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 A broader genetic diversity holds great promise for enhancing the productivity of 

durum wheat, especially under challenging environmental stressors. Establishing an 

improved genetic pool through the pre-treatment of durum wheat seeds with 

antimitotic agents, like colchicine, could play a pivotal role in boosting seed 

germination, seedling growth, morphological characteristics, and overall yield. This 

study explored the impact of colchicine on seed germination, growth, and 

morphological traits in two durum wheat cultivars (PDW-233 and DDW-47). For the 

experiment, presoaked seeds from each cultivar were exposed to different colchicine 

concentrations (0.1%, 0.2%, and 0.3%) over an 8-hour period. Quantitative traits such 

as germination percentage, plant survival rate, plant height, tiller number per plant, 

seeds per spike, and 1000-grain weight were meticulously measured in the treated 

plants. The results revealed considerable variability in these quantitative traits across 

the different colchicine treatments in both wheat varieties in the M1 generation. 

Significant alterations were observed across various concentrations, indicating 

colchicine’s potential for inducing genetic diversity within a single generation. These 

findings underscore the effectiveness of colchicine as a mutagenic agent capable of 

stimulating notable genetic variation, which, with precise selection, can lead to the 

identification and development of promising high-yield, stress-tolerant mutants in 

durum wheat. The results of this study suggest that rigorous selection and further 

breeding of desirable mutants could result in significantly improved and high-yielding 

durum wheat lines in subsequent generations. Thus, this approach may offer a viable 

pathway for enhancing durum wheat’s genetic resilience and productivity. 
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Introduction 

Wheat, a vital cereal crop from the Poaceae family, holds 

unparalleled significance as a staple food source for a large 

portion of the global population. This grain supplies an 

estimated 55% of carbohydrate intake and 20% of total 

calories consumed worldwide (Breiman and Graur 1995), 

underscoring its essential role in food security. Among the 

most widely cultivated species of wheat are common wheat 

(Triticum aestivum L.) and durum wheat (Triticum 

turgidum subs. durum Desf.). Common wheat dominates 

wheat cultivation, covering nearly 90% of the total wheat-

growing area, while durum wheat accounts for 

approximately 8–10% (Manzano 2007; Cacak-Pietrzak 

2008). This relatively lower cultivation of durum wheat is 

attributed to challenges associated with its yield potential 

and stability. As a result, there is a pressing need to enhance 

the productivity and resilience of durum wheat varieties. 

Increasing the genetic potential of durum wheat, 

particularly for higher yields, can be achieved through 

mutation breeding programs that use physical or chemical 

mutagens. These mutagenic treatments are vital tools in 

plant breeding, as they introduce genetic variability that can 

lead to the development of high-yielding and resilient 

mutants. The ultimate goal of mutation breeding in durum 

wheat is to generate genotypes that are superior to existing 

varieties in both yield and desirable agronomic traits. 

Employing physical and chemical mutagens is a proven 

technique to expand the genetic diversity of crops, 

facilitating the creation of novel germplasm for genetic 

studies and crop improvement. This strategy not only 

provides insight into specific gene functions but also 

contributes to global food security by improving wheat 

cultivars for future agricultural demands (Khah et al. 2022). 
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Chemical mutagenesis has been extensively recognized as 

an effective approach for inducing a broad spectrum of 

morphological and genetic variations in plant species (Dixit 

et al. 2013; Kolar et al. 2013; Jahan et al. 2020; Shaikh et 

al. 2021; Singh et al. 2021). Compared to physical 

mutagens, chemical agents generally yield a higher 

frequency of mutations, offering increased effectiveness 

and more specific targeting of genetic alterations (Kharkwal 

1999; Bhat et al. 2005). Among these, colchicine stands out 

due to its unique ability to inhibit mitotic division by 

disrupting spindle fiber organization and orientation within 

dividing cells, which impacts chromosomal behavior during 

cell division and leads to a variety of chromosomal 

abnormalities (Alam et al., 2022; Khah et al. 2022). This 

interference with spindle formation, crucial for proper 

chromosome separation, ultimately results in genetic 

changes that promote diversity. Colchicine has been widely 

utilized across numerous plant species as a reliable inducer 

of genetic variability (Essel et al., 2015; Alam et al., 2022; 

Khah et al., 2022). However, despite its frequent 

application in other crops, there remains limited research on 

its genotoxic effects specifically on durum wheat. 

