Journal of Bio-Environment Control, Vol. 30, No. 2:133-139, April (2021) pISSN 1229-4675
DOI https://doi.org/10.12791/KSBEC.2021.30.2.133 elSSN 2765-3641

ME=STYI=SEAAY W FORI2EX 3 HEol| THE

Zoa|Lt - oty g
' et AntE LAY WS, PP A ER S Y2 AL

Changes in Growth of Watermelon Scions and Rootstocks Grown under
Different Air Temperature and Light Intensity Conditions in
a Plant Factory with Artificial Lighting

Yurina Kwack' and Sewoong An’*

'Professor, Division of Smart Horticulture, Yonam College, Cheonan 31005, Korea
’Research Scientist, Department of Horticultural Crop Research, National Institute of Horticultural and Herbal Science,
Wanju 55365, Korea

Abstract. The climate change has made it difficult to produce sturdy and uniform vegetable seedlings throughout the
year. Vegetable seedling production in a plant factory using artificial lighting (PFAL) is considered as an attracting
alternative that can produce vegetable seedlings without outside weather conditions. This research was conducted to
investigate the optimal air temperature and light intensity in a PFAL to produce sturdy and uniform watermelon scions
and rootstocks efficiently. Watermelon scions and rootstocks were cultivated for six days in a PFAL under total 15 air
temperature and light intensity conditions, combination of 3 air temperatures (25/20, 26/18, 27/16°C) and 5 light
intensities (50, 100, 150, 200, 250 pmol~m'2-s'1 Photosynthetic Photon Flux). In spite of the short seedling production
period, it was confirmed that the morphological characteristics of watermelon scions and rootstocks were varied
according to the temperature and light intensity conditions. Hypocotyl length of watermelon scions and rootstocks was
significantly affected by the light intensity than the air temperature conditions. Hypocotyl length was not elongated by
the higher light intensity, however, the leaf area of watermelon scions and rootstocks were also tended to increase as the
light intensity increased. This tendency was slowed down when the light intensity was above the appropriate level. Dry
weight and compactness were increased as the light intensity increased, however, light use efficiency (LUE) was
decreased. In the responses of watermelon scions and rootstocks for the air temperatures, the seedling quality of scions
and rootstocks became poor as the difference of temperature between day and night increased. Rapid changes of air
temperature in a PFAL would be a stress to the scions and rootstocks. By considering seedlings quality with energy
efficiency, those results suggested that the optimal air temperature and light intensity conditions were 25/20°C and 150
;1mol~m'2-s'1 to produce watermelon scions and rootstocks efficiently in a PFAL.
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Fig. 1. Changes of air temperature and relative humidity conditions
applied in a plant factor with artificial lighting.

Table 1. Light intensity conditions in a plant factor with artificial lighting used in this experiment.

Light intensity (umol m” s

Treatment Total
300-400 400-500 500-600 600-700 700-800
LI5S0 0.0 45+ 03 190 £ 1.5 199 £ 1.5 36 £0.3 46.9 £ 3.6
LI100 0.0 9.1+05 386 £ 2.1 405 £22 73 £ 04 954 £ 5.1
LI150 0.0 14.0 £ 0.5 59.6 £ 2.3 624 £ 24 112 £ 04 147.1 £ 5.7
L1200 0.0 18.5 £ 0.8 79.1 £ 3.3 829 + 3.5 149 £ 0.6 1954 + 82
LI250 0.0 234 £ 09 99.6 + 3.7 1043 £ 3.9 18.7 £ 0.7 246.0 £ 9.2
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Fig. 2. Watermelon scions (A) and rootstocks (B) cultivated under
different air temperature and light intensity conditions in a plant
factor with artificial lighting.
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Table 2. Growth of watermelon scions as affected by different air temperature and light intensity conditions in a plant factor with artificial lighting
(n=21).

