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Effect of Modified Atmosphere Storage Conditions on Seed
Quality and Longevity of Kabuli Chickpea Varieties
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ABSTRACT
Background: Chickpea is an important pulse crop. The area, production and productivity of Kabuli chickpea are very low as compared
to Desi type chickpea. While, worldwide chickpea production is predominated by Desi type (80%) compared to Kabuli type (20%).
One of constraints limiting the Kabuli chickpea seed production is the fast seed deterioration process as, they possesses thin and
fragile seed coat which makes it more susceptible to infestation of pulse beetle and storage fungi. In addition, the day by day increase
in usage of chemical pesticides and increase in health awareness among the people and demand towards organic based products
necessitate a new alternative method of seed storage than the routinely used storage methods. Modified atmosphere storage is an
alternative method to avoid chemical fumigants, which are said to cause residual effect on seed material and development of resistance
by storage pest against insecticides.
Methods: The present investigation on modified atmosphere packaging (MAP) was carried out at the Department of Processing and
Food Engineering, College of Agricultural Engineering, University of Agricultural Sciences, Raichur during March 2017. Further, its
storage and seed quality assessment were conducted at Seed Quality and Research Laboratory of National Seed Project (Crops),
Seed Unit, University of Agricultural Sciences, Dharwad during March 2017 to May 2018.
Result: The results revealed that the Kabuli chickpea seeds stored in the gaseous atmosphere with the combination of CO2 (80%)
+N2 (20%) + O2 (0%) [C2] have maintained the maximum germination (92%) followed by Vaccum Packaging [C5] by using 700 gauge
polyethylene bag for 14 months under ambient conditions above the Indian Minimum Seed Certification Standards.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is a third most important pulse
crop in the world after beans and peas, valued for its nutritive
seed composition with high protein content and used
increasingly as a substitute for animal protein and in the
preparation of variety of snacks, sweets and condiments.
Chickpea is classified based on seed size, shape and colour.
In India, the two most commonly cultivated types are white
seeded ‘Kabuli chickpea’ and brown seeded ‘Desi’ type.
Globally and nationally the area, production and productivity
of Kabuli chickpea is very low as compared to Desi type
chickpea. However, world of chickpea is predominated by
Desi type which accounts 80 per cent and Kabuli type only
20 per cent of production. India is the largest producer of
chickpea contributing over 70 per cent of the world
production with an area of 86.80 lakh hectares with a
production of 80.90 lakh tonnes and with a productivity of
932 kg per hectare (Anonymous, 2017).

Seed deterioration is a natural process which is
inevitable, inexorable and irreversible. Hence, seed storage
and its quality maintenance becomes more challenging in
Kabuli chickpea seeds as, they possesses thin and fragile
seed coat which makes it as more susceptible to infestation
of pulse beetle and storage fungi. The day by day increase
in usage of chemical pesticides and on contrary the increase
in health awareness among the people and their demand
towards organic based products necessitates a new
alternative method of storage that improves conditions and

environments that cause quality deterioration then the
routinely used storage methods. A low-oxygen atmosphere
system for handling of chickpea seeds appears to have
potential for improving storage practices. Many studies have
showed that modified atmosphere of elevated carbon dioxide
and depleted oxygen is an effective method against insect
pests and microorganisms attack during storage. Modified
atmosphere storage is one of the seed and food preservation
method that maintains the natural quality of seeds and food
products besides extending the storage life of seed by
reducing the respiration rate (Moltos et al., 2002). Modified
atmosphere storage is an alternative method to avoid
chemical fumigants, which are said to cause residual effect
on seed material and development of resistance by storage
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pest against insecticides and pesticides which help in
protection of stored seed from insect pest infestations and
also to slow down the seed deterioration. Besides,
alternatively high carbondioxide treatment is residue free
and approved by Environmental Protection Agency, USA.
Carbondioxide treated seeds are also accepted in the
organic market. Hence, an attempt was made to study the
effect of modified atmosphere storage conditions on seed
quality and longevity of Kabuli chickpea varieties.

