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ABSTRACT 

 

This research investigated the stomatal and morphological response of 

in vitro grown tomato (Solanum lycopersicum L.) plantlets to different 

concentrations of colchicine and pendimethalin. The effects of treat-

ments on stomatal parameters, chlorophyll content and morphological 

characteristics were studied. The study was conducted using a Com-

pletely Randomized Design (CRD) with seven treatments replicated 

three times with ten samples per replicate at the Plant Tissue Culture 

Laboratory, Department of Horticulture, Visayas State University. To 

evaluate the responses of various concentrations of colchicine (1.5, 3.0 

and 5.0 mM) and pendimethalin (10, 20 and 30 µM), induced polyploid-

associated traits and overall plant growth and development rate on to-

mato plantlets have also been compared with normal diploid plantlet 

used as control in subsequent measurement. The results indicated that 

the mutagen treatments have a substantial effect on explant viability, 

stomatal traits and chlorophyll content as well as vegetative growth of 

tomato plants. Moderate concentrations had more profound effect with 

higher survival percentages of explants found for 20 µM pendimethalin 

(91%) and 5.0 mM colchicine (84%), which produced regeneration and 

adaptation, as compared to other concentrations in this study. It was 

found out with an increased stomatal length, width and aperture on mu-

tation treated plantlets but decreased stomatal density shows induction 

of polyploid trait. Colchicine resulted in the greatest stomatal size to-

gether with favourable impact on chlorophyll content. In contrast, at 

the highest concentrations of pendimethalin (30 µM), growth was in-

hibited and chlorophyll was decreased as a result of phytotoxicity. Col-

chicine and pendimethalin in moderate concentrations exerted a  
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favorable response on stomatal and morphological arrangements, 

traits associated with polyploidy can enhance the vegetative vigor. 

 

Keywords: Chemical mutagens, Colchicine, In vitro culture, Pendime-

thalin, Physiological response, Polyploidy, Stomatal traits, 

Tomato 

  

Introduction 
Among the various important vegetables of 

world tomato (Solanum lycopersicum L.) is 
ranked as the first most economically viable and 
nutritionally rich cash crop. It is a rich source of 
vitamins, minerals, antioxidants and thus lyco-
pene for human absorption and use. However, 
tomato has been considerably compromised by 
drought stresses, high temperature and climate 
variability leading to reduction of plant vigor, 
growth photosynthesis and yield. Thus, with cli-
mate change challenges intensifying, enhancing 
the trait of resistance responses to market and 
stresses in respect to tomatoes is needed. 

Polyploidization is an increase of whole 
sets of chromosomes in cell has been suc-
ceffully used to enhance plants’ yield through 
crop improvement. Its event frequently leads 
to increased cell appendage size, leaf thickness, 
stomatal density, chloroplast content as well as 
drought tolerance and vegetative vigor which 
are of enormous value for other plant breeding 
program (Tossi et al., 2022). Polyploidization 
also influences stomatal traits, which affect 
physiological functions such as gas exchange 
and water-use efficiency by determining the 
size and density of stomata. Colchicine and 
pendimethalin are frequently used antimitotic 
agents for artificially inducing polyploidy. They 
are primarily known to interact with the ex-
tremely dynamic spindle fiber formation dur-
ing mitosis and therefore prevent chromosome 
separation which ultimately triggers doubling 
of chromosomes (Dhooghe et al., 2011). Colchi-
cine acts by binding to tubulin and inhibiting 
microtubule polymerization, thereby disrupt-
ing spindle formation during mitosis and in-
ducing chromosome doubling (Singh et al., 
2025). It has been noted polyploid plants ap-
plied with colchicine tend to have a larger 
stoma alongside with fewer stomatal density in 
contrast with the diploid counterparts, there-
fore making stomatal attributes a common sign 
of polyploidization (Dhooghe et al., 2011). 

Moreover, polyploid plants have thicker leaf, 
more vegetative growth and biomass in com-
parison to diploids (Talukdar, 2013). Similarly, 
another agent for polyploidization is Pendime-
thalin, which is also a dinitroaniline herbicide. 
Pendimethalin is a tubulin-disrupting agent 
that inhibit assembly of microtubules and for-
mation of mitotic spindle just like colchicine. 
Pendimethalin is defined as an effective chro-
mosome doubling agent with less phytotoxicity 
effect than colchicine (Kermani et al., 2003). 
Plants exposed to pendimethalin have been re-
ported with enhanced vegetative growth, en-
larged stomata and different polyploid-related 
characteristics, confirming its utility as an al-
ternative antimitotic agent for chromosome 
doubling and polyploid induction (Eng et al., 
2021). 

It is regarded that some of the recognized 
stomatal features can serve as authentic mark-
ers for successful induction for polyploid. In 
general, it has been observed that polyploid 
plants have larger stomata and they have fewer 
stomata per unit area than diploid plants 
(Beaulieu et al., 2008). These anatomical modi-
fications may functionally help improve the effi-
cient use of water loss while concurrently pre-
venting excessive transpiration when under 
stress. Polyploidization also may influence 
chlorophyll accumulation, transpiration rate, 
stomatal conductance and photosynthetic effi-
ciency. Nevertheless, mutagenic effects are 
dose-dependent. While moderate plant concen-
tration has the key role for enhancing growth 
and adaptation physiological response, expo-
sure to high concentrations would cause cyto-
toxicity, oxidative stress, and growth inhibition 
(Calabrese & Baldwin 2003). 

