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Abstract. Due to increase of interest in ‘carbon neutrality’, attempts at agricultural use of CO, are increasing. In this
study, we used the dry-ice made by CO, as by-product in thermoelectric power plant on CO, fertilization for production
of leafy vegetable in greenhouses. The dry-ice was supplied on three leafy vegetable farms (Allium tuberosum Rottl.
ex Spreng, Aster scaber, and Oenanthe stolonifera DC.) located in Hadong, Gyeongsangnamdo. Two greenhouses
were used in each leaf vegetable crops, one greenhouse used as the control (non-treatment), other greenhouse used as
supplied CO,. For CO, fertilization, a gas sublimated from dry ice was supplied to the greenhouse using a specially
designed prototype supply machine. 4. tuberosum greenhouse has no difference of CO, concentration between the
control, and CO; fertilization and shown high CO, concentration both greenhouses. However, the CO, concentrations
in 4. scaber and O. stolonifera greenhouses were increased in CO; fertilization treatment. The growth of 4. scaber and
O. stolonifera were increased in CO; fertilization, and the yield also increased to 36% and 25% than the control,
respectively. As aresult of economic analysis, the 4. scaber has increase of income rate, however A. tuberosum and O.
stolonifera has decreased income rate. Thus, the use of the dry-ice made by CO; as by-product in thermoelectric power
plant has possibility to increase productivity of the leafy vegetable in greenhouse and have agricultural use value.
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Fig. 1. The CO; supply equipment (A) and tube (B) with sprinkler nozzle (C) used for CO, fertilization.
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Fig. 2. Changes in the average (A) and the max (B) CO, concentration
of Allium tuberosum Rottler ex Spreng in greenhouses.
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Fig. 4. Changes in the average (A) and the max (B) CO, concentration

Fig. 3. Changes in the average (A) and the max (B) CO; concentration
of Oenanthe javanica in greenhouses.

of Aster scaber in greenhouses.

Table 1. Growth characteristics of Allium tuberosum Rottler ex Spreng affected by CO, supply (n=9).

Leaf length Leaf width Tiller number Leaf area  Fresh weight Dry weight Leaf color”
Treatment " + *
(cm) (em) per plant (cn/plant)  (g/plant)  (gplant) L 2 b
Control 41.7 1.05 33.0 58.39 853.0 90.76 7.67 38.99 -15.39 20.54
CO, 374 1.21 111.1 50.89 1,002.5 82.37 7.25 37.98 -15.96 22.54
T-value 2.73™ 2.11™ 6.517 1.57™ 0.82™ 0.46™ 0.29™ 0.49™ 0.59™ 0.99™

“L value, 0 (black) - +100 (white); ‘a’ value, 100 (redness) —800 (greenness); ‘b’ value, +70 (yellowness) - —70 (blueness).
™ “Nonsignificant or significant at p < 0.01, respectively, by independent t-test.
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Fig. 5. Growth of Allium tuberosum Rottler Ex Spreng affected by CO, supply.

Aster scaber

Treatment: Dec. 30, 2021
Photo: Jan. 20, 2022

Control

Fig. 6. Growth of Aster scaber affected by CO; supply.
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Table 2. Growth characteristics of Aster scaber affected by CO, supply (n = 9).

= .
T

<A

Pl.an y Crown Leaf L.caf No. of Leaf area FT?Sh Dry Leaf color
Treatment height  diameter  length width leaves (cm/plant) weight  weight " ; "

(cm) (mm) (cm) (cm) P (¢/plant)  (g/plant) L a b
Control 15.70 3.17 9.51 7.69 7.67 3476 21135 10.74 0.87 3895  -1739  27.07
CO, 20.43 427 10.72 8.00 8.22 33.84 27576 18.20 1.78 3785 1735 26.18
T-value” 330" 3497 -1.60® 048" 035" 0.63® -141™ 322" 429"  074™ 005 026™

“L value, 0 (black) - +100 (white); ‘a’ value, 100 (redness) - —800 (greenness); ‘b’ value, +70 (yellowness) - 70 (blueness).
"Nonsignificant or significant at p < 0.05 or 0.01, respectively, by independent t-test.

Table 3. Growth characteristics of Oenanthe javanica aftected by CO, supply (n=9).

Plant Crown Leaf Leaf Fresh Dry Leaf color*
. . R No. of Leaf area . .
Treatment height  diameter  length width leaves (cm2/plant) weight  weight
(cm) (mm) (cm) (cm) P (g/plant)  (g/plant) L a b
Control 35.81 5.93 239 1.84 2056 3516  63.70 597 0.67 3665 -17.19 2794
CO, 42.96 6.23 246 2.01 2900 3277 113.01 9.68 0.86 3545  -17.15 2628
T-value? 474" 0377 —034™ —141™ 254 1.08®  -3.19® 271" 224" 078  —0.05* 025™

“L value, 0 (black) - +100 (white); ‘@’ value, 100 (redness) - —800 (greenness); ‘b’ value, +70 (yellowness) - —70 (blueness).
NS % ™Nonsignificant or significant at p < 0.05 or 0.01, respectively, by independent t-test.

Oenanthe javanica
Treatment: Jan. 21, 2021
Photo: Feb. 18, 2022

Control

Fig. 7. Growth of Oenanthe javanica affected by CO, supply.
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Table 4. The analysis of estimated potential impact on commercial yield and net income.

Total . Incremental cost (won/10a) . Income
Crop Treatment  yield’ Total income o l Gross income" atio®
won/10a Supply _ice” hippi Total® won/10a
(ke/10a) ( ) equipment Dry-ice’  Shipping* otal ( ) (%)
. Control 4,741 8,965,231 - - - - - 100.0
Allium tuberosum
CO, 4,700 8,887,700 480,000 294,420 2,100,000 2,874,420 2,951,951 70.4
Control 18,000 55,476,000 - - - - - 100.0
Aster scaber
CO, 24,500 75,509,000 480,000 609,870 4,350,000 5,439,870 14,593,130 126.3
. . Control 4,400 9,724,000 - - - - - 100.0
Oenanthe javanica
CO, 5,500 12,155,000 480,000 378,540 2,700,000 3,558,540 -1,127,540 88.4

“Total yield during research period in green houses each leafy vegetable crops.

"Dry-ice cost (Allium tuberosum Rottl. Ex Spreng 420 kg, Aster scaber 870 kg, Oenanthe stolonifera DC. 540 kg) x 701 won = Total dry-ice
cost during research period.

*Shipping cost (4llium tuberosum Rottl. Ex Spreng 12 time, Aster scaber 29 time, Oenanthe stolonifera DC. 18 time) x 150,000 won = Total
shipping cost during research period.

“Total = CO, supply equipment cost + dry-ice cost + shipping cost.

"Gross income = Total income —(gross income + total income of control).

“Income ratio = (Total income of control + gross income)/total income of control x 100.

MEAX MK, M31H K4z 20224 429
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