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ABSTRACT

There is no doubt that the viability of the seeds (the vigour and ability of the
seeds to germinate) is one of the necessary factors to obtain a plant density of high
production crops. The viability of the seeds may be adversely affected during storage
by environmental factors, causing the loss of the viability of these seeds. Therefore,
loss of seed viability is one of the problems facing agricultural production that has
received increasing research attention due to the fact that the information on the
causes of loss of seed viability is not yet complete. Thus, this research aimed at
studying the physiological changes during the early germination stage in the seeds
stored for some crops under the uncontrolled environmental conditions (heat and
moisture; open storage), in an attempt to identify the physiological changes associated
with the loss of seed viability during storage. To achieve this, the seeds of wheat-
barley- pearl millet-corn-broad bean were used, which were harvested in different
seasons (2017, 2018), as the seeds stored for a period of two and one of years,
respectively under ambient conditions. 2019 season seeds, they were used as non-
stored seeds for comparison (control). The results obtained can be summarized as
follows:
(A) - Seed viability indices. It was noticed that storing crop seeds used in the study
for several different years had a significant effect on seed germination and resulted in
a delay in root emergence (germination index) and a decrease in the germination
capacity at a decreasing rate with an increase in the length of storage period for all
seeds used in the study. It was found that the indicators of seed quality and vigour
decreased with increasing storage time for all seeds used in the research.
(B)- Seedling growth indices. The results of the fresh and dry weight of both the
epicotyl and the root (at the end of the germination period/120 hours) showed an
inverse proportion to the length of storage period for all seeds used in the research.
Seed storage led to a significant decrease in the percentage of dry weight loss of
germinated seeds (remnants of germinated seeds at the end of the germination period)
at a decreasing rate with increasing storage period. Storage of seeds for several
different years resulted in a significant decrease in the length of both the epicotyl and
the root (during and at the end of the germination period respectively) at a decreasing
rate with the increase in the storage period. It was also noted that the length of the
root was affected to a greater degree relative to the length of the epicotyl.
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(C)- Water uptake and solutes leakage. The stored seeds showed a significant
decrease in water uptake, as this diminishing effect increased and was evident by
increasing the storage time. It was found that the degree of electrical conductivity
(EC) of the leaked solutes from the seeds is inversely proportional to the vitality of
the seeds, as the low vital seeds gave a high electrical conductivity degree and vice
versa, and this was observed in all the seeds used in the study.

The increased quantities of leakage with increasing seed life indicate the occurrence
of membrane damage that limits the leakage of these solutes from the tissues and thus
this leakage leads to weak seedling growth to deplete the metabolites necessary for
growth and leakage out of the seeds. Finally, it is recommended to continue research
with regard to chemical changes related to loss of seed viability during open storage,
which we could not closely study through this research, due to the role that these
changes may play in causing deterioration of seeds during storage and with
knowledge of such changes and with the above. Access to it from physiological
changes can, therefore, reach the best way to preserve the viability of the seeds as

long as possible.
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1. INTRODUCTION

There is no doubt that the vitality
of seeds is one of the necessary factors to
obtain a high plant density for crop
production, but we find that seeds, like
any other organism, cannot maintain
their vitality on a continuous basis and
thus deteriorate and die. It has been
found that this deterioration in the seeds
is adversely affected to a great extent
during seed storage by the prevailing
environmental factors at the time of
storage, especially the temperature and
relative humidity in the atmosphere of
the store, as well as the moisture of the
stored seeds. These factors work together
with other factors (which does not
expand here to mention it) to reduce the
span of seed germination% in the field
and a slow growth of the seedlings

