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SUMMARY

Aloe 'Pink Blush' is a famous aloe cultivar with high ornamental values due to its attractive leaf patterns and
color. However, traditional seedling production methods have not met market demand due to various propagation
challenges. To overcome these issues, tissue culture technology offers a promising solution to mass-produce aloe
seedlings with high quality. Therefore, this study was conducted to develop an efficient protocol for
micropropagation of this special cultivar from self-pollinated seeds by optimizing the process of seed
germination, shoot multiplication, and rooting under in vitro conditions. For initial stage, the highest germination
rate was 80% for the seeds maintained on medium containing 0.1 UM GA; under continuous dark condition.
Nodal segments of in vitro germinated seedlings were subsequently used for multiplication stage, in which half-
strength MS medium supplemented with 1 uM BA showed the best responses with the highest shoot
multiplication rate (7.07 shoots per explant), the longest shoots (4.31 cm), and the least hyperhydricity frequency
(6.67%). Next, all shoots were effectively rooted in culture medium containing 10 pM IAA with an average of
7.20 roots per plant, and an average root length of 12.43 cm. Finally, over 60% of micropropagated plantlets
survived after acclimatization and were successfully transferred to greenhouse condition. This study had
successfully established a protocol for rapid shoot multiplication of Aloe ‘Pink Blush’, which not only promotes
rapid propagation of this attractive aloe cultivar but also establishes a fundamental protocol for conserving other
threatened succulent plants.
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INTRODUCTION

Aloe is a group of succulent plants belonging to the Aloe genus (Asphodelaceae family), widely distributed in the
arid tropical regions around the world. These plant species are highly favorable for therapeutic and medicinal
applications due to the high amount of important bioactive compounds that express antioxidative, anti-
inflammatory, and anticancer effects. Apart from that, multiple aloes are also used as ornamental plants due to
their distinctive leaf shapes and patterns that are suitable for decoration and landscape design (Grace, 2011).
Amongst, Aloe ‘Pink Blush’ was originated as a particular aloe hybrid created by Kelly J. Griffin, a famous
American plant breeder, since the 1990s and quickly gathered notable attraction from a huge number of plant
collectors and breeders (Sterman, 2013). This miniature aloe is a dwarf clumping aloe which can be easily
recognized by its signature neon-like white-and-green mottling patterns on the leaf blade and notable coral pink
spines along the leaf margin. At maturity, an individual can grow up to 20 cm tall and wide and produce pink
inflorescences with the blooming season ranging from September to December. Aloe ‘Pink Blush’ is an easy-to-
grow plant that can be grown in most conditions without much care required, making it an excellent ornamental
plant for any collectors. Until now, this cultivar has exhibited great preference around the world for ornamental
purposes and quickly become one of the most economically valuable aloes in terms of selling price (Baldwin,
2021).

Unfortunately, conventional methods are not yet sufficient for aloe propagation to fulfill the market demand.
Seedling multiplication via cuttings usually causes deformation or severe damage to the mother plant. Meanwhile,
seed propagation poses various disadvantages, including long-time requirement, low seed production, and high
risk of cross-pollination. Under this situation, tissue culture is a promising solution for rapid propagation of high
quality true-to-type aloe seedlings. Up to date, tissue culture has been widely conducted for Aloe vera by culturing
leaf or stem explants on MS medium (Murashige and Skoog, 1962) containing exogenous plant growth regulators
(mainly auxin and cytokinin), showing notable multiplication rate that could reach up to 15.4 shoots per explant
(Cristiano et al., 2016). However, no specific attempt on micropropagation of the attractive Aloe ‘Pink Blush’ has
been reported. Therefore, this study was conducted in order to investigate the in vitro multiplication from self-
pollinated seeds of Aloe ‘Pink Blush’ towards an efficient protocol to rapidly propagate true-to-type seedlings of
this attractive aloe.
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MATERIALS AND METHODS
Plant materials and surface sterilization

