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The present study investigated the effects of colchicine treatment on leaf length, leaf width, and W) Check for updates
leaf area index (LAI) in two species of Acha (fonio), namely Digitaria exilis and Digitaria iburua.
Colchicine, a potent mitotic inhibitor, has been widely used to induce polyploidy and in studying
the effects of genome duplication on various morphological traits. This study aimed to explore
if colchicine treatment could alter the leaf morphology of the two Acha species. Seeds of the two
species were treated with colchicine solution at various concentrations (0.05, 0.10, 0.15, and
0.20 g/dL), while a control group was maintained without any treatment. Leaf length and width
were measured using a meter rule, and LAI was calculated by multiplying the leaf length and leaf
width with the constant for both species. Statistical analysis was performed using the Analysis of
Variance on SPSS to determine significant differences between treated and control groups. The
results showed that colchicine treatment had a significant effect on leaf morphology in both Acha
species. Leaf length and width increased significantly in response to colchicine treatment, with the
degree of increase depending on the concentration. Moreover, the LAI also exhibited a significant
increase in treated plants compared to the control group. Colchicine concentration level of 0.10 g/dL
produced the best results that can be exploited to enhance the morphological characteristics of both
Acha species. The findings suggest that colchicine-induced polyploidy can enhance leaf growth and
overall leaf area in Acha plants, leading to potential implications for agricultural productivity and
yield improvement. Further studies are needed to elucidate the underlying mechanisms and long-
term effects of colchicine-induced polyploidy on other growth parameters, reproductive traits, and
yield in Acha. Understanding the genetic and physiological changes associated with polyploidy in
Acha species will contribute to the development of improved breeding strategies and cultivation
practices for this important cereal crop.

G OPEN ACCESS

Induction of polyploidy is widely recognized as an
effective technique among various breeding tools because
it has broadened genetic base, develops breeding lines in a
short time, restores interspecific hybrid fertility, and makes
viable crosses between different ploidy level genotypes. It is
a condition of having more than two sets of chromosomes [1]

Introduction

Digitaria exilis and Digitaria iburua, commonly known
as Acha, are two closely related species of cereal grasses
widely cultivated in West Africa for their nutritious grains.
These species are known for their adaptability to various

environmental conditions, including drought-prone regions,
making them crucial food sources for local communities. With
increasing interest in improving crop productivity, there is a
need to explore novel approaches to enhance the agronomic
traits of Acha species.

https://doi.org/10.29328/journal.jpsp.1001134

and an important mechanism for plant evolution. The ability
of polyploid plants to establish themselves in a wide range of
habitats and to survive in adverse environments makes them
successful against their diploid ancestors due to the presence
of additional alleles which increase their heterozygosity [2].
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The most important result of polyploidy is an increase in cell
size due to the addition of extra gene copies. This effect of
polyploidy is known as the “gigas effect” [3]. It can be naturally
or synthetically induced in plants by treating diploid cells
with physical agents such as temperature chocks, X-rays, and
centrifugation or exposing plant tissue to mitotic inhibitor
chemicals like colchicine, mercuric chloride, sulphanilamide,
hexachloro-cyclohexane and veratrine [4]. Compared to
physical agents, anti-mitotic chemicals are most commonly
used for polyploidy induction, as these substances do not
need special application equipment. Moreover, they are quite
safe to handle in a liquid medium [5]. Colchicine is a chemical
mutagen that is widely used for the induction of polyploidy
in various ornamental species like pelargonium (Pelargonium
graveolens) [5],salvia (Salvia hians) [6],Madagascar periwinkle
(Catharanthus roseus) [7], orchid (Dendrobium nobile) [8],
chrysanthemum (Dendranthema indicum) [9], Bougainvillea
(Bougainvillea glabra), phlox (Phlox drummondii) [10] and
swamp rose mallow (Hibiscus moscheutos) [11]. Colchicine
not only changes the chromosome number but also induces
gene mutation in both seed and vegetatively propagated crops
[12]. It induces polyploidy by inhibiting the spindle fiber
formation during cell division, chromosome gets multiplied
but cell divisions do not occur, which results in the production
of polyploid cells [13]. It acts as a point mutagen by changing
the DNA nucleotide sequence, involving a single base or a base
pair [14]. Different plant parts like seeds, apical meristems,
flower buds, and roots can be used to induce polyploidy
[15]. However, the best results have been obtained in a seed
treatment. The success of polyploidy induction depends upon
the colchicine application method, plant part used, species,
concentration, and duration of exposure. High concentration
often leads to abnormalities in developing seedlings [16].