resulting from such seeds with an
increase in their susceptibility to disease
or to environmental factors prevailing in
the field, which is reflected in its
significant impact on the resulting crop
(in terms of quantity and quality) (Al-
Haddad et al. , 1995). Hence, we find
that the survival time of seeds in a live
form as long as possible is one of the
important things that is taken into
account when preparing programs related
to the development, reproduction,
storage and distribution of seeds for
agriculture or other purposes (Simarski
1986). Therefore, the viability of seeds
during storage is one of the problems
facing agricultural production that has
received increasing research attention.
However, the information on the reasons
leading to loss of seed viability during
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storage is still not fully detailed yet (Al-
Fakhry & Khalaf, 1983). Accordingly, it
IS necessary to understand this process
(loss of seed viability) in order to provide
appropriate conditions that in turn reduce
the occurrence of deterioration in seed
viability during storage or at least the
safe storage conditions for seeds. In a
study conducted by Anderson (1970) on
grains of one of the types of barley
(Hordeum vulgare L.), observed slight
differences (0-6%) in the germination
rate of grains as well as the average
embryonic axis length (mesocotyl) in the
case of seedlings produced from grains.
Gody et al. (1974) showed that the
germination rate of soybean seeds and
also the seedling growth strength of
seeds obtained from seeds stored at 25°C
and 85% relative humidity decreased
continuously ~ with  increasing  seed
storage period. Thiesen et al. (1977)
demonstrated in their experiments with
the grains of a stored barley species, the
dry weight loss of stored seeds was
largely dependent on the temperature,
reaching 0.5% in the case of grains that
were stored at a temperature of 5-15°C
for 9 months, but when storing the grains
either at 15-30°C for 9 months or at a
temperature of 20-45°C for a period of 3
months, the percentage of dry weight
loss reached 1%. EL-Bagoury et al.
(1980) conducted a study on the seeds of
some cultivars of soybean (cvs. Clark
and Boiasser) in terms of their response
to conditions and storage period (10 or
25°C for a period of 1-12 months). The
fresh or dry weight of the seedlings
produced from the seeds, were
significantly reduced by increasing both
temperature and storage period. Ghosh et
al. (1981) indicated that the germination

rate of grains of one of the types of rice
(Oryza sativa L.) and the seedling
growth force obtained from it (root and
epicotyl length) gradually decreased with
increasing grains storage period at 28°C.
Alizaga et al. (1987) reported that the
percentage of soybean seed germination
and the length of the epicotyl of the
developing seedlings were significantly
reduced when the seeds were stored at
16% moisture content at 30°C. Rocha
(1989) found that the germination
velocity and growth vigor of seedlings
produced from soybean seeds with a
moisture content of 12% and stored at a
temperature of 26°C and 80% relative
humidity, duration of 18 months, both
decreased with increasing seed storage
time. Ferguson et al. (1990) studied the
effect of storage conditions on
germination and growth strength of
soybean seed seedlings, and found
through their study that there was a
significant decrease in these traits after
storing seeds for 10 months at a
temperature of 25°C and seed moisture
content of 11.5%. Arulnandhy and
Senanavake (1991) showed that there is a
sharp decline in the viability of soybean
seeds (germination percentage and
seedling growth strength) stored at 16—
38°C and 73.2% RH for 9 months. Nath
et al. (1991) found that storing the grain
of one of the wheat species (Triticum
aestivum L.) at a temperature of 40°C
and a relative humidity of 100% resulted
in an apparent decrease in the viability of
the grains (germination rate and seedling
growth strength). Bharat et al. (1993)
indicated that the germination rate of
soybean seeds stored at 16-35°C and 40-
85% RH for 10 months was lower (48%)
than in the case of non-stored seeds
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(84%). Hallion (1975) stated that the
concentration of both sodium (Na) and
potassium (K) in the soaked water of
stored cotton seeds was increased by
increasing the seed storage time. Parrish
and Leopold (1978) showed that storing
soybean seeds at 40°C and 100% RH
resulted in increased solubility from the
seeds when soaked in water for 6 hours,
with a dry weight loss of 10% and a
decrease in the water absorption rate of
the seeds. Ray and Gupta (1979)
indicated that the degree of electrical
conductivity is (EC) for the water in
which the rice grains were soaked, as
well as the total nitrogen and reducing
sugars concentration, was increased by
increasing the storage time of these seeds
up to 18 months at 30°C. Leopold (1980)
showed that degraded soybean seeds
when soaked in water, the concentration
of soluble leaks from these seeds was 5
times higher than that of live seeds.
Rocha (1989) reported that soybean
seeds with a moisture content of 12, 10,
8, 6% and stored at a temperature of
26°C and 80% relative humidity for 18
months when soaked in water, the rate at
which they absorbed water was much
lower than that of the unstored
counterpart. Whereas, the EC value and
the concentration of reducing sugars
were higher than in the case of unstored

2. MATERIALS AND METHODS

The study was conducted in the
laboratories of the Department of
Botany, Faculty of Science, Sebha

In this research, five types of
seeds (or grains) belonging to five
different crops were used, namely:
barley — pearl millet - wheat - corn -
broad bean (Table 1) shows an

seeds. Vyas et al. (1990) studied the
relationship between germination rate of
stored soybean seeds (for 18 months at
30°C and 80% relative humidity) and the
rate of soluble excretion from these
seeds, and found that there is an apparent
decrease in the germination% of soybean
seeds stored under the previous
conditions and with the correlation of
this deficiency with an increase in the
concentration of soluble escapes from
these seeds compared to their non-stored
counterpart. Thus, this research aimed at
studying the physiological changes that
occur during the early stages of the
germination process for several types of
seeds (or grains stored for several
different crop years, as an attempt to find
out some of the physiological changes
associated with the occurrence of a loss
in seed viability during storage. Seeds
and grains that are not stored and stored
for different periods of time have been
used for some crops of high economic
importance, which are grown in large
areas in the Sebha area, in addition to the
continuous increase in the need for them
at the present time, which calls for
storing the surplus from then on its use in
different aspects of life, especially in the
field of production. The crops whose
seeds (or grains) were used are: wheat-
barley-corn—pearl millet-broad bean.