MATERIALS AND METHODS
The laboratory experiment was conducted in the Department
of Processing and Food Engineering, College of Agricultural
Engineering, University of Agricultural Sciences, Raichur
using the Modified Atmosphere Packaging (MAP) Unit during
March 2017 in order to assess the seed storability of Kabuli
chickpea by subjecting to different modified atmospheric
storage conditions with different concentrations combination
of gases like carbon dioxide, nitrogen and oxygen. The
experiment consisted of two varieties viz., V1 (BG1105) and
V2 (MNK-1) and five treatments viz., C1: Normal air (untreated
control), C2: CO2 (80%) + N2 (20 %) + O2 (0%), C3: CO2 (75%)
+ N2 (20 %) + O2 (5%), C4: CO2 (70%) + N2 (20%) + O2 (10%)
and C5: Vaccum packing. The seeds exposed to these gas
combinations were stored in 700 gauge polyethylene bags
for 14 months (from March 2017 to May 2018) under ambient
condition at Seed Unit, Dharwad. The experiment was
carried out in Completely Randomized Design with factorial
concept with four replications and observations on seed
quality parameters were recorded bimonthly.

Method of modified atmosphere packaging was carried
out as per the procedure given by Vasudevan et al. (2014).
However, in the present study 800 g seeds of both varieties
were packed in Polyethylene bag (700 gauge) with the gases
like carbon dioxide, nitrogen and oxygen in different
concentrations according to the treatments mentioned above.

The seeds obtained from each treatment were
evaluated for the seed quality parameters in the Seed Quality
and Research Laboratory, Seed Unit, University of
Agricultural Sciences, Dharwad. Germination test was
conducted as per procedure given by ISTA (2014). The
speed of germination was calculated by using the formula
given by Maguire (1962). Ten normal seedlings were
selected randomly in each treatment from all the replications
on 8th day. The root length was measured from the tip of the
primary root to base of hypocotyl and mean root length was
expressed in centimeter (cm) while, the shoot length was
measured from the base of the primary leaf to the base of
the hypocotyl and mean shoot length was expressed in
centimeter (cm). Seedling dry weight (Evans and Bhatt,
1977) and seedling vigour index Abdul-Baki and Anderson
(1973) were calculated by using the formula as suggested
by Abdul-Baki and Anderson (1973), Electrical conductivity
of seed leachate was measured as per procedure given by
Presley (1958). The data collected from the experiment were

analyzed statistically by the procedure prescribed by Gomez
and Gomez (2010).

RESULTS AND DISCUSSION
Influence of varieties on seed quality
Seed quality differs among the varieties in a crop. Among
the varieties, significantly higher seed germination (99.10%)
(Table 1), speed of germination (57.07) (Table 2), root length
(22.09 cm) (Table 3), shoot length (16.33 cm) (Table 4),
seedling dry weight (163 mg) (Table 5), seedling vigour index
(3813) (Table 6) and lower electrical conductivity (0.299 dSm-1)
(Table 7) were recorded in variety V1 (BG1105) as compared
to variety MNK-1 (98.15%, 38.44, 19.35 cm, 12.95 cm, 81
mg, 3173 and 0.520 dSm-1, respectively). However, there
was gradual decrease in seed quality with the advancement
of storage period.

Similar trend was observed throughout the storage
period, whereas at the end of fourteen months of storage
V1 (BG1105) recorded significantly highest seed germination
(91.40%), speed of germination (55.01), root length (16.96
cm), shoot length (10.87 cm) seedling dry weight (116 mg),
seedling vigour index (2546) and lower electrical conductivity
(1.068 dSm-1) as compared to MNK-1 (V2) (90.10%, 36.26,
14.60 cm, 7.57 cm, 59 mg, 2000 and 1.255 dSm -1,
respectively). This may be attributed to genotypic response
of varieties, where V1 (BG1105) was superior over MNK-1
(V2). Similar varietal response was reported by Merwade
(2000),  Gnyandev (2009) and Sushma (2013) in
chickpea.