Controlled self-pollinated seeds derived from an adult individual of Aloe ‘Pink Blush’, which was originated from
Thailand and cultivated in Nha Trang (Vietnam) for five years, were used as initial materials in this study (Figure
1A). To obtain the self-pollinated seeds, pollens from ripe anthers were introduced to the receptable stigmas
within the same blooming inflorescence using a small paintbrush, then the whole inflorescence was fully covered
with transparent plastic bags to avoid any possible cross-pollination for a few days until the young fruits appeared.
Three weeks later, mature fruits containing seeds were harvested (Figure 1B—C). These seeds were subsequently
delivered to the laboratory of the Applied Biotechnology for Crop Development Research Unit (International
University, VNU HCMC) within 24 hours.

Inside a laminar air flow cabinet, seed samples were surfaced sterilized with 10% commercial bleach (Myhao Ltd.,
containing 0.5% NaClO) for 10 minutes, followed by three rinses of sterile distilled water to remove all trace of
chemicals. Then, sterilized seeds were used as explants for tissue culture initiation.

5cm “1cm
I

Figure 1. Plant materials of Aloe ‘Pink Blush’ used for in vitro initiation
(A) An adult individual used as mother plant. (B) A blooming inflorescence of the mother plant used for seed production.
(C) Mature fruits and seeds of the mother plant obtained 3 weeks post pollination.

Medium preparation and culture conditions

This study was conducted with MS medium (Murashige and Skoog, 1962) supplemented with 30 g/L sucrose
0.5 g/L activated charcoal, and 7.5 g/L agar. Depending on the experiments, the medium was supplemented with
plant growth regulators including gibberellic acid (GAs), 6-benzylaminopurine (BA), kinetin, or indole-3-acetic acid
(IAA) at different concentrations. All reagents were tissue culture-graded (Duchefa Biochemie, Netherlands).
Culture media were adjusted to pH 5.8 using 1M KOH/1M HCI prior to autoclaving for 20 minutes at 121°C and
15 psi.

All cultures were maintained in a controlled growth room at 28+2°C under 16-h photoperiod (100 umol/mzls)
provided by Cool Daylight Florescence light tubes (Philips, Vietham). For dark treatment, cultures were kept inside
a dark chamber fully enclosed with thick black cover.

In vitro seed germination

Seed explants were cultured on half-strength MS medium supplemented with GA; at different concentrations (0,
0.1, 0.5, 1.0 uM) and maintained under either dark or light conditions to induce in vitro germination. The effect of
GA; and light conditions on seed germination was evaluated according to the final germination rate of the treated
seeds after 8 weeks of culture. Then, explants were subcultured every 4 weeks for further growth.

Rapid shoot multiplication

Nodal segments, each containing one node, derived from 8-week-old germinated plantlets with all leaves and
shoot tip eliminated were transferred to multiplication medium consisting of either half-strength or full-strength MS
medium and either BA or kinetin at different concentrations (0, 1, 5, 10 uM). The efficiency of rapid shoot
multiplication was evaluated according to the average number of shoots per clump, average number of leaves per
shoot, average shoot length, and the rate of hyperhydricity after 4 weeks of culture.

Rooting and acclimatization

Individual shoots were separated from multi-shoot clusters and transferred to half-strength MS medium containing
IAA at different concentrations (0, 5, 10, 15, 20 uM). Then, the efficiency of in vitro rooting was evaluated
according to the rooting rate of cultured shoots, average number of roots per plantlet, and average root length
after 4 weeks of culture.
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For ex vitro acclimatization, plantlets with well-developed root system were rinsed thoroughly with tap water,
transferred to plastic pots with a mixture of perlite:cocopeat:rice charcoal (1:1:1), and covered with transparent
bags. After 8 weeks, the covers were removed, and surviving seedlings were allowed to continue growing under
greenhouse conditions with natural sunlight and daily mist irrigation.

