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ABSTRACT: Malus is an important ornamental plant around the world and widely used in commercial production due to its diversity and wide
adaptability. ‘Zi Dieer’ crabapple has good adaptability to a wide temperature range (high and low), disease resistance, and high commercial value.
To satisfy the market demand, we established ‘Zi Dieer’ crabapple micro-regeneration system for large-scale reproduction. Induced buds were
cultured on Murashige and Skoog (MS) medium supplemented with various concentrations of 6-benzylaminopurine (BAP: 0.5, 1.0, 1.5 mg/L) and
1-naphthaleneacetic acid (NAA: 0.05, 0.1, 0.3 mg/L) for 35 days. The highest bud induction rate (93.3%) was observed on MS medium supplemented
with 1.0 mg/L BAP and 0.1 mg/L NAA, with average micro-shoot length of 1.32 cm. The germinated buds (1 cm in length) were propagated
and cultured on MS medium supplemented with BAP (1.0, 1.5, 2.0 mg/L) and NAA (0.1, 0.3, 0.5 mg/L), after 35 days, on the MS basal medium
supplemented with 1.5 mg/L BAP and 0.3 mg/L NAA, the best average number of new shoots is 8.56+0.13 (P<0.05) and good shoot length (4.94+0.09
cm), reproduction coefficient higher than MS medium (0) without PGRs. In order to induce rooting, the shoots (length 2 cm) are inserted in half
strength MS (1/2 MS) medium containing 0.1, 0.3 and 0.5 mg/L of 3-indole butyric acid (IBA) or NAA, and 1 g/L activated carbon (AC) was added on
the basis of NAA 0.3 mg/L to study the effect of activated carbon on the rooting of crabapple. After 38 days of culture, compared with other treatments,
among the explants treated with IBA, the rooting rate was higher in the 1/2 MS medium containing 0.1 mg/L (82.1%), and the highest root
number (11.29+0.52) was observed, and the root length was the other treatments 2-3 times. Although, the highest rooting rate was observed on
1/2 MS medium containing 0.1mg/L NAA (87.8 %), but the bottom of these buds formed large callus, which was not conducive to survival,
and the root length was short. In summary, a feasible and complete rapid propagation program for ‘Zi Dieer’ crabapple has been developed.
Key words: tissue culture, stem segment, rapid propagation.

Otimiza¢do da micropropagacio de maca silvestre ‘Zi Dieer’
através da proliferacio de brotos axilares

RESUMO: Malus ¢ uma planta ornamental importante no mundo e muito utilizada na produgéo comercial devido a sua diversidade e ampla
adaptabilidade. A maca silvestre ‘Zi Dieer’ apresentou boa adaptabilidade a altas e baixas temperaturas, resisténcia a doengas e maior valor
comercial. Para satisfazer a demanda do mercado, estabelecemos o sistema de microrregeneragdo de maga silvestre ‘Zi Dieer’ para reproducdo em
larga escala. Os botdes induzidos foram cultivados em meio Murashige e Skoog (MS) suplementado com 6-benzilaminopurina (BAP) 0,5, 1,0, 1,5
mg/L e acido 1-naftalenoacético (NAA) 0,05, 0,1, 0,3 mg/L por 35 dias. A maior taxa de indugdo de gemas foi em meio MS suplementado com 1,0
mg/L de BAP ¢ 0,1 mg/L de NAA, que foi de 93,3% e o comprimento médio dos microbrotos foi de 1,32 cm. Os botdes germinados (comprimento 1
cm) foram propagados e cultivados em meio MS suplementado com BAP ¢ NAA de 1,0, 1,5,2,0 ¢ 0,1, 0,3, 0,5 mg/L, ap6s 35 dias, em meio MS
basal suplementado com 1,5 mg/L. L BAP ¢ 0,3 mg/L ANA, o melhor nimero médio de brotos novos ¢ 8,56+0,13 (P<0,05) e bom comprimento
de brotos (4,94+0,09 cm), coeficiente de reprodugdo superior ao meio MS (0) sem PGRs. Para induzir o enraizamento, os brotos (comprimento
2 c¢m) sdo inseridos em meio MS de meia concentragdo (1/2 MS) contendo 0,1, 0,3 ¢ 0,5 mg/L de acido 3-indol butirico (IBA) ou ANA, e 1 g/L
carvao ativado (CA) foi adicionado com base em ANA 0,3 mg/L para estudar o efeito do carvdo ativado no enraizamento da maga silvestre. Duas
semanas depois, observando a geragdo de raizes. Apos 38 dias de cultivo, comparado aos demais tratamentos, entre os explantes tratados com AIB, a
taxa de enraizamento foi maior no meio 1/2 MS contendo 0,1 mg/L (82,1%) e o0 maior nimero de raizes (11,29+0,52) foi observado, e 0 comprimento
da raiz foi igual aos demais tratamentos 2 a 3 vezes. Embora a maior taxa de enraizamento tenha sido observada em meio MS 1/2 contendo
0,1mg/L de NAA (87,8%), mas a parte inferior dessas gemas forma um grande calo, que néo ¢ propicio a sobrevivéncia, ¢ o comprimento da
raiz ¢ curto. Em resumo, foi desenvolvido um programa de propagacao rapida viavel e completo para a maga silvestre ‘Zi Dieer’.
Palavras-chave: cultura de tecidos, segmento de caule, propagacao rapida.

