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Introduction 

Carum carvi L. (Caraway) is one of the oldest medicinal and 

aromatic crops known to have a pleasant aroma and is used in the 

pharmaceutical, perfumery and food industries. It is commonly 

known as the C. carvi and is used for various therapeutic purposes. 

It is considered the most important medicinal and aromatic plant 

that contains volatile oils (1). The plant C. carvi occurs wild in India to 

a limited extent in the temperate regions of the western Himalayas in 

Kinnaur and Chamba districts of Himachal Pradesh, in the Ladakh 

region of Jammu and Kashmir and in the Chakrata hills and Chamoli 

district of Uttarakhand at 1800–2500 m above mean sea level (2). It is 

a biennial herbaceous plant belonging to the Apiaceae family, 

having 30–80 cm in height, with narrow finely grooved leafy stems, 

producing a deep taproot and a rosette of dark green, finely cut, 

feathery leaves, generally open from late April onwards and are 

succeeded by fruits of 3–6 mm long and light brown, ripening from 

early July (3).  

 Seeds have a pleasant aromatic odour and contain crude 

fibre, volatile oil, protein, resin and several trace elements. After 

distillation, the dried crushed seeds gave a pale yellow or light brown 

essential oil (4). Fruits are used as culinary spices because of their 

pleasant flavour (5–7). It has been used in folk medicine; recently,                  

C. carvi has shown good antioxidant activity and possesses 

antifungal and antibacterial properties (8, 9). It also exhibits 

antimicrobial, anticancer, diuretic and other pharmacological 

activities. It improves lactation in nursing mothers and is used as a 

potato sprouting inhibitor (10). Given the high economic and 

medicinal importance of these bioactive constituents, successful 

cultivation largely depends on effective propagation techniques. The 

only feasible method for propagating C. carvi is through direct sowing 

of dried mericarps, which often results in uneven germination under 

field conditions (11). Achieving uniformity, rapid germination and 

vigorous seedling emergence in direct-seeded crops is crucial, as these 

factors significantly influence final yield, quality and overall 

profitability (12). Carum carvi seeds generally exhibit a germination 

capacity of about 60 % (13). However, the germination rate (GR) is 

equally important for optimising seed performance by ensuring the 

timely utilisation of essential resources surrounding the seeds, 

particularly in arid and  semi-arid environments. 
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Abstract  

Seed germination is a crucial stage in the crop life cycle. Laboratory experiments were carried out to assess the germination performance 

of Carum carvi L. seeds and to evaluate the effects of different temperatures and plant growth regulators on their germination behaviour. 
The present investigation consisted of fifteen treatment combinations, including 3 temperature levels (15, 20 and 25 °C) and 4 

concentrations (25, 50, 75 and 100 ppm) of 3 chemical treatments, i.e., Gibberellic Acid (GA₃), Naphthalene Acetic Acid (NAA) and thiourea, 

arranged in a factorial completely randomized design (CRD). Various germination and growth parameters were recorded during the study 

and the results revealed that among the different treatment combinations, 20 °C combined with thiourea at 100 ppm was the most 
effective in enhancing all germination-related traits. The temperature of 15 °C was also found suitable, showing germination performance 

nearly comparable to that observed at 20 °C. Initial germination was observed after 3 days, with a mean daily germination (MDG) rate of  

0.43 seeds day-1, total germination of 65.33 %, germination energy (GE) of 22 %, speed of germination of 1.16 seeds day-1, shoot length (SL) of 

5.21 cm, root length (RL) of 3.50 cm and a correspondingly higher seedling vigour index (SVI). However, further studies are required to 
determine whether increasing thiourea concentration would exert a positive or negative influence on germination. Overall, the treatment 

combination of 20 °C × thiourea at the rate of 100 ppm was the most effective in enhancing seed germination performance of C. carvi. 
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 Temperature is an important environmental factor that 

influences the induction of seed dormancy during seed 

development and its expression during germination (14–16). 

