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Introduction
Plant tissue culture is a culturing technique and vitrification refers 

to an abnormal state often take place in cultured plants. Vitrificartion 
(synonym; translucency vitrescence, glassiness, hyperhydric 
malformation) is a serious problem which affects usually shoot 
multiplication and culture vigour. The word vitrification has been 
derived from Latin word vitreum means glass via French word vitrifier. 
It is a physiological disorder that may have different aspects at the 
back. The vitrification may be due to imbalance in organic compounds, 
organic compounds temperature, light and water potential. But 
morphological physiological and ecological feature are amassed 
reported for its occurrence. The major signs of vitrification in plant 
tissue culture are hyperhydricity, lack of chlorophyll a and chlorophyll 
b, loss of lignification in cell wall of plant cell and the leaves may have 
large number of intercellular spaces than normal leaves. Abnormal 
growth of plant organs and high concentration of water in plant body 
characterize the hypertrophy and hyperhydricity respectively. In 
vitrification the leaves become translucent w and whirled and broad 
in size. The palisade mesophyll tissues are absent in abnormal vitrified 
leaves but spongy mesophyll tissues are intact in leaves vascular 
bundles also gets distorted by vitrification. The vessels and tracheids 
are defective in such micro propagated malfunctioned plants. The story 
behind these phenomena is that all sugar content of plant is converted 
into amino acids the concentration of cellulose and lignin falls down. 
As a result, the wall becomes less efficient and water begins to move 
into the cell. This all leads to hyperhydric malformation. Vitrification 
not only effects herbaceous but also the woody plants during vitro 
vegetative micropropagation [1-10].

The vitrified plant is more susceptible to infections plants with 
fewer stomata and vascular bundle and lack of grow cambium which is 
descending basipetally from leaves primordia are known to be victims 
of vitrification. The major factor involved in glassiness are total water 
potential of medium, availability of water, growth factors imbalancing 
and BAP (benzyl amino purine). Due to the loss of chlorophyll the 
organs of plants become less green in color. The vitrification is actually 
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Abstract
This study interprets the characteristic features of vitrification in plant tissue culture. Vitrescence is physiological 

decrepitude that hovers morphological and ecological aspects at its back. The foremost determinants of hyperhydricity 
are both external and internal factors. These antecedents may be the imbalancing of compounds in culture media 
or other agents like light, temperature and water potential. Abnormal state of leaves, stem, disruption of vascular 
bundle, hyperhydricity of cells, loss of chlorophyll, adverse effect on cytoplasm and depletion of lignin in cell wall 
of micropropagated plants are some of the consequences of glassiness. Extreme level of temperature, humidity, 
low light intensity, high ammonium and chlorine in culture media, low agar and low level of cellulose with lignin, 
hyperhydric condition and imbalance in culture media are primary roots of vitrification. Passable check and balance 
of hormones, organic and inorganic compounds, supporting agents, atmospheric factors and proper exchange of 
gases in container with environment are capital remedies to reverse the hyperhydric malformation. The proper 
concernment of plant tissue culturists is highly wanted to eliminate this state during tissue culture. Further research 
is executing in this area of study.

Morphological, Physiological and Ecological Features of Vitrification in 
Plant Tissue Culture

reversible process and it was firstly reported in 1960s. (Philips and 
Mathews, 1964s; Hacket and Anderson, 1967). Usually, if vitrification 
overcomes the tissue culturing, plants lose 60% of its production. 
The plant has poor growth of abnormal shoots, poor survival & low 
percentage of rooting. High concentration of growth regulators, 
NH4 and Cl in MS medium also accelerated vitrification. Relative 
concentration of ammonium is more critical in this manner. Abnormal 
photosynthesis and gas exchange are major consequence of vitrification. 
Figure 1 shows hyperhydrated vitreous leaves [11-15].
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Figure 1: Carnation plant cultured in liquid medium showing hyperhydrated 
vitreous leaves (Shevchenko et al. 2020).
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Morphological and Physiological Aspects

Different morphological and physiological aspects are involved in 
causing vitrification. Actually vitrification is not accurred directly but 
its consequences are in steps. Firstly, leaves and then other organs and 
parts of micropropagated plants are affected [16-19].