Air temperature Light intensity Hypocotyl length Stem diameter ~ No. of leaves Leaf area ShOOt. fresh Shoot dry weight
©C) (umol m” ) (cm) (mm) (Iplant) (co/plant) weight (g/plant)
(¢/plant)
25/20 50 10.40 a° 1.82 a 20b 540 g 0.606 e 0.028 i
100 9.10 ¢ 1.78 ab 20b 812 ¢ 0.660 be 0.033 h
150 710 g 1.79 ab 20 b 10.85 b 0.701 ab 0.042 cd
200 6.20 ij 1.79 ab 20 b 11.75 a 0.736 a 0.047 b
250 540 k 1.67 cd 20b 11.34 ab 0.69%4 b 0.051 a
26/18 50 10.00 b 1.66 cd 20b 431 h 0.555 f 0.023 j
100 820 de 1.67 cd 20b 6.92 f 0.592 ef 0.028 i
150 7.70 £ 1.65 cd 20 b 9.02 d 0.651 cd 0.037 fg
200 5.90 j 1.72 be 20b 9.89 ¢ 0.615 de 0.041 de
250 530 k 1.63 de 20 b 9.83 ¢ 0.587 ef 0.045 be
27/16 50 850 d 155 ¢ 20 b 239 i 0418 h 0.019 k
100 6.70 gh 155 ¢ 20 b 393 h 0397 h 0.020 k
150 7.90 ef 1.66 cd 22 a 9.38 cd 0.671 be 0.039 ef
200 6.60 hi 1.64 cd 20 b 9.08 d 0.606 e 0.040 de
250 540 k 1.60 de 20 b 8.04 ¢ 0497 g 0.035 gh
Significance
Air temperature (A) sk ko * sk sk Kook
Light intensity (B) sokesk Hokesk Kok sokesk Hokesk seokok
lnteraction (A X B) skokk skeskesk keskok skokk skeskesk kesksk

“Means within each column followed by the same letters are not significantly different according to Duncan’s multiple range test at p < 0.05.
* k% and *** = significant at p < 0.05, 0.01, and 0.001, respectively.

Table 3. Growth of gourd rootstocks as affected by different air temperature and light intensity conditions in a plant factor with artificial lighting
(n=21).

Air temperature Light intensity Hypocotyl length Stem diameter ~ No. of leaves Leaf area ShOOt. fresh Shoot dry weight
°C) (umol m” s'l) (cm) (mm) (/plant) (cmz/plant) weight (g/plant)
(g/plant)
25/20 50 7.10 b* 2.30 d-g 2.0 ¢ 18.59 d 1331 ¢ 0.066 hi
100 520 f 2.37 be 20 ¢ 21.19 b 1.307 dc 0.071 gh
150 520 240 a-d 20c¢ 21.11 b 1.319 dc 0.079 ef
200 520 f 247 ad 2.1 ¢cb 24.05 a 1.500 ba 0.100 b
250 450 g 244 ad 24 a 2383 a 1434 b 0.110 a
26/18 50 9.20 a 247 ad 20 ¢ 12.14 £ 1.341 ¢ 0.066 i
100 6.10 ¢ 2.14 jj 20 c¢ 19.65 cd 1.240 d 0.072 g
150 5.80 de 2.26 f-h 20 ¢ 20.18 be 1.295 dc 0.081 ef
200 460 g 2.18 hi 2.0 ¢ 18.78 cd 1.153 e 0.079 ef
250 570 e 2.29 e-g 2.0 ¢ 18.75 cd 1.261 dc 0.084 de
27/16 50 5.00 f 2.08 jk 20 ¢ 701 g 0.707 g 0.063 ij
100 4.10 h 201 k 20 ¢ 753 ¢ 0.644 g 0.059 j
150 6.00 cd 249 a 21b 2437 a 1.544 a 0.092 ¢
200 530 f 2.35 cf 20 ¢ 19.34 cd 1.283 de 0.087 cd
250 520 222 h-g 20 ¢ 14.19 e 1.034 0.076 fg
Significance
Air temperature (A) skksk skeksk skeoksk skksk skeksk skeoksk
Light intensity (B) seskok Hskok ek seskok Rk ke
Interaction (A X B) ok skokok skskesk ok skokok skskesk

“Means within each column followed by the same letters are not significantly different according to Duncan’s multiple range test at p < 0.05.
*** = significant at p < 0.001.
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Fig. 3. Leaf area ratio (LAR) of watermelon scions (A) and rootstocks (B) as affected by different air temperature and light intensity conditions in a

plant factor with artificial lighting.
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Fig. 4. Leaf area index (LAI) of watermelon scions (A) and rootstocks (B) as affected by different air temperature and light intensity conditions in a
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