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Abstract 

 
Background: Colchicine is a chemical mutagen widely used to increase the viability of a plant. Most of 

the people of the North Central Timor (TTU) Regency still depend on local agricultural products, so one 

of the crops cultivated during the rainy season is local corn. This study aimed to determine the viability 

of local maize seeds in the North Central Timor Regency and the appropriate colchicine concentration 

to increase local maize germination. Methods: This research uses an experimental method that gives 

colchicine treatment to 3 local corn varieties. The colchicine used was 0% (control), 40%, and 60%. 

The viability parameters observed were maximum growth potential (PTM), germination capacity (DB), 

and vigor index (IV). Results: showed that there were variations in the measurement of viability 

parameters observed both at maximum growth potential (PTM JBa 16,6%, JBu 35%, JKa 10%, JKu 

8,33%), germination (DB 70%, JBu 81,66%, JKa 60%, JKu 61,66%) and vigor index (IV 68,33%, JBu 

78,33%, JKa 63,33%, JKu 68,33%). Conclusions: the appropriate concentrations of colchicine to 

increase local corn germination were 40% and 60%, respectively. This can be seen in the viability 

parameters that show differences, namely the maximum growth potential (PTM) of flower corn with a 

colchicine concentration of 40%, which is 35%, the germination capacity (DB) of flower corn with a 

colchicine concentration of 60%, which is 90%, and the vigor index (IV) of flower corn. The 

concentration of colchicine 60% is 90%. 
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Introduction 

Corn (Zea mays L.) is the Indonesian people's primary staple food source after rice. 

Because these plants contain good carbohydrates and protein, corn is also needed to 

develop the food and animal feed industry, apart from being consumed by humans 

(Directorate General of Food Crops, 2017). Along with increasing population growth, the 

food and feed industry development caused market demand for local corn to grow. This is 

because local corn can harvest faster, around 85 days. This continues to increase and is an 

opportunity for farmers to increase productivity in farming and produce better corn 

production (Bani, 2018). 

North Central Timor District (TTU) is one of the districts located in the Province of 

NTT. Most of the people of TTU still depend on local agricultural products, so one of the 

crops cultivated during the rainy season is local corn. Productivity in NTT, especially TTU 

Regency, is dominated by Insana, Noemuti, East Miomafo, and West Miomafo Districts. 

According to research by Falo & Fallo (2016), corn has also been used as a home industry, 

which has been used as a tortilla or corn cracker industry. Kolo & Hutapea (2016) also 
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illustrate that corn is used to make corn biscuits. Production and productivity of corn in 

2013 with a planting area of 350 ha, production of 887 tons with a productivity of 2.53 t/ha 

(BPS Kab. TTU 2014), in 2014 there was an increase with a planting area of 700 ha, 

production of 1915 tons with a productivity of 2.73 t/ha (BPS TTU Regency, 2015). 

However, in 2015 it experienced a decline with a planting area of 500 ha, production of 

1045 tonnes with, a productivity of 2.09 t/ha (BPS Kab. TTU, 2016). 

Rikumahu (2012) revealed that seeds are a component that plays an essential role in 

determining the production yield of plants. In addition, Arif and Ratule (2015) also 

revealed that using quality seeds can reduce the risk of failure of farming to achieve high 

productivity and grow well in unfavorable conditions. Efforts to increase corn production 

are inseparable from the ability to absorb production technology, including using quality 

seeds that produce high quality and are free of pests. 

Seed viability is the viability of the seed, which can be demonstrated through 

metabolic symptoms with growth symptoms. Germination is a measure of potential seed 

viability parameters. Seed germination is closely related to seed viability, and the number 

of seeds germinating from a batch of seeds is an index of seed viability. Seed vigor is the 

ability of roots to grow generally in sub-optimum field conditions and, above normal 

conditions, can rise simultaneously and quickly. Growth speed indicates the vigor or 

strength of seed growth because those growing fast can better deal with sub-optimal field 

conditions (Leisolo et al., 2013). 

