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ABSTRACT  Long-term conservation of plant genetic resources is commonly managed through storage of
seeds in refrigerated chambers maintaining sub-zero temperatures, which is expensive. Hence, cost-effective
long-ter;m conservation is one of the research priorities. High altitude site, Khardung La at the height of
18,338 ft. in the Himalayan region with sub-zero temperatures for most part of the year, is explored for
storage of seeds of 149 representative accessions in 47 major field and horticultural crops, belonging to various
crop groups. The quality (germination) of stored seed was monitored at periodic intervals viz., one year, two

;

Himalayan region.

genetic resources

Seed storage problems are more common in
tropical countries, like India, because a large part
of the country has predominantly hot and humid
tropical and sub-tropical climate with great
variation in temperatures, rainfall and relative
humidity across the year, which adversely effect
the temperatures and moisture contents in the
stored seeds, critical for retention of seed in
dormant stage, to maintain the original seed
quality and genetic constitution. Therefore, in
countries like India, long-term conservation of
Plant genetic resources is managed through
storage of seed, after drying them to three to
seven per cent moisture contents [1] in
refrigerated chambers maintaining sub-zero
temperatures. Ninety per cent of the world’s seed
Propagating plants produce orthodox or

e e

years and four years. The results indicated that nearly all accessions were able to maintain their seed quality
very close to their original values; suggesting that the seed material of diverse crop species can be cost-
effectively stored for long-term duration under natural low temperature conditions prevailing in the
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desiccation tolerant seeds [2], which can be dried
to these low moisture levels without loss of seed
quality. It involves a huge expenditure on,
establishment cost, energy cost for operation and
maintenance. Hence, a cost-effective long-term
conservation of important plant genetic resources
for food and agriculture (PGRFA) is one of the
research priorities.

Passive seed storage in cold arid zone was
proposed as early as in 1984 [3] at Abra Pampa,
Argentina  to utilise radiation cooling.
Scandinavian countries established the Nordic
genebank in abandoned mines on Spitsbergen
Island, within the Arctic Circle with sub-zero
temperatures to store seed germplasm. Recently,
Argentina has experimented with the storage of
rice accessions at Antarctica.
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In India, there are several high altitude areas

i sub-zero
in the Himalayan
atures combined with low RH for

hence these conditions will

region with
most
temper
part of the year, and

be able to support
orthodox (desiccation tolerant) seeds in a cost-

effective manner. Recognizing this, an exploratory
project was launched in 2001 surveying various
high altitude regions of Himalayas.
‘.‘\1:‘tt‘0rological data were collected from several
locations, such as Defence Research and
Development Organisation ((DRDO) Laboratories,
Pithoragarh in Uttranchal, Research Station of
Directorate of Wheat Research in Lahul Spiti
Research Station of Chaudhary Sarwan Kumar
Krishi Vishvavidyalya, Palampur at Kinnaur in
Himachal Pradesh, DRDO, Field Research
Laboratory (FRL) at Leh and Khardung La pass
on way to Siachen glacier in Ladakh (Table 1).
Based on meteorological data and ground survey,
Khardung La at the height of 18,338 ft was jointly
identified by National Bureau of Plant Genetic
Resources (NBPGR) and FRL, Leh for an
exploratory experiment. Khardung La has sub-
zero temperatures and low relative humidity (RH)
for most part of the year, except in summer
months, June to August, when temperature rises
up to 12° C for a few hrs in the day and RH to
a maximum of 35 per cent.

long-term conservation of

MATERIALS AND METHODS

Seed samples of 149 representative accessions in
47 major field and horticultural crops belonging
to various crop groups viz., cereals, millets,
pulses, oilseeds, fibre crops, and vegetable crops
were selected. Seed material was processed as per
the established genebank standards [4], i.e.
checked for physical purity, germination
percentage and dried to a moisture level ranging
between 5 to 10 per cent depending on the kind
of crop/species. Two hundred fifty seeds of each
accession in two replicates totaling to twelve
packets were prepared for periodic monitoring
fiuring storage, one set of each accession was kept
in the national genebank at NBPGR New Delhi,
served as control. The seeds were hermetically
iealed in aluminium foil pouches, air lifted to
o o st o La b

oil pouches containing the

seed material were kept in a wooden box and
this box was kept inside the Hanuman temple
situated at the Khardung La pass, and stored for
a period of four years. The seed material was
retrieved for monitoring of germination at three
periodic intervals viz., one year, two years and
four years from the start of seed storage.

