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Abstract

Haworthiopsis limifolia, a cactus native to South Africa, is one of the herbaceous
ornamental plants belonging to the Asphodelaceae family. This succulent perennial plant
is known for its medicinal properties, including antibacterial and antifungal properties.
The production and cultivation of this plant are traditionally associated with low yield and
time consumption, which do not meet any needs of the market, and the producer faces
problems with mass production. To solve these problems, new propagation methods, such
as tissue culture, are used. The objectives of this study were to introduce a novel protocol
for disinfecting Hawthorn for in vitro tissue culture and investigate the effects of different
levels of growth regulators, including BAP (benzyl amino purine) and IBA (indole
butyric acid), on the micropropagation of this plant. The results showed that 1.5% sodium
hypochlorite solution for 10 minutes was the best treatment for the disinfection of the
isolated cultures. In addition, our results indicated that the highest number of succulents
(10) belonged to the treatment of 1.5 mg /L BAP. According to the mean comparison, the
best treatment for rooting was 1.5 mg/L of IBA. The 1.5 mg/l concentration of BAP led
to the maximum number of succulents. Moreover, BAP had a more significant effect than
IBA on cacti's rooting, shooting, and suckering.

Introduction

The Haworthia limifolia, with the scientific name Haworthia limifolia, is an ornamental,
herbaceous, and perennial plant from the Asphodelaceae family and tends to fall under the
category of succulent cactus plants. This particular plant originates from South Africa and
is commonly grown for decorative purposes. It is also known for its medicinal properties,
which include antibacterial and antifungal benefits. Haworthia limifolia is a highly prized
plant, sought after for its unique and stunning appearance, featuring two distinct colors,
and it is often considered an ornamental plant. This plant's compact size allows for easy
cultivation in a small pot or a lovely terrarium alongside other decorative succulents. In
addition, in the past years, Haworthia limifolia, like aloe vera plants, has been widely
considered in traditional medicine among the natives of the region. Traditionally, the
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yield and breeding of this plant are low and time-consuming, which fails to meet market
demands. As a result, the producer encounters difficulties in mass production. Modern
methods, like tissue culture, are used to solve this problem. The success rate of
micropropagation depends on multiple factors, including explant type, nutrients, plant
growth regulators, additives, temperature, light intensity, and duration.

Materials and Methods

The offshoots surrounding the plants were removed, and the roots were gently separated
without causing any harm to the plant. Next, the leaves and meristem were placed in a net
and washed under running water for one hour. To disinfect the samples before growing
them in the plant culture media, 2.5 ml of 20% Tween 20 were added to 100 ml of water
after washing with running water for one hour. Then, the samples were soaked in the
solution of Mancozeb fungicide (2 grams per 100 ml) and remained in this solution for 20
minutes. Following the disinfection process, small pieces of leaves containing meristems
were placed on an MS culture medium (pH=5.8) with 30 grams of sucrose and 7 grams
per liter of agar for 14 days. The samples were then regularly subcultured. Different
concentrations (0, 1, 1.5, 2, and 4 mg/L) of IBA (indole butyric acid) and BAP (benzyl
amino purine) hormones were applied to produce shoots, roots, and offshoots. After four
weeks, the desired traits were measured.

Results and Discussion

Based on our results, the most effective way to disinfect isolated cultures is to treat them
with a 1.5% sodium hypochlorite solution for 10 minutes. Variance analysis showed that
the effect of BAP concentration on the number of Haworthia leaves was significant at the
five percent level. The variance analysis indicates that the concentration of BAP had a
significant impact on the number of leaves, the length of the longest leaf, and overall plant
height. However, the number of roots in Haworthia limifolia was only significantly
affected by the concentration of IBA hormone and the type of culture medium used, with
no noticeable impact from the interaction of these factors. Our results revealed that the
treatment of 1.5 mg/L BAP resulted in the highest number of stems (10) in Haworthia
tissue cultures, and the most effective treatment for rooting was IBA at a concentration of
1.5 mg/L according to mean comparison results. In the stem formation stage, the tallest
seedlings were observed in the treatment with 1 mg/L BAP hormone, indicating a 45.5%
increase compared to the control treatment in contrast, the treatment with the highest
concentration (4 mg/L) of BAP resulted in the shortest seedlings, with a decrease of
42.2% in plant height compared to the control treatment. Overall, as the concentration of
BAP hormone increased, the height of Haworthia seedlings decreased. In addition, using
IBA hormone at a 0.5 mg/L concentration resulted in a 17.8% reduction in seedling
height. The best results for offshoot growth were achieved by using 1.5 mg/liter BAP in
the plant culture medium.

