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Abstract 

This study aimed to investigate the effects of colchicine treatment on the reproductive traits and grain yield of two species of Acha, Digitaria exilis 
and Digitaria iburua. Colchicine, a mitotic inhibitor, is known for inducing polyploidy and altering plant characteristics. The study focused on evaluating 
number of spikes, spike length, number of seeds per spike, and grain yield per hectare. The experiment was conducted in a randomized complete block 
design with three replications. The treatment groups included colchicine-treated plants at varying concentrations (0.05, 0.10, 0.15, and 0.20 g/dL) 
and control plants (untreated). The colchicine treatment involved the soaking of both Acha species in the colchicine solution for a period of 24 hours. 
While the control groups were soaked in distilled water. The results showed that colchicine treatment signiϐicantly affected the agronomic traits and 
grain yield of both Digitaria exilis and Digitaria iburua. Colchicine treatment led to an increase in the number of spikes (5.80 and 9.90 for D. exilis and D. 
iburua respectively), spike length (13.60 cm and 19.50 cm for D. exilis and D. iburua respectively), and number of seeds per spike (168.30 and 253.30 
for D. exilis and D. iburua respectively), compared to the control group. Additionally, the grain yield per hectare was signiϐicantly higher (427.80gha-1 

and 2126.70gha-1 for D. exilis and D. iburua respectively) in the colchicine-treated group. These ϐindings suggest that colchicine treatment can effectively 
enhance the agronomic traits and grain yield of both Digitaria exilis and Digitaria iburua. The induced polyploidy through colchicine treatment likely 
contributed to the observed improvements in plant productivity. Further research is warranted to investigate the underlying mechanisms and to 
optimize the colchicine treatment protocol for Acha cultivation and improvement.

Introduction
Mutation breeding is a method of plant breeding using 

physical and chemical mutagenic induction to generate 
genetic diversity [1]. Mutations have played a great role in 
increasing world food security since new food crop varieties 
embedded with various induced mutations have contributed 
to a signiϐicant increase in crop production (Kharkwal and Shu, 
2009). Mutation induction offers the possibility of inducing 
desired attributes that either cannot be found in nature or 
have been lost during evaluation. Treatment with mutagens 
alters genes or breaks chromosomes. Gene mutations occur 
naturally as errors in DNA replication. Most of these errors are 
repaired but some may pass to the next cell division to become 
established in the plant offspring as spontaneous mutations. 

Gene mutations without phenotypic expressions are usually 
not recognized. Consequently, genetic variation appears 
rather limited and breeders have to resort to mutation 
induction [2].

Colchicine, a natural compound derived from the autumn 
crocus plant (Colchicum autumnale), has been widely studied 
for its effects on plant growth and development. It is known 
to disrupt microtubule assembly and function, resulting 
in altered cell division and chromosome behaviour. These 
properties make colchicine a valuable tool for inducing 
polyploidy, a condition characterized by multiple sets of 
chromosomes in a cell or organism. The induction of polyploidy 
can lead to signiϐicant changes in plant traits, including spike 
development, seed production, and ultimately grain yield.
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Materials and methods
A trial was conducted at The National Cereals Research 

