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ABSTRACT

Gamma irradiation is one of the most important physical mutagen used for inducing beneficial as well as harmful
cytogenetic effects in many crop plants. The cytogenetic changes occurring due to the storage of Lathyrus sativus L.
seeds after gamma irradiation were examined during the present study. Mitotic index showed a dose dependant decrease
while the dose and duration of treatments increased. The effect of ageing accompanied with gamma irradiation was
found to be more deleterious as compared to that of individual treatments of the two. Various chromosomal abnormalities
viz. fragmentation, scattering, bridges, laggards, stickiness, etc. were found at all the three treatment sets. A significant
reduction in moisture content, germination percentage and increase in the percentage of chromosomal anomalies was
recorded maximum in the stored gamma irradiated seeds which ultimately ensures the fact that immediate sowing of
the irradiated seeds is of prime importance and it may adversely affect the survivability of the seeds as well as plant
when sowing is delayed.
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INTRODUCTION

Ageing is a physiological phenomenon occurring in living
organisms and is of universal concern [16]. Seeds have
the potential to reproduce new individuals and adapt to
survive under a wide range of unfavorable conditions for
growth while holding the record for cellular longevity.
The development of new trends in agriculture requires
ageing process in plants to be investigated, firstly in seeds
for biological (germplasm conservation) and economic
reason (production of commercial seeds).

Many previous studies [6, 20] have shown that in a wide
range of species, there is a close relationship between
loss of seed viability during storage and the accumulation
of genetic damage in the surviving seeds. The main
factors affecting this relationship are seed moisture
content, temperature and storage period i.e. increasing
either results in an increase in loss of seed viability or
an increase in the frequency of chromosomal aberrations
[21].

Studies on biological effects of ionizing radiations and
their utility in inducing gene mutation have been a topic
of immense interest for cytologists. A great deal of efforts
has been made to explore the utility of ionizing radiation
for genetic improvement in a number of crop plants like
pearl millet[13] and soybean[11].

On contrary, grass pea has received a very little attention
in this regard. Grass pea is cultivated for grain and fodder
in several parts of India and sometimes becomes the only
available food source for poor population in the times of
drought and famine.

In view of the significance of seed longevity vis-a-
vis ageing, mutational research has been planned to
elucidate the cytological impact of ageing and gamma
irradiation on the somatic cells of grass pea. This study is
an attempt to investigate the effects of storage conditions
on the loss of viability and accumulation of chromosomal

aberrations in non-irradiated seeds and stored gamma
irradiated seeds.

MATERIALS AND METHOD

Seeds of Lathyrus sativus L. var. Pusa-24 procured from
National BureauofPlant GeneticsResources (N.B.P.G.R.),
New Delhi were irradiated at four different doses of
gamma rays i.e. 200, 400, 600 and 800Gy at National
Botanical Research Institute (N.B.R.I.), Lucknow. Seeds
were divided into two lots after irradiation. First lot was
studied immediately after irradiation and second lot after
one year of storage.

After irradiation and storage (one year), seeds were
germinated on wet filter paper in petridishes. The
germination test was conducted using three replications
of 100 seeds from each sample in rolled towel paper as
per procedure described by ISTA [10].

The initial moisture content of the seeds before ageing
and gamma irradiation was about 15.2% and 99.6%
normal germination was recorded. Fresh seeds were
considered as control.

After germination, excised root tips were fixed and placed
in individual glass vials in a fresh solution of Carnoy’s
fixative (3:1 alcohol: acetic acid) for 24hours and then
transferred in 70% alcohol. For slide preparation, squash
technique with 2% acetocarmine was utilized.

RESULTS

Table-1 clearly depicts the lowering of moisture content
as the doses and durations of treatments increased.
The lowest moisture content value (5.8%) was noticed
at 800Gy+A, treatment set which is even less than the
half of the control’s (15.2%). Similarly, the germination
percentage showed a sharp decline along with the increase
in the dose and duration. Stored vy irradiated seeds showed

Table 1: Comparative effect of storage (ageing) and combination treatments of stored gamma irradiated seeds of
grass pea on the moisture content and germination percentage

Treatments (Dose/Duration) Moisture content (%) Germination (%)

Control 15.2 99.6
A 14.6 88.4

200Gy 12.3 80.8
200Gy + A, 12.0 78.4
400Gy 11.1 68.6
400Gy + A, 10.6 60.1
600Gy 8.4 52.9
600Gy + A 8.0 50.7
800Gy 6.6 424
800Gy + A, 5.8 40.6

