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REVIEW ARTICLE
Abstract

World over, isopropyl N-(3-chlorophenyl) carbamate (CIPC) is used as a potato sprout suppressant during storage.
Residue of CIPC is therefore noticed not only in the stored potatoes but also in the processed potato products. It is
about three decades ago that it was proposed that the use of CIPC may become restricted in several countries due to
various environmental concerns. During the last 20 years, declining trend in values for the levels of maximum residue
limit of CIPC, as recommended from time to time by regulatory agencies, is an indication of potential harmful effects
of CIPC. However, at present, larger concerns are being associated with breakdown products (metabolites) of CIPC.
Issues like built-up levels of CIPC and its cross-contamination have also started receiving the due attention. This
article points out the health and environmental safety concerns that have emerged due to continuous use of CIPC
in the last 55 years, since its commercialisation in the year 1962 and in view of advancements in our understanding
about this chemical. This article highlights issues that need the attention of the regulatory agencies and presents
workable approaches and options along with advisories to reduce the overall use and intake of CIPC so that the
risks associated with CIPC can be minimised.
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1. Introduction

Isopropyl N-(3-chlorophenyl) carbamate (CIPC) or
chlorpropham is a selective herbicide with systemic action,
its first use is known to have begun in 1951. Presently, it is
used world over as an effective potato sprout suppressant
during long-term (6-9 months) and short-term (3-4 months)
storage of potatoes at temperatures ranging from 8-12 °C
(Costa et al., 2007; Ezekiel et al., 2003; Kumar et al., 2005;
Paul and Ezekiel 2013; Smith and Bucher, 2012; Van Es and
Hartmans, 1987a; Wustman et al., 2011;). Large-scale use
of CIPC as a potato sprout suppressant started in 1962.
Initially, its use picked up in many developed nations and
later spreading to the developing nations (Ezekiel et al.,
2005a; Sawyer and Malagamba, 1987). There are different
forms and formulations in which CIPC is available today in

the open market which include dustable powder, granules,
emulsifying concentrate and fogging concentrate. Among
these, the most commonly used form is the postharvest
fogging application to potato tubers during storage at a
temperature of 8-12 °C, besides being used as an herbicide.
According to Farawela (2009), about 11% of total herbicide
sale (world over) is contributed by CIPC, and it is one
among the three pesticides that has been reported to be
present in substantial amount in food items and diet of
USA. Out of total synthetic chemicals present as residue
in potatoes, CIPC contributes to about 90% in the USA
(Daniels-Lake et al., 2011). CIPC residue is reported to be
present not only in table potatoes but also in French fries,
potato chips, extruded and other cooked and processed
potato products (Camire et al., 1995; Ezekiel and Singh,
2007; Park et al., 2009). The presence of CIPC is also
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noticed in oil that has been used for the frying French
fries and chips (Ritchie et al., 1983). This article discusses
the merits as well as various health and environmental
concerns that have now emerged due to the prolonged and
continuous use of CIPC; and as revealed by advancements
in our knowledge about the properties of this chemical.
The article also highlights various issues for regulatory
agencies and brings out the different scientific approaches
and options along with important researchable issues that
will not only prove beneficial in optimisation and more
judicious use of CIPC, but also help in minimising the risks
associated with CIPC.

2. CIPC as a potato sprout suppressant during
storage

It is a proven fact that CIPC suppresses sprout growth on
potato tubers effectively, especially at of 15 °C or below.
Sprout suppression by CIPC declines at temperatures more
than 15 °C (Sanli et al., 2010). During storage, CIPC is most
commonly applied as fog treatment, once for 3-4 months
duration and at least twice for 6-9 months duration at
8-12°C. A single application of CIPC of 18 g per metric ton
of potatoes is considered as the recommended dose. For the
potatoes meant for table purpose, two such applications
of CIPC are applied and this becomes equivalent to about
36 g per metric ton of potatoes (Ezekiel et al., 2005a,b).