Influence of modified gaseous on seed quality in Kabuli
chickpea genotypes
The present study of modified atmospheric storage
conditions exhibited significant effect on seed germination
of chickpea seeds. The seeds which were stored with the
gaseous combination of CO2 (80%) + N2 (20%) + O2 (0%)
(C2) showed better germination throughout the storage
period followed by the gaseous combination of vaccum
packing (C5) and CO2 (75%) + N2 (20%) + O2 (5%) (C3) and
lowest was in control (C1). The seed germination per cent
due to concentrations of modified atmospheric gases varied
significantly at all the month of storage period except for
initial month. From second month of storage period
significantly higher seed germination (99.88%) was recorded
in C2 (80% CO2 + 20% N2 + 0% O2) treated seeds and it was
followed by C5 (vaccum treated seeds) (99.38%), while the
lower (95.75%) was recorded in untreated seeds (control)
(C1). At the end of fourteen months of storage period the
highest seed germination was recorded in C2 (92.38%)
and it was followed by C5 (91.63%) and the lowest was
recorded in control (C1)(88.75%). Whereas, in the initial
month numerically highest germination was recorded
(99.88%) in C2 and the lowest (96.63%) in control (C1)
(Table 1).
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Table 1: Influence of modified atmospheric storage conditions on germination in Kabuli chickpea varieties during storage.

Germination (%)

Treatments Months after storage

0 2 4 6 8 10 12 14

Varieties (V)
V1 -BG1105 99.10 98.55 97.75 96.80 95.90 95.55 93.40 91.40

(84.52)* (83.05) (81.34) (79.66) (78.29) (77.79) (75.08) (72.92)
V2 -MNK-1 98.15 97.95 97.00 95.75 94.75 94.45 91.75 90.10

(82.15) (81.74) (79.99) (78.07) (76.72) (76.34) (73.28) (71.63)
S. Em. ± 0.41 0.14 0.18 0.24 0.29 0.28 0.29 0.29
C. D. @ 1 % NS 0.53 0.71 0.92 1.11 1.07 1.12 1.11
Concentration of modified atmospheric gases (C)
C1: Normal air (Untreated control) 96.63) 95.75 94.25 94.00 93.13 92.50 90.38 88.75

(79.39) (78.07) (76.10) (75.79) (74.77) (74.08) (71.90)  (70.37)
C2: CO2 (80%) + N2 (20%) + O2 (0%) 99.88 99.88 99.00 97.88 97.00 96.88 94.25 92.38

(87.98) (87.98) (84.23) (81.60) (79.99) (79.79) (76.10) (73.95)
C3: CO2 (75%) + N2 (20%) + O2 (5%) 99.00 98.63 97.88 96.50 95.63 95.38 92.88 91.00

(84.23) (83.24) (81.60) (79.19) (77.90) (77.56) (74.49) (72.51)
C4: CO2 (70%) + N2 (20%) + O2 (10%) 98.13 97.63 97.38 95.88 94.75 94.50 92.00 90.13

(82.11) (81.11) (80.65) (78.26) (76.72) (76.41) (73.54) (71.66)
C5: Vaccum packing 99.50 99.38 98.38 97.13 96.13 95.75 93.38 91.63

(85.91) (85.45) (82.65) (80.21) (78.62) (78.07) (75.06) (73.15)
S. Em. ± 0.65 0.21 0.29 0.37 0.45 0.44 0.46 0.45
C. D. @ 1% NS 0.83 1.12 1.45 1.75 1.69 1.77 1.76
Interaction (V x C)
V1C1 98.00 96.50 94.75 93.75 94.00 93.75 91.50 89.50

