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ABSTRACT

The harsh climatic condition of high altitude cold desert of Ladakh permits growing of crops for limited period.
Potato is not just a vegetable but also a wholesome food and is being recognized as an important component of
dietary intake to provide household food and nutritional security. It is a short duration crop having highest dry
matter production per unit area and time. Traditionally farmers in Ladakh store their produce (potatoes) in 1.2–2.1
meter deep underground pits. After harvesting in October, the potatoes are put into pit and cover with 45-60 cm dry
soil. This method of potato storage known in the local traditional art has many disadvantages such as heavy
spoilage in the tubers due to inappropriate temperature and humidity in the storage pit, sprouting of tubers in
March and shriveling of tubers after April which makes the tubers unsuitable for consumption. An effective refined
storage technology is needed to check the spoilage of valuable food and also to ensure availability of locally
produced potatoes throughout the year, which will raise income of the people and meet their food and nutrition
security. Due to shortage, potato for civil population and Armed Forces deployed in this region has to be airlifted
from other part of the country as roads are closed from October-June.  In view of the above, an experiment was
conducted for standardization of regionally suited long-term potato storage technology at Defence Institute of
High Altitude Research.  Under this study, an underground store has been designed and techniques was standardized
for treatment of tubers with CIPC (Isopropyl 3– chlorocarbanilate) to maintain the adequate temperature and
humidity and to stop the sprouting during the storage.
Key words: Food and nutritional security;

P ractically little to no rainfall makes the
atmosphere cold and dry in the high altitude regions of
Himalayas. The physical feature of the region is
characterized by coarse, porous and immature sandy
soils prone to wind and water erosions, heavy influx of
infra red and ultraviolet radiations, low air density,
reduced oxygen level, low concentration of atmospheric
carbon dioxide, long (5-7 months) freezing winters, short
cropping season, large variation in seasonal temperature
(400 C to minus 400 C), large diurnal variations in daily
atmospheric temperatures during cropping season
ranging from 0 0 C to 350 C, fast blowing winds (40–60
km per hour) mainly in afternoon. Precipitation occurs
mostly in the form of snow mainly during winters. Water
is available mostly from snowmelts. Low relative
humidity remains during summer season. During winter,
soil moisture remains frozen. Therefore, the high altitude
cold desert regions pose a great challenge to produce
the food in limited available agriculture season (Singh

and Ahmed, 2010). The duration of agriculture season
depends upon altitude of the region (Table-1). To
maintain round the year availability of this food, it requires
adequate storage especially during winter season.

Table 1. Crop season at different altitudes

Altitude (m) Duration of the agriculture season Month

2700-3000 May –September 5
3000-3500 June – September 4
3500-4000 June – August 2.5

Unlike plains, potato storage facility (cold store/
control environment store) is not available in cold desert
regions. Although, more than 80% produce harvested
from the potato crop during September–October is
required as storage for self-sufficiency (Singh et al.,
2011). The potato crop is harvested in September-
October followed by a period of severe dry cold weather
till April and again hot and dry weather during May-
August (Table 2). In this type of environmental
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conditions it was not possible to store the potatoes from
November- August. Long-term storage of potato is
essential to maintain regular supply of local produce.
Therefore, there was requirement of such facility, where
temperature can be increased during November-March/
April and can be regulated during summer season (May-
August) to maintain appropriate temperature for potato
storage.

Humidity also plays an important role during potato
storage. About 90% humidity is required for successful
storage. However, low atmospheric humidity is a well-
known feature of the cold desert region. Average 54.7%
ambient humidity was recorded during experimentation
period. Therefore, there was requirement of provision
to increase humidity in the potato storage facility.

Table 2.  Average temperature (?C) and humidity of
different months of Leh Ladakh (Altitude 3450 meter)

Month Maximum Minimum R H (%)
January -2.4 -13.6 64.9
February 4.3 -10.5 60.6
March 8.1 -6.1 58.4
April 14.8 -0.4 49.3
May 18.4 3.8 52.8
June 23.5 7.62 48.9
July 29.3 12.01 45.5
August 28.1 10.9 54.8
September 23.8 7.8 51.1
October 14.9 -1.8 50.4
November 9.7 -8.4 55.4
December 5.0 -12.7 64.6

As per the meteorological data recorded and
presented in Table 2, the high altitude cold desert region
faces extremely harsh climate with winter temperature
going as low as -300 C. January is recorded as the coldest
month where maximum temperature (day temperature)
also remains subzero. July remains hottest month with
lowest humidity.  The temperature remains below 00 C
for over 7 months in a year.