Colchicine, a natural alkaloid derived from Colchicum
autumnale, has been widely utilized in plant biology research
for inducing polyploidy, altering the genetic makeup of
plants, and modifying their phenotypic characteristics.
Polyploidization induced by colchicine treatment has been
reported to have diverse effects on plant morphology,
including changes in leaf characteristics such as length, width,
and Leaf Area Index (LAI).

Several studies have investigated the effects of colchicine
treatment on leaf traits in various plant species. For
instance, in wheat (Triticum aestivum), colchicine-induced
polyploidization resulted in increased leaf size and enhanced
photosynthetic efficiency [17]. Similarly, in maize (Zea
mays), colchicine-treated plants exhibited larger leaf size and
increased LA, leading to improved biomass accumulation and
yield [18].

Recent studies, such as that by Ndunguru, et al. [19],
emphasize the importance of fonio in diversifying and
securing food systems in Sub-Saharan Africa. The application
of colchicine in this context becomes crucial for exploring

https://doi.org/10.29328/journal.jpsp.1001134

avenues to enhance Fonio's
environmental conditions.

adaptability to varying

The work of Coulibaly and Zhao [20] further highlights
the potential of Digitaria exilis in addressing food security
concerns. The present study builds upon this foundation by
examining specific morphological responses to colchicine
treatment, shedding light on the effects on leaf length, leaf
width, and LAl in both Digitaria exilis and Digitaria iburua.

These findings suggest that colchicine-induced polyploidy
has the potential to influence leaf characteristics and
subsequently impact plant growth and productivity.

Despite the extensive research on the effects of colchicine
treatment in other plant species, the specific influence of
this treatment on some morphological traits such as the leaf
length, leaf width, and LAI of Digitaria exilis and Digitaria
iburua remains poorly understood. Investigating the response
of these agronomically important Acha species to colchicine-
induced polyploidy could provide further valuable insights
into potential strategies for improving their agronomic
performance.

This study aims to compare the effects of colchicine
treatment on the agronomic characteristics of Digitaria exilis
and Digitaria iburua by assessing the variations in leaf length,
leaf width, and LAI so that we can gain a better understanding
of how polyploidization induced by colchicine influences the
growth and development of these species. Such knowledge
will contribute to the ongoing efforts to enhance the agronomic
potential and productivity of the Acha crop.

Materials and methods

The two species of Acha used in this study were Digitaria
exilis and Digitaria iburua. Seeds of both species were obtained
from the National Cereals Research Institute, Acha Research
Station, Riyom LGA of Plateau State. The experiment was
conducted in a Randomized Complete Block Design with three
replicates. 1 gram of colchicine powder was obtained from a
chemical supplier and used for the study. A colchicine solution
was prepared by dissolving colchicine powder in distilled
water at varying concentrations (0.05, 0.10, 0.15, and 0.20 g/
dL). The seeds were surface sterilized by immersing them in
a 0.5% sodium hypochlorite solution for 10 minutes, followed
by rinsing with sterile distilled water.

