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Table 1- Mean comparison of the effect of gibberellic acid treatment on some morphological traits of two
Zantedeschia species.
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In each column, the means with the same letter do not significantly differ using DMRT at the 5% probability

level.
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Figure 4- Effect of gibberellic acid on the number Figure 3- Effect of species on number of buds
of buds. Columns with the same letters are not Zantedeschia flower. Columns with the same letters
significantly different at P< 0.05, according to are not significantly different at P< 0.05, according
Duncan test. to Duncan test.
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Figure 6- Effect of gibberellic acid levels on spot Figure 5- Effect of species on the length of the cut
length. Columns with the same letters are not flower. Columns with the same letters are not
significantly different at P< 0.05, according to significantly different at P< 0.05, according to
Duncan test. Duncan test.
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Figure 8- The effect of gibberellic acid levels on the Figure 7- Effect of species on spot length.
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Figure 12- Interaction effects of gibberellic acid and
species on spot chlorophyll. Columns with the same

letters are not significantly different at P< 0.05,
according to Duncan test.
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Figure 14- Interaction effects of gibberellic acid and
species on leaf carbohydrate. Columns with the same

letters are not significantly different at P< 0.05,
according to Duncan test.
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the same letters are not significantly different at
P<0.05, according to Duncan test.
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Eou
e S 13 sl S 5 658 Ol G0 cos (S soss Sleo st ol ash Sl Jeol mls el
35 05 eS p SKES 5 5 0ds bl s 1 3 e S e e G s o sasa dend S 508 S5k
3,08 H 55 S palan s e SRl Waa Llg e S i 5 5 055 55 SRl S s 5 S e 5 IS S
sls 0L il (2018) OS5 Apama Slalae 31 fols ol b ol tags el sy mls 3L GAg
Sla B, 5 Sy e olS it 5 5 055 a1 635515 oS Ay Sloyat GAB 58 &S s S Ol L
SRl e palS gl ol Olpea SLEL 5 (iuslES 55 ex xS jsba sl SO sl SRl (g s g
Cornea-) 3,05 Saw 5,08 Olej 5 clale 8 4 GA lajles Jl 5pd oo eslinal oy OLS 5350 5 (Sose
Jish Corse S cl alS sy el s bsoduS ol o Sage 3 (S Aol S (Cipeigan et al., 2020
Cornea-Cipeigan ) > ls (i S oo 5 208 e 51, gl el (l3l 3 ol cpl 515 35 5 o Jshe OAS

(et al., 2020
A e g abaz 3 SLE 3 5 055 il o se denl SO s s S 0L (2011) (O, s Emami (5158 s
AN rﬁ&f Yoo Sl 03 Gused ok S 05y S a8 Ws S 0L (2011) O, Ses 5 Mortazavi ¢ oia g3 s
5 S e S sl il Gl ded S 36 e 15 e oS 035 el el s @ il S
e Colg 5o 5 olS lsa Pl iy Ay el il gl bl opl 2l (Shah et al., 2006) Al 4L slaas

Ly oS olits Ol siewy GAg (Sifola & Barbieri, 2008) 53 5 oo ol 0 glacwand 5 S Six 5 5 055 0AS fin

¥

W=ie) Bl 9 S5



£ (08 ((VFY) s 0blS 5 IS

5 s a4 ST 0L 5 a0 1 e Jbon el ol 5 ax3ls lots aLS (S5 50 slaclad s
Gk ol 51 208 e Jske eilss S s ke 0 b s Sule 0 S s e GBI el g
e S 0L s 1 S slacslel Fart 5 Bl OAE bsb ot e ) de Sl gdame s, Slio
CJM ol s S 0Ly (2006) OF)Sas 5 Shah oy o~as (Ayesha et al., 2020; EI-Naggar et al., 2009) Jix .
e 3lpe Dl (R e 53 s Jske 008 s (e e S 5 el S B e L5 e S
S 280 WIS 5 055 RIB o (Jobe ST il 0355 i b sl S ol esdle L
a ol by ol s O Joudly (2 el a5 el GRIE L ke ol A5 a8 51 (S b el S

