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Figure 1. Mean comparison of the effect of auxin and cytokinin interaction on the fresh weight of Begonia
x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 2. Figure 1. Mean comparison of the effect of auxin and cytokinin interaction on shoot dry weight
of Begonia x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 3. Mean comparison of the effect of auxin and cytokinin interaction on root fresh weight of
Begonia x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 4. Mean comparison of the effect of auxin and cytokinin interaction on root dry weight of Begonia
x hiemalis Fotsch. shoot using Duncan’s multi-range test at 1% level.
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Figure 5. Mean comparison of the effect of auxin and cytokinin on leaf number of Begonia x hiemalis
Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 6. Mean comparison of the effect of auxin and cytokinin on the length of the main branch of
Begonia x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 7. Mean comparison of the effect of auxin and cytokinin on leaf necrosis of Begonia x hiemalis
Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 8. Mean comparison of the effect of auxin and cytokinin on proliferation rate of Begonia x hiemalis
Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 9. Micropropagation stages of Begonia x hiemalis, A: establishment of explant, B: Shooting stage,
C: Rooting stage.

S ks el e 2 s e S e /0 slajled 5o 5 dald 5l 2An IBA &l ales 5o aly ) Jsbiady; b
O JS2) as
&J)&I}‘ cbﬁ L&)LA.:S J..:‘Lw )\ f"as (U,:MS| DJ.ULS cv\.o) J.AL.:: ‘]a'i‘j‘;' DL IBA ija.w L-;‘LAS DL 4.:';__) b‘Ju!j 24.:{') A‘JJJ

.M Jﬁi)w\xsﬁjfﬁl)sr;&\ 5070 slasles sl sl 53 (gl e

VYA

wisie) plle? g S5



W1V OV (V81 s OlS 5 S

60
50
40
30

20

Root length (mm)
o

(Fo dw) aiay Jgbo

10

aald 0.25 mg/l 0.5 mg/l 1 mg/l
IBA

33 oS5 glawls ki O ga3T 51 ekl b edlost W5 dlont WsKs 4y, Jsb  IBA Cilisee glachile 31 Kle amlia -\ 0 K3

1 o
Figure 10. Mean comparison of the effect of different concentrations of IBA on root length of of Begonia x
hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.

7

6

5
3

£
2 S
hoJl

1% 3
[=]
4

2

1

0

0.25 mg/l 0.5 mg/l 1 mg/l
IBA

25 oSl glaals ki 89031 51 ealiial b Gudlont L 5K uedlowd L6 4y ) alias p IBA Cilisus gl hals 31 le amlin -V K3

A CJM
Figure 11. Mean comparison of the effect of different concentrations of IBA on the number of roots of
Begonia x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.

5035 SR YIE Gl s g bajles ple 5 i (0,5 VA) 1) 5o 0 8 Jue /0 e 55 ade) 5 055 tadsy F 055

Oy L}iﬁz)moMLmMqulBAﬁJJw;u@~/o)uﬁsjsmu4{wuw

Y4

wiie) g S



W1V OV (V81 s OlS 5 S

2.5
a
2 b
e 15
11‘ -g
g+
\\,)‘ y—
X B
& 05
O —
Al 0.25 mg/l 0.5 mg/l 1 mg/l

IBA

oSl (latals L 09030 31 e3liial b edlens WS dlons WS alu; 5 055 p IBA Ciliies sl dils 1 ufile amglie VY S5

VA cla.d BY
Figure 12. Mean comparison of the effect of different concentrations of IBA on root fresh weight of
Begonia x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Figure 12. Mean comparison of the effect of different concentrations of IBA on root dry weight of Begonia
x hiemalis Fotsch. shoot using Duncan's multi-range test at 1% level.
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Table 1. Content of biochemical compounds in adapted plants.

b5 S ; ;
S k) JS gl S ) S JsS A 55518 S b Jeis ks a Jds s
S 2SSk ¢ ¢
Usp8 oS e S Al SIS o5 e S e Sk Sk 1S ) s

(503

(Kis (i O3 (G 033 (J"OJ‘}(JS (fQ)}(JS Gl
: - Total Chlorophyll b Chlorophyll a )
Total flavonoids (mg Total phenol (mg Carotenoids Chlorophyll Treatment (mg L)
quercetin per gram dry  gallic acid per gram (mg / g wet (mg / g wet (mg /g wet (mg /g wet
weight) dry weight) weight) (weight (weight (weight
7.8a 32.97a 0.28a 0.89%a 0.24a 0.59% 0.25 NAA+1 BA
7.3a 30.77b 0.29a 0.84b 0.24a 0.54b 0.25 NAA+1 Kin

