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Abstract

Background and Objective: A plant factory with artificial lighting (PFAL) is a
closed plant production system in which the key factors affecting plant growth
are controlled. PFAL is a suitable option for plant production today, which
is increasingly affected by environmental changes that impact the quantities
and qualities of plant production. Currently, there is limited data on the
optimum carbon dioxide concentrations for lettuce in PFAL. This research
aimed to determine the effect of carbon dioxide in PFAL on the growth of
green oak lettuce, green cos lettuce, butterhead lettuce, baby cos lettuce,
green coral lettuce, red oak lettuce, red coral lettuce, red cos lettuce, grand

rapids lettuce, and red bowl lettuce.

Methodology: The experiment was conducted in a randomized complete
block design (RCBD). The treatment consisted of four methods, involving the
input of different concentrations of carbon dioxide at 400 (Control), 800,
1,200, and 1,600 ppm, for 4 weeks after transplanting in PFAL, with four
replications and 12 plants in each replication. Growth parameters, including
plant height, stem diameter, fresh weight of yield at harvest, and dry weight,
were recorded. The data were statistically analyzed using Duncan's new

multiple range test at a 95% confidence level.

Main Results: Carbon dioxide at 1,200 ppm significantly increased plant height
and stem diameter in eight lettuce cultivars, namely green oak lettuce, green
cos lettuce, butterhead lettuce, baby cos lettuce, green coral lettuce, red oak
lettuce, red coral lettuce, and red cos lettuce. In addition, the highest fresh
yield weight at harvest was observed in five cultivars, including butterhead
lettuce, green coral lettuce, red oak lettuce, red cos lettuce, and grand
rapids lettuce, while the highest dry weight was obtained in six cultivars,
namely butterhead lettuce, baby cos lettuce, red oak lettuce, red coral
lettuce, red cos lettuce, and grand rapids lettuce, compared with other

carbon dioxide concentrations, with highly significant differences.

Conclusions: Carbon dioxide at 1,200 ppm is an effective method for inducing

the growth rate of lettuce plants grown in a plant factory with artificial lighting.
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Figure 1 Development of lettuce in a plant factory with artificial lighting (PFAL) at 1 (A), 2 (B), 3 (C), and 4 (D)

weeks after transplanting

Figure 2 Morphological character of lettuce in a plant factory with artificial lighting (PFAL) at 1 (A), 2 (B), 3 (O),

and 4 (D) weeks after transplanting
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Table 1 Plant height (cm) of 10 lettuces exposed to different carbon dioxide concentrations at week 4 after transplanting in PFAL

CO2 Green oak Green cos Butterhead Baby cos Green coral Red oak Red coral Red cos Grand rapids Red bowl
(ppm) lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce
400 18.18 £ 0.45° 19.10 £ 0.61°  13.58 + 0.69° 8.98 +0.58” 11.45 + 0.29" 12.13 + 1.44°  11.30 + 0.96" 9.35 + 0.87° 8.53 + 0.92° 6.63 + 1.47°
800 9.38 + 0.86° 14.65 + 1.22° 7.10 + 0.37° 7.85+0.61° 8.63 +0.39° 7.48 + 0.86° 7.40 + 0.51° 7.00 £0.14*  16.10 + 2.75° 10.08 + 1.45°
1,200 2258 + 0.25¢ 22.65 + 1.03"  13.85+0.34° 14.08 + 0.37° 16.58 + 0.59° 16.10 + 0.54° 13.75 + 0.61° 15.30 + 0.39°  12.28 + 0.39" 8.25 + 1.14°
1,600 14.70 £ 0.56° 17.38 +0.99° 1030 + 0.35° 858 + 0.41°  9.80 + 0.18° 7.88+046° 7.70+098  7.80+051° 1673+ 1777 1745+ 6.43°
CV (%) 3.40 4.30 4.10 4.50 3.70 8.90 6.50 4.00 9.20 7.00
P-value 0.00406 0.00730 0.00188 0.00276 0.00270 0.00709 0.00858 0.00402 0.00378 0.00167

Means within the same column followed by different superscript letters (a, b, ¢, d) are significantly different (P < 0.05). Values are presented as mean + standard

deviation. PFAL = plant factory with artificial lighting, CV = coefficient of variation.

