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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
3.167" 7.125™ 1.791" 21.375"  13.10" 242.49™ 5951 1.042° 2 Carbon nanotubes
(CNT)
2 S sldd 5l xe,ll
2.167* 5292 0.792"s 4.875* 3.53%  68.67 2.030™ 1.292° o S ?
Ix CNT
(V2SS
0.556 0.819 0.361 1.208 3.07 10.79 7.327 0222 18
Errors
() ks 5
13.97 3.68 1.87 12.04 9.43 3.94 4.15 7.44 -

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.

oS sladd S

(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
0.039™ 11541 0.894™ 1509  14.82™  0.667" 2 G S A
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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() ey K203y s O Gea e de O B N
. (%) (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%
0.2337 2.3314 0.504 1.0499 2.4751 0.9097 LSD (0.05)
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)

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

A (5l a0 Szl a3 Sl e BV Bl O gl el S e g (1l (Sla SOl G5 a3
In each column, averages with common letters are not significantly different based on the least significant difference (LSD) at
the 5% probability level.

A

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

V=¥ (DY ((VFF) s oalS 5 S

L ol pls 5 Lo ol OIS Loy 5 Yo S 5 035 S S oy 56 LS 5 48 kit 01 Siassy
3y SAS s oS o 5 kil 6 e sl 5l sl e alml oS Al Gl ag Ll S sl opl 5
gl 53 OO O g0y o s S g 315 il 31 oy 10 55 p5l= ta g3 3 (Mohamadipoor er al., 2013)
P VT Dty e S e 3l S el U CllE 5L Gren 35 s bl Bl
S a0 bl s 5s 108 25 Jlasl b dis S G305 sy s (2020) SLes 5 Li (Y Jad) ik il
b S s A5 Sl S g0 ke 3lgn g Yzl oS s wily 28l Lilium s 55 53 odi 5133k $laSs p
i o 35 35 B 1) (S0 sl 5 b 0y 5 S e (S Ll 3 00 (S5 oSS e | S e
035 5 Ll a5 S pm sliws Sl n S sladd 56 50 Ylas! &S sy cdlas sde] Cosay 4l L oS
Cod it 033 Jail b 53 g S S S s, & iash L (2023) OLes 5 Ahadi Rad piovas o
Sl by L 5 gl atl o 5 05 Jisb 1S L TS (25 4 Koy 4 ol Lisls plowil oS 25 Ll 0
s opl Sl edal Cwsws anl b oS sl 3ls J2alS |y S sliwd Jges g0 5 ol S 5 05 g e il
3,00 sl

Eow Jsb 5 k3

35 Y Jlel mha 53 (ol sl 3 o (ol pmn sba e g g sk 5 a8 sls OLIS Laesls bl & s
Lyl 3 b alie 53 TON 5 VE/F 5 50 g g Jsb 5 a3 (oly3 b B 700) S 25 Jleel L (P Jsir)
S RPN P U B R L R WO N (A PRES JUH RN (P SURH YA RED RURR S RP R
b aglio 53 TONY 3 TNF/E o St g g Jsb 5 koS uvaf o5 el b (8 Jsdr) Qa3 s sor g Jsb 5
(o5 b B 00) Jamsta (25 53 ¥ Allium e S & e (Uob 5 Ja3) sl (Y Jgdz) b el pllas (ol Ll 2
.(Rahmanpour et al., 2021) Lsls OLis glaba>e B 58l (ely5 ood LU/Y0) ms 2l b Js sl jals
Eom S 059

10 308 L Jsiter) 38 51370 dlass) a3 o S slad ) 5L bl Gl il o g Fam SE 055
Gl 0T 3l e b aslie 53 YYAN 5 UXONY o Sa fpmsmn g SCES 035 S bl 6L S Je T
ol Bl b gl 3 IYYIY Doty s g g S 035 LS el (o5 b B 700) oS i ol
OV Jsa) a3 S (el cd BN v e) osllas

Rahmanpour e al., ) 3,13 $315 Coeal ol oS Jomi 5 oS Sl DS 53 5 e plil s s s ilesls OLES lalllas
Wy g1l (Sl 5 s aSgsbas asd e b g 5 baede 5o (U555 50 Dk 5 el (S0 (2021
s oLS S 0385 Sy 5 0k O3 (Samvati, 2014) SISl oS Fo s S SKis 50 oS sl

