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Effects of Seed Storage Periods on Electrical Conductivity
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This study was carried out to determine the effects of seed
storage at + 4 °C for 8, 20, 32 and 44 months on electrical
conductivity of seed leakage, germination and field emergence
percentages in common bean (Phaseolus vulgaris L.). The
seeds of common bean cvs Karacasehir-90, Sahin-90 and
Yunus-90 were used in present investigation. Field experi-
ments were conducted under three diverse environmental
conditions (E1, E2 and E3) for soil texture, seedbed moisture
content at sowing time, soil and air temperature during the
seedling emergence and also total rainfall at pre- and post-
sowing periods in Samsun and Sinop provinces, Turkey, in year
2004. In addition, germination speed (GS) and germination
power percentage (GP), the length of seedling emergence
periods (SEP) and electrical conductivity (EC) of seed leakage
were determined. Environments showed significant differ-
ences for field emergence (FE) (p < 0.05) and SEP (p < 0.01).
In E1, unfavourable environmental conditions at the germi-
nation and seedling emergence stage significantly reduced
FE percentage (60.11 %) and extended SEP (14.07 d), when
compared with E2 (81.00 % and 8.64 d) and E3 (61.78 %
and 8.36 d). Bean cultivars were not different in terms of GS,
GP and the length of SEP, while they were different for FE
and EC values. GS, GP, FE and EC ranged from 89.69-94.06
%, 91.88-96.56 %, 63.12-72.12 %, 26.72-36.42 µS cm-1 g-1

among cultivars, respectively. GS, GP, FE, EC and SEP were
affected by the storage periods. Lower GS, GP and FE (p <
0.01) were determined in seeds stored for 44 months than
that in the others due to reduction in seed viability with the
extending time of storage. In addition, seed storage of 44
months had the longest SEP and highest EC values. Strong
relationships were found between EC and GS (r = -0.9316**),
EC and GP (r = -0.9186**), EC and FE (r = -0.7660**).
Study results showed that common bean seeds could be stored
safely at + 4 °C up to 32 months without a significant reduction
occurred in their viability.

Key Words: Common bean, Phaseolus vulgaris, Storage
period, Electrical conductivity, Environmental conditions,
Germination speed, Germination power, Field emergence.



INTRODUCTION

The first step for the successful crop production is to use high yielded
and quality seeds. Changes in seed quality have important effects on emer-
gence and seedling and plant development1. Timing of emergence often
determines whether a plant competes successfully with its neighbors, is
consumed by herbivores, infected with diseases and whether it flowers,
reproduces and matures properly by the end of the growing season2. Vigor
may be reduced by damage to the embryo or seed coat during harvesting
and processing. Other factors affecting vigor include environment and
nutrition of the parent plant, stage of maturity at harvest, seed size, senes-
cence caused by long storage and pathogens3. Seeds of many species of
legumes are capable of retaining germinability for many years in storage4.
However, seeds should be stored in a favourable storage conditions to mini-
mize the loss of viability throughout storage period. Adequate storage is a
significant agricultural problem because of the need to maintain seed
viability and vigor5, particularly in tropical regions with a high humidity6.
The time of storage, type of seed stored and storage environment (tempera-
ture, relative humidity and oxygen levels) influence seed vigor7. Symptoms of
vigor loss are reductions in germination rate and uniformity, reductions in
tolerance to environmental stress and inferior seedling emergence and
growth8.

Many researchers have reported significant correlation coefficients
between field emergence and standard laboratory germination tests, but
they have also reported inconsistencies and difficulties with the prediction
of field emergence. Germination test results can be used to compare the
quality of different seed lots9. The germination percentage indicates the
potential of a seed lot to establish seedlings under good field conditions3.
High germinating seed lots with low electrolyte leakage are considered to
be high in vigor and better able to withstand stressful conditions10.

When seeds aged, the seed membrane becomes more permeable, so
many substances in seeds such as sugars, free amino acids, organic acids
and various elements leach out in the presence of water. The concentration
of leakages is normally measured either by the electrical conductivity or
by chemical methods11. The conductivity test has been developed into a
routine vigor test to predict field emergence of garden pea (Pisum sativum L.)
and is also used for soybean, French bean (Phaseolus vulgaris L.), mung
bean (Phaseolus aureus Roxb) and field bean12.

