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A B S T R A C T
The demand of  medicinal plants for consumption is greatly increasing worldwide. 
The conventional breeding programs are generally dependent on the environment 
prone to biotic and abiotic stresses. These added to the low content of  secondary 
metabolitesatharvest,bringtheneedforartificialdevelopmentof polyploidindivi
duals as an alternative to increase productivity. Consequently, the present study 
eva lua ted the effect of  different colchicine concentrations and exposure time, on 
Kalanchoe tubiflora leaf  morphology and stomata. Initially, K. tubiflora seedlings were 
harvested and submitted to colchicine concentrations of  0, 0.025, 0.05 and 0.1 % 
and at two exposure times (24 and 48 hours). Subsequently, morphological mea
surements such as plant height, leaf  width, leaves number, leaf  length, leaf  thick
ness and leaf  volume every 15 days were made for 16 weeks after planting. Then, 
the stomata were characterized, taking into account the width, length, stomatal 
indexandthenumberof chloroplastsperstoma.Asignificantincreaseinleaf mor
pho logy was found in colchicine treatments of  0.025 % at 48 h and 0.1 % at 24 h. A 
significantincreaseinstomatalmorphologywiththetreatmentof 0.025%at24h
was also recorded. This shows that the correct application of  colchicine in term of  
quantity and time could produce greater growth in a short period and increase the 
biomass of  K. tubiflora medicinal plant.
Keywords: chloroplasts, mitotic inhibitor, medicinal plant, ploidy

Р Е З Ю М Е
Салазар С.А.М., Квинтеро И.Д.К., Бастос В.Д.У. Влияние колхицина 
на морфологию листьев и устьицы Kalanchoe tubiflora (Harv.) Raym.-
Hamet (Crassulaceae). Спросналекарственныерастениязначительновоз
растаетвовсеммире.Традиционныепрограммыразведения,какправило,
зависят от окружающей среды, а также от биотических и абиотических
стрессов.Этообуславливаетнеобходимостьискусственногополученияпо
липлоидныхособей в качестве альтернативыдляповышенияпродуктив
ности.Внастоящемисследованииоценивалось влияниеразличных кон
центрацийколхицинаивремениеговоздействиянаморфологиюлистьев
и устьицKalanchoe tubiflora. Первоначально его сеянцы были подвергнуты
воздействиюколхицинавконцентрациях0,0,025,0,05и0,1%придвух
выдержках (24и 48 часов).Впоследствии в течение 16недельпослепо
садкикаждые15днейпроизводилисьморфологическиеизмерениятаких
параметровкаквысотарастения,шириналиста,количестволистьев,длина
листа,толщиналистаиобъемлиста.Затемдляустьицбылиопределены
ширина, длина, устьичныйиндекс и количество хлоропластов на стому.
Значительное увеличениеразмеровлистьевбылообнаруженоприобра
ботке колхициномна 0,025%при экспонировании в течение 48 чина
0,1%–24ч.Такжебылозарегистрированозначительноеувеличениепа
раметровустьицприобработкена0,025%втечение24часов.Этопоказы
вает,чтоправильноепоконцентрацииивремениприменениеколхицина
можетпривестикбольшемуростузакороткийпериодиувеличениюбио
массылекарственногорастенияK. tubiflora.
Ключевые слова: хлоропласты, ингибитор митоза, лекарственное растение,
плоидность
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Impact of colchicine on leaf 
morphology and stomatics of 
Kalanchoe tubiflora (Harv.) Raym.-
Hamet (Crassulaceae)

The genus Kalanchoe belongs to the Crassulaceae family 
which includes about 125 described species (Salazar et al. 
2018). Fifty six species are native to Southern and Eas tern 
Africawhiletheremaining60speciesarenativetoMada
gas car (Pokhrel & Karsai 2015, Vlielander et al. 2018). It is 
currently distributed throughout the world especially in hot 
climates(Mora&Hernández2016,Richwagenetal.2019).
They mostly include Crassulacean Acid Metabolic plants 

(Gotoh et al. 2019), and they are commerciallyproduced
throughouttheyear(Huang&Chu2012).Despiteitsof
ten exotic appearance, Kalanchoe has ethnobotanical uses, it 
is called "miraculous leaf" for its use in the treatment of  
variousailments(Miladetal.2014,Richwagenetal.2019).