S g e 2 O3y S s Ul 5,08 b ol hass 53 Al «lS (Saravia ef al., 2016)

Allium vavilovii -x Lilium davidii -

0

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

V=¥ (DY ((VFF) s oalS 5 S

TNV Ol gty s g - g S5 035 S8l sy e 5l SRl 0T s S e b avglie 53 LAV 5 YOIV
S s Allium s S 5 edd sdalin &g 035 SRl e dlen (V Jsd) L3 8 Csllae (oLl Ll 3 b aslis s
L ol oS 2lie o3l 5 O o3 b oStz o o3lal olS @ 5 o35 s (S5 55 Jaod (6l e 5l S
Addaier) Sy 5l 5 0555 45 Sl o6 25 U e sl IS L gl 5o s Al Jess
055 Olpr SRS sl (Sas 2 ik e (Kamali ef al., 2018) bl JS glao3, sy iy SRl 5 (al, 2014
S PR I AR S L JTV.SJGL e (Zekavati et al., 2021) 03" JS o o IS S g iy, S22 5 5
ol C;LJ L« (Naseri Moghadam et al., 2020) s 4% . o O35 5 o> oAl Eel (ol e b S S
Dl pslie p (Sos 25 Gl mslen 1 ) a3l oS sl 56 30 Yol o 55 ciles e,
e 3 S RS e b g U5 s ade) Jsb &S ol 0L Allium bk S addlls 3) 5 SC55 50 e
S 035 bl Js (Rahmanpour er al., 2021) il oS 25 2580 b s 5 201580 (el b BYVO)
e G eslSo 5l (S e gla 1 2alS gl OLS IS, pbay b wslsl b 25 BT Allium 158 55 5 e
Loz ol e Sale 5 (SOdnd (SOMsie Sk Gk Ol (S Bl s 5 e S eslind
Sl olis callas iags ol CL’ L 45 (Rahmanpour et al., 2021)

Aty ol

Yo00 5pls L8 Jade) Sl s ime ) Sl e 3 e alyy sl S S slady) S6 sl
(V) 8l Gl O s 08 pde b avglie 53 IYONY 5 IYY/A o Say ada)y shad o S slad ) 5L p S s

357 e Sbeelll (i S o lals 1 Sl S SLaLS S e sl & Jas 5 4 ax 5 L oS el S0
<l S e (Sis e 5 (Pourbeyrami Hir ef al., 2024) AS oo Joos 1) 25 Ll 2 oS 5 s 5 LS
b 5L S glachale Sis nll LS el | el s 55 e i Ol ULy cilise glaclale U
Ol sl (S Lol s Sl 65U gsenl Sl i el s s olS aky ) A 4 S8 5 olS ciSL g rie
5,1, L (Ghavam, 2019) sees OF Codir o35 45 5 awe dayl 1 51 Sanlin oslinul 5 adyy oty CoiS50 6l orilin
Y Jsder) 3l G5l 0T 5 08 e b avglie 3 LYONY 5 YA (5 5y g s 315 0 S slad ) U Sl
55 Sl (2 S sl | less o OALS S o laml oS s 20 a5 b o S ey 5L ol ol
(Pourbeyrami Hir et al,, 2024) &S o Jozs |5 (25 Lyl 5 olS 3 5 s 5 LS o 555

sy K 05

(215 cd B 700) oS (i . Jsar) S35 530 Jlazsl e 53 bl sla 3 o s 4y, S 035
J3m) 4038 (o5 b B 00D osllan el Bl L lin 5 TVI Ol sty e g5 2 035 S20lS sy