Leaves as victim

The major effect on the leaves of vitrified plant is loss of its original 
coloration. They become shiny and translucid dark green. The leaves 
become glassy, leucious, pellucid and Hyperhydric in nature. Generally, 
two types of vitrification having observed in leaves. The succulent 
vitrification changes the normal leaves into thicker ones. And non-
succulent vitrification makes the leaves whirled. The epiderm shows 
studded morphology and the stomata's raise eminent effect. The 
reduction of palisade mesophyll tissues is major sign of vitrified leaves. 
Lacunae of vitrified leaves is two to seven times larger than normal 
leaves. The glassiness of leaves with vitrification effect is due to low agar 
concentration and cellulose. Double size of leaf in this malformation is 
due to lack of differentiation and formation of large intercellular spaces 
[20,21].

Hyperhydricity of cell

Hyperhydricity is the high concentration of water in the cell. Loss 
of lignification in cell wall and increase in concentration of soluble 
phenol ultimately allows the water to enter in the cell. These condition 
at background hovers the wet of plant body [21-29].

Chlorophyll deficiency

The vitreous plants hold less chlorophyll and the rate of 
photosynthesis decreases 50%.

Effects on cytoplasm

The content of cytoplasm set of into less abundant and other 
organelles like chloroplasts and stomata resembles to amyloplast.

Shoot proliferation

Shoot number and production of biomes exerelated to high level due 
to access of cytokinin, auxiliary and adventitious buds rate increases. 
The activity of proliferation lowers down which in turn decreases the 
photosynthesis activity of stem. Two types of vitification have been seen 
in shoot passive and active vitrification. The vessels and tracheids are 
hypolignified [15-30].

Cell wall lignification

Cell wall is main gate to all internal activities. Slightly change in 
morphology of cell wall affects whole plant. If the amount of lignin shut 
down in cell wall the wall becomes less intact and it will allow all other 
factors to happen that causes vitrification.

Ecological Aspects

Ecological aspects comprise all the internal and external factors 
which influence the growth of culture and culture media.

Culture media environment

Quality of agar is highly effective of culturing of plants. The agar 
may have different effect on different species. Its means not only the 
quantity but also quality (brand) of agar also matters (Debergh, 
1983). The culture media with less amount of agar has high possibility 
to get vitrified. Water is another factor of culture media which 

influence vitrification. The low amount of agar will increase the water 
concentration. The solidity of agar matters in this way. Even 1.1% 
increase in agar concentration can decrease vitrification. High level 
of cytokinin in the presence of low concentration of agar can cause 
vitrification. The balanced amount of agar and cytokinin is applicable 
only for particular concentrations. Imbalance of cytokinin and auxin 
causes vitrification due to defective xylem. The emission of gasses in 
closed container specially ethylene increases the chance of translucency. 
The chance of ethylene emission in solid culture media is high. Relative 
amount of ammonium ions in MS media and chlorine in high level 
mainly accelerate the vitrification. Low level of mignon and cellulose in 
culture media elevates the chance of glassiness [11]. If ammonium ions 
are large in concentration, the carbon and nitrogen ratio will decrease 
due to excess of nitrogen. Decrease in phenol concentration is parallel 
with carbon and nitrogen concentration. High calcium level reduces 
the vitrification in both herbaceous and woody plants. Figure 2 shows 
the reversible process of vitreous leaves of carnation into normal ones 
(Ho Thi Minh Thu et al. 2020).