Seeds of both species of Acha were soaked in distilled
water for 24 hours. After soaking, the seeds were treated
with colchicine solution for 24 hours. The control group seeds
were soaked in distilled water for the same duration. The
treated seeds were then rinsed thoroughly with water and
dried in the shade for 24 hours before sowing. Leaf length
was measured using a ruler. Five fully expanded leaves were
randomly selected from each plant, and the length of each
leaf was measured from the base to the tip. The average
leaf length was calculated for each plant. Leaf width was
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measured using a digital caliper. Five fully expanded leaves
were randomly selected from each plant, and the width of
each leaf was measured at the widest point. The average leaf
width was calculated for each plant. The leaf area index (LAI)
was determined using a leaf area meter. Five plants from
each species were randomly selected, and all the leaves from
each plant were scanned using the leaf area meter. The LAI
was calculated as the ratio of total leaf area to ground area.
The data obtained from leaf length, leaf width, and leaf area
index measurements were analyzed using a two-way analysis
of variance (ANOVA), followed by post-hoc Turkey's test for
mean separation. Statistical significance was set at p < 0.05.
The Turkey HSD test was used to compare the means of the
groups to determine if there were significant differences
between them. This test is used to identify which groups are
significantly different from each other.

Results
Leaf length

Colchicine treatment level of 0.00 g/dL produced the
lowest mean leaf length of 12.75 cm for Digitaria exilis while a
Colchicine treatment level of 0.10 g/dL produced the highest
average leaf length of 16.19 cm. Colchicine treatment levels of
0.05 g/dL, 0.15 g/dL, and 0.20 g/dL were recorded at 15.29
cm, 14.37 cm, and 13.27 cm respectively (Table 1).

Digitaria iburua recorded the highest average Leaf Length
of 30.81 cm at the Colchicine treatment level of 0.10 g/dL
whereas, the lowest mean leaf length (23.87 cm) was recorded
at the Colchicine treatment level of 0.00 g/dL. Colchicine
treatment levels of 0.05 g/dL, 0.15 g/dL, and 0.20 g/dL were
recorded at 27.86 cm, 26.66 cm, and 24.41 cm respectively.
Interaction existed between the effects of Colchicine treatment
and Variety (F (4, 20) = [7.71], p = [0.00]). Simple main effects
analysis showed that Variety and colchicine had a significant
effect on the Leaf length (p = 0.00). Turkey’s HSD Test for
multiple comparisons found that the mean value of leaf length
differed significantly between all Colchicine treatment levels.
However, no significant difference existed in mean leaf length
between Colchicine treatment levels 0.00 g/dL and 0.20 g/dL
(p=1.00)andbetweentreatmentlevels0.05g/dLand 0.15 g/dL
(p =0.09).

Table 1: Effects of Colchicine treatment on the Leaf Length, Leaf Width, and Leaf Area
Index of two species of Acha.
Species Treatment Leaf Length Leaf Width Leaf Area
(g/dL) (cm) Index (cm) (cm?)
0.00 12.7¢ 0.4¢ 2.64
0.05 15.3° 0.6" 4.6°
D. exilis 0.10 16.2° 0.72 5.57
0.15 14.4° 0.5¢ 3.9
0.20 13.3¢ 0.5¢ 3.0
0.00 23.9¢ 1.3¢ 18.1¢
0.05 27.9° 1.4° 24.1°
D. iburua 0.10 30.8% 1.6° 29.32
0.15 26.7° 1.4¢ 21.5%
0.20 24.4¢ 1.3¢ 19.0«
Turkey’s HSD Test: Values with the same letters do not differ significantly at p < 0.05.

https://doi.org/10.29328/journal.jpsp.1001134

Leaf width

The lowest mean Leaf Width for Digitaria exilis (0.41 cm)
was recorded at the Colchicine treatment level of 0.00 g/dL
while the Colchicine treatment level of 0.10 g/dL produced the
highest average Leaf Width (0.68 cm). Colchicine treatment
levels of 0.05 g/dL, 0.15 g/dL, and 0.20 g/dL recorded 0.60
cm, 0.54 cm, and 0.46 cm respectively (Table 1).

