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Seed germination is a natural phenomenon of 
initiation of first developmental phase in the growth 

cycle of all plants. Physiologically, the process of 
germination starts with the imbibition of seeds and ends 
with the protrusion of the plumule and radicle through 
seed coat (Wolny, 2018). A seed starts to germinate 
in favourable conditions in response to environmental 
factors such as light, optimum temperature, balanced 
soil components; and the mechanisms involved together 
with all these responses to support germination have 
been well characterised. The post germinative phase 
includes the growth of the seedlings and maturations 
of the seedlings to a fully grown plant (Bentsink and 
Koornneef, 2008).

The intrinsic block to germination is seed 
dormancy. Seed dormancy is generally an undesirable 
characteristic found among the seeds of agricultural 
crops where intact viable seeds fail to complete 
germination under favourable conditions. Dormancy 
could be the result of a deficiency in some vital cellular 
event of germination or some dormancy-imposed 
event that must be negated before germination can 
be completed (Nakabayashi et al., 2017). A variety of 
environmental and chemical stimuli along with common 
signal transduction chain have been considered for 
initiating the trigger for removal of dormancy that may 
differ between the seeds of different species. In the 
absence of corroborating evidence, these factors could 

be a base for future research. Dormant seeds of different 
genotypes may get triggered for germination by different 
chemicals and biochemicals agents (Bewley,1997).

Therefore, finding new sources and methods of 
breaking seed dormancy, developing novel strategies 
to improve the rate of germination for seeds would 
be beneficial to the food sector. In these contexts, 
we have worked on three chemical and biochemical 
stimuli to study their effect on the germination on one 
monocotyledonous and two dicotyledonous seeds.

MATERIALS AND METHODS

Collection of seeds
Seeds of tomato, chilli, and wheat were collected 

from the local market; and washed with distilled water 
and sun dried before use.

Preparation of reagents
Hydrogen peroxide (H2O2): 2mM hydrogen 

peroxide solution was prepared after diluting 30% w/v 
commercial hydrogen peroxide (H2O2) (Merck).

Source of carbon dioxide (CO2): Dissolved 
carbon dioxide (CO2) was obtained from freshly 
prepared 1 M solution of Sodium Hydrogen Carbonate, 
NaHCO3(Merck) (Cavalli et.al., 2012).

Crude extract of oxidoreductase enzymes 
cocktail: Fresh extract was prepared with 50 g of ripe 
banana peel ground in 50 mL distilled water. The extract 
was filtered, and the filtrate was used as source of the 
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oxidoreductase enzymes cocktail (Chong et al., 2011). 

Experimental set up
Experiments were conducted under room 

temperature where the variation of temperature during 
the day period was 25-27⁰C. The night temperature 
dropped to 15-13 ⁰C. Three separate treatments with 
2mM H2O2, 1M NaHCO3 solution and oxidoreductase 
enzyme cocktail were given to each seed type of 
tomato, chilli and wheat kept on moistened cotton pads.
Ten seeds on an average were taken for each individual 
study. Treatments with a feed size of 100µL were given 
every 12 h for a period of 30 days. Length of shoots 
and leaves was measured every 7 days to assess and 
compare the growth of the seedlings. A control was also 
taken for each case where seeds received treatment 
only with distilled water.

RESULTS AND DISCUSSION
The plant seeds of wheat, tomato and chilli were 

treated with hydrogen peroxide, Oxidoreductase 
enzymes cocktail and freshly prepared sodium 
hydrogen carbonate as a source of carbon dioxide and 
the germination efficiency and growth were assessed 
every day for a period of 30 days. 

Germination was first detected in wheat seeds 
treated with 2mM hydrogen peroxide (H2O2) solution on 
2nd day of treatment whereas, tomato and chilli seeds 
germinated on 6th and 12th day, respectively. Control of 
tomato and chilli seeds exhibited no germination for the 
complete period of the study, unlike the control of wheat 
seeds.