Seed quality (germination percentage) was
monitored following ISTA rules [5, 6] for standard
germination test, with a modification of using two

replications of 50 seeds each.

Statistical analysis

For analysis of variance (ANOVA) between the
treatments, analysis was conducted using SPSS
version 14. The level of significance was tested
at 5 per cent. The graphs depicting seed
germination of different crops in crop groups and
among the crop groups were generated using the
average mean values of germination for better
understanding the seed storage trend.

RESULTS

Variation in seed germination was recorded
during three periodic monitoring of seed quality
for- a) within a crop species, b) among crops in
a crop group and c) among crop groups is
presented in table 2 along with ANOVA
estimation for each crop at P=0.05.

a. Variation in seed germination among accessions
of a crop species

Details of accessions used, the seed moisture
contents of seed samples at the start of seed
storage and mean seed germination registered in
seed samples of different accessions, belonging
to various crops from different crop groups, at
different intervals of three monitoring are
presented in table 2.

Cereals

Seed materials (28 accessions) belonging to five
major cereal crops were stored (Table 2). The
monitoring of seed germination in accessions of
these crops showed following trend during their
storage. Paddy: Of the nine accessions, three
maintained the seed quality near to their original
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values, whereas four accessions had conspicuous
decrease, two showed first increase and then in
one it came down to initial seed quality level;
wheat: Of the six accessions stored, four
maintained the seed quality near to thejr original
values, one expressed slight increase, whereas, the
others showed decrease; Maize: Of the seven
accessions stored, four maintained the seed
quality near to their original values, whereas,
three showed gradual decrease leading to poor
seed germination, irrespective of whether they
had high or low initial seed germination (Table
2); Barley: Of the five accessions stored, three
maintained the seed viability near to their initial,
whereas, remaining two showed decrease (88 to
42%); Oat: The only accession stored, maintained
high seed quality, near to its original value.

Pseudocereals

All nine accessions of amaranth stored,
maintained seed germinability near to their
original values, the accession IC-255555 showed
significant increase (67 to 90%).

Millets

Seed materials (18 accessions) belonging to six
major millet crops were stored, which registered
following trend in seed germination (Table 2),
Pearlmillet: Of the three accessions stored, two
maintained the seed germination near to their
original values, whereas, the third showed a
slight decrease; Sorghum: All the three accessions
stored, despite moisture content difference
maintained seed germination closer to their initial
values; Italian millet: Both accessions stored,
maintained seed germination closer to their initial
values; Finger millet: Of the four accessions, three
showed increased seed germination, and one
showed decrease (52%), despite high seed
germination (94%) at the start of seed storage;
Prosomillet: Both accessions stored maintained
high seed germination; Barnyard millet: Of the
four accessions stored, two maintained the seed
germination near to their original values, in one
it increased (62 to 90%) and in other it decreased
(Table 7).

Grain legumes

In grain legumes, 20 accessions belonging to eight

major crops were stored. The seed germination
registered during storage is listed in table 2.
Blackgram: Both accessions maintained the seed
germination near to their original values;
Greengram: Both the accessions maintained the
seed germination near to their original values;
Pigeonpea: Of the four accessions stored, three
maintained seed germination near to their original
values, whereas, long-duration Bahar, showed an
increase in the germination percent; Lentil: Of the
two accessions stored, K-75 showed slight
increase in seed germination, which was
maintained subsequently, whereas, Sapna
maintained seed germination near to its original
value; Pea: Of the four accessions stored, three
maintained seed germination near to their original
values, whereas, Arkel, recorded slight decrease;
Gardenpea: Both the accessions recorded increase
in seed germination; Guar: All three accessions
stored, maintained high seed germination near to
their original values; Cowpea: The only accession,
Pusa Sukomal maintained seed germination near
to its original value.