Al e SOl (glalstin Osa3T il 70 mlaw 53 (51 e 355 Sy S 2ie by

Similar letters indicate non-significance at 5% level based on Duncan's Multiple Range Test.
—OH (slass S Comdsn 5 sl Lils 355 OLLS aen 53 L85 & dimn 50 o e 51 (S5 05,5 a3 5550
51 ol 53 SLS 5 ool (Hamdoon et al., 2013) s o 5l 3 36 o 1) SLS 5 opl SlaanST 21 el (I g
53 A5 luie (Shafaghat, 2010) waas e OLad 395 31 55l b S5 am 5 osols sla il 5 Lsd e L OlalS
SO oy 58 [iiSan podas QLS am cpl &S Aol s Sad BB a5l s a s el S8l 03U slaasalS
2ol oslitul alnd 05,5 Jolie 534S 55 gy GlaodiS i Sl 5 olS Sass b
o8 G S 525 03 e ey Sl Gimen 5 3l i (S s D3 Fen e oS w a5 L ol e 0
O 0l o Loty la3T el s (AL ity oS (as ol 0330 o ieed 03 58 5 elans LS5 o S5l slaazeal S
35 Bre dde 5 Fan sl Ol 4 edles LSS ol ol53 5, s NAA L S 5 s |,
& S 4o
L 05 0 e BA 2 53 S ke ) Lalren NAA 2l 5 ¢S e +/¥0 Sl o8 31 0L sy IS s
AU i GLIENAA 2 536 S e /Yo LS 5 o3 2 3 e S Jee Vo L) ke Kin sl 7 gl 5l ool
Lo yd i a0 U3 gad el IBA ) s f;‘fl?‘ /o chle 5l 0l e tc.,}ij:,@ b, @l e el g,
(o3l p Ao 5 slasles 5l ol QLS (655l Al e 53 plactise Gla (S o Sk s liaty,

LAL;J"_!J;,J&‘)JBA)L%J t}w).) ‘;} S JJTBJ{EJLQ.:J)JJA)J ol LS_;:S")UJ\ &Lf“’l*:’):':j 6Lh g}s/j_l}ﬂ:lfu

VY

wisie) plle? g S5



WE-14 O ((V80) s 0llS 5 S

e el LS 5l G158 5 S5l 8l e (S e O 1) BA 015 ey 315 0L (5 5L sl
S5

@\;.o

Abedini, M., Golaein, B. (2012). Effect of different concentrations of growth regulators on tissue culture of
Begonia Rex Plant (Scientific Short Article). Seed and Plant Production Journal, 28-2(1), 107-111. (In
Persian).

Aron, D., 1949. Copper enzymes isolated chloroplasts, polyphenoloxidase in Beta vulgaris. Plant Physiology, 24,
1-15.

Chang, C.C., Yang, M.H., Wen, H.M., Chern, J.Ch. (2002). Estimation of total flavonoid content in propolis by
two comple mentary colorimetric methods. Journal of Food and Drug Analysis, 10(3), 178-182.

Christensen, B., Sriskandarajah, S., Serek, M., Muller, R. (2008). In vitro culture of Hibiscus rosa-sinensis L.:
influence of iron, calcium and BAP on establishment and multiplication. Plant Cell, Tissue and Organ
Culture. 93(2), 151-161.

Fatima, N., Ahmad, N., Ahmad, I., Anis, M. (2015). Interactive effects of growth regulators, carbon sources, pH
on plant regeneration and assessment of genetic fidelity using single primer amplification reaction (SPARS)
techniques in Withania somnifera L. Applied Biochemistry and Biotechnology, 177(1), 118-136.

Fatima, N., Anis, M. (2012). Role of growth regulators on in vitro regeneration and histological analysis in Indian
ginseng (Withania somnifera L.) Dunal. Physiology and Molecular Biology of Plants, 18(1), 59-67.
Ghafari Esizad, S., Kaviani, B., Tarang, R., Bohlooli Zanjani, S. (2012). Micropropagation of lisianthus, an

ornamental plant. Plant Omics Journal, 5, 314-319. (In Persian).

Ghasemi, Y., Nemat zadeh, Gh.A., Kabirnataj, S., Hashemi, H.R. (2012). The effect of growth and microbial
regulators on plant samples on direct regeneration of Begonia Rex bottles. International Journal of Applied
Research and Basic Sciences. 3, 901-896. (In Persian).