Colchicine is a mutagen that can affect plant growth and cause mutations in the 

number of chromosomes. Induction using colchicine is expected to improve the 

characteristics of corn plants, both qualitatively and quantitatively, especially in increasing 

crop productivity. Colchicine can cause some plants to produce larger flowers and tubers, 

although the effect is unpredictable. However, the results of polyploidization often show 

an increasing impact on the phenotypic properties of a plant (Glowacka et al., 2010). The 

colchicine treatment for the germination of corn seeds can show morphological deviations 

in corn plants by increasing shoot length, root length, plant height, number of leaves, and 

leaf width (Essel et al., 2015). It is expected that colchicine can influence the germination 

viability parameters of local maize plants. 

Decreased seed viability or quality of plant seeds results in low vigor and poor plant 

growth and production. This study aimed to determine the viability of local corn seeds in 

the North Central Timor District and the appropriate concentration of colchicine to 

increase local maize germination. 

Methods 

Time and Place of Research 

This research was conducted for six months, namely June-November 2021. This 

research consisted of 2 stages, namely the first stage of colchicine induction and the second 

stage of germination and observation of the viability of local corn sprouts, which was 

carried out at the Laboratory of the Faculty of Agriculture, University of Timor. 

Tools and materials 

The tools used in this study were stationary, Petri dishes, tweezers, pipettes, bottles for 

storing solutions, spatulas, cameras, calipers, and measuring cups. While the materials 

used in this study were lime white corn, stone white corn, yellow corn, flower corn, tissue, 

sprout paper, water, 40% and 60% colchicine, distilled water, and label paper. 

Research methods 

The method used in this study is an experimental method by giving treatment to each 

local corn. There were three treatments and five replications, so a total of 15 experimental 

units for each type of laboratory-scale maize (colchicine immersion and germination) 

(Table 1). 

https://doi.org/10.22263/j.bes/719138
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Research Stages 

Preparation of Colchicine Solution 

The colchicine solution is prepared by adding colchicine to distilled water according to 

a predetermined concentration, namely 0% without colchicine, 40%, and 60%. The 40% 

solution was prepared by weighing 0.4 g of colchicine dissolved in 100 mL of distilled 

water. A 60% solution weighed 0.6 g of colchicine dissolved in 100 mL of distilled water. 

Then, the solution is homogenized by stirring or shaking (Prasanna et al. 2012). 

Germination of Corn Seeds 

The germination method for local corn seeds in TTU Regency was colchicine induction. 

The corn seeds were taken in 0%, 40%, and 60% colchicine solution until shoots and roots 

appeared (1 day, equivalent to 24 hours). Next, the corn sprouts were dipped in distilled 

water and transferred to the planting medium (wetted cotton). 

Table 1. Research Design 

Corn varieties Treatment and Replication 
Number of 
corn seeds 

Stone Corn (JBa) 

P0B1 P1B2 P0B3 P1B4 P2B5 4 

P2B1 P0B2 P2B3 P2B4 P0B5 4 

P1B1 P2B2 P1B3 P0B4 P1B5 4 

Flower Corn (JBu) 

P2A1 P2A2 P1A3 P0A4 P2A5 4 

P0A1 P1A2 P0A3 P1A4 P1A5 4 

P1A1 P0A2 P2A3 P2A4 P0A5 4 

Lime Corn (JKa) 

P1C1 P0C2 P1C3 P0C4 P1C5 4 

P2C1 P2C2 P0C3 P2C4 P0C5 4 

P0C1 P1C2 P2C2 P1C4 P2C5 4 

Yellow Corn (JKu) 

P0D1 P1D2 P2D3 P0D4 P1D5 4 

P2D2 P0D2 P1D3 P2D4 P0D5 4 

P1D1 P2D2 P0D3 P1D4 P2D5 4 

Index:  
P0: Without colchicine 0% (control) 
P1: Colchicine 40% 
P2: Colchicine 60% 
A1-A5; B1-B5; C1-C5; D1-D5: replication  

 

Observation of Viability Parameters 

a. Maximum Growth Potential (PTM) (%) 

The maximum growth potential is obtained by calculating the number of seeds that 

grow normally or abnormally five days after germination (ISTA 2010). The formula 

calculates the maximum growth potential: 

PTM (%) = 
∑ 𝐺𝑟𝑜𝑤𝑖𝑛𝑔 𝑠𝑒𝑒𝑑𝑠

∑ 𝑃𝑙𝑎𝑛𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
 𝑥 100% 

b. Germination Power (DB) (%) 

Germination was determined by calculating the number of seeds germinating within 

seven days using the ISTA formula (1972) in Kuswanto (1996). 