(81.84) (79.19) (76.72) (75.49) (75.79) (75.49) (73.02) (71.06)
V1C2 100.00 100.00 99.50 98.75 97.50 97.25 95.00 93.00

(89.96) (89.96) (85.91) (83.55) (80.87) (80.42) (77.05) (74.63)
V1C3 99.00 98.50 98.25 97.25 96.50 96.00 94.00 92.00

(84.23) (82.93) (84.23) (80.42) (79.19) (78.43) (75.79) (73.54)
V1C4 98.75 98.00 97.50 96.50 95.25 95.00 92.75 90.75

(83.55) (81.84) (80.87) (79.19) (77.38) (77.05) (74.35) (72.26)
V1C5 99.75 99.75 98.75 97.75 96.25 95.75 93.75 91.75

(87.10) (87.10) (83.55) (81.34) (78.80) (78.07) (75.49) (73.28)
V2C1 95.25 95.00 93.75 94.25 92.25 91.25 89.25 88.00

(77.38) (77.05) (75.49) (76.10) (73.81) (72.76) (70.83) (69.70)
V2C2 99.75 99.75 98.50 97.00 96.50 96.50 93.50 91.75

(87.10) (87.10) (82.93) (79.99) (79.19) (79.19) (75.20) (73.28)
V2C3 99.00 98.75 97.50 95.75 94.75 94.10 91.75 90.00

(84.23) (83.55) (80.87) (78.07) (76.72) (75.91) (73.28) (71.54)
V2C4 97.50 97.25 97.25 95.25 94.25 94.00 91.25 89.50

(80.87) (80.42) (80.42) (77.38) (76.10) (75.79) (72.76) (71.06)
V2C5 99.25 99.00 98.00 96.50 96.00 95.75 93.00 91.25

(85.00) (84.23) (81.84) (79.19) (78.43) (78.07) (74.63) (72.76)
Mean 98.63 98.25 97.38 96.28 95.33 94.94 92.58 90.75
S. Em. ± 0.92 0.30 0.41 0.53 0.64 0.62 0.64 0.64
C. D. @ 1 % NS NS NS NS NS NS NS NS

*Figures in the parenthesis are arcsine root transformed values. NS: Non-significant.
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Modified atmosphere storage of seeds devoid of oxygen
recorded higher seed viability for an appreciable period.
Higher seed viability and vigour were maintained with
modified atmospheric storage particularly in carbon dioxide
and vacuum packaged condition. The probable reason for
differences in longevity of seeds in the modified atmospheric
storage conditions might be due to the variation in the gas
concentrations, where the treatments C2 and vaccum
packing having gas combination of higher CO2 with zero per
cent of oxygen concentration i.e., low oxygen atmosphere
and also the seeds stored under vacuum condition showed
better germination as reported by Meena et al. (2017).
Whereas, germination was reported to decrease in peas
with increase in oxygen level (Roberts and Abdalla, 1968).

In general, ageing is manifested by decrease of
metabolic activity and an increase of catabolic processes.
In particular, an oxidative stress might be reduced in oxygen
free storage atmospheres (Justice and Bass, 1978; Benson,

1990). It should be noted that seed deterioration during
storage could result in marked changes in the content and
activity of enzymes capable for degrading the stored
reserves (Priestley, 1986; Wilson and McDonald, 1986;
Walters, 1998). The advantage of higher seed reserve
utilization effic iency in seeds stored in low oxygen
concentration and vacuum packing, provide energy for a
faster growing rate of the seedlings. In the present study
also maximum speed of germination (48.83 and 46.40) was
noticed in seeds stored in C2 (80% CO2+ 20% N2 + 0% O2)
and C5 (vaccum treated seeds) (Table 2), respectively
compared to control (C1) (42.15) at the end of fourteen
months of storage. The similar results were also reported
by Guillaumin (1928), Rathi et al. (2000) and Bera et al.
(2008).

The root length and shoot length of Kabuli chickpea
seeds were decreased gradually with the advancement in
storage period. However, highest root length (17.99 cm) was

Table 2: Influence of modified atmospheric storage conditions on speed of germination in Kabuli chickpea seeds during storage.