Many species from the genus are used in natural and 
phar maceutical medicine since ancient times, due to they 
pro duce secondary metabolites rich in alkaloids, triterpenes, 
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glycosides,flavonoids,steroids(bufadienolides)andlipids,
which help to treat health problems such as bronchitis, 
mosquito bites, respiratory infections, tuberculosis, epi
lep sy, varicella, heart clinical treatments, among others 
(Kolodziejczyketal.2017,Agarwal&Shanmugam2019).Its
effectonprostatecancerhasbeenproven(AriasGonzález
etal.2018),and theyhavebeenobjectof bioengineering
with the development of  a type of  transgenic Kalanchoe 
pinnata (Lam.)Pers.whichproducesanantimicrobialpep
tide(Zakharchenkoetal.2016,Lebedevaetal.2017).The
qualityof kalanchoeornamentalplantshasbecomeincrea
sing ly important (Mibus et al. 2014) with a production of  
more than 150 million of  Kalanchoe blossfeldiana Poelln. plants 
per year in Europe. In 2012, Kalanchoe placed second on the 
listof the25bestsellingindoorplantsintheworld'slargest
flowerauctionintheNetherlands,withasalesvolumeof 
USD55millionand77millionunitssold(Mibusetal.2014).
The genus has also contributed to plant breeding, as it is 
the case of  the isolation of  resistance genes to Phytophthora 
nicotianae (Oh & Son 2008).

Kalanchoe tubiflora (Harv.) Raym.Hamet is a succulent
plant from Madagascar also known as Bryophyllum and 
Kitchingia (Chernetskyy 2012, Huang et al. 2013). It is
characterized by its high level of  cardiac glycosides. For this 
reason, it has gained importance in the pharmaceutical and 
medicinalfields.Inaddition,itisaverypopularornamental
plant (Kulus 2015). K. tubiflora has great capacity to prevent 
the loss of  water, being able to generate seedlings even 
under conditions of  extreme drought (Luo et al. 2015). It 
has also shown antitumor activity caused by bufadienolides 
(Hsieh et al. 2012, Huang et al. 2013, Solis et al. 2018).
Huang et al. (2021) demonstrated the autophagy induction 
in highly metastatic human lungs CL15 cancer cells, by
three K. tubiflora isolated bufadienolides. Likewise, the 
findingsmadebyHsiehetal.(2016)showedthatK. tubiflora  
caused senescenceof mice cells (A549)xenograftedwith
human tumor cells. It is alsoused to treatwounds, aller
giesandskindiseases(Hsiehetal.2012).Thisomnipoten
tial characteristic has caused an increase in demand of  the 
species.Therefore, thedevelopmentof  efficientmultipli
cationprotocolsisjustified(Kulus2015).Itisnecessaryto
develop a cultivation system or methodology that guarantees 
a sustainable production of  secondary metabolites rich 
in alkaloids, triterpenes, glycosides, flavonoids, steroids
(bufadienolides) and lipids (Arias et al. 2009), developing
alter na tives to obtain higher production volumes, through 
genetic selection and breeding programs (Sattler et al. 2016, 
Quinteroetal.2009).