University, Libya during the period of
10-27/11/2019-as follows:

Plant materials.

definition of the crops to which the
seeds used in the study. These seeds
were obtained from the Agricultural
Research Center in Sebha for 2017,
2018 and 2019 seasons. The seeds of
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2017 and 2018 were stored two or one
year, respectively by the center in
sacks of Jute under ambient conditions
(open storage, was that is, without
control of temperature and humidity
(limited only to the temperature and
relative humidity prevailing in the
Sabha area during the storage period),
i.e., in summer, temperature was 40-
45°C and relative humiditity (RH%)
was 17-25 %, while in winter,

temperature was 17-28°C and RH%
was 53-34. The seeds of 2019 season
were used as a control i.e., non-stored
seeds. The seeds of the three seasons
were obtained from the center in the
fall of 2019 season. The seeds shown
in Table (2), taking into account that
the seed storage period is represented
by the crop years used in the study.
Notably, the agricultural definition of
seeds

Table 1. The identification of used crops in the study

Crop Local name I% tclﬁ';clj. Family name Scientific name

Barley Alshyair Riyhan Poaceae (Graminae)  Hordeum vulgare L.
Pearl millet Albashnah - Poaceae (Graminae) Pennisetum glaucum L.

Wheat Alkamh  Al- Khorysy Poaceae (Graminae)  Triticum aestivum L.
Maize (corn) Alsybool - Poaceae (Graminae) Zea mays L
(E'l;)c;asgl 2222) Apl\tlagfaudly (LeZ?Jb;iCr?gzae) Vicia faba L.

Table 2. Crop years, area of seed acquisition, location and nature of the torage

Area of seed

The location and nature of

Crop acquisition Crop year the storage

Barley Sabha YAV Y YA Y14 azxf?ﬂguggé;al Research

Wheat s v S A R
Maize (corn) Sebhac YOIV Y VA YN gee?::ré%ﬁt?g;égl Research
Broad bean Sebha YTV Yo YA Y14 Sebha Agricultural Research

(Horse bean)

Center — jute bags

will be used in the writing of the research
and limited to it as the plant part used in
the reproduction of sexual plants in order
to avoid the intervention with the
botanical definition which differentiates
what between the seeds used in the case

of municipal beans and grains in the case
of barley, wheat, pearl millet and corn, as
well as for the case of displaying the data
and to prevent any error when talking
about both of them.
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Seed viability indices.

1 -Germination test.

The Petri dish method was used to
perform the seed germination test
suggested by the International Seed Test
Organization (ISTA, 1966) as follows:
The seeds used in the study (250 seeds
from each crop year/crop) were chosen
so that they were similar in size and free
from any apparent damage that could be
seen with the naked eye. The seeds were
surface disinfected by soaking them for
30 seconds in Benlate fungicide
{Methyl-(butyl carbamoyl) -2-
benzimidazole  carbamate} at a
concentration of 0.3% (3 grams/liter
distilled water). After treatment, the
seeds are washed with distilled water
several times in order to get rid of the
remnants of the fungal disinfectant from
the surface of the seeds. The seeds were
distributed  after  treatment  with
disinfectant on five petri dishes (plastic
and sterilized, and each dish has three
pieces of filter paper, sterilized and
impregnated with distilled water to plant
the seeds on them). So that each dish
2 -Seed quality index (QI).

contains fifty seeds that are distributed
regularly inside the dish (to prevent
crowding the seeds on one side of the
dish, which affects the efficiency of the
test), and consider each petri dish as one
replicate.  After planting the seeds in
petri dishes and covering each dish with
its own cover (to reduce the speed of
water evaporation during germination),
the dishes were placed with the seeds in
the incubator with the appropriate
temperature set for germination of each
type of seed used in the study, namely:
barley (20°C) — pearl millet (27°C)
wheat (20°C) - corn (27°C) - broad bean
(20°C). The seeds were left at the
appropriate temperatures for germination
for a period of 120 hours, during which
the percentage of germination was
calculated during the time periods: 24,
48, 72, 96, 120, hours of sowing. Taking
into account that the emergence of the
root and its visibility with the naked eye
was used as a criterion for seed
germination.