Mutui etal., 2001) s 57 pson 5 'Ljes 2dl IS 5 05y Ll Gl sl
Sl Job ez 3las aher 51 a3 8 Sl past dol S 508 S5l e Sl edal s 4 5 b Gullae
O e Ay eliS el nl ol G osed 00 b usb L GRS ses s s 5 U5b
338 o s s GRIBI 5 65 S G Corse Gk cnl 58S 00 8 e ey 455 53 e 5 el S ]
Sl s GAG 5,28 W3S 55155 o 3,15 cllas (2011) OKen 5 EMAMi rags Sl Jol mls b mls ol
(AT 055 el 5 Sl oS ogllas slag I8 51 S sl Gl Wl e a3 355 e olS 3 (63501 IS
el Ko 5558 oS Ws S 0Ly (2011) 01, 5 Hajisamadiasl omen 33,5 8 63101 5 azee sl il 58l
Sole 53 5 (S sladnlp 81 dd S 60T s S s S S sl 5 38 Gl e
Sy &S d 1) by 4 o) A oLS Jasl Wl g5 o olS iy il5l oS sl olS IS iy s Ll
Ll il DLS plil 5 Job il o Sl oS Ay Job 5o 0568 ladl 3 Sd iy 5 g i
Ranwala & William, ) &Y ;s 15 sias S 6o Jsb del S b 518 5L« (Rani & Singh, 2013) .S .
s BB s iy el sl S e ol esls 21530 (Kheiry et al., 2011) =S (2008; Kim & Miller, 2009
Ayesha ) col sl (iulsl 558 o I8 0dd 5L el a8 15 05 Ol b= e 55 50 S Jske 0 Lisb e
(dre slpe Sl il il caw (Sajid et al, 2016) ol Gl 3 Shes les L GA3 ismas (et al., 2020
Ayesha et ) 55 S o iuly Ay bl s gi;»;; 23S s s LS 5 3 CIN Gl 055 dolaie (Slydn g S
S s 5 LS L g A oS (5 ol 3 S (St 53 SIS es 15 50 GAS (al,, 2020
el )l s (2014) Kamdee 5 Doorn iass mls b mls ool 33l o b a1 (6 sy ammtins 5 o
G By GFILL =t 4 Carge 5 eals JRalS 1 ol sm dssdes e T s3ledled L GAS &S s S Ol
S 33,5 (0 s SH Bl 5 kS 3 e Jalse n e S S ek G S Ol (il 00 S
Sultan & Farooq, ) Lss e S 5 5 Soem b o3 S s S s B Lle Jil5l s by nS s wiles anl