In this order of  ideas, the use of  colchicine has been 
suc cessful, demonstrating greater growth and increase in 
different plants' biomass production (Urwin 2014) since
it allows an increase of  its vegetative parts caused by 
polyploidy(Sadatetal.2017,Matos2014).Colchicineisthe
mostcommonlyusedmutageninplantsduetoitsefficiency
and reliability in the induction of  polyploidization (Ade & 
Rai2010,Salmaetal.2017).Itisalsoaneffectivemitosis
inhi biting agent which destabilizes and depolymerizes 
microtubules during the formation of  mitotic spindle (Lu 
et al. 2012). This will prevent pairs of  chromosomes from 

splittingandmovingtowardstheoppositepoleduringana
phase, thereby cause two sets of  chromosomes to remain in 
a single nucleus that forms polyploid cells (Ade & Rai 2010, 
Eng&Ho2019).

The most important advantage of  polyploidy is that 
plants tend to have better performance and morphological 
cha rac te ristics, such as height and size of  the plant organs 
(Hannweg et al. 2016), and the increase in biomass in general 
(Urwin2014).Todevelopanefficientpolyploidizationpro
tocolforaspecies,updatedresearchisessential.Itisestima
ted that only 15 % of  angiosperm species were formed as a 
resultof polyploidization(Woodetal.2009).Thisindicates
that the formation of  a new polyploid is rare (Eng & Ho 
2019). To idicate polyploid plants, indirect methods are
performed as morphological characters (Sánchez & Matos 
2012), cytological methods measuring the stomatal size and 
density, the number of  chloroplasts in stomata guard cells 
(Sadatetal.2017,Orrillo&Bonierbale2009,Choqueetal.
2007,Standringetal.1990)andbychromosomecounting
(Matos 2014, Salazar et al. 2018). For the foregoing, taking 
into account the medicinal and ornamental importance, the 
following study evaluates the effect of  different concen
trationsandexposuretimeof colchicineonfoliarmorpho
logy and K. tubiflora stomata.

M A T E R I A L  A N D  M E T H O D S
Cult ivat ion condit ions  and plant  mater ia l

This study was carried out at the biology laboratory 
of  Francisco de Paula Santander University located at 
7°54'01.1"Nand72°29'15.6"W, inCúcuta city,Colombia,
under climatic conditions of  the area, characterized by being 
atropicaldryforestat320ma.s.l.,averagetemperatureof 
27.2°C, air relativehumidityoscillatesbetween62%and
79%duringtheyear,beinghigherinthemonthsof No
vem ber and December and lower towards the middle of  
the year and an annual rainfall average of  622 mm/year 
(IDEAM). K. tubiflora seedlings were collected from a 
mother plant collected in Cúcuta municipality, Colombia. 
80 seedlings were taken, with 1 cm height average and a 
de ve loped root system (Salazar et al. 2018). Subsequently, 
the seedlingswere submitted to different colchicine con
cen tra tions (0.025, 0.05 and 0.1 % w/v) and exposure times 
(24 and 48 h) in total darkness, taking the distilled water as 
control (Table1).Next, theywereplanted in1litrepoly
ethy lene bags on a substrate composed of  vermiculite, rice 
huskandclayeysoilinproportions1:1:1.

Table 1. Kalanchoe tubiflora treatments with different 
colchicine concentrations and exposure times.

Treatments Colchicine concentrations Exposure times 
(hours)

T1 0.1 24
T2 0.05 24
T3 0.025 % 24
T4 Control (H2O) 24
T5 0.1 % 48
T6 0.05 48
T7 0.025 % 48
T8 Control (H2O) 48
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Morphological  analys is
For the morphology analysis, aspects such as plant 

height (HP), foliar length (FL), leaves number (LN), leaf  
width (LW), foliar thickness (FT), number of  seedlings were 
con si dered (NS) and foliar volume (FV),usingtheformula:

V=π×LH×AH×EH / 12, 

according to the methodology used by Salazar at al. (2018). 
The previous variables were taken with a millimeter rule 
with the exception of  the FV, where a caliper gauge was 
used. The measurements were made every 15 days, for 16 
weeks after sowing.