Conclusion

The purpose of this study was to discover a way to disinfect Haworthia for in vitro tissue
culture and explore the impact of various levels of growth regulators, such as BAP and
IBA, on the plant's micropropagation. The findings revealed that BAP had a greater
influence than IBA on the production of shoots, roots, and offshoots in Haworthia
explants.
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Table 3- Variance analysis of the effect of different treatments of BAP and IBA hormones in the shooting stage on
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Figure 1- Different treatments of IBA hormones on a) leaf size and b) number of Haworthia limifolia. Columns with
the same letters are not significantly different at the 1% level based on the LSD test.
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Figure 3- Different treatments of a) IBA and b) BAP hormones on length of the longest leaf of Haworthia limifolia.
Columns with the same letters are not significantly different at the 1% level based on the LSD test.

Vo Cble jlag s addsy dsb op i s
CiS bse 13 IBA G508 23 s p—?é:‘
(IS Hsbas deT Cwsas (e o YV/YY) LS
CiS Lo )3 IBA G500 glalble sl
oy oAl b 813 5 s TS S
Dl I YU sl bl 3 oS o ezl
IBA O se)sn (oo 1 Jo 45 55 208 Sl
sl (OF JS8) cnl YU glac bile s
YF/# LMS o154k 5 g cois plosl (slaaalllas
(Aslam and Khan, T Cawds IBA J 55 S
PQJJ}L@%SJ\JQL&;LA@L&ZOO%
Lo 5IBA Ogassn 2 53 p 8 o VIO s
P USCE) daT s a5 (2o oo YAWFYIMS CiS”

234y Al g0 g Ay SO b §T
odalie il )ly 4 2d Jgdor 4y 4 5L
Lse SIBA 050,50 LhlE o g3 S 555 0
LT 58 000 5250 1 e 4y ol 28
L g Ly gl sty SIS 1y (6513 mn 3L
Lse j3 ady sl op i (F Jgd) CilS
(G JSCa) daT Cnas (V/FY) JulS” oS
Oassh ke (sla ke S0l dmlie s
Y Cble s ads ) sl o mi &S sl QL IBA
Sl s T S (YY) 2 50,8 s
aly sl LS Cmge Oy s ol S lale
La eSOl js (O F i) s Loy sls

@‘)U&)ﬁ\ﬂ‘j&ﬁﬁw"ﬁy}—w



v oo Lo 5 shiaw ule oS s leouS (L 5l eslizl ; Haworthia limifolia oS osbajls,

J#&‘ﬂ‘w;&lBAdy}}Acwhﬁu }YL\/OLSLAMJJEW)J}L&}S'(C
=t Osmoen SV Gl ble s w8 a4l S e )3 IBA 050558 2 03 p 8 e Y/0
.Jﬁsikl{u\})) )Acc_lfjj_b‘x_:(:fﬁ)uu'f@:m\/\’l\/ls

) adey do e 3 Slis S 69y 2SS Los 5IBA O g 58 Calibes slasles 51 uiboly 4 o0 -Y g

Table 3- Analysis of variance of the effect of different treatments of IBA hormone and media on some traits in the
rooting stage
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Figure 4- The effect of different concentrations of IBA hormone a) on the culture medium b) and the number of roots
and the interaction between culture medium and IBA hormone c) on the longest root length and d) root length of
Havertia limifolia. Columns with the same letters are not significantly different at the 1% level based on the LSD test.
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Figure 5- Effect of different concentrations of BAP hormone on the a) number of succulent and b) length of
succulents of Harwortia limifolia. Columns with the same letters are not significantly different at the 1% level based
on the LSD test.
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Figure 5- Seedlings obtained at a) the stage of shooting, b) rooting and c) suckers obtained from treatments used in

Harwortia

Gt b bale Jgb s As) o i Cel
L alaoles o3 bl o iy 5 (aliads, Olje
ol gl KL o5 ki otalicn JulS CiS” Laes
B Oy b CiS o sl 2Senp o
25 el a0 1 4l Wl (s
— e /0 5l 53 S slaw ST oS sl ol
s g IBA e 05 BAP ) s 0 8
o1 0L ks 133k slao sl o5 4y il
Lo j3 adsy opF Jisb 5 ady) olda o 2l &S
IBA = 5555 e V0 5V L3 ia VY MS