INTRODUCTION distribution in the northern temperate zone, across
the Eurasian and North America continents (YUAN,

Malus (Malus spp.) is a deciduous shrub 2018). Ornamental crabapples had fruits with 5 cm or

or small tree in the rose family (Rosaceae) with a less in diameter, various bright colors, and long-lasting
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fruiting season. Malus are rich in varieties, having
long viewing period, high ornamental, medicinal,
and economic values, and are characterized by rapid
growth and wide adaptability (GU, 2021; ZHAO et
al., 1995). Crabapples tender leaves are rich in tea
polyphenols, protein and other trace elements and
their tea is known to enhancing physical fitness and
lowering blood sugar (QU et al., 2000; WANG et
al., 1999; ZHANG et al., 2000). According to “Food
Herbs” and “Compendium of Materia Medica”,
Crabapple tea has been consumed by humans for more
than 400 years (HUANG, 2019). ‘Zi Dieer’ crabapple
is a new variety originated from open pollination and
was approved by the China Forest Variety Certification
Committee in 2018. ‘Zi Dieer’ crabapple, in Jiangsu,
shows wide adaptability to temperatures (range: 37-
40 to 4-6 °C). ‘Zi Dieer’ is free from apple aphids and
resistant to red spiders and apple rust (ZHOU et al.,
2020), a rare strong disease resistance among crabapple
plants. It has a long-lasting flowering period with
large flower buds, purple-red flowers, and red-green
oval leaves, with excellent ornamental effect with
great landscaping potential.

Malus asexual reproduction efficiency
through cuttings is low, which greatly restricts
the selection of superior trees and their large-scale
production, thus, facing real difficulties meeting market
demands (YUAN, 2018). Tissue culture is a well-known
and effective tool for large-scale plant propagation
with desired characteristics such as, high reproduction
efficiency, fast speed, stable genetic traits, etc. ‘Zi
Dieer’ crabapple has limited expansion; however,
it can quickly reach large scale production through
tissue to meet market demand. Plants of the genus
Malus are generally established using anthers (SI et
al., 2010), leaves (HOU et al., 2001; LIANG et al.,
2009), pedicels (WANG et al., 2020), petals (LI et al.,
2005; ZHENG et al., 2003), with leaves and stems being
the most common. However, leaves often show high
pollution and severe browning rates. Also, regeneration
protocols involving the callus stage are considered to
be the least reliable for clonal propagation, whereas
seedlings regenerated by branching from axillary
buds or direct somatic embryos are considered to be the
most genetically homogeneous (ESPINOSA-LEAL et
al., 2018). Here, we used stems with axillary buds as
explants for tissue culture, which not only maintain
excellent woody traits, and clonal fidelity (genetic
characteristics), but also offers avenues for environment
control and avoiding unsuccessful cultivation caused
by seasonal factors (GU, 1996), thus large amount of
materials can be obtained in a short time (ZHAO et
al., 1995).

To date, there is no report on ‘Zi Dieer’
crabapple tissue culture research, therefore, we used
tissue culture methods to evaluate the effects of plant
growth regulators on the induction, proliferation
and rooting of shoots including the axillary buds, and
establishment of a systematic and efficient tissue culture
protocol. The rapid propagation system is expected to lay
the foundation for fine varieties selection, introduction
and cultivation, and promoting the utilization of ‘Zi
Dieer’ in the market (LI, 1989).

MATERIALS AND METHODS

Zi  Dieer’ crabapple explants collection and
sterilization

Four-year-old ‘Zi Dieer’ crabapple
trees growing in the Yangzhou Crabapple National
Forest Tree Germplasm Bank (E119°54', N32°42")
provided the explants for this study. On May 4, 2019,
unbranched young branches were collected, soaked
in 5% washing powder (Tide, Guangzhou, China)
solution for 30 minutes, rinsed with running tap water
for 2 hours, and placed on sterilized work-bench
with 70% ethanol for surface disinfection for 35 s.
The branches were rinsed again with sterile distilled
water one to three times, immediately transferred into
0.1% mercury chloride (HgCl,) (The first Chemical
Plant, Huaihua, China) for 8 minutes, and then rinsed
with sterile distilled water for 6 to 8 times. Sterilized
branches were cut into 1 to 2cm long segments
containing a single bud (Figure 1A). These segments
were transplanted into a 30 mL glass tube containing
MS basic medium (Haibo Biotechnology Co.,
Qingdao, China), plus 30 g/L sucrose (Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China), and
7 g/L agar (Saiguo Biological Co., Ltd., Guangzhou,
China). The glass tubes were sealed with a sterile
parafilm (Jiafeng Gardening Products Co., Ltd.,
Shanghai, China) for shoot sprouting. Before adding
the agar, medium pH was adjusted to 5.8+0.02 with
NaOH or HCI. A total of 10 mL of culture medium
was transferred to a glass tube, lid was closed, and
autoclaved at 121 °C for 20 minutes. All test tubes
with explants were placed in a culture room at a
temperature of 25+2 °C, with 16 h photoperiod at
2000-4000 Ix light intensity.

Bud induction

The sterilized stem explants were cultured
in a basic MS (Murashige and Skoog) medium
containing 7.0 g/L agar and 30 g/L sucrose, adjusted
to pH 5.8. On this medium, nine combinations were
added representing 6-benzylaminopurine (BAP)
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Figure 1 - The morphogenesis of 'Zi Dieer' crabapple in the stages of establishment (A), induction (B),
multiplication (C), and rooting (D-H). ((A) A segment containing an axillary bud as an explant;
(B) Induction of explants on MS medium; (C) shoot multiplication on MS medium supplemented
with 1.5 mg/L 6-benzylaminopurine (BAP) and 0.3 mg/L 1-naphthaleneacetic acid (NAA); (D, F)
Rooting and seedling on 1/2 MS medium and 0.1 mg/L 3-indolebutyric acid (IBA); (E, G) Rooting
and seedling on 1/2 MS medium and 0.1 mg/L 1-naphthaleneacetic acid (NAA)).

(Jintan Maosheng Fine Chemicals, Changzhou,
China) with 0.5, 1.0, 1.5 mg/L and 1-naphthaleneacetic
acid (NAA) (Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China) with 0.05, 0.1, 0.3 mg/L, with MS
medium without Plant growth regulators (PGRs) as
a control (Table 1). A total of 30 bottles (30 mL) of
each treatment, each bottle contained one explant
and each treatment was repeated three times, and the
shoot induction rate was recorded. After 35 days, the
axillary bud grew to 3 cm (Figure 1B). A segment (1
cm long) was cut from the axillary bud and used for
the following experiment.