While several studies have been performed 
using induced polyploidy, only few, reporting 
on the comparative study of colchicine and 
pendimethalin effects on anatomical and  
physiological responses in vitro grown tomato 
plants have emerged. Therefore, this research 
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was conducted to analyze the effect of different 
concentrations of colchicine and pendime-
thalin on polyploidy induction, explant surviv-
ability, stomatal characteristics, chlorophyll 
content and vegetative growth of tomato plants 
grown in vitro. These findings may contribute 
to breeding tomato with better performance 
and tolerating abiotic stresses. 

 
Materials and Methods 
Plant Materials and Sterilizations 

The tomato seeds variety Diamante Max F1 
were used in this study. For five minutes, the 
seeds were washed and sterilized with 0.01% 
sodium hypochlorite (bleach) and 70% (v/v) 
ethanol for an additional five minutes. Then, 
the seeds were rinsed with sterilized distilled 
water three times (Kumar et al., 2022). 

The washed and sterilized seeds were sown 
and pre-germinated in a container with MS ba-
sal medium (Murashige and Skoog 1962) for 
five (5) days until radicle emergence of 5-7 mm, 
indicating a high level of meristematic activity 
(Lehrer et al., 2008). 
 
Culture Media Preparation 

The medium used was Murashige and Skoog 
(1962) formulation supplemented with vita-
mins, Fe-EDTA, 30 g L-1sucrose, and 5 g L-1 agar 
for solidification. The pH of the medium was 
adjusted to 5.8± 

0.1 with either 1.0N HCl OR 1.0N NaOH be-
fore dispensing. Culture vessels containing 15 
ml of the medium were sterilized by autoclav-
ing at 121°C and 15 psi for 20 minutes (Mu-
rashige and Skoog, 1962). 

 
Experimental Design and Treatments 

The study was conducted at Plant Tissue 
Culture Laboratory (PTCL) of the Department 
of Horticulture, Visayas State University, Bay-
bay City, Leyte from March to May 2025. The ex-
periment was laid out in a Complete Random-
ized Design (CRD) with seven (7) treatments 
replicated three (3) times having ten (10) sam-
ples per treatment per replication. The treat-
ments were designated as follows: 
• T1 – No application of chemical mutagens 

• T2 – 1.5 mM of Colchicine 
• T3 - 3.0 mM of Colchicine 
• T4 - 5.0 mM of Colchicine 

• T5 – 10 µM of Pendimethalin 
• T6 – 20 µM of Pendimethalin 
• T7 – 30 µM of Pendimethalin 

 
Application of Chemical Mutagens 

The five-day-old pre-emerged tomato seeds 
were used with radicle emergence of 5-7 mm. 
The dosage employed by Ramulu et al (1991) 
and Mulyana et al (2023) was modified to 0, 1.5, 
3.0, and 5.0 mM for colchicine and 0, 10, 20, and 
30 µM for pendimethalin. 

These antimitotic agents were added to the 
Murashige and Skoog (MS) medium. The radi-
cle-emerged tomato seeds were treated in the 
treatment medium under light conditions with 
a temperature of ±25ºC for four (4) days. After 
the four-day treatment exposure, the seedlings 
were removed from the treated culture media. 
These were rinsed for 10 minutes using three 
10 ml changes of deionized water (Lehrer et al., 
2008). Modifying the method employed by Mul-
yana et al (2023), at the end of the four-day 
treatment, the seedling was transferred to MS 
medium (Murashige and Skoog 1962) + 2 mg of 
BAP and 0.1 mg of IAA + 2% sucrose, pH of 5.8 
to stimulate new growth for thirty (30) days. 

 
Explants Survival (%) 

This was done by counting the number of 
surviving explants divided by the number of ex-
plants applied with chemical mutagens multi-
plied by 100 (Mulyana et al., 2023). 

 
Morphological Characteristics of Tomato 

Morphological characteristics of tomato 
plants were evaluated based on leaf length, leaf 
width, leaf area and plant height. The method 
of measurements was following the procedure 
employed in the study of Zhang et al (2024). 
These data were quantified using ImageJ 1.53 k 
software. 

 
Stomatal Morphology 

For stomatal characteristics, samples were 
gathered from the third fully expanded leaves 
from the top and imprinted using transparent 
nail polish. A compound microscope was used 
to magnify imprints at 4x and 10x (Zakariyya 
et.al., 2017). The area of the field of view was 
determined using a calibrated micrometer 
slide. Stomatal length, stomatal width, stomatal 
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aperture and stomatal density were analyzed 
using Image J software (Mathias et.al., 2024). 