   Speed of germination

Treatments Months of storage

0 2 4 6 8 10 12 14

Varieties (V)
V1 : BG1105 57.07 56.87 56.62 56.40 56.35 55.91 55.62 55.01
V2 : MNK-1 38.44 38.24 38.06 37.80 37.57 37.47 36.81 36.26
S. Em. ± 0.89 0.30 0.25 0.14 0.12 0.09 0.09 0.06
C. D. @ 1 % 3.45 1.18 0.99 0.53 0.47 0.36 0.36 0.34
 Concentration of modified atmospheric gases  (C)
C1: Normal air (Untreated control) 44.59 44.39 44.15 43.95 43.83 43.44 42.77 42.15
C2: CO2 (80%) + N2 (20%) + O2 (0%) 50.50 50.30 50.21 50.04 49.94 49.71 49.44 48.83
C3: CO2 (75%) + N2 (20%) + O2 (5%) 47.92 47.72 47.59 47.38 47.17 46.97 46.77 46.09
C4: CO2 (70%) + N2 (20%) + O2 (10%) 47.26 47.06 46.68 46.31 46.14 45.97 45.22 44.71
C5: Vaccum packing 48.51 48.31 48.06 47.84 47.71 47.36 46.89 46.40
S. Em. ± 1.40 0.48 0.40 0.22 0.19 0.15 0.14 0.14
C. D. @ 1 % NS 1.87 1.57 0.84 0.75 0.57 0.56 0.54
Interaction (V x C)
V1C1 52.66 52.46 52.66 53.00 53.02 52.67 52.13 51.46
V1C2 60.31 60.11 59.76 59.34 59.23 58.60 58.79 58.36
V1C3 57.54 57.34 57.05 56.91 57.07 56.22 56.56 55.51
V1C4 56.53 56.34 56.00 55.68 55.54 55.49 54.72 54.26
V1C5 58.33 58.13 57.62 57.08 56.88 56.59 55.91 55.49
V2C1 36.51 36.31 35.64 34.89 34.63 34.22 33.41 32.84
V2C2 40.69 40.49 40.67 40.75 40.66 40.83 40.08 39.31
V2C3 38.31 38.11 38.14 37.85 37.26 37.72 36.98 36.68
V2C4 37.99 37.79 37.37 36.93 36.75 36.45 35.72 35.16
V2C5 38.70 38.50 38.50 38.60 38.55 38.13 37.87 37.32
Mean 47.76 47.56 47.34 47.10 46.96 46.69 46.22 45.64
S. Em. ± 1.98 0.68 0.57 0.31 0.27 0.21 0.20 0.19
C. D. @ 1 % NS NS NS NS NS NS NS NS

NS: Non-significant.
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recorded in C2 (80% CO2 + 20% N2 + 0% O2) treated seed
followed by C5 (vaccum treated seeds) (16.53 cm), while
lowest was recorded in control (C1) (13.64 cm) at the end
of fourteen months of storage period (Table 3). At the end
of fourteen months of storage period, highest shoot length
(9.93 cm) was recorded in C2 (80% CO2 + 20% N2 + 0% O2)
followed by C5 (vaccum treated seeds) (9.32 cm), while
lowest shoot length (8.72cm) was recorded in control (C1)
(Table 4). The decline in root and shoot length might be
due to the damage caused by fungi and insects and also
toxic metabolites which might have hindered the seedling
growth. Similar findings were reported in onion (Shivappa,
2011) and groundnut (Shrishail, 2011). Deterioration in seed
quality associated with decrease in root and shoot length
with the passage of time had been confirmed by earlier
workers in many crops.

In the present study, highest vigour index was recorded
in C2 (80% CO2 + 20% N2 + 0% O2) treated seed (2581)
followed by C5 (vaccum treated seeds) (2367), while lowest

was recorded in control (C1) (1988) respectively (Table 6) at
the end fourteen months of storage period. Gradual decline
in seedling vigour index was noticed due to age induced
decline in germination and decrease in seedling length.

The significant difference due to modified atmospheric
storage conditions on seedling dry weight was recorded
throughout the storage period. At the end of fourteen months
of storage period, highest seedling dry weight was recorded
in C2 (80% CO2 + 20% N2 + 0% O2) treated seed (99 mg)
followed by C5 (vaccum treated seeds) (88 mg), while lowest
was recorded in control (C1) (79 mg) (Table 5). This gradual
decline in seedling dry weight may be due to deterioration
of seed.

Whereas, at the end of fourteen months of storage
period, lowest electrical conductivity (0.941 dSm-1) of seed
leachate was recorded in C2 (80% CO2 + 20% N2 +0% O2)
treated seed followed by C5 (vaccum packing) (1.096 dSm-1).
This might be due to the better maintenance of membrane
in tegr ity wh ile, the h ighest elec tr ical conduc t ivity

Table 3: Influence of modified atmospheric storage conditions on root length in Kabuli chickpea seeds during storage.

