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Abstract

Background and objectives: Light is one of the environmental factors influencing plant
growth and development. Nowadays, LED lamps are light sources that researchers focus on and
are recommended for plant production. In recent years, agricultural experts have focused on
plant growth regulators to improve the quality and stability of the cultivation system. Biological
elicitors induce secondary metabolites and hypersensitive responses by activating defense
mechanisms. The phytohormone abscisic acid transmits messages under living and non-living
stress conditions.
Methodology: The current research was carried out in 2021 in the greenhouse of Shahid Fozveh
Biological Research Center as factorial in a completely randomized design in 5 replications. For
this purpose, the effect of experimental factors, including four concentrations of abscisic acid
(0, 5, 10, and 20 mg/liter) and five different day lengths (16, 14, 12, 10, and 8 hours of light) on
the growth characteristics and content of photosynthetic pigments of the cannabis plant
(Cannabis sativa L.) was evaluated. For each light level, five rows were considered, and each
row contained four pots (a total of 20 pots for each level). Based on the results of the
preliminary experiment, above each set of 20 pots, 4 LED lamps with 9 watts power and 90
lumens radiation intensity were placed and connected to a timer (with time intervals of 16, 12,
14, 10, and 8 hours). Before the flowering phase, the whole plants were sprayed with zero, 5,
10, and 20 milligrams per liter of abscisic acid solutions. The spraying was repeated three times
at 24-hour intervals. Following spraying, plant leaves were collected to evaluate morphological
traits and pigment levels.
Results: The highest plant height, stem diameter, leaf number, root length, fresh and dry weight
of roots, fresh and dry weight of aerial parts, and fresh and dry weight of leaves were measured
under the 14-hour light duration, while the lowest values of these traits were observed under the
16-hour light duration. Further, the maximum chlorophyll a, b, total, and carotenoid contents
were obtained with a 16-hour light duration without abscisic acid hormone. However, the
highest anthocyanin content was observed with a 16-hour light duration and 10 and 20 ppm
abscisic acid hormone treatments. Furthermore, the highest total phenols content was obtained
under a 16-hour light duration with the abscisic acid treatment at 20 ppm.
Conclusion: Given the importance and widespread use of medicinal plants in human life,
investigating the relationship between environmental conditions (including light) and plant
hormones (such as abscisic acid) and the production and accumulation of secondary metabolites
in these plants can be beneficial. According to these results, LED light with 14 and 16-hour light
durations is recommended to improve cannabis plant growth characteristics and photosynthetic
pigment content. However, under these conditions, abscisic acid appears necessary. Overall, this
study showed that if natural light is limited in enclosed environments such as greenhouses, it is
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possible to improve the quality and quantity of medicinal plants, including the cannabis plant,
with supplementary artificial light from LED lamps.
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Table 1. ANOVA of lighting duration effects on some Cannabis sativa vegetative characteristics

M.S.

SOV, d.f. Plant height Stem diameter Nug;?/i; of Root length
Lighting duration 4 3523 1.70" 2658™ 913.2"
Experimentalerror 20 37.64 0.01 10.04 14.30

C.V. (%) 3.86 7.83 5.90 6.00

**: significant at 1% probability level
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Table 2. Means comparison of lighting duration effects on some Cannabis sativa vegetative characteristics

Lighting duration

Plant height (cm) Stem diameter (cm) Number of leaves Root length (cm)

(hours)
8 142.0¢ 1.17¢ 29.80¢ 52.604
10 167.0° 1.79° 58.60°¢ 62.20°
12 177.0 1.88° 67.80° 68.60°
14 186.8? 2.152 81.802 83.00?
16 122.0° 0.724 30.40¢ 49,204

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. ANOVA of lighting duration effects on fresh and dry weight of underground and aerial parts of
Cannabis sativa
M.S.
S.0.V. d.f. Root fresh Root dry Total '?‘e”ﬁl Total Agrlal Leaves fresh L:laves
weight weight partg res part_s ry weight y
weight weight weight
Lighting 4 5568" 413.3" 21875 1720 5046 764.1"
duration
EXerr'rrgrema' 20 46.40 8.74 26.38 2.98 22.96 5.26
C.V. (%) 7.12 14.64 4.68 6.40 8.61 13.21

