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Abstract

To enable rapid propagation of high-quality yam (Dioscorea polystachya) varieties and obtain virus-free plantlets, the stem tips
of yam were used as explants to investigate the effects of different disinfection times and methods on the sterilization efficiency. Using
MS medium as the basal medium, the influence of varying concentrations of plant hormones on seedling formation, virus-free plantlet
induction rate, and rooting rate was explored. The results showed that the optimal sterilization method for yam tissue culture explants
was soaking in 75% ethanol for 7 seconds, followed by immersion in 0.1% mercuric chloride solution for 6 minutes. The best primary
culture medium was MS + 0.1 mg/L NAA + 0.5 mg/L 6-BA, achieving the highest seedling formation rate of 82.22%.The virus-free
plantlet induction rate of the optimal system reached 80.00%, showing a satisfactory detoxification effect. For subculture proliferation,
the optimal medium was MS + 0.3 mg/L IBA + 0.5 mg/L 6-BA, yielding the highest proliferation coefficient of 4.47. The best rooting
medium was MS + 0.2 mg/L IBA + 0.1 mg/L NAA + 0.6 mg/L 6-BA, achieving a 100% rooting rate. This study provides theoretical

and technical support for the rapid propagation of superior yam varieties, improving both yield and quality.
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Introduction

Yam (Dioscorea polystachya Turcz.) is a perennial
climbing vine belonging to the Dioscoreaceae family. Its
tubers are rich in starch, saponins, mucilage, protein, and
other bioactive compounds, conferring significant edible,
medicinal, and economic value (Butler & Lobley, 2016).
Studies have shown that the high content of unsaturated fatty
acids in yam is beneficial for preventing cardiovascular
diseases and shows potential in managing diabetes and its
complications (Gu et al, 2025). With increasing market
demand, developing large-scale yam cultivation has become
an important strategy for enhancing yield and economic
returns (Nagendra ef al., 2025). According to statistics from
the FAO, global annual yam production has exceeded 73
million tons, of which China accounts for 38%, with the
main production areas concentrated in the Yellow River and
Huai River basins and the southwestern mountainous areas
(Zhou et al., 2024).

However, the sustainable development of the yam
industry faces severe challenges. The traditional propagation
method of asexual reproduction relying on tubers, while
simple to operate, is highly susceptible to virus accumulation
and transmission. Plants infected with viruses such as
Dioscorea latent virus (DsLV) and yam mosaic virus (YMV)
exhibit decreased photosynthetic rate, physiological
dysfunction, germplasm degeneration, and sharp yield
reduction (Hu et al., 2023). Data indicate that the infection rate
of compound viruses in continuously cropped fields is as high
as 62—89%, which can cause a yield loss of 25-40% (McLeish
etal., 2022). In addition, traditional propagation methods have
two major technical bottlenecks: firstly, apical dominance
limits a single tuber to only 3—5 effective buds, with a biomass
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conversion efficiency of less than 40%; secondly, long-term
asexual propagation leads to germplasm degeneration, with
the quality of single plants in some production areas declining
by up to 18.6% (Wang et al., 2018). These problems seriously
restrict the healthy development of the yam industry.

Plant tissue culture technology provides an effective
solution to overcome these limitations. Among them, shoot
tip meristem culture has become a key technology for
obtaining virus-free seedlings due to its vigorous cell
division and low or no virus content, with a virus clearance
rate of over 95% (Su et al., 2024). This technology enables
rapid clonal propagation of superior genotypes, shortens
breeding cycles, and facilitates year-round production
independent of seasonal or environmental constraints (Kim
et al., 2020). The establishment of an efficient tissue
culture system 1is critically dependent on medium
composition, including the type, concentration, and ratio of
plant growth regulators. An efficient and stable tissue
culture system is also a powerful tool for realizing the in
vitro preservation of yam germplasm resources and
preventing varietal degeneration (Marconi et al., 2018).