 
Chlorophyll Content 

The Hiscox and Israelstam (1979) method 
were used to measure the amount of total chlo-
rophyll. Samples were thinly sliced, bleached 
and were incubated using a water bath that con-
tains 80% ethanol for 24 hours. Then, the ab-
sorbance of the solution was determined using 
a spectrophotometer (Epoch microplate spec-
trophotometer, Biotek TM, Epoch TM) set at 645 
and 663 nm, and the rate was recorded and cal-
culated using the equation of Arnon (1949). 
 
Results and Discussions 
Plantlet Survival (%) 

The survival response of the tomato plant-
lets was significantly different depending on 
the concentration of colchicine and pendime-
thalin (Figure 1). Comparing with the explant 
viability without exposure to mutagens, rang-
ing 62% high survival percentage of non-muta-
gen applied plantlets for colchicine and pendi-
methalin. Notably, explants cultured in 1.5 mM 
(69%), 3.0 mM (75%) and 5.0 mM (84%) col-
chicine showed slightly improved survivals. 
While that of pendimethalin, at 20μM (91%) 
showed the highest survival percentage indi-
cating significantly greater at p<0.005. This 
was followed by 10μM (82%) and the least was 
at 30μM (62%). This indicates that the doses 
were not sufficiently toxic to influence the  
tissue variation. This is in line with the reports 

of colchicine microtubule inhibition and chro-
mosome doubling without drastic reduction of 
regenerative capacity within tolerable doses 
(Dhooghe et al., 2011). In addition, this agreed 
with demonstration that colchicine-induced pol-
yploidization increases cellular metabolic effi-
ciency and structural strength leading to im-
proved to plantlet survival (Dhooghe et al., 
2011). 

The highest number of surviving plantlets 
(91%) was observed in 20μM pendimethalin 
treatment amongst all the other applied chemi-
cal mutagens, higher than without mutagens 
and other concentrations of colchicine and 
pendimethalin. This increased survival could 
be due to hormesis, a phenomenon in which 
multiple cellular stress responses are activated 
at low doses of chemicals, resulting in im-
proved regenerative ability (Calabrese & Bald-
win, 2003). Moreover, this is in conformity with 
the previous reports for the low-dose pendime-
thalin mediated polyploidization without con-
siderable reduction in explant viability (Sajid 
and Afab, 2013). The low doses of dinitroan-
iline herbicides can promote cell division 
and/or lead to polyploidy with little cytotoxi-
city (Belz and Duke, 2014; Kumar and Rai, 
2021). This is dose-dependent and parallel 
known responses of antimitotic mutagens that 
stimulate cellular adaptation and growth at 
low-to-intermediate doses, but inhibit mitoses 
and disrupt tissue integrity at higher levels 
(Sattler et. al., 2016).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Plantlet survival (%) of tomato plantlets as treated with different concentrations of chem-

ical mutagens, the colchicine and pendimethalin. 
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Leaf length, leaf width and leaf area 
At p<0.005, a higher mean leaf length 

(1.6cm and 1.7cm, respectively) was observed 
in when 5.0mM colchicine and 10μM pendime-
thalin were applied. This indicates that at this 
concentration colchicine has effectively stimu-
lated both cell division and expansion, leading 
to stronger vegetative growth. However, mod-
erate dosages of the two mutagens at 1.5mM 
colchicine (1.3cm), 3.0mM colchicine (1.5cm) 
and 20μM and 30μM pendimethalin (1.5cm and 
1.2cm, respectively) which signified partial in-
crease in growth compared with non-mutagen-
ized plants. On the contrary, leaves from plants 
treated with low (1.5mM colchicine) and high 
(30μM pendimethalin) concentrations were 
significantly shorter (1.2cm and 1.3cm respec-
tively,) compared to non-mutagenized plants. 
Each reduction may be due to small chromoso-
mal modifications at a low dose or cytotoxic ef-
fects and mitotic spindle damage at high doses. 
The observed increase in leaf length may be at-
tributed to successful polyploidization induced 
by colchicine and pendimethalin. These find-
ings were supported by previous studies where 
colchicine induced polyploid plants which have 
a larger leaf size, thickness and vigor than the 
diploid due to an increase into cell volume and 
the expression of genes (Thao et al., 2003). Sim-
ilarly, pendimethalin (a microtubule polymeri-
zation interfering herbicide) has been reported 
to induce polyploidy at sublethal concentra-
tions causing enhanced vegetative characters 
(Kumar et al., 2017). Polyploid plants often ex-
hibit the gigas effect, characterized by in-
creased cell size, enlarge nuclei, and enhance 
organ development such as larger leaves and 
stems. Artificially induced plants commonly de-
velop larger vegetative structures due to in-
creased cellular volume and enhanced meta-
bolic activity and the gigas effect associated 
with chromosome doubling (Sattler et al., 
2016). Moreover, colchicine induced poly-
ploids exhibited improved morphological traits 
including leaf size, resulting from chromosome 
duplication and enhanced cell expansion 
(Mangena & Mushado, 2023). 