Oilseeds

In oilseeds, 33 accessions belonging to five major
oilseed crops were stored, which showed the seed
germination during storage as presented (Table
2). Rapeseed-mustard: Of the ten accessions stored,
in four the final germination increased (72 to
96%), whereas, in five it was maintained closer
to their seed germination at the start of seed
storage, and in one, it decreased (78 to 67%):
Groundnut: Of the six accessions stored, four
maintained the seed germination near to their
original values, one showed a gradual increase
(82 to 91%), whereas, the one with poor initial
seed germination (42%) deteriorated further (24%):
Sunflower: Of the four accessions stored, three
maintained seed germination near to their original
values, whereas, one showed increase that was
maintained subsequently; Soybean: Of the four
accessions stored, three maintained seed
germination near to their original values, whereas,
one that had moderate germination (83%) at the
start of seed storage showed gradual decrease to
complete loss (Table 2); Safflower: Of the five
accessions stored, four maintained seed
germination near to their original values, whereas,
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one showed slight decrease; Castor: Of the fmfr
accessions stored, three showed an increase In
germination per cent during first monitoring
interval. Two of these showed further increase,
whereas the fourth showed decrease in second
and third monitoring intervals (Table 2).

Fibre crops

In fibre crops three accessions of two major fibre
crops stored, showed the seed germination
summarised in table 2. Cotton: Both accessions
showed increase in germination (66 to 86%)
during first two monitoring intervals, maintained
subsequently; Jute: The only accession stored
maintained high germination percentage with
slight increase (92 to 98%).

Vegetables and spices

Among vegetables, 37 accessions belonging to six
major vegetable crop groups and 19 crops,
including spices, were stored, which registered
seed germination summarized in table 2.
Solanaceous vegetables - Brinjal: Of the four
accessions stored, three showed initial increase (74
to 96%) followed by gradual decrease, whereas,
the fourth maintained seed germination near to
its original value; Tomato: Of the three accessions
stored, two showed significant increase (18 to
90%) in seed germination, maintained in
subsequent monitoring interval, whereas, the one
recorded double germination during second
monitoring interval, that decreased subsequently;
Chilli: Of the two accessions stored, one
maintained seed germination near to its original
- value, whereas, the other, showed significant
increase with slight decrease in subsequent
monitoring; Cucurbitaceous vegetables - Watermelon:
The only accession stored, showed a gradual
decrease (50 to 41 per cent); Spongegourd: The
only accession stored, showed increase in seed
germination from 78 to 92 per cent; Muskmelon:
Of the two accessions stored, one with high
germination at the start of seed storage,
maintained its seed germination (Table 2),
whereas, the other one with poor seed
germination (24%) at the start of seed storage
deteriorated further to complete loss; Ashgourd:
The only accession stored, showed increase in
seed germination from 60 to 97 per cent;

Roundgourd: The only accession stored, showed
increase in seed germination from 54 to 86 per
cent; Bottlegourd: The only accession stored,
showed gradual increase in seed germination
from initial 38 to 100 per cent; Cole crops - Turnip:
The only accession stored with poor seed
germination (9%) at the start of seed storage
recorded a complete loss; Radish: Of the three
accessions stored, China Pink maintained its high
seed germination, PR showed increase (66 to
78%), and PC stored with poor germination (42%)
registered initial increase followed by drastic
decrease (28%) table 2; Cabbage: Both accessions
of Chinese cabbage maintained seed germination
near to their original values; Tuberous vegetables -
Beetroot: The only accession stored, showed
increase in first monitoring (88 to 98%) followed
by subsequent decrease (98 to 82%) in
germination (Table 2); Sugarbeet: The only
accession stored with low initial germination
(64%) showed a gradual decrease to complete loss
(Table 2); Carrot: The only accession stored with
poor germination (50%) showed decrease (38%)
followed by subsequent increase (58%), that was
maintained; Others - Okra: Of the five accessions
stored, three showed increase in the germination
per cent (73 to 94), of which one recorded
decrease in subsequent monitoring intervals. The
accession kept with poor germination (40%)
further deteriorated (25%); Spinach: Of the three
accessions stored, one maintained the high seed
germination with a drop in first monitoring
interval, the other two recorded an increase (75
to 84% and 87 to 94%), respectively, maintained
subsequently; Spices - Coriander: Of the three
accessions, one PD1 showed a significant increase
(51 to 86%) in the subsequent monitoring by pre-
washing treatment; the other two maintained their
seed germination near to their original values
(Table 2); Fenugreek: Of the two accessions stored,
one showed slight increase, whereas the other
maintained the high seed germination (Table 2).

b. Seed germination in various crops within a crop
group

Cereals

Of the five cereals stored with different number

of accessions, wheat accessions showed an

increase in germination during second monitoring

interval followed by a drop to original
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gcrmination values during third monitoring
interval. Barley accessions showed a slight
decrease during second monitoring followed by
further decreases (Fig. 1a). Oat accession
maintained the high germination per cent of over
90 per cent during all three monitoring intervals
(Fig. 1a). In paddy and maize, most accessions
maintained the seed quality, but equal number
accessions showed slight decrease in germination.
Therefore, cereals in general maintained the seed
germination near to their original values with an
exception for barley.

