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Effect of Additional Early-Morning Heating Periods on the
Growth and Yield of Cucumber and Heating Load

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

Abstract. To investigate the effect of early-morning heating periods on growth and yield of cucumber and
heating load in a greenhouse cultivation, three additional heating periods (0, 1 and 2 hours) were compared
to rise temperature from 12°C to 16°C in the early-morning. Leaf temperature just before opening the ther-
mal screen was 3.3°C and 4.1°C higher in the 1 and 2 hour heating compared to that in the control (0 hour
heating), respectively. Photosynthetic rate, conductance to H,O and transpiration rate of cucumber leaves
were the highest in the 2 hour heating, and the lowest in the control. However, the difference between the 1
hour and 2 hour heating was not significant. Inorganic element content in cucumber leaves was not signifi-
cant among the treatments of duration. Initial growth after planting of cucumber was greater in the 1 and 2
hour heating than that in the control. Yield increased by 11% and 15% in the 1 hour and 2 hour heating
compared to that in the control, respectively. Fuel consumption for heating increased by 12% and 22% in the
1 hour and 2 hour heating compared to that in the control, respectively. Considering in the yield and fuel
consumption for heating. 1 or 2 hours of early morning heating could be effective in temperature manage-
ment for cucumber in a greenhouse cultivation.
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Table 1. Night and early morning temperature setpoints in the experiment.

EMHP (hr) Night and early morning temperature setpoints
0 16 (sunset-22:30) - 12 (22:30-09:00)
1 16 (sunset-22:30) - 12 (22:30-08:00) - 16 (08:00-09:00)
2 16 (sunset-22:30) - 12 (22:30-07:00) - 16 (07:00-09:00)

“Early morning heating period.

—246 -



FerIbo] AldA) Solol ST 4k B il vlAle A%
B AT oF 02 22T L 5 U
- HeA S W72 (08:50~09:00)] ZZ7}L717hE

Il ()

2 hr 3
e | hr |
() hr J

17 18 19 20 21 22 23 0 1

Fig. 1. Changes in air temperature in a cucumber grown
greenhouse with different early morning heating periods.
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Table 2. Leaf and soil temperature just before opening the 1989).
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Fig. 2. Effect of early morning heating periods on the initial growth of cucumber (A: plant height, B: No. of leaves, C: Leaf
area, D: Dry weight). Vertical bars represent standard deviation (n=10).
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Table 3. Influence of different early-morning heating periods on the photosynthetic rate, stomatal conductance, and transpira-
tion rate of cucumber leaves. Measurement was conducted at the 3rd leaf.

EMHP* Photosynthetic rate Stomatal conductance Transpiration rate
(hr) (umol - CO, - m™2-s7") (mol - H,0 -m2-s7h (mmol - H,0 - m™2 .57
0 213+ 1.17 20102 10.0£0.5
1 24107 2.110.2 11.5+0.2
2 249107 22102 11.8+03
“Early morning heating period.
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Fig. 3. Photosynthetic rate of cucumber leaves under differ-
ent light intensities with different early-morning heating
periods. Vertical bars represent standard deviation (n=10).
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Table 4. Contents of inorganic elements of cucumber leaves at different early-morning heating periods. The 5th leaf from top

was sampled.

EMHP* (hr) T-N (%) P (%) Ca (%) Mg (%) K (%) Na (%)
0 321+0.11Y 1.61+0.18 3.17+£0.25 1.28 +£0.05 3.29+0.18 0.24+£0.04
1 3.33+0.12 1.75+0.15 3.2540.17 1.48 +0.09 3.47+0.17 0.24+0.03
2 3.40%0.15 2.43£0.36 3.44+0.29 1.62+0.12 4.03+0.17 028 £0.02

*Early moming heating period.
YMeantSD, n=30.
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Table 5. Number of fruits and fruit weight of cucumber as affected by early-morning heating periods. Fruit yield represented

average production from 2002 to 2003.

EMHP* No. of fruits (ea/plant) Fruit weight (g/plant)
(hr) Marketable ~ Unmarketable Total Marketable ~ Unmarketable Total
0 17.3 3.0 200¢ 3,022 445 3467 ¢
1 19.2 3.1 223b 3,353 496 3,849 b
2 19.9 33 232a 3,465 513 3,978 a

‘Early morning heating period.

YMean separation within columns by Ducan's multiple test at 5% level.
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Table 6. Fuel consumption for greenhouse heating as
affected by early morning heating period.

EMHP? (hr) Fuel consumption (1./100/143 days)
0 2,270
1 2,543
2 2,769

“Early morning heating period.
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Table 7. Ecomonical analysis of greenhouse cucumber cultivation as affected by early morning heating periods. Fruit yield

represented average production from 2002 to 2003.

EMHP (hr) M?rketable fruit Fruit price Gross income Management cost Net income
yield (kg/10a) (won/kg) (x1000 won/10a)  (x1000 thou. won/10a)  (x1000 won/10a)
0 8311 1,108 9,209 4,670 4,539
1 9,221 1,108 10,217 4,932 5,285
2 9,529 1,108 10,558 5,142 5416

‘Early morning heating period.
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