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Abstract 

 

Introduction 
Cumin (Cuminum cyminum L.) is a commercial plant 

which is valued for its aroma and its medicinal and  

therapeutic properties. Although India has been the  

primary exporter of cumin seeds and cumin oil in the 

world. However Turkey and Iran are providing stiff  

competition now. India, Turkey, Syria, China, the US, 

Iran, Indonesia, Sudan, Egypt, Morocco, Algeria, and Lib-

ya are the leading producers of cumin in the world. Iran 

produces 15,000 to 20,000 tons of cumin seeds and stands 

third in the leading producer’s list [1]. 

Callus culture plays a special role in plant biotechnology 

area for producing medicinal compounds in large-scale [2]. 

Moreover, callus masses derived from plant tissues can 

sometimes produce high amounts of secondary metabolites 

[3]. Callus production from roots, shoots, and leaves are 

generally applied to determine the conditions required for 

the explants to survive and grow, exploit  

products coming from primary and secondary metabolism, 

study cell development and obtain cell suspension in  

propagation [2]. 

Callus culture of cumin has been previously reported by 

some researchers using leaf [4-7], embryo [8-10] hypocot-

yl and cotyledon [5, 6] but there is no comparative study 

on callus induction of this plant in various explants espe-

cially in root and seed explants. 

Jha et al., [11] published the first study on the callus  

induction of cumin. They used the hypocotyl and leaf  

explants in B5 medium complemented with various plant 

growth regulators (PGRs). Beiki et al., [12] studied callus 

induction of three Iranian landraces with the use of embryo 

explant. 

Gupta et al., [13] produced embryogenic and non-

embryogenic callus in cumin on Murashige and Skoog 

(MS) supplemented with 0.5 mg/L 2,4- dichlorophenoxya-

cetic acid (2,4-D) after 35 days of inoculation from all the 

four explants viz., root, hypocotyl, cotyledon and shoot 

apex, and organogenic and non-organogenic callus on MS 

medium supplemented with 0.1 mg/L TDZ after 40 days of 

inoculation from hypocotyl explants. 

Mansouri et al., [14] studied the effect of length and  

position of cumin hypocotyl explants on physical and 

morphological properties of callus were analyzed by  

machine vision. 

In spite of cumin importance in numerous industries such 

as medical industry, there are a few studies on rapid and 

efficient callus induction in the world. Therefore, the pre-

sent experiment was conducted to achieve the various ob-

jectives such as large-scale production of callus to ge erate 

somaclonal variation, application in genetic engineering 

strategies and extraction of valuable materials from this 

medicinal plant. 

 

Cumin (Cuminum cyminum L.), a member of the Apiaceae family, is one of the 

most important medicinal plants in the world. An experiment was conducted for the 

evaluation of callus induction optimization in cumin accessions from four different 

regions: Shahdad, Koohbanan, Badrood, and Afghanistan. A factorial experiment 

based on completely randomized design was conducted on MS medium  

supplemented with different concentrations of 2,4-D (0, 0.5, 1 and 2 mg/L) plus 0.1 

mg/L Kinetin in different explants (Root, Shoot, Leaf, Embryo and Seed) of cumin 

accessions. In this experiment the evaluated traits were days to callus induction, 

callus induction percentage, and callus growth rate. Statistical analysis showed that 

seed (as the latest) and root (as the earliest) explants require 54 and 11 days for the 

initiation of callus induction, respectively. Results showed that accession, explant, 

accession × explant and 2,4-D × explant interactions had statistically significant 

effects (P<0.01) on callus induction percentage and callus growth rate. Further-

more, 2,4-D had a significant effect on callus induction percentage. According to 

the results of this study, in plants of some regions the root explant is an appropriate 

explant for large production of callus in some accessions of Cuminum cyminum. 

Also, Koohbananian accession produced callus in shorter time and the Afghanian 

one produced high number of callus. 
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Materials and Methods 

The present experiment was conducted in Medicinal Plants 

Tissue Culture Lab., Agriculture and Natural Resources 

Campus, Razi University in 2012. 

Plant material 

The experiments were conducted on four Cuminum  

cyminum seeds which were collected from Shahdad, 

Koohbanan, Badrood (tree regions in Iran) and  

Afghanistan. The seeds were surface disinfested following 

the procedure previously described [7]. One month after 

seed sowing, when the astatically grown seedlings were 

about 5 cm in height, different explants include root, shoot 

and leaf were prepared. The sterilized seeds were cultured 

directly on MS medium supplemented with different  

concentrations of 2,4-D. The mature zygotic embryo  

explants were prepared following Ebrahimie et al., [9]  

procedure (Fig. 1). 