Optimum seed germination and seedling emergence occur at 

relatively moderate temperatures (20–25 °C). An intermediate 

germination temperature (20 °C) allows different genotypes to 

express varying degrees of seed dormancy, whereas a high 

temperature (30 °C) allows only seeds of genotypes with very low 

levels or no dormancy to germinate. The ideal temperature 

maximises germination in the shortest time (17). In addition to 

temperature, the role of plant growth regulators in enhancing crop 

production has also been recognised (18). These play an important 

role, as small quantities regulate various physiological processes 

and balance the source and sink, thereby increasing productivity 

(19). The effect of foliar application of glycine and tryptophan, each 

applied individually at concentrations of 50, 100 and 150 ppm, on the 

vegetative growth, fruit yield, essential oil production and plant 

hormonal balance of C. carvi. The study reported a positive response 

of C. carvi plants to the application of both amino acids, indicating 

their potential to enhance growth performance, yield attributes and 

metabolic activity (20). Understanding hormonal responses helps in 

elucidating how treatments affect vegetative growth, yield and 

secondary metabolite production in C. carvi. Therefore, the present 

study investigated the germination behaviour of C. carvi collected 

from natural habitat in response to temperature and treated with 

gibberellic acid (GA3), naphthalene acetic acid (NAA) and thiourea. 

Then, the physiological response to temperature in the seeds was 

investigated. Here, we have documented the role of the parent plant 

habitat in the emergence of such a response in its offspring to these 

treatments. Such knowledge can be useful for selecting, 

domesticating and cultivating the appropriate ecotypes of   C. carvi. 

 

Materials and Methods 

Seeds of Carum carvi L. were collected from the Chamoli district of 

Uttarakhand and carefully sorted to obtain uniformly sized, fully 

mature, healthy and disease-free seeds. Different concentrations of 

GA3, NAA and thiourea (25, 50, 75 and 100 ppm) were prepared and 

seeds were soaked in the solution for 24 hr followed by washing 

thoroughly. The seeds were then transferred to Petri dishes               

(25 seeds per Petri plate) with 3 replicates and were kept carefully in 

an incubator for 30 days, maintained at temperatures of 15 °C (T1), 

20 °C (T2) and 25 °C (T3) separately.  

 The mean daily germination (MDG) was calculated as the 

cumulative percentage of full seed germination at the end of the 

test divided by the number of days from sowing to the end of the 

test (21). Germination energy (GE) was calculated as the percentage 

of the total number of seeds that germinated at the peak, generally 

defined as the highest number of germinations within a 24 hr period 

and expressed as a percentage (22). The seedling vigour index (SVI) 

was derived from standard germination and seedling growth 

parameters (23). It is expressed as a total number and is calculated 

as follows:  

Seedling vigour index (SVI)-I  

           = Germination (%) × Average seedling length (cm)     (Eqn. 1) 

 The statistical analysis was carried out for each observed 

character under the study using OPSTAT. The data were analysed 

by using standard statistical procedures in the factorial completely 

randomized design (CRD) (24). The temperature regimes and the 

concentrations of growth regulators used in the study is illustrated 

in Table 1,  2 respectively. 

Results and Discussion  

Period required to initiate germination 

The initiation of germination was significantly affected by 

temperature, growth regulators and their interactions (Table 3). 

Across all the treatments, the minimum number of days taken to 

initiate germination was recorded at 15 °C (T1), followed by T2, while 

the delayed germination was observed at T3. Among different 

concentrations of growth regulators, GA3 at 50 ppm showed the 

earliest germination (3.67), while the control took 8.22 days to 

initiate germination. Naphthalene acetic acid showed a minimum 

(4.22 days) germination time at 50 ppm and thiourea was most 

effective at 100 ppm (3.44 days). The interactive effects were also 

significant. T2 with GA3 at 50 ppm took the minimum time (3 days) to 

initiate germination, while at 25 °C with thiourea 100 ppm, 

germination was delayed up to 6.07 days. Table 3 showed 

significant effects of temperature, GA₃ concentration and their 

interaction (T × G) at 5 % level of significance, indicating differential 

hormonal response under varying thermal conditions. 

Mean daily germination 

Mean daily germination (MDG) varied significantly with 
temperature and treatments. The maximum (0.28) MDG was 

recorded at 20 °C followed by 15 °C (0.22) while the minimum (0.16) 

daily GR was recorded at 25 °C. Among the plant growth regulators, 

thiourea at 100 ppm showed the highest (0.34) MDG, followed by 

NAA at 50 ppm (0.31). However, the control treatment showed 

consistently poor GR (0.07). Interactive effects revealed that 20 °C 

with thiourea at 50 ppm promoted the maximum (0.43) MDG, 

whereas it was lowest (0.07) in 25 °C with NAA at 100 ppm (Table 4). 

Similar results were reported: soaking Berberis jaeschkeana seeds 

in 20 µM thiourea for 72 hr substantially improved germination 

characteristics, including rate, final percentage and mean 

germination time (25).  