In above mentioned climatic conditions traditionally
farmers store their produce (potatoes) in 1.2–2.1 meter
deep underground pits (Singh and Ahmed, 2010). The
diameter or length–width of the pit depends upon the
quantity to be stored. After harvesting in October, the
potatoes are put into this pit and covered with 45-60 cm
dry soil. In this method of potato storage many
limitations have been observed  such as potato tubers
can be stored only for limited period (3-4 months), tubers
are directly in contract with soil, therefore, the skin and

colour are affected badly, microbial activities on the
tubers results in decomposition of the tubers, sprouting
starts in the tubers in the month of March and further
storage becomes difficult, cent percent tubers show
shriveling effect after the month of April, heavy weight
loss, sprouting and shriveling occurs and the  affected
tubers do not remain suitable for consumption.

Large numbers of troops are also deployed in these
regions to guard the border of the country. The basic
recommended quantity of vegetables for Indian soldiers
in high altitude per head per day is 140 g potato, 170g
fresh vegetables (includes more than 20 types of
vegetables) and 60 g onion. Among the vegetables supply
to the troops, potato account for 38%, thus it needs more
attention for regular availability (Singh and Singh, 2003).
But continuous supply of fresh potato is very difficult
once the roads are closed (October-June). Moreover,
transportation cost and losses are very high, also during
road open period due to long distances involved in the
supply chain. Potato, air lifted from other parts of the
country normally accounts more than Rs. 30 per kg
freight charges and by the time it reaches the forward
areas transportation cost becomes much higher than
purchasing cost. In view of these facts, underground
potato storage facility was designed and experiment was
conducted to store potato from November- August in
this facility to ensure continuous supply of locally
produced potato to the civil population and armed forces
deployed in this border region, at reasonable price.

METHODOLOGY
The experiment was conducted on potato variety

Kufri Chandramukhi stored in specifically designed
underground store with CIPC treatment. Potatoes were
filled in different types of packings such as perforated
plastic baskets, Nylon netted bags, thin netted Gunny
bags and thick Gunny bags. 25 kg of potatoes were
filled in each type of packings in three replications. All
the baskets and bags were kept in specifically designed
underground store in second week of October. The fog
of CIPC chemical (Oorja of United Phosphorus Ltd,
Mumbai containing 50% a.i.) was injected in the store
by a fogging machine at the rate of 84 ml per MT of
potatoes including consideration of  40% leakage of the
fog. CIPC is well known chemical to suppress the
sprouting in potato tubers (Mehta et al. 2007). The door
and ventilators of the underground store were sealed
for next 48 hours of fog application. The first fogging
treatment was given during second week of October2006
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and second in last week of March 2007. The potatoes
for single spray treatment were kept in same type of
another store with control treatment before application
of second fogging treatment. The observations were
recorded for sprouting, weight loss and shriveling of the
tubers in the second week of March 2007 and no
sprouting and rotting in treated and untreated potato
tubers were observed. Second observation was recorded
in the last week of August 2007 and analyzed on an
average basis. The residues level of CIPC and reducing
sugars were analyzed in treated, untreated and freshly
harvested potatoes. Temperature and humidity data
were recorded during storage period and presented in
Table 3.

Table 3. Average temperature and relative humidity in
under ground store during different months

                                   Temperature (0 C)

   
Month

   Maximum Minimum RH (%)
Store Open Store Open Store Open

Oct 8.2 14.9 6.7 -1.8 81.2 50.4
Nov 7.7 9.7 5.6 -8.4 82.6 55.4
Dec 6.8 5.0 4.4 -12.7 79.7 64.6
Jan 7.7 -2.0 0.8 -13.6 84.6 64.9
Feb 7.1 4.3 1.3 -10.5 88.2 60.6
Mar 7.7 8.1 2.6 -6.1 97.0 58.4
April 10.5 14.8 8.4 -0.4 96.8 49.3
May 14.0 18.4 11.5 3.8 91.0 52.8
June 18.6 23.5 14.2 7.9 88.5 48.9
July 20.5 29.3 18.7 12.0 82.2 45.5
Aug 22.6 28.1 19.5 10.9 85.2 54.8

RESULTS AND DISCUSSION
It is depicted from Table 4 that irrespective of the

use of different packings, CIPC treatment suppressed
sprouting in potatoes up to 10 months after first fog
application. CIPC as sprout inhibition in potato was also
observed by Mehta, 2005. In untreated tubers (control
treatment),  sprouting started in first week of April (150
days of storage) and reached to cent percent level after
180 days of storage. However, in case of CIPC

treatment, 0-16% sprouting was observed according to
the different treatment up to 300 days of first fogging.
The sprouting was observed to be only 2.7% in single
and 1.9% in double fogging treatment in thin gunny bags,
whereas it was higher 16% in single and 12.3% in double
treatment when the tubers were packed in thick gunny
bags however, there were no sprouting in plastic basket
and nylon netted bag packing in both the fogging
application treatments. Low difference was observed
in sprouting with single and double fogging treatments.
The control of sprouting was better in plastic baskets,
nylon netted bags and thin-netted gunny bags as
compared to thick gunny bags, probably due to better
access of fog on the tuber surface.