Although scientists at home and abroad have made
significant progress in the field of yam tissue culture,
challenges remain in explant selection, shortening the culture
cycle, cost control, and maintaining genetic stability (Smither
et al., 2019). Therefore, this study used yam shoot tips as
explants and systematically optimized the entire process from
surface  disinfection, primary induction, subculture
proliferation to rooting culture. The aim is to establish an
efficient and stable rapid propagation technology system for
yam virus elimination, providing theoretical basis and
technical support for the large-scale production, yield, and
quality improvement of superior yam varieties.
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Materials and Methods

Plant materials and reagents: This study was conducted
from January to May 2025 at the experimental facility of
Jinan Wanwu Growth Technology Co., Ltd. The
experimental material was robust Dioscorea polystachya
Turcz. tubers purchased from the local market.

Reagents used included: 0.1% HgClz, 75% ethanol, MS
basal medium, sucrose, agar, indole-3-butyric acid (IBA), 6-
benzylaminopurine (6-BA), and naphthaleneacetic acid
(NAA). All chemical reagents were of analytical grade.

Experimental Methods

Explant disinfection: The effects of different treatments
on explant contamination rates were studied by setting
disinfection time gradients. Material pretreatment: healthy,
disease-free yam tubers were selected, rinsed under
running water for 30 minutes to remove surface dirt, and
then placed in a 4°C refrigerator for 48 h to break dormancy
and induce sprouting (Fig. 1).

Disinfection procedure: yam stem tips were used as
explants. The stem tip meristems with a diameter of 0.3—
0.8 mm were selected as experimental explants. Pretreated
stem tips were transferred to a clean bench, immersed in
75% ethanol for 7 seconds, rinsed with sterile water, and
then disinfected in 0.1% HgCl. solution for 6, 8, and 10
minutes (Table 1). The solution was continuously shaken
during disinfection to ensure thorough contact. After
disinfection, the tips were rinsed 6 times with sterile water
and placed in sterile petri dishes. The stem tip meristem
was observed and dissected under a stereomicroscope
(SZM-41/42/T1/T2) (Figs. 2, 3), and then inoculated onto
induction medium.

For each treatment, 5 bottles were inoculated with 3
explants per bottle, and each treatment was repeated three
times. After 15 days of culture, the explant contamination
rate and browning rate were recorded to determine the
optimal disinfection time.

Primary culture: MS medium was used as the basal
medium, supplemented with 6 g/L agar and 30 g/L sucrose.
Different concentrations of NAA and 6-BA were then
introduced (Table 2). The pH of the medium was adjusted
to 5.8-6.0. For each treatment, 5 bottles were inoculated
with 3 shoot tip explants in each bottle, and the treatment
was repeated three times. The seedling survival rate of the
explants was observed and recorded after 25 days of
culture, and statistical analysis was performed.

Subculture: To obtain a large number of aseptic seedlings,
robust aseptic seedlings obtained from primary culture
were subcultured. MS medium was used as the basal
medium, with 6 g/L agar and 30 g/L sucrose added, and
different concentrations of IBA and 6-BA were set (Table
3). The pH of the medium was adjusted to 5.8-6.0. For each
treatment, 5 bottles were inoculated with 3 aseptic
seedlings in each bottle, and the reaction was repeated three
times. After 30 days of culture, the growth of the seedlings
was observed, and the proliferation coefficient was
calculated to determine the optimal hormone concentration
for aseptic seedling differentiation.
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Rooting culture: Healthy aseptic seedlings (approximately
3-4 cm in height) after 30 days of subculture were transferred
to rooting medium to promote root development. The basal
medium was MS, supplemented with 6 g/L agar and 30 g/L
sucrose, and the pH was adjusted to 5.8-6.0. An L4(2%)
orthogonal experimental design was used to study the effects
of IBA, NAA, and 6-BA at different levels on rooting (Table
4). A blank control without any plant growth regulators was
also included. For each treatment 5 bottles were inoculated
with 3 adventitious buds in each bottle, and the treatment
was repeated three times. After 30 days of cultivation, the
rooting rate and number of roots were recorded to determine
the optimal rooting medium formula:

Table 1. Explant disinfection time treatment.