This evidence is useful for knowing which of the tested seeds gave the highest
germination rate in the first time periods of the germination test, and was calculated
according to the following equation suggested by ISTA (1966):

QI=Ni/>Ti Where:

N = number of germinated seeds during the time period (i). T = Number of days (in

hours) of sowing

- Seed vigour index (VI).

This evidence is useful for knowing
which of the tested seeds give strong
seedlings for growth and was
calculated according to the following
equation suggested by Abdul-Baki and
Anderson (1973):

v
VI=G% x L (E+R) Where:

G% = the percentage of germination at
the end of the germination test period.
L (E+R) = length of both the epicotyl
axis and the root (cm) at the end of
germination test.
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4- Seedling growth measurements.

Samples were taken to measure seedling
growth parameters 48, 72, 96 and 120
hours after sowing seeds, and each time
10 seedlings were taken from each repeat

for each crop year, and then they were
separated into two parts:- the epicotyl
axis and a root (in addition to the rest of
the germinated seeds).

The following measurements were recorded on the previous parts:

1-Length of both epicotyl and root.

The length of the epicotyl was done by
measuring 10 axes in each of the
aforementioned time periods, then taking
the average. As for the original root

length, it was only measured after 120
hours from the seeds sowing and also
according to the average length of ten
roots.

2- Fresh and dry weights of epicotyl, root and germinated seeds.

Where the fresh and dry weight of ten
epicotyl axes, roots and germinated seeds
(germinating seed  residues)  were
estimated from each replication for each
crop year, after only 120 hours of sowing
the seeds. The fresh weight was
estimated immediately after sampling.
The samples were then dried in a drying

oven at a temperature of 70°C/48 hours
to calculate their dry weight. As for the
remnants of germinated seeds after 120
hours of sowing the seeds, the percentage
of dry weight loss was calculated,
expressed on the basis of the fresh
weight (air-dried) of these seeds before
sowing (0-time).

3- Seed imbibition: water uptake and solutes leakage measurements.

For this experiment, 150 seeds were
selected from each crop year (with the
exception of the pearl millet crop, where
600 seeds were taken from each crop
year) so that the seeds were similar in
size and free from any visible damage to
the naked eye, and noting that this
number of seeds was done. Repeat it
with each time period during the duration
of the experiment (which is one hour of
duration is 5 hours). These seeds were
distributed in three replicates for each
crop year, then the weight of each
duplicate (50 seeds for each crop or 200
in the case of pearl millet) and these

weights were considered as
representative of the weight of the seeds
before they were placed in the water for
imbibition (F1). Each refined seed was
placed in a 150 ml glass beaker
containing 50 ml distilled water, and
each beaker was covered with aluminum
foil (to prevent water evaporation during
the experiment).

After that, the beakers with the seeds
were placed in an incubation at a
constant temperature (the temperature of
seed germination, which was previously
mentioned in the germination test) for a
period of 5 hours.

The following measurements were recorded every hour for 5 hours:

1- Water uptake%o by imbibed seeds.

As this percentage was estimated by
removing the seeds from the water
soaked in it every hour during the

duration of the experiment (5 hours).
This is followed by drying the seeds
directly on filter paper (to remove water
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attached to them overloaded while
imbibing). The seeds were weighed
immediately after drying and the weight
was recorded (F2). Then the percentage
Y-Electerical conductivity (EC).

The EC was measured using an electro-
conductometer model (D8120-Weilheim
(WTW CO., Germany), where the
electrode of the device was dipped
Statistical analysis.

The complete randomized design in this
study, analysis of variance, and
calculation of the lowest significant

3. RESULTS AND DISCUSSION

I-Seed viability indices.

1- Germination%o.

The results recorded in Table (3) show
that the germination% increased
gradually with the increase of the period
of germination and that for all crop years
for all crops to which the seeds used in
the study (stored and not stored)
belonged. It also appears that during the
period of germination, the highest
germination% was recorded by non-
stored seeds, which is for the year 2019,
compared to the other crop years (2018,
2017) to which all stored seeds belong. It
is also noted from the results that there is
an inverse relationship between the
germination% of stored seeds and the
period of storage, as this percentage
decreases with the increase in seed

of water absorbed (WI) was calculated
by the impregnated seeds as follows:
WI= F2-F1/F1x100

directly into the water soaked in the
seeds every hour during the imbibition
period (5 hours), then the device reading
was recorded in mhos.

difference (LSD) at the 5% significance
level was performed according to what
was reported by Snedecor and Cochran.
(1967).