M‘g@ﬁ)@ﬁ@‘é“ L}LJ\;LS)M‘:JfM‘JJ‘)‘MQL?JWfJ%‘”\ ;g}%;-}:v‘ R D (1999

Lilium ledebourii -y Alestroemeria aurantiaca L. -\

¥Y

W=ie) Bl 9 S5



£ (08 ((VFY) s 0blS 5 IS

S s Ol Sl 5l e ses Rl 5 S 5 6w 55 b sl 5038 Lais |y olS el gladasdle LB 5k«
Skutnik ) 55 3 o olS (52,55 51 55 s 5 JeBs IS asmd Sl o8 5,8 o el Jsho o pd PH (28l 5 b 51 el !
L5550 5 Jba IS Olgn Sl s Aol S 3,08 S5l sy Sl eds 4l mls Wl (et al, 2003
S W3S a8 el sl 0las itk (2003) Jerzy 5 Janowsk 2Ll ) s S (gt oS Sl 5 S
> 8 s 3 15 IS Ol (Rl o se 5 S sl S S S 5l o S 2 0 Al S 208
S @l 5 el OBLS 3 gy ol 5T 8l Sy el b bl sl S 36 0
i 3ol 3 6 ol IS alex Sl s IS eeS 55 lan BTl S 6 S e s el S e
Emongor & Tshwenyane, ) iy IS [l 5 S 5 ,m ol 4 v 5 S o 85l by IS 5 oy IS
Oler ool S 3,005 o 313 0L gl (imon 355 0 (GUO et al, 2003) WS s 0k 355 51 (5,5 sk 5 (2004
Aol S AL iy eaiS ey 3T o sl) Glad3 5 loes Shdia g S 3l (1L Shdea g S 5 s
« a>5 L (Kheiry et al.,, 2011) W S olS 55 Jele Slyda s S lae Jaall Col al S s § 513
Jds s s S slan 3T s (I o pe bie oy L3 alS A, glasdiS (i 5 IS e tas
.(Mohammadi et al., 2012) 5 35 o 4zl Olsae Lol 3l o g0 oS 35 5 o azalis & 5,50
S S doe
SIBLL 5 A4S (oS Slio  (BAG) el S s sl J1 s Ry 0l 5l Ga Sl 4 a5 L
Sz 5 5 0 aher 1 (55805 GleS s b IRl case GAs 5,8 o sl LS s o (6
Dlol J btz slias oz 1 a3 8 Lo, sS6 Ad) o kS (b ) 5 )8 e A3 S S mhae 5 S S
GAs 3,8 (IS jsbas sls (I3l (ls me Hsba 1) analis 5 Slidon g S Olee (5t oo 5555 5 glnlS ses
Lobld b & Sl (Gogmd 055 55 Sbaatls AS 5 oS Gl Sb ssmg 55 2 e S e Frr B 5050
Bx F A
ol Rl
Al 1y S5 JbS Jbe Coler (slp Slaal O e dogd oK1 s p some Sdslae 5l O Ay 5
e
Aitken, A., Hewett, E. (2009). Fresh facts: New Zealand horticulture. New Zealand Institute for Plant and Food
Research. Auckland, 1- 32.
Arnon, A. N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-121.
Aparna, V., Prakash, K., Neema, M., Ajay, A., Kumar, N., Singh, M. C. (2018). Effect of Gibberellic Acid on

plant growth and flowering of Chrysanthemum cv. Thai Chen Queen under short day planting conditions.

International Journal of Agriculture Sciences, 10, 6274-6278.

Y

W=ie) Bl 9 S5



FEYY O (VFY) s olS 5 I8

Arun, D. S., Ashok, A. D., Rengasamy, P. (2000). Effect of some growth regulating chemicals on growth and
flowering of rose cv. First Red under greenhouse conditions. Journal of Ornamental Horticulture, 3, 51-
53.

Ayesha, R., Hassan, I., Abbasi, N. A., Khan, K. S. (2020). Regulation of morpho-physiological and vase quality
attributes of carnation (Dianthus caryophyllus) cv.‘Tabasco’ mediated by GAs. Pakistan of Journal of
Botany, 52, 1561-1568.

Beena R. (2000). Effect of growth regulators on the growth and flowering of anthurium. Journal of Plant
Physiology, 2, 1-10.

Chandel, A., Thakur, M., Rakwal, A., Chauhan, S., Bhargava, B. (2023). Exogenous applications of gibberellic
acid modulate the growth, flowering and longevity of calla lily. Heliyon, 9, 1-12.

Coelho, L., Fkiara, A., Mackenzie, K., Muller, R., Litken, H. (2018). Exogenous application of gibberellic acid
improves flowering in Kalanchoé. HortScience, 53, 342-346.

Cornea-Cipcigan, M., Pamfil, D., Sisea, C. R., Margdoan, R. (2020). Gibberellic acid can improve seed
germination and ornamental quality of selected cyclamen species grown under short and long
days. Agronomy, 10, 516-522.