It was revealed that the leaf width of tomato 
plants treated with 1.50mM colchicine, 5.0mM 
colchicine and 10μM pendimethalin (1.0cm, 
1.2cm, and 1.1cm, respectively) were  

comparable to the length of tomato plants not 
treated with chemical mutagens (p<0.05). 
There may be an occurrence of mixoploidy (cy-
tochimerism) where both diploid and polyploid 
cells coexist within the same plant in which mix-
oploid plants often exhibit intermediate 
growth responses because the enlarged poly-
ploid cells are diluted by normal diploid cells. 
According to Sakhanokko et al. (2009), incom-
plete chromosome doubling frequently pro-
duces plants with morphological traits that 
overlap with the ones that are not exposed or 
treated with chemical mutagens. In contrast, 
the high pendimethalin dose (30µM) had a pro-
found effect on leaf width (0.5cm), suggesting 
growth repression and potential phytotoxicity. 
Inhibition of mitotic activity can generate de-
fects in cell division, or far-grain diversity re-
duce meristematic activity and thereby curtail 
organ growth (Hassan et al., 2020). The selec-
tive dose-dependent inhibitory effects of anti-
mitotic agents on leaf development have been 
found in tomato and other solanaceous crops 
(Eng & Ho, 2019). It represents a dose-de-
pendent response, in which moderate con-
centrations of mutagens promote leaf expan-
sion and excess concentrations inhibit growth. 
A width increases at the two optimum concen-
trations of colchicine and pendimethalin is also 
in accordance with other traits associated to 
polyploidy such as larger mesophyll cells sizes 
or anatomical features related to photosyn-
thetic capacity and stress resistance (Sattler et 
al., 2016). However, the reduction observed at 
higher doses indicates that mutagen dose 
should be optimized to provide an adequate 
balance between polyploid induction efficiency 
and plant viability. 

The maximum average leaf area was ob-
served in plantlets treated with 5.0 mM of col-
chicine and 10μM pendimethalin (2.0cm²). 
Plantlets without the application of mutagen 
1.5mM and 3.0 mM colchicine and 20μM pendi-
methalin (1.2 cm², 1.3 cm², 1.3 cm², and 1.3 cm², 
respectively) had comparable leaf width while 
30μM pendimethalin (0.6cm²) caused the low-
est size of the leaf area indicating a phytotoxic 
or growth inhibitory effect at high doses 
(p<0.05). The increase in leaf area encountered 
in plants treated with moderate colchicine and 
pendimethalin concentrations (5.0 mM and 
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10μM, specifically) is most likely due to the in-
duction of polyploidy by colchicine that inhibits 
the formation of spindle fibers during mitosis 
resulting in chromosome doubling. It has been 
frequently reported that polyploid plants have 
larger cells, more cell volume and greater organ 
size such as leaf (Dhooghe et al., 2011; Ta-
lukdar, 2013). Increased leaf area is frequently 
accompanied by an increase in mesophyll cell 
size and in photosynthetic capacity, and a re-
sulting better vegetative growth. Pendime-
thalin, is also a dinitroaniline herbicide dis-
rupts the microtubule polymerization and mi-
totic spindle assembly similar to colchicine 
(Vaughn & Lehnen, 1991). The amount of in-
creased leaf area detected at 10 μM pendime-
thalin may indicate that lower concentrations 
potentially can be used to induce chromosomal 
alterations without causing severe cytotoxicity. 
Similar results have been demonstrated by 
Kermani et al. (2003) that reported a better in-
clusion of vegetative characters at the adequate 
mutagen concentration. However, decrease of 
leaf area at 30μM pendimethalin shows phyto-
toxicity including enhanced mitosis disruption 
beyond a certain level leading to decreased cell 
division and metabolic functions. Risk has high 
dose causes chromosomal aberrations, low 
meristematic activity and growth reduction 
(Datta, 2009). The generally lower leaf area of 
non-mutated plantlets indicates that the muta-
genic treatments applied at optimum can lead 
to a morphological improvement beyond the 
normal growth. It underpins the idea that in-
duced polyploidy can be a useful element in 
crop improvement programs which target en-
hancement of vegetative vigor. The results in-
dicate that levels of colchicine such as 5.0 mM 
and 10μM pendimethalin are optimum in im-
proving leaf area with higher concentrations 
causing growth retardation. These observa-
tions are consistent with the literature and cur-
rent established on chemical mutagenesis and 
induction of polyploidy, emphasizing the need 
for dose optimization to achieve beneficial mor-
phological characteristics. 