Millets

Most millets accessions maintained seed
germination near to their original values except
for finger millets and barnyard millet, where a
few accessions for some reason recorded little
decrease (Fig. 1b).

Grain legumes

Among grain legumes, gardenpea, though showed
minor fluctuations in seed germination during
monitoring, but over all changes were not very
significant and most accessions maintained seed
germination near to their original values (Fig. 1c).
Guar showed similar trend in maintaining the
seed quality very close to its initial value. The
seed germination in pea, ranged from 88-94 per
cent with an initial drop followed by a slight
increase. Blackgram showed a slight increase
during first and second monitoring followed by
a drop near to its original value. In lentil trend
was more or less similar to pea, with little
fluctuations, recorded a slight increase in seed
germination over the initial values. Greengram
showed significant increase in germination, which
was maintained subsequently. Cowpea showed a
gradual increase in germination up to second
monitoring, followed by a drop during third
monitoring. Pigeonpea, alike greengram, showed
increase during first monitoring, which was
subsequently maintained (Fig. 1c).

Oilseeds

In sunflower, safflower and groundnut the seed
germination showed a very little change, and
Most accessions maintained seed germination near

to their original values. Rapeseed-mustard and
castor showed similar trend with an increase in
germination in initial monitoring, which was more
significant in castor than rapeseed. Soybean
showed a gradual decrease in the germination
percentage from 92 to 72 per cent (Fig. 1d).

Fibre crops

In fibre crops, both jute and cotton maintained
the initial seed germination up to first
monitoring, followed by an increase during
second and third monitoring (Fig. le). Increase
was greater in cotton (66 to 75%), compared to
jute, where it increased from 92 to 98 per cent
(Fig. 1e).

Vegetables and spices

Solanaceous, brinjal and tomato showed increase
in the germination per cent, with tomato showing
an increase from 40 to 80, and brinjal 65 to 75
percent. Chilli maintained the initial seed quality
with minimum variation. In cucurbitaceous
vegetables, ashgourd, bottlegourd and
roundgourd (tinda), the initial germination was
poor (40-60%), however, in ashgourd and
bottlegourd the germination increased to almost
100 per cent during first monitoring interval and
continued to maintain it by second and third
monitoring intervals. But in muskmelon and
watermelon the poor seed quality at the start of
seed storage decreased further (Fig. 1f). Among
cole crops, cabbage and radish maintained their
seed quality near to their original values,
whereas, in turnip, which had poor initial seed
germination, germination was completely lost
during storage. Spinach maintained the seed
quality near to its original value, whereas, okra,
which had initial seed germination only 60 per
cent, recorded a slight increase during third
monitoring interval. Among seed spices fenugreek
maintained the seed quality, near to its initial
value, whereas, coriander showed a steep increase
during second monitoring, followed by a drop
during third monitoring. Therefore, among
vegetables, except for sugarbeet and the melons,
most of the vegetables maintained the seed
quality around initial values with an initial
increase in some cases (Fig. 1f).
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Variation in seed quality (seed germination) among

crop §roups
Among Crop groups, in totality, millet crops
maintained the seed quality near to their initial
germimtion values with an exception of a few
accessions. In cereals, most Crops maintained the
initial seed quality, except for barley. Grain
Jegumes depicted better storability, recorded an
increase in germination during the initial
monitoring. Among oilseeds, the variability in
seed quality between different crops was less than
that of other groups. Soybean, recorded decreased
seed germination during storage. The fibre crops
depicted an increase from initial seed germination
that was maintained subsequently. Most vegetable
crops except for sugar beet and the melons
maintained the seed quality around initial
germination values (Fig. 2). In all the crops, the
accessions stored with poor initial seed quality
(germination %) than the recommended standard
values, recorded further deterioration in seed
quality. However, in most grain legumes, seeds
stored with higher moisture contents (8-11%)
were able to maintain their seed quality up to
four years of study period.