€o) 53 e el Gla il we gl

S ws asia adad Lipsh oS Ssieds
R I R N P N e
Ve IS s b i) i sainy (Sa T oo
c,.w;@a.a:s;h,;ﬁ.uq,lfﬁ,xp,;
n e 48 15 Olis Lyl 5L iST pls eT
s pfdx,,\/a Slas 53 (sde V) @l slaw
5o bale Job oudad s Lud sualie BAP
454 BAP Opepsn 2 53 p 8 e ) kil



\F'\ QL“..M..»U 4(:}) 9 al?;'.; Z)Ls..i 4(..&})\4;; J\.w ;Q\J.Ll @L;f sﬁuﬁaﬁ)

\id

> FYA s p S /Y 5 BA
A ol (24D)ctenl $SKaul S 535 S
gl Sy (B/Y) als a 53 ady )y 3lde o e
oS e /1O LMS Lims (555 1 bl (slaaty,
(Liu et al.2017; T cowsa NAA 23,5
.Nguyen et al., 2020)
VO Ssoosn Dled (oliadsy Gl sled op i
Sl bl sl b el IBA 2 6 5 L
53 Dfdt,.\/a, Y oalie b les 5 akel Cowsay
5 4palS Wi, Ol 5 (V 50 5 54) BAP 1
S og g JB ol ole] Cusa Gl bl
&l 5,8 o3 b byl Jlael 0l war gl
Slp S8k LS L eabailny Sy Oos e
&l 835505 3l eslizal . das s OLES 1y oS
g susn S8 Ol 4 Ll 65 S
Loy slaodS oS OlalS 55 O Kiags
Lo 5 Wl wlal & g g A J RS s
Loy SlaediS oS (S b olen folST iS
hol Glgsnrsn ST ol (65,5 oS
3 LS (g 5 558 (Bl DALy sb 5 fe
5ol wa, T s Jghe 228 5 utisT
Vanneste and ) s wl> YU 5 Sdda
22 Fho s Gl S s (Friml 2009
Sl S A il Sl s 28 b
ol Eel wilg e s (Dewitte et al., 1999)
(Smets et al., 2005) L3 OWLLE s 6l Jsb
PSRN o [PV N NP o PRI (AR IV JE S
A S LS S s 5 55 oS e
Cslls > Gl 2SS OS5 s bcble s 5 L yls
Lod 53,5 5 dy OAS (Sloggd Sl Ll 5 e
(Afshari et al., 2011; Dou et al., 2017,
Jkeuchi et al., 2013)

(Najarian Kermani et al., 2021) Lol Cows 4
S el Ol gladles ml bl
MSLow 3 |47 Sl o8 (cladiseis,
BAP 2 53 0 8 e ¥ 050558 GV o (551>
Jayakrishna ) £s,S" a1y <5 sldws o 2
(etal., 2011
,ssmb;)\fggéuw\b@uwuj
oY e 4 baiS g gl Ll oS
o blijsls 21556 5 o5Y boslustls 51550 ¢l
s o 0L Jslie gl Calies (glanS s

(Lizumi and Amaki, 2011; Bairu et al.,
.2007; Najarian Kermani et al., 2021)

(IS ssba & wb esls Ol (slaslles s

eSawl Jstsl 5 NAA 5 IBA Wle olapns]
Lsd Blol CiS Lo 4 S S (IAA) Al
0315 QL& (poman Lgd o gliadsy W el
55 baddoy 3w o i 1945 0T ol > oS a2
s 4 NAA 23 53 8 e V L 2iS Lo
> (Hashemabadi and Kaviani, 2010) 4T .
;5 (Kalanchoe blossfeldiana) <SGV ol
ik Gl ,;lBAf«:Jﬁpfdt:ﬂ O s
(Kaviani et s,ls Cuze 30 ady, O4s Jsb o
Haworthia turgida s, » s> s al., 2014)
oS e +/00 5l slial b 4 ks 5 play
5@l ey Aoy o i NAAO o5 2 s
Shal Sl 53 s e sl b alyy o et
VI NS JP P RVA IPRVAL-PYNPRPRINEA
oS 55 bt SS9 Sl 5 S8 i
Ol LS adlas (Boling et al.,2017) 555 .
I 3 amalE 155k de e 43 48T Sl sl
rK;A (YONV) Liysls als slaw Sa= L7 sls

2 S ke ) oler 4 MShos 53 ) a5



v oo Lo 5 shiaw ule oS s leouS (L 5l eslizl ; Haworthia limifolia oS osbajls,

Beiramizadeh, E., Zarei, R., Hajibarat, Z.,
Hajibarat, Z. and Saeidi, A. (2017)
Micropropagation of Rosa canina
through axillary bud. Crop
Biotechnology 7(18): 93-102.