Bud proliferation

A 1 cm long section was cut and cultured
on MS medium containing 30 g/L sucrose and 7.0
g/L agar. In order to determine the best conditions
for axillary bud proliferation and shoot elongation,
nine different culture combinations were tested, MS
medium without PGRs was used as a control (Table 2).
All cultures were incubated under the same physical
conditions as described previously. A total of 30
bottles of each treatment, one explant per bottle, and
each treatment were repeated three times. After 35

days, the number of shoots and average shoot length
(cm) were recorded.

Induction of adventitious roots from adventitious buds

Terminal bud (length 2.0 cm) was inserted
in half strength MS (1/2 MS) medium, plus 30 g/L
sucrose and 7.0 g/L agar, containing 3-indolebutyric
acid (IBA) (Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China) or NAA at 0.1, 0.3 and 0.5 mg/L.
Buds were also placed on 1/2 MS medium without
PGRs as a control (Table 3). A total of 30 bottles (30
mL) of each treatment, each bottle contained one
explant and each treatment was repeated three times.
All cultures were incubated under the same physical
conditions as above except for adding 20 g/L sucrose.
After 35 days of cultivation, the number of explants
with roots, number of roots per plant, and average
root length (cm) on each plant were recorded.

Statistical Analysis

A completely random design was used in
all cases. A total of 30 explants were cultured per
treatment. The treatments were arranged randomly on
the growth room shelves. For each PGRs combination,
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Table 3 - Effect of 1-naphthaleneacetic acid (NAA) and 3-indolebutyric acid (IBA) on in vitro rooting of 'Zi Dieer' crabapple after 35d.

Treatment ~  —----mmm- Concentrations of PGRs-------------- Rooting (%) Number of roots Length of roots/cm
NAA (mg/L) IBA (mg/L)
1 0 0 34.6 6.04+0.25d 1.54+0.32b
2 0.1 0 63.2 14.73+1.01 a 2.02+0.78b
3 0.3 0 78.5 12.13+0.51b 1.53+0.19b
4 0.5 0 76.8 11.00+0.82 be 1.49+0.12b
5 0 0.1 82.1 11.29+0.52bc 4.21+0.45a
6 0 0.3 67.3 11.17+1.19 be 2.08+0.16b
7 0 0.5 74.7 9.83+0.38 ¢ 2.33+0.19b
8 0.3+1g/L AC 0 87.8 8.05+1.14c 3.65+0.43a

Means + SD with different letters in the columns differ significantly by Duncan’s test (P < 0.05).

the growth parameters were recorded and average + Excel 2010 was used to analyze the linear trend of
SD value were calculated in three analyses. Since bud induction rate.

PGRs was not added, the data of full-strength MS

medium and half-strength MS (1/2 MS) medium were RESULTS AND DISCUSSION

also excluded from the analysis. A one-way analysis

of variance was performed on the obtained data, and Primary culture is mainly to establish the
then Waller-Duncan analysis was performed using vitro growth system of tissue culture of sterile plants.
SPSS 23.0 (IBM, USA) to determine significant Therefore, whether adventitious buds can be induced
differences (P < 0.05, is considered significant). is the key to tissue culture (YANFEN et al., 2002).

Table 2 - Effects of 6-benzylaminopurine (BAP) and 1-naphthoacetic acid (NAA) on the proliferation of 'Zi Dieer' crabapple buds after

35d.
Treatment ~ ------—-------- Concentrations of PGRs----------------—- Number of shoots per explant Length of shoots(cm)
BAP (mg/L) NAA (mg/L)
1 0 0 0 9.03+1.56a
2 0 0.1 0 7.89+1.02ab
3 0 0.3 0 8.90+0.93a
4 0 0.5 0 8.12+1.05ab
5 1.0 0.1 3.65+0.09¢ 5.4340.19cd
6 1.0 0.3 2.32+0.21e 6.77+0.34bc
7 1.0 0.5 2.81+0.14d 8.06+0.21ab
8 1.5 0.1 3.62+0.15¢ 4.74+0.30d
9 1.5 0.3 8.56+0.13a 4.94+0.09¢cd
10 1.5 0.5 5.21+0.11b 5.11+0.23cd
11 2.0 0.1 3.91+0.11¢c 7.92+0.28ab
12 2.0 0.3 2.44+0.09¢ 3.84+1.06d
13 2.0 0.5 2.33+0.09¢ 4.09+0.95d

Data represent means + standard error (SE). Means followed by the same letter(s) within a column are not significantly different (P >
0.05) according to Duncan’s test.
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Table 3 - Effect of 1-naphthaleneacetic acid (NAA) and 3-indolebutyric acid (IBA) on in vitro rooting of 'Zi Dieer' crabapple after 35d.

Treatment ~ ----m----m-——- Concentrations of PGRs--------------
NAA (mg/L) IBA (mg/L)

1 0 0

2 0.1 0

3 0.3 0

4 0.5 0

5 0 0.1

6 0 0.3

7 0 0.5

8 0.3+1g/L AC 0

Rooting (%) Number of roots Length of roots/cm
34.6 6.04+0.25d 1.54+0.32b
63.2 14.73£1.01 a 2.02+0.78b
78.5 12.13+0.51b 1.534+0.19b
76.8 11.00+0.82 be 1.4940.12b
82.1 11.29+0.52bc 4.21+0.45a
67.3 11.17+1.19 be 2.08+0.16b
74.7 9.83+0.38 ¢ 2.33+0.19b
87.8 8.05+1.14¢ 3.65+0.43a

Means + SD with different letters in the columns differ significantly by Duncan’s test (P < 0.05).