DISCUSSIONS

The study was conducted to explore the feasibility
of long-term storage of orthodox seeds under
natural low temperature conditions in the
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Fig.2. Seed quality among various crop groups stored under
natural sub-zero temperatures at Khardung La
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Himalayan region, to facilitate cost-effective
conservation of plant genetic resources. The
critical appraisal of meteorological data (Table 1)
indicated that Khardung La pass situated at the
height of 18,338’ on a way to Siachin glacier is
the most appropriate place with sub-zero
temperatures (-32° to -0.8°C) during most part
of the year, with mean temperature of ~6°C.

Monitoring of the seed quality (Germination
%) in 47 different crops, belonging to both
agriculture and horticulture crop groups, stored
under the natural low temperatures, prevailing
at Khardung La, at three periodic intervals during
storage, starting from 1 year, 2 years and 4 years
from start of seed storage, registered various
trends in maintaining the seed quality between
the accessions of the same crop species. This
could either be because of the genotypic
differences among accessions or due to differences
in physiological maturity of the seed materials,
at the start of the seed storage. Further, the
monitoring results indicated that differences
between the crops of a group and between the
crop groups in the maintenance of seed
germination were not significantly high alike

' those of between accessions. Thus, suggesting that
most crop species are able to maintain the seed

quality near to their initial values. The results
were similar to those of the seed material stored
under artificial low temperature conditions of
-20°C in refrigerated chambers or cold storage
vaults. Thereby, suggesting that in general all the
crops could be stored under the natural low
temperature conditions (permafrost) of Himalayan
Region with similar level of success. However,
differences may occur, mostly due to the

differences in quality of seed samples at the start
of seed storage.

Among various crop groups, the millets
depicted most consistent trend in maintaining the
seed quality, very near to their original values
(Table 2). Minor variations observed in case of
finger millets and barnyard millets in a few
accessions, need further investigation. Following
millets, the oilseed crops depicted consistent
results, except soybean; other crops maintained
seed quality closer to their original values. Castor,
in fact showed a sharp increase in the
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germination, which continued to increase in
ek R R LS subsequent monitoring. This may be because of
- variations in the physiological maturity of the
:%. " seeds. On the other hand, soybean, which is
=l e S{®REe NERAR R known as poor seed storer (Genotypic variations
S|E have been reported), registered loss in seed
5 g germination during storage, because of the
E |Elag®2wevonmod delicate seed coat. In cereals, m(?st crops
S-S e A maintained the seed quality near to their original
values, except in barley. Alike oilseed crops,
: most grain legumes maintained seed quality
5@ S0 Ol IS S R R closer to their original values. Some seeds namely,
g greengram registered increase in seed quality
§ R - IR e R R e during the first monitoring inter"val., whclch was
ElE = T TS iy maintained in subsequent monitoring interval.
= E&g This can be attributed to basic differences in
B A s A A e physiological maturity of seeds or due to physical
= i odnde S8 ROT ' dormancy (hard-seeded-ness). Both the fibre crops
have maintained the seed quality, closer to their
original values with a little increase in
52 T e s fal o el (el e germination in the first monitoring interval. Most
= G of the vegetables, irrespective of their association
go ® |x% SEIRy L ey B to groups, such as solanceous, cucurbitaceous,
E 2 |= B e I SRR i T cole crops, tuber crops, including spices depicted
= gﬁg-)/ a co‘nsistent behaviqur i-n .maintaining the seed
g ; b N wS = O C Yoo quality closer to their or1g1na¥ values during the
= four years of seed storage with an exception of
sugarbeet.
To T HIL TR BT, R Rt IR ANOVA analysis of these results based on
Sl mean germination per cent of accessions in each
¥ o 18 el v § crop.sh(.)wed that variation registered during the
3 (s PR T eaBE meme LR £ monitoring are non-significant (Table 2), except
l:a gg & for guar, tomato and coriander. Significant
M E |8lotaNeRaanos® 2 vz.arlatlon in these crops may attribute to the
SR - Bl e PR~ VS T nesi e differences in number of accessions investigated
& representing various crops, causing variation in
: i degrees of freedom in analysis. The other factors
5§ BeXIIB3BITBEN |5 contributing to the significant differences as
IS discussed above may be that poor seed quality
= 95) il o2 LEizpsiugEy. anom '§ at the time of start of seed storage.
| .5«.; in E vt et (O (O CR) 200 SO vt st St iR L :a
=50 2 " . ;
Ll ’ o It is for the first time, data have been
E GlnsRPodoOnse 22 g recorded on quality of seeds, stored under
i g permafrost conditions through the monitoring of
£ seed germination at periodic intervals. Monitoring
2 BH E of seed quality is practiced after an interval of
= g % E % —gé Eo five year in case of active collections and ten
& §§ §T’: > Y b Eoiaﬁ 9l years in case of base collections in any
>, SeSSSEEZE828IE international seed genebank.