Chen, Y. M., Huang, J. Z., Hou, T. W. and
Pan, I. C. (2019) Effects of light intensity
and plant growth requlators on callus
proliferation and shoot regeneration in
the ornamental succulent Haworthia.
Botanical Studies 60(1): 1-8.

Dobranszki, J. and Teixeira J. A. (2010)
Micropropagation of apple- A review.
Biotechnology Advances. 28: 462-488.

El Finti, A., El Boullani, R., ElI Ayadi, F.,
Ait Aabd, N. and EIl Mousadik, A. (2012)
Micropropagation in vitro of Opuntia
ficus-indica in south of Morocco.
International Journal of Chemical and
Biochemical Science 1:6-10.

Efferth T. (2019) Biotechnology applications
of plant callus cultures. Engineering 5:
50-59

Hashemabadi, D. and B. Kaviani. (2010) In
vitro proliferation of an important
medicinal plant Aloe- A method for rapid
production. Australian Journal of Crop
Science 4(4): 216-22.

Jayakrishna, C., Katthik, C., Barathi, S,
Kamalanathan, D. and ArulSelvi, I. P
(2011) In vitro propagation of Aloe vera
barbadensis Miller, a miracle herb.
Research in Plant Biology 5: 22-26

Jaiswal, S, and Sawhney, S. (2006)
Modulation of TDZ-induced
morphogenetic responses by anti-auxin
TIBA in bud-bearing foliar explants of
Kalanchoe pinnata. Plant Cell Tissue
Organ Culture 86: 69-76.

Kaviani, B., Hashemabadi, D. and Kordi, M.
(2014) The effect of different
concentrations of plant growt regulators
on micropropagation of Kalanchoe
blossfeldiana cv. White. Journal of
Ornamental Plants 4(2): 101-106.

Kaul, K. and Sabharwal, P. S. (1972)
Morphogenetic studies on Haworthia:
establishment of tissue culture and
control of differentiation. American
Journal of Botany 59: 377-385.

Loolse b 2l by Wl (IS 5ba
IAA , IBA NAA Wil la ST 055!
3 laardls (Saver et al., 2013) 58" ¢ 5,2

Ho il Lisls s 65 Gl 1y eS| slajl
H. turgida , H. attenuata H. retusa turgida
(Kimet al., 2018; Liu et al., &los S° 3,18
lamals o gla ile3T 53 (Jlepll €2017)
Lilg o Bl ado,y > gyl L ) e
sl sl g by S 4 JUsl e
Haworthia planifolia oLS ol , i, Lol
S 2 elad 5l SIS wia V8 S ey
il 5 e IS 51 1550 OllE 5 S
b oal) 5 pll 215 Bl ¢ S, Sl sl

(Wessels et al., 1976) Lus |Sis

References

Abrie, A. and va Staden, J. (2001)
Micropropagation of the endangered Aloe
polyphylla. Plant Growth Regulation 33:
19-23.

Afolayan, A. J, and Adebola, P. O. (2004) In
vitro propagation: A biotechnological
tool capable of solving the problem of
medicinal plant decimation in South
Africa. African Journal of Biotechnology
3: 683-687.

Afshari, R., Angoshtari, R, and Kalantari, S.
(2011) Effects of light and different plant
growth regulators on induction of callus
growth in rapeseed (Brassica napus L.)
genotypes. Plant Omics 4: 60-67.

Badalamenti, O., Carra, A., Oddo, E.,
Carimi, F. and Sajeva, M. (2016) Is in
vitro micrografting a possible valid
alternative to traditional
micropropagation in Cactaceae?
Pelecyphora aselliformis as a case study.
Springer Plus 5(1): 1-4.

Bairu, M. W., Aremu, A. O. and Van
Staden, J. (2010) Somaclonal variation in
plants: Causes and detection methods.
Plant Growth Regulation 63: 147-173.