I (g5l g U gl ) S 03 4 oS sl 6l s 8 (Y

A. rubellum —v Narcissus tazetta L.-Y Polianthes taberrosel.cv. Doble-\

58

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

V=¥ (DY ((VFF) s oalS 5 S

ol ol ol 5 b g 2l olS Ll Lal 5 cnl 53 3 pd e a8 WOl slas 5 5SS S o (Si 5 Ll 15 5o
5355 S 5 G Sl Gl Jele 5 505 Gm Do 4 Lilg e S 353 0 25 Olag s olS S 05y tals
Olgots g ks S5 035 Rl el oIS 25 (Ghorbani er al., 2021) wsb (Ko 25 Ll 3 ol
03 g gy SIS 035 S SIS Sl 38 LV Jpde) s S e (olal Jail 5 L aslie ATV
356 6,8 5w & A3 Ol (Iranbakhsh & Ghaderi, 2020) Jils (g5, das% 53 ol (gls s 50 anlllas -yl
ﬁw.&;.;\,u@uug;&mdl@upswlom‘y.uﬁ&j}au‘aq)&;},go;j&b_s\%y
iy S O3 s 5L )8 5 Sas i oodd il b oS As 3158 (Ghorbani er al., 2021) 553 (glasdlas
03 by S Oy SalS il s ai; Sas 0 b U Gl ol 5l mie 58 L il e oS
O A ik s e S ple b s ple g eli 5 o S ol (S A5 bl 0 S8 sl s
e Sis 55 550 L s e p opl o «S (Jabbari eral., 2023) Sl 035 L5 0 SIS @Iéuﬁﬂ@wdzﬁ
olo )5 SRalS | aly,y St 03 SRl e Ol sl 0L ldadle BB il B 5IuS | 5 5B 5T s
b oyl eeSIiss 0350 Lila3l o U3 Bk 5l ped Ol (a2e)) s 5 (alsm pll 53 a4 O Garass 5 S
ol olS S 5 5 055 OF Jos a0 & el 0l e slge 5 O Gl oUlg Sl e T30S olS win, SO o
(Zhu et al.,2008) ol asl

& S domi

S ST iSen 5 s ele oS Glad Il sl 5 (Ses 55 Jlesl o 3l 0l tash ol il
Sl 05 55 4 Joomite ALS sl 0 a5 b S s S5 5 K3 (SSS Slis S
s b fele oS slads) 5L s 8 (pamen AS e oo ot ) ol b BT e S e B o
5,8 L 5 WY s a5l 65 IS OBl o iy A dald a4 Cod S d Susby s elis gll 158
S 3 O U5 Bl oS lady) 6 ez i edalie o lan 55l ol o Ul Jole S sadl ) it Sl
S g 3las il sl ST6S S g el ) SR 03 il SR 3 e (Sl et 5L 555 S
S dele oS ey sUcdale 2l L pl Ol s S Cosllas o bl dal b b oalis 53 JOO/Y Ol jaets s g
Sgn g Yozl 3l 213531 013 IS pike b aslie 3 YO 5 UY/Y Oljots oS 5 & (s )y 5 SO g 31U
SUnlpls A8 e (S 25 kil s S5 et eSS o ) S L S e 8 sl 5L 2 se sk
Al 5 e bl 5 xS w sl 1) Sles ol QLS el sl &S Jae S5 w4z b oS cledy

.A;Sdawjﬁj(al.\jl.u)ﬁu;dvu

Cucurbita maxima - Cicer arietinum L. -\

144

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

Va¥R (D) (O FF) s olals 5 IS

@\.:.a

Addai, 1, K., Takyi, H., Oduro, G. (2014). Influence of bulb weight at planting and drought stress on growth and
development of onion (4//ium cepa L.) in the Northern Region of Ghana. British Journal of Applied Science
& Technology, 4(14), 2125-2135.

Ahadi Rad, R., Pourbeyrami Hir, Y., Chamani, E., Maleki Lajayer, H., Izadi, N. (2023). The effect of drought
stress on morphological and biochemical characteristics of some Lily species. Journal of Plant Production
Research, 30(1), 49-65. (In Persian).

Ahmadi Azar, F., Hasanloo, T., Imani, A. Feiziasl, V. (2015). Water stress and mineral zeolite application on
growth and some physiological characteristics of Mallow (Malva sylvestris). Iranian Journal of Biology,
28,459 - 74. (In Persian).

Bazyar, Z., Salehi Salmi, M., Pakdaman Sardrood, B., Zare, A. (2022). Study of two hybrid lily (Longiflorumx
Asiatic) cultivars ‘Nashville’ and ‘Merluza’, some defensive mechanisms against drought stress. Journal
of Plant Process and Function, 11(50), 159-172. (In Persian).