Stomatal  analys is
For stomatal characteristics such as width, length and 

chloroplast number, the methodology developed by Salazar 
et al. (2018), where transparent adhesive tape was used 
to remove the epidermis from the abaxial zone, from the 
central part of  the sheet of  approximately 1 cm2. The tape 
wasfixedonaslide, thenthespecimenwasplacedunder
the LEICA compound microscope model DME 500. It 
wasthenobservedat100Xobjective.Thiswasrepeated10
times per sheet. The obtained photos were analyzed with 
theINFINITYANALYZE6.5software.

To determine the stomatal index (SI), the number of  
stomata and epidermal cellsperfieldof observationwas
countedat400Xmagnification.TheSI was calculated using 
theformulaimplementedbyWilkinson(1979):

SI = NS / (CE + NS)×100

Where NS is the number of  stomata per visual range 
and CE number of  epidermal cells in the visual range. 10 
replications were made per treatment.

Experimental design and statistical analysis
WeprocessedthedatausingMicrosoftOfficeExceland

Statistica,version13.3(StatSoftInc.,USA).Theresultsare

representedasthemeans±standarderrorsof means.Ana
lysisof variances(onewayANOVA)usingFisher’sprotec
ted least significant difference (PLSD) posthoc test was
applied.Adifferenceof P<0.05wasconsideredsignificant.

R E S U L T S
Morphological  study

Accordingtothemorphologicalcharacteristicsevalua
ted in K. tubiflora, variations were found in the applied 
treat ments (Table 2, Fig. 1). Regarding the plant height 
(PH) assessment, statistically significant differences were
observed in the treatments with colchicine at 0.1 % for 
24 h (T1) and the treatment with 0.025 % during 48 h 
(T7)causingagreaterincreasewithrespecttotherestof 
treatments (20.5 cm). As a result of  the leaves number 
(LN), it ishighlighted that the treatmentsT1andT7did
not have significant differences among themselves, with
30and31respectivelyandbeingthehighestvaluesinthis
variable.Amarked trendwasobserved in theT1andT7
treat ments (Table 2 and Fig. 2), these being the highest 
values obtained in the foliar length (FL), with 10 cm and 
11cmrespectively,withoutsignificantdifferencesbetween
them (Table 2). On the other hand, a greater average value 
of 3cmisobservedinthetreatmentT1intheleaf width
(LW).Then it isobservedthat the treatmentsT1andT7
maintain the trend with higher values for foliar thickness 
(0.35and0.32cmrespectively).Regardingthefoliarvolume
(FV)itisobservedthatT1producedavalueof 2.7above
the rest of  the treatments, it is also observed that the 
lowest value (0.15) occurred in T8. Finally, the production 
of shootsishighlightedonlybytreatmentsT1,T6andT7
(Table 2) from week 10.

Stomatal  analys is
Inthestomataanalysis, itcanbeobservedthatT3was

the highest number (37.78 μm) in the stomatal length,
without significantdifferenceswith the treatmentsT1,T2,

Figure 1 Kalanchoe tubiflora(Harv.)Raym.Hametmorphologicalstudy(A)PH:plantheight;(B)LN:leavesnumber;(C)FL:foliarlength;(D)
WL:leavewidth;(E)FT:foliarthickness.(F)treatmentssymbology
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T5, T6 and T7, while T8 presented the lowest value of 
28.66μm,without significantdifferenceswithT4 (Table3
andFig.3).Regardingstomatalwidth,itisobservedthatT3
hasthehighestvalueat23.01μmwithsignificantdifferences
to the rest of  the treatments and T8 presents the lowest value 
at17.5μmwithoutsignificantdifferenceswithT4(Table3).
Similarly,wecanseeatrendwithT3treatment,whichisthe
one with the highest number of  chlo roplasts per stoma (28.8) 
without significantdifferenceswithT7 (28.6), it shouldbe
noted that T4 had the lowest chlo roplasts per stoma rate with 
18.0(Fig.3D),withoutsignificantdifferenceswithT8(Table
3, Fig. 3). In addition, T1 presented the highest stomatal
indexwithavalueof 29.36(Table3,Fig.4A),followedby
thatpresentedbyT7with28.6.Inthecaseof T4,itshowed
thelowestaveragevaluewith10.3withsignificantdifferences
totheothertreatments(Table3,Fig.4).

