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DORMANCY and viability are two important phenomena that influence
the life span of a seed. The principal features responsible for longe-
vity cf seeds are presumably developed while the embryo matures and
subsequently undergoes a period of rest or dormancy. Considerable
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attention has been paid to the factors that initiate the process ol germi-
hation and hormonal regulation of the process has been visualized.
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: n of seeds are variable and may exteng fro

Te}:aer ]tlge xigz;e than 200 to 300 years. T'hc mechanism relalt?xsxgg t{l N a
y cing of seeds is not precisely known although j has b np gthe
ia(;g a limited extent to extend the life span ’by controlling th, i ﬁilble
ture and storage temperature and by the dpplngtlon of Chemicy) repy
lators. Some of the effects of ageing in sceds are aCCUmUIationgo;
toxic substances, degradation of enzymes, nuclear damage anq chrdme,.
some breakage. The question arises what mechanismg are reg

e at Pons;
for these effects of ageing in seed and whether these could be c()mm“lgje
. .

Ageing is a problem of considerable significance in rice seeds, j,
commences after the formation of the embryo.. According t, the
nature of a variety there is a brief span of nactivity of the embry,
when it remains in dormant condition but there are varieties also shoy,.
ing vivipary. One of the problems facing the rice breade_rs in Indi,
is the difficulty of maintaining valuable breeding stocks of v#)li seeds,
Investigation on the possibility of prolonging the life span o the seed
in storage is an important consideration in agricultural practice.

Seed germination of the winter variety of rice shows the presence

of primary dormancy for about 6 weeks after harvest in December §

followed by normal germination of 100 per cent up to June—July, there-
after as the seeds age gradual loss of viability and fall in respiration,
enzyme activity and vigour of seedling growth occur till they become
completely non-viable in course of a year. Mitra (1969) reported decline

germination inhibitors in dormant seeds also inhibit respiration. This
1s further evident from the fact that the respiration rates of the GA
stimulated Sprouted embryo and endosperm are similar to those of
normally  germinated ONCSe a-amylase activity in both germinated
gnd’d_ormant cmbryos and endosperms depleted gradually with age
‘ rcatment the activity is raised in both up to the end of

her hand phosphatase activity in the endo-
less constant til] November, then it declined
¢ Was progressive reduction during this period.
showed very litle change in the activity during
embryg o o onth; but GA trcu_ln}cnt incr_cascs the activity of both
thus OSperm up o g limited period, then it declines with

can counger, tPpears that GA acls as a germination stimulator whieh
act the effect of the inhibitor at the critical stage of losing

SPCrm remained more or
but in the ¢mbryo the
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Per cent of germination after 72
hours (normal)

GA (1072 ppm) treatment of dor-
mant seeds for 48 hours

Jeedling vigour after 72 hours
o germination )
Root growth {(czi? ..
Shoot growth (cm.) ..
GA' (1072 ppm) treatment of dor-
mant seeds for 48 hours:
.%w_Root growth (cm.)
3t growth (cm.)

PHYSIOLOGY OF AGEING IN RICE SEEDS

TABLE [
®  Physiolggical changes of  rice sceds cy

. . . ,
Bhasamanik during ageing and

loss of viability (after Mitra, 1969)

Respiration rates u1/Og/hr/mg dry
wt. after 72 hours germination:
Emlryo ..
Endosperm .o

GA (102 ppm) treatment of dor-
mant seeds for 48 hours -
Embryo

| . » T
| September October November December
1 15 1 15 1 15
67-0 58:0 51+2 33+2 15-3 4.6 Nil
88:0 70:6 5546 2540 10-3 Nil
. 2+13 1-65 1:02 0-77 0-31 Nil
3 1-32 0+95 0-68 0-52 0-11 Nil
3:05 2:12 1-10 0:565 0-21 Nil
1-51 1-30 0-82 0-31 0-10 Nil
. 7.04 701 540 2.26 1-06 Nil
. 062 0-48 0-36 0:36 0-31 Nil
. 7+21 5.18 370 3+01 1:00 Nil
. 055 0-39 0-30 025 0-20 Nil