Doorn, W., Kamdee, C. (2014). Flower opening and closure: an update. Journal of Experimental Botany, 65,
5749-5757.

Emongor, V., Tshwenyane, S.0. (2004). Effect of accel on the postharvest vase life of Easter lily. Agriculture
Science, 3, 170-174.

El-Naggar, A.H., EI-Naggar, A.A.M., Ismaiel, N.M. (2009). Effect of phosphorus application and gibberellic
acid on the growth and flower quality of (Dianthus caryophyllus L.). Journal of Agriculture and
Environmental Science, 6, 400-410.

Emami, H., Saeidnia, M., Hatamzadeh, A., Bakhshi, D., Ghorbani, E. (2011). The Effect of gibberellic acid and
benzyladenine in growth and flowering of lily (Lilium longiflorum). Advances in Environmental Biology,
5, 1606-1611.

Guo, W., Zheng, L., Zheng, Z., Zheng, W. (2003). Phytohormones regulate senescence of cut chrysanthemum.
Acta Horticulture, 624, 349-355.

Gupta, R., Chakrabarty, S. K. (2013). Gibberellic acid in plant: still a mystery unresolved. Plant signaling &
behavior, 8, 1-5.

Hajisamadi Asl, B., Hassanpouraghdam, M. B., Khalighi, A. (2011). Effects of gibberellic acid (GA3) foliar
application on growth characteristics and essential oil of Lavender (Lavandula officinalis Chaix.). Journal
of Agricultural Science and Sustainable Production, 21, 23-32.

Ichimura, K., Goto, R. (2000). Effect of gibberellin (GA3) on leaf yellowing and vase life of cut Narcissus

tazetta var. chinensis flowers. Journal of The Japanese Society for Horticultural Science, 69, 423-427.

¥¥

W=ie) Bl 9 S5



FEYY O (VFY) s olS 5 I8

Irigoyen, J. J., Einerich, D. W., Sanchez-Diaz, M. (1992). Water stress induced changes in concentrations of
proline and total soluble sugars in nodulated alfalfa (Medicago sativd) plants. Physiologia Plantarum, 84,
55-60.

Janowsk, B., Jerzy, M. (2003). Effect of gibberrelic acid on post harvest leaf longevity of Zantedeschia
elliottiana. Journal of Fruit and Ornamental Plant Research, 11, 69-76

Kheiry, A., Khalighi, A., Mostofi, Y., Naderi, R. (2011). Effects of gibberellic acid (GA3) and benzyladenine on
tuberose quality and quantity. Journal of Crops Improvement, 13, 9-20.

Kim, H. J., Miller, W. B. (2009). GA4+7 plus BA enhance post-production quality in pot tulips. Postharvest
Biological Technology, 51, 272-277.

Marshall, J. D. (1986). Drought and shade interact to cause fine-root mortality in Douglas-fir seedlings. Plant
and Soil, 91, 51-60.

Mohammadi, H., Moradi, F., Ahmadi, A., Abbasi, A., Poustini, K. (2012). Drought effect on hormone changes
and carbohydrates levels in developing grains of two wheat cultivars. Journal of Crop Production, 4, 139-
155.

Mortazavi, N., Naderi, R., Majidian, N., Naderi, B., Sharafi, Y. (2011). The effect of GA3 and BA on the
guantitative and qualitative characteristics of calla lily (Zantedeschia aethiopica cv. Childsiana). African
Journal of Microbiology Research, 5, 4190-4196.

Mutui, T.M., Emongor, V.E., Hutchinson, M.J. (2001). Effect of Accel on the vase life and postharvest quality
of (Alestroemeria aurantiaca L.) cut flowers. African Journal of Technology Science, 2, 82-88.

Othman, Y. A, Al-Ajlouni, M. G., A’saf, T. S., Sawalha, H. A., Hani, M. B. (2021). Influence of gibberellic
acid on the physiology and flower quality of gerbera and lily cut flowers. International journal of
agriculture and natural resources, 48, 21-33.