In tissue culture, PGRs are essential components in
the culture media to define the pathway of plant cells
and tissues development (JAFARI et al., 2011). To
this end, different combinations and concentrations
of basal media and PGRs were tested. Supplementing
the medium with PGRs can promote axillary buds
formation (Table 1). No bud induction was detected on
MS medium lacked PGRs (i.e., induction rate of 0.0).
Supplementing 1.0 mg/L BAP and 0.1 mg/L NAA to
the basal medium gave the highest bud induction rate
of 93.3% (Table 1). Axillary buds of explants begin
to germinate two weeks after inoculation. Four weeks
after inoculation, buds grow vigorously (Figure 1B). The
average length of the buds was 1.32 cm, which was longer
than most other treatments (Table 1). High concentration
of auxin in combination with high concentration
of cytokinin was detrimental to adventitious shoot
formation. At lower auxin concentration an increase
of cytokinin stimulated adventitious shoot formation.
Just like the results reported in this experimental study,
at 0.05 mg/L NAA, regeneration tends to increase
with the increase of BAP concentration, but when the
concentration of BAP increased to a certain extent,
the length of adventitious buds decreased rather than
increased. As in HIRAKAWA & TANNO, 2022,
cytokinins inhibited axillary bud formation and bud
development. HERNANDEZ-GARCIA et al. (2021)
also suggested that shoot regeneration was significantly
lower in treatments with higher BAP concentrations
(>1.0 mg/L). Moreover, LI et al. (2008) showed
that generally high-concentration of auxin and low-
concentration of cytokinin were beneficial to callus
induction. Just as in our experiment, when BAP was
at 0.5 mg/L, adventitious buds induction rate was low
and callus was produced. Comprehensive analysis

of the results showed that the best treatment method
included adding 1.0 mg/L BAP and 0.1 mg/L NAA to
MS medium to bud induction.

On all tested media, bud proliferation
changed to varying degrees (Table 2). The concentration
ratio of cytokinin significantly affected the number
of buds and each explants height. ANOVA also
demonstrated a significant interaction between these
two factors. The explants (control) on MS medium
without PGRs did not proliferate, and there was a
small number of adventitious roots. Compared with
treatments containing both BAP and NAA, only 0.1, 0.3
and 0.5 mg/L NAA did not stimulate bud proliferation.
Compared with the control (without cytokinin), the
combination of 9 PGRs containing 1.0, 1.5, 2.0 mg/L
BAPand 0.1, 0.3, 0.5 mg/L NAA significantly increased
the number of explants shoots (Table 2). On MS basal
medium supplemented with 1.5 mg/LL BAP and 0.3 mg/L
NAA, the average number of best buds was 8.56+0.13
(P<0.05) and good bud length (4.94+0.09 cm) (Figure
1C). In fact, BAP was found in most Solanaceae plants
induction (e.g., potatoes) (MOKHTARZADEH et al.,
2018). It is reported that the interaction between BAP
and NAA is beneficial to bud reproduction of various
species (FANG, 2012), results supporting the present
study. In contrast, the tallest bud length (9.03+ 1.56 cm)
was obtained without PGRs (P<0.05). As in WANG et
al. (2020) who suggested that cytokinins (such as BAP)
can induce axillary bud formation (LI, 2002), and have
a certain inhibitory effect on cell elongation. Among
the 9 treatments containing PGRs, the sprout length
(8.06£0.21 cm) of 1.0 mg/L BAP and 0.5 mg/L NAA
was longer, but the number of proliferations was small
(2.81+0.14) and could not be applied. Although, shoots
grown on media containing 1.5 mg/L BAP and 0.3 mg/L
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NAA were 4.94 + 0.09 cm long, but the number of buds
proliferated was large (Table 2). According to the above
results, it is recommended to use 1.5 mg/L BAP and 0.3
mg/L NAA for ‘Zi Dieer’ crabapple proliferation.

After 9 days of cultivating buds on all 1/2
MS medium supplemented with NAA, adventitious
roots began to produce white or red radiated
adventitious roots (Figure 1). After 10 days, root
formation was observed in 1/2 MS medium with
IBA or without PGRs. Studies have shown that all 8
treatments can produce roots (Table 3). The root number
of roots on the medium containing 0.1 mg/L NAA was
the highest (14.73+1.01), but there was more callus
formation at the bottom of the bud (Figure 1E and
G), which was not conducive to planting survival.
On the contrary, in the explants treated with IBA,
the rooting rate was higher in the medium containing
0.1 mg/L (82.1 %), and the highest number of roots
(11.29+0.52) was observed. In general, IBA was the
most commonly used auxin for rooting in different
apple genotypes, and rooting percentage varied from
18 to 100% (TEIXEIRA DA SILVA et al., 2019). IBA
is the most common auxin to induce root formation
because it is more potent than IAA or synthetic
auxins (HERNANDEZ-GARCIA et al., 2021). In
addition, there was basically no callus formation
at the bottom of the buds, accompanied by many
fibrous roots (Figure 1D and F). In 1/2 MS medium
without PGRs, the number of roots was low, but
weret longer in length. According to BLAKESLEY
& CHALDECOTT (1993), the existence of roots
in the basal medium may be caused by endogenous
auxin. The rooting rate of 1/2 MS medium containing
1 g/L activated carbon (AC) and 0.3 mg/L NAA was
high (87.8%), and the root length was significantly
different from the other seven treatments (3.65+0.43
cm), but the roots were lower in quantity. It is known
that low-light environment is beneficial to rooting, and
the rooting time is short. This may be because the low
light environment is conducive to the differentiation
of callus into roots (GUAN et al., 2016). There are
also studies (NAOGAN, 2023; BOUDABOUS et al.,
2010) that recommended adding activated carbon to the
rooting medium can absorb the endogenous cytokinins
present in the explants and promote the activity of
auxins. However, low light limits photosynthesis
and is not conducive to the growth of its aerial parts.
Therefore, after successfully inducing rooting under
low light conditions, tissue culture seedlings should be
cultivated immediately under normal light (ELIASSON
& BRUNES, 1980). Based on the above results, it
is recommended to use 0.1 mg/L IBA for ‘Zi Dieer’
crabapple rooting.

CONCLUSION

The effect of inducing axillary buds of
stem segment of ‘Zi Dieer’ crabapple was best on MS
medium supplemented with 1.0 mg/L BAP and 0.1
mg/L NAA, resulting on induction rate of 93.3%, and
average length of buds reaching 1.32 cm.

The effect of germinated buds (length 1
cm) on MS medium supplemented with 1.5 mg/L
BAP and 0.3 mg/L NAA was the best, with average
number of shoots of 8.56+0.13 (P<0.05), and good
bud length (4.94 £ 0.09 cm).