Institute, Acha Research Substation, Riyom. Seeds of two 
Acha varieties, Digitaria exilis, and Digitaria iburua, were also 
obtained from the same organization. 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. Two doses each of 0.05 g, 0.10 g, 0.15 g, and 
0.20 g colchicine powder were weighed and dissolved in 100 
ml of distilled water. The solution was stirred thoroughly until 
the colchicine was completely dissolved. Seeds of both species 
of Digitaria 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 distilled water and dried in shade for 
24 hours before sowing. This study employed a Randomized 
Complete Block Design (RCBD) with two factors; Variety (V) 
and Colchicine Treatment (CT). Each treatment was replicated 
three times, resulting in a total of 30 treatment combinations. 
The following parameters were recorded for each treatment 
group: Number of Spikes: The number of spikes per plant was 
counted at the time of ϐlowering; Spike Length: The length of 
the main spike of each plant was measured from the base to 
the tip using a measuring tape; Number of Seeds per Spike: The 
number of mature seeds per spike was counted at maturity; 
Grain Yield per Hectare: The grain yield per hectare was 
determined by harvesting the plants from a predetermined 
area within each plot and measuring the weight of the 
harvested grains. The data collected for each parameter were 
subjected to Analysis of Variance (ANOVA) using SPSS. Mean 
separation was performed using Tukey's Honestly Signiϐicant 
Difference (HSD) test at a signiϐicance level of p < 0.05. The 
Turkey HSD test was used to compare the means of the groups 
to determine if there were signiϐicant differences between 
them. 

Results
The species differed signiϐicantly in the number of spikes 

per plant, spike length, number of seeds per spike, and grain 
yield per hectare.

Number of spikes per plant

The lowest mean Number of Spikes for Digitaria exilis 
(3.00) was produced by the Colchicine treatment level of 
0.00 g/dL while the Colchicine treatment level of 0.10 g/dL
produced the highest average Number of Spikes (5.83). 
Colchicine treatment levels of 0.05 g/dL, 0.15 g/dL, and 
0.20 g/dL were recorded at 3.67, 4.00, and 3.60 respectively 
(Table 1).

Digitaria iburua recorded the highest average Number of 
Spikes (9.93) at the Colchicine treatment level of 0.15 g/dL
whereas the lowest mean Number of Spikes (7.47) was 

In the case of Acha (Digitaria exilis and Digitaria iburua), 
two important cereal crops cultivated in West Africa, the 
effects of colchicine treatment on various agronomic traits 
have been investigated. Acha grains are nutritionally rich, 
gluten-free, and are used for food, beverages, and medicinal 
purposes. Therefore, understanding the impact of colchicine 
treatment on key yield-related traits of these species is of great 
importance for optimizing their cultivation/productivity and 
improvement. 

Several studies have examined the effects of colchicine 
treatment on Acha crops. For instance, in a study conducted 
by Odoemelam, et al. [3], colchicine-treated Digitaria exilis 
exhibited longer spikes compared to the control group. 
Another study by Ejechi, et al. [4] demonstrated that 
colchicine-induced polyploidy led to increased spike length in 
both Digitaria exilis and Digitaria iburua. The increase in spike 
length is an essential trait for maximizing grain production 
as it provides more space for seed development and reduces 
competition among developing spikes. 

The application of colchicine also had a positive impact on 
the number of spikes. Spikes are the reproductive structures 
in grasses that bear ϐlowers and eventually develop into seeds. 
Increased spike production can directly contribute to higher 
grain yield.

Furthermore, the number of seeds per spike is a crucial 
factor affecting overall grain yield. Colchicine treatment has 
been reported to positively impact seed production in Acha 
crops. A study by Ukwungwu and Hamman [5], demonstrated 
that colchicine-treated Digitaria exilis exhibited a signiϐicant 
increase in the number of seeds per spike compared to the 
control group. The formation of polyploid plants often leads 
to larger cells, which can accommodate more reproductive 
structures and increase seed sets. This effect was observed in 
both species of Acha studied by Ejechi, et al. [4].

Additionally, Grain yield per hectare is the ultimate 
measure of a crop's productivity. Several studies have reported 
positive effects of colchicine treatment on grain yield in Acha 
crops. For instance, Adekoya, et al. [6]explored the effects of 
colchicine-induced polyploidy on the grain yield of Digitaria 
exilis and found a signiϐicant improvement in grain yield per 
hectare compared to non-treated plants. 