D I S C U S S I O N
Morphological  study

It is observed that the treatments T1 (0.1 % for 24 h) 
andT7(0.025%for48h)presentedstatisticalhomogeneity
in PH, LN, FL and FT. As well as a production of  6 and 4 
seedlings, respectively, it is therefore noteworthy that the use 
of theT7treatmentreducesaround75%theamountof 
colchicineandthereforereducestheprocedurecostcom
pa red to T1. Likewise, it can be seen that T1, is similar to 
what Sánchez & Matos (2012) and Matos (2014) observed 
in their studies, where the use of  colchicine at 0.10 % in 
Aloe veraL.for48hourscausedsignificantincreasesinplant
height,foliarlengthandfoliarvolume.Inthesameway,con
cordancewithwhatwasfoundbySadatetal.(2017),where
the treatment with 0.1 % during 6 h caused a higher plant 
height in Trachyspermum ammi Sprague. On the other hand, 

Table 2. Colchicine effects on Kalanchoe tubiflora foliar morphology.

Treatments
Colchicine effects on K. tubiflora foliar morphology

PH (cm) LN (cm) FL (cm) WL (cm) FT (cm) FV NS

T1 20.5±0.9a 30±2.5a 10±2.5a,b 3.0±0.14a 0.35±0.03a 2.7a 6
T2 11±0.7b 20±0.7b,c 8±0.7b,c 1.2±0.14d 0.25±0.02b,c 0.62±c,d 0
T3 7±1.5c,d 17±1.4c,d 5.3±0.4c 1.2±0.3c,d 0.21±0.03c 0.33±d 0
T4 9±0.9b,c 17±1.4c 5.5±0.3c 1.5±0.07c,d 0.2±0.01c 0.43±d 0
T5 7.5±1.1c 16±1.4d 6±0.7c 1.3±0.3d 0.27±0.01b,c 0.55±d 0
T6 10±1.5b 22±2.9b 7.2±1.7c 2.0±0.2b 0.3±0.06ª,b 1.13±c 2
T7 20.51.1±a 31±2.2a 11±1.8a 2.1±0.3b 0.32±0.05ª,b 1.90±b 4
T8 5±0.7d 12±0.7e 2.5±2.8d 2.5±0.3ª,b 0.22±0.008c 0.15±d 0
Themeans±SDvalueswithdifferentletterof eachcolumnshowstatisticallysignificantdifferences,accordingtoTukey´stest(P≤0.05).
PH:plantheight;LN:leavesnumber;FL:foliarlength;WL:leavewidth;FT:foliarthickness;FV:foliarvolume;NS:numberof seedlings.
Evaluation carried out at 16 weeks after sowing. SD = standard deviation.

Figure 2 Colchicine effect on Kalanchoe tubiflora (Harv.)Raym.Hamet leaf morphology:A–comparisonof  treatments inweek16;B–
comparisonof treatmentsT7andT8;C–K. tubiflora leaves at 16 weeks
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observingthegreatdifferencebetweentheT1andT7plant
height, leaves number, foliar thickness, foliar volume and 
num ber of  seedlings with the rest of  treatments (Fig. 2), 
the direct effect that colchicine has on the morphology 
couldbe confirmed (Salazar et al. 2018); in thatway, the
useof 0.15%for48h,0.1%and0.15%for72hcauseda
considerableincreaseinfoliarthicknessand91.7,78.7and
100 % (respectively) of  tetraploid cells in Aloe vera (Molero 
et al. 2018). Similarly, 3 species of  kumquats submitted
to colchicine produced thicker, significantly rounder and
heavierleaves(Nukayaetal.2019).Next,whencomparing
the use of  0.05 % and 0.025 % for 24 h (T2 and T3),
likewise, the use of  0.1 % and 0.05 % for 48 h (T5 and T6), 
it is observed that even doubling the colchicine concen

trationitdoesnotachieveasignificantdifferencebetween
most of  the variables of  these treatments, which is similar 
toGalloneetal.(2014)findings,wheretreatmentswith500
and1000μMof colchicinecausedanincreaseinthefoliar
length and width in HebeCommexJussplants,withoutsig
nificantdifferencesamongthem.