A, - ageing of one year storage, Gy- Gray
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the reduction in germination percentage from 78.4% to
40.6% whereas freshly vy irradiated seeds displayed the

reduction from 80.8% to 40.2% (Table-1). - .
L. . 5] = o N = 00 0 O
In control sets, mitosis was almost normal (2n=14) with Has |2 2de @AYk
i e Mioie 4S5 |5 $3FS| STERLl
metaphase (Fig.1) and anaphase st.ages (F.1g..2). Mitotic go g | dAdg LddEdg=
index was recorded to be 15.34% with negligible amount = -2 |7 2; : ®= ; R CS&|2
(0.31%) of chromosomal abnormalities. However, Z == |B] 2228 2LEE6 2
. <
the M.I. of one year ageing treatment was recorded as 8 3
wn I
14.72% (Table-2). 9 5 = |al o SB% o2 3o 2
In the root tips of gamma-irradiated set, M.1. showed a Bl= |8 42988 a2 9|E
gradual decrease, i.e. 14.92% at 200Gy dose to 7.11% at g §
SOOGy dose (Table-2). However, theM:I. of stored gamma = 8 I ILES S9AXT S é)
irradiated seeds was recorded maximum as 15.17% g et S SIS I QSE
(200Gy+A ) and minimum as 6.90% (800Gy+A ). g, = o
- - 1 o FJ — — 5
Table 2 and Graph 1. 111u.str§1tes the effect of storage e = 2 E Rz =3 g el -
period and gamma irradiation on the frequency of =l e ' el g S — = | E
chromosomal damages accumulated. The chromosomal %/D 2 é
aberrations observed during the study were classified ‘§ g oo % I E
under two categories: chromos.ome type gnd chromatid g ;\2 3 . f RIS § -t
type. Chromatid type aberrations comprised of single =7 £ « 3
fragment of unequal size whereas chromosome type 5|2 = g D
. . = | = oawnoly ~ oo <+| E
aberrations comprised of one or more double fragments. 2 g & £ « e g R !
.. < [ I B 1 1 — =
A number of other chromosomal abnormalities have '-§ = = g %
been recorded in the treated sets viz. unorientation, E|E '§ = 5
stickiness at metaphase (Fig.3), precocious movement g Sl oo EXRES E a3 nols
of chromosomes towards both poles (Fig.4), scattering g z = ' g o —aA s e = —a Z
with small fragments (Fig.5), multiple fragmentations 0;3 = § = 2
(Fig.6), laggard (Fig.7), bridges at anaphase (Fig.8), = = - ﬁ &3 8 " & ™y ce a2 %
L. . B — 1 =
stickiness at anaphase (Fig.9), etc. Among all the g <@ s 2 = £ S aaas
abnormalities registered, fragmentation was found to be k= i e g
the predominant abnormality followed by bridges. The 8| |= Totwolg —weso %é’
pooled results confirmed that chromatid type aberrations % ) . ;g g = : ﬁ g oon : gi
were predominant in each set of treatments of ageing and £ g é § )
. . . . . ~ o
gamma irradiation. However, stored vy irradiated seeds el Ewrmwvnols <+ o < - &
induced more abnormalities as compared to that of A c E I I It -t acihar] =
treatment set (Table-2). Té g~ % 2 &
. . . . = =
An interesting observation explored during the present 2 g V=S|t —0wols8
. . o ) = SnAagoaonn|g s
study was a sharp decline in moisture content, germination gl 5|~ ' b~ R o
percentage and M.I. values in the stored gamma irradiated E £ % 5
oo ®
seeds. However, the individual treatments of A, and ; 2l g CaLg ZmsSnw gi
gamma irradiation were comparatively less damaging g é’ -9 ' S—=—d| So——al :§
regarding the mitotic index values. On the other hand, é 2 s A
R .« . . . - .— ~ B0
the effect of individual treatment of gamma irradiation slE . SRy FRE2sx
was comparatively more deleterious than ageing (A)) 5 =|3 ' =g S S — e %%
treatments. The only negative aspect noticed during the S K E,”
o . . . h=t B T |
study of individual ageing treatment was the induction of S| = << F<|8 %
. = @ _ =
some chromosomal abnormglltle.s b}lt that too were lower &l E S o b b bl i d 4
in comparison to gamma irradiation and combination 2l = s Q000 CRCRCRO] SN
22 |5 2535 25358
treatment of the two. S = O RFTI <IFBI2:Z

However, the maximum viability loss with maximum
abnormality percentage (35.17%) was recorded at 800Gy
+ A, treatment set (Table-2). The effect of individual and
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s at metaphase; Fig.4- Precocious
movement of chromosomes towards both poles; Fig.5- Scattering with small fragments at metaphase; Fig.6- Multiple fragmentations
at metaphase; Fig.7- Scattering at anaphase with laggard; Fig.8- Double bridge at anaphase; Fig.9- Stickiness at anaphase

Figures 1-9: Different types of chromosomal aberrations after ageing and gamma irradiation in grass pea.
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combination treatments of ageing and gamma irradiation
on the M.I. and seed viability can be summarized as
follows:

(y irradiation + A ) <'y irradiation <A,

A significant reduction in moisture content, germination
percentage and enhancement in the percentage of
chromosomal anomalies was recorded in stored gamma
irradiated seeds which ultimately ensures the fact that
immediate sowing of the irradiated seeds is of prime
importance and it may adversely affect the survivability
of the seeds as well as plant when sowing is delayed.