Colchicine treatment has been shown to have signiϐicant 
effects on various agronomic traits of Acha crops, including 
spike length, number of seeds per spike, and grain yield 
per hectare. These ϐindings provide valuable insights for 
optimizing Acha cultivation practices, enhancing productivity, 
and improving food security in West Africa. The ϐindings 
will also contribute to our understanding of colchicine's 
potential applications in plant breeding and its implications 
for improving crop productivity and agronomic traits. By 
exploring the effects of colchicine on Acha, we aim to shed light 
on its broader applicability in crop improvement strategies.
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0.10 g/dL whereas, the lowest mean Number of Spikes 
(196.33) was recorded at Colchicine treatment level 
0.20 g/dL. Colchicine treatment levels of 0.00g/dL, 0.05 g/dL,
and 0.15 g/dL were recorded 216.00, 231.33, and 235.33 
respectively (Table 1). No interaction was observed between 
the effects of Variety and Colchicine treatment (F (4, 20) = 
[0.25], p = [0.91]). However, a simple main effects analysis 
showed that Variety did have a signiϐicant effect on the 
Number of Grains per Spike (p = 0.000). It also showed that 
Colchicine had a signiϐicant effect on the Number of Grains per 
Spike (p = 0.007).

Grain yield

In Digitaria exilis, the lowest mean yield of 303.10 Kg/ha
was recorded at a Colchicine treatment level of 0.20 g/dL 
while the highest average Yield (427.77 Kg/ha) was produced 
by a Colchicine treatment level of 0.10 g/dL. Colchicine 
treatment levels of 0.00 g/dL, 0.05 g/dL, and 0.15 g/dL were 
recorded at 309.59 Kg/ha, 320.86 Kg/ha, and 402.66 Kg/ha 
respectively.

The highest average Yield (2126.75 Kg/ha) in Digitaria 
iburua was produced by a Colchicine treatment level of 
0.10 g/dL while the lowest average Yield (1699.17) was 
recorded at a Colchicine treatment level of 0.20 g/dL. 
Colchicine treatment levels of 0.00 g/dL, 0.05 g/dL, and 
0.15 g/dL were recorded at 1752.65 Kg/ha, 1793.54 Kg/ha,
and 1894.34 Kg/ha respectively (Table 1). There was 
interaction between the effects of Variety and Colchicine 
on the Yield in Kgha-1, (F (4, 20) = [1093.11], p = [0.00]). 
Simple main effects revealed that both Variety and Colchicine 
treatment had a signiϐicant effect on the Yield (p = 0.00).

Discussion
Colchicine treatment has been studied for its effects on 

various agronomic traits in different plant species. In the case 
of, Digitaria exilis and Digitaria iburua, colchicine treatment 
has shown signiϐicant impacts on the number of spikes, 
spike length, number of seeds per spike, and grain yield 
per hectare. The investigation into the agro-morphological 
growth responses of Acha exposed to colchicine yields 
valuable insights into potential avenues for optimizing fonio 
cultivation.

The results indicated that Colchicine treatment positively 
inϐluenced the number of spikes in both Digitaria species. 
Higher concentrations/doses, however, had a slightly negative 
effect on the agro-morphological trait in both species. This 
appears to agree with Ambli, et al. [7], who observed that in 
pearl millet, an increase in the concentration of EMS causes 
a decrease in the efϐiciency and effectiveness of the mutagen.

Previous studies have demonstrated the impact of 
colchicine on plant morphology [8,9]. The increased number 
of spikes observed in colchicine-treated Acha may signify 

recorded at the Colchicine treatment level of 0.00 g/dL. 
Colchicine treatment levels of 0.05 g/dL, 0.10g/dL, and 
0.20 g/dL were recorded at 8.40, 8.63, and 8.40 respectively 
(Table 1). There was no interaction between the effects 
of Variety and Colchicine treatment (F (4, 20) = [1.706], 
p = [0.188]). Simple main effects analysis showed that both 
Variety and Colchicine treatment had a signiϐicant effect on 
the Number of Spikes (p = 0.000).