Statistical analysis

All experiments were conducted using a completely randomized design with three replicates. Each treatment
included at least 10 individuals per replication. All data were presented as mean + standard error between three
replicates. Data were statistically analyzed with ANOVA and Duncan’s test using SPSS software version 26.0 with
p-value < 0.05 was considered as significantly different.

RESULTS AND DISCUSSION
In vitro seed germination

To optimize the conditions for in vitro germination, self-pollinated seeds of Aloe ‘Pink Blush’ was cultured with
different GAs concentrations and light conditions. After 2 weeks of incubation, several seeds showed germination
responses with the emergence of radicles and cotyledonary leaves in all treatments (Figure 2A). The results
showed that both GAsz and the light conditions significantly affected the seed germination rates, however, no
interaction effect between the two factors had been recorded (Table 1). Among the tested treatments, seeds
cultured in medium containing 0.1 pM GA3z and maintained in the dark exhibited the highest germination rate
(80.00%) compared to other treatments. However, as the amount of GA; went up and reached 1.0 pM, the
germination rate was gradually reduced and even lower than the GAs-free treatment. This observation was
possibly explained by the need of gibberellin at proper amount to overcome seed dormancy by regulating the
hormonal balance inside the seed and thus inducing germination while excessive or insufficient GAs
concentrations could not exhibit this effect (Yang et al., 2020).

Considering the effect of light condition, the germinating efficiency of all cultures maintained under light condition
was beneath those in dark condition. This result suggested a potential inhibitory effect of light on seed
germination, which potentially caused by the stimulating effect of light on abscisic acid activities, thus causing the
maintenance of seed dormancy and preventing germination (Yang et al., 2020). However, opposite results were
reported by Kulkarni et al. (2014) and Amoo et al. (2022), showing that Aloe arborescens preferred illumination for
in vitro germination while no significant differences between light and dark conditions in the germination of A.
modesta, A. peglerae and A. reitzii seeds. These observations suggest that the effect of light on seed germination
is species-dependent in the Aloe genus.

Hence, medium with 0.1 uM GAs supplement in dark condition was chosen to be the most suitable treatment for
seed germination of Aloe ‘Pink Blush’. By subculturing into fresh medium, all germinated seedlings continued to
grow and develop up to 7 true leaves, and ready for further experiment in shoot multiplication (Figure 2B—C).

g'mm
Figure 2. In vitro germination of Aloe ‘Pink Blush’

(A) A newly germinated seed with one emerging cotyledon after 2 weeks of culture.
(B) Germinated plantlets with functional leaves after 4 weeks of culture. (C) A grown-up plantlet after 8 weeks of culture.

Table 1. The effect of gibberellic acid and light conditions on the germination of Aloe ‘Pink Blush’ seeds

Treatment Light condition GA; (UM) Germination rate (%)
T1 0 68.33 + 4.41"
T2 0.1 80.00 + 2.83%
Dark b
T3 0.5 51.67 + 4.41"
T4 1.0 58.33 + 3.33%
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T5 0 46.67 + 1.67%
T6 _ 0.1 45.00 + 5.00%
Light

T7 0.5 38.33 +4.41°

T8 1.0 36.67 +1.67°
Light condition: p-value < 0.001
GAs p-value = 0.001
Light condition x GAz p-value = 0.063

GAg;: Gibberellic acid. Data were presented as mean + standard error. Data followed by the same letter (a, b, c...) within the
same column were not significantly different from each other p-value < 0.05 according to two-way ANOVA and Duncan'’s test.