Atmospheric factors

The exchange of external and internal atmosphere is crucial. The 
light and temperature from external atmosphere influence the tissue 
culturing. The quality, intensity and duration of light affect shoot 
growth and morphogenesis. Light regulates the leaves size. Any change 
in light regarding its quality and intensity causes vitrification. High 
light intensity the sign of normal tissue culture Lowering the intensity 
of light causes vitrification due to loss of Carbon dioxide. Humidity is 
another factor which put negative impact on culturing. In low humidity, 
possibility of vitrification is low. The balanced temperature is necessary 
for normal plant tissue culturing. High temperature causes glassiness 
of plants in micropropagation. Thus, not only internal but external 
atmosphere is effective in terms of vitrification. The table 1 shows the 
morphological and physiological changes in plant tissue culture related 
to vitrification [31].

Remedies

The best solution to vitrification is to increase the rate of 
shoot proliferation which in turn ultimately reduces the chance 
of translucency. This purpose, temperature, light and relative 
concentration of ammonium ions must be balanced. Agar and 
ammonium ions also used to eliminate vitrous condition in culture 
room. Due to these reasons the relative concentration of water and 
agar is controlled. High quantity of agar decreases the water availability 

Figure 2: Conversion of vitrified leaves of carnation into normal due to 1% agar (Ho 
Thi Minh Thu et al. 2020).
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and thus the possibility of vitrification is reduced. Not only the 
concentration of water but cytokinin can also be balanced by increasing 
concentration of agar. Overall high level of carbohydrates in the 
medium, modified concentration of agar, changed light intensity and 
reduced humidity value within culture medium facilitate the reduction 
of vitrification. Another best solution to overcome this serious issue is 
to allow a better gas exchange (Hakkart and Versluijs, 1983). If agar is 
not available, it can also be replaced with pectin. The cold treatment in 
plant issue culture lowers the rate of vitrification in culture media. Anti-
vitrifying complexes which composed of hydro soluble agar fraction 
is best remedy to reverse the effect of vitrification. Reinforcement of 
solid stationary medium, cobalt pretreatment and replacement of MS 
macronutrients by medium lacking chlorine ions are one of the useful 
reversible remedies in this regard.

Implication on Mass Propagation

In mass propagation remedies are applied by plant tissue culturists. 
Not always causes of defective conditions are poor acclimatization. But 
other factors are also involved in this regard. Insufficient wax deposition 
on cuticle of leaf can also cause withering. The implication on mass 
propagation can be done by setting balanced conditions in internal 
and external atmosphere. Majority, the rate of transpiration on and 
translocation must be promoted by tissue culturists. It will definitely 
help in reduction of vitrification rate.

Conclusion
Vitrification is not a restricted problem in plant tissue culture. The 

morphological, physiological & ecological aspects are the causes the 
glassiness but not every symptom in vitrification known to be specified 
to it. These signs can also be the result of other means. Further study is 
much more needed to fully uncover it’s all aspects. But for plant tissue 
culturists hyperhydric malformation is sensitive concern to handle.

References
1.	 Ahmadian M, Babaei A, Shokri S, Hessami S (2017) Micropropagation of 

carnation (Dianthus caryophyllus L.) in liquid medium by temporary immersion 
bioreactor in comparison with solid culture. J Genet Eng Biotechnol 15: 309-
315

2.	 Antony JJJ, Zakaria S, Zakaria R, Ujang JA, Othman N, et al. (2019) 
Biochemical analyses of Dendrobium Sabin Blue PLBs during cryopreservation 
by vitrification. Physiol Mol Biol Plants 25: 1457.

3.	 Bettoni JC, Markovi´c Z, Bi W, Volk GM, Matsumoto T, et al. (2021) Grapevine 
Shoot Tip Cryopreservation and Cryotherapy: Secure Storage of Disease-Free 
Plants. Plants 10: 2190.

4.	 Obrien C, Hiti-Bandaralage J, Folgado R, Lahmeyer S, Hayward A, et al. (2021) 
First report on cryopreservation of mature shoot tips of two avocado (Persea 
americana Mill.) rootstocks. PCTOC 144: 103-113.