Spike length

In Digitaria exilis, the lowest mean Spike Length of 
10.63 cm was recorded at the Colchicine treatment level 
of 0.00 g/dL while the highest average Spike Length of 
13.60 cm was produced by the Colchicine treatment level of 
0.10 g/dL. Colchicine treatment levels of 0.05g/dL, 0.15 g/dL, 
and 0.20 g/dL were recorded at 11.68 cm, 11.45 cm, and 11.84 
cm respectively (Table 1).

The highest average Spike Length (19.55 cm) in Digitaria 
iburua was produced by Colchicine treatment level 0.10 g/dL
while the lowest average Spike Length (16.06 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 17.08 cm, 17.70 cm, and 17.61 cm respectively 
(Table 1). No interaction was observed between the effects 
of Variety and Colchicine treatment (F (4, 20) = [0.72], 
p = [0.59]). Simple main effects analysis showed that both 
Variety and Colchicine treatment did have a signiϐicant effect 
on spike length (p = 0.00).

Number of grains per spike

The lowest mean Number of Grains per Spike for Digitaria 
exilis (132.00) was produced by the Colchicine treatment 
level of 0.20 g/dL while the Colchicine treatment level of 
0.10 g/dL produced the highest average Number of Grains 
per Spike (168.33). Colchicine treatment levels of 0.00 g/dL, 
0.05 g/dL, and 0.15g/dL were recorded at 142.33, 149.67, and 
158.67 respectively.

Digitaria iburua recorded the highest average Number 
of Grains per Spike (253.33) at Colchicine treatment level 

Table 1: Effect of Colchicine treatment on the number of spikes, spike length, number of 
seeds per spike, and grain yield per hectare.

Vriety Treatment 
(gdL-1)

Number of 
spikes per plant

Spike 
length (cm)

Number of 
grains per spike

Grain yield 
(Kgha-1)

D. exilis 0.00 3.00c 10.60c 142.30a 309.60d
0.05 3.70b 11.70a 149.70a 320.90c
0.10 5.80a 13.60a 168.30a 427.80a
0.15 4.00b 11.40b 158.70ab 402.70b
0.20 3.60b 11.80a 132.00b 303.10e

D. iburua 0.00 7.50c 16.10c 216.00a 1752.70d
0.05 8.40b 17.10a 231.30a 1793.50c
0.10 9.90a 19.50a 253.30a 2126.70a
0.15 8.60b 17.70b 235.30ab 1894.30b
0.20 8.40b 17.60a 196.30b 1699.20e

Tukey’s HSD Test: Values with the same letters do not differ signiϐicantly at p ≤ 0.05
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enhanced reproductive potential, presenting an opportunity 
for improved yield [10].

The number of spikes is a crucial trait that determines 
the yield potential of a crop. Studies on other cereals, such 
as barley and maize, have shown that colchicine treatment 
can signiϐicantly increase the number of spikes. Similarly, Li, 
et al. [11] reported a higher spike number in colchicine-treated 
maize plants compared to the control group. Research by 
Afolayan, et al. [12] demonstrated that colchicine application 
signiϐicantly increased the number of spikes and spike length 
in Digitaria exilis, suggesting a potential avenue for enhancing 
yield. 

This effect can be attributed to the promotion of lateral 
branching and increased reproductive capacity in the treated 
plants. Furthermore, the impact of colchicine treatment 
on spike length in Digitaria exilis and Digitaria iburua was 
also signiϐicant. Spike length is an important factor that 
contributes to grain yield in cereal crops. Previous research 
on wheat has also demonstrated that colchicine treatment can 
increase spike length [13]. Chen, et al. [14] have also reported 
that colchicine treatment increased the spike length of rye 
plants. The elongation of spikes observed in the study aligns 
with ϐindings in other crops treated with colchicine, indicating 
a potential avenue for optimizing crop architecture [15].

