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A study on exploration of major factors to reduce drainage

emissions in facility horticulture
-Based on temperature, wind speed, and insolation-
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"Energy & Environmental Engineering Division, National Institute of Agricultural Sciences
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Abstract The majority of horticultural facilities in Korea operate acyclic hydroponic farming systems,
and 20~30% of the nutrient solutions supplied are discarded to drain. For reasons such as climate
change-driven measures, hydroponic farm numbers have steadily increased, and thus, amounts of
nutrient solutions discarded are also increasing. This study was conducted to investigate the relationship
between nutrient waste to drain and changes in temperature, wind speed, and insolation in an effort to
reduce waste drainage during greenhouse operation. No consistent pattern was observed between
temperature and wind speed and waste drainage. However, waste drainage amounts were inversely
related to the intensity of solar radiation. In addition, we found that most of the supplied nutrient
solutions were discharged without being used during the first 5 days after planting tomatoes. Also, the
study indicates that nutrient use efficiency depends on the daily duration of nutrient solution supply.
The results of this study suggest that nutrient consumption could be reduced if electrical conductivity
was supplied differentially according to the feeding rounds and that it would be more feasible to control
the amount of waste drainage in advance if nutrient solution is supplied based on changes in insolation.
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1.

Controlling the glass greenhouse internal
environment with a complex environment
control system.

A 0 T Akl 129 WA oo whETS
sUEYstgon, WS s itk G FF W
2 09:002€ 16:007H] HAZE HA0E Bhoke
2 7Bos s, ¥ F7Htel A 10874 37
beh o B A2 ARTA L A ool wet

Z43to] FF3IAH.

0

[¢]

2.2 Ui HiEE =F

g 719 WiE(Lane) T ZFHE #jA(GT) 18714 Al
g5t1, ZINE Wiz g Ao 454 EntEE g5}
of gt W=of 7259] EntERS A4o9thFig. 2). 7t
= 212 Eo wiel uiE77t qlo] viEs w2 wiE
Bofl o AR o]gE o] WiEEHA Heh £ A
oAl = wiETE AX i AFERZ /9
== Sl i 3 AAE AX|ote] FHY wjuict
vl &2 S5t

-

B2
mm ﬂlm Iﬂ rop
S5

(Early after tomato
planting)

{30days passed)

{60days passedy

Fig. 2. Growing tomatoes in a multi-span plastic
green house.
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Table 1. The target drainage rate for each period
considering the outside temperature from
the tomato-cultivating farm.
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Fig. 3. Temperature and humidity environmental
monitoring inside and outside glass greenhouse.
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Table 2. Total monthly nutrient solution supply and drainage for the tomato-cultivating farm.

Classification Oct Nov Dec Jan Feb Mar Apr Total
Amount of Supplied ” 124.6 146.7 104.3 89.76 151.9 241.7 274.9 1,134.0
(L/m?) (3366.2) (3960.1) (2817.2) (2423.5) (4101.8) (6526.9) (7421.4) | (30617.2)
Amount of drainageZ) 28.8 37.1 13.3 10.1 36.0 73.3 97.5 296.1
L/m?) (777.6) (1002.2) (359.1) (271.4) (972.1) (1979.1) (2632.5) (7994.0)
Insolation (W/m?) 1,476 1,025 846 787 1,216 1,760 2312 -
Emission rate (%) 23.1 25.3 12.7 11.2 23.7 30.3 35.5 26.1

% Supply and drainage amount calculation standard :

x ()¢

one growbag
Bed(including 27 growbag) supply and drainage volume
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Table 3. Nutrient solution component change analysis
in drainage

Ttems Nutrient Drainage Utilization rate

solution (mg/L) (mg/L) (%)
cr 134.9 119.0 11.8
HCOs~ 89.7 73.2 18.4
K 204.8 129.2 36.9
Mg 23.8 20.8 126
Zn 0.72 0.70 2.6
Cu 0.19 0.04 78.4
Fe 2.39 1.76 26.3
Mn 0.62 0.18 70.8
SOs” 101.0 65.0 35.6

NH;" 66.5 73.9 -11.2"
NO3 924.4 715 22.7
B 1.09 0.63 42.4

Si 0.9 1.2 -37.9Y
Mo 0 0 0.0
Na 17.76 14.8 16.7
Ca 222.2 154.8 30.3
T-P 38.2 17.4 54.6

* 1) : minus means concentration increase.
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Table 4. Nutrient utilization rate according to feeding cycle.
Drainage concentration over time (mg/L) Crop utilization (%)
Analysis Items - - - - - - -
Nutrient solu. 09:30 11:00 14:30 09:30 11:00 14:30
Ccr 134.9 34.00 75.00 119.00 74.8 44.4 11.8
HCOs3" 89.7 109.80 61.00 73.20 -22.4(1) 32.0 18.4
K 204.8 16.20 72.60 129.20 92.1 64.5 36.9
Mg 23.8 4.10 14.40 20.80 82.8 39.5 12.6
Zn 0.72 0.15 0.42 0.70 79.1 41.6 2.6
Cu 0.19 ND 0.05 0.04 ND 73.0 78.4
Fe 2.39 0.25 1.26 1.76 89.5 47.2 26.3
Mn 0.62 0.04 0.16 0.18 93.5 74.0 70.8
SO& 101.0 15.00 34.00 65.00 85.1 66.3 35.6
NH4" 66.5 5.50 31.40 73.90 91.7 52.8 7t
NO3~ 924.4 80.00 400.00 715.00 91.3 56.7 22.7
B 1.09 0.14 0.38 0.63 87.2 65.3 42.4
Si 0.9 1.20 1.10 1.20 -37.9(1) -26.4(1) -37.9(1)
Mo 0 ND ND ND ND ND ND
Na 17.76 7.60 10.80 14.80 57.2 39.2 16.7
Ca 222.2 29.60 108.20 154.80 86.7 51.3 30.3
T-P 38.2 5.40 15.38 17.37 85.9 59.8 54.6
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