; T . S . s ;
Table 1. Temperature and relative humidity at various locations surveyed for identification of site for zero energy based seed conservation 2001
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Table 2. Seed germination at periodic intervals in seed samples of various crops stored at Khardung La during 2001
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Group/ mc  National 1D Alternate 1D Mean germination(%) P value
crop name (%) during monitoring of at 0.05
seed germination
Initial' I I

Cereals

Barley v 1C283459 VKS-SCC-4/4 91 90 9% 91 0.256
Barley r{ 1C283462 VKS-SCC-4/7 94 84 88 88

Barley 7 1C283576 VKS-5CC-4/121 70 56 48 42

Barley 7 1C283590 VKS-5CC-4/135 88 86 73 50

Barley 7 1C283611 VKS-SCC-1/156 100 100 9 98

Maize 9 1C73180 A-Popcorn 96 81 59 40 0.29
Maize 9.9 1C564964 G-11 100 74 66 50

Maize 9 1C564965 Ganga Safed 95 96 92 92

Maize 9 1C564966 PHEM-1 98 96 96 89

Maize 9 IC 564967 Shakthi 61 55 54 22

Maize 9 1C262023 Co-VRS-CM-910 99 100 100 100

Maize 7 1C317315 Hybrid Seed Tech-2324 99 98 9% 98

Oat 9 1C103123 Kent 96 94 88 93 ND
Paddy 9 1C454553 IR-36 70 75 80 68 0.09
Paddy 9 1C374708 IR-64 82 81 92 90

Paddy 9 1C 564968 IBT-6/11 89 82 62 18

Paddy 9 1C388910 Jyothi 95 90 100 97

Paddy 7 1C213663 90 78 54 44

Paddy 7 1C259432 100 100 80 70

Paddy 7 1C259450 94 88 92 87

Paddy 7 1C259458 90 80 82 63

Paddy 7 1C277886 100 98 9% 96
Wheat 9 1C280398 HD-2329 87 82 98 94 0.473
Wheat 9 1C564969 HD-2689 95 92 94 89
Wheat 9 1IC128144 PBW-154 98 96 100 100
Wheat 9 1C309874 PBW-343 88 86 9 68
Wheat 9.9 1C 184868 Sonalika 95 94 100 100
Wheat 9 1C445595 UPr-2338 93 92 9% 94
Pseudocereals
Amaranth 7 1C255419 VDV-55-147 92 96 100 93 0.055
Amaranth 7 1C255428 VDV-5§-5 89 98 100 98
Amaranth 7 1C255446 VDV-55-23 93 92 9 95
Amaranth Y/ 1C255452 VDV-§5-23 90 100 100 94
Amaranth 7 1C255453 VDV-55-30 95 100 100 92
Amaranth 7 1C255481 VDV-55-58 94 96 100 100
Amaranth 7 1C255523 VDV-55-100 95 100 100 98
Amaranth 7 IC255555 VDV-85-132 67 90 By | B2
Amaranth 7 1C255608 VDV-55-185 95 97 . o0 04
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(i:lup/ me National 1D Alternate 1D Mean germination(%) P value
crop name (%) during monitoring of at 0.05
seed germination
Initial' 1 0 m

Millets

Barnyard millet 7 1C283506 VKS-SCC-4/51 98 100 100 100 0.927
Barnyard millet 7 1C283507 VKS-SCC-4/52 94 100 9% 93
Barnyard millet 7 1C283594 VKS-SCC-4/139 62 56 84 90
Barnyard millet 7 1C283610 VKS-SCC-4/155 92 84 86 76