As per Mohammed (2012), for potatoes meant for table
purpose — a dose of 36 g of CIPC (a.i.) is the maximum limit
that can be applied to per metric ton of harvested potatoes
in UK. While, for the potatoes meant for processing, the
limit is 64 g. In sub-tropical and tropical countries, short-
term (3-4 months) storage of potatoes is also done by
non-refrigerated or traditional methods. Due to relatively
higher storage temperatures, which prevail under these
methods, stored potatoes remain suitable for table as well as
processing purposes (as they accumulate little or no sugars).
Experimentations with CIPC on the potatoes stored under
non-refrigerated traditional or on-farm potato storage
methods in India (a sub-tropical country) have indicated
that CIPC can also be an effective sprout suppressant even
at higher storage temperatures of about 21 to 32 °C (Ezekiel
et al., 2002; Kumar et al., 2005; Mehta et al., 2010). In such
cases, the lower efficacy of CIPC (due to higher storage
temperatures) is usually compensated by applying it in
higher doses. About 40 g CIPC (a.i.) per metric ton of
potatoes (if applied as fog) and 25 g of CIPC (a.i.) per metric
ton (if applied as dustable powder) are used (Paul et al.,
2014). As a safety precaution, it has been suggested that
if the total dose of CIPC applied (in any combination or
number of times) is greater than 36 g and maximum up to
64 g per metric ton of potatoes, then the treated potatoes
must only be used for commercial processing purpose
and not for table purpose (http://tinyurl.com/y9s5n239).

3. Economics of potato storage with the use of
CIPC

In India, economics of storing potatoes at 10-12 °C with
CIPC treatment was worked out by collecting information
from different cold stores located in six different cities
(Ezekiel et al., 2005b). The cost of cold storage was about
INR 1000 to 1,200 (15.465 to 18.559 USD) per metric ton
of potatoes and the cost of CIPC treatment ranged from
INR 110 to 330 (1.701 to 5.104 USD) per metric ton of
potatoes. So, the total cost was about INR 1,110 to 1,530
(17.167 to 23.662 USD) per metric ton of potatoes. Farmers
and traders who stored their potatoes at 10-12 °C with
CIPC treatment were able to increase their profit by 37
to 58% in some places but in other places they incurred
losses because there was a fall in potato prices at the time
of selling. Only those farmers were able to make a profit
whose potatoes were of acceptable quality to the processors.
But in many cases, the quality of stored potatoes was not
acceptable to processors thereby potatoes were sold as
table potatoes resulting in either marginal profit or loss
depending upon the given market situation. In yet another
study from India (Mehta and Singh, 2016), economics
was worked out when one CIPC treatment (20 g of CIPC
per metric ton of potatoes) was given to on-farm stored
potatoes by heap method for 90 days (19-31 °C, 55-90% RH).
The CIPC treated tubers recorded only 4.79% weight loss
(due to suppression of sprouting) and could be sold at prices
comparable to the tubers from the cold store. The farmers
could market 6.5% more weight due to CIPC treatment and
fetch 21.6% higher price than the control (untreated) tubers.
Besides, the CIPC treatment also saved the de-sprouting
cost of labour by about INR 300 (4.64 USD) per metric ton.
Basically, low-cost of treatment and effectiveness are the
two key reasons for widespread popularity and continuous
use of CIPC, not only in the developing countries but also
in the developed nations.

4. Mode of action of CIPC and possible health
concerns

CIPC interferes with the process of spindle formation and
as a result of this cellular division is inhibited (Ashton and
Crafts, 1981). Since, the process of sprouting and sprout
growth involve vigorous cell division, presence of CIPC
curtails the cellular division and thereby the sprouting and
sprout growth on the stored potato tubers. CIPC targets the
process of cell division, which is common to both plant and
animal systems and in this way CIPC is basically interfering
with a very basic and an indispensable cellular process. In
plants, CIPC has also been found to inhibit RNA synthesis,
protein synthesis, transpiration, respiration, activity of
[B-amylase, photosynthesis and phosphorylation (Vaughn
and Lehnen, 1991). In view of above it becomes apparent
that CIPC can be a potential health concern.
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5. Historical trend in the maximum residue limit
of CIPC as indicator of health risks