DISCUSSION

In modern agriculture, seed deterioration under storage is
a problem[18]. Ageing process is affected by the genetic
factor [3]. Data clearly reveal that effect of storage
(ageing) decreased the mitotic index values as compared
to controls. Mitotic inhibition due to ageing can be
attributed to blocking of mitotic cycle during anaphase,
which may result from prolonged G, period or defective
DNA synthesis.

While working on barley, broad bean and peas, [1]
concluded that the relationship between loss of seed
viability and accumulation of aberrations during first
mitosis was asymptotic, i.e. there was an initial rapid rise
in aberrant cells with decrease in seed viability, but as the
viability decreased below 50% further increase in aberrant
cells was hardly detectable. However, in case of our
study, it was found that there was a further considerable
increase in the frequency of aberrant cells even below
50% viability [23, 17, 12]. Considering numerous studies
of other authors such as Vesna D. Dragicevic et al [22],
seed ageing is the foremost oxidative stress that leads to
a decline in germination and loss of viability.

Although Abdalla and Roberts [1] have reported the
preponderance of chromosome type aberrations over
chromatid type in aged seeds of barley, broad bean and
pea but recently it has been concluded that chromatid
type aberrations predominated in wheat [9]; barley [4].
Similar results were in case of our study.

Fragmentation at metaphase as well as at anaphase is one
of the most common chromatid type aberration observed
at all the treatment sets. They may be the result of
chromatin erosion and chromatid breaks. These changes
represent an irreversible and toxic effect [7]. Occurrence
of fragmentation at any stage of division is considered as
one of the most significant abnormality that establishes
the mutagenicity of a particular mutagen. Fragmentation
leads to deletions, insertions that can alter the genetic
architecture of the plant. Bridge formation could be
attributed to chromosomal stickiness [5] and stickiness

J. Cent. Eur. Agric. (2010) 11:4, 437-442

is considered to be a type of physical adhesion mainly
involving the proteinaceous matrix of chromatin [19].
Kumar[14] also observed bridges, laggards and fragments
in aged chilli seeds. Due to its easy identification, the use
ofbridges and fragments as indicators of the occurrence of
chromosomal variations had been found to be an efficient
method and favored the counting of a great numbers of
cells. This criterion has been reported as being useful in
detecting abnormalities in seeds stored for long periods
of time [8].

Increase in chromosomal aberration frequency in mitosis
along with the doses of gamma rays might perhaps be
due to the interactions of ionizing particles with the
protoplasm mediated by excitations either directly
or indirectly that ultimately has increased aberration
frequency. The results of the present study depict that one
year storage, decreased the mitotic index gradually and
also showed inhibitory effect on stored gamma irradiated
seeds due to inhibitory effect on spindle apparatus. Our
findings are contrary to those of Carlson et al [2] and
Misra & Raghuvanshi [15] while working on Trigonella
foenum-graecum.

The present investigations clearly reveal the fact that
storage of gamma irradiated seeds may induce a number
of anomalies and loss of viability to some extent. Hence,
our study suggests that in order to retain the viability
of seeds of grass pea, immediate sowing after gamma
irradiation should be performed to reduce the chances of
hampering of genetic structure via fragmentations and
other such anomalies.

Another fact explored during the present study is
that the seeds of grass pea stored for one year after
irradiation exhibited higher percentage of chromosomal
abnormalities as compared to the non radiated seeds
stored for one year. Hence this combination of ageing
and gamma irradiation may provide an additional tool
in inducing variations without much loss in viability.
Through mutation breeding in grass pea, we can exploit
this trait to enhance the mutagenic potential of gamma-
irradiated seeds stored for one year. It can be suggested
that some genetic repairing mechanism must be acting
in order to enhance the efficiency of gamma rays in this
given time period. These results also depict the storage
capability of the seeds of grass pea with a long-term
viability. Certain varieties exhibit greater longevity
hence, grass pea germplasm should be screened for this
character and an attempt should be made to isolate this
trait.
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