Chavoushi, M., Najafi, F., Salimi, A., Angaji, S. A. (2020). Effect of salicylic acid and sodium nitroprusside on
growth parameters, photosynthetic pigments and secondary metabolites of safflower under drought stress.
Scientia Horticulturae, 259, 108-823.

Chegini, E., Ghorbanpour, M., Hatami, M., Taghizadeh, M. (2017). Effect of multi-walled carbon nanotubes on
physiological traits, phenolic contents and antioxidant capacity of Salvia mirzayanii Rech. F. & Esfand.
under drought stress. Journal of Medicinal Plants, 16(62), 191-207. (In Persian).

El Achaby, M., Arrakhiz, F. E., Vaudreuil, S., el Kacem Qaiss, A., Bousmina, M., Fassi-Fehri, O. (2012).
Mechanical, thermal, and rheological properties of graphene-based polypropylene nanocomposites
prepared by melt mixing. Polymer Composites, 33(5), 733-744.

El-Shamy, M. A., Alshaal, T., Mohamed, H. H., Rady, A. M., Hafez, E. M., Alsohim, A. S., Abd El-Moneim, D.
(2022). Quinoa response to application of phosphogypsum and plant growth-promoting rhizobacteria under
water stress associated with salt-affected soil. Plants, 11(7), 872.

Fanaei, H., Noorisadegh, H., Yousefi, T. (2015) Influence of drought stress on some characteristics of plants.
International Journal of Biological Forum, 7, 1732-1738.

Garavand, S., Mousavi, S. F. Hekmatara, S. H. (2023). Increasing vase life of cut gerbera cv. rosalin flowers using
nanocomposites as preservative solution. Journal of Horticulture Science, 37(1), 261-275.

Ghaemi, M., Zare, Z., Samiee Paghaleh, S. (2020). Effects of drought stress on some morphological characteristics
and quercetin production levels of pot marigold at different stages of growth, Flower and Ornamental
Plants, 5(1), 37-50. (In Persian).

Ghavam, M. (2019). Effect of silver nanoparticles on tolerance to drought stress in Thymus daenensis Celak and
Thymus vulgaris L. in germination and early growth stages. Environmental Stresses in Crop Sciences,
12(2), 555-566. (In Persian).

Ghorbani, R., Movafeghi, A., Gangeali, A., Nabati, J. (2021). Effects of TiO2 nanoparticles on morphological
characteristics of chickpea (Cicer arietinum L.) under drought stress. Environmental Stresses in Crop
Sciences, 14(1), 85-98.

Hablbl, L. (2021). Investigation of the effect of different levels of vermicompost and leaf soil on some geranium
(Pelargonium spp.) characteristics under drought stress. 45-57.

Haghighi, M., Teixeira da Silva, J. A. (2014). The effect of carbon nanotubes on the seed germination and seedling
growth of four vegetable species. Journal of Crop Science and Biotechnology, 17, 201-208.

Hajibarat, Z., Saidi, A., Ghaffari, M., Zeinalabedini, M. (2024). Strategies of barley improvement under water
stress: responses, approaches and management. Crop Biotechnology, 13(45), 77-98. (In Persian).

Handari, N. S. and Kumar, R. S. S. (2016). Effect of growing sub effect of growing substrates on performance of
test on performance of lilium (Lilium longiflorum L.) cv. bach". Bioscan, 11 (2): 1291-1293.

Hassanpour Asil, M., Hatamzadeh, A., Elahinia, S., Samizadeh Lahiji, H., Karimi, V. (2012). Evaluation of the
effects of calcium nitrate and calcium sulfate on the resistance of gray mold (Botrytis cinerea) on two
cultivars of lily cut flower (Lilium sp.) under greenhouse conditions. Iranian Journal of Plant Protection
Science, 43(2), 313-322. (In Persian).

Hatami, M., Hadian, J., Ghorbanpour, M. (2017). Mechanisms underlying toxicity and stimulatory role of single-
walled carbon nanotubes in Hyoscyamus niger during drought stress simulated by polyethylene glycol.
Journal of Hazardous Materials, 324, 306-320.

Iranbakhsh, A., Ghaderi, A. (2020). The effect of nano-iron oxide on growth, physiology, and callogenesis in
pepper in vitro. Nova Biologica Reperta, 7(2), 219-227.