Pradeepkumar, C. M, Chandrashekar, S. Y., Kavana, G. B., Supriya, B. V. (2020). A review on role and use of
gibberellic acid (GA3) in flower production. International Journal of Chemical Studies, 8, 3076-3084.
Rani, P., Singh, P. (2013). Impact of Gibberillic acid pretreatment on groth and flowering of Tuberose

(Polianthes tuberosa L.) CV. Prajwal. Plant Physiology, 5, 33-41

Ranwala, A., William, M. (2008). Gibberellin-mediated changes in carbohydrate metabolism during flower stalk
elongation in tulips. Plant Growth Regulators, 55, 241-248.

Sajid, M., Amin, N., Ahmad, H., Khan, K. (.2016). Effect of gibberellic acid on enhancing flowering time in
Chrysanthemum morifolium. Pakistan Journal of Botany, 48, 477-483

Shah, S.H., Ahmad, 1., Samiulla, H. (2006). Effect of gibberellic acid spray on growth, nutrient uptake and yield
attributes during various growth stage of black cumin (Nigella sativa L.). Asian Journal of Plant Sciences,
5, 881-884.

Sifola, M.1., Barbieri, G. (2006). Growth, yield and essential oil content of three cultivars of basil grown under

different levels of nitrogen in the field. Scientia Horticulture, 108, 408-413.

Yo

W=ie) Bl 9 S5



£ (08 ((VFY) s 0blS 5 IS

Skutnik, E. W., Lukaszewska, A. L., Margrethe, S. (2003). Effect of growth regulators on postharvest
characteristics of Zantedeschia aethiopica var.zazu. Postharvest Biology and Technology, 21, 241-246.
Sultan, S.M., Farooq, S. (1999). Effect of sucrose and GA3 on the senescence of cut flowers of Narcissus tazetta

cv. Kashmir local. Advances Horticultural Science, 13, 105-107.

\2

i Qe 9 JI



Flower and Ornamental Plants (2024), 9(1): 31-46
Research article

Flower and Ornamental Plants

Effect of gibberellic acid on quantitative and qualitative characteristics of
two Calla lily species in a hydroponic system

Esmaeil Khaleghi'", Zahra Behbahani?, Mehrangiz Chehrazi®

Department of Horticultural Sciences, Faculty of Agriculture, Shahid Chamran University of Ahvaz, Ahvaz
B khaleghi@scu.ac.ir
Received: 2023/11/14, Revised: 2024/06/20, Accepted: 2024/06/28

Abstract

Calla Lily (Zantedeschia sp.) is a day-neutral plant of Araceae family that is native to South and
Central Africa. The number and quality of this flower can be influenced by plant growth regulators
such as gibberellic acid. For this purpose, research was conducted to evaluate the effect of gibberellic
acid (GAs) (0, 500, and 600 mg/L) on the gquantitative and qualitative characteristics of two varieties
of Calla lily. This experiment was conducted as a factorial in randomized complete blocks design in
three replications in the greenhouse of the Faculty of Agriculture, Shahid Chamran University of
Ahvaz. The results demonstrated that the application of gibberellic acid (especially at a concentration
of 600 mg/L), significantly increased leaf fresh and dry weight, flower fresh and dry weight, leaf area,
number of buds, spath length, vase life, amount of chlorophyll and carotenoid of leaf and spath,
carbohydrate and starch in both Z. aethiopica and Z. rehmanii species. This increase was more in
aethiopica than rehmanii species and reached the highest level in most characteristics such as leaf dry
weight, fresh weight of flowers, number of buds, cut flowers length, vase life, leaf chlorophyll and
carotenoids, and spot chlorophyll. In general, the results showed that the use of GAs can improve
Calla Lily's quantitative and qualitative characteristics.

Keywords: Gibberellic acid, Growth regulator, Spath length, Vase life.