5.	 O'Brien C, Hiti-Bandaralage J, Folgado R, Lahmeyer S, Hayward A, et al. 

(2020) A method to increase regrowth of vitrified shoot tips of avocado (Persea 
americana Mill.): First critical step in developing a cryopreservation protocol. 
Sci Hort 266: 109305.

6.	 Daguin F, Letouze R (1986) Ammonium-induced vitrification in cultured tissues. 
Physiol Plant 66: 94-98.

7.	 Engelmann F (2011) Use of biotechnologies for the conservation of plant 
biodiversity. Vitr Cell Dev Biol Plant 47: 5-16.

8.	 Gámez-Pastrana R, González-Arnao MT, Martínez-Ocampo Y, Engelmann 
F (2011) Thermal events in calcium alginate beads during encapsulation 
dehydration and encapsulation-vitrification protocols. Acta Hortic 908: 47-54.

9.	 Gavrilenko TA, Shvachko NA, Volkova NN, Ukhatova YV (2019) A modified 
droplet vitrification method for cryopreservation of shoot tips from In vitro potato 
plants. Vavilovskij Žurnal Genetiki i Selekcii, 23: 422-429.

10.	Jaleta A Sulaiman M (2019) A review on the effect of rooting media on rooting 
and growth of cutting propagated grape (Vitis vinifera L). World J Agri Soil Sci 
3: 1-8.

11.	Kevers C, Coumans M, Coumans-Gilles MF, Gaspar Th (1984) Physiological 
and biochemical events leading to vitrification of plants cultured in vitro. Physiol 
Plant 61: 69-74.

12.	Kumsa F (2017) Effect of growth regulators on indirect organogenesis of two 
grapevines (Vitis vinifera L.) cultivars. African J Biotech 16: 852-859.

13.	Kumsa F (2020) Factors affecting in vitro cultivation of (Vitis vinifera L.): a 
review. Inter J Agri Res Inno and Techn 10: 1-5.

14.	Khan N, Ahmed M, Hafiz I, Abbasi N, Ejaz S, et al. (2015) Optimizing the 
concentrations of plant growth regulators for in vitro shoot cultures, callus 
induction and shoot regeneration from calluses of grapes. OENO One 49: 37-45.

15.	Leshem B, Shaley DP, Izhar S (1988) Cytokinin as an inducer of vitrification in 
melon. Ann Bot 61: 255-260.

16.	Mathew L, McLachlan A, Jibran R, Burritt DJ, Pathirana R, et al. (2018) Cold, 
antioxidant and osmotic pre-treatments maintain the structural integrity of 
meristematic cells and improve plant regeneration in cryopreserved kiwifruit 
shoot tips. Protoplasma 255: 1065-1077.

17.	Mikosvki AI, Silva NT, Souza CS, Machado MD, Otoni WC, et al. (2019) Tissue 
culture and biotechnological techniques applied to passion fruit with ornamental 
potential: An overview. Ornamental Hortic 25: 189-199.

18.	Pathirana R, Mathew L, McLachlan A (2021) A simplified method for high 
recovery of kiwifruit (Actinidia spp.) shoot tips after droplet vitrification 
cryopreservation suitable for long-term conservation. Plant Cell Tiss Organ 
Cult 144: 97-102.

19.	Panis B (2029) Sixty years of plant cryopreservation: From freezing hardy 
mulberry twigs to establishing reference crop collections for future generations. 
Acta Hortic 1234: 1.

20.	Panis B, Nagel M, den houwe IV (2020) Challenges and Prospects for the 
Conservation of Crop Genetic Resources in Field Genebanks, in In Vitro 
Collections and/or in Liquid Nitrogen. Plants 9: 1634.

21.	PL Pasqualetto (1990) Vitrification in Plant Tissue Culture. Plant Aging: Basic 
Appl Appr 13: 56030.

22.	da Silva JAT, Gulyás A, Magyar-Tábori K, Min-Rui W, Qiao-Chun W, et al. 
(2019) In vitro tissue culture of apple and other Malus species: recent advances 
and applications. Planta 249: 975-1006.