DB (%) =
∑ produced normal sprouts 

∑ germinated seeds
 X 100 % 

c. Vigor Index 

Observation of the vigor index was carried out on the number of normal sprouts on the 

first count, namely on the 5th day (ISTA 2010) 

https://doi.org/10.22263/j.bes/719138
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IV (%) =
Ʃ normal sprouts on the first count

Ʃ Planted seeds
𝑥 100 % 

 

Observational Variables 

Parameters observed and measured on the morphology of maize plants (Zea mays L) 

included the number of seeds that germinated, the time of shoot emergence and shoot 

length, the time of root emergence, and root length. Growth parameter measurements 

were carried out in the laboratory. 

Number of seeds germinated. 

Observation of the Number of germinated seeds was carried out in the laboratory by 

calculating the growth potential of corn seeds, seed germination, seed growth rate, and 

seed vigor index. 

Time of shoot emergence and shoot length 

Observation of shoot emergence and measurement of shoot length was carried out on 

a laboratory scale, starting from the base of the stem to the tip of the highest shoot using a 

ruler. Measurements were made when the plants were three days after germination. 

Root emergence time and root length 

Observation of root growth time and measurement of plant root length was carried out 

using a caliper during germination in the Scala laboratory. 

Growing potential 

Observations on growth potential were obtained by counting the number of sprouts 

that grew normally and abnormally at 7 HST. 

Corn seed germination 

Germination was observed by counting the number of seeds germinating at 5 and 7 

HST. 

Vigor index 

The vigor index was observed on the number of regular sprouts on the first count, 

namely on the 5th day. 

 

The data analysis technique used is a descriptive analysis using a quantitative approach. 

Quantitative data are presented in tabular form using Microsoft Excel for growth potential 

viability data, corn seed germination power, and vigor index. 

Result and Discussion 

In general, maize has the same growth pattern, but the time interval between growth 

stages and the number of developed leaves differ. Corn growth can be grouped into three 

stages, namely the germination phase, the vegetative growth phase, and the reproductive 

phase (McWiliams et al., 2010). Corn seed germination occurs when the radicle emerges 

from the seed coat. Germination of corn seeds first absorbs water through a process of 

imbibition, and the seeds swell, followed by an increase in enzyme activity and high 

respiration. The initial change is largely in the catabolism of stored starch, fat, and protein. 

Sugars, fatty acids, and amino acids can be transported to the actively growing parts of the 

embryo. 

At the start of germination, the coleorhiza extends through the pericarp. Then the 

radicle penetrates the coleorhiza. After the radicle appears, then the four lateral seminal 

roots also appear. The coleoptile covers the plumule at the same time or a moment later. 

The coleoptile is pushed up by the elongation of the mesocotyl, which pushes the coleoptile 

https://doi.org/10.22263/j.bes/719138
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toward the soil surface. When the coleoptile tip emerges above the soil surface, the 

mesocotyl extension stops, and the plumule emerges from the coleoptile and penetrates 

the soil surface (McWilliams et al., 2010). 

Maximum growth potential (PTM) 

Growth potential is the percentage of emergence of sprouts which is calculated based 

on the number of seeds that germinate. Maximum growth potential (PTM) is one of the 

parameters of seed viability, the value of which indicates the condition of seed viability 

(Sutopo, 2010; Justice & Bass, 2010). According to Mugnisjah & Setiawan (2010), maximum 

growth potential indicates a seed can grow both normally and abnormally at certain limits. 