Dispose 75% C:HsOH (s) 0.1% HgCl: (min)
Al 7 6
A2 7 8
A3 7 10

Table 2. Growth regulators in primary culture
medium for sterile seedlings.

Dispose NAA (mg/L) 6-BA (mg/L)
B1 0.1 1.0
B2 0.2 1.0
B3 0.1 0.5
B4 0.2 0.5

Table 3. Growth regulators in subculture medium for
sterile seedlings.

Dispose IBA (mg/L) 6-BA (mg/L)
Cl 0.3 0.5
C2 0.3 1.0
(OX] 0.6 0.5
C4 0.6 1.0

Table 4. Plant growth regulators in rooting culture medium
for sterile seedlings.

Test number IBA NAA 6-BA
hormone treatment  (mg/L) (mg/L) (mg/L)
D1 0.2 0.05 0.3
D2 0.2 0.1 0.6
D3 0.4 0.05 0.6
D4 0.4 0.1 0.3

Data analysis and processing

Experimental data were calculated using the following
formulas:

Number of contaminated explants
Total number of inoculated explants

Contamination rate (%) = x 100

Number of browned explants
Total number of inoculated explants

Browning rate (%) = x 100

Number of seedling explants
Total number of inoculated explants

Seedling rate (%) = x 100

Number of stem segments after proliferation
Number of inoculated stem segments

Proliferation coefficient =

Total number of rooting plants
Total number of inoculations

Rooting rate (%) = x 100



All data from the experiment were collated and
analyzed using Microsoft Excel 2021. SPSS version 25.0
was employed to assess significant differences in univariate
analyses of the relevant test data. The Least Significant
Difference (LSD) method and Duncan's multiple range test
were utilized to evaluate the significance of differences
between treatments. Additionally, SPSSAU was used to
conduct multivariate and multi-level orthogonal range
analysis, as well as multivariate analysis of variance.
Significant analyses were performed to identify differences
among individual treatments.

Results

Explant disinfection: Disinfection duration significantly
affected the contamination and browning rates of yam shoot
tip explants (Table 5). Treatment Al exhibited the lowest
browning rate, with only 15.5% contamination, while A1 had
the same browning rate as A2 (22.22%) and A3 (24.45%).
This disinfection method appears to be more damaging to the
cells, which is detrimental to the subsequent regeneration
process. A3 demonstrated the highest contamination rate, with
Al treatment showing a contamination rate of 0%,
significantly lower than that of A2 (4.45%) and A3 (22.22%).
This showed that A1 provided the most effective disinfection.
The contamination rate of A3 was markedly higher than that
of Al and A2, and there was a significant difference in
browning rates between Al and A3. These results suggest that
as disinfection time increases, both the contamination rate and
browning rate of yam explants also increase. Ultimately, it
was concluded that the optimal disinfection protocol for yam
shoot tips was a 75% ethanol treatment for 7 seconds,
followed by a 0.1% HgCl, treatment for 6 minutes.
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Primary culture for sterile seedlings: It can be concluded
that the effects of different hormone ratios on the primary
culture of yam shoot tips vary significantly (Table 6 and Fig.
4). Among the treatments, the seedling rate for B3 reached the
highest level at 82.22%, which was significantly higher than
that of the other treatments. B3 exhibited the best growth,
characterized by dense bud clusters, robust plant bodies, and
vibrant green leaves, indicating that this hormone ratio
effectively promoted bud cluster differentiation and leaf
vitality. In contrast, the low seedling rates observed in the B2
(68.89%) and B4 (64.45%) treatments may be attributed to the
high concentration of NAA, which inhibited bud
differentiation while promoting callus and root development.
Excessive NAA can also lead to leaf yellowing. The seedling
formation rate for the B1 (75.55%) treatment was lower than
that of the B3 treatment, likely due to uneven nutrient
distribution resulting from the slight inhibition of bud
elongation caused by the high concentration of 6-BA. In
conclusion, the optimal hormone ratio for yam shoot tip
culture is MS + NAA 0.1 mg/L + 6-BA 0.5 mg/L.