Statistical analysis 

All experiments were repeated three times. Before  

statistical analysis, the normality of distributions of callus 

induction percentage (CIP) was assessed with the Kolmo-

gorov–Smirnov test and was significant in a value of 

p<0.05, thus normalization by a root square transformation 

(y=√(x + 0.5) was attempted. Three-factor analysis of 

variance were performed to examine the effect of the  

genotype, explant type and 2,4-D on callus induction  

characters in cumin. The differences between means were 

compared using the LSD at a significance level of 

0.05.Studied factors were cumin accessions (Shahdad, 

Koohbanan, Badrood and Afghanistan), 2,4-D concentra-

tions (0, 0.5, 1 and 2 mg/L) and 0.1 mg/L Kinetin and  

different explants of cumin accessions (Root, Shoot, Leaf, 

Mature embryo and Seed). The evaluated traits  

including days to callus induction (DCI), callus induction 

percentage (CIP) and callus growth rate (CGR) were  

calculated as follow: 

Days to callus induction (DCI): 

Number of days since explant cultivation to callus  

initiation was recorded and used as a trait for the  

comparison of treatments. 

Callus induction percentage (CIP): 

The callus induction percentage was calculated as the 

number of explants with callus divided by the total number 

of explants and multiplying by 100. 

Callus growth rate (CGR): 

The callus growth rate (millimeter per day) was calculated 

five weeks after explant cultivation, according to the  

following equation (1): 

                                         (1) 
 

𝐶𝐺𝑅 =  
(

𝐶𝐷1

7
)+(

𝐶𝐷2−𝐶𝐷1

7
)+(

𝐶𝐷3−𝐶𝐷2

7
)+(

𝐶𝐷4−𝐶𝐷3

7
)+(

𝐶𝐷5−𝐶𝐷4

7
)

4
                               

where CD1-CD5 are the callus diameters of explants after 

7, 14, 21, 28, and 35 days, respectively. Callus diameter 

(CD) for each callus explant was measured as the follow-

ing procedure [15]: 

                                            (2) 

 

CD= √𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑎𝑙𝑙𝑢𝑠 × 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑐𝑎𝑙𝑙𝑢𝑠 

Due to the delay in callus production of seed explant and  

discordance with other explants, the CGR was not  

calculated for seeds.  
 

 

 
 
Figure 1. Mature zygotic embryo with a length of 2 mm (left) 

and embryo-derived explants (right)  

 

Results and Discussion 

The efficient callus production method was optimized in 

various cumin explants of our local cumin accessions of 

cumin using MS medium supplemented with 2,4-D con-

centrations. The analysis of variance (ANOVA) for some 

callus induction characteristics showed that the genotype 

and explant type had a significant effects on DCI, CIP and 

CGR traits at 0.01 level of probability and also, 2,4-D had 

a significant effects on DCI and CIP traits (Table 1). These  

observations imply that 2,4-D concentration was the callus 

induction but could not change the callus growth speed.  

Days to callus induction (DCI) 

Among all landraces, callus induction was initiated more 

rapidly in Koohbananian plants (Fig. 2). Thus, this geno-

type can be used for large scale production of callus at 

minimum time. Although the time required for callus in-

duction is important, however this trait has been neglected 

in most studies. It is clear that the lower value of this trait 

is better. Because callus can be produced in shorter time 

and it is would be commercially valuable. So far, no report 

has been published on DCI of the callus induction in  

cumin in detail, however some reports have generally  

reported the time to callus induction [8, 11].  

In general, higher levels of 2,4-D (videlicet 1 and 2 mg/L) 

has accelerated the callus induction in cumin accessions 

(Fig.  3). The callus was induced more rapidly in root  

explant (about 11 days), whereas the longest time for 

callus induction occurred in seed explants (about 54 

days) (Fig. 4). It can be reported that the shoot explant 

produced the more proper callus for plant regeneration 

(Fig. 5), because verification was not observed and callus 

culture was not very bright. Some calli of these experi-

ments were regenerated and reported previously [16]. 

It seems that callus was induced from mature embryo of 

the seed explant (Fig. 6). In spite of technically easiness of 

callus production from seed, since the callus induction in 

seed takes for a long time, it’s recommend to use mature 

embryo instead of seed explant for sooner callus produc-

tion. 

Results of interaction effects analysis (Fig. 7) revealed the 

responses of treatments in details, so that roots of Koohba-

nanian landrace produced callus in the shortest time (about 

8 days). As shown in figure 8, in roots of cumin accessions 

on MS medium supplemented with 2 mg/L 2,4-D callus 

was induced in the lowest time (about 10 days). 
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Callus induction percentage (CIP) 

Callus induction percentage is one of the most important 

traits of callus induction that has been reported in most 

callus experiments. Afghanistan accessions produced the 

most percentage of callus in comparison to other  

accessions (Fig. 9). Tested levels of 2,4-D had a same  

effect on CIP trait, which was statistically significant from 

control (Fig. 10). The seeds of cumin accessions showed 

the lowest CIP, whereas the root and shoot explants  

produced the most callus induction percentage (Fig. 11). 