 

Treatment Code Temperature 

T1 15 °C 

T2 20 °C 

T3 25 °C 

Table 1.  Temperature regime treatments used in the experiment 

Table 2. Concentration levels of gibberellic acid, naphthalene acetic 
acid  and thiourea used as experimental treatments 

Concentration of GA3 Concentration of NAA Concentration of 
thiourea 

G1: Control N1: Control U1: Control 

G2: 25 ppm N2: 25 ppm U2: 25 ppm 

G3: 50 ppm N3: 50 ppm U3: 50 ppm 

G4: 75 ppm N4: 75 ppm U4: 75 ppm 

G5: 100 ppm N5: 100 ppm U5: 100 ppm 
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  Germination percentage 

Germination was significantly affected by both temperature and 

growth regulator treatments (Table 5). Maximum germination 

(64.67 %) was recorded under 20 °C with 50 ppm GA3, followed by 

63.33 % at 100 ppm GA3. Among the growth regulators, GA3 was 

most effective, with an overall mean germination of 46.67 %, while 

NAA and thiourea showed relatively lower means (27.11 and                   

44.89 %, respectively). Temperature also played a significant role, 

with 20 °C (T₂) recording the highest mean germination (45.47 % 

under GA3, 35.73 % under NAA, 47.73 % under Thiourea). Pre-

conditioning seed treatments with GA3   has been shown to be an 

efficient method for releasing seeds from dormancy and increasing 

GR (25–27). This is because breaking the dormancy of the seeds 

only worked within a limited temperature range (28). This result 

might be due to temperature playing an important role in seed 

germination by affecting the metabolic processes involved in 

germination (29). These findings conform with those nitrogenous 

chemicals, such as thiourea, have been effectively linked to the 

enhancement of seed germination by breaking both innate and 

environmental seed dormancy (30, 31). 

Germination energy 

Similar trends were observed for GE (Table 6). The highest GE                

(24.00 %) was found at 20 °C with 50 ppm GA3, followed by 23.33 % 

under 25 ppm NAA at the same temperature (20 °C). Thiourea 

treatments also enhanced GE, where maximum (22 %) was found 

at 100 ppm under 20 °C. Overall, GA3 at 50 ppm was higher across all 

temperatures, yielding the maximum mean value (17.78 %). 

 Temperature is one of the most important environmental 

factors determining the success of germination and all seeds need 

proper temperature for germination. Generally, low temperature 

significantly delayed the germination (32). Pre-chilling, scarification 

and treatments with GA3 or potassium nitrate (KNO3) are the 

standard procedures used to enhance seed germination of 

dormant seeds (33). The results of the study are in agreement with 

the findings of a previous study (34). Amid different temperature 

regimes with response to NAA concentrations, maximum GE                   

(14.93 %) was recorded at 20 °C, whereas the minimum GE                   

(9.33 %) was recorded at 25 °C. Appropriate temperature is 

probably the most important factor in regulating germination (35). 

Thiourea at 1.0 % concentration resulted in the highest seed 

germination (89.00 %) in Hippophae salicifolia, whereas higher 

concentrations caused a significant decline in germination 

percentage. Similar trends have been reported earlier by several 

workers (9, 36, 37). 

Rate of germination (seeds germinated per day) 

The rate of germination, expressed as seeds germinated per day 

(Table 7), was maximum at 20 °C with 100 ppm thiourea (1.16), 

followed by 50 ppm GA3 (0.85) and 50 ppm thiourea (1.05). Mean 

values among the concentrations revealed the superiority of GA3 

(0.67) and thiourea (0.73) over NAA (0.44). The minimum rate, GR, 

was consistently observed at 25 °C across all treatments. 

Gibberellic Acid can eliminate the natural chilling requirement for 

dormant seeds. The result of the interaction effect of temperature 

and GA3 indicated that the maximum speed of germination                 

(0.85 seeds day-1) was in the treatment combination 20 °C × 50 ppm, 

while the minimum speed of germination (0.12 seeds day-1) was in 

the treatment combination 25 °C × Control. The results of the study 

are in agreement with the findings of (38). Thiourea probably 
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inhibits RNA breakdown in the seed and also inhibits enzyme 

denaturation (39).  