Shoot multiplication

Exogenous cytokinin has been proven to be essential for the proliferation of in vitro shoots of Aloe species (Bairu
et al., 2009). For Aloe ‘Pink Blush’, this study recorded that all explants exhibited new shoots formation in all
treatments (Figure 3A-C), including the cytokinin-free media. Considering the shoot proliferation and
development, shoot multiplication rate was rather determined by the application of exogenous cytokinin than the
basal medium while both factors significantly affected the growth of shoots in terms of shoot length and average
number of leaves (Table 2). Among all tested treatments, the half-strength MS medium supplemented with 1 pM
BA gave the highest multiplication rate of 7.07 shoots per explants. This treatment also expressed similar or
higher responses in terms of shoot elongation (4.31 cm in shoot length) and leaf formation (3.67 leaves per shoot)
compared to other treatments, suggesting that this treatment was the suitable exogenous dose for shoot
formation and development. In comparison to other Aloe species, optimal in vitro multiplication rate of Aloe ‘Pink
Blush’ obtained in this study (7.07) was yet lower than one achieved in other species such as A. ferox (Bairu et
al., 2009), A. vera (Cristiano et al., 2016), and A. reitzii (Amoo et al., 2022) with 13.00, 13.39, and 15.40 shoots
per explants respectively, indicating the notable difficulty in propagation of this ornamental aloe.

Moreover, during shoot multiplication, hyperhydricity was also observed among the developing shoots, appearing
as glass-like shoot structures with excessive water accumulation and stunned growth (Figure 3D—F). The results
showed that full-strength MS medium significantly increased the frequency of hyperhydricity (up to 53.33%)
compared to half-strength medium while cytokinin did not show any notable effects. Similar results were reported
and explained by Jan et al. (2021) as high mineral content was one of the major causes of this type of
abnormality. Luckily, the treatment with optimal shoot multiplication (half-strength MS with 1 uM BA) only had
6.67% of hyperhydricity, which was considered to be acceptable.

Figure 3. Shoot multiplication of Aloe ‘Pink Blush’ after 4 weeks of culture.
(A—C) Development of new shoots on the explant forming multi-shoot clumps. (D—F) Shoot clusters
with hyperhydricity phenomenon.

Table 2. The effect of basal medium, BA, and kinetin on in vitro multiplication of Aloe ‘Pink Blush’

Treatment Basal Cytokinin (uM) Number of shoots I\g;r\?é)se;g: Shoot length Hyperhydricity
medium BA Kinetin per explant shoot (cm) (%)
T1 0 0 5.07 + 0.47% 3.27 048" 3.46 +0.29°¢ 6.67+ 6.67%
T2 1 0 7.07 +0.37° 3.67 £0.27* 4.31+0.17 6.67+ 6.67
1/2 MS b bed f bcd
T3 5 0 6.13+0.18 2.80 +0.12" 2.40 + 0.06 26.67 + 13.33*°
T4 10 0 6.07 +0.33" 2.53 +0.24“ 2.27+0.12' 26.67 + 6.67*"

511



CONG NGHE TE BAO

T5 0 1 5.13 + 0.27° 3.93+0.29° 3.97 +0.15™° 0.00+ 0.00°
T6 0 5 5.53 + 0.35"% 3.67+0.48™  4.13+0.28" 13.33+ 6.67™
T7 0 10 6.27 +0.18% 4.00 +0.23 4.28 +0.13 6.67 + 6.67
T8 0 0 4.73+0.29' 2934037  297+0.19° 26.67 + 6.67°
T9 1 0 6.00 % 0.23" 2.93+0.18%  3.55+0.09% 26.67 + 13.33%
T10 5 0 5.80 + 0.12° 2.60+0.42°  204+0.17 40.00 * 11.55%
Ti1 MS 10 0 5.60 + 0.35"% 2.33+0.27° 1.93 +0.11f 53.33+ 6.67°
T12 0 1 4.93 +0.29% 3.27+0.37"  3.31+0.15% 33.33 + 13.33%"
T13 0 5 5.60 + 0.23"% 3.47+0.29™  3.56+0.13% 33.33 + 17.64%°
T14 0 10 5.93 + 0.24° 3.47+0.13™  3.66 + 0.06" 33.33+ 6.67°
Basal medium: p-value = 0.078 p-value =0.027  p-value <0.001 p-value < 0.001
Cytokinin: p-value < 0.001 p-value =0.002  p-value <0.001 p-value = 0.161
Basal medium x Cytokinin: p-value = 0.425 p-value =0.938  p-value =0.839 p-value = 0.937

BA: 6-benzylaminopurine, ¥2 MS: half-strength MS medium (Murashige and Skoog, 1962), MS: full-strength MS medium.