Subculture for sterile seedlings: There are significant
differences in the subculture of yam shoot tips when using
different plant growth regulators, specifically IBA and 6-BA
(Table 7). Among the 4 treatments, the C1 treatment group
exhibited the highest value-added ability, with a
proliferation coefficient of 4.47. Although the C2 treatment
maintained a high proliferation rate, it resulted in yellowing
leaves and excessive bud cluster density, likely due to the
high concentration of cytokinin (6-BA), which promotes
lateral bud differentiation (Fig. 5). The proliferation
coefficients for C1 (4.47) and C2 (4.34) were significantly
higher than those for C3 (3.53) and C4 (3.87). Therefore, it
can be concluded that the optimal hormone ratio for yam
subculture is MS + IBA 0.3 mg/L + 6-BA 0.5 mg/L.

Table 5. Effects of different disinfection durations on yam explants.

Contamination rate Browning rate

Dispose (%) (%) Explant status
Al 0.00+0.000b 15.55+¢3.85a  The explants remain green, while a few turn brown and form colonies
A2 44543 85b 2222410 18a A small number of explants have white colonies attached to them, while some of the

explants have turned brown

A3 22.2243.85a 24.4543.85a

A small number of explants have white colonies attached to them, while some of the

explants have turned brown

Note: Different lowercase letters in the same column indicate a significant difference between treatments at the 0.05 level

Table 6. Effects of hormone ratios on the primary culture of yam shoot tips.

Seedling rate

(%) Growth

Dispose

Bl  75.55+3.85ab

The growth is robust, with relatively dense bud clusters. The leaves are tender and green, the

buds are strong and vibrant, and the leaves are large
B2  68.89 +3.85bc The growth is average; the buds are green, and the leaves are yellow
B3 82.22+7.70a The growth is robust, the buds are plentiful, and the leaves are vibrant green
B4  64.45+3.85c The growth is average, the leaves are large, and they exhibit a yellow-green color

Note: Different lowercase letters in the same column indicate a significant difference between treatments at the 0.05 level

Table 7. Effect of hormone ratios on subculture of yam shoot tip.

Proliferation

Dispose coefficient Growth

C1 4.47+0.07a
C2 434+0.11a
C3 3.53 £0.07¢c
C4 3.87 £0.07b

The growth is robust, the buds are vibrant and green, and the leaves are large

The growth is robust, the buds are plentiful, and the leaves are yellowing

The growth is weak, the bud clusters are sparse, the stems are thin, and the leaves are yellow

The growth is weak, the bud clusters are sparse, the stems are thin, and the leaves are yellowish-green

Note: Different lowercase letters in the same column indicate a significant difference between treatments at the 0.05 level
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Fig. 1. Stem segment sprouting. Fig. 2. Explant disinfection.
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Fig. 3. Stem tip dissection procedure under stereomicroscope.

Fig. 4. Budding of yam shoot tip. Fig. 5. Effect of different concentrations of hormone ratios on yam subculture.



Fig. 6. Effect of different concentrations of hormone ratios on
yam rooting culture.

Rooting culture for sterile seedlings: Various plant growth
regulators—specifically IBA, NAA, and 6-BA—exhibited
significant differences in the subculture of yam shoot tips
(Fig. 6). Among the 4 treatments, D2 exhibited the highest
rooting success, achieving a rooting rate of 100% (Table 8).
The combination of IBA and NAA significantly enhanced
root structure; IBA promoted root differentiation, while
NAA influenced root elongation. Although 6-BA at a
concentration of 0.6 mg/L did not show significant effects, it
may indirectly support the rooting process. The results of the
range analysis presented in Table 7 revealed that the impact
of various factors on the rooting rate followed the order: A