 
Plant height 

There were significant differences observed 
among treatments (p<0.005). The 5.0 mM col-
chicine-applied tomato plants showed  

approximately the same height when com-
pared to the control (4.7cm), followed by those 
applied with 1.5 mM (4.4cm) and then with 3.0 
mM (3.9cm). In the pendimethalin-applied to-
mato plantlets, 4.4 cm height was recorded at 
10μM, followed by 3.5 cm at 20μM, with the 
lowest value observed at 30μM (1.3cm), indi-
cating a pronounced inhibitory effect on the 
growth. The dose-dependent nature of tomato 
growth inhibition caused by both colchicine 
and pendimethalin (acting genetically on syn-
thesis and breakdown depending upon expo-
sure to transformation and chemical) was 
shown through the pattern revealed. Colchicine 
is one example of an alkaloid that disrupts spin-
dle fiber formation in mitosis, and it is com-
monly used for polyploidy induction purposes 
(duplication of chromosomes). The application 
of 1.5-3.0 mM, however, induces abnormalities 
in mitosis, which biologically translates into 
transient shrinkage, mediated by deregulatory 
effects on cell cycle control resulting in abnor-
mal division (Nishu et al., 2021). The recovery 
in growth at 5.0 mM, however, could be due to 
both as a result of successful polyploidization 
and drug dosage but also larger cell sizes or in-
creased vigor also been reported previously 
(Dhooghe et al. (2011). The dinitroaniline 
herbicide pendimethalin acts differently by in-
hibiting microtubule polymerization and inhib-
iting normal cell division (Chen et al., 2021). 
The observed reduction in length from 10μM to 
30μM indicates more phytotoxicity that inhib-
its the meristematic activity of cells and elonga-
tion growth at higher concentrations. Notably, 
the ability of pendimethalin to retard growth at 
30μM indicates that too high concentrations in-
duced phytotoxic responses in tomato plant-
lets. As a dinitroaniline, pendimethalin inhibits 
the polymerization of microtubules and ulti-
mately spindle formation in mitosis, inhibiting 
cell division and limiting root and shoot devel-
opment. Consequently, their high concentra-
tions can inhibit meristematic activity, inter-
fere with tissue formation and/or greatly re-
duce plant vigor. Similar observations have 
been made in previous studies where pro-
longed or excessive treatment with antimitotic 
agents resulted in the inhibition of plant 
growth, even though chromosome doubling 
was successfully attained (Ramulu et al., 1991).
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Table 1. Leaf length (cm), leaf width (cm) and leaf area (cm2) of tomato (Solanum lycopersicum L.) 
as applied with different concentrations of colchicine and pendimethalin  

Morphological Characteristics of Tomato 

Source 
Leaf length 

(cm) 

Leaf width 

(cm) 

Leaf Area 

(cm2) 

Plant height 

(cm) 

Control 1.0b 1.2a 1.2b 4.9a 

1.5 mM of Colchicine 1.3ab 1.0a 1.3b 4.4ab 

3.0 mM of Colchicine 1.5ab 0.9ab 1.3b 3.9bc 

5.0 mM of Colchicine 1.6a 1.2a 2.0a 4.7ab 

10 μM of Pendimethalin 1.7a 1.1a 2.0a 4.4ab 

20 μM of Pendimethalin 1.5ab 0.9ab 1.3b 3.5c 

30 μM of Pendimethalin 1.2ab 0.5b 0.6c 1.3d 

Total 9.8 11.3 9.7 27.1 

Mean 1.4 1.6 1.3 3.8 

c.v. (%) 15.22 19.29 6.23 8.04 

Groups sharing a letter are not significantly different (Tukey HSD, p<0.05)  
 
Stomatal Morphology 

As presented in Figure 2a, the tomato 
plantlets without colchicine and pendimethalin 
showed the lowest stomatal length (23.1μm). 
Among the colchicine applications, 5.0mM pro-
duced the highest increase in stomatal length 
(34μm), followed by 3.0mM (22.4μm) and 
1.5mM (20.8μm). By contrast, the stomatal 
length of all pendimethalin-applied tomato 
plants (10, 20 and 30μM) were 48μm, 46μm 
and 47μm. Elongation of stomata assayed un-
der mutagenic applications indicated that col-
chicine and pendimethalin caused over-elonga-
tion of cells, perhaps due not only to increase in 
cell dimension but also polyploidization. Each 
of the two mutagens also causes abnormalities 
in mitosis in which microtubules do not form 
properly, chromosomes are doubled-then-lost 
and cells grow to abnormal sizes. Colchicine is 
a tubulin-binding agent that disrupts spindle fi-
ber formation and characterized by endoredu-
plication, thereby increasing the nuclear DNA 
(Dhooge et al., 2011). Polyploid cells are typi-
cally larger and carry over to produce bigger 
guard cells, stomata. This is consistent with Ku-
mar et al. (2020) who found that stomatal sizes 
of colchicine-treated Vigna radiata were larger 
than in the untreated control, verifying that pol-
yploid cells have increased length/size. Like-
wise, 3-5 mM colchicine treatments in Allium 
cepa increased both stomatal length and width 
relative to diploid parent plants (Dhooghe et 
al., 2011). Pendimethalin, a dinitroaniline 

herbicide, inhibits microtubule polymerization 
and induces mitotic arrest and chromosome 
doubling in the same way as colchicine (Bat-
tacharya, 2017). It is well established that 
pendimethalin application leads to bigger sto-
mata and thicker leaves in Brassica napus, 
which are associated with increased ploidy lev-
els (Doyle & Coate, 2019). 