Tabel 2. TTU Local Corn Maximum Growing Potential Data 

No Corn Varieties Growing 
Seeds 

Planted 
Seeds 

PTM 
(%) 

1. JBa (control) 
JBa (40%) 
JBa (60%) 

2 
2 
6 

20 
20 
20 

10 
10 
30 

 Total 10 60 16,6 

2. JBu (control) 
JBu (40%) 
JBu (60%) 

3 
7 
3 

20 
20 
20 

15 
35   
15   

 Total 13 60 21,66 

3. JKa (control) 
JKa (40%) 
JKa (60%) 

3 
1 
2 

20 
20 
20 

15 
5 

10 
 Total 6 60 10 

4. JKu (control)  
JKu (40%) 
JKu (60%) 

2 
2 
1 

20 
20 
20 

10 
10 
5 

Total 5 60 8,33 

 

Based on this study, the percentage of maximum growth potential (PTM) was observed 

on the 3rd day after germination. The results showed that PTM for each local maize variety, 

namely the control treatment for rock corn and yellow corn, had a percentage of 10%, and 

flower corn and lime corn had a rate of 15%. Treatment of 40% colchicine concentration 

on rock corn and yellow corn has a percentage of 10%, flower corn 35%, and lime corn 5%. 

Treatment of 40% colchicine concentration on rock corn and yellow corn has a percentage 

of 10%, flower corn 35%, and lime corn 5%. Treatment of 60% colchicine concentration 

on stone corn varieties has a percentage of 30%, 15% flower corn, 10% lime corn, 5% 

yellow corn. The highest PTM was found in flower corn (JBu) with a 40% colchicine 

concentration treatment of 35% and the lowest maximum growth potential (PTM) was 

found in yellow corn (JKu) with a 60% colchicine concentration treatment of 5% (Table 2). 

According to Polhaupesssy (2014), the maximum growth potential is influenced by several 

factors, namely the supply of food in the seeds, the concentration is given, and the soaking 

time. The food reserves in the seeds are small, so plant growth is slow. This is due to the 

lack of O2, making it difficult for the seeds to germinate. 

Based on the results of observations, it is known that the largest size of corn kernels is 

stone corn (JBa), and the smallest is flower corn (JBu). This greatly affects the imbibition 

of the seeds during immersion. The smaller the seed size and the softer the seed texture, 

the higher the maximum growth potential, and vice versa. The smaller the seed size, the 

softer the surface of the seed, and the faster the diffusion process so that the maximum 

growth potential also increases (Hertiningsih, 2014). This study's results align with Dewi  

& Pharmawati (2018) stated that the colchicine treatment affected marigold germination 

and that the sprouts treated with colchicine had a higher growth potential than the control 

sprouts. This was also noted by Putra & Soegianto (2019), that the 0.03% colchicine 

treatment on shallots with 10 hours of soaking time was 83%. 

https://doi.org/10.22263/j.bes/719138
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Germination Power (DB) 

Germination is the number of seeds germinating from some seeds germinating on 

optimal growing media (laboratory conditions) at a specified time and is expressed in 

percent. The germination test is to germinate the seeds under conditions suitable for the 

needs of the seed germination, then calculate the ability of the roots to grow generally 

under optimum conditions (Sadjad, 2010). 

Table 3. TTU Local Corn Germination Data 

No Corn Varieties  ∑ Growing 
seeds 

∑ Sprouted 
corn seeds 

DB 
(%) 

1. JBa (control) 
JBa (40%) 
JBa (60%) 

13 
12 
17 

20 
20 
20 

65 
60 
85 

 Total 42 60 70 
2. JBu (control) 

JBu (40%) 
JBu (60%) 

15 
16 
18 

20 
20 
20 

75 
80 
90 

 Total 49 60 81,66 
3. JKa (control) 

JKa (40%) 
JKa (60%) 

14 
12 
13 

20 
20 
20 

70 
60 
65 

 Total 39 60 60 
4. JKu (control) 

JKu (40%) 
JKu (60%) 

11 
10 
16 

20 
20 
20 

70 
50 
80 

Total 37 60 61,66 

 

 

Based on this study, DB observations were carried out on the 7th day after sprouting. 

The germination results for each variety of corn, namely in the control treatment, stone 

corn, the percentage was 65%, flower corn was 75%, lime corn, and yellow corn was 70%. 

In the treatment of 40% colchicine concentration, the percentage of rock corn was 60%, 

flower corn was 80%, lime corn was 60%, and yellow corn was 50%. Whereas in the 

treatment of 60% colchicine concentration, the percentage of rock corn varieties was 85%, 

90% flower corn, 65% lime corn, and 80% yellow corn. The results showed that the 

percentage of germination varied with a range of 50% - 90%, the highest germination 

power in flower corn (JBu) with 60% colchicine concentration was 90%, and the lowest 

germination power in yellow corn (JKu) with 40% colchicine concentration was 50% 

(Table 3). 