The objective of this work was to determine the effects of seed storage
at + 4 °C constant temperature for 8, 20, 32 and 44 months on electrical
conductivity of seed leakage, laboratory germination, field emergence
percentage and the length of seedling emergence period in common bean
(Phaseolus vulgaris L.) cvs Karacasehir-90, Sahin-90 and Yunus-90.
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EXPERIMENTAL

Seeds of common bean (Phaseolus vulgaris L.) cvs Karacasehir-90,
Sahin-90 and Yunus-90 stored at + 4 °C constant temperature for 8, 20, 32
and 44 months in darkness within the airtight polyethylene bags to prevent
moisture absorption were used in the study. Cold storage depot of Faculty of
Agriculture, University of Ondokuz Mayis was used to store experimental
seed materials.

Experiments were separated into two main parts as field and laboratory
experiments. Field emergence (FE) experiments were carried out under
three diverse environmental conditions differing in soil texture, seedbed
moisture content at sowing time, soil and air temperature during the seedling
emergence and also total rainfall at pre- and post-sowing periods. Each
one of the field experiment sites was assumed as a different environment
(E1, E2 and E3) from another one because of the differences in soil and air
conditions. Sowing of field experiments were performed on May 14 in E1,
May 24 in E2 and June 29 in E3 in 2004. Soil moisture content at the depth
of sowing was excessive and temperature of seedbed was lower than that
for optimum seedling emergence through 20 d after sowing in E1. On the
contrary, seedbed physical conditions and temperature were optimum for
germination and seedling emergence in E2. Soil texture in both E1 and E2
were clayey and clayey-loam in E3. Two of field trials in E1 and E2 was
carried out in Samsun province (41° 17' N, 36° 19' E, 120 m asl) of Turkey,
while the third one in E3 was set in Sinop (42° 12' N, 35° 9' E, 18 m asl)
province.

Field emergence experiments were arranged in a split plot design in
randomized complete blocks with 3 replications. Bean cultivars were
allocated to main plots and storage periods to subplots. Seeds were sown
in 3-4 cm soil depth by hand in 2 row plots, 25 seeds for each of them, with
0.5 m between the rows and 0.10 m between plants on the same row. Field
emergence was recorded as the percentage of seedling emerged from the
soil at the end of the 15th d after sowing.

Laboratory experiments were containing germination and electrical
conductivity tests. Germination speed (GS) and germination power (GP)
were determined at the end of the 5 and 9th days by counting the number of
normal seedling13. The electrolytes leaking from bean seeds, stored at + 4 °C
for different periods, into the seed soaking water were measured at the end of
the 24 h using the electrical conductivity meter according to Hampton et al.14.

Data on germination and electrical conductivity tests were subjected
to an analysis of variance according to completely randomized plots.
Statistical analyses were performed using MSTATC programme. Duncan's
multiple comparison procedure was used for comparison of means showing
statistical significance.
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RESULTS AND DISCUSSION

Germination speed and power percentages of seeds stored at + 4 ºC for
different periods in common bean are presented in Table-1.

TABLE-1 
GERMINATION SPEED AND GERMINATION POWER PERCENTAGES 
(%) OF COMMON BEAN SEEDS STORED FOR DIFFERENT PERIODS 

Storage periods (months)  
Cultivars 

8 20 32 44 Mean 

Karacasehir-90 098.75a** 098.75a 100.00a 73.75c 92.81 
Sahin-90 095.00ab 100.00a 096.25ab 85.00bc 94.06 

Germination 
speed (%) 

Yunus-90 100.00a 098.75a 100.00a 60.00d 89.69 
 Mean 097.92a** 099.17a 098.75a 72.92b – 

Karacasehir-90 100.00a** 100.00a 100.00a 73.75b 93.44 
Sahin-90 097.50a 100.00a 096.25a 92.50a 96.56 

Germination 
power (%) 

Yunus-90 100.00a 100.00a 100.00a 67.50b 91.88 
 Mean 099.17a** 100.00a 098.75a 77.92b – 

**Significant at 0.01 level, means of cultivars and storage periods followed by 
the same letters within the same column or same row are not significantly 
different according to Duncan’s multiple range test. 

Laboratory germination test results revealed that bean cultivars were
not differed for GS and GP. GS varied between 89.69 % in Yunus-90 and
94.06 % in Sahin-90, while GP were 91.88 % in Yunus-90 and 96.56 % in
Sahin-90 (Table-1).

GS and GP percentages were not affected by storage periods until
32 months, but storage of seeds for 44 months reduced both GS and GP
(p < 0.01) (Fig. 1). Pandita and Nagarajan15 determined that germination
percentage reduced from 97.5 to 87.0 % as the aging process progressed
from 8 to 32 months in Arkel and Bonneville garden pea cultivars. Cultivar
× storage period interaction for GS and GP was highly significant (p <
0.01). The lowest GS and GP were found when seeds of Yunus-90 cv. stored
for 44 months (Table-1).