Data were presented as mean + standard error. Data followed by the same letter (a, b, c...) within the same column were not
significantly different from each other with p-value < 0.05 according to two-way ANOVA and Duncan’s test.

Rooting and acclimatization

After 4 weeks of culture, generated shoots continued to grow and started to develop 3-10 roots at the shoot
bases (Figure 4A-B). In general, shoots growing on culture media supplemented with IAA showed higher values
of root formation rate and average number of roots compared to the control; however, no significant differences
were recorded between the four tested concentrations of IAA (5—-20 uM) as shown in Table 3. However, the use of
IAA at high concentrations (15-20 pM) led to a remarkable decrease in average root length while lower
treatments posed no significant impacts on this criterium of the testing plantlets. This phenomenon could be
explained by the inhibitory effect of high-level auxin on root elongation because excessive auxin could result in
hormonal imbalance in plant tissue as well as the rapid accumulation of growth retardants such as ethylene
(Edelmann, 2022). Overall, the application of 10 uM IAA was considered as the optimal treatment that exhibited
significantly better responses in rooting rate (100%) and number of roots (7.20 roots per plantlet) along with
similar root length (12.43 cm) compared to the control. These results were similar to a study by Ahmad et al.
(2022) which reported the optimal rooting efficiency of in vitro A. vera plantlet was 8.57-11.42 uM IAA, suggesting
a similar influence of IAA on root formation process in different species and varieties within the Aloe genus.

After in vitro rooting, healthy and well-rooted plantlets were subjected to ex vitro acclimatization with more than
60% of plantlets survived and developed normally upon transferring to greenhouse condition (Figure 4C). This
result was similar to the one reported in various Aloe species (including A. vera, A. modesta, A. peglerae, and A.
reitzii) after 4—6 weeks of acclimatization, indicating the feasibility of transferring Aloe species to greenhouse
conditions after in vitro rooting with exogenous auxin (Cristiano et al., 2016; Amoo et al., 2022). However, more
studies should be established to optimize the survival rate of ex vitro seedlings to enhance the efficiency of
micropropagation protocol for Aloe ‘Pink Blush’.

Figure 4. Rooting and ex vitro acclimatization of Aloe ‘Pink Blush’
(A-B) Plantlets with healthy shoots (A) and well-developed root systems (B) ready for soil acclimatization.
(C) A successfully acclimatized seedling after 8 weeks growing in greenhouse condition.
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Table 3. The effect of IAA on in vitro rooting Aloe ‘Pink Blush’ plantlets

Treatment 1AA (LM) Rooting rate (%) Number of roots per plantlet Root length (cm)

T1 0 73.33+ 6.67° 4.53%0.35 10.10 + 0.45

T2 5 93.33+ 6.67" 6.40 £ 0.31° 12.32 +1.08%

T3 10 100.00 + 0.00% 7.20 £ 0.50° 12.43 +0.61°

T4 15 100.00 + 0.00% 6.33 +£0.41° 7.26 +1.02°

T5 20 80.00 + 11.55 6.80  0.46 479+ 0.55°
p-value = 0.057 p-value = 0.009 p-value < 0.001

IAA: Indole-3-acetic acid.

Data were presented as mean + standard error. Data followed by the same letter (a, b) within the same column were not
significantly different from each other p-value < 0.05 according to one-way ANOVA and Duncan'’s test.