The increase in the plant organs size due to a polyploid 
gene expression, is a sample of  the evolutionary capacity, 
duetotheplantmanagestosuccessfullyovercomethediffe
rentphysiologicaldifficultiesconferredbythegenomemul
tiplication (Grant1981,Barker2013,Husbandet al. 2013,
Gonzálezetal.2016).Beingable tofindseveralcopiesof 
the same gene, becoming paralogical genes (Unver et al. 
2017).Thisphenomenonisconsideredasanadaptivepro

Figure 3 Stomata characteristics of  Kalanchoe tubiflora(Harv.)Raym.Hametleaf blade'sabaxialepidermis.(A)T1stoma:26CL.(B)T2stoma:
25CL.(C)T3stoma:29CL.(D)T4stoma:18CL.(E)T5stoma:25CL.(F)T6stoma:26CL.(G)and(H):T7stomata:26CL.(I)T8stoma:
19CL.Totalmagnification1000×.Barscale=20μm.Cc:companioncell;Ec:epidermalcell;Ch:chloroplast;E:stoma;Cw:cellwalls

Table 3. Stomatic characteristics. Stomatal index, length, width and number of  chloroplasts by stomata.

Treatments Stomatal index Stomatal length (μm) Stomata width (μm) Chloroplasts per stoma

T1 29.3±0.25a 37±0.12a 21.97±0.48c 25.6±1.2a

T2 23.8±1.02b,c 37.16±0.69a 20.12±1.6c 25.4±0.7a

T3 24.2±0.3b,c 37.78±0.17a 23.01±0.3b 28.8±1.3b

T4 10.3±0.9d 28.96±0.27b 18.06±0.08a 18.0±0.9c

T5 22.8±0.35c 37.14±0.3a 22.7±0.44c 25.4±1.1a

T6 24.2±0.1b,c 37.49±0.05a 22.4±0.1c 26.2±1,5a

T7 28.6±0.6ª,b 36.94±0.7a 22.05±0.67c 28.6±1.6b

T8 14.6±0.5d 28.66±0.5b 17.5±0.5a 18.4±0.9c

Themeans±SDvalueswithdifferentletterof eachcolumnshowstatisticallysignificantdifferences,accordingtoTukey´stest(P≤0.05).
SD = standard deviation. 
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cess(Quiriban&Cardozo2017),ashappenedinLippia alba 
(Mill.)N.E.Br.exBritton&P.Wilsonpolyploidplantswhich
increased up to 11 times the amount of  proline in their leaves 
(Freitas 2018). Which is essen tial to maintain homeostasis 
(Ragagnin et al. 2014, Freitas 2018), also to guarantee the 
protein structures and mem branes integrity (Da silva et al. 
2013,Taizetal.2014,Zandalinasetal.2017,Freitas2018),
tostabilizeDNAaswellastopromotegrowth(Rejebetal.
2014,NúñezVázquezetal.2018).