Islam, M. S., Roni, M. Z. K., Shimasaki, K. (2017). Factors affecting bulblet growth of Lilium sp. in vitro and in
vivo. Plant Omics, 10, 263-268.

FA

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

V=¥ (DY ((VFF) s oalS 5 S

Jabbari, H., Gholamhoseini, M., Valipour, M. B., Nazari, M. R., Omidi, A. H., & Tashakori Meymand, H. (2023).
Investigate the effect of drought stress on root and shoot characteristics of safflower genotypes (Carthamus
tinctorius L.). Journal of Crops Improvement, 25(3), 557-573.

Jabbari, H., Gholamhoseini, M., Valipour, M. B., Nazari, M. R., Omidi, A. H., Tashakori Meymand, H. (2023).
Investigate the effect of drought stress on root and shoot characteristics of safflower genotypes (Carthamus
tinctorius L.). Journal of Crops Improvement, 25(3), 557-573. (In Persian).

Jafari, S., Garmdareh, S. E. H., Azadegan, B. (2019) Effects of drought stress on morphological, physiological,
and biochemical characteristics of stock plant (Matthiola incana L.). Scientia Horticulturae, 253, 128-133.

Jamali Moghadam, H., Hassanpour Asil, M. (2021). Improving morpho-physiological characteristics and
extending vase life of Lily (Lilium LA Hybrid) cv. Original Love using gibberellic acid and humic acid.
Flower and Ornamental Plants, 6(1), 49-70. (In Persian).

Jin, R., Shi, H., Han, C., Zhong, B., Wang, Q., Chan, Z. (2015). Physiological changes of purslane (Portulaca
oleracea L.) after progressive drought stress and rehydration. Scientia Horticulturae. 194,215-221.
Kamali, M., Shoor, M., Neamati, S. H., Lakzian, A., Khazaei, H. R. (2018). Effect of irrigation deficit on water
relations, growth and physicochemical changes in Petunia (Petunia garandiflora) cultivars. Iranian Journal

Process and Function of Organic, 7(23), 283-296. (In Persian).

Kharrazi, M., Tehranifar, A., Nemati, H., Bagheri, A. (2017). Effect of scale position and medium type on bulblet
production of Hippeastrum (Hippeastrum x johnsonii) with twin scaling method. Journal of Horticultural
Science, 31(1), 190-200. (In Persian).

Khodakovskaya, M. V. (2013). Impact of carbon nanotubes exposure to seeds of valuable crops. American
Chemical Society Applied Materials & Interfaces, 5(2), 7965-7973.

Khodakovskaya, M. V., Kim, B. S., Kim, J. N., Alimohammadi, M., Dervishi, E., Mustafa, T., Cernigla, C. E.
(2013). Carbon nanotubes as plant growth regulators: effects on tomato growth, reproductive system, and
soil microbial community. Small, 9(1), 115-123.

Kianirad, M. (2016). Effect of multi-walled carbon nanotubes on growt characteristics and essential oil of
Rosemary (Rosmarinus officinalis) under salt stress. MS.c. Thesis, University of Islamic Azad University,
Sabzevar. (In Persian).

Kumar, S., Malik, A., Dahiya, D. S., Kaur, M. (2018). Appraisal of Asiatic hybrid lilium cultivars under polyhouse
growing condition in semi-arid Haryana, India. International Journal of Current Microbiology and Applied
Sciences, 7, 3389-3394.

Lahiani, M. H., Dervishi, E., Chen, J., Nima, Z., Gaume, A., Biris, A. S., Khodakovskaya, M. V. (2013). Impact
of carbon nanotube exposure to seeds of valuable crops. ACS Applied Materials & Interfaces, 5(16), 7965-
7973.

Li, W., Wang, Y. and Zhang, Y. (2020). Impacts of drought stress on the morphology, physiology, and sugar
content of Lanzhou lily (Lilium davidii var. unicolor). Acta Physiologiae Plantarum, 42, 127-133.

Lutts, S., Kinet, J. M., Bouharmont, J. (1996). NaCl-induced senescence in leaves of rice (Oryza sativa L.) cultivars
differing in salinity resistance. Journal of Annals of Botany, 78, 389 -398.