Digitaria iburua had the highest average Leaf Width
(1.58 cm) at Colchicine treatment level 0.10 g/dL whereas the
lowest mean Leaf Width (1.26 cm) was recorded at Colchicine
treatment level 0.00 g/dL. Colchicine treatment levels of 0.05
g/dL, 0.15 g/dL, and 0.20 g/dL were recorded at 1.44 cm, 1.35
cm, and 1.30 cm respectively. While no interaction existed
between the effects of Colchicine treatment and variety
(F (4, 20) = [1.06], p = [0.40]), simple main effects analysis
showed that both variety and colchicine did have a significant
effect on leaf width (p = 0.00).

Tukey’s HSD Test for multiple comparisons found that the
mean value of Leaf Width was significantly different between
all Colchicine treatment levels, even though no significant
difference existed in mean Leaf Width between Colchicine
treatment levels 0.00 g/dL and 0.20 g/dL (p = 1.00), and
between treatment levels 0.15 g/dL and 0.20 g/dL (p = 0.138).

Leaf area index

In Digitaria exilis, the lowest mean Leaf Area index (LAI) of
2.64 cm? was recorded at a Colchicine treatment level of 0.00
g/dL while the highest average LAI of 5.51 cm? was produced
by Colchicine treatment level 0.10 g/dL. Colchicine treatment
levels 0.05 g/dL, 0.15 g/dL, and 0.20 g/dL recorded 4.61 cm?,
3.88 cm? and 3.01 cm?respectively (Table 1).

The highest average LAI (29.27 c¢cm?) in Digitaria iburua
was produced by Colchicine treatment level 0.10 g/dL while
the lowest average LAI (18.10 cm?) was recorded at Colchicine
treatment level 0.00 g/dL. Colchicine treatment levels of 0.05
g/dL, 0.15 g/dL, and 0.20 g/dL were recorded at 24.09 cm?,
21.54 cm? and 19.04 cm? respectively. Significant Interaction
existed between Variety and colchicine concerning LAI (F
(4,20) =[18.84], p =[0.00]).

Turkey’s HSD Test for multiple comparisons found that
the mean value of LAI was significantly different between
all Colchicine treatment levels. However, no statistically
significant difference in mean LAI between Colchicine
treatment levels 0.00 g/dL and 0.20 g/dL (p = 1.00), between
treatment levels 0.05 g/dL and 0.15 g/dL (p = 0.07) and
between 0.15 g/dL and 0.20 g/dL (p = 0.06).

Discussion

Colchicine is a chemical compound that is commonly used
to induce polyploidy, alter plant characteristics, and study the
effects of polyploidy on various plant traits.
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In this study, both Digitaria exilis and Digitaria iburua
were subjected to colchicine treatment.

The results of the study showed that colchicine treatment
had a significant effect on the leaf length, leaf width, and leaf
area index of both D. exilis and D. iburua. In both species, the
treated plants exhibited increased leaf length and leaf width
compared to the control plants. This increase in leaf length
can be attributed to the induction of polyploidy, as polyploid
plants often have larger cells and organs compared to their
diploid counterparts [21]. The increase in leaf area index
indicates that the colchicine-treated plants had a greater leaf
canopy and potentially higher photosynthetic capacity. Leitch
and Bennett [21], suggested that polyploid plants may have
increased productivity and biomass accumulation compared
to diploid plants. Several studies have reported similar
responses in other crop species when subjected to colchicine
treatments. For instance, Smith [22] observed significant
increases in leaf area and elongation in wheat plants treated
with colchicine. This consistency across different crops
underscores the broader implications of colchicine-induced
alterations in plant morphology.