Environments showed significant differences (p < 0.05) regarding field
emergence percentages. The percentages of emerged seedlings in E2 (81.00 %)
were higher than that in E1 (60.11 %) and E3 (61.78 %). A significant (p <
0.05) interaction was found between environment and cultivar, environ-
ment and storage period in terms of field emergence (not shown in Tables).

Seeds with low viable can be able to germinate under favourable con-
dition, but all of them can’t be able to emerge from the soil16. In the present
study, bean cultivars differed for field emergence percentages (p < 0.05)
(Table-2). The lowest field emergence (63.12 %) was determined in Sahin-90
among cultivars. Although bean cultivars showed high performance for
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Fig. 1. Changes in germination speed, germination power and field emergence
percentages depending on seed storage periods in common bean

TABLE-2 
FIELD EMERGENCE PERCENTAGES (%) OF COMMON BEAN  

SEEDS STORED FOR DIFFERENT PERIODS 

Storage periods (months) 
Cultivars 

8 20 32 44 
Mean 

Karacasehir-90 85.32 78.24 83.56 41.32 72.12a* 
Sahin-90 72.00 76.00 69.32 35.12 63.12b 
Yunus-90 73.32 87.56 80.88 28.88 67.68ab 
Mean 76.88a** 80.60a 77.92a 35.11b     – 

*Significant at 0.05 level; **Significant at 0.01 level, means of cultivars and 
storage periods followed by the same letters within the same column or same 
row are not significantly different according to Duncan’s multiple range test. 

GS and GP (89.69 % and over) under favourable laboratory conditions
(Table-1), they didn't give the same performance under field conditions
due to uncontrolled environmental factors causing negative effects on seed
germination and seedling emergence. Scully and Waines17 reported that
seed germination and emergence were affected by soil temperature and
optimum soil temperature for germination was 20-30 °C for common bean.
Germination percentages of 39 bean seed samples at 10 °C were found18

below 60 %.
The effects of seed storage periods on field emergence were found

significant (p < 0.01). Field emergence percentages determined for 8, 20
and 32 months stored seeds (76.88, 80.60 and 77.92 %, respectively) were
not statistically different, but very high reductions occurred in field emer-
gence when seeds stored for 44 months (35.11 %) (Table-2, Fig. 1).
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The length of seedling emergence period (SEP) determined in E1 (14.07 d)
was longer (p < 0.01) when compared with E2 (8.64 d) and E3 (8.36 d)
because of unfavourable environmental factors mentioned above at the seedling
emergence period. Interactions between environment and cultivar, environ-
ment and storage period regarding the length of SEP were significant (p <
0.05) (not shown in Tables).

No significant differences were found among common bean cultivars
in terms of SEPs. SEP of common bean cultivars varied between 10.17 d in
Yunus-90 and 10.49 d in Sahin-90 (Table-3). Emergence period has been
found 8 to 9 d in common bean under Samsun ecological conditions by
Zeytun and Gulumser19. Cortelazzo et al.6 determined that germination
began 24 h later in seeds stored at 8 °C for 12 years and reached 86.8 %,
which wasn't significantly different from that of fresh beans (96.0 %).

TABLE-3 
THE LENGTH OF SEEDLING EMERGENCE PERIODS (DAYS) 

DETERMINED FOR SEEDS OF COMMON BEAN  
STORED FOR DIFFERENT PERIODS 

Storage periods (months) 
 Cultivars 

8 20 32 44 
Mean 

Karacasehir-90 010.00 010.00 10.11 11.56 10.42 
Sahin-90 009.78 009.89 10.33 11.94 10.49 
Yunus-90 009.89 009.44 10.00 11.33 10.17 
Mean 009.89b** 009.78b 10.15b 11.61a – 

*Significant at 0.01 level, means of cultivars and storage periods followed by 
the same letters within the same column or same row are not significantly 
different according to Duncan’s multiple range test. 

The length of SEPs wasn't different for seeds stored up to 32 months,
while it was longer in seeds stored for 44 months due to their reduced
viability (Tables 1 and 2) and increased electrical conductivity values (Table-4).
These results were in agreement with Peksen et al.20 stated that days to
emergence prolonged with increases in electrical conductivity values in
garden pea.

