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Abstract
Growth period of tomato is dependent on cultivar, germination percentage, seedling establishment and tem-

perature during growth. Drought, high and low temperatures have direct impact on plant. Soaking and tempera-
ture pre-treatments have a physiological and biochemical effect on seeds and improve their germination. In the 
present experiment, all the treatments (soaking, chilling and heating) increased the percentage and rate of germi-
nation. In both cultivars, seed soaking along with chilling led to increased germination percentage. The highest 
radicle and plumule length were obtained in the treatment combination of soaking and heating as well as that of 
soaking, heating and chilling. The highest plantlet dry weight obtained from soaking and heating treatment. In 
conclusion, soaking treatments along with thermal factor led to the improvement of germination-related traits and 
increased plantlet production.
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INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.) is 
adapted to a wide range of climatic and soil con-
ditions and as a warm season crop requires a rela-
tively long seasons (Arin and Kiyak, 2003). Tomato 
is one of the most important vegetable crops in Iran 
and in the whole world. Tomato seed germination, 
like all other plants, is known to be a complex phe-
nomenon that is affected by interactions between 
genetic determinants and environmental factors. 
To ensure a high germination, some treatments 
such as temperature, light, pre-soaking and seed 
coat scarification have been applied in various plant 
(Soyler and Khawar, 2007; Cirak et al., 2007, Esen 
et al., 2007). Soaking the seeds in water can be per-
formed with or without aeration. Because of un-
limited water availability, seeds eventually germi-
nate, assuming that seeds are viable, not dormant, 
oxygen is available and a suitable temperature is 

employed (Farooq et al., 2006). Pre-sowing seed 
soaking of some wheat and rice cultivars increased 
grain yield compared with that of untreated seeds 
(Khahlon et al., 1992; Ella et al., 2011). Dry heat-
treatment of seeds is used to control external and 
internal seed-borne pathogens such as fungi and 
bacteria (Akman, 2009) and to break seed dorman-
cy (Oboho and Ogana, 2012). However, it should be 
considered that the high temperatures can reduce 
seed viability and seedling vigor (Lee et al., 2002; 
Basra et al., 2004a). The degree of promotion of 
seed germination by dry heat treatments showed a 
wide intra-specific variation (Herranz et al., 1998). 
Chilling treatments are used with various methods 
for shortening the emergence time and to protect 
seeds from abiotic and biotic stresses during the 
critical phase of seedling establishment (Basra et 
al., 2002). High- and low-temperature pre-sowing 
treatments have also been found effective for li-
miting secondary dormancy, decreasing abiotic and 
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biotic stresses, enhancing the vigor and increasing 
performance in some species (Farooq et al, 2006; 
Jahangir et al., 2009). The aim of this study was 
to evaluate the effects of soaking and temperature 
pre-treatments on the improvement of germination 
and seedling performance of tomato seeds. 

MATERIAL AND METHODS

Two tomato cultivars (‘Super strain B.OP’, ‘Pe-
toearly 84’) were received from Hamilton Seed 
Company (Ontario, Canada).

Seed treatments: The seeds were surface steril-
ized with 5% NaClO (Sodium hypochlorite) for 5 
min to avoid fungal infection, followed by wash-
ing with distilled water. The seeds of two cultivars 
were soaked in distilled water. Aeration was pro-
vided through shaking at 20˚C temperature for 24 
h. For dry heat treatment, 250 g seeds of each culti-
var were incubated at 40˚C for 24 h in an oven. For 
chilling treatment, 250 g seeds of each cultivar were 
incubated in polythene bags and placed in refrigera-
tor at -19±2˚C for 24 h.

The study consisted of the following treatments: 
S - Soaking; S+C - Soaking followed by chilling; 
S+H - Soaking followed by heating; S+C+H - Soak-
ing followed by chilling and heating; S+H+C - 
Soaking followed by heating and chilling; Cultured 
seeds incubated under constant 18±2˚C.

Germination test: Seeds were sown in petri 
dishes between layers of moisturized filter papers 
at 22˚C in an incubator. Germination was observed 
daily according to the Association of Official Seed 
Analysts method (AOSA, 1990).

Mean germination time (MGT) was calculat-
ed according to the equation of Ellis and Roberts 
(1981): 

MGT = ΣDn / Σn, where n is the number of seeds 
germinated on the day D, and D is the number of 
days counted from the beginning of the germina-
tion assay. 

Germination index (GI) was calculated as de-
scribed in the AOSA (1983) via the following for-
mula:

GI = the number of germinated seeds/days of 
first count + … + the number of germinated seeds/
days of final count.

The ANOVA analysis of data was carried out 
by SPSS 15 (SPSS Inc., Chicago, Ill) and MSTATC 

software. Duncan’s multiple range test was em-
ployed for mean comparison at 5% level.

RESULTS

All treatments of ‘Super strain B.OP’ and ‘Pe-
toearly 84’ tomato cultivars increased the time need-
ed for germination to begin which was five days in 
both cultivars. Similar results were observed for 
MGT which was shorter in the treated seeds than 
that in control (Table 1). All treated seeds had high-
er germination percentage and higher germination 
index (GI) compared with control. Seed treatments 
did not affect radicle length significantly (Table 1). 

A significant increase in plumule length was not-
ed in seeds subjected to S+H+C. In ‘Super strain 
B.OP’ and ‘Petoearly 84’ tomato cultivars, the seeds 
subjected to soaking and chilling (S+C) showed the 
earliest germination. A statistically significant in-
crease in radicle and plumule length was observed 
in the seeds subjected to S+H and S+H+C, respec-
tively.

The highest fresh weights in ‘Super strain B.OP’ 
and ‘Petoearly 84’ cultivars were resulted from 
S+C and S+C+H treatments. S+H treatment had the 
highest dry weight in both cultivars.

DISCUSSION

Pre-sowing soaking, heating and chilling treat-
ments were successful for vigor enhancement in 
both ‘Super strain B.OP’ and ‘Petoearly 84’ tomato 
cultivars. These treatments enhanced synergistical-
ly the germination and emergence quality (Table 1). 
However, the most positive effect was due to soak-
ing and chilling (S+C) followed by soaking, heating 
and chilling (S+H+C) (Table 1). Temperature, pre-
soaking treatment has been shown to improve the 
germination percentages in caper seeds (Olmez et 
al., 2006), lettuce (Lewak and Khan, 1977; Soares 
et al., 2012), maize (Rahman et al., 2011) and spin-
ach (Leskowar et al., 1999).

In both tomato cultivars vigor enhancements 
by dry heat treatment and chilling had also been 
reported earlier (Arin and Kiyak, 2003). In other 
studies, seed vigor was synergistically increased 
with osmo-conditioning of rice seeds (Basra et al., 
2004b; Farooq et al., 2005).
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In conclusion, the sequential soaking, heating 
and chilling treatments can be employed for posi-
tively influencing the germination-related traits in 
both tomato cultivars.   
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