Artichart (2013) states that the germination standard classified as high for almost all 

seeds is> 80%. This research shows that rock corn (JBa) and flower corn (JBu) are included 

in the high DB category, each treated with 60% colchicine concentration. These results 

indicate that the higher the colchicine concentration, the higher the seed germination. 

However, Sofia (2010), in her research, stated that high colchicine applications could 

reduce the amount of crop production. This is due to the effect of colchicine preventing the 

arrangement of micro granules, causing the genome to double due to the short metaphase 

cell size. In addition, the low germination of seeds is caused by an imbibition process that 

is not the same in the seed, so the growth of seeds into normal sprouts is not the same 

(Ghangaokar & Kshirsagar, 2013). 

 

Vigor Index (IV) 

The vigor index is the ability of seeds to grow generally under field conditions and sub-

optimum environments. The vigor index value is a value that can represent the speed of 

seed germination which indicates the source. It was further stated that vigor is several seed 

characteristics that distinguish average, rapid, and uniform growth and development of 

sprouts in a range of optimum and sub-optimal field conditions (Ilyas, 2015). 

https://doi.org/10.22263/j.bes/719138
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Based on this research, they calculated IV in the observation. The results of the vigor 

index for each variety of corn, namely in the control treatment, stone corn, the percentage 

was 60%, flower corn was 65%, lime corn was 70%, and yellow corn was 70%. In the 

treatment of 40% concentration of colchicine, rock corn, and lime corn, the percentage was 

60%, and flower corn and yellow corn were 80%. Whereas in the treatment of 60% 

concentration of colchicine, rock corn, and yellow corn, the percentage was 55%, flower 

corn was 90%, and lime corn was 60%. The results showed that the percentage of 

germination vigor index varied with a range of 55% - 90%, the highest vigor index in flower 

corn (JBU) with 60% colchicine concentration was 90%, and the lowest vigor index in 

yellow corn (JKU) with 60% colchicine concentration was 55%. (Table 4). 

Rusminet et al. (2011) stated that the standard germination of the seeds tested used 

gibberellins to produce healthy plants, and the sweet corn germination test provided a 

satisfactory vigor measure. This research shows that rock corn (JBa) and flower corn (JBu) 

are included in the high vigor index category, each treated with 60% colchicine 

concentration. 

Table 4. TTU Local Corn Vigor Index Data 

No. Corn 
Varieties 

 Sprouts 
on the 
count 

Planted 
seeds 

IV (%) 

1. JBa (control) 
JBa (40%) 
JBa (60%) 

12 
12 
17 

20 
20 
20 

60 
60 
55 

 Total 41 60 68,33 
2. JBu (control) 

JBu (40%) 
JBu (60%) 

13 
16 
18 

20 
20 
20 

65 
80 
90 

 Total 47 60 78,33 
3. JKa (control) 

JKa (40%) 
JKa (60%) 

14 
12 
12 

20 
20 
20 

70 
60 
60 

 Total 38 60 63,33 
4. JKu (control) 

JKu (40%) 
JKu (60%) 

14 
16 
11 

20 
20 
20 

70 
80 
55 

Total 41 60 68,33 

 

This study found the highest vigor index in flower corn (JBu) with a concentration of 

60% colchicine, namely 90%. This can affect the percentage of vigor index (IV) given with 

colchicine. The difference in the percentage of normal sprouts in each colchicine treatment 

group was between 80-90%, while the control treatment group was 65-70%—seed vigor. 

When the corn seed imbibition occurs in the seed, the colchicine liquid enters the source 

(diffusion). The diffusion process is the movement of particles from an environment with 

a high concentration to an environment with a low concentration (Yunita, 2010). Corn 

seeds have a lower water concentration than water in the Petri dish container, so the corn 

seeds will germinate faster when there is a liquid transfer. 