As per Federal Re-registration Eligibility Decision by the
United States Environmental Protection Agency (US EPA),
CIPC was continued (on 15t August 1996) for its use as a
sprout suppressant on potato tubers during storage (US
EPA, 1996). As per this decision, the maximum residue
limit (MRL, also referred as residue tolerance) was fixed
at 50 mg/kg. This limit was reduced to 30 mg/kg for
fresh potatoes (meant for table purpose) during 2002
(US EPA, 2002). Later, during 2009, MRL value for CIPC
was further reduced to 10 mg/kg in potato tubers meant
for consumption in Europe (McGowan et al., 2009). The
European Union member countries introduced MRL of 5
to 10 mg/kg (Kleinkopf et al., 2003). Whereas, European
Commission and Health and Safety Executive (HSE)
had decided to keep the MRL at 10 mg/kg (HSE, 2009).
Among the North American Plant Protection Organization
(NAPPO) countries, USA (with potato consumption of 152
g potato/head/day) and Canada (215 g/head/day) fixed the
MRL of CIPC (in any form of application) at 30 and 15
mg/kg, respectively (NAPPO, 2013). On the other hand,
another NAPPO member country, i.e. Mexico (with only 37
g of potato consumption/head/day), has registered neither
the CIPC nor any other sprout suppressant for the use on
potato tubers (NAPPO, 2013).

The above decisions to reduce the limits of CIPC over
the period are basically to put limits on the number of
applications/over use of CIPC so that desirable acceptable
daily intake limit (ADIL) is maintained or achieved. But, at
the same time it is also true that in real and practical terms,
at least two fogging treatments with CIPC are essential for
6-9 months of storage of potatoes. CIPC residue was usually
found to be in the range of 8 to 15 mg/kg in potato tubers
treated with CIPC (Singh and Ezekiel, 2010). While, for the
human body the ADIL of CIPC is 0.05 mg/kg/day (EFSA,
2012). Survey based studies conducted by the Working Party
on Pesticide Residues/Pesticide Residues Committee since
1994 indicated clearly that the problem of higher residue
of CIPC is the most frequent in potatoes (Bradshaw and
Ogilvy, 2006; Noel et al., 2004). Report by El-Awady Aml et
al. (2014) also pointed out very clearly that the presence of
CIPC in potato tubers is really harmful. According to Cools
et al. (2014), new legal restrictions may further limit the
dose or frequency of CIPC application. This is in fact going
to be true because recently CRD (Chemicals Regulation
Directorate) of UK has approved new statutory label limit
of CIPC for 2015-16 season and onward. According to
this recommendation (Allison, 2015), the total permissible
dose of CIPC is now reduced to 30 g (a.i.) per metric ton of
potatoes meant for table purpose (earlier it was 36 g) and
50 g per metric ton of potato tubers meant for processing
(earlier it was 64 g).