CONCLUSIONS

This study reported the optimization of light conditions, basal media, and various plant growth regulators for in
vitro propagation of Aloe 'Pink Blush' (Kelly Griffin) from self-pollinated seeds to intact plantlets. Culture medium
supplemented with 0.1 uM GA3 achieved the highest seed germination rate of 80% under dark condition. For
shoot multiplication, half-strength MS medium containing 1 uM BA was the most effective treatment, which was
able to produce 7.07 shoots per explant with only 6.67% rate of hyperhydricity. For in vitro rooting, exogenous
auxin IAA at 10 uM was proved to be optimal for the root induction, resulting in significantly higher rooting rate and
average number of roots compared to the control. Finally, over 60% of micropropagated plantlets were
successfully acclimatized to ex vitro condition.
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NGHIEN CYU NHAN GIONG IN VITRO BOI VOI GIONG NHA BAM CANH
Aloe 'Pink Blush' (Kelly Griffin)

Minh An L&"?, Pham Thi Thanh Thay*?, Tran Binh Minh*%

Pon vj nghién ciu Ung dung Cong nghé Sinh hoc trong Phét trién Gidng cay tréng, Trwong Dai hoc Qudc té,
Khu phé 6, Linh Trung, Thd Bdc, Thanh phé H6 Chi Minh

’Pai hoc Qudc gia Thanh phdé Hé Chi Minh

TOM TAT

Aloe 'Pink Blush' Ia gidng nha dam canh c6 gid tri cao, noi tiéng véi bo 14 mang hoa van va mau sic doc dao.
Tuy nhién, phuong phap san xuat gidng truyén thong chua thé dap @ng nhu ciu thi truong vi gap nhiéu han ché
trong qua trinh nhan giong. Nham khac phuc nhitmg nhuoc diém d6, ky thuat nudi cay md la mot giai phéap tiém
nang nham san xuét hang loat cay gidng voi chat lugng cao. Vi vay, nghién ciru nay duoc thuc hién nhim xay
dung quy trinh vi nhan gidng hiéu qua ddi véi gidng nha dam dac biet nay tur nguon hat ty thy théng qua t6i wu
hda qua trinh nay mam hat, nhan nhanh chéi, va k|ch thich tao ré trong diéu kién in vitro. Vi giai doan dau nudi
Cay, ty I¢ nay mam cao nhat dat 80% dbi véi cac mau hat nudi trén mdi trudng chira 0,1 pM GA; va duy tri trong
diéu kién t6i. Sau d6, cac mau dét than dugc ding trong giai doan nhan nhanh chdi; trong d6, moi truong MS
vGi ndng @ khoang giam mot nira va ¢6 bd sung 1 uM BA cho thay hé s6 nhan chdi cao nhat (7,07 chdi/mau),
chiéu dai choi lon nhat (4,31 cm), va ty I¢ thiy tinh thé thap (6,67%). Tiép do, tat ca choi non dugc kich ré thanh
cong trén moi truong chira 10 pM IAA voi sb luong ré trung binh dat 7,20 ré&/chéi, va chiéu dai ré trung binh I
12,43 cm. Cubi cling, hon 60% cay con nudi Cay moé di sdng sét qua thuan dudng va duoc chuyen thanh cong
sang giai doan vuon wom. Nghién ciru nay di trién khai thanh céng quy trinh nhan nhanh chéi déi vai gidng nha
dam Aloe ‘Pink Blush’; két qua nay khong chi gép phan thiic diy qué trinh nhan giéng loai nha dam canh nay
ma con c6 thé duoc wng dung lam nén tang xay dung quy trinh bao ton nhiéu loai thuc vat mong nudc khéc.

Tir khoa: Aloe “Pink Blush’, chat diéu hoa sinh truong thuc vat, diéu kién chiéu sang, méi truong MS, nhan
nhanh choi, mau hat.
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