\F'\ dl:..uU 4(:}) 9 al?;'.; Z)Ls..'l 4(..&:)\.@;; J\.w ‘O‘J','.‘ @Lf-f gﬂuﬁaﬁ)

YA

Kim, D. H., Kang, K. W. and Sivanesan, I.
(2018) Influence of auxins on somatic
embryogenesis in Haworthia retusa
Duval. Biologia 74: 25-33.

Kim, D. H., Kang, K. W. and Sivanesan, I.
(2019) Micropropagation and somaclonal
variation in  haworthia  truncata
schonland. Propagation of Ornamental
Plants 19(2): 52-8.

Kumari, A., Baskaran, P. and Van Staden, J.
(2016) In vitro propagation and
antibacterial ~ activity in  Cotyledon
orbiculata: a valuable medicinal plant.
Plant Cell Tissue Organ Culture 124: 97-
104.

Liu, B., Fang, H., Meng, C., Chen, M., Chai,
Q., Zhang, K. and Liu, S. (2017)
Establishment of a rapid and efficient
micropropagation system for succulent
plant ~ Haworthia  turgida  Haw.
HortScience 52(9): 1278-1282.

Liu, J., Feng, H., Ma, Y., Zhang, L., Han, H.
and Huang, H. (2018) Effects of different
plant hormones on callus induction and
plant regeneration of miniature roses
(Rosa  hybrida L.). Horticulture
International Journal 2(4): 201-206.

Lizumi, M. and Amaki, W. (2011)
Micropropagation of Haworthia
cymbiformis through thin -cell -layer
tissue culture. International  Plant
Propagators Society 61: 288-291.

Majumdar, S. K. (1970) Production of
plantlets from the ovary wall of
Haworthia turgida var. pallidifolia.
Planta 90: 212-214.

Murashige, T. and Skoog, F. (1962) A
revised medium for rapid growth and
bioassays with tobacco tissue cultures.
Physiology Plant 15: 473-497.

Najarian Kermani, N., Parsaiyan, M. and
Ghasimi Hagh, Z. (2021) The effect of
different  concentrations of growth
regulators on the micropropagation of
Haworthia attenuatae (zebra haworthi).
Journal of Plant Process and Function
10(45): 1-14 (in Persian)

Nguyen, T. H. N., Winkelmann, T. and
Debener, T. (2020) Genetic analysis of
callus formation in a diversity panel of 96
rose genotypes. Plant Cell, Tissue and
Organ Culture (PCTOC) 142(3): 505-
517.

Ogihara, Y. and Tsunewaki, K. (1978)
Tissue culture in Haworthia. The
Botanical Magazine 91(1): 83-91.

Richwine, A. M., Tipton, J. L. and
Thompson, G. A. (1995) Establishment
of Aloe, Gasteria, and Haworthia shoot
cultures from inflorescence explants.
HortScience 30:1443-1444

Rogers, S. M. D. (1993) Optimization of
plant regeneration and rooting from leaf
explants of five rare Haworthia. Scientia
Horticulturae 56(2): 157-161.

Sauer, M., Robert, S. and Kleine-Vehn, J.
(2013) Auxin: simply complicated.
Journal of Experimental Botany 64:2565-
2577.

Seol, E., Jung, Y., Lee, J., Cho, C., Kim, T.,
Rhee, Y. and Lee, S. (2008) In planta
transformation of Notocactus scopa cv.
Soonjung by Agrobacterium tumefaciens.
Plant Cell Reports 27(7): 1197-1206.

Sivanesan, I., Song, J. Y., Hwang, S. J., and
Jeong, B. R. (2011) Micropropagation of
Cotoneaster ~ wilsonii  Nakai-a rare
endemic ornamental plant. Plant Cell,
Tissue and Organ Culture (PCTOC)
105(1): 55-63.

Smets, R., Le, J., Prinsen, E., VVerbelen, J. P.
and Van Onckelen, H. A. (2005)
Cytokinin-induced hypocotyl elongation
in light-grown Arabidopsis plants with
inhibited ethylene action or indole-3-
acetic acid transport. Planta 221(1): 39-
47,

Wessels, D. C. J., Groenewald, E. G. and
Koeleman, A. (1976) Callus formation
and subsequent shoot and root
development from leaf tissue of
Haworthia planifolia var. cf. var.
setulifera v. Poellia. Zeistscrift fur
Pflanzenphysiologie 78: 141-145.