(IBA) > B (NAA) > C (6-BA) during the rooting process of
yam. The optimal hormone ratio for yam rooting culture was
determined to be A1B2C2. The F ratios for factors A and B
were significantly high, measuring 15,304.61 and 5,927.77,
respectively (Table 9). The corresponding P values for these
factors were substantially less than 0.05, indicating that
factors A and B had a significant impact on the rooting rate
of yam. In contrast, the F ratio for factor C was only 1, with
a P value of 0.5, suggesting that its effect was not significant.
Therefore, the optimal hormone concentrations for yam
rooting culture were 0.2 mg/L IBA, 0.1 mg/L NAA, and 0.6
mg/L 6-BA. In summary, the combination of 0.2 mg/L IBA,
0.1 mg/L NAA, and 0.6 mg/L 6-BA produced the most
effective rooting results among the various hormone
concentrations tested. Thus, the optimal hormone ratio for
yam rooting culture was MS + IBA 0.2 mg/L + NAA 0.1
mg/L + 6-BA 0.6 mg/L.

Table 8. Orthogonal design and results for rooting culture.

Treatment Factor A Factor B Factor C Rooting
rate (%)
D1 1 1 1 83.64
D2 1 2 2 100.00
D3 2 1 2 57.90
D4 2 2 1 73.84
K1 183.64 141.54 157.48
K2 131.74 173.84 157.90
k1 91.82 70.77 78.74
k2 65.87 86.92 78.95
Extreme
difference (R) 25.95 16.15 0.21
Primary and ASBSC
secondary factors
Optimal A1B2C2
combination

Note: K1 and K2 are the sum of the levels of each factor, and K1
and K2 are the average values of each level of each factor.

Table 9. One-way ANOVA of rooting rates.

Factor Sum of.s quares Degree of Mean square F-ratio P-value Distinctiveness
of deviations freedom
A 673.403 1 673.403 15304.614 0.005146 *
B 260.822 1 260.822 5927.773 0.008268 *
C 0.044 1 0.044 1.000 0.5
Error 0.04 1 0.04
Discussion time gradients. The experimental results showed that

This study successfully established an efficient in vitro
regeneration and rapid propagation system using yam shoot
tips as explants and successfully obtained virus-free seedlings
(Keresa et al., 2021). The results confirmed the effectiveness
of shoot tip meristem culture in virus clearance, mainly due
to the active cell division characteristics and low virus load in
this region (Xue ef al, 2020). Through systematic
optimization of culture conditions, we established a complete
in vitro regeneration technology system for yam, providing
reliable technical support for the preservation of yam
germplasm resources and the promotion of superior varieties
(Florentino et al., 2022).

Explant disinfection is the primary key step in
establishing an in vitro culture system (Jia et al., 2023).
This study found that disinfection time had a decisive
impact on the culture effect by setting different disinfection

although extending the disinfection time could effectively
reduce the microbial contamination rate, it will
significantly increase the browning rate of explants due to
the phytotoxic effect of disinfectants. When the treatment
time of 0.1% HgCl. was extended to 10 minutes, the
contamination rate was decreased to 22.22%, but the
browning rate was increased to 24.45%, which seriously
affected the wviability of explants. This browning
phenomenon is closely related to the oxidation of phenolic
substances and is one of the main limiting factors in the
tissue culture process of yam (Gogile et al., 2024). Through
systematic optimization, the two-step disinfection method
used in this study (treatment with 75% ethanol for 7
seconds, followed by treatment with 0.1% HgCl. for 6
minutes) achieved the best balance between controlling
contamination and reducing physiological damage. The
explant contamination rate was 0%, and the browning rate
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was 15.55%, thus ensuring the highest explant survival rate
(Van et al,, 2021).