Ghaznavi, M.H., Ghanbari Jahromi, M., Mousavi, S.A. (2020). Optimization of seed germination and
micropropagation of Althea rosea L. in vitro condition. Journal of Medicinal Plants Biotechnology, 5(2),
24-41. (In Persian).

Hamdoon, A.M., Salmin, K.A., Awad, G. (2013). Abdellatif antioxidant and quantitative estimation of phenolic
and flavonoids of three halophytic plants growing in Libya. Journal of Pharmacognosy and
Phytochemistry, 12, 89-94.

Hosseini, F., Moshtaghi, N., Sharifi, A., Bagheri, A., Marashi, H., Keykh Akhar, F. (2021). Effect of kind and
plant growth regulator composition on micropropagation of three Begonia species. Plant Productions,
44(1), 25-36. (In Persian).

Hussain, S., Nanda, S., Zhang, J., Rehmani, M.l.A., Suleman, M., Li, G., Hou, H. (2021). Auxin and cytokinin
interplay during leaf morphogenesis and phyllotaxy. Plants (Basel), 10(8),1732.

Inbar, J., Abramsky, M., Cohen, D., Chet, I. (1994). Plant growth enhancement and disease control by Trichoderma
harzianum in vegetable seedlings grown under commercial conditions. European Journal of Plant
Pathology, 100(5), 337-346.

Ismaini, L., Lailaty, 1.Q., Efendi, M. (2021) Micropropagation of Three Endemic Begonias Using Various
Hormones Concentration and Culture Media Application. Jurnal Biodjati, 6(2), 284-294.

Jose, S., Sivakumar, T., Alekutty, N.A. (2016). Estimation of phenolic contents and anti-oxidant activity of
Begonia trichocarpa. Der Pharmacia Lettre, 8(19), 122-127.

Kaviani, B., Ahmadi Hesar, A., Tarang, A.R., Bohloli Zanjani, S., Hashemabadi, D., Rezaei, M.A. (2011). Callus
induction and root formation on the leaf micro-cuttings of Matthiola incana using Kn and NAA. American-
Eurasian Journal of Agricultural and Environmental Sciences 11(3), 456-461.

Kazeroonian, R., Kalatejari, S., Mousavi, A., Tohidfar, M. (2017). Reaction of various explants of a
Chrysanthemum morifolium cultivar to plant growth regulators in vitro. Iranian Journal of Horticultural
Science, 48(3), 527-534. (In Persian).

Kubica, P., Szopa, A., Prokopiuk, B., Komsta, L., Pawlowska, B., Ekiert, H. (2019). The influence of light quality
on the production of bioactive metabolites—\Verbascoside, isoverbascoside and phenolic acids and the

\YY g

e L A g



WAV (Ve 2o 0blS 5 IS

content of photosynthetic pigments in biomass of Verbena officinalis L. cultured in vitro. Journal of
Photochemistry and Photobiology B: Biology, 111768.

Kumari, A., Baskaran, P., Van Staden, J. (2017). In vitro regeneration of Begonia homonyma—A threatened plant.
South African Journal of Botany, 109, 174-177.

Ljung, K. (2013). Auxin metabolism and homeostasis during plant development. Development, 140(5), 943-50.
Munir, M., Hussain, A., Ul-Hagq, I., Qureshi, R., Munazir, M., Rshad, M., Khan, M. (2012). Callogenesis potential
of cotyledonary explants of Althaea rosea from Pakistan. Pakistan Journal of Botany, 44, 271-75.
Nadeem, M., Ahmad, W., Zahir, A., Hano, C., Abbasi, B.H. (2019). Salicylic acid-enhanced biosynthesis of
pharmacologically important lignans and neo lignans in cell suspension culture of Linum ussitatsimum L.

Engineering in Life Sciences, 19(3), 168-174.

Nakashima, T. 2019. Development of stable flowering and quality improvement of autumn cropping-type Begonia
x hiemalis Fotsch. using night cold storage and intermittent lowtemperature storage (In Japanese). Ph.D.
Thesis. Okayama Univ., Okayama.

Noruzpour, M., Zare, N., Asghari Zakaria, R., Sheikhzade Mosadegh, P. (2019). Effect of culture media and plant
growth regulators on in vitro growth and production of secondary metabolites in Vaccinium arctostaphylos
L. Iranian journal of horticultural sciences (Iranian journal of agricultural sciences), 50(2), 435-448._(In
Persian).