The shoots (length 2 cm) were cultured on
1/2 MS medium supplemented with IBA 0.1 mg/L,
resulted in a rooting rate of 82.1%, average root number
of 11.29+0.52, and average root length 0f 4.21+0.45 cm.

The study demonstrated a successful
method for the micropropagation of ‘Zi Dieer’
crabapple with the potential for large-scale production
of plants.

ACKNOWLEDGEMENTS

This study was funded by the National Forestry and
Grassland Science and Technology Achievement Promotion Project
(2023133114), the National Natural Science Foundation of China
(32201618) and the Natural Science Foundation of Jiangsu Province
(Grants No: BK20220751). We thank Y.A. El-Kassaby for reviewing
earlier version of the manuscript..

DECLARATION
INTEREST

OF CONFLICT OF

The authors declare no conflict of interest. The
founding sponsors had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

AUTHORS’ CONTRIBUTIONS

Na Li: Methodology, Software, Writing-original
draft preparation. Ting Zhou: Data curation & supervision. Donglin
Zhang, Wangxiang Zhang and Guangping Li: Review & editing.

REFERENCES

BLAKESLEY, D.; CHALDECOTT, M. A. The role of endogenous
auxin in root initiation. Plant Growth Regul, v.13, n.1, p.77-84,
1993. Available from: <https://schlr.cnki.net/en/Detail/index/
SSJID _01/SSJD00002052245>. Accessed: Mar. 22, 2020. doi:
10.1007/BF00207595.

BOUDABOUS, M. et al. Micropropagation of apple (Malus
domestica L. cultivar Douce de Djerba) through in vitro culture
of axillary buds. Acta Botanica Gallica, v.157, n.3, p.513-524,
2010. Available from: <https://www.tandfonline.com/doi/abs/10
.1080/12538078.2010.10516227>. Accessed: Mar. 22, 2021. doi:
10.1080/12538078.2010.10516227.

Ciéncia Rural, v.54, n.6, 2024.


https://schlr.cnki.net/en/Detail/index/SSJD_01/SSJD00002052245
https://schlr.cnki.net/en/Detail/index/SSJD_01/SSJD00002052245
https://www.tandfonline.com/doi/abs/10.1080/12538078.2010.10516227
https://www.tandfonline.com/doi/abs/10.1080/12538078.2010.10516227

Optimization of ‘Zi Dieer’ crabapple micropropagation through proliferation of axillary shoots. 7

ELIASSON, L.; BRUNES, L. Light effects on root formation in
aspen and willow cuttings. Physio-logia Piantarum, v.48, n.2,
p-261-265, 1980. Available from: <https://onlinelibrary.wiley.com/
doi/abs/10.1111/j.1399-3054.1980.tb03252.x>. Accessed: Mar. 22,
2021. doi: 10.1111/1.1399-3054.1980.tb03252.x.

ESPINOSA-LEAL, C. A. et al. In vitro plant tissue culture: means
for production of biological active compounds. Planta, v.248,
n.1, p.1-18, 2018. Available from: <https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC7088179/>. Accessed: May, 7, 2018. doi:
10.1007/s00425-018-2910-1.

FANG, L. J. The influence of BAP and NAA on the proliferation
of hybrid pine tissue culture. Anhui Agricultural Sciences, v.40,
n.14, p.8180+8183, 2012. Available from: <http://www.cnki.com.
cn/Article/CJFDTOTAL-AHNY201214066.htm>. Accessed: Mar.
22,2021. doi: 10.3969/j.issn.05176611. 2012.14.065.

GU, N. L. Salt-tolerant plant Malus zumi. Plant Journal, n.3, p.17,
1996. Available from: <https://mall.cnki.net/magazine/Article/
ZWZA199603012.htm>. Accessed: Mar. 22, 2021. doi: CNKI:
SUN: ZWZA.0.1996-03-012.

GUAN, J. Y. et al. Tissue culture and plant regeneration of
Cinnamomum camphora. Journal of Nanjing Forestry University
(Natural Science Edition), v.40, n.4, p.63-68, 2016. Available
from:  <http://www.cqvip.com/QK/93019X/201604/669304436.
html>. Accessed: Mar. 22, 2021. doi: 10.3969/j.issn.1000-
2006.2016.04.010.

HERNANDEZ-GARCIA, A. et al. In vitro propagation from
axillary buds of the endangered tree Dalbergia congestiflora
Pittier (Fabaceae). Plant Biotechnol (Tokyo), v.38, n.4,
p.409-414, 2021. Available from: <https://pubmed.ncbi.nlm.
nih.gov/35087305/>. Accessed: Dec. 25, 2021. doi: 10.5511/
plantbiotechnology.21.0901a.

HIRAKAWA, T.; TANNO, S. In Vitro Propagation of Humulus
lupulus through the Induction of Axillary Bud Development.
Plants (Basel), v.11, n.8, p.1066, 2022. Available from: <https://
www.mdpi.com/2223-7747/11/8/1066>. Accessed: Apr. 13, 2022.
doi: 10.3390/plants11081066.

HOU, Z. M. et al. Tissue culture and rapid propagation of begonia
masoniana and begonia rex. Journal of Mongolia Normal
University, v.30, n.3, p.260-262, 2001. Available from: <https://
europepme.org/article/cba/353917>. Accessed: Mar. 23, 2021.
doi: CNKI:SUN:NMSB.0.2001-03-016. e=CJFD&dbname=C
JFD8589&filename=YYXB198902003&v=04iFA20ICRZ5R
xuXrkfc9tJYVhbTnrXgye5VXhObpCmlIGta%25mmd2FLS8E
t1%25mmd2FO71CodVpUa>. Accessed: Mar. 23, 2021. doi:
CNKI:SUN:YYXB.0.1989-02-003.