CIPC as a potato sprout suppressant

6. Bigger concerns and safety issues are
associated with breakdown products of CIPC

Prolonged and preferred commercial use of CIPC for more
than 55 years has definitely contributed to some issues
which are directly associated with human health and safety
of animals, water and environment (Gomez-Castillo et al.,
2013; Paul et al., 2014). It is now quite clear that besides the
CIPC, one of its breakdown product, i.e. 3-chloroaniline
(3-CA), is formed due to thermal degradation (during
fogging), microbial activity (in potato tubers during
prolonged storage or metabolic degradation of CIPC)
and digestive activity (in humans during consumption of
potatoes treated with CIPC) (Balaji et al., 2006; Carrera et
al., 1998; Park et al., 2009; Sihtmaee et al., 2010). As per
various scientific studies, 3-CA is more polluting and toxic
agent than the CIPC itself (Park, 2004; Sihtmaee et al.,
2010). More recent reports also indicate that 3-CA, being
an aromatic amine, is toxic to human and environment
(Mohammed et al., 2014, 2015). This concern is primarily
based on the fact that two similar derivatives 2-chloroaniline
(2-CA) and 4-chloroaniline (4-CA) are known for their
harmful nature and also as the cancer causing agents to
humans, especially the 4-CA (Smith and Bucher, 2012).
Growing concerns on 3-CA are because of the fact that
structurally 3-CA is similar to 4-CA (Mohammed, 2012).
In view of this, an important and a praise worthy decision
was taken by European Commission in 2012 wherein, it was
decided that along with CIPC, 3-CA will also be included for
arriving at the value of MRL and as a true indicator towards
the assessment of consumers’ exposure to CIPC residues
via food items (EC, 2012). Here it becomes important to
mention that besides the 3-CA, there are other breakdown
products of CIPC which are also reported to be highly
toxic, pollutants, cytolytic, carcinogenic and responsible for
hindering ATP production and altering cellular permeability
(Kidd and James 1991; Orejuela and Silva 2005; Smith and
Bucher, 2012). These include: 3-chloro-4-hydroxyaniline;
1-hydroxy-2-propyl-3-chlorocarbanilate; isopropyl N-(3-
chloro-4-hydroxyphenyl) carbamate; 3’-chloroacetanilide;
isopropyl-N-5-chloro-2-hydroxyphenyl carbamate;
3, 3’-dichloro azobenzene; isopropyl N-4-hydroxy-3-
chlorophenyl carbamate; p-methoxy-chlorpropham;
3-chloro-4-methoxyaniline; and isopropyl N-(3-chloro-
4-methoxyphenyl) carbamate. Formation of all such
breakdown products further substantiate the growing
concerns about the toxicity status of CIPC. This indicates
that the overall toxicity of CIPC (taking together the residue
of breakdown products) is more severe and broader than
actually described and presumed so far (Paul et al., 2016;
Smith and Bucher, 2012).

According to Mohammed (2012), out of total CIPC taken
in by mammalian body about 20% gets metabolised into
3-CA. The work of Skidmore et al. (2002) and Mohammed
(2012) also suggested a strong binding of 3-CA in
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mammalian system. Due to strong binding of 3-CA, the
dietary risk of 3-CA could not be assessed accurately
(Smith and Bucher, 2012). This finding further raised the
seriousness of 3-CA and CIPC in terms of their toxicity
and toxicological implications. Smith and Bucher (2012)
have also studied the degradation kinetics of CIPC and
its breakdown products (which are formed by biolysis,
hydrolysis, photolysis and due to thermal degradation of
CIPC) along with their bifurcation into air, soil and water.
Results obtained clearly pointed out for the overestimation
of degradation under the lab conditions. This necessitates
the need for more of such studies with an aim to take up
more accurate decision/revision for MRL and ADIL with
respect to CIPC by different regulatory agencies as this
approach is more comprehensive and holistic and thereby
closer to reality. It is important to mention that besides the
formation of breakdown products (as described above and
evident in mammalian and biological systems), formation
of any specific conjugated product and its toxicity also
needs the attention of researchers and regulatory agencies.

It is interesting to note that around thirty years back it was
proposed by Van Es and Hartmans (1987b) and then by Afek
and Warshavsky (1998) that in view of environmental and
safety concerns the use CIPC may be restricted in future
by several countries. Today, this can be realised from these
evidences:

e Sweden with consumption of 160 g of potato/head/
day and which is not on higher side has banned CIPC
(Gomez-Castillo et al., 2013).

e Besides using CIPC, countries like the Netherlands
(with 257 g of potato being consumed/head/day) and
Switzerland (with 114 g potato consumed/head/day)
are also using S-carvone for sprout suppression at
commercial scale (Gomez-Castillo et al., 2013).

e Mexico has not registered any sprout suppressant to
be used on potatoes (NAPPO, 2013). This is, in spite
of having only 37 g of potato consumption/head/day.

e Japan, with very low potato consumption (58 g/head/day),
is also not using CIPC for sprout suppression. Gamma
irradiation facility at Hokkaido in Japan is one example
of commercial use of irradiation to control sprouting
on potatoes for fresh market consumption. It is treating
more than 100,000 metric tons of potatoes annually for
the consumption of potatoes in Japan (Olsen et al., 2013).

e CIPC and its metabolic products can also be the potential
threat to environment as pollutants.