storage time for all crops whose seeds
were used in the study. This means that
storing the seeds under non-controlled
environmental conditions (open storage)
for different years, it significantly affects
the germination of the seeds, leading to a
slow emergence of the root (germination
evidence in this research) and thus the
decrease of the germination capacity at a
decreasing rate commensurate with the
length of the storage period. It follows
from this that the low germination
percentage in stored (old) seeds indicates
that the seeds lose their viability as they
age. These results are in agreement with
the findings of Teckrony et al. (1993),
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Table 3. Germination% of different crops seeds during different crop years

Crop and crop year

Germination time (h from sowing)

£ 48 VY a1 ‘Y.
Yaora oy, YA, ¢ AY, € NS¢

Barley ARRR) VY, ¢ YE,A 19,1
Yoy vt oYY Lt

LSD(0.05) - - AN Y LN (R

AR 1o,Y ), A ¢ A, A,

Pearl YOAA oY, A a8 9¢,A 15,4 40,
millet XY £5,A 14,1 19,1 1,1
LSD(0.05) V¥ Y, 0. Y40 1,64 VLA

AERK YA av,. g, 40,1

Wheat YOIA YA AR, Y 4,1 ay,Y
YoV v Te,A AE, e AN € 9.,¢

LSD(0.05) - ¥, AY VLY Y AE Y,

Maize (corn) YoV 4 NN YA, ¢ v, AV, Y y,1
YA Y o,A ¥y, Y °),1 oA

Yoy )1 YY,Y £1,A oY, A

LSD(0.05) - ¥,r VoA v, 0 Vet

Broad bean Yord IR YY1 Vo, A ¥, ¢
(Horse bean) YA oYY VY, 1 A AN, ¢
Yoy )Y VY, ¢ ot YA, A

LSD(005) - V,4. €,0 0 Ao Y L,V

Tenne et al. (1980), and EL-Bagoury et al. (1980) and Bharat et al. (1993) on soybean seeds.

Y-Seed vigour and quality indies.

The results shown in Table (4) show that
the quality of seeds (QI) decreased by
increasing the period of storage in all the
different crop years used in the study.
The 2019 harvest for all crops (which

represents non-stored seeds) gave the
highest value in terms of seed quality
compared to the remaining crop years
shown in the previous table. This
indicates that the seeds not stored
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Table 4. Seed quality and seed vigour indices (120 h of seed sowing) for seeds of
different crops during different crop years.

Crop and Seed quality < Seed vigour

crop year index (QI) index (V1)
Y«Vd AQSAA TY¢,9
Barley YA yy,vo YY¥Y,AQ
Yoy oY, YV,\0
LSD(0.05) A oA BAAT
Y.oye YAV, Y'Y ATE, ¥
Pearl YorA YARL: £01,.4
millet Yory 4¥, A0 YAY,A4
LSD(0.05) 1,48 YAV Y
Y.ore Y, VY TAE, €4
Wheat YA Yo, ey oV, Y
Yoy aA,0Y £EA, YA
LSD(0.05) YA £V, Y
Maize (corn) \ERE! Yy, Ae 014,vo
YOAA £4,A1 YIYY
Yoy ¥y, .4 YYY,Ye
LSD(0.05) Y, Y TV, .V
Broad bean \ERR £0,11 oY,
(Horse bean) YOIA £),%0 £0),7¢
Yoy ¥y, .4 ¥YY,of
LSD(0.05) Y,\e YY, .Y

(harvest season 2019) are considered the
best seeds in their quality, while the
seeds of the 2017 crop year in barley,
pearl millet, wheat, corn and broad bean
are among the worst seeds used in terms
of their quality. The previous table also
shows that the seeds not stored for the
2019 harvest season for all crop years
recorded a significant increase in seed
vigour (VI) compared to the other crop
years and that this increase increased
with the length of the seed storage period
for all crops. As the 2017 seeds were also
recorded in barley and pearl millet,
wheat, corn and broad bean are of less
value in terms of seed vigour. It follows
from this that the low quality and vigour
of stored seeds compared to non-stored

seeds indicates the inability of stored
seeds to germinate and give strong
seedlings when they age (increase the
storage period). These results are
consistent with the findings of Abdul-
Baki and Anderson (1973), who
considered that the embryonic axes (the
epicotyl and the root) are the places of
seed vigour in which some metabolic
changes occur and are associated with
the occurrence of a loss in seed vigour
and they suggested that the decrease in
seed vigour is primarily due to a decrease
in the respiratory rate and a deficiency in
the representation of carbohydrates and
proteins, as well as an increase in the rate
of permeability of cellular membranes
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for those substances needed by the
Il -Seedling growth parameters.

