducan's multiple test at 5% level.

Table 5. Effect of thermal methods and materials on fuel consumption for heating in a plastic greenhouse.

Treatment Fuel consumption (L) Period heated (days) Index of fuel consumption®
External covering of MTC* 42 8 100
Internal covering of MTC 31 6 90
EVA film screen 810 67 133

“Multifold thermal cover
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