Addressing this knowledge gap, the present study aims to 

investigate colchicine's impact on seed germination and 

plant survival rates, assess its influence on key 

morphological characteristics, and identify appropriate 

treatment concentrations for promoting genomic variation. 

This research not only explores colchicine's potential for 

inducing favorable traits in durum wheat but also sets the 

foundation for future breeding programs that may benefit 

from these induced genetic diversities. 

Materials and methods 

For this study, certified and healthy seeds from two durum 

wheat varieties, DDW-47 and PDW-233, were sourced 

from the Indian Institute of Wheat and Barley Research to 

ensure high-quality starting material. To induce potential 

genetic variation, seeds were subjected to three distinct 

concentrations of colchicine (0.1%, 0.2%, and 0.3%). Prior 

to treatment, seeds were allowed to imbibe by soaking them 

in running tap water for 2–4 hours, which enhances their 

susceptibility to the mutagenic effects. Following this pre-

soaking stage, the seeds were exposed to the specified 

colchicine treatments for a period of 18 hours. Once the 

treatment duration was complete, the seeds underwent a 

thorough rinse under running tap water for approximately 2 

hours. This washing step was crucial to eliminate any 

residual colchicine that might interfere with subsequent 

growth stages. 

For preparing the colchicine solution, an initial stock was 

created by dissolving 1 gram of colchicine powder into 50 

mL of deionized water, after which additional water was 

added to bring the total volume to 100 mL. This stock 

solution was then diluted accordingly to achieve the desired 

treatment concentrations. By following this protocol, the 

study aimed to precisely assess the impact of various 

colchicine concentrations on the growth and morphological 

traits of the wheat varieties. From this stock solution, 

various treatment concentrations were prepared using the 

formula:  

𝑆1𝑉1 = 𝑆2𝑉2  

Where, S1=Strength of stock solution, V1=Volume 

of stock solution, S2=Strength of the desired solution, 

V2=Volume of the desired solution. 

The control and colchicine-treated seeds were both planted 

in the experimental fields, with each group replicated three 

times to ensure reliable results. Each set contained 150 

seeds, with 50 seeds assigned to each replicate. In the M1 

generation, a detailed examination was conducted on the 

populations to assess various growth and morphological 

traits, including seed germination percentage, plant survival 

rate, plant height, number of tillers per plant, number of 

grains per spike, and 1000 grain weight. Germination rates 

were recorded after four weeks of sowing, while plant 

survival rates were measured after six weeks. To analyze 

the experimental data, several statistical methods were 

employed, including the calculation of standard error, 

coefficient of variation, and one-way ANOVA, as described 

by Gomez and Gomez (1984). These statistical tools were 

used to quantify the degree of variation induced by 

colchicine treatment and to determine the significance of 

observed differences between the control and treated 

populations. 

Results and Discussion 

This study provides an in-depth analysis of the mutagenic 

effects of colchicine on germination, growth, and 

agronomic traits in durum wheat, offering a thorough 

understanding of its potential to induce genetic variation. 

While colchicine is widely recognized for its application in 

inducing genomic doubling in plants, the broader scope of 

its mutagenic influence, especially in wheat, remains 

underexplored. Colchicine functions by binding to tubulin 

dimers, a critical component of the cell division process, 

thereby inhibiting the formation of microtubules on the 

spindle fibers. This disruption leads to a range of meiotic 

irregularities, including chromosomal aberrations and 

aneuploidy, which can significantly impact the plant’s 

development and yield. Previous studies have reported the 

genotoxic effects of colchicine on various plant species 

(Essel et al. 2015, Mangena 2020, Khah et al. 2022), yet its 

precise mutagenic influence on durum wheat, particularly 

in relation to agronomic traits, is still not fully understood. 

This research aims to bridge this gap by examining how 

colchicine affects critical factors such as seed germination, 

plant survival, and key morphological traits, shedding light 

on its potential role in inducing genetic variability in durum 

wheat breeding programs. 