1- Length of epicotyl and root.
The changes in the length of both the
epicotyl during the periods of
germination (48, 72, 96, and 120 hours)
and the root (120 hours of germination)
and the incident induce the effect of
loose storage of the seeds used in the
research, shown in Table (5). The results
show that storing seeds for different
periods of time has led to a significant
decrease in the length of the epicotyl by
increasing the storage period, as 2019
seeds of all crops whose seeds were used
in the study recorded the largest value in
the length of the epicotyl during the
aforementioned germination  periods
compared to the other crop years used,
whose periods range between 1, 2 years
for different crops. As for the length of
the root after 120 hours of sowing the
seeds, which is also shown in the
previous table, it was also recorded a
significant decrease by increasing the

embryo during its development.

length of storage time for all the seeds
under investigation. And taking into
account that the length of the rootstock
after this period of seeding (120 hours)
was affected to a greater extent by the
increase in the storage period compared
to the length of the embryonic axis in the
same period of germination. Hence, it
can be said that the length of both the
epicotyl axis and the root decreases with
increasing storage period. Such results
are consistent with the findings of Gill
(1977), who found that the length of both
the epicotyl and the root produced from
the seeds of the broad bean decreases
with the increase in the period of storage
of the seeds and that this decrease in the
length of both is due to the occurrence of
decreased seedling growth potential as
reported by Alizaga et al. (1987) on
soybeans.

Yy



Zeinab D. Almarid

FJARD VOL. 35, NO. 2. PP. 200-219 (2021)

Table 5. Length of epicotyl and root of geminated seeds for different crops

during different crop years

Length of epicotyl (cm)

Root length (cm)

Crop and RSN _

crop year Germination time (h from sowing)

£A vy an 'Y 'Y
K VU8 Y,eE Y YT Y YA

Barley YOAA (-) 1,Y¢ Y, 1,14 Y ,AY
AR R (-) R VLAY g Y, YA
LSD(OOS) - o8 00 AV ' 80

YeVd Y,0A A Y,q¢ o,+Y YA

P(?arl YA Y,VY V,0 Y, ¢4 ¥,y Y ¢
millet AR R e GAE Yoy Y Ye Y,A¢
LSD(0.05) GYY e LAY Yy ., 40

Y.oVe AU AT S S S-F S SR ¥,

Wheat YONA Y, 00 1, 6A y,4Y Yo Y, 0.
AR R VLY ) E Y. Y,v Y, Y.
LSD(0.05) GAY A AN ., t0 Py
Maize (corn) ARRR! Y, 00 YA YA Y Y,0A
YONA GAE NN E LYy Y ),4Y
Yoy GYE LT e Y. Y, AA
LSD(0.05) GO LAY LYY A .oV

Broad bean ARRR -) YooY Y,e8 Y44 Y, 61
(Horse bean) YorA -) VLAY Y, e Y,YA AP
Yoy (-) V,EA VAT Y Y Y,9A

LSD(0.05) - GYY 8 oYy ¥

2- Fresh and dry weights of epicotyl and root

The changes in the fresh and dry
weight of the epicotyl and the root after
120 hours of sowing the seeds, which are
shown in Table (6) show that the fresh
weight of both the epicotyl and the
resulting root of the non-stored seeds
(2019), its value was higher than that of
the seeds stored for different crop years
and tested in the research, and with a
clear decrease in the fresh weight,
directly proportional to the length of the
storage period of seeds belonging to
different crops. The same table also
shows that the dry weight of the epicotyl
axis and root exhibits the same pattern
that occurred in the case of fresh weight
in terms of increasing its value in
unstored seeds compared to non-stored

and with increasing this difference by
increasing the length of storage time of
seeds used in the study. It seems that the
decrease in both the fresh and dry
weight, which is shown in the previous
table, is due to the loss of the seeds'
vitality during storage and the inability
of the embryonic axes (the epicotyl and
the root) to represent the necessary
metabolic compounds, which in turn
contribute to the increase in the fresh and
dry weight of the embryonic axes due to
the effect of the process of representing
these compounds by losing their viability
during  storage  (Abdul-Baki and
Anderson (1973) and similar results were
also presented by EL-Bagoury et al.
(1980) on soybean seeds

Yy
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¥— Lo0ss% of dry weight in germinated seeds.