®®ndosperm

Dormant seeds:
Embryo
Endosperm

4.09 2:01 1-39 0-84 0-21 0-19
0-21 0-11 0-11 0-13 0-10 0-07

a-amylase activities (mg maltose
released in 3 mins.) after 72
~=shours germination :

Embryo
Endosperm
Dormant seeds:
Embryo °’
Endosperm o

GA (102 ppm) treztment of dor-
mant szeds for 48 hours:
Embryo .
Endosperm -

0-540 0-480 | 0458 0400 | 0°312 Nil
1-350 1-312 | 1-304 0-560 | 0:370 Nil

0:172 0:152 | 0:065 0-059 | 0048 0-032
0-680 0511 | 0-357 0-364 | 0288 0066

0702 0-513 | 0-412 0-418 | 0:356  Nil
1-180 1-031 | 0-651 0-612 | 0-488 Nl

Phosphatase activities mg phos-
phorus released /mg protein after
72 hours germination :

Embryo .

Endosperm o

GA (1072 ppm) treatment of dor-
}.ant seeds for 48 hours:

/tsmbryo *
/ Endosperm .
Dormant seeds:

_’7 mbryo '

& Josperm =

33.8  32.5 | 33-0 34+0 ' 17-1 Nil

48-0  35-1 | 283 21-2 | 11-0 Nil
38-1  37:5 | 365 385 | 16:0 Nil
513 4+0 5+0 50 | 301 5.0
24:5  20:1 | 24-) 23.2 |20:5  20.0
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.y at a later stage in December it fajlg
,Vlilll]?élilttoyr_busteeds stored for more than one year Werteo fgeu“aliz(g .
igst viability, but they were ll\gl_dcad 'aSlbOlh_Cm_bry() an un e
of even 5 years old were ju;p}ﬂﬂ(g at a ralc‘s_llghly lower thoSperm ‘
normal one (Sircar and Biswas, 'l‘)()O). The failure” of iyl Scan o
germinate one year attcr_harvcst 1S due to the f(?rmation of irllhielgl‘S t0
which are mostly located in the grain, husks contribute little (o the ors ‘
viabiliry of the seeds (Dey and Sircar, 1968 a). A warm humig tmnp\n'
climate in India provides unique opportunity to seeds, wipy, | r{’.“}ir
moisture content fpr the formation of mhlbltors. which are i nlmm-ﬂ
cises the degradation products of storage material. 0st

These inhibitors are known to cause metabolic blocks to enzyme
functions which otherwise become activated immediately upop imbi.
bition and the effects of the inhibitors are expressed during germinatiop
respiration and growth of seedling. Retardation of germiftion ro,
is proportional to the progressive accumulation of inhibitors and thej,
precursors that may arise after the commencement of seed ripening
In order to determine whether there is causal relationship between the
presence of various constituents in sequ in storage and the stage of ®
after-ripening, it is necessary to investigate how far the state of after-
ripening period is correlated with the inhibitor level. The presence
of phenolics—coumarin, ferulic and sinapic acids—were detected mostly
in the seed (Dey et al., 1968; Sircar, 1969; Sircar and Dey, 1967;
Dey and Sircar, 1968 a, b). But the phenolics are not directly involved
in the loss of viability as the concentration of phenolics remains fairly
high both in the viable, dormant and non-viable seeds (Table II). The
phenolic concentration attained a very high level when the seeds became
completely non-viable (Bhattacharya, 1969). Supra-optimal level of
indole compounds was found to act as one of the germination inhi-
bitors (Dey and Sircar, 1968 a). In addition, Dey and Sircar (1968 )
reported the presence of abscisic acid (ABA) in the embryo and very
little in the endosperm. These inhibitors were found to be present
in large concentration in the seeds losing viability with age while
viable seeds showed absence or presence in very low concentration.
The ABA present in the non-viable rice seed was found to depress the
a-amylase activity in the endosperm, stop seed germination and reduce
the straight growth of wheat coleoptile sections. The inhibitor ABA
was also found to show interaction with gibberellic acid (GA) in rever-
sing the GA induced amylase activity and GA at higher concentration
g)ggually overcomes the suppression of the inhibitor (Dey and Sircar,
butgdll);’)r J:Sélgo?}sl nO}t1 seem to have_any s_igniﬁca_nt effect on the protease
phate for“m.(id'uc'p osphatase activity interfering the release of phos-