Sr.no Media Plant species Morphological and physiological changes References
1 Liquid or semi solid 

lower agar medium Dianthus caryophyllus
•	 Abnormal mesophyll
•	 reduced cuticular waxes
•	 High ethylene
•	 Vitreous shoots
•	 Abnormal stomata

•	 Earle & Langhans  (1975)
•	 Sutter & Langhans  (1979)
•	 Mele et al. (1982)
•	 Hakkart and virsluijs(1983)
•	 Ziv et al. (1987 a, b)werker & Leshem (1987)

2 Liquid media Malus sp. •	 Vitreous shoots ,aerenchyma Paques & Boxus (1987 b)
3 Semi-solid agar media Fragaria ananas •	 Changes in epicuticular waxes Fabbri  et al. (1986)
4 High agar and matrix 

potential
Cynara scolymus •	 Decrease vitrification Debergh et al. (1981)

5 Elevated sucrose Pyrus communis •	 Vitreous shoots Orlikowska (1987)
6 High level of ammonia Prunus avium •	 Vitreous shoots Riffaud & cornu (1981)

Table 1: The effect of culture condition on morphological and physiological changes related to vitrification of micropropagated plants.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6296628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6296628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6296628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6825076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8541583/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8541583/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8541583/
https://link.springer.com/article/10.1007/s11240-020-01861-y
https://link.springer.com/article/10.1007/s11240-020-01861-y
https://www.sciencedirect.com/science/article/abs/pii/S0304423820301333#:~:text=To prime avocado shoot tips,prior extraction of shoot tips.
https://www.sciencedirect.com/science/article/abs/pii/S0304423820301333#:~:text=To prime avocado shoot tips,prior extraction of shoot tips.
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1986.tb01239.x
https://link.springer.com/article/10.1007/s11627-010-9327-2
https://link.springer.com/article/10.1007/s11627-010-9327-2
https://www.actahort.org/books/908/908_3.htm
https://www.actahort.org/books/908/908_3.htm
https://www.cabdirect.org/cabdirect/abstract/20219922675
https://www.cabdirect.org/cabdirect/abstract/20219922675
https://www.cabdirect.org/cabdirect/abstract/20219922675
https://www.researchgate.net/profile/Abera-Jaleta/publication/338695179_A_Review_on_the_Effect_of_Rooting_Media_on_Rooting_and_Growth_of_Cutting_Propagated_Grape_Vitis_vinifera_L/links/5e3bcf01a6fdccd9658ab2ca/A-Review-on-the-Effect-of-Rooting-Media-on-Rooting-and-Growth-of-Cutting-Propagated-Grape-Vitis-vinifera-L.pdf
https://www.researchgate.net/profile/Abera-Jaleta/publication/338695179_A_Review_on_the_Effect_of_Rooting_Media_on_Rooting_and_Growth_of_Cutting_Propagated_Grape_Vitis_vinifera_L/links/5e3bcf01a6fdccd9658ab2ca/A-Review-on-the-Effect-of-Rooting-Media-on-Rooting-and-Growth-of-Cutting-Propagated-Grape-Vitis-vinifera-L.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1984.tb06102.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1984.tb06102.x
https://academicjournals.org/journal/AJB/article-full-text/B2BB8D063769
https://academicjournals.org/journal/AJB/article-full-text/B2BB8D063769
https://ageconsearch.umn.edu/record/304055/
https://ageconsearch.umn.edu/record/304055/
https://oeno-one.eu/index.php/oeno-one/article/view/95/0
https://oeno-one.eu/index.php/oeno-one/article/view/95/0
https://oeno-one.eu/index.php/oeno-one/article/view/95/0
https://academic.oup.com/aob/article-abstract/61/2/255/161121
https://academic.oup.com/aob/article-abstract/61/2/255/161121
https://link.springer.com/article/10.1007/s00709-018-1215-3
https://link.springer.com/article/10.1007/s00709-018-1215-3
https://link.springer.com/article/10.1007/s00709-018-1215-3
https://link.springer.com/article/10.1007/s00709-018-1215-3
https://www.scielo.br/j/oh/a/9hfzSr6D53RDKMMXcBhdYvC/
https://www.scielo.br/j/oh/a/9hfzSr6D53RDKMMXcBhdYvC/
https://www.scielo.br/j/oh/a/9hfzSr6D53RDKMMXcBhdYvC/
https://link.springer.com/article/10.1007/s11240-020-01860-z
https://link.springer.com/article/10.1007/s11240-020-01860-z
https://link.springer.com/article/10.1007/s11240-020-01860-z
https://www.actahort.org/books/1234/1234_1.htm
https://www.actahort.org/books/1234/1234_1.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7761154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7761154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7761154/
https://link.springer.com/chapter/10.1007/978-1-4684-5760-5_16
https://link.springer.com/article/10.1007/s00425-019-03100-x
https://link.springer.com/article/10.1007/s00425-019-03100-x