Table (7) show dry weight loss% for
germinated seeds after 120 hours of
sowing. It is evident from the data
recorded in this table that all the tested
seeds recorded a clear decrease in their
dry weight at the end of the germination
period (120 hours) for all different crop
years, noting that the loss% in the case of
non-stored seeds (2019) recorded its
lowest value compared to the other crop
years of the different crops to which the
tested seeds belong, and that this
percentage differs from one crop to
another. It follows from this that the
percentage of dry weight loss of stored
seeds at the end of the germination
period increases with increasing seed
storage time, and this may be due to the
increased permeability of stored seeds
for many materials that contribute to the
calculation of dry weight
(Carbohydrates-proteins-salts ... etc.). In

addition to what is consumed from the
seed stock in building the new cells that
make up the embryonic axes (the
epicotyl and the root), in comparison
with the non-stored seeds in which the
dry weight loss depends primarily on
what is consumed of the material from
the dry seeds stored in the building of
new cells and tissues of the embryonic
axes, and this is clearly shown in Table
(7) which shows the apparent increase in
the dry weight of the embryonic axes
resulting from the non-stored seeds
compared to their stored ones. The data
recorded in Table (9) regarding the
degree of electrical conductivity (EC) of
the leaked solutes from the seeds to the
external medium, from which an increase
in the EC value is observed in the case of
stored seeds compared to that recorded
by non-stored seeds.
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Table 6. Fresh and dry weight of roots and epicotyls (g/10 roots or epicotyls/120 hours
after sowing) of different crop seedlings during different crop years

Crop and Roots weight (g) Epicotyl weight (g)

crop year Fresh Dry Fresh Dry

Y14 Y,67¢ A Y,vY AR

Barley YA V,6)¢ Yo y,ov1 SRR
YoV ),¥o" o, YY) y,0%, OYVE

LSD(0.05) v,eoV ey vy A PA

\ERK! Ay YYE YA LYV

P(?arl YoVA AVY Yo Y, e ¥¢ Yo
millet Yoy .,Y40 SALF Y, 00y VYEY
LSD(0.05) Y AR SERE el

\ERK! Y, 60 TV IR EN GEY)

Wheat YoVA V,60¢ ., Vo4 e o,¥aA
Yorv V,640A ., Yoy y,00. O ¥AN

LSD(0.05) ey Y oM N

Maize (corn) Y.oNe NI Yo Y,AYA V80N
YA ., 00V GITA Y,0A¢ BARE:

Yoy 808 SRR y,¢0¢ ‘Yoo

LSD(OOS) v, 44 VA GAY A

Broad bean \ERK! Y,0VA ey YA ¢ VEVE
(Horse bean) YorA Y, TR «,0YA Y0 EVY
\ER R Y, AAY AT Y,07A YVY

LSD(0.05) Y4 ey SRR e
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Table 7. Dry weight 1oss% (g/120 hours of sowing) seeds for different crops

during different crop years

Crop and crop years

Dry weight loss%

K
Barley YA
Yoy

LSD(0.05)

\ERR!
Pearl YOAA

millet Yoy

LSD(0.05)
Y4
Wheat YorA
Yoy

LSD(0.05)
Maize (corn) ARRR!
YOVA
YOY

LSD(0.05)
Broad bean AKRR
(Horse bean) YA
Yoy

LSD(0.05)

¢4,0A
EA,AY
o1,YY
v,4¢
YY,YY
Yey
YA,01
Y,ve
¥y,4.
Yo,\Y
Yo,\o
Y,e4
Y)y,1e
Yo,¢¢
Y4,y
Y,va
Yy, YY
10,AY
Yv,¢o
3.11

These results are in agreement
with the findings of Parrish and Leopold
(1978) who found that stored soybean
seeds lost more than 10% of their dry
weight when soaked in water and that

this loss was mainly due to changes in
the cellular membranes of the stored
seeds, thus losing them its control on the
penetration of solutes to the outer
environment.

111 -Water uptake and Solutes leakage during seed imbibition:

1- Water uptake

The results recorded in Table (A)
show that there is a clear increase in the
rate of absorption or imbibition of water
during the period of soaking the tested
seeds (5 hours), whether stored or not
(average of 200 seeds). This is for the
different crop years, although there are
relative differences between the rates of
water absorption by seeds from one crop
year to another and from one crop to
another. Where we find that storing seeds
for all crops has led to a significant
decrease in seed absorption of water, this

deficiency increases significantly with
the increase in seed storage time, as it
was more valuable in the case of 2017
seeds in the case of barley, pearl millet,
wheat, corn and broad bean seeds
compared to the other crop years. Such
results may be due to a change in the
nature of the structure of the membrane
system of seeds during storage, in
agreement with Parrish and Leopold
(1978), which they reached through their
studies on the mechanism of the loss of
seed viability during storage, as they

AR
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showed that stored seeds lose the ability
to generate pressure. Internal osmotic
pressure, which in turn is due to the
destructive changes that occur in the
composition of the cellular membranes

of stored seeds, which accompanies it
loss of its ability to maintain a high level
of osmotic pressure that helps it to
absorb water and thus its ability to
absorb with water when stored.

