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Table 1- The effect of irrigation and carbon nanotubes on morpho-physiological traits of Lily shoot.
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** and *: significant at the probability level of 1 and 5%, respectively; ns: Not significant
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Figure 1- The effect of carbon nanotubes on the cell membrane stability of Lily under different levels of
irrigation. M eans are significantly different at the 1% probability level, according to the LSD test.
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Table 2- The effect of irrigation and carbon nanotubes on morpho-physiological traits of Lily shoot.
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78.08" 9.66° S
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88.5° 64.13° 100 el o b
55.330 8.92" S
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(i 53 £S5 k) (o5 oyl 6
Carbon nanotubes (mg L)
60.50° 92.6° 9.16° 64.62° 0
71.12° 101.6* 9.20° 69.47%® 15
68.50? 101.7¢ 9.522 72.31* 30
4.9997 3.1562 0.2233 5.6102 LSD (0.05)
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In each column, means with common letters are not significantly different based on the least significant difference
(LSD) at the 5% probability level.
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Figure 2- The effect of carbon nanotubes on the shoot fresh weight of Lily under different levels of
irrigation. M eans are significantly different at the 1% probability level, according to the LSD test.
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Table 3- The effect of irrigation and carbon nanotubes on morphological and phenological traits of Lily

flower.
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** and *: significant at the probability level of 1 and 5%, respectively; ns: Not significant
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Table 4- The effect of carbon nanotubes on morphological and phenological traits of Lily flower under
different levels of irrigation.
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In each column, averages with common letters are not significantly different based on the least significant difference
(LSD) at the 5% probability level.
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Table 5- The effect of irrigation and carbon nanotubes on morphological and phenological traits of Lily flower
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In each column, averages with common letters are not significantly different based on the least significant difference
(LSD) at the 5% probability level.
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Figure 3- The effect of carbon nanotubes on the flower life of the Lily plant under different levels of
irrigation. M eans are significantly different at the 5% probability level, according to the LSD test.
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Table 6- The effect of irrigation and carbon nanotubes on bulb and root traits of Lily.
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** and *: significant at the probability level of 1 and 5%, respectively; ns: Not significant
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Table 7- The effect of irrigation and carbon nanotubes on morphological traits of Lily bulb and root.
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In each column, averages with common letters are not significantly different based on the least significant difference (LSD) at
the 5% probability level.
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Abstract
The floriculture industry is one of the main branches of modern agriculture. On the other hand, water
deficit stress is one of the most important abiotic stresses that affects the growth and development of
ornamental plants. One of the solutions for managing soil moisture and tolerating flowers to water deficit
stress is the use of nanotechnology. This study aimed to investigate the effects of using functionalized
carbon nanotubes on changes in the phenology, morphology, and physiology of the Lilium under
different irrigation conditions. For this purpose, a factorial experiment was conducted in a completely
randomized design with four replications in the research greenhouse of the Faculty of Agriculture, Ilam
University in 2020. The experimental factors included irrigation at two levels (50 and 100% of field
capacity) and polyvinyl pyrrolidone-functionalized carbon nanotubes at three levels (0, 15, and 30 mg
L1). The results showed that the highest level of cell membrane stability (59.9%) was achieved with the
application of 30 mg L' of carbon nanotubes under well-watered conditions, which was an increase of
14% compared to the control treatment. The highest leaf relative water content (73.48%) was achieved
with the application of 30 mg L of carbon nanotubes, and the lowest leaf relative water content
(64.62%) was achieved in the treatment without the application of carbon nanotubes. The application of
carbon nanotubes increased the dry weight of the Lilium shoot under both water-deficient and well-
watered conditions. The highest number of Lilium florets (7 florets) was achieved in the treatment of
functionalized carbon nanotubes with a concentration of 30 mg L™! under water deficit stress conditions,
and the lowest number of Lilium florets (5 florets) was achieved in well-watered conditions. Water
deficit stress increased the number of bulblets by 55.7% compared to optimal irrigation conditions. On
the other hand, increasing the concentration of carbon nanotubes to 30 mg L™ increased the number of
lily bulblets by 2.2 times. Also, using 15 and 30 mg of carbon nanotubes increased the number of roots
by 22.8 and 25.3%, respectively, compared to not using them. The longest flower longevity on the plant
(13 days) was observed with the application of 30 mg L' of carbon nanotubes under well-watered
conditions, and the shortest flower longevity on lily branches (6 days) was observed with the application
of no carbon nanotubes under water deficit stress conditions. In general, irrigation with functionalized
carbon nanotubes (30 mg L) is the most appropriate solution for improving physiological indices,
number of florets, bulblets, roots, and flower longevity of lily under water deficit stress conditions, and
is a feasible method for maintaining the quality of lily shoots.
Keywords: Drought stress, Dry matter, Flower longevity, Lilium, Nanotechnology.