HUANG, C. X. Study on the quality of tea made from superior lines
of crabapple. Chinese Agricultural Science Bulletin, v.35, n.36,
p.61-66, 2019. Available from: <https://kns.cnki.net/kcms/detail/l.
?dbcode=CJFD&dbname=CJFDLAST2019&filename=ZNTB20
1936012&v=4bC2kVCCW5K4c81kSZKvW%25mmd2BZJHYh
VSVnltF%25mmd2FqfORiIF6AXT6AOMK34Tvi2 InOCUhIW>.
Accessed: Mar. 22, 2021. doi: CNKI:SUN:ZNTB.0.2019-36-012.

JAFARI, N. et al. Effect of benzylaminopurine (BAP) pulsing
on in vitro shoot multiplication of Musa acuminata (banana) cv.
Afr J Biotechnol, v.10, n.13, p.2446-2450, 2011. Available from:
<http://eprints.um.edu.my/5932/1/Effect_of benzylaminopurine
(BAP) pulsing_on_in_vitro_shoot multiplication_of Musa

acuminata_(banana) cv. Berangan.pdf>. Accessed: Mar. 22,
2021. doi: 10.5897/AJB10.1149.

LI Y. N. A preliminary report on the research of the world apple
and Malus gene center. Acta Horticulture, n.2, p.101-108, 1989.
Available from: <https://kns.cnki.net/kems/detail/detail.x?dbcod
e=CJFD&dbname=CJFD8589&filename=Y YXB198902003&v=
04iFA20ICRZ5RxuXrkfc9t]Y VhbTnrXgye5VXhObpCmlIGta%
25mmd2FL8Et1%25mmd2FO71CodVpUa>. Accessed: Mar. 23,
2021. doi: CNKI:SUN:YYXB.0.1989-02-003.

LI, H. Y. Flower development and rapid propagation system of
crabapple. Master Thesis of Northeast Agricultural University,
2005. Available from: <https://kns.cnki.net/KCMS/detail/detail.as
px?dbname=CMFD0506&filename=2005146139.nh>. Accessed:
Mar. 22, 2021. doi: 10.7666/d.y785343.

LI, S. Principles and techniques of plant tissue culture. Bei Jing.
Chemical Industry Press, n.1, p.59-71, 2008. Available from: <https://
book.douban.com/subject/2307649/>. Accessed: Mar. 23, 2021.

LI, H. S. Modern plant physiology. Beijing: Higher Education
Press, n.11, p. 258-268, 2012. Available from: <http://www.cnki.
com.cn/Article/CJFDTotal-ZWZA201206001.htm >. Accessed:
Mar. 22, 2021. doi: CNKI:SUN:ZWZA.0.2012-06-001.

LIU, Y. F.; FAN, H. M. Research progress on in vitro culture
of crabapple. Hebei Forestry Science and Technology, n.2,
p-34-35, 2002. Available from: <https://wenku.baidu.com/view/
cb0515eb998fcc22bcd10d2d.html>. Accessed: Mar. 23, 2021. doi:
10.3969/j.issn.1002-3356.2002.02.023.

MOKHTARZADEH, S. et al. Shoot proliferation from potato
(Solanum tuberosum cv. Agria) under different concentration
of MS include vitamins and BAP medium. Prog Nutr, v.1,
p.160-166, 2018. Available from: <https://www.researchgate.
net/publication/326914723 Shoot_proliferation_from_potato
Solanum_tuberosum_cv_Agria_under different concentration_
of MS include vitamins and BAP medium>. Accessed: Mar.
22,2021. doi: 10.23751/pn.v20i1-S.6686.

NAOGAN, C. L. et al. Application of activated carbon in
vitro culture of Scabiosa tschiliensis Grun. Journal of
Anhui Agriculture Science. v.51, n.21, p.49-52, 2023.
Available from: <https://kns.cnki.net/kcms2/article/
abstract?v=z-q191QZUWFfSfiGTXxpTEwsbKK7qILMSN
gqR5L D9q3ql1EAXVbEKP-EZfBqZvy-mSjR7DnmbRZeqr
wukCFsS2TqlVtAOzhL8L-E4LJaEggAjRqVRKbuj- KFU
MOzcNT61cX130DaPQ=&uniplatform=NZKPT&language=
CHS>. Accessed: Mar. 22, 2021. doi: 10.3969/j.issn.0517-
6611.2023.21.012.

QU, K. Y. et al. Experimental study on pharmacodynamics of
Malus hupehensis leaf decoction. Lishizhen Traditional Chinese
Medicine, v.2000, v.11, n.2, p.15-16, 2000. Available from:
<https://kns.cnki.net/kcms/detail/detail. CIFD&dbname=CJFD20
00&filename=SZGY200002007 &v=WMIW Wo5XchnOnQd7fdr
L9%25mmd2Bt%25mmd2B26F8HmmK38NAcPEqQMFIfdVLT
EsKfzE2ipBAyv5jH>. Accessed: Mar. 22, 2021. doi: 10.3969/].
issn.1008-0805.2000.02.006.

SI, L. et al. Tissue culture and rapid propagation of anthurium.
Journal of Natural Science of Harbin Normal University, v.25,
n.3, p.89-91, 2009. Available from: <https://kns.cnki.net/kcms/
detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&d
bname=CJFD2009&uid=WEEVREcwSIJHSIdSdmVqM1BLVW

Ciéncia Rural, v.54, n.6, 2024.