In the current study, a clear decline in both seed 

germination and plant survival at maturity was observed 
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with increasing concentrations of colchicine. However, the 

degree of reduction varied depending on the specific 

mutagenic treatment applied. Table 1 presents the detailed 

data on the impact of colchicine on seed germination and 

seedling survival for both durum wheat cultivars in the M1 

generation. For the PDW-233 variety, the untreated seeds 

had a high mean germination percentage of 99.33% (SE = ± 

0.15), but this dropped to 68.0% (SE = ± 1.03) when treated 

with a 0.3% colchicine solution. Similarly, for the DDW-47 

variety, the untreated seeds showed a germination 

percentage of 98.67% (SE = ± 0.30), which decreased to 

61.33% (SE = ± 1.04) under the same colchicine treatment.  

Along with this decline in germination, plant survival rates 

also decreased significantly. The untreated PDW-233 and 

DDW-47 cultivars exhibited 100% survival, but this 

dropped to 68.63% and 76.09%, respectively, under the 

0.3% colchicine treatment. These findings align with 

similar results reported in earlier studies (Tiwari and 

Mishra 2012, Essel et al. 2015, Mangena 2020, Khah et al. 

2022). The reduced germination and survival rates can 

likely be attributed to the disruptions in cell division caused 

by defective spindle activity induced by colchicine. 

Disruptions in spindle function result in misalignment and 

improper movement of chromosomes, which consequently 

interfere with the essential physiological and biochemical 

processes required for proper seedling growth and 

development. As a result, metabolic disturbances can 

reduce germination and stunt the growth of seedlings, as 

observed in this study (Khah et al. 2022). Previous research 

has also indicated that chemical mutagens, including 

colchicine, have inhibitory effects on seed germination, 

leading to lower germination percentages 

(Dhakhanamoorthy et al. 2010; Pande and Khetmalas 

2012). Similar reductions in germination have been 

reported in other crops like sesame, with the M1 generation 

being more severely affected than the F2 generation 

(Mensah et al. 2005; Mensah and Akomeah 1997). 

 

Table 1. Impact of colchicine treatments on seed germination and plant survival of two cultivars of durum wheat 

Treatment 
Germination (%) Plant Survival (%) 

Mean ± SE Inhibition (%) Mean ± SE Inhibition (%) 

PDW-233       

Control 99.33 0.15  100.00 0.15  

0.1% 90.67 0.39 8.72 94.85 1.13 5.15 

0.2% 78.67 0.98 20.80 84.75 1.47 15.25 

0.3% 68.00 1.03 31.54 68.63 1.30 31.37 

DDW-47       

Control 98.67 0.30 - 100.00 0.30 - 

0.1% 87.33 0.39 11.49 94.53 0.39 5.47 

0.2% 78.00 0.52 20.95 88.03 0.98 11.97 

0.3% 61.33 1.04 37.84 76.09 0.54 23.91 

 

Table 1. Impact of colchicine treatments on certain morphological traits of two cultivars of durum wheat 

Treatment 

Plant height Tillers per plant Grains per spike 1000 grain weight 

Mean ± SE Inhibition Mean ± SE 
Inhibitio

n 

Mea

n 
± SE 

Inhibitio

n 
Mean ± SE Inhibition 

PDW-233             

Control 83.57 1.30  7.87 0.31  34.56 0.52  37.02 0.61  

0.1% 76.44 1.13 8.53 6.20 0.79 21.22 31.44 0.65 9.03 32.72 0.56 11.62 

0.2% 68.11 1.21 18.50 4.90 0.86 37.74 24.57 0.79 28.91 26.55 0.42 28.28 

0.3% 61.90 1.32 25.93 3.11 0.84 60.48 19.11 1.03 44.70 18.90 0.79 48.95 

DDW-47             

Control 71.97 1.03  5.93 0.30  38.93 0.52  40.55 0.33  

0.1% 65.42 1.07 9.10 5.13 0.31 13.49 35.11 0.46 9.81 34.28 0.57 15.46 

0.2% 56.90 1.47 20.94 4.42 0.65 25.46 29.42 1.07 24.43 29.52 0.41 27.20 

0.3% 45.13 1.21 37.29 3.57 0.79 39.80 22.68 0.86 41.74 22.36 1.03 44.86 
 

In the course of the present study, several variations in the 

morphological traits of both wheat varieties were observed 

following colchicine treatments. The data highlighting the 

influence of different colchicine concentrations on these 

morphological characteristics is presented in Table 2. In the 

PDW-233 variety, the average plant height in the untreated 

group was recorded as 83.57 ± 1.30 cm, which significantly 

decreased to 61.90 ± 1.32 cm in the population treated with 
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0.3% colchicine. Similarly, in the DDW-47 variety, the 