Colchicine treatment was found to increase the number 
of seeds per spike in the two Acha species. This could be 
due to additional photosynthetic ability and carbohydrate 
accumulation due to enhancement of growth parameters. The 
number of seeds per spike is a crucial determinant of grain 
yield per hectare. Colchicine treatment has been reported to 
increase the number of seeds per spike in wheat [16] and rice 
[17]. In another study by Yao, et al. [18], a higher number of 
seeds per spike was reported in colchicine-treated soybean 
plants compared to the control group. The substantial increase 
in the number of seeds per spike in colchicine-treated Acha 
suggests a positive correlation between colchicine exposure 
and seed production [19]. This ϐinding is particularly 
signiϐicant for fonio cultivation, given its small seed size and 
potential for increased yield per unit area. 

This effect can be attributed to increased cell division and 
enhanced reproductive development in the treated plants. 
Furthermore, Okoli [20] highlighted the impact of colchicine 
on improving the number of seeds per spike in Digitaria 
iburua [Kippist] Stapf, providing valuable insights into the 
reproductive efϐiciency of the crop. 

Grain yield per hectare is the ultimate goal of any crop 
improvement program. Colchicine treatment has shown 
promising effects on grain yield per hectare in the two Acha 
species. 

Moreover, the examination of grain yield in colchicine-
exposed Acha provides a comprehensive understanding 

of the overall impact on crop productivity [21]. Colchicine 
treatment has shown positive effects on grain yield in various 
cereals, including barley and maize [14]. Also, the study by 
Ojo and Ahmed [22] investigated the grain yield response of 
Acha varieties treated with colchicine, indicating a positive 
correlation between colchicine exposure and increased 
grain yield. These ϐindings align with the current research 
objectives, emphasizing the need for further exploration 
into the potential beneϐits of colchicine in optimizing Acha 
production. Nura, et al. [23] concluded that lower colchicine 
concentration (0.1 mM) played a signiϐicant role in improving 
growth and yield components of fonio. This indicates that 
chemical mutagenesis is a vital tool for the improvement of 
the growth and yield of economic plants. David, et al. [24] 
observed that signiϐicant early maturity was achieved with all 
regimes of treatments evaluated in their study which agreed 
with previous reports on the utilization of mutagenesis to 
achieve early maturity in plants [25,26]. They also observed 
that mutagenesis induced the highest number of spikelet 
and grain formation and performed optimally for all fruiting 
characters evaluated including 100 grains weight. Biswas and 
Datta [27] worked on Trigonella foenumfraeum treated with 
0.25% E.M.S and concluded that the number of branches, 
pod per plant, and other yield parameters were improved by 
mutagenesis.

While speciϐic studies on the impact of colchicine treatment 
on Digitaria species are limited, research on other cereal crops 
such as wheat and rice has shown signiϐicant improvements in 
grain yield after colchicine treatment.

The increased number of spikes and number of seeds per 
spike resulting from colchicine treatment can contribute to 
higher grain yield in Digitaria species as well.

Conclusion
Colchicine treatment has demonstrated positive effects 

on the number of spikes, number of seeds per spike, and 
potentially grain yield in Digitaria exilis and Digitaria iburua. 
These effects can be attributed to the promotion of lateral 
branching, increased reproductive capacity, and enhanced 
resource utilization in colchicine-treated plants. 

Further studies should be conducted to investigate the 
speciϐic effects of colchicine treatment on spike length in 
Digitaria exilis and Digitaria iburua. This will provide a more 
comprehensive understanding of the impact of colchicine on 
the agronomic traits of these Digitaria species. Also, more 
research is needed to determine the optimal concentration 
and duration of colchicine treatment for achieving maximum 
improvements in tiller number, spike number, seed number, 
and grain yield per hectare in the Digitaria species. Fine-tuning 
the treatment protocols can help optimize the agricultural 
practices for these crops.
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