ative phosphorylation (Sircar, 1967).

Sarkar (1967) demonstrated  (hat germination of rice seeds

is  phytochrome g r
) -C 5 Q alg ' inate B
effects of re ontrolled. ~ This was also indicated from the

Seads of md and far-red light on seeds losing viability with age.
treatment \;:{ﬁ than onc year old lost viability completely but after
red light germinating capacity of 20 per cent seeds



o >
L ] »

PHYSIOLOG Y OF AGEING IN RICE SEEDS

TABLE []

Changes in total phenolics (mng

2
100 gm dry Yowde
/ ¢ . ‘ ) vde
curve ()_/ fannic acid) of rice See )

Fagainst standar

loss of \’f(l/?i/il.'l' (:ll"(l/c:L l:)l:,;ill.‘t(::,:;:l;:lrlil‘cc(,lur;";;i.';;g(”’zg and
¢ sanll;;::ﬁgf):‘)ﬁﬁ) Stages Acid Basic Neutral
L ]
January 15 Primary 1-25 1-92 160
dormancy

February 15 2:03 2.4] 2-53
March 15 Germinated 1-89 1-42 2-29
April 15 . 1-52 1-3] 1-80
May 15 5 1-42 2:52 1-86
June 15 . 1-49 1-42 1-70
= July 15 . 2:01 1-42 190
August 15 2-24 2-09 2-45
September 15 Leading to 2-59 2-13 2:94

non-viability
October 15 . 3-07 3-59 3-14
November 15 . 3:92 4-01 3-42
,  December 15 ,, 4-56 4-92 4-02

ived. e red and far-red light control was studied in relation to
fﬁzl\sl)elﬁthegtsl cf inhibitor levgl. Preliminary result_s showec_i that both
age and exposure to far red increased the IAA oxidase activity in the
endosperm while in the embryo the activity was less in both red and f ar-
red light. The reduction of .IA.A_ox1dase activity in the embryo suggests
the presence of the oxidase inhibitor. Both red and far-red hght-tre_ate_d
seeds also showed the presence 'of 1n}11b1tors. The nature of the; inhi-
bitors and the enzyme systems in different wavelengths in relation to
ageing is now being studied.

These results have led us to elaborate studies on the loss ,Of \"1;11;1\1}[1_\'

i eds with ageing on two aspects. Firstly, the mode anc t S
i f the inhibitor complex and the factors associated with
{ﬁg(;t’(f):rrr?ation. What biochemical reactions and thc‘ prcclltr'sgrs'r?\rii
involved in the process of synthesis of the inhibitor complex ? _This
;)nroblem is based on the fact that the embryo after “‘?md“tg‘“ does n;\:

i mmedis : ergoes a period of rest for a ter-ripening
B ]mme(zlilrdywljo‘rlr?lczlll:lcr;(.krgf(hcc in?porl;mt consideration will be
o prlmhethcr any of the inhibitors is synthesised durmg thgs:
o .determlne " inpoint biochemical reactions that lead to the sy mhcs],lls
p?r;%cei ?Eﬁiéﬁof %ubsequently what happens to inhibitors when the