Root length (cm)

Treatments Months of storage

0 2 4 6 8 10 12 14

Varieties (V)
V1 : BG1105 22.09 21.92 21.30 20.99 19.95 18.91 18.39 16.96
V2 : MNK-1 19.35 19.12 18.51 18.11 17.58 17.20 15.44 14.60
S. Em. ± 0.34 0.23 0.27 0.24 0.29 0.37 0.22 0.32
C. D. @ 1 % 1.34 0.89 1.03 0.94 1.13 1.45 0.85 1.26
Concentration of modified atmospheric gases (C)
C1: Normal air (Untreated control) 19.43 19.33 18.85 18.53 17.09 16.61 14.26 13.64
C2: CO2 (80%) + N2 (20%) + O2 (0%) 22.08 21.85 21.28 20.78 20.55 19.79 19.44 17.99
C3: CO2 (75%) + N2 (20%) + O2 (5%) 20.60 20.44 19.86 19.49 18.77 17.86 17.25 16.18
C4: CO2 (70%) + N2 (20%) + O2 (10%) 20.36 20.10 19.14 18.89 17.98 17.20 15.50 14.56
C5: Vaccum packing 21.13 20.91 20.40 20.07 19.23 18.79 18.12 16.53
S. Em. ± 0.54 0.36 0.42 0.38 0.46 0.59 0.34 0.51
C. D. @ 1 % NS 1.41 1.63 1.48 1.79 2.29 1.34 2.00
Interaction (V x C)
V1C1 20.99 20.96 20.49 20.65 18.61 18.08 15.24 14.95
V1C2 22.85 22.23 22.75 21.95 22.27 19.71 20.68 18.19
V1C3 21.61 21.39 21.18 20.80 19.41 18.86 19.36 17.81
V1C4 22.97 22.74 20.68 20.49 19.29 18.46 16.64 15.93
V1C5 22.39 22.26 21.33 21.07 20.18 19.43 20.02 17.93
V2C1 17.92 17.69 17.22 16.41 15.57 15.15 13.27 12.34
V2C2 21.70 21.47 19.70 19.61 19.23 19.87 18.21 17.79
V2C3 19.12 18.89 18.55 18.17 18.13 16.85 15.15 14.54
V2C4 18.23 18.00 17.60 17.28 16.67 15.95 14.37 13.20
V2C5 19.78 19.55 19.46 19.08 18.29 18.15 16.21 15.14
Mean 20.76 20.52 19.90 19.55 18.76 18.05 16.91 15.78
S. Em. ± 0.77 0.51 0.59 0.54 0.65 0.83 0.49 0.73
C. D. @ 1 % NS NS NS NS NS NS NS NS

NS: Non-significant.
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(1.427 dSm-1) was recorded in control (C1) (Table 7). Increase
in electrical conductivity as the storage period advanced
may be due to increased membrane permeability and
decreased integrity of seed coat resulted in excess release
of electrolytes which caused higher electrical conductivity.
Such of these findings were also reported by Shivappa
(2011) in onion and Shrishail (2011) in groundnut.

CONCLUSION
The results revealed that seeds stored in gaseous
combination of CO2 (80%)+N2 (20%)+O2 (0%) [C2], followed
by Vaccum Packing [C5] by using 700 gauge polyethylene
bags can be stored for 14 months under ambient condition
by maintaining seed quality and its storability above the
Indian minimum seed certification standards. Hence, these
modern techniques of modified atmospheric storage can
play an important role in future days as it is simple and easily
adaptable and cost effective, particularly beneficial in the
absence of cold storage facility whereas, vacuum packaging
can help in maintenance of better seed quality for nucleus,
breeder and organically produced seed and can be replaced
with the laborious and hazardous fumigation process as it
is eco-friendly. However, there is still large scope for depth
research study with respect to biochemical and molecular
basis of storability under these MAP conditions.

ACKNOWLEDGEMENT
The authors wish to sincerely acknowledge faculty of
Department of Processing and Food Engineering, College
of Agricultural Engineering, University of Agricultural
Sciences, Raichur, Karnataka [India] for providing facility of
using Modified Atmospheric packaging Unit for research
purpose.

REFERENCES
Abdul-Baki, A.A. and Anderson, J.D. (1973). Vigour determination

in soybean by multiple criteria. Crop Science. 13: 630-
633.

Anonymous. (2014). International Rules for Seed Testing. Seed
Science and Technology. 27: 1-215.

Anonymous. (2017). Ministry of Agriculture and Farmers Welfare,
Directorate of Pulses Development. Annual Report. pp-
23.

Benson, E.E. (1990). Free radical damage in stored plant germplasm.
International  Board of Plant Genetic Resource, Rome.
p. 25.