The interaction between the application of 
colchicine and pendimethalin had a significant 
effect on stomatal width in tomato plantlet 
(p<0.05). A key finding was that tomato plant-
lets exposed to colchicine opened their sto-
mata directly in a dose-response way. The sto-
matal width was similar from 1.5mM (17μm) 
and 3.0mM (18.4μm) of colchicine compared 
with the highest value from the treatment with 
5.0mM colchicine (27.7μm). Stomatal width 
was increased with the application of pendime-
thalin, 10μM being the highest (41.5μm) which 
not significantly exceeded to those not applied 
without mutagens and almost all colchicine ap-
plications. The stomatal width was slightly but 
significantly reduced with 20μM (38.1μm) and 
30μM(37μm) pendimethalin, 33% and 12%, 
respectively as compared to control. This study 
found that the two mutagens were able to in-
crease stomatal size, particularly at moderate 
concentrations. All the mutagens increased 
stigma width as compared to control and indi-
cate that colchicine and pendimethalin are re-
sponsible for cytological (ploidy) & physiologi-
cal changes in all described tomato plants  
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considered. Colchicine is a mitotic inhibitor 
that binds to tubulin and inhibits spindle fiber 
formation thereby preventing segregation of 
the chromosomes, causing chromosome dou-
bling and polyploidy (Dhooghe et al., 2011). In 
general, polyploid cells exhibit larger nuclear 
and cell size as seen in plants treated with col-
chicine for 24 h in the lemon grass (Cymbopo-
gon citratus) leaves (Aina et al., 2012). Simi-
larly, also dinitroaniline herbicide, pendime-
thalin disrupts microtubule polymerization 
and cell division causing chromosomal aberra-
tions (Chen et.al, 2021). This disturbance at low 
levels may start chromosomal endoreduplica-
tion or partial polyploidization which create 
larger cells and stomata (Yao et al., 2023). But 
at higher doses, pendimethalin followed by sto-
matal aperture reductions may be due to cyto-
genetic toxicity and oxidative stress prevents 
the expansion and turgidity of cells (Gill, S.S., & 
Tuteja, N. 2010). This study provided evidence 
for the utility of colchicine and pendimethalin 
as inducers of stomatal traits as they were 
shown to induce chromosomal and cytological 
changes. However, as both mutagens are cyto-
toxic at high dose, derived by length of time and 
dosage required. The results are consistent 
with earlier reports demonstrating the bipha-
sic, concentration-dependent effects of muta-
gens: beneficial at low concentrations and toxic 
above threshold levels (Datta, 2009). Pendime-
thalin was more effective than all these treat-
ments at different concentrations, with maxi-
mum stomatal width recorded as 10μM (41.5 
μm) when compared to the non-application of 
treatment and the colchicine treated plantlets. 

Moderate concentrations of both mutagens 
were found to increase size of stomata with re-
spect to the control. The stomatal width of all 
the treated tomato plants was significantly in-
creased and thus both colchicine & pendime-
thalin induced these cytological (ploidy) and 
physiological changes in tomato. It is a mitotic 
inhibitor, which works by binding to tubulin 
and inhibiting the formation of spindle fibers 
(Dhooghe et al., 2011), thereby preventing 
chromosome segregation and result in chromo-
some doubling or polyploidy as the outcome. 
Polyploid cells typically demonstrate an in-
creased nuclear and cell size (e.g. in presence of 
colchicine on plant Cymbopogon citratus (Aina 
et al., 2012). This kind of disruption at the lower 
levels may lead to chromosomal endoredupli-
cation or partial polyploidization, resulting in 
larger cell size and stomata (Yao et.al., 2023). In 
contrast, this could be due to cytogenetic tox-
icity and oxidative stress which limit the expan-
sion and stability of cells at higher doses of 
pendimethalin (Chen et al., 2021). Results re-
vealed that since they could induce chromoso-
mal and cytological changes, thus colchicine 
and pendimethalin also confirmed as prior effi-
cacy for augmenting stomatal features. Both 
types of mutagens become cytotoxic at high 
doses, necessitating that the concentration–
time exposure be optimized. These findings 
support previous reports proposing that muta-
gens exert simultaneous or opposing concen-
tration-dependent actions beneficial at lower 
and toxic at higher concentrations (Chen et al., 
2021).

 
Table 2. Stomatal length (μm), width (μm) and aperture (mm2) of tomato (Solanum lycopersicum L.) 

as applied with different concentrations of colchicine and pendimethalin  

Stomatal Analysis 

Source 
Stomatal 

length (μm) 
Stomatal width 

(μm) 
Stomatal 

aperture (μm) 
Stomatal 

density (mm2) 
No chemical mutagens 23.1c 18.2c 3.9c 373a 
1.5 mM of Colchicine 20.8c 17.0c 4.0c 289b 
3.0 mM of Colchicine 22.4c 18.4c 3.6c 354a 
5.0 mM of Colchicine 34.0bc 27.7bc 3.8c 293b 

10μM of Pendimethalin 48.9a 41.5a 12.6a 88c 
20μM of Pendimethalin 46.6ab 38.1ab 10.3ab 113c 
30μM of Pendimethalin 47.4ab 37.0ab 9.4b 117c 
Total 243.2 197.9 47.6 1627 
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Stomatal Analysis 