) .
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6
r dormancy assumes growth ? When the inhihi((;
lex starls again accumulating in the cmbry() with ageing 9 .'eé( Con
{)hc investigations have been initiated to study the mechan e sondly
aetion of the inhibitor complex on the process of ECTMinatio the

embryo afte

L]

Since germination begins immediately after ‘mbibi}i(,n o |
and resumption of enzyme action, the pcrtmont. question would g’
(o determine the enzyme action thrqugh Q.uclelp acid metaboligmL‘
Accordingly the action of A.BA, the inhibitor 1dent1.ﬁed in the rice oy
on the nucleic acid metgbohsm of v1§1ble and non-wable. seeds has been
studied by Dr. B. Dey in cqllaboratlon of Dr B. B. Biswas of Radi,
Chemical and Plant Biochemistry Laboratory Sfthe Institute. The resuly,
(unpublished) so far obtained indicate 'tha‘t C. leucine was not incorpo,
rated into the non-viable embryo 1nd1_cat1ng the fallu;e of protein
synthesis, but in the endosperm an appreciable amount of Incorporatiop
was detected. In order to find out the state of nucleic acid™synthesis
C! uridine and C! thymidine were used and the results show that thes.
were not incorporated in the embryo of non-viable seeds but in the
endosperm incorporation was obtained. Pretreatment. of viable seeds
with ABA greatly inhibited the incorporation of C* uridine into RNA, .
the range of inhibition depends upon the concentration of ABA. Byt °
ABA did not prevent the incorporation of CY uridine in the

endosperm.

In order to overcome the failure of nucleic acid synthesis in the
non-viable embryo, germination stimulators were used. Amongst
them kinetin treatment resulted incorporation of C leucine and CV
aspartic acid in non-viable seeds but there was no morphological res-
ponse of germination. CM uridine and C% thymidine were also
incorporated in non-viable embryo in presence of kinetin suggesting
the embryonic axis of non-viable'seeds is capable of synthesising nucleic
acid and protein in presence of kinetin. It was aiso found that in
non-viable embryo CM thymidine incorporation into DNA did not
Increase with increasing time period in contrast with the viable ones.
When kinetin was added to non-viable embryo, incorporation of C*
thymidine into DNA increased 2-5 fold and the linearity with time
was more or less maintained as in the case of viable embryo. These
rrgsrgks are S'.’J_ggc.:stlve that cytokinins have a role in the induction ol
nation Sggilit‘glls ltrl; non-viable embryo but there is no revival of germt-
oy DNA“may erte may be some defect or arrest in DNA synthesis
This abnormali}t, no DbTSJ appearing in strands in the nqn-vmblc seeds.
some breakage gv lll?h h A strand would obviously roflect in the chromo‘-
(Abdall ¢h has been reported in the past by several worker§
h a and Roberts, 1968) in the cells durin sing of seeds. They

ave suggested that during apeing. ‘ 'g c8e o o ohror me
damage when (h Creniiin & ageing seeds accumulate chromoso ’
¢ i:“rlll(l)c?cy of such baberrant cells exceeds some ::jntlllCdl
seem that e Onger capable of germination. It would then
arises wha?ugégﬁaﬂ?;“,;‘%i i';vlnvolvc_d in normal ageing, then question
‘ olved in the production of the Jamage.

mutagen-induced nuclear damages in ©
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seeds, several investigators have syppes
- nic subs . ¢ ' ggC‘S‘C(] the accumulation ) -
.ﬂﬁgfﬁzg’omalbiﬁgz In the seeds which arc responsible for ?rzdilclltr?g ’
Roberts (1968) wore %fn bland nuclear damage. But Abdalla and
investigated. This Woul‘zi ¢ to demonstrate mutagens in the species
; inhibitor ABA induces ch Jaise question  whether the endogenous
f rice seeds. F 5 chromosomal aberration for the loss of viabilit
[ : urther work on this line is now in pr()g‘rAcSS. 4

®
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