Nourafcan, H. & Ansari, F. (2017). The effect of MS and Bs media on growth indices of lemon ‘Verbena’ in in
vitro condition. Iranian Journal of Horticultural Science, 48(1), 249-252. (In Persian).

Ouchikh, O., Chahed, T., Ksouri, R., Ben Taarit, M., Faleh, H., Abdelly, C., Kchouk, M.E., Marzouk, B. (2011).
The effects of extraction method on the measured tocopherol level and antioxidant activity of L. nobilis
vegetative organs. Journal of Food Composition Analysis, 24, 103-110.

Shabbir, A., Hameed, N., Ali, A., Bajwa, R. (2009). Effect of different cultural conditions on micropropagation of
rose (Rosa Indica L.). Pakistan Journal of Botany, 41(6), 2877-2882.

Shafaghat, A. (2010). Antioxidant activity, extraction and determining of chemical structure of flavonoids and
chalcone in flowers of Tanacetum parthenium L. Iranian Journal of Medicinal and Aromatic Plants, 2(2
(48)), 157-167. (In Persian).

Taiz, L., Zeiger, E. (2006). Plant Physiology. Sinauer Associates. (3rd ed).

Tripathi, M.K., Mishra, N., Tiwari, S., Singh, S., Shyam, C., Ahuja, A. (2019). Plant tissue culture technology:
sustainable option for mining high value pharmaceutical compounds. International Journal of Current
Microbiology and Applied Sciences, 8(2), 102-110.

Yang, Z., Liu, G,, Liu, J., Zhang, B., Meng, W., Miiller, B., Hayashi, K., Zhang, X., Zhao, Z., De Smet, I. (2017).
Synergistic action of auxin and cytokinin mediates aluminum-induced root growth inhibition in
Arabidopsis. EMBO Reports, 18, 1213-1230.

Zhang, K.M., Yu, H.J., Shi, K., Zhou, Y.H., Yu, J.Q., Xia, X.J. (2010). Photoprotective roles of anthocyanins in
Begonia semperflorens. Plant Science, 179(3), 202-208.

'Y g

wisie) plle? g S5



Flower and Ornamental Plants (2022), 7(1): 119-134
Research article
DOI: 10.61186/flowerjournal.7.1.119

Flower and Ornamental Plants
Optimization of proliferation and regeneration of Elatior Begonia (Begonia

x hiemalis Fotsch.)

Sousan Sarv?, Marzieh Ghanbari Jahromi'*, Leila Hakimi?

1- Department of Horticultural Science and Agronomy, Science and Research Branch, Islamic Azad University
(SRBIAU), Tehran
2- Faculty of Agriculture, Saveh Branch, Islamic Azad University, Saveh
B ghanbari@srbiau.ac.ir
Received: 2022/05/26, Revised: 2022/07/12, Accepted: 2022/07/14

Abstract

Elatior Begonia (Begonia x hiemalis Fotsch.) is a flowering and beautiful pot plant that is particularly
notable due to its flower color variations. The present study was conducted to investigate shoot
proliferation and rooting of B. hiemalis under the influence of plant growth regulators in vitro. Shoot
proliferation was carried out as a factorial experiment based on a completely randomized design (CRD)
using NAA at 0, 0.25, 0.5, and 1 mg L as auxin and BA and Kin at 0, 0.5, 1, 1.5 mg L as cytokinin.
Results showed that the highest amounts of fresh and dry weight of shoot and root, the number of leaves,
and proliferation rate were observed in the treatments containing 0.25 mg L*NAA and 1 mg L? BA/Kin.
Among different levels of cytokinin, BA 1 mg L™ was more effective than the other levels. The
percentage of necrosis in treatments without NAA was higher than the others. Rooting experiment was
conducted as a CRD employing IBA at levels of 0, 0.25, 0.5 and 1 mg L. The highest rate of rooting
was obtained in 0.5 mg L™ IBA. Evaluation of adapted plants showed that in the acclimatization stage,
the plants obtained from both cytokinin treatments had acceptable values in terms of phytochemical
properties. Because BA treatment resulted in greater total chlorophyll, chlorophyll a, and total phenol
levels, BA can be recommended as the most effective and preferable cytokinin for B. hiemalis
proliferation and its commercial reproduction.

Keywords: Naphthalene Acetic Acid (NAA), Benzyl adenine (BA), Elatior Begonia, Proliferation rate.