Source 
Stomatal 

length (μm) 
Stomatal width 

(μm) 
Stomatal 

aperture (μm) 
Stomatal 

density (mm2) 
Mean 34.7 28.2 6.8 232 
c.v. (%) 14.28 15.07 13.61 7.77 
Groups sharing a letter are not significantly different (Tukey HSD, p<0.05) 

 
The stomatal apertures in colchicine and 

pendimethalin applied plants were larger than 
that of not applied with chemical mutagens 
which were the smallest (3.9μm). An increased 
stomatal size was also observed in tomato 
when applied with 3.0mM and 5.0mM colchi-
cine (4μm and 3.6μm, respectively) and 10μM 
pendimethalin (12.6μm), indicating that the 
mutagens had the potential to cause polyploid-
associated morphological changes. During mi-
tosis, colchicine disturbs the spindle microtu-
bules between chromosomes and prevents 
chromosome separation causing a doubling of 
chromosomes (Dhooghe et al., 2011) and for-
mation of polyploid cells. Nuclear DNA content 
is increased by polyploidy, and larger cell size 
(also enlarged guard cells) are frequently as-
sociated with wider stomatal apertures (Sat-
tler et al., 2016). Pendimethalin, also a  

dinitroaniline herbicide sharing with triflu-
ralin the microtubule-disruptive mechanism of 
action, was found to promote polyploidy and 
enlargement of stomata as well (Chen et al., 
2021). The increase in aperture of the stomata 
observed in colchicine-applied plants are con-
sistent with results from other reports on col-
chicine-induced polyploidy in wheat and orna-
mentals showing that larger stoma guard cells 
and wider stomatal pores occurred (Sattler 
et.al., 2016). Such results provide evidence that 
both colchicine and pendimethalin are capable 
to induce cytological cited by value morpho-
structural changes in stomata characteristics in 
treated plants probably due to polyploidization 
mechanism which would influence physiologi-
cal responses and adaptability of mutagen ap-
plied tomato plants.

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 2a Stomatal morphology (length, width, and aperture) of tomato plants applied with chemi-
cal mutagens (colchicine and pendimethalin): A.) No application of chemical mutagens B.) 
1.5mM Colchicine C.) 3.0mM Colchicine D.) 5.0mM Colchicine E.) 10μM Pendimethalin 
F.) 20μM Pendimethalin and G.) 30μM Pendimethalin 
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Figure 2b: Stomatal density of tomato plants applied with chemical mutagens (colchicine and pendi-

methalin): A.) No application of chemical mutagens B.) 1.5mM Colchicine C.) 3.0mM Col-
chicine D.) 5.0mM Colchicine E.) 10μM Pendimethalin F.) 20μM Pendimethalin and G.) 
30μM Pendimethalin 

 
As shown in Fig. 2b, both colchicine (5.0mM) 

and pendimethalin (10μM) applications af-
fected the stomatal density which were 
293mm2 and 88mm2, respectively, compared 
to without application of mutagens which 
showed highest stomatal density of 373 mm2 
(p<0.05). According to the normal anatomical 
features of diploid tomato leaves, their epider-
mal cells were relatively small and conse-
quently maintained more stomata per unit 
area. Similar trends have been described in a 
number of diploid species in which high sto-
matal density is associated with smaller cell 
size and higher packing of epidermal cells 
(Beaulieu et al., 2008). The stomatal den-
sity of colchicine-treated tomato plantlets 
decreased significantly and predominantly un-
der the higher concentrations. This response is 
commonly viewed as a characteristic of suc-
cessful chromosome doubling and polyploidy 
induction. Colchicine interferes with microtu-
bule formation at mitosis and causes an im-
proper packing of metaphase chromosomes 
and thereby, results in polyploid cells (Dha-
wan & Lavania, 1996). Polyploid plants gen-
erally have larger epidermal and guard cells, 

which decreases the number of stomata per unit 
leaf area (Carputo et al., 2003). 

Comparable decrease in the stomatal den-
sity and an increase in the size of stomata has 
been also noticed for colchicine-induced poly-
ploids of tomato as well as other Solanaceae 
crops (Sattler et al., 2016). The results are in 
agreement with classical anatomical markers 
for polyploidization, such that good cytological 
changes caused by colchicine were induced in 
terms of stomatal development. The strongest 
reduction in the stomatal density of pendime-
thalin treatments was observed, with all  
concentrations (10-30µM) exhibiting similarly 
low values such as 88mm2, 113mm2, and 
117mm2, respectively. Pendimethalin adversely 
affects cell division through impaired microtu-
bule polymerization resulting in mitotic arrest 
induction and modification of normal cellular 
organization (Vaughn & Lehnen, 1991). Despite 
being primarily employed as a pre-emergence 
herbicide, microtubule-disrupting herbicides 
have been shown to initially invoke polyploidy 
and large changes in plant tissue architecture 
(Morejohn et al., 1987). The consistent reduc-
tion in stomatal number resulting from  