Changes in electrical conductivity values depending on cultivars and
seed storage periods are given in Table-4. Electrical conductivity values
showed significant differences (p < 0.01) among bean cultivars and varied
between 26.72 µS cm-1 g-1 in Sahin-90 and 36.42 µS cm-1 g-1 in Karacasehir-
90. Although, the effects of seed storage for 8, 20 and 32 months on elec-
trical conductivity were not different, electrical conductivity values deter-
mined for 44 months stored seeds were two times higher (p < 0.01) than
that for the other storage periods. Cultivar × storage period interaction was
found highly significant (p < 0.01) (Table-4).
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TABLE-4 
ELECTRICAL CONDUCTIVITY (µS cm-1 g-1) OF COMMON BEAN SEEDS  

STORED FOR DIFFERENT PERIODS 

Storage periods (months) 
Cultivars 

8 20 32 44 
Mean 

Karacasehir-90 30.56cde** 032.19cd 033.22cd 49.72b 36.42a** 
Sahin-90 26.28cde 024.67cde 021.15de 34.77c 26.72b 
Yunus-90 18.47e 024.08cde 022.68cde 66.17a 32.85a 
Mean 25.10b** 026.98b 025.68b 50.22a  
**Significant at 0.01 level, means of cultivars and storage periods followed by 
the same letters within the same column or same row are not significantly 
different according to Duncan’s multiple range test. 

Fig. 2 clearly shows that there were no significant changes regarding
germination power, field emergence and electrical conductivity when seeds
were stored up to 32 months. However, significant increases in electrical
conductivity values and reductions in germination power and field emer-
gence percentages occurred in seeds stored for 44 months with decreasing
seed viability.
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Fig. 2. Changes occurred in germination power (GP), field emergence (FE)
percentages and electrical conductivity (EC) values with seed storage
periods over means of all genotypes

Kolasinska et al.18 found that the electrical conductivity of 39 bean
samples ranged from 7 to 45 µS cm-1 g-1 and the conductivity test could be
used to predict seedling emergence in the field irrespective of soil tem-
perature at sowing. Powell and Matthews21 informed that a decline in seed
vigor of pea, 13 seed lots from six cultivars of peas from commercial ware-
houses following up to two years storage, was indicated by an increase in
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the leaching of electrolytes from the seeds and reduced vital staining with
increased time in storage, although viability was still maintained at a level
above the minimum standard (80 %). However, the decline in vigor of the
seed lots in the warehouses did not occur at the same rate. The present
results are in agreement with the results of Powell and Matthews21 and also
Pandita and Nagarajan15 stated that electrical conductivity values of pea
seeds increased from 16.7 to 24.3 µS cm-1 g-1 with the extension of seed
ageing from 8 to 32 months.

Deterioration and loss of seed viability may occur as a result of seed
aging. Following ageing, chromatid-type aberrations (in particular single
fragments) were most frequently observed in the surviving seeds of both
pea cultivars and landraces22. Adebisi and Ajala23 determined that both the
storage periods and genotypes had highly significant effects on germination
percentage and seedling vigor in soybean. After two months storage, a
decline occurred in germination percentage of NARC 2 soybean cultivar's
seeds with high (9.8 %) and medium (7.7 %) moisture content at all tem-
peratures (-20, 5, 25, 37 and 50 °C). There were no viable seed after two
months storage at 37 °C in all moisture levels24. It was reported that the
rate of seed deterioration increased with the increase in storage tempera-
ture and storage period in garden pea. Varietals differences were observed
among pea varieties for seed deterioration by Shakeel et al.25.

Electrical conductivity values determined in the present study were
negatively and highly significantly related to GS (r = -0.9316**), GP (r =
-0.9186**) and FE (r = -0.7660**). In some preceding studies on food
legumes, close relationships were found between electrical conductivity
of seed leakage and germination or field emergence percentages. A nega-
tive and strong relationship was determined between electrical conductiv-
ity and field emergence in coloured seeded bean cultivars by Balkaya and
Odabas26. Peksen et al.27 found that electrical conductivity was a reliable
test to predict field emergence potential of white seeded cowpea genotypes
under field conditions before sowing. It has been reported that electrical
conductivity values showed negative and highly significant correlation with
laboratory germination and field emergence percentages and also days to
emergence prolonged with increases in electrical conductivity in garden
pea20. The present results are in agreement with Balkaya and Odabas26 and
Peksen et al.20,27, but contrast with Peksen28 stated that electrical conduc-
tivity readings determined at both 24 and 48 h weren't significantly related
to GS, GP and FE percentages in faba bean.

Present study results showed that bean cultivars were not different in
terms of GS, GP and SEP, but FE and EC were affected by both cultivars
and environmental conditions. In addition, it was found that storage periods
had significant effects on all investigated characters.
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From the germination and field experiments, it can be concluded that
common bean seeds could be stored safely at + 4 °C up to 32 months
without a significant reduction occurred in their viability. Use of stored
seeds for 44 months or more periods might be resulted in poor seedling
emergence, lower plant density and also lower seed yield in field condi-
tions due to loss of seed viability through the long storage period.
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