Table 8. Water uptake* (%) by the seeds soaked in the distilled water of
different crops during the crop years

Crop and Crop years Imbibition time (h)
| \ v ¢ °
Y14 YV, Y Y4,1Y Y Y,V YAYY
Barley YyA VLYY YTET YT YYEY YE YA
Yoy YA, 0. Yo,t¢ Y1,va YY, e YA
LSD(0.05) AN A AN Ve ¥ 1,00
Pearl AERK VY, Ve YA, 0V ¥, Yv,ov ov,
millet YA Yo, Y YY, . Yo vy Y¢,90 AR
Yoy +4,YA Yv,04 YA Yo,A) Y4,YA
LSD(0.05) £,69 8,1 VY, ARY v,aY
AR +4,YA VY,04 YE,A Yo,A) oY, YA
Wheat YA VAT YTV YY,eE TYLER YEaR
Yoy VY, VY Y4,0A Y10V LY YY,Yv.
LSD(0.05) VLA V0 «,re 00 LYY
Maize (corn) ARRR! Yo,y Yoo Y, ¥y,)0 va,\ Y
YoNA WA €4 V'Y, 4 YY) Y.,00 ¥Y,Y¥.
Yoy 'V,0) VY0V VY, 60 YV,ov Y4,4.
LSD(0.05) VLA Y, T AR LY
Broad bean Y14 4,VY YY, ¢ £1,) LAY Ve, ¢
(Horse bean) YONA LA Y4,AA YY,ov £1,) 1A
Yoy cE VATV YY ¢ ¥o,10 A
LSD(0.05) Ay LAY oYy VLAY Y,rY

* Expressed as a percentage of the seeds' fresh weight before imbibition.

2- Solutes leakage.

1- Electrical conductivity of solutes leakage.

The data recorded in Table (9)
show that the loss of solutes
(electrolytes) from stored and non-stored
seeds and their leakage to the external
medium (steeped water) increases with
the progression of a period of the seeds
imbibition. Noting that there is a clear
difference between the different crop
years in the rate of soluble leakage from
their seeds. These differences are
inversely related between the degree of
electrical conductivity (EC) and the
duration of storage, as the rate of leakage

of solutes increases with the increase in
seed storage time. In addition, this
inverse relationship is also clear between
the rate of solvent leakage and the
viability of the seeds, as we find that the
seeds with a high electrical conductivity
have a low degree of vitality and vice
versa. The leakage of solutes at a high
rate in the case of stored seeds compared
to non-stored ones may be due to a
change in the composition of the cellular
membranes of the seed, which is
followed by a loss of its control over the

YVve
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penetration of these solvents and thus
their leakage into the impregnation
medium. These results are similar to
what Oliveira et al. (1984) obtained for
soybean seeds, in which they showed
that the seeds with the highest solute

leakage rate (the highest EC value) had
the  lowest  biocompatibility  and
attributed this to catabolic changes in the
composition of the cellular membranes
of the stored seeds.

Table 9. Electrical conductivity* (EC) of the leaked solutes (umhos/50 seeds/50 ml
distilled water) for the seeds of different crops during the different crop years.

Crop and Imbibition time (h)**
Crop years \ \ ¥ ¢ °
K Y. Yo to N T,
Barley YoNA Yo YA Y¢ T AT
Yoy £ oo YV AA 9y
LSD(0.05) £, q,Y Ao 'YLV 'Y
AR YV, V¢ YA,0V ¥Y,90 Yv,o¥ o,
Pearl YA Yo, T YTt Yovy re,90 TV,
millet Y V4,VA 1V, 04 YA Yo,A) Y4,YA
LSD(0.05) £,6 0,1 YA,y ALY v,y
YeVd +4,YA \V,ed Y&, Yo,AN oY,YA
Wheat YA VY, A4 A% YV, 8 ¥y, 64 ¥v,a1
Yoy VY, YY Y4,0A Y10V YAt ¥Y,V.
LSD(0.05) Y, AN Y00 ., AR RY
Maize ARR] Yo,V Yi,00 Yé, N ¥y,\e YA,
(corn) YeVA A £4 VY, 4 YY) Y.,00 Yy, Y
\ER R Wv,0) Vy,ov YV, 60 YV,oV Y4,4.
LSD(0.05) AV eV LY 1,4V Y
Broad bean Yove «a,vY YY, V¢ £7,) LAY Ve, e
(Horse YOIA 1A Y4,AA YY,ov 6, THLAN
bean) Yoy e YA, YV YY) ¢ Yo 1o AN
LSD(0.05) Ay VY N A% VAN LAY

* Expressed as a percentage of the seeds' fresh weight before imbibition.

** Mean of 200 seeds
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