A 
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pendimethalin application suggests that the 
lowest pendimethalin concentration tested 
was at, or above, an androgenesis threshold 
level required to impair stomatal differentia-
tion. This indicates that pendimethalin is more 
effective than colchicine in affecting develop-
ment of epidermal cells and anatomy of leaf. 
The decrease in stomatal density caused by the 
two mutagens has significant physiological 
consequences. Reduced stomatal density is 
generally associated with high water-use effi-
ciency, consistent with lower transpiration, 
which is typical of polyploids and stress-se-
lected genotypes (Maherali et al., 2009). A de-
crease in stomatal density offers potential to 
limit maximum photosynthetic rates at high 
CO2 concentrations under optimal growing 
conditions, since the number of available sto-
mata are reduced, but a corresponding in-
crease in size of the remaining stomata pro-
vides compensation (which is often observed in 
polyploid plants) to ensure that gas exchange is 
maintained (Sattler et al., 2016). In addition, 
polyploidy-associated structural changes are 
frequently associated with improved abiotic 
stress tolerance to drought and osmotic 
stresses (del Pozo et al., 2015). 

 
Chlorophyll Content 

The results showed that application of 
5.0mM colchicine (44.04 mg/g-1) resulted in 
the maximum content of chlorophyll followed 
by those treated with 20μM pendimethalin 
(41.56mg/g-1), and 3.0 mM colchicine as well 
there after minimum content appeared in 
plantlets applied with 30μM pendimethalin 
was recorded (11.65 mg/g-1). The increased 
chlorophyll at the lower dose of colchicine and 
pendimethalin may indicate that the com-
pound promoted the construction of chloro-
plasts and induced synthesis of photosyn-
thetic pigments. Colchicine, however, is known 
to induce polyploidy in several plant species by 

blocking microtubule assembly during mitosis 
leading to chromosome doubling and increased 
cell size (Dhooghe et al., 2011). Polyploid 
plants usually have higher chlorophyll con-
tent, more numbers of chloroplasts per cell 
and better photosynthetic efficiency than dip-
loids (Eng et al., 2021). This explains the much 
higher chlorophyll content of plants when ex-
posed to 3.0-5.0mM colchicine in our experi-
ment. Similarly, the application of less to 
moderate level of pendimethalin 10-20μM 
(34mg/g-1 and 41mg/g-1) also indicated induc-
tion in chlorophyll accumulation probably due 
to beneficial chromosomal and metabolic 
changes. Despite its usage as herbicide, pendi-
methalin has been shown to exhibit a muta-
genic effect at sublethal levels on different 
kinds of organisms through changing the ex-
pression of genes concerned with pigment bio-
synthesis and photosynthetic activities 
(Dhooghe et al., 2021). In contrast, in higher 
concentrations (30μM) of pendimethalin, there 
was a reduction in chlorophyll contents signifi-
cantly and which suggests a phytotoxicity ef-
fects. Such reduction might be due to oxidative 
stress, suppression in pigment synthesis or 
structural injury caused by excessive muta-
genic stress on chloroplast membrane (Gill & 
Tuteja, 2010). 

These findings suggest that optimal doses of 
colchicine and pendimethalin can positively in-
fluence chlorophyll biosynthesis and photosyn-
thetic capacity in tomato plants. However, 
higher concentrations may exert inhibitory ef-
fects, highlighting the importance of optimizing 
mutagen dosage to achieve beneficial genetic 
variation without compromising plant physio-
logical performance. Nevertheless, higher con-
centrations are inhibitory, emphasizing the 
need to determine a suitable mutagen dose that 
will induce favorable genetic variation without 
affecting plant physiology.
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Figure 3. Chlorophyll content (mg/g-1) of tomato plant as treated with different concentrations of 
chemical mutagens, the colchicine and pendimethalin. 

 
Conclusion 

Significant effect on the survival, morpho-
logical and stomatal characteristics of tomato 
plantlets grown in vitro with the application of 
colchicine and pendimethalin. The plantlet sur-
vival, leaf development, stomatal size and chlo-
rophyll which indicates a successful enhance-
ment of polyploidy and improved vegetative 
vigor. However, with the higher concentrations 
of pendimethalin particularly 30μM caused 
growth inhibition and phytotoxic effects. Fur-
thermore, both chemical mutagens reduced 
stomatal density while increasing stomatal di-
mensions indicating chromosome doubling. 
Generally, optimized mutagen concentrations 
can be effectively utilized to improve tomato 
growth traits. The study affirmed that colchi-
cine and pendimethalin had a significant effect 
on the survival, morphological and stomatal 
characteristics of tomato plants grown in vitro. 
Moderate concentrations of colchicine and 
pendimethalin enhanced explant survival, leaf 
development, stomatal size and chlorophyll 
content which indicates a successful enhance-
ment of polyploidy and improved vegetative 
vigor. However, with the higher concentrations 
of pendimethalin particularly 30μM caused 
growth inhibition and phytotoxic effects. Fur-
thermore, both chemical mutagens reduced 

stomatal density while increasing stomatal di-
mensions indicating chromosome doubling. 
Generally, optimized mutagen concentrations 
can be effectively utilized for polyploidy induc-
tion thus improving tomato growth traits. 
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