Wistiani (2015) showed that garlic seeds (Allium sativum. L.) given colchicine at the 

right concentration could increase the growth viability index vigor because they can work 

with hormones that can stimulate plant growth. This is also the same as the research of 

Sartika & Basuki (2017), where the administration of colchicine at a concentration of 500 

ppm to watermelon plants (scientific name) will positively impact the growth of viability 

index vigor. Herman et al. (2013) showed that soaking mung bean seeds in 0.06% 

colchicine solution for 24 hours produced tetraploid mung beans. Nofitahesti & Daryono 

(2016) stated that colchicine treatment with concentrations of 0.01% and 0.02% with a 

treatment duration of 10 hours affected the increase in the viability of the vigor index. 

https://doi.org/10.22263/j.bes/719138
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Appropriate Concentration of Colchicine to Increase the Viability of Local Corn (Zea 
mays L.) Sprouts 

Colchicine is an alkaloid extracted from the seeds and tubers of Colchicum autumnale L. 

and is commonly used as a mutagen. This mutagen compound can inhibit the formation of 

spindle fibers, thereby inhibiting growth and even causing death (Damayanti et al., 2012). 

In contrast, Aili et al. (2016) reported that colchicine's effect greatly influences maize's 

germination parameters. 

Based on this study, the appropriate colchicine concentration to increase local maize 

germination on the viability parameter can be seen in the measurement results, namely 

PTM/DB/IV. Some parameters that show differences in viability are the maximum growth 

potential (PTM) of cornflowers with a concentration of 40% colchicine, namely 35%, the 

germination power (DB) of maize flowers with a concentration of 60% colchicine, namely 

90%, the vigor index (IV) of cornflowers with a concentration of colchicine 60%, namely 

90%. This is to Kartasapoetra's (2003) research, which showed that the percentage of 

maximum growth potential was on corn pulut with a PTM range of 44-86%. Germination 

capacity on pulut corn with a DB range of 88-100%. Vigor index on pulut corn with a range 

IV 79-83%. High-quality seeds have more than 90% viability, and plants can grow normally 

under sub-optimum conditions and produce optimally. Good results are supported by 

environmental factors and food reserves in the seeds, which also support the seed 

germination process. Seeds with high viability indicate that the seed has sufficient food 

reserves in the endosperm, which are used as an energy source by the seed during 

germination. 

Permanasari (2014) states that seeds with high vigor will have high viability, whereas 

seeds with high viability do not necessarily have high vigor. Archipelago et al. (2010) also 

stated that seeds with the highest germination power and growing strength depend on the 

food reserves contained in the seed. The concentration of colchicine 60% in this study 

increased the viability of TTU's local lagoons. Suryo (2007) states that the highest 

concentration of colchicine solution will inhibit the arrangement of spindle thread 

microtubules, inhibiting mitosis. Sundov et al. (2010) stated that colchicine would be 

provided with the protein tubulin to prevent spindle threads' formation. Separation of 

chromosomes that should occur at the anaphase stage of mitosis does not occur and causes 

the doubling of chromosomes without forming a cell wall. 

Colchicine can also affect plant physiology, making plants appear bigger and stronger 

and increasing production. Giving colchicine with a high concentration and long soaking 

time will cause stunted plant growth, so effective attention and proper soaking time are 

needed. Mahyuni et al. (2015) stated that administering 0.50% colchicine concentration 

gave better morphological characteristics. The morphological properties of the plants 

appeared to be far greater than that of the control, which resulted from cell enlargement 

due to the addition of chromosomes due to colchicine administration. Treatment with 

various concentrations of colchicine can give differences in the viability of local maize (Zea 

mays L.) 

Conclusions 

The results showed that the colchicine treatment gave differences in growth potential 

(PTM), germination capacity (DB), and vigor index (IV) in local maize (Zea mays L.) TTU. 

The appropriate concentration of colchicine to increase the germination of local corn is 

40% and 60%. This can be seen in the maximum growth potential (PTM), germination 

capacity (DB), and vigor index (IV). Parameters that show differences in viability are the 

full growth potential (PTM) of flower corn with 40% colchicine concentration (35%), 

germination power (DB) of 60% colchicine concentration of corn flower (90%), vigor index 

(IV) of flower corn concentration colchicine 60% i.e. (90%). 
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