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Table 1- The effect of irrigation and carbon nanotubes on morpho-physiological traits of Lily shoot.
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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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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.
0 L Ol ool )
S, 0l QUL EHY S db o _ sl s
z . : )
K i " FAE s Sl i s
Flower ¢y, Flower Fl Bud s olyT =
. ower u J -
Flower coloring Bud Flower life  stalk . Number Source of variations
opening : emergence I h diameter length d
) time . onplant  lengt of buds
time time

okl
10.667" 12.041  28.167"  84.375*" 198.95" 2125.34™ 283.32™ 2.667" 1 ’
Irrigation (I)

oS gladd St
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(CNT)
2 S sldd 5l xe,ll
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Ix CNT
(V2SS
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Errors
() ks 5
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CV (%)

)‘5&‘*‘}?&' ns <0 3 yAl JLa.b-l C]aw BE) )\QL;'M g.,.;jd.v Z* E) *k

** 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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(30 J8 0 5L ol Ga) 6,850k k) S s : . -
PEr NP . ¢ (s e b) ol
: G s szL:,,) S0 d

Fl ing time  Fl loring time Flower diamet
OWET opening time ower coloring time ower diameter Number of buds Carbon nanotubes Irrigation (FC)

(day) (day) (mm)
(mg 1)

6.5 23.50° 90.0° 5.501 0 Do ol e
6.5 26.25 96.2° 6.25% 15 i
5,00 26.25 91.7° 6.25b 30 FC 100%
5.5 23.75b 64.5¢ 6.75% 0 100 oy e
4.0° 23.25b 79.9¢ 6.00cd 15 i
4.5b¢ 24.75b 77.0¢ 7250 30 FC 50%
1.1073 1.3448 4.881 0.7003 LSD (0.05)
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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

(55) i 55 0 (a5 U5 (agile) i Jsb (5 . B) ol
Bud emergence time (day)  Flower stalk length (cm) Bud length (cm) Irrigation (FC)
33.16* T ol e b
21.48° 68.65¢ S =
FC 100%
31.00° TOv ely ok
15.720 61.78° S
FC 50%
0.5154 1.505 2.3216 LSD (0.05)
il 53 1.5 ) 8 slanlyd S
Carbon nanotubes (mg L")
32.622 17.12% 64.922 0
31.87° 19.252 64.54* 15
31.75° 19.422 66.19* 30
0.6312 1.8432 2.8434 LSD (0.05)
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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.

Wyl Faw SEF 055 Sldsb pae R Sl 2

sy i 53] 5 Qljmx.? C:La
) Number of  Bulb dry Bulb Bulb Number of 30! L
Root dry weight . . Source of variations
root weight length  diameter bulblet df
LSJL:.'I
2.761* 20.166"™ 6.486"™ 13.127*"  244.23™ 26.041* 1
Irrigation (I)
» S sladd gb
0.072" 63.875" 22477 3837™ 434 401677 2 S sl
Carbon nanotubes (CNT)
S sladd 5bx,ll
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Ix CNT
o
0.074 7.388 0.345 1.498 8.33 1.125 18
Errors
(1) N s
18.81 11.57 14.85 4.82 8.09 22.13 -

CV (%)
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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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. (%) (L) Numberof bulblet (ol k) b
Root dry weight ~ Number of Bulb length .
() root Bulb dry weight (cm) Bulb diameter Trrigation (FC)
(8) (cm)
3.75° JARRINA RS RUNER
179 24.420 4.47° 26.11° 38.86" S
FC 100%
5.83¢ 100 e,y Lgd b
111 22,58 3.43b 24.63b 32.48 b
FC 50%
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G 03 08 ko) (S sladl 5t
Carbon nanotubes (mg L")
1.56% 20.25° 3.35b 24.61° 34.832 3.37b 0
1.40% 24.88* 4212 25.54% 36.21*% 3.62° 15
1.392 25.38% 4312 25.96* 35.97* 7.37° 30
0.2862 2.8554 0.6172 1.2859 3.0314 1.1142 LSD (0.05)
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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, [lam
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
L"). 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.
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