untreated plants had an average height of 71.97 ± 1.03 cm, 

but this value dropped sharply to 45.13 ± 1.21 cm in the 0.3% 

colchicine treated plants. Significant variations were also 

observed in the number of tillers per plant as a result of the 

colchicine treatments. In PDW-233, the number of tillers per 

plant ranged from 7.87 in the control group to 3.11 in the 

0.3% treated group, indicating a marked decline. Likewise, in 

DDW-47, the tiller count per plant dropped from 5.93 in the 

control group to 3.57 in the 0.3% treated group. Regarding 

the number of grains per spike, a clear reduction was seen in 

the colchicine-treated plants. In the PDW-233 variety, the 

average number of grains per spike in the untreated plants 

was 34.56, which decreased to 19.11 in the 0.3% treated 

population. A similar trend was observed in DDW-47, where 

the untreated plants had an average of 38.93 grains per spike, 

while the 0.3% colchicine-treated plants had only 22.68 

grains. Additionally, the average grain weight of both 

varieties decreased significantly due to colchicine treatments. 

In PDW-233, the grain weight in the untreated group was 

considerably higher, but it dropped to 18.90 in the 0.3% 

treated set. Likewise, DDW-47 saw a reduction from its 

untreated grain weight of 22.36 to a much lower value of 

18.90 in the 0.3% treated population. These results align with 

previous research, such as the study by Nura et al. (2013), 

which reported similar mutagenic effects of colchicine on 

pigeon peas (Sesamum indicum L.). 

In this study, colchicine has led to reductions in plant height, 

tiller number, grains per spike, and grain weight due to its 

mode of action on cell division and subsequent impact on 

plant growth and development. Colchicine inhibits cell 

division by binding to tubulin proteins, which prevents the 

formation of microtubules necessary for chromosome 

separation during mitosis. This disruption caused cellular and 

developmental changes, particularly when cells fail to divide 

normally, resulting in larger but fewer cells. In plants treated 

with colchicine, this reduction in cell division can slow or 

stunt overall growth, reducing plant height as fewer new cells 

are produced to extend stems and leaves. 

Reduced tillering, or the development of side shoots, in the 

present study, may have resulted from colchicine's impact on 

meristematic regions, where active cell division normally 

generates new tillers. Colchicine treatments can decrease 

meristem activity, leading to fewer lateral buds and, 

consequently, a lower tiller count. This limited tiller 

development can directly reduce the potential for grain 

production per plant, as fewer spikes are produced. For the 

number of grains per spike and grain weight, colchicine-

induced polyploidy or chromosome instability can influence 

reproductive structures by causing abnormalities during 

meiosis. This can lead to unbalanced gametes, impacting 

fertility and reducing seed set. Additionally, changes in 

cellular organization can affect nutrient allocation, often 

resulting in smaller or malformed seeds. Due to fewer cells in 

the endosperm and embryo, grain weight may decrease as 

well, as these parts rely on normal cell division for their 

growth and final size. Colchicine’s effect on metabolic 

pathways and hormone regulation might further alter 

development, limiting resource distribution and 

photosynthetic capacity. These cumulative factors result in 

stunted plants with lower reproductive output, decreased 

grain number per spike, and reduced grain weight, ultimately 

impacting yield. 

Conclusions 

In conclusion, colchicine’s effects on durum wheat lead to 

reduced germination, seedling survival, reduced plant height, 

fewer tillers, lower grain counts per spike, and decreased 

grain weight, all due to its interference with cell division and 

growth processes. While colchicine remains a useful tool for 

inducing polyploidy, its side effects can hinder yield traits, 

making careful dosage and application essential. Future 

research could explore optimizing colchicine treatments to 

enhance genetic gains while minimizing growth suppression. 

Advances in gene-editing or targeted mutagenesis may offer 

alternative methods to achieve desired genetic improvements 

in wheat with greater precision and fewer adverse growth 

impacts. 
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