Mohadesi, A., Shirmardi, M., Meftahizadeh, H., Gholamnezhad, J. (2023). Evaluation of biochar and
vermicompost application on some morphophysiological characteristics of Oenothera biennis under
drought stress. Journal of Agricultural Science and Sustainable Production, 33(1) 35-51. (In Persian).

Mohamadipoor, R., Sedaghathoor, Sh., Mahboub-Khomami, A. (2013). Effect of application of iron fertilizers in
two methods 'foliar and soil application' on growth characteristics of Spathyphyllum illusion. European
Journal of Experimental Biology, 3, 232-240.

Naseri Moghadam, A., Bayat, H., Aminifard, M. H., Moradinezhad, F. (2020). Effects of drought and salinity
stresses on some morphological and physiological characteristics of Narcissus tazetta L. flower. Iranian
Journal of Horticultural Science, 51(1), 79-90. (In Persian).

Nel, A., Xia, T., Meng, H., Wang, X., Lin, S., Ji, Z., Zhang, H. (2013). Nanomaterial toxicity testing in the 21st
century: use of a predictive toxicological approach and high-throughput screening. Accounts of Chemical
Research, 46(3), 607-621.

Nikrazm, R., Ajirlou, S. A., Khaligy, A. Tabatabaei, S. J. (2011). Effects of different media on vegetative growth
of two Lilium cultivars in soilless culture. Journal of Science and Technology of Greenhouse Culture, 2(6),
1-9. (In Persian).

Omidian, M., Roein, Z., Shiri, M. A. (2020). Improvement of some physiological parameters of lily (Lilium spp.)
under deficit irrigation conditions using foliar application of spermidine. Journal of Plant Process and
Function, 9(36), 315-330. (In Persian).

Pahlavan, M., Chalavi, V. Karimi, M. (2020). The effect of scale position and type of growing medium on bulblet
production in hybrid Lilium Cv. Serrano. Journal of Science and Technology of Greenhouse Culture, 11(3),
85-97. (In Persian).

$4

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

Va¥R (D) (O FF) s olals 5 IS

Pourbeyrami Hir, Y. P., Chamani, E., Ahadzadeh, M., Shaker, S., Sanjbod, R. N. (2024). Investigation on the
effects of carbon nanotubes and kinetin on growth and regeneration of Salvia nemorosa under in vitro
conditions. Journal of Horticultural Science, 38(2), 353-366.

Rahdari, P., Hosseini, S. M., Tavakoli, S. (2012). The studying effect of drought stress on germination, proline,
sugar, lipid, protein and chlorophyll content in purslane (Portulaca oleracea L.) leaves. Journal of
Medicinal Plants Research, 6, 1539-1547.

Rahmanpour, A., Vaziri, A., Salehi Shanjani, P., Rabie, M., Asri, Y. (2021). The effect of drought stress on
morphological traits and proline values of five medicinal species of Allium L. in Iran. Iranian Journal of
Horticultural Science, 52(2), 1-12.

Rico, C. M., Majumdar, S., Duarte-Gardea, M., Peralta-Videa, J. R., Gardea-Torresdey, J. L. (2011). Interaction
of nanoparticles with edible plants and their possible implications in the food chain. Journal of Agricultural
and Food Chemistry, 59(8), 3485-3498.

Ritchie, S. W., Nguyen, H. T., Holaday, A. S. (1990). Leaf water content and gas -exchange parameters of two
wheat genotypes differing in drought resistance. Crop Science, 30, 105-111.

Salehi, A., FarahVash, F., Akbari, G. A., Soltani, E., Mirashkari, B. (2023). Effect of foliar application of titanium
dioxide nanoparticles in water deficit irrigation on some morphological and physiological traits and wheat
yield. Plant Process and Function, 12(53), 25-33.

Salehi, H., Bahadoran, M. (2015). Growth and flowering of two tuberoses (Polianthes tuberosa L.) cultivars under
deficit irrigation by saline water. Journal of Agricultural Science and Technology, 17(2), 415-426.

Salehi, M. R., Salehi, H., Niazi, A., Ghobadi, C. (2013) Convergence of goals: phylogenetical, morphological, and
physiological characterization of tolerance to drought stress in tall fescue (Festuca arundinacea Schreb.).
Molecular Biotechnology, 56, 248-257.

