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ABSTRACT

Germination behaviour, viability and longevity of the seedswere studied in
an important oil-yielding crop safflower (Carthamus tinctorius L.,
Asteraceae) stored in screw capped plastic containers under ambient con-
ditions. Immediately after harvest (May) germination percentage was|lower
(80%-97%) than that stored between June to October. Thereafter, the ger-
mination percentage sharply declined and the viability was completely lost
after 14 monthsof storage. Viability testswith tetrazolium gave reasonable
agreement with the result from germination tests. During winter months
with relatively low room temperature, significant increase in germination
percentage was observed when the seed were incubated at 28 + 2°C. Loss
of viahility with ageing was always associated with reduced radicle growth
and irregularities and abnormalities in hypocotyl development. 100 seed
weight and seed moisture content also decreased during storage. It was
concluded that we can able to stored safflower more than a year under
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INTRODUCTION

Seedsvary greetly inther viability and longevity
depending on the plant species and varieties* aswell
asthe conditions of harvest and storage!*®8l. Deterio-
ration of the seedswith ageing resultsinthelossof vi-
ability and vigour during storagewhichisusudly dueto
thedterationinmoisture content, changesin biochemi-
ca compositionand resultinincreased leaching of dec-
trolytes and other low molecular weight substances
duringimbibitiong*2, Seed moistureand storagetem-
perature arethetwo most important factorsinfluencing
lossof viability during storage. The statusof water and
itshindinginreation to seed moisturedetermineitsstor-
age behaviour®!, Seeds of amost all important agri-
cultural crops need to be stored from the day of har-
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vest till thetime of next sowing. Further, itisagenera
practice of Indianfarmersto carry over about 20% of
the seedsfor subsequent sowing asasafeguard against
natura hazards“. Although longevity of seedscan con-
Siderably beincreased in storing themin certain well
defined conditions, ingenerd practicethesurplusseeds
or even the seeds kept aside for sowing in succeeding
year isstoredin ‘gowdowns’ or in some plastic or bam-
boo containersdevoid of ideal storage conditions.
Safflower (CarthamustinctoriusL.) isoneof the
important commercia oil seed crops. It isgenerally
considered arabi season crop. Safflower oil isprima:
rily used for edible purposes due to high percentage
(70%) linoleic acid™. Safflower ismore drought and
salt tolerant than other oil seed cropg®'#*. Thecropis
principally cultivatedinIndia, Cdiforniaand Arizona,
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but hasbeen grown successfully in every statewest of
the 100" meridian(®12222334

Seed productionin safflower isdirectly related with
success of pollination because the plant shows self pol-
lination inabsence of pollinatorg?. Theplantishar-
vestedinApril-May and sown in September-October®”
and thusthe seeds require storage for one season (one
and half if they areto be carried over for the next year
asasafeguard). Asnoinformation wasavailableonthe
storability of safflower seeds, the present work was
carried out to determinethe germination behaviour, vi-
ability and longevity of safflower seedsstoredin plastic
potsunder ambient conditions.

MATERIALSAND METHODS

Mature seeds of safflower were obtained from Di-
rectorate of Oil Seed Research Centre, Rgjendranagar,
Hyderabad (Variety =A-2). Theseedswerestored in
plastic contai nerswith screw cap inthelaboratory un-
der ambient conditions. Seeds were germinated on
moi stened filter papersin open petridishesat room tem-
perature and germinated recorded every 24 hoursuntil
therewasno further germination. The seedswerewa-
tered by adding 3ml of distilled water every day. A seed
was cons dered germinated when the radicle had bro-
ken the pericarp. During winter months (October to
March) germination tests were also conducted at
28+2°C inanincubator together with thetestsa room
temperature. Radicleand hypocotylslengthswere mea-
sured after 72 hours of sowing (after 96 hours during
winter months) by taking ten seedlingsrandomly from
each petridish and the average length was cal cul ated.
Germination testswere conducted every month until all
the seedslost their viability completely. Moi sture con-
tentsweremeasured by drying the seedsat 100-105°C
in an oven and expressed as the percentage on fresh
weight basis.

Alongwithgerminationtestsviahility wasa sotested
using 1%2, 3, 5- triphenyl tetrazolium chloride(TTC).
A seed wasconsidered viableif thewholeof theem-
bryo was stained or only apart of the cotyledon remain
unstained after incubating theembryoin TTC for 24
hoursin dark. Whenever the radicle portion was not
stai ned the seed was counted as nonviable. All theex-
periments were conducted in triplicates. A seedling
vigour index wasca culated by using thefollowingfor-

mula
Vigour index = Ger mination percent x (Radiclelength + Hy-
pocotyl lengthin cm)

Meteorological datafor the period of experimen-
tation were obtained from the M eteorol ogica Division,
Sabour Agricultural College, Bhagalpur.

RESULTS

Seed germination and viability

Resultsof germination tests conducted at monthly
intervalsfrom thetime of harvest till the seeds com-
pletely lost viability areshowninfigurel. Immediatdy
after harvestinthemonthsof April the germination per-
centagewasincomplete (39%). From Juneto October
(3 month of storage) almost al the seeds (>93%) ger-
minated at room temperature. Germination percentage
decreased from October (7 months of storage) and
sharply dropped to 13%in March of thefollowing year
(12 monthin storage). Negligiblegermination wasre-
corded in May (14 monthsin storage). Starting from
2™ month in storage (May) till the seventh month (Oc-
tober) germination started within 24 hours. However,
from themonth of November therewasno sign of ger-
mination before 36 hours after sowing evenwhenthe
seeds were incubated at 28+2°C. Thiswas seen not
only in older seedsfrom thepreviousyear’s harvested
seedsgermination could berecorded only after 48 hours
of sowing during the months of November to May.
M aximum germinationin these caseswasrecorded &f-
ter 96