The formulation of the culture medium, especially the
balance of plant growth regulators, had a profound impact
on all stages of micropropagation. In primary culture, the
combination of 0.1 mg/L NAA and 0.5 mg/L 6-BA in MS
medium achieved the highest seedling rate (82.22%). This
indicates that a relatively low ratio of auxin to cytokinin is
beneficial for breaking the dormancy state of meristematic
tissues and promoting the initial proliferation of shoots.
Notably, higher concentrations of NAA (0.2 mg/L)
inhibited bud differentiation and promoted callus
formation, consistent with the known role of auxin in
inducing cell division and root development, but
potentially at the expense of direct organogenesis (Salgado
et al., 2025). Experimental observations revealed that the
B3 treatment (0.1 mg/L NAA + 0.5 mg/L 6-BA) not only
achieved the highest seedling rate but also produced dense
bud clusters, robust seedlings, and deep green leaves,
exhibiting optimal growth and development.

In the subculture stage aimed at achieving rapid
propagation, the combination of 0.3 mg/L IBA and 0.5 mg/L
6-BA showed the best proliferation effect, with a
proliferation coefficient of 4.47. Continuous culture
observations showed that this formulation not only
maintained a high proliferation rate but also ensured seedling
quality, avoiding physiological abnormalities. Although
higher concentrations of 6-BA (1.0 mg/L) also induced
vigorous proliferation, it triggered cytokinin stress
symptoms such as vitrification and leaf yellowing. The
superior performance of the C1 formulation highlights the
importance of balanced cytokinin levels for maintaining
healthy, highly proliferating seedlings. The difference in
proliferation efficiency observed in this study compared to
previous reports may stem from subtle variations in
genotype differences among yam cultivars, explant
physiological states, and culture conditions, highlighting the
necessity of conducting genotype-specific optimization
studies (Ping et al., 2016).

The most significant results were observed during the
rooting induction phase, where the synergistic application of
auxins played a crucial role. The optimal rooting medium
was MS medium supplemented with 0.2 mg/L IBA, 0.1
mg/L NAA, and 0.6 mg/L 6-BA, achieved a rooting rate of
100%. This result can be explained by the complementary
effects of IBA and NAA: IBA excels at promoting robust
root development, while NAA is significantly effective in
inducing more adventitious roots (Yang et al., 2017). Range
analysis of the orthogonal experiment further showed that
the order of influence of each factor on the rooting rate was
IBA > NAA > 6-BA, with IBA showing a significant F-
value of 15304.61. The addition of low concentrations of
cytokinin (6-BA) may help maintain seedling vigor, thereby
indirectly supporting root initiation. In the D2 treatment, not
only did the rooting rate reach 100%, but the root system also
developed well, with robust taproots and well-developed
lateral roots, laying a good foundation for subsequent
transplanting and acclimatization.

Furthermore, the system established in this study
showed good potential in terms of genetic stability.
Morphological observation of the regenerated plants
revealed no significant phenotypic variation, indicating that
this propagation system could maintain genetic consistency
well. However, long-term genetic stability still needs further
verification using techniques such as molecular markers.
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Conclusion

In this study, yam shoot tips were utilized as explants.
During the disinfection process, the explants were immersed
in 75% ethanol for 7 seconds and subsequently rinsed with
sterile water. The highest survival rate of yam shoot tips was
observed when they were soaked in a sterile bottle
containing a 0.1% mercuric chloride solution for 6 minutes.
In the primary culture, the optimal formulation was MS
medium supplemented with 0.1 mg/L NAA and 0.5 mg/L 6-
BA, resulting in a seedling rate of 82.22%. For subculturing,
the most effective formulation was MS medium with 0.3
mg/L IBA and 0.5 mg/L 6-BA. Additionally, the best rooting
effect was achieved with MS medium containing 0.2 mg/L
IBA, 0.1 mg/L NAA, and 0.6 mg/L 6-BA. This study
provides both theoretical and technical support for
enhancing yam yield, rapidly propagating superior yam
varieties, and improving yam quality. With the ongoing
advancements in biotechnology, the integration of tissue
culture techniques with other innovative technologies will
create new opportunities for the enhancement of yam
varieties and the growth of the industry.
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