Some details justifying that CIPC and its metabolic products
are threat to environment as pollutants are as follows. CIPC
is slightly volatile and it undergoes temperature dependent
volatilisation (EXTOXNET, 1993; WSSA, 1989). The
volatilisation of CIPC may get enhanced when it is mixed
with a carrier like methanol (used as a solvent of CIPC
for giving fogging treatment). In this way, CIPC not only
poses the health threat to the workers within the storage

space but also to the immediate environment and to the
people in the nearby areas. CIPC is also sparingly soluble
in water, about 89 mg per litre (NAPPO, 2013; O’Neil et al.,
2006). As a routine practice, after the removal of potatoes
(meant for processing) from store they are subjected to
washing/blanching. This results in the fraction of CIPC
move along with the washed out water (Park, 2004) and
becoming a possible source of contamination to water bodies.
Further, environmental issues relating to one of the major
breakdown and highly toxic product of CIPC, i.e. 3-CA, was
also documented by many workers (Mohammed et al., 2014;
Park, 2004; Sihtmaee et al., 2010). It is already pointed out
that the breakdown of the CIPC into 3-CA can occur during
application of CIPC (due to thermal fogging) inside the
potato tuber during the period of storage (due to microbial
degradation). Unlike CIPC, 3-CA has higher volatility
and toxicity than its parent compound itself (Park, 2004;).
Thus, the 3-CA has more potential and poses higher risk
as environmental pollutant (Mohammed et al., 2015; Park,
2004). Possibility of this happening on regular basis is quite
high because ventilation of stores just after the treatment with
CIPC is considered as one of the important instructions and
essential components of overall process of CIPC treatment.
Besides this, frequent and regular ventilation of stores is
also practiced to avoid the build-up of higher concentration
of CO, inside the store. Thus, the movement of CIPC and
3-CA outside the storage area into the open environment
must be taking place. In fact, a study by Bos et al. (2011)
has actually shown the emission of CIPC from the store to
the outside environment via ventilation air and air leaks.
As per this study, the largest CIPC emission took place just
after the potatoes had been stored and during the second
CIPC treatment. During the remainder of the storage period,
the emission on an average was about 2.8 g CIPC per day.
This study has however not taken into consideration the
emission of 3-CA from the store environment to the open
air. But, this study indirectly provide proof for the 3-CA as
well because the volatility of 3-CA is higher than the CIPC.
In this way, the CIPC and its metabolic products pose threat
to environment as pollutants.

It was proposed by Sakaliene et al. (2009) that till there is a
proper risk assessment and risk management strategies for
residue and other issues related with CIPC, especially on
the most vulnerable groups such as infants and children,
attention should be focused on the use of those potato
cultivars that exhibit storage potential of 6 or more
months without the CIPC treatment. But the use of CIPC
is still continuing as potato sprout suppressant due to its
effectiveness, wider use with strong commercial base and
also in view of non-availability of any other alternative with
equal efficacy and economic viability. This is happening
in spite of growing evidences on health related issues and
environmental safety due to CIPC and its break-down
products. At the same time it is a known fact that in absence
of any sprout suppressant potatoes can only be stored for
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about 3 to 4 weeks and this will result in enormous loss to
potatoes and potato processing industry.

Today, a relook is needed with more of environmental and
eco-friendly considerations along with a vision that should
not overemphasise only the commercial angle of CIPC.
There is a need to take into consideration the long-term
effects and far reaching implications of toxic residues and
contaminants that are either present in edible commodity
or can be formed later in the human body (during the
process of its breakdown, metabolism or in the process of
digestion) on the consumption of treated commodity or
products made from it. Further, it is not only the toxicity
or harm to humans that is to be kept in mind but there is
a definite need to address similar concerns for immediate
and critical components of our ecosystem as well. This
can be understood very well from the fact that out of the
total potato production, around 60% is utilised by humans,
about 15% is used as seed tubers for the next year planting
and the remaining 20 to 25% is used for industrial purpose,
pharmaceutical products and as feed for animals (Topcu
et al., 2010). The last use of potatoes once again indicates
the similar type of risks and concerns for animals as well.