Germination in wheat was faster on treatment 
with cocktail of oxidoreductase enzymes. It was 
first detected in wheat seeds treated with cocktail 
of oxidoreductase enzymes on 2nd day of treatment 

whereas, tomato germinated on 12th day. Chilli seeds 
exhibited no germination with oxidoreductase enzyme 
treatment. Control of tomato and chilli seeds exhibited 
no germination for the complete period of the study, 
unlike the control of wheat for cocktail of oxidoreductase 
enzymes study (Fig. 1). The 1 M solution of sodium 
carbonate was found to be detrimental for the wheat 
seeds. Leaf width and shoot length were around 35% 
of that of control. Whereas sodium hydrogen carbonate 
exhibited no positive impact on tomato seeds. However, 
in chilli seeds, sodium carbonate treatment was 
promoting germination.

A comparative layout after 18th day of treatment 
demonstrated that wheat seeds exhibited faster growth 
with 24 cm and 25 cm shoot length and leaf length, 
respectively on treatment with hydrogen peroxide 
as compared to cocktail of oxidoreductase enzymes 
treatment with 21 cm and 21.5 cm shoot and leaf 
length, respectively. Treatment with sodium hydrogen 
carbonate could not promote growth and was found to 
be detrimental on comparison with control. A surprising 
observation was noted after 23rd day of treatment with 
H2O2. The shoots of wheat started withering off and the 
rigidity of the stems was lost. However, oxidoreductase 
enzyme treatment and sodium hydrogen carbonate 
treatment were consistent in action with negligible 
impact with time (Table 1).

Germination in tomato seeds was completely 
absent for control and sodium hydrogen carbonate 
treatments for the entire period of study where the 
variation of temperature during the day period was 
25-27 ⁰C. The night temperature dropped to 15-13 ⁰C. 
However, under the same condition, oxidoreductase 
enzyme cocktail and hydrogen peroxide had positive 
impact on the germination rate of tomato seeds. 
Maximum growth with shoot length and leaf length was 

Fig. 1.	Effect of hydrogen peroxide, oxidoreductase enzymes cocktail and carbon dioxide source on the germination of 
wheat seeds, tomato seeds, chilli seeds and expression of maximum growth in terms of shoot length and leaf 
length during the period of study.
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7cm and 1 cm, respectively on 18th day on treatment 
with hydrogen peroxide. The shoots of tomato started 
withering off and the rigidity of the stems was lost by 
the beginning of 21st day. On the contrary, tomato seeds 
on treatment with oxidoreductase enzyme cocktail 
exhibited similar growth on 31st day of treatment and the 
shoots maintained their rigidity throughout the period of 
growth (Table 1). 

The maximum temperature of 27 and minimum of 
13 degrees could not break the seed coat of chilli seeds 
during the study in case of control and in samples 
treated with oxidoreductases cocktail. As expected 
from previous trends in wheat and tomato, hydrogen 
peroxide promoted germination within 15 days. Unlike 
in tomato, chilli seeds germinated on treatment with 
sodium hydrogen carbonate. Maximum growth of 
around 1cm leaf length and 5 cm in shoot length was 
observed on 31st day in both the cases. Contrary to 
previous results, chilli shoots remained unaffected with 
prolonged treatment with hydrogen peroxide and rigidity 
of the shoots was maintained (Table 1). 