However, Ayesha, et al. [23] in their work on the induction
of and identification of colchicine-induced polyploidy in
Gladiolus grandiflorus “White prosperity”, observed about
one-third decreases in plant height along with the reduction
in the number of leaves per plant, leaf area, length and leaf
width. The reduced growth may be due/attributed to an
increase in the destruction of growth inhibitors, a drop in
auxin level, or inhibitors of auxin synthesis as reported by
Roychowdhury and Tah [24] and Mostafa, et al. [25]. El-Torky
[26] and Gvozdenovic, et al. [27] observed that the reduction
in growth might be due to the physiological damage produced
by chemical mutagens and their hydrolysis products. These
observations could perhaps be a result of higher levels of
concentrations of the colchicine or the species of plant they
worked on, expressing its norm of reaction.

It is, therefore, crucial to consider the dosage and timing
of colchicine application, as excessive concentrations or
untimely exposure may lead to adverse effects on plant health.
Recent work by Brown [28] emphasized the importance of
optimizing colchicine treatment protocols to achieve desired
morphological changes without compromising plant viability.

In terms of leaf length, our results align with the findings
of Patel and Singh [29], who reported enhanced elongation
in rice plants treated with colchicine. The mechanisms
underlying these changes in leaf morphology warrant further
investigation, with potential implications for understanding
plant growth regulation.

Furthermore, the leaf area index (LAI), which represents
the total leaf area per unit ground area, was significantly
higher in the colchicine-treated plants compared to the
control plants in both species. The increase in leaf area index

https://doi.org/10.29328/journal.jpsp.1001134

indicates that the colchicine-treated plants had a greater leaf
canopy and potentially higher photosynthetic capacity. Leitch
and Bennett [30], suggested that polyploid plants may have
increased productivity and biomass accumulation compared
to diploid plants. This finding agrees with a study conducted
by Gong, et al. [31] where they investigated the effects of
colchicine treatment on leaf traits in maize (Zea mays) and
found that colchicine treatment resulted in increased leaf
length and leaf width compared to untreated or control plants.
Another study by Qi, etal. [32] on tobacco (Nicotiana tabacum)
demonstrated that colchicine treatment led to larger leaves
with increased leaf area.

Some studies have nevertheless, reported different
outcomes. Chen, etal. [33] examined the effects of colchicine on
leaf traits in soybean (Glycine max) and found that colchicine
treatment reduced leaf size and leaf area compared to control
plants. This suggests that different plant families/species may
respond differently to the effects of colchicine.

Several references support our findings nevertheless,
Smith [34] demonstrated similar effects of colchicine on leaf
traits in barley, highlighting its potential for manipulating
plant morphology. Additionally, the work of Johnson and
Patel [35] on polyploidy induction in millet species aligns
with our observations, suggesting a broader trend in cereals
responding to colchicine.

However, caution is warranted as colchicine treatments
may not solely result in positive outcomes. The study
by Rodriguez [36,37] emphasized the need for dosage
optimization, as excessive colchicine exposure could lead to
detrimental effects on plant health and yield.

Overall, the results of this study demonstrate that colchicine
treatment can significantly influence leaf length, leaf width,
and therefore, leaf area index (LAI) in D. exilis and D. iburua.
The induction of polyploidy through colchicine treatment
leads to larger leaf size and increased leaf area, which may
have implications for plant productivity and growth.

Conclusion

In conclusion, the application of colchicine to Digitaria exilis
and Digitaria iburua plants resulted in significant changes in
leaf length, leaf width, and leaf area index. The colchicine-
treated plants exhibited increased leaf length and leaf width
compared to the control plants, which can be attributed to the
induction of polyploidy. Furthermore, the colchicine-treated
plants showed a higher leaf area index, indicating a greater
leaf canopy and potentially higher photosynthetic capacity.
These findings suggest that polyploidy induced by colchicine
treatment can have substantial effects on leaf morphology and
potentially influence plant productivity.

Further research is needed to explore the underlying
mechanisms of polyploidy-induced changes in leaf traits and
their implications for plant growth and development.
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