At present, no method is available that can rapidly
degrade CIPC into totally non-toxic products or that can
decontaminate the storage space/cold store where the CIPC
application was done (Paul et al., 2016). The urgency and
the need for such a method can be judged from the fact
that due to prolong and continuous use of CIPC there is
gradual accumulation of CIPC and its breakdown products.
As per Smith and Bucher (2012), about 2/3 of the CIPC
which is applied to stored potatoes is actually retained by
storage space/store fabric and its immediate surroundings
(atmosphere, soil and water). The toxicity and hazards due to
this and the built-up levels of CIPC have now started getting
the attention. Yet another important issue with CIPC is its
cross-contamination (http://tinyurl.com/ybgah7yh; Park,
2004). This can happen to other edible commodities, which
are being either stored in the same cold store where the
potatoes (treated with CIPC) are being stored or when such
commodities are stored after the removal of potatoes from
the store. The CIPC, which was used for treating the potato
tubers in a given cold store, can be the source of cross-
contaminate when it moves to distant places along with the
potatoes and their baggage/boxes on their transportation
from cold store to the market and other places.

7. Approaches/options to reduce the overall use
of CIPC

In the recent past, efforts have been made to reduce the

use of CIPC by:

e Enhancing the effectiveness and efficiency of CIPC.

e Use of sprout suppressants other than CIPC, especially
those of botanical origin which are effective and safer

CIPC as a potato sprout suppressant

such as essential oils like S-caraway, 1, 8-cineole, clove
oil, mint oils, eucalyptus oil, etc., and SmartBlock® and
via other sprout suppressants such as 1, 4-dimethyl
naphthalene, 2, 6-diisopropyl naphthalene, 3-decen-
2-one, gamma-irradiation, ethylene, ozone, UV-C
light, etc., either alone or in sequence with only single
application of CIPC.

e Timely and better storage technologies.

e Short-term storage of potatoes at 8-12 °C for 2-3 months
without the use of any sprout suppressant.

e Short-term storage of potatoes at 8-12 °C for 3-5 months
either with the use of any alternative of CIPC or with
only single application of CIPC.

e Storage of potatoes for 2-3 months under ambient
conditions by selecting suitable on-farm/traditional
method of potato storage. Traditional methods for
storing potatoes are being practiced world over. Some
of the most common methods in this category are heap,
pit, hanging bamboo baskets, bins, dark room storage
and evaporative cool store, etc.

o Fulfilling the annual requirement of potatoes from at
least two different geographical regions such as plains
and hills so that the harvesting of potatoes can be done
in different seasons. This practice extends the period
of availability of fresh and short-term stored potatoes
wherein no sprout suppressant is used. This approach
is followed probably in the best possible way in Japan
where potatoes are cultivated in all the four seasons
(summer, winter, spring and fall). Japan has achieved this
by breeding varieties that are suitable for each season and
different regions of the country along with the ability to
meet the different demands due to integration of suitable
traits/quality parameters (Mori et al., 2015).

Recent progress made in the understanding on toxicological
profile of CIPC do emphasise upon the urgency and the
need to overcome our dependency on only this sprout
suppressant. Selecting and practicing a few or more
approaches from the above listed options along with any
new or innovative approaches will bring about overall
reduction in the use of CIPC and this will also narrow down
our existing dependency on CIPC. Above said approaches
need to be strengthened in developed nations, especially
where the average and daily consumption of potatoes (table
or processed) on per capita basis is high (around 300 g or
more) and CIPC is still the major chemical being used
for suppression of sprout growth on potatoes. For the
developing countries and the third world countries, more
efforts in the direction of above listed approaches become
important because till today most of these countries are
primarily dependent only on the CIPC for the suppression
of sprout growth on potatoes during storage. In addition
to this, other problems such as insufficient and poor
infrastructure, outdated storage facilities and tendency of
indiscriminate and non-judicious use of CIPC also need the
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attention as they contribute towards higher residue levels
and thereby higher risks in these countries.