Regarding the seedlings production (T1, T6 and T7),
there is similarity with Salazar et al. (2018) findings in
Kalan choe daigremontiana Raym.Hamet&H. Perrier plants
exposedto0.025%for24h(7seedlings),0.1%for48h(4
seedlings)and0.025%for48h(19seedlings).Theseoff
spring obtained from the eighth week, inherited the parents 
mor phological and sto matal characteristics. Accordingly, it 
is known that the Kalanchoegenusexhibitsverylongjuve
nile phases, such as six years for Kalanchoe prolifera Raym.
Hamet (Zeevaart 1985). Currey& Erwin (2011) demon
strated that the culmination of  the juvenile phase is one
of the importantfactorsthat influencetheKalanchoe beau
ver dii Raym.Hamet, K. beharensis Drake, K. fedtschenkoi 
Raym.Hamet&H.Perrier,K. longiflora Schltr., K. mar mo
ra ta Ba ker, K. marnieriana H. Jacobsen, K. streptantha Ba ker, 
K. tomentosa Baker and K. viguieri Raym.Hamet&H.Per
rier, reproduction. In turn, it is known that gib be rellin acids 
(GA) can effectively shorten thedurationof  the juvenile
phaseinthisgenus(Sgamma2017,Chang&Huang2018),
dependingthenof endogenoussignalstochangefromve
getativedevelopment to reproductivedevelopment (Noy
Porat et al. 2009, Tan & Swain 2006, Erwin 2006, Nil
sson&Weigel1997,Huang&Chu2012).Insynthesis, it

is considered that the appearance of  seedlings with 
the colchicine use is the product of  phytoregulators 
increasing promoted by a possible polyploidy.

It is important to highlingh that the use of  
500 mg L1of colchicinefor36hinCucumis sativus L. 
ex plants resulted in 61.54 % of  polyploidy, as well as 
asignificantincreaseintheplantmorphology(Ebra
him zadeh et al. 2018). According to Hannweg et al. 
(2016)themostimportantadvantageof inducedpo
ly ploidy is that the obtained plants tend to have better 
morphological characteristics such as height, larger 
size of  leaves, rhizome or root. It also increases the 
bio mass, the photosynthetic capacity, the fruits and 
seedssize(Urwin2014).Inthisstudy,highlysignificant
differences were registered (P ≤ 0.05: Tukey HSD)
in plants treated with colchicine, which re pre sents a 
verystrongindicationof polyploidy(Sadatetal.2017,
Hannweg et al. 2016, Urwin 2014, Salazar et al. 2018).

Stomatic  character ist ics
It is possible to determine the ploidy level, through 

thestomata'ssizeanddensity(Foschietal.2013,Beck
et al. 2003, Liu et al. 2007,Vandenhout et al. 1995,
Gal lone et al. 2014). Thus, the stomatal index can 
be used to dis tin guish diploid plants from polyploid 
plants(Khazaeietal.2010,Zhangetal.2008,Yanget
al. 2006) and tetraploids from hexaploids (Aryavand et 
al.2003).Inthisorderof ideas,itcanbeobservedin

thestomatalindex,thatthetreatmentsT1andT7maintain
the ten den cy to provoke improvements compared to the 
rest of  the treatments, in addition the remarkable difference 
of thetreatmentsT2,T3,T5andT6isevidentcompared
to treatments T4 and T8 (control), which had the lowest 
values. This differs from what was ob served by Xiang et al. 
(2019)intetraploidplantsof Platycodon grandiflorum A. DC. 
obtained by exposure to col chi cine. These plants showed 
a lower stomatal index than the control; however, they
showed greater stomatal width and length compared to 
diploid plants. It is similar to what was obtained by Salazar 
et al. (2018) in Kalanchoe dai gre mon tia na plants with a higher 
stomatalindexof 22.5(0.1%per24h)andavalueof 11.78
in the treatment with deionized water for 48 h (control). On 
the other hand, these results differ from those presented by 
Silva (2018), where Citrullus lanatus (Thunb.) Mansf. plants 
were exposed to 0.1 % and 0.2 % of  colchicine for 24 h 
and 48 hwithout significant differenceswith the control
treatments in the mitotic index. Likewise, the stomatal 
index tetraploid plants Trachyspermum ammi induced with 
colchicine, decreased in contrast to the diploid plants from 
thecontrol(Sadatetal.2017).