Table 2 Stem diameter (cm) of 10 lettuces exposed to different carbon dioxide concentrations at week 4 after transplanting in PFAL

o, Green oak Green cos Butterhead Baby cos Green coral Red oak Red coral Red cos Grand rapids Red bowl
(ppm) lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce
400 21.70 + 0.27° 2295+ 1.80° 19.18 + 0.61° 1570 + 0.42° 17.80 + 0.62° 17.85 + 1.29° 1695+ 1.16° 14.45 + 0.47°  14.93 + 1.54° 13.55 + 2.29°
800 17.93 + 2.58° 26.55 + 0.48° 13.13 + 0.54° 17.28 + 0.94° 17.35 + 0.70° 13.88 + 1.28° 16.13 + 0.67* 13.13 + 0.33" 21.93 + 2.70° 18.05 + 2.67°
1,200 29.05+ 1.03° 3253 +0.93° 2098 +0.84° 2390+ 026" 21.95+081° 2348 +022° 21.98+0.39" 19.13+0.87° 1873+ 133" 1945+ 358"
1,600 2275+ 0.76° 2340 + 1.28°  20.65 + 0.79° 9.13+0.21° 16.48 + 1.99° 17.93 £ 2.05° 17.00 £ 0.82° 1583 + 1.89° 22.25+220° 2268 + 2.07°
CV (%) 7.20 4.90 3.90 3.00 7.10 8.50 4.90 5.30 5.90 6.30
P-value 0.00314 0.00468 0.0010 0.00590 0.00138 0.00260 0.00369 0.00386 0.00351 0.00425

Means within the same column followed by different superscript letters (a, b, ¢, d) are significantly different (P < 0.05). Values are presented as mean + standard

deviation. PFAL = plant factory with artificial lighting, CV = coefficient of variation.



Table 3 Fresh weight (g) of 10 lettuces exposed to different carbon dioxide concentrations at week 4 after transplanting in PFAL

CO2 Green oak Green cos Butterhead Baby cos Green coral Red oak Red coral Red cos Grand rapids Red bowl
(ppm) lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce
400 162.03 + 11.69° 116.63 + 15.68° 8293 + 2.72° 5957 + 2.61° 100.07 + 10.10° 86.10 + 17.84° 8533 + 6.39°  68.97 + 7.54° 54.80 + 9.66°  44.97 + 6.16°
800 111.83 +3.78° 170.37 = 15.96°  47.50 + 5.24° 8230 + 0.60° 93.97 + 8.06°  55.07 + 14.92° 73.57 + 589" 4550 + 0.98"  90.17 + 14.92° 77.33 = 17.16"
1,200 90.97 + 1.44°  118.00 + 10.23° 111.67 = 7.24°  66.70 + 4.42° 111.30 + 4.75° 97.47 +3.88° 71.50 = 11.00" 96.33 + 9.58° 126.10 + 9.44°  45.20 + 2.03°
1,600 12583 +331° 14833 + 23.50° 65.60 + 13.75" 87.83 + 9.67° 68.37 + 2.65° 97.27 +4.91° 5343 + 16.36° 53.67 + 10.96" 43.10 + 7.35°  59.60 + 18.29°
CV (%) 5.50 7.40 10.90 7.40 5.20 12.50 17.50 13.10 9.40 15.50
P-value 0.00591 0.00195 0.00319 0.00174 0.00423 0.00108 0.04338 0.00199 0.00768 0.01915

Means within the same column followed by different superscript letters (a, b, ¢, d) are significantly different (P < 0.05). Values are presented as mean + standard

deviation. PFAL = plant factory with artificial lighting, CV = coefficient of variation.

Table 4 Dry weight (g) of 10 lettuces exposed to different carbon dioxide concentrations at week 4 after transplanting in PFAL

CO2 Green oak Green cos Butterhead Baby cos Green coral Red oak Red coral Red cos Grand rapids Red bowl
(ppm) lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce lettuce
400 4.83 +0.58° 320+020° 290+026°  1.90+026° 263035 270 + 0.52° 237 +0.38° 243+021° 140 +0.20° 1.70  0.20°
800 253 +0.06° 4.83 +0.70° 1.73 + 0.40° 0.90 + 0.10° 3.63 + 0.59° 0.40 + 0.10° 2.17 + 0.51° 0.50 + 0.10° 3.20 + 0.56" 3.23 + 0.51%
1,200 283 +0.11°  3.10 + 0.69° 3.67 + 0.25 2.83 + 0.25° 3.17 + 0.55™ 293 +0.35° 263+ 0.40° 2.93 + 0.32° 3.70 + 0.36° 253 +0.15"
1,600 230 £ 0.6% 283 +0.23° 1.27 + 0.67° 1.33 + 0.64°  1.27 + 0.15° 2.27 + 0.40° 1.03 + 0.38° 0.93 + 0.06° 3.43 + 0.25" 3.37 + 0.70°
CV (%) 13.00 12.00 20.60 23.90 10.70 18.60 23.10 13.50 5.70 13.10
P-value 0.00245 0.00141 0.00147 0.00125 0.00383 0.00266 0.01663 0.00778 0.00118 0.00139

Means within the same column followed by different superscript letters (a, b, c) are significantly different (P < 0.05). Values are presented as mean + standard

deviation. PFAL = plant factory with artificial lighting, CV = coefficient of variation.
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