Roots and shoots in all of genotypes and also leaves of 

Koohbananian, Badroodian, and Afghanian genotypes had 

the most CIP (Fig. 12). Mean comparisons for CIP in  

various explants and different 2,4-D concentrations 

showed that different levels of 2,4-D (0.5, 1 and 2 mg/L) 

produced the most CIP in root and shoot explants, but  

produced the lowest in seeds (Fig. 13). 

Callus growth rate (CGR) 

The results shown in Figure 14 indicate that Koohbanani-

an, Badroodian, and Afghanian genotypes had the  

highest CGR with an average of 0.276, 0.268 and 0.277 

mm/day, respectively, and the Shahdadian genotype had 

the least amount (about 0.214 mm/day). The highest and 

lowest calculated CGR with an average of 0.318 and 0.210 

mm/day was obtained in root and embryo explants, respec-

tively (Fig. 15). Altogether the results indicate that the root 

choice is an appropriate explant for large production of 

callus, because callus production occurs more rapidly 

and has the highest callus growth rate. As seen in Figure 

16, callus growth rate is a genotype-dependent trait.  

According to this figure, the highest CGR was observed in 

Afghanian and Koohbananian accessions (0.378 and 0.359 

mm/day, respectively). 

The results of explants × 2,4-D interaction (Fig. 17)  

revealed that the highest CGR obtained in root explants (in 

all of the 2,4-D concentrations) and also shoot explants on 

MS medium plus 1 mg/l 2,4-D. 

Minaei et al., [17] applied different explants such as seeds 

for callus induction of chickpea in MS medium supple-

mented with 2,4-D concentrations and reported the seed as 

an appropriate explant for callus induction of chickpea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
Figure 2. Mean comparisons of days to  callus induction in cum-

in accessions (LSD test, P < 0.05). 

 

 

 
Figure 3. Mean comparisons of days to callus induction in 2,4-D 

concentrations (LSD test, P < 0.05). 
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Table 1. Analysis of variation for days to callus induction, callus induction percentage and callus growth rate in Cuminum Cyminum L 
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Figure 4. Mean comparisons of days to callus induction in  

different explants of cumin (LSD test, P < 0.05). 

 

 

 

 
 

 

 
Figure 5. Calli of shoot explant on MS medium supplemented 

with 0.5 mg/L 2,4-D in Shahdadian accession. 

 

 

 
 

 
Figure 6. Calli of seed explant on MS medium supplemented 

with 0.5 mg/l 2,4-D in Shahdadian accession after 50 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 7. Mean comparisons of days to callus induction in  

different explants and accessions of cumin (LSD test, P < 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 8. Mean comparisons of days to callus induction in  

different explants and 2,4-D concentrations in cumin (LSD test, P  

< 0.05). 

 

 
 
Figure 9. Mean comparisons of callus induction percentage in 

different accessions of cumin (LSD test, P < 0.05). 
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Figure 11. Mean comparisons of callus induction percentage in 

different 2,4-D concentrations (LSD test, P < 0.05). 

 

 

 
Figure 11. Mean comparisons of callus induction percentage in 

different explants of cumin (LSD test, P < 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12. Mean comparisons of callus induction percentage in 

different explants and accessions of cumin (LSD test, P < 0.05). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 13. Mean comparisons of callus induction percentage in 

different explants and 2,4-D concentrations in cumin (LSD test,  

P < 0.05). 
 

 
Figure 14. Mean comparisons of callus growth rate in different 

accessions of cumin (LSD test, P < 0.05). 

 

 
 

Figure 15. Mean comparisons of callus growth rate in different 

explants of cumin (LSD test, P < 0.05). 
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Figure 16. Mean comparisons of callus growth rate in different 

explants and accessions of cumin (LSD test, P <0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 17. Mean comparisons of callus growth rate in  

different explants and 2,4-D concentrations in cumin (LSD test,  

P < 0.05). 

 

Conclusion 
Study on callus induction in cumin has very useful  

applications, such as determination of somaclonal  

variation, plant regeneration, suspension culture and  

secondary metabolites studies. Though Koohbananian  

accession produced callus in the shortest time, but the high 

percentage of callus was observed in Afghanian accession. 

According to results of this study, the root explant is ap-

propriate for large production of callus in some accessions 

of Cuminum cyminum. 
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