**: significant at 1% probability level
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Table 4. Means comparison of lighting duration effects on fresh and dry weight of underground and aerial parts of
Cannabis sativa

Lighting Root fresh Root dry Tgﬁ; ?ﬁ;ﬁl To;arlltsag:lal Leaves fresh Leaves dry
duration weight weight P eioht pwei hty weight weight
(hours) (g.plant™) (g.plant™) welg gnt (g.plant?) (g.plant™)
(g.plant™) (g.plant™)
8 80.2¢ 14.4¢ 42.0¢ 9.6¢ 23.6¢ 6.0¢
10 89.2¢ 19.8° 143.2¢ 32.4¢ 68.2¢ 17.8¢
12 109.0° 23.0° 156.8° 39.40 75.0° 23.6°
14 144.42 33.82 172.22 47.82 91.0? 34.42
16 55.4¢ 10.0¢ 34.4¢ 5.6° 20.64 5.0¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. ANOVA of lighting duration and ABA effects on some Cannabis sativa chemical characteristics

M.S.
SOV. df Chlorophylla  Chlorophyll b chlg—:c:slhyll Carotenoids  Anthocyanins Phenols
Lighting duration (L) 4 1.21™ 1.21* 1.20™ 0.46™ 3.28™ 0.45™
ABA 3 0.24™ 0.25*" 0.26™" 0.26"" 0.13" 0.14™
ABA x L 12 0.0001"s 0.0002 s 0.0001 " 0.00004 s 0.00005"™ 0.003™
Experimental error 40 0.0001 0.0002 0.0002 0.00006 0.00006 0.00007
C.V. (%) 0.16 0.47 0.14 0.36 0.09 0.65

n.s. and **: non-significant and significant at 1% probability level, respectively

w100l oL 3 3 50 J5 Ol 1 Sl el 050,58 5 2l 0l e 1 oSk anlis 8 Jsan
Table 6. Means comparison of lighting duration and ABA effects on Cannabis sativa phenols content
Lighting duration

(hours) ABA (ppm) Phenols (#mol.g™* FW)
0 1.00"
5 1.00"
8 10 1.109
20 1.21f
0 1.119
10 5 1.20f
10 1.20f
20 1.31¢
0 1.119
12 5 1.20f
10 1.20f
20 1.31¢
0 1.21f
5 1.31¢
14 10 1.419
20 1.51°¢
0 1.51°¢
16 5 1.50°¢
10 1.61°
20 1.718

In each column, means with common letters are in the same statistical group at 5% probability level
(Duncan test).

Wls oS plest Ol S0 i) ol O ) Kl A lis =Y Jsa
Table 7. Means comparison of lighting duration effects on some Cannabis sativa chemical characteristics

Id'ﬁzt:zg Chlorophylla  Chlorophyll b chlc-Jrroc;[slhyll Carotenoids Anthocyanins Phenols
(hours) (mg.gt FW) (mg.gt FW) (Mmg.gt FW) (mg.gt FW) (mg.gt FW) (umol.gt FW)
8 6.86° 2.86° 9.86°¢ 2.06° 8.53° 1.08¢
10 7.36° 3.36° 10.36° 2.16° 8.834 1.21°¢
12 7.36° 3.36° 10.36° 2.16° 9.23¢ 1.21°
14 7.36° 3.36° 10.36° 2.16° 9.53" 1.36P
16 7.762 3.762 10.762 2.562 9.832 1.582

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 8. Means comparison of ABA effects on some Cannabis sativa chemical characteristics
ABA Chlorophyll a  Chlorophyll b Total chlorophyll Carotenoids  Anthocyanins Phenols
(ppm) (mg.g*FW)  (mg.g' FW) (mg.g* FW) (mg.g* FW) (mg.g'FW) (umol.g’ FW)
0 7.492 3.492 10.49? 2372 9.07¢ 1.19¢
5 7.390 3.3gb 10.38° 2.27° 9.17° 1.24°¢
10 7.29¢ 3.29¢ 10.29¢ 2.17¢ 9.26? 1.31°
20 7.194 3.19d 10.194 2.064 9.262 1.412
In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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