Citation: Ali R (2023) Morphological, Physiological and Ecological Features of Vitrification in Plant Tissue Culture. J Plant Genet Breed 7: 184.

Page 4 of 4

Volume 7 • Issue 6 • 1000184J Plant Genet Breed, an open access journal

23.	Vozovyk K, Bobrova O, Prystalov A, Shevchenko N, Kuleshova L, et al. (2020) 
Amorphous state stability of plant vitrification solutions. Biologija 66: 1.

24.	Wang M-R, Chen L, da Silva JAT, Volk GM, Wang Q-C, et al. (2018) 
Cryobiotechnology of apple (Malus spp.): Development, progress and future 
prospects. Plant Cell Rep 37: 689-709.

25.	FAO WIEWS (2019) World Information and Early Warning System on Plant 
Genetic Resources for Food and Agriculture FAO: Rome, Italy.

26.	Warner RM, Ampo E, Nelson D, Benson JD, Eroglu A, et al. (2021) Rapid 
quantification of multi-cryoprotectant toxicity using an automated liquid handling 
method. Cryobiology 98: 219-232.

27.	WERKER E, LESHEM B (1987) Structural changes. during vitrification of 
carnation plantlets. Annals Bota 59: 377-85.

28.	Xu L, Li S, Shabala S, Jian T, Zhang W, et al. (2019) Plants grown in Parafilm-
wrapped Petri dishes are stressed and possess altered gene expression 
profile. Front Plant Sci 10: 637.

29.	Zamecnik J, Faltus M, Bilavcik A (2021) Vitrification Solutions for Plant 
Cryopreservation: Modification and Properties. Plants 10: 2623.

30.	Ziv M, Ariel T (1990) The effect of culture condition on vitrification and stomatal 
cell wall deformation in leaves of carnation plants in vitro. Plant Sci 45-69.

31.	Zhang Q, Deng D, Dai W, Li J, Jin X, et al. (2020) Optimization of culture 
conditions for differentiation of melon based on artificial neural network and 
genetic algorithm. Sci Rep 10: 1-8.

https://www.lmaleidykla.lt/ojs/index.php/biologija/article/view/4190
https://link.springer.com/article/10.1007/s00299-018-2249-x
https://link.springer.com/article/10.1007/s00299-018-2249-x
https://www.fao.org/wiews/resources/en/
https://www.fao.org/wiews/resources/en/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7897298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7897298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7897298/
https://academic.oup.com/aob/article-abstract/59/4/377/161326
https://academic.oup.com/aob/article-abstract/59/4/377/161326
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6529517/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6529517/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6529517/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8707230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8707230/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effect+of+culture+condition+on+vitrification+and+stomatal+cell+wall+deformation+in+leaves+of+carnation+plants+in+vitro&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effect+of+culture+condition+on+vitrification+and+stomatal+cell+wall+deformation+in+leaves+of+carnation+plants+in+vitro&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7044330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7044330/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7044330/

	Corresponding Author
	Abstract