Finger millet 7 1C283557 VKS-SCC-4/102 74 92 92: .59 0.898
Finger millet 7 1C283583 VKS-SCC-4/128 94 92 511 S

Finger millet 7 1C283589 VKS-5CC-4/134 87 86 86 94

Finger millet 7 1C283609 VKS-SCC-4/154 88 88 98 98

Italian millet 7 1C283558 VKS-SCC-4/103 98 96 94 96 0.63
Italian millet 7 1C283592 VKS-SCC-4/137 92 96 90: 91
Pearlmillet 8 1C295945 HHB-50 9% 94 92 86 0.619
Pearlmillet 8 1C295946 HHB-60 90 90 925 ¥ 90
Pearlmillet 6 1C275099 MSSR-001234 93 88 84 94
Prosomillet 6 1C283520 VKS-S5CC-47/65 98 100 98. 1 96 0.16
Prosomillet 6 1C283539 VKS-SCC-47/84 98 100 93 94

Sorghum 10 I1C564970 N-35-1 88 86 90 94 0.605
Sorghum 6 1C262003 85 96 100 90
Sorghum 1C275092 MSSR-001236 98 96 100 98

Grain legumes

Blackgram 7 1C548282 LBG-623 92 100 96 86 0.664
Blackgram 7 1€73623 T-9 95 90 100 96

Cowpea 8 1C305230 Pusa Sukomal 87 89 96 88 ND
Gardenpea 8.2 1C564971 Palam Priya 93 90 100 100 0.224
Gardenpea 8.2 1C564972 AP-1 84 78 94 94
Greengram 8.6 1C296167 K-851 99 100 98 99 ND
Greengram 8.6 1C73536 SML-32 94 94 98 94
Guar 8.5 I1C564973 G-1 98 100 92 98 0.031%
Guar 8.5 1C296189 PNB 93 100 92, .98

Guar 8 1C564974 RGC-93 99 98 94 94

Lentil 9.6 1C560208 K-75 93 94 100 100  0.537
Lentil 9.6 1C564975 Sapna 94 88 94 92

Pea 8 1C405262 Aparna 93 88 100 94 0.864
Pea 8 1C28061 Arkel 90 63 62 66
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E:w}: mc  National 1D Alternate 1D Mean germination(%) P value
crop name (%) during monitoring of at 0.05
seed germination
Initial' I moom
Okra 9 1C399651 Varsha Uphar 74 94 76 41
Okra 6 EC30669 79 80 92 86
Okra 5 IC311297 73 86 88 90
QOkra 6 1C329420 70 66 94 94
Spinach 8 1C564998 48-16A 87 94 92 89 0.546
Spinach 8 1C564999 Al 95 90 96 97
Spinach 8 IC 565000 BDJ-140 75 84 88 92
Carrot 4 IC361101 Nantes 49 38 60 62 ND
Beetroot 7.6 IC565001 DDR 88 98 88 82 ND
Sugarbeet 7.6 I1C565002 RK 64 58 32 0 ND
Coriander 5 IC311276 51 50 92 8  0.047°
Coriander 725 IC565003 PD-1 54 54 59 55
Coriander 75 1C565004 PH-1 81 83 80 78
Kasuri Methi 6 I1C57668 88 94 96 98 0.49
Kasuri Methi 6 1C67140 97 98 100 98

1. Seed germination at the start of seed storage; 2. Significant at P = 0.05; ND = Not determined; 3. Arranged group-wise

To understand the role of seed quality and
seed moisture content in storage of seeds under
such natural low temperature conditions, those
seed samples in certain crops stored with poor
initial seed quality (Germination) and higher
moisture contents, continued to deteriorate
further, resulting in complete loss of seed
germination, thereby, suggesting that the initial
quality of the seed and following of genebank
standard (IBPGR, 1994) is very important for
long-term storage of seed. However, the seed
with relatively low moisture content (3 to 7%;
IBPGR 1994), did not show further decrease in
seed germination, suggesting a role of seed
moisture content during the study period of four
years. These results clearly suggests that the seed
material of diverse crop species can easily be
stored for longer duration under natural low
temperature conditions, provided sound, healthy,
physiologically mature quality seeds are sampled
for storage to facilitate long-term conservation of
plant genetic resources.
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