https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1980.tb03252.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1980.tb03252.x
http://www.cnki.com.cn/Article/CJFDTOTAL-AHNY201214066.htm
http://www.cnki.com.cn/Article/CJFDTOTAL-AHNY201214066.htm
https://mall.cnki.net/magazine/Article/ZWZA199603012.htm
https://mall.cnki.net/magazine/Article/ZWZA199603012.htm
http://www.cqvip.com/QK/93019X/201604/669304436.html
http://www.cqvip.com/QK/93019X/201604/669304436.html
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD8589&filename=YYXB198902003&v=O4iFA20lCRZ5RxuXrkfc9tJYVhbTnrXgye5VXhObpCmIGta%25mmd2FL8Et1%25mmd2FO7lCodVpUa
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD8589&filename=YYXB198902003&v=O4iFA20lCRZ5RxuXrkfc9tJYVhbTnrXgye5VXhObpCmIGta%25mmd2FL8Et1%25mmd2FO7lCodVpUa
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD8589&filename=YYXB198902003&v=O4iFA20lCRZ5RxuXrkfc9tJYVhbTnrXgye5VXhObpCmIGta%25mmd2FL8Et1%25mmd2FO7lCodVpUa
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD8589&filename=YYXB198902003&v=O4iFA20lCRZ5RxuXrkfc9tJYVhbTnrXgye5VXhObpCmIGta%25mmd2FL8Et1%25mmd2FO7lCodVpUa
https://kns.cnki.net/KCMS/detail/detail.aspx?dbname=CMFD0506&filename=2005146139.nh
https://kns.cnki.net/KCMS/detail/detail.aspx?dbname=CMFD0506&filename=2005146139.nh
https://book.douban.com/subject/2307649/
https://book.douban.com/subject/2307649/
http://www.cnki.com.cn/Article/CJFDTotal-ZWZA201206001.htm
http://www.cnki.com.cn/Article/CJFDTotal-ZWZA201206001.htm
https://wenku.baidu.com/view/cb05f5eb998fcc22bcd10d2d.html
https://wenku.baidu.com/view/cb05f5eb998fcc22bcd10d2d.html
https://www.researchgate.net/publication/326914723_Shoot_proliferation_from_potato_Solanum_tuberosum_cv_Agria_under_different_concentration_of_MS_include_vitamins_and_BAP_medium
https://www.researchgate.net/publication/326914723_Shoot_proliferation_from_potato_Solanum_tuberosum_cv_Agria_under_different_concentration_of_MS_include_vitamins_and_BAP_medium
https://www.researchgate.net/publication/326914723_Shoot_proliferation_from_potato_Solanum_tuberosum_cv_Agria_under_different_concentration_of_MS_include_vitamins_and_BAP_medium
https://www.researchgate.net/publication/326914723_Shoot_proliferation_from_potato_Solanum_tuberosum_cv_Agria_under_different_concentration_of_MS_include_vitamins_and_BAP_medium
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=SZGY200002007&v=WMIWWo5Xchn0nQd7fdrL9%25mmd2Bt%25mmd2B26F8HmmK38NAcPEqMF9fdVLTEsKfzE2ipBAyv5jH
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=SZGY200002007&v=WMIWWo5Xchn0nQd7fdrL9%25mmd2Bt%25mmd2B26F8HmmK38NAcPEqMF9fdVLTEsKfzE2ipBAyv5jH
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=SZGY200002007&v=WMIWWo5Xchn0nQd7fdrL9%25mmd2Bt%25mmd2B26F8HmmK38NAcPEqMF9fdVLTEsKfzE2ipBAyv5jH
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=SZGY200002007&v=WMIWWo5Xchn0nQd7fdrL9%25mmd2Bt%25mmd2B26F8HmmK38NAcPEqMF9fdVLTEsKfzE2ipBAyv5jH
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&dbname=CJFD2009&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&dbname=CJFD2009&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&dbname=CJFD2009&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

Lietal.

9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF 5
obgVAQNKPCY cEjKensW4IQMovwHtwkF4VYPoHbKxJw!!>.
Accessed:  Mar. 22, 2021. doi:  10.3969/j.issn.1000-
5617.2009.03.025.

TEIXEIRA DA SILVA, J. A. et al. In vitro tissue culture of apple
and other Malus species: recent advances and applications. Planta,
v.249, n.4, p.975-1006, 2019. Available from: <https://link.
springer.com/article/10.1007/s00425-019-03100-x>.  Accessed:
Feb. 20, 2019. doi: 10.1007/s00425-019-03100-x.

WANG, C. L. et al. Effects of Malus hupehensis on blood
sugar in mice. Journal of Basic Chinese Medicine, v.13,n.2,
p-19-20, 1999. Available from: <https://kns.cnki.net/kcms/
detailY199902012&v=v6R11ZBT8tRnJgzV9qjb5bKiKW9zi
z9Rzdb88sBEIMdIrmQaGegM7zyC75LzaV7k>. Accessed:
Mar. 22, 2021. doi: CNKI:SUN:JZZY. 0.1999-02-012.

WANG, R. M. et al. Rapid tissue culture propagation regeneration
system of leaves in Malus ‘Prairfire’. Journal of Northeast
Forestry University, v.48. n.(07), p.23-28+39, 2020. Available
from: <https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD
&dbname=CJFDLAST2020&filename=DBLY202007005&v=pW
eQI9UHu7jC8WMRGyJ1uhH7mx2FCG6atjhj%25mmd2BQM%?2
Smmd2BkJqm7TRZz0JgR6%25mmd2FuhL.5R3k34>. Accessed:
Mar. 23, 2021. doi: 10.13759/j.cnki.d1xb.2020.07.005.

XU, F. et al. Research Progress on Germplasm Resources
of crabapple. Jiangsu Agricultural Sciences, n4, p.7-
12,  2010. Available from:  <https://wenku.baidu.com/
view/17e89bc250e2524de4187e0b.html>. Accessed: Mar. 22,
2021. doi: 10.15889/j.issn.1002-1302.2010.04.110.

YUAN, W. P. Cultivation techniques of ornamental tree species
crabapple. Shanxi Forestry, n.S1, p.66-67, 2018. Available
from: <https://wenku.baidu.com/view/4e677905988fcc22bcd
126£t705¢cc175427565. html>. Accessed: Mar. 23, 2021. doi:
CNKI:SUN:SXLY.0.2018-S1-033.

ZHANG, Z. W. et al. Determination of trace elements in Malus
hupehensis. Journal of Basic Chinese Medicine, n.2 p.10,
2000. Available from: <https://kns.cnki.net/kcms/detail/detail.
aspx?dbcode=CJFD&dbname=CJFD2000&filename=JZZY?2
00002005&v=FkgliF30u4HjydTgDInzaT8E2aaG%25mmd2
FgXVjdGu7yKtiviUeHDuaNjw3ZM5e0T9ThOx>. Accessed:
Mar. 23, 2021. doi: 10.13728/j.1673-6427.2000.02.005.