Shoot length  

Shoot length (SL) was significantly increased by GA3, the maximum 

SL (4.89 cm) was recorded at 20 °C with 50 ppm GA₃, followed by 

4.52 cm at 100 ppm GA3  (Table 8). Among NAA treatments, the 

maximum SL (4.81 cm) was found at 25 ppm at 20 °C, while thiourea 

at 100 ppm under the same temperature resulted in a SL of 5.21 cm, 

the highest across treatments. Gibberellic acid is also known to play 

an essential role in seed germination, stem elongation and flower 

development (40). In the treatment combination 20 °C × 50 ppm, the 

maximum SL (4.89 cm) was found, whereas the minimum SL                  

(0.05 cm) was found in the treatment combination 25 °C × Control. It 

might be due to the fact that pre-sowing treatment with thiourea 

influences the duration of germination, seedling height, number of 

branches and roots (41, 42).  

Root length  

Root length (RL) (Table 9) showed significant variation. The maximum 

RL (3.50 cm) was obtained with 100 ppm Thiourea at  20 °C. 

Gibberellic acid  at 50 ppm also promoted root growth (2.27 cm at                          

20 °C). In contrast, NAA treatments were found to be less effective, 

with mean values generally lower than GA3 and thiourea. Given the 

importance of medicinal plants, understanding seed germination 

responses to temperature is agronomically important (43). The 

significance of plant growth regulators, particularly gibberellins in 

breaking seed dormancy and enhancement of seed germination 

have been studied extensively and is well established (44).  

 Temperature is one of the most important environmental 

factors determining the success of germination and all seeds need 

proper temperature for germination. Generally, low temperatures 

significantly delayed the germination (31). Many practices have 

been used to break seed dormancy, among which are dipping 

seeds in sulphuric acid of different concentrations to soften the 

hard seed coat and treatment with the plant hormone GA3 (45), 

thiourea (46). The result of the interaction effect of temperature and 

thiourea indicated that maximum RL (3.50 cm) was in the 

treatment combination 20 °C × 100 ppm, while the minimum RL 

(0.27 cm) was in the treatment combination 25 °C × Control. The 

results of the study are in agreement with the findings of a previous 

study (47). 

Seedling vigor index-I 

A strong interaction between temperature and growth regulator 

was observed for seedling vigour (Table 10). The highest SVI (233.88) 

was recorded at 20 °C with 50 ppm thiourea, followed by 150.71 

under 50 ppm GA3 and 150.63 under 25 ppm NAA at 20 °C. Overall, 

thiourea exhibited the maximum mean vigour index (124.82), 

surpassing GA₃ (88.69) and NAA (86.95). The maximum seedling 

vigor index-I (150.71) was found in the treatment combination              

20 °C × 50 ppm, while the lowest seedling vigor index-I (2.24) was 

found in the treatment combination 25 °C × Control. The results of 

the study are in agreement with the similar findings of (47). 

Appropriate temperature is probably the most important factor in 

regulating germination (34). In the case of thiourea, only the 

medium concentration showed better germination than the 

control (48, 49). 
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Conclusion 

Early germination and subsequent seedling growth were strongly 

affected by both temperature and the applied chemical treatments. 

Among the tested temperature levels, 20 °C (T₂) was the most 

favourable, resulting in higher germination percentage, faster 

germination, greater GE and improved seedling vigor. In 

comparison, lower (15 °C) and higher (25 °C) temperatures 

significantly reduced these parameters. Regarding chemical 

applications, GA₃ at 50 ppm, NAA at 50 ppm and thiourea at                        

100 ppm consistently performed better than other treatments.  

 The combination of GA₃ at 50 ppm with 20 °C produced the 

highest vigor index values (>150), maximum germination and 

longer shoots and roots. Thus, the use of GA₃ at 50 ppm under 20 °C 

conditions is recommended for improving germination and 

seedling vigor in the studied species. These results highlight that 

successful early growth and nursery establishment depend on the 

interaction between an optimal regulator concentration and a 

moderate temperature. Application of growth regulators 

significantly enhanced germination traits, with thiourea at 100 ppm 

emerging as the most effective treatment across all observations, 

including germination percentage, GE, germination speed, seedling 

growth and vigor index. The overall best performance occurred 

under the treatment combination 20 °C × thiourea 100 ppm, which 

hastened germination, promoted seedling growth and produced 

more vigorous seedlings than other treatments. This suggests that 

thiourea effectively helps break seed dormancy and stimulates 

metabolic processes required for rapid germination. However, 

because only a few concentrations were evaluated, further studies 

are needed to determine the maximum safe level of thiourea before 

inhibitory effects become apparent. In conclusion, maintaining 

seeds at 20 °C and treating them with thiourea at 100 ppm can be 

recommended as a practical protocol for enhancing germination 

and seedling establishment in C. carvi. 
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