Theuseof colchicinesignificantlyincreasedthestomata
length compared to the control treatments (T4 and T8). 
However,nosignificantdifferenceswereobservedbetween
colchicinetreatments(T1,T2,T3,T5,T6andT7),thisis
similartotheresultsobtainedbySadatetal.(2017),where,
the Trachyspermum ammi plants exposure to colchicine caused 
a significant increase in the stomata length compared to
the control plants. In the same way, Pogostemon cablin Benth 
tetraploid plants exhibited larger stomatal size than diploid 

Figure 4 Kalanchoe tubiflora (Harv.) Raym.Hamet leaf  blade´s abaxial
epidermis (A) T1 Stomatal index. (B) T2 Stomatal index. (C) T4 Stomatal 
index.(D)T7Stomatalindex.Totalmagnification400x.Barscale=40μm.
Ec:epidermalcell;Es:Stomata;Cw:cellwall
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plants (Widoretno 2016). Similarly, in a study conducted by 
Gallone et al. (2014) in "Oratia Beauty" Hebe plants with 
different ploidy level, induced with colchicine (500 and 
1000 μM) the stomata length was significantly higher in
tetraploids compared to diploids.

The results about the stomata width, indicate that the 
control treatments (T4 and T8) maintain the lowest values 
trend, it can also be seen that the exposure to 0.025 % for 
24 h caused a greater increase in stomatal width, concordant 
with the high number of  larger stomata, obtained in 
Glycyrrhiza glabra L. seedlings treated with 0.1 % colchicine 
for 24 h and Carthamus tinctoriusL.seedlingstreatedwith0.03,
0.05 and 0.1 % colchicine (Moghbel et al. 2015). On the other 
hand, these results differ from those presented by Vardar et 
al. (2017),whereHelianthus annuus L. outbreaks exposed to 
colchicine at 0.4 % for 12 h the thorn width decreased a 
12.74%anda19.69%inthetreatmentwith0.6%for12h.

According to Dhooghe et al. (2011) and Xu et al. (2018), 
the amount of  chloroplasts in the guard cells can be used 
as an indirect way to indicate polyploid plants, in this case 
T3presentthehighestnumberof chloroplastsperstomata,
thus, it maintains the tendency to improve the size of  the 
stoma, it is also important to point out that the T4 and T8 
treatments maintain the tendency to show the lowest values 
of  all stomatal characteristics (Table 3), these data agree
with those presented by Xu et al. (2018) in Populus plants 
(in vitro) treatedwith 30mgof  colchicine,which chloro
plastsaveragenumberandfoliarmorphologysignificantly
increased in the tetraploids versus the diploids. Finally, 
there are several authorswho support the use of  colchi
cinetoincreasetheploidyof differentplantspecies(Wido
retno 2016, Surochita & Debasree 2018), due to the use of  
this achieves cytogenetic characteristics increasing, which 
explains, the increase in foliar morphology and chlorophyll 
content (Allario et al. 2011, Gao et al. 2016). In this study, 
an increasing in stomatal morphology and characteristics 
wasconfirmed,asmentionedbyWangetal.(2019)which
stands that the use of  colchicine plays an important role 
in plant breeding because polyploid plants show better 
characteristics related to growth, yield and quality.

C O N C L U S I O N
The application of  colchicine in Kalanchoe tubiflora seed

lings at 0.025% for 48 h and 0.1% for 24h significantly
increased morphological features such as plant height, 
length, width, thickness and leaves number, foliar volume 
and number of  seedlings produced. Thus, it is demonstrated 
that the use of  colchicine in the K. tubiflora plant favors its 
bio mass and growth increasing in a short time. In the same 
way,theuseof colchicineat0.025%for24hsignificantlyin
creasedthestomatalcharacteristics.Therefore,theimpor
tance of  comparing morphological and stomatal analysis is 
observed. In addition, there is a need to carry out additional 
studies,suchasflowcytometrytospecificallydeterminethe
ploidy level of  K. tubiflora medicinal plant.
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