ZHAOQ, J. C. et al. Identification of salt resistance of some Malus
plants. Northern Fruit Tree, n.1, p.9-10, 1995. Available from:
<https://kns.cnki.net/kems/detail/detail.aspx?dbcode=CJFD&db
name=CJFD9495&filename=BFGS501.005&v=XdLPRvbkePX
VxCwxdhEguKvORNCAggCP%25mmd2BTzuaWkUFkShjy2K
2ebB2ecTLQB{Ur%25mmd2Fn>. Accessed: Mar. 22, 2021. doi:
10.16376/j.cnki.bfgs.1995.01.006.

ZHENG, X. F. et al. Research on tissue culture of rieger
crabapple. Guizhou Agricultural Sciences, v.31, n4, p.27-28,
2003. Available from: <https://mall.cnki.net/magazine/Article/
GATE200304008.htm>. Accessed: Mar. 23, 2021. doi: 10.3969/j.
issn.1001-3601.2003.04.008.

ZHOU, T. et al. ‘Zi Dieer’ crabapple. HortScience, v.55, n.2,
p-272-274, 2020. Available from: <https://journals.ashs.org/
hortsci/view/journals/hortsci/55/2/article-p272.xml>.  Accessed:
Mar. 23, 2021. doi: 10.21273/HORTSCI14590-19.

Ciéncia Rural, v.54, n.6, 2024.


https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&dbname=CJFD2009&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=HEBY200903024&dbname=CJFD2009&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RcVhTWjB1VnZyT002N1Azcy9aZk9RUT0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
:%20%3chttps://link.springer.com/article/10.1007/s00425-019-03100-x%3e
:%20%3chttps://link.springer.com/article/10.1007/s00425-019-03100-x%3e
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9899&filename=JZZY199902012&v=v6R1lZBT8tRnJgzV9qjb5bKiKW9ziz9Rzdb88sBEJMd1rmQaGegM7zyC75LzaV7k
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9899&filename=JZZY199902012&v=v6R1lZBT8tRnJgzV9qjb5bKiKW9ziz9Rzdb88sBEJMd1rmQaGegM7zyC75LzaV7k
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9899&filename=JZZY199902012&v=v6R1lZBT8tRnJgzV9qjb5bKiKW9ziz9Rzdb88sBEJMd1rmQaGegM7zyC75LzaV7k
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=DBLY202007005&v=pWeQl9UHu7jC8wMRGyJ1uhH7mx2FCG6atjhj%25mmd2BQM%25mmd2BkJqm7TRZz0JgR6%25mmd2FuhL5R3k34
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=DBLY202007005&v=pWeQl9UHu7jC8wMRGyJ1uhH7mx2FCG6atjhj%25mmd2BQM%25mmd2BkJqm7TRZz0JgR6%25mmd2FuhL5R3k34
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=DBLY202007005&v=pWeQl9UHu7jC8wMRGyJ1uhH7mx2FCG6atjhj%25mmd2BQM%25mmd2BkJqm7TRZz0JgR6%25mmd2FuhL5R3k34
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=DBLY202007005&v=pWeQl9UHu7jC8wMRGyJ1uhH7mx2FCG6atjhj%25mmd2BQM%25mmd2BkJqm7TRZz0JgR6%25mmd2FuhL5R3k34
https://wenku.baidu.com/view/17e89bc250e2524de4187e0b.html
https://wenku.baidu.com/view/17e89bc250e2524de4187e0b.html
https://wenku.baidu.com/view/4e677905988fcc22bcd126fff705cc1754275f65.html
https://wenku.baidu.com/view/4e677905988fcc22bcd126fff705cc1754275f65.html
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=JZZY200002005&v=Fkg1iF30u4HjydTgDInzaT8E2aaG%25mmd2FgXVjdGu7yKtiviUeHDuaNjw3ZM5e0T9ThOx
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=JZZY200002005&v=Fkg1iF30u4HjydTgDInzaT8E2aaG%25mmd2FgXVjdGu7yKtiviUeHDuaNjw3ZM5e0T9ThOx
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=JZZY200002005&v=Fkg1iF30u4HjydTgDInzaT8E2aaG%25mmd2FgXVjdGu7yKtiviUeHDuaNjw3ZM5e0T9ThOx
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2000&filename=JZZY200002005&v=Fkg1iF30u4HjydTgDInzaT8E2aaG%25mmd2FgXVjdGu7yKtiviUeHDuaNjw3ZM5e0T9ThOx
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9495&filename=BFGS501.005&v=XdLPRvbkePXVxCwxdhEguKv0RNCAggCP%25mmd2BTzuaWkUFk5hjy2K2ebB2ecTLQBfUr%25mmd2Fn
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9495&filename=BFGS501.005&v=XdLPRvbkePXVxCwxdhEguKv0RNCAggCP%25mmd2BTzuaWkUFk5hjy2K2ebB2ecTLQBfUr%25mmd2Fn
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9495&filename=BFGS501.005&v=XdLPRvbkePXVxCwxdhEguKv0RNCAggCP%25mmd2BTzuaWkUFk5hjy2K2ebB2ecTLQBfUr%25mmd2Fn
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD9495&filename=BFGS501.005&v=XdLPRvbkePXVxCwxdhEguKv0RNCAggCP%25mmd2BTzuaWkUFk5hjy2K2ebB2ecTLQBfUr%25mmd2Fn
https://mall.cnki.net/magazine/Article/GATE200304008.htm
https://mall.cnki.net/magazine/Article/GATE200304008.htm
https://journals.ashs.org/hortsci/view/journals/hortsci/55/2/article-p272.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/55/2/article-p272.xml

	_Hlk148292831
	_Hlk60240436
	_Hlk67404379
	_Hlk105796755
	_Hlk67404510
	_Hlk105798292
	_Hlk105797375
	_Hlk67407423
	_nebFAE43F74_0DCC_4133_9308_B6B6CCE25501
	_nebE287D3FE_590C_4B2A_8E7D_06D685748399
	_Hlk60240912