Bera, A., Sinha, S.N., Gaur, A. and Shrivastav, C. (2008). Effect of
modified atmospheric storage on seed quality parameters
of paddy. Seed Research. 36(1): 56-63.

Evans, L.E. and Bhatt, G.W. (1977). A non-destructive technique
for measuring seedling vigour in wheat. Canadian Journal
of Plant Science. 57: 983-985.

Gnyandev., B. (2009). Seed technological studies in chickpea
varieties (Cicer arietinum L.). Ph. D Thesis, University of
Agricultural Sciences, Dharwad, Karnataka (India).

Gomez, K.A. and Gomez, A.A. (2010). Statistical Procedures for
Agricultural Research, 2

nd 
edition, AWilley International

Science Publication, NewYork (USA). pp, 20-29.
Guillaumin, A. (1928). Le Maintien Des Graines Dans Un Milieu

Prive D’oxygene Commemoyen De Prolonger Leur
Faculte Germinative. [Paris]. Acad. Des. Sci. Compt.
Rend. 187: 571-572.

Justice, O.L. and Bass, L.N. (1978). Principles and Practices of
Seed Storage. Agriculture Handbook. 506: 57-77.

Maguire, J.D. (1962). Speed of germination aid in selection and
evaluation of seedling emergence and vigour. Crop
Science. 2: 176-177.

Meena, M.K., Chetti, M. B. and Nawalagatti, C.M. (2017). Seed
quality behavior of soybean (Glycine max) as influenced
by different packaging materials and storage conditions.
Legume Research. 40 (6): 1113-1118.

Merwade, M.N. (2000). Investigation on seed production techniques
and storability of chickpea. M. Sc. (Agri.) Thesis. University
of Agricultural Sciences, Dharwad, Karnataka (India).

Moltos, L.M., Morretti, C.L. and Ferrira, D.M. (2002). Modif ied
atmosphere packaging for perishable plant products .
Embrampa Instrumentation Brazil. pp. 21-22.

Presley, J.J. (1958). Relations of protoplast permeability to cotton
seed viability and predisposition of seedling disease.
Plant Disease Report. 42: 5852.

Priestley, D.A. (1986). Seed Ageing: Implication for Seed Storage
and Preservation in the Soil. Cornell University Press,
Ithaca, New York. p. 15.

Rathi, S.S., Shah, N.G., Zambre, S.S., Kalbande, V.H. and Venkatesh,
K.V. (2000). Respiration, sorption and germination of
seeds stored in controlled atmosphere. Seed Science
and Technology. 28: 341-348.

Roberts, E.H. and Abdalla, F.H. (1968). The influence of temperature,
moisture and oxygen on period of seed viability in barley,
broadbeans and peas. Annual Botany. 32: 97-117.

Shivappa, R. (2011). Studies on the effect of modified atmospheric
storage condition on storability of onion seeds. M. Sc.
(Agri.) Thesis, University of Agricultural Sciences, Raichur,
Karnataka (India).

Shrishail, T. (2011). Studies on the effect of modified atmospheric
storage condition on storability of groundnut seed kernels.
M. Sc. (Agri.) Thesis, University of Agricultural Sciences,
Raichur, Karnataka (India).

Sushma, P.P. (2013). Effect of polymercoat and seed treatment
chemicals on seed storability and field performance of
chickpea. M. Sc (Agri.) Thesis, University of Agricultural
Sciences, Dharwad, Karnataka (India).

Vasudevan, S.N., Shakuntala, N.M., Shreshail, T., Goud, S. and
Ravi (2014). Studies on effect of modified atmospheric
storage condition on storability of groundnut (Arachis
hypogaea L.) seed kernels. Research and Reviews:
Journal of Agriculture and Allied Sciences. 3 (2): 48-57.

Walters, C. (1998). Undertaking the mechanism and kinetics of
seed ageing. Seed Science and Technology. 8: 223-244.

Wilson, W.O. and McDonald, H.B. (1986). The lipid peroxidation
model of seed ageing. Seed Science and Technology.
14: 269-300.

Effect of Modified Atmosphere Storage Conditions on Seed Quality and Longevity of Kabuli Chickpea Varieties