Samadzadeh, H. (2017). Effects of silver and calcium nanoparticles on vase life and some physiological traits of’
Konst Coco, Alstroemeria cut flower. Journal of Soil and Plant Interactions-Isfahan University of
Technology, 8(3), 75-89. (In Persian).

Samvati, H. A. (2014). Effects of drought stress on some physiological indices in three varieties of onion (A//ium
cepa L.). First National Conference on Sustainable Agricultural Development with the Use of Crop Pattern.
13 February, Bu Ali Sina University, Hamedan, Iran. (In Persian).

Saravia, D., Farfan-vignolo, E. R., Gutierrez, R., De Mendiburu, F., Schafleitner, R., Bonierbale, M., Khan, M.
A. (2016). Yield and physiological response of potatoes indicate different strategies to cope with drought
stress and nitrogen fertilization. The American Journal of Potato Research, 93, 288-295.

Sarvandi, Sh. (2016) Effect of water stress and salinity on some morphological and physiological characteristics
of some Iris cultivars. M.Sc. thesis, Lorestan University, Khoram-Abad, Iran. (In Persian).

Sorkheh, K., Shiran, B., Khodambshi, M., Rouhi, V., Ercisli, S. (2011). In vitro assay of native Iranian almond
species (Prunus L. spp.) for drought tolerance. Plant Cell, Tissue and Organ Culture (PCTOC), 105(3),
395-404.

Tavakoli Vala, M., Nazari, F., Babaei, S. (2023). The ameliorative effect of rice husk biochar on morpho-
physiological and biochemical characteristics of African marigold (7Tagetes erecta L.) under drought stress.
Flower and Ornamental Plants, 8(1), 21-46. (In Persian).

Tiwari, D. K., Dasgupta-Schubert, N., Villasenor Cendejas, L. M., Villegas, J., Carreto Montoya, L., Borjas
Garcia, S. E. (2014). Interfacing carbon nanotubes (CNT) with plants: enhancement of growth, water and
ionic nutrient uptake in maize (Zea mays) and implications for nanoagriculture. Applied Nanoscience, 4,
577-591.

Wei, Ch., Cui, Q., Zhang, X., Zhao, Y., Ji, G. (2016). Three P5CS genes including a novel one from Lilium regale
play distinct roles in osmotic, drought and salt stress tolerance. Journal of Plant Biology, 59, 456-466.

Wu, X., Yuan, J., Luo, A., Chen, Y., Fan, Y. (2016). Drought stress and re-watering increase secondary metabolites
and enzyme activity in Dendrobium moniliforme. Industrial Crops and Products, 94, 385-393.

Zahraei Basir, M. T., Asgari, D. (2024). Effect of Growth Media on Morphological Traits of One-year Hyacinth
Bulblet (Hyacinthus orientalis L.). Plant Production Technology, 15(2), 85-92. (In Persian).

Zekavati, H. R., Mansouri, N., Fatemi, S. R. (2021). Effect of Trichoderma harzianum fungus on the physiological
traits and some vegetative and reproductive characteristics of tuberose (Polianthes tuberose L. cv. Double)
under drought stress conditions. lranian Journal of Horticultural Science, 51(4), 1017-1026.

Zhu, H., Han, J., Xiao, J. Q., Jin, Y. (2008). Uptake, translocation, and accumulation of manufactured iron oxide
nanoparticles by pumpkin plants. Journal of Environmental Monitoring, 10, 713-717.

W) oWt 9 S5


http://flowerjournal.ir/article-1-330-en.html

[ Downloaded from flowerjournal.ir on 2025-11-16 ]

Flower and Ornamental Plants (2025), 10(1): 49-70
Research article

Flower and Ornamental Plants

Effects of nanocomposites on phenological and morpho-physiological traits
of Lily (Lilium LA Hybrid ‘Fangio’) under deficit irrigation conditions

Tahereh Chameh®, Zeynab Roein

Department of Horticultural Science, Faculty of Agriculture, University of Ilam, Ilam
B4t chameh@yahoo.com
Received: 2024/11/26, Revised: 2025/03/15, Accepted: 2025/04/07
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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