The data on weight loss taken during last week of
August (300 days after first fog application) revealed
that minimum weight loss was recorded when treated
potatoes were kept in thick gunny bags as compared to
thin netted gunny bags, nylon netted bags and plastic
baskets. Higher weight loss in untreated (control)
treatment was attributed to profuse sprouting in the
tubers as showed in Table 4. The minimum weight loss
observed in thick gunny bags could be due to the
insulation and checking of the moisture loss from the
surface of the tubers than in other packings, as the
humidity fluctuated inside the store with ambient
conditions.

The data presented in Table 4 showed 100%
shriveling in untreated potatoes. However, it was
minimum in thick gunny bag packings than in thin netted
gunny bags, nylon netted bag and plastic baskets. The
minimum shriveling in gunny bag packings could be
attributed to better insulation between tubers and ambient
environment in these bags. The shriveling caused
considerable losses in tubers of control treatment and
they became unfit for marketing/consumption, whereas
more than 90% potatoes were found fit for marketing/
consumption and had good appearance when they were
treated with CIPC and packed in Nylon netted bags
and thin gunny bags.

Table 4.  Effect of CIPC and different type of packings on sprouting, weight loss and shriveling percentage during potato
storage in specifically designed underground store

                  Treatment           Single spray         Double spray
Sprouting % weight loss % Shriveling % Sprouting % weight loss % Shriveling%

Untreated (control) 100 38.6 100 100 38.6 100
Plastic Baskets + CIPC 00 13.2 40.2 00 14.0 67.8
Nylon Netted bags + CIPC 00 9.2 6.2 00 8.8 6.3
Thin netted Gunny bags +CIPC 2.7 6.4 5.6 1.9 6.3 5.2
Thick Gunny bags + CIPC 16.0 5.0 3.2 12.3 4.2 3.8
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The residue concentration of CIPC was analyzed
in collaboration with Punjab Horticulture Technology
Centre, Punjab Agriculture University Campus,
Ludhiana and it was found to be below detection level
(Minimum Detective Level 0.04 mg/kg) in both the
peeled and unpeeled samples. Reducing sugar level was
observed to be 0.46% in the stored tuber samples.
Reducing sugar content upto 0.25% is considered
acceptable for producing chips. However, for French
fries and dehydrated products reducing sugar content
upto 0.5% is considered acceptable. Therefore, the
stored potatoes were suitable for processing to make
dehydrated products and French fries. But to make
quality chips, the reducing sugar level was observed to
be higher.

Table 5. The overall average maximum and minimum
temperature and humidity in the store and ambient during

the storage period

                    Parameters Store Ambient

Maximum temperature (0C) 11.9 15.0
Minimum temperature (0C) 8.5 -1.7
Humidity (%) 87.0 55.0

Environment of store: The data on temperature and
humidity are presented in Table 3 and data from Table
5 revealed that the overall minimum temperature 8.50
C was recorded inside the specially designed store during
the storage period as compared to - 1.70C ambient
temperature.  Therefore, the design of the store helps

to increase average 10.20C temperature during the peak
winter period, which saved the potato tubers from
spoilage due to freezing.  During peak summer months,
maximum 11.90C temperature was recorded inside the
store and it was 30C less than ambient.  Lowering in
temperature is helpful to keep the tubers at right
physiological stage for longer period. Humidity is
influenced due to evapo-transpiration rate, weight loss
and shriveling of tubers. During potato storage,  about
90.0% humidity is required to avoid weight loss and
shriveling of tubers. Due to the provision of water
channels and watering at regular interval, 87.0%
humidity was achieved inside the underground store
during experimentation period as compared to 55.0%
ambient humidity. Therefore, the design of underground
store helped to increase 32% humidity as compared to
ambient.

CONCLUSION
The results of the experiment revealed that locally

produced potatoes can be stored from November-
August in specifically designed underground store with
CIPC treatment. Double spray (first in November and
second in March) of CIPC is found effective to control
sprouting and shriveling in stored tubers during storage
period. Nylon netted bags and thin Gunny bags were
found suitable for packing of the tubers for long-term
storage in the underground store with CIPC treatment
for cold arid regions of Ladakh.
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