8. Simple advisories

Some of the very simple and well known advisories such
as peeling of potatoes, rigorous washing, soaking in water,
blanching and using CIPC treated potatoes only after a
gap of 21 days or more (from the time when the last CIPC
treatment was given) have now become more relevant
and essential to be followed. These simple steps can be
easily practiced before the use of potatoes either for table
or processing purposes. Above said advisories require
minimum inputs but provide effective of lowering the
residue of CIPC.

9. Researchable issues

In view of the present state of affairs and problems
pertaining to CIPC, a few researchable areas that have
now assumed priority are as follows:

e Developing potato varieties that are resistant to cold-
induced sweetening so that the harvested potatoes can be
stored for long-term at 2 to 4 °C (this storage temperature
does not allow the sprout growth and thereby there is
no need to use any of the sprout suppressant).

e To prolong the dormancy of potato up to 5-6 months or
even more. This can either be done for varieties that are
very popular and can serve the purpose of table as well
as processing or new varieties with the trait of extended
dormancy can be developed.

e Search for more effective, safer, novel, cost-effective and
viable sprout suppressants should continue. One of the
important examples in this direction is the possible use
of beam of electrons.

Japanese researchers have reported that a quick dose of
low-energy electron can stop sprouting on potatoes up
to 4 months. For this, Van der Graaf generator was used
to deliver a beam of electrons to potatoes moving along a
conveyor belt. The electron beam works by preventing cell
division within the sprout bud tissues, in a way similar to
that of radiotherapy treatment that is being used to stop
multiplication of cancer cells (Todoriki and Hayashi, 2004;).
In one way, the action of electron beam is comparable to
that of CIPC.

In possibility of enhancing dormancy and delay in sprouting
of potato tubers by altering the endogenous levels of
strigolactones (SLs) also need to be probed. SLs are a class
of plant hormones that inhibit shoot branching (Gomez-
Roldan et al., 2008). SLs participate in regulation of apical
dominance (paradormancy) and thereby they also play
major regulatory role in outgrowth of lateral buds (Dun
et al., 2009; Pasare et al., 2013). Today many synthetic
SL (analogs of SL) such as GR24, CISA-1, EGO10, etc.,

are available. External application of a synthetic SL near
the base of mutant plants (deficient in SLs) was found to
inhibit development of lateral buds above and thereby
the mutants restore to normal branching. Experiments
wherein SLs biosynthetic pathway was silenced by RNA
interference suggest that decline in the levels of SLs (solely
or in combination with other phytohormones) resulted in
altered morphology of potato plants having more lateral and
main branches, reduction in stolon formation, premature
sprouting and excessive sprout branching (Pasare et al.,
2013). Tubers of these transgenic lines exhibited more
of secondary growth and less of dormancy and thereby
indicating a negative control of SLs on sprouting of potato
tubers.

It is already known that phytohormones like cytokinins
(CK) and gibberellin (GA) also play important roles in
releasing the potato tuber from dormancy and thereby,
in promoting the sprouting. Reactivation of meristem
activity and growth of sprout on potato tubers require
both the hormones, i.e. CK and GA. CK is essential in
controlling the release from dormancy while, GA requires
CK to stimulate the resumption of meristematic activity.
But later on, GA is sufficient to support the sprout growth
once the bud break (resumption of meristematic activity)
has occurred (Hartmann et al., 2011). Better understanding
in this area led Sonnewald and Sonnewald (2014) to propose
that SLs act as negative regulator downstream to GA and
CK. Thus, the levels of SLs (solely or in combination with
other phytohormones) appear to control tuber dormancy,
sprouting and sprout branching. It is also important to
mention that higher levels of SLs at whole plant level
may not prove to be of much use as this might lead to
altered plant morphology/architecture along with other
deformities. So, in light of existing information, we
hypothesise that enhancing the levels of SLs in the potato
tubers may result in enhanced dormancy and delay in
sprouting and sprout growth, although any abnormality/
deformity in plant or tubers cannot be ruled out. But, any
of such abnormalities or adverse effect can altogether be
avoided by postharvest application of SL or its safe analogue.
So, the above hypothesis needs to be tested in terms of the
ability of SL to enhance the natural duration of dormancy
of the potato tuber, since this has not been attempted so far.
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