The positive influence of hydrogen peroxide as 
evident from this study in the process of germination 
could be attributed to the following hypothesis. Hydrogen 
peroxide may bind to the receptors on the seeds which 
then get triggered, these receptors then initiate a signal 
transduction cascade, perhaps involving synthesis of 
or sensitization to germination-promoting gibberellins 
(GAs). There could be another hypothesis for positive 
impact of hydrogen peroxide on germination. The 
recent research has found the expression of oxalate 
oxidase gene during seed germination. Oxalate oxidase 
(oxalate: oxygen oxidoreductase, EC 1.2.3.4) catalyzes 
the oxidative cleavage of oxalate to carbon dioxide with 
the reduction of molecular oxygen to hydrogen peroxide 
activity. Increased oxalate oxidase activity has also been 
found in response to stress and fungal infection (Lee et 
al., 2020; Jacob Kizhakedathil et al., 2020) in plants. 
This increased activity can result in sustained H2O2 
production (Kumar and Belur, 2016), which induces 
the plants to produce peroxidase enzyme. Peroxidase, 
in the presence of H2O2, catalyses the oxidation of 
monolignols to free radicals which polymerise to give 
lignin (Warinowski et al., 2016; Tobimatsu & Schuetz, 
2019). Lignification of plant cell wall is thus a response 
which gets initiated by expression of oxalate oxidase 
gene. Thus, high oxalate oxidase activity perhaps 
reveals the close association of the oxalate oxidase with 
development of the cell wall (Sathisraj and Augustin, 
2012).

During the later stages of growth, hydrogen peroxide 
affected the rigidity of the tender stems of the seedlings, 
and they were found to be withering off. Previous reports 
suggest that accumulation of hydrogen peroxide in the 

plant body could be detrimental to the normal physiology. 
This low molecular weight compound causes cellular 
damage due to its potential to impart oxidative stress 
by interacting with most biomolecules (including nucleic 
acids, proteins, and lipids), Lipid peroxidation is one of 
the most widely documented toxic effects of H2O2 on 
cellular components and biological molecules (Wojtyla 
et.al., 2016).

Sodium hydrogen carbonate solution, a source of 
carbon dioxide had promoting effect on the germination 
chilli seeds which corroborates with the results of Saha 
et. al (2015), Mokashi et al. (2016) & Cavalli et al. (2012). 
However, sodium hydrogen carbonate treatment was 
slightly detrimental for wheat with restricted growth. 
Likewise, Fuller (2008) and Patil et al. (2012) found that 
elevated carbon dioxide levels had a negative effect on 
the growth of alfalfa, wheat grass and Vigna aconitifolia.  

Banana peel extracts, a source of few 
oxidoreductase enzymes like polyphenol oxidase and 
oxalate oxidase could contribute to seed germination 
as evident from the work of Chong et al. (2011); Tadic 
et al. (2014); Lan et al. (1993); Dahiya et al. (2010). 
In the present study, the consistent positive impact of 
extracts of banana peel as a crude source of cocktail of 
oxidoreductase enzymes on germination of wheat and 
tomato seeds corroborates the previous research work 
mentioned above.

Thus, it is evident from the present work that 
chemical and biochemical stimuli can enhance the 
prospect of seed germination by breaking the period of 
dormancy. These chemical stimuli can have a positive 
impact even in absence of optimum temperature for 
germination. Hydrogen peroxide should be given in dose 
dependent manner only in initial few days to prevent the 
loss of rigidity of shoots which was otherwise observed 
during prolonged use in cases of wheat and tomato.

In conclusion, the assessment of growth of seeds 
on treatment with hydrogen peroxide, cocktail of 
oxidoreductase enzymes and carbon dioxide source 
revealed that hydrogen peroxide largely increases the 
germination rate in all three cases of tomato, chilli and 
wheat seeds as compared to cocktail of oxidoreductase 
enzymes and sources of carbon dioxide. Oxidoreductase 
enzyme cocktail promotes the germination of tomato 
and wheat seeds but had no impact on the germination 
of chilli seeds. In contrast to oxidoreductase enzyme 
cocktail and hydrogen peroxide, carbon dioxide 
retarded the growth of wheat seedlings; but had no 
impact on the germination of tomato seeds. However, 
it exhibited positive impact on the germination of chilli 
seeds. These results suggest that these chemicals 
and biochemicals agents could behave as signalling 
molecule in the origination of seed germination that 
includes specific variation at transcriptomic, hormonal, 
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and proteomic levels; and help in breaking down the 
seed coat which leads to increasing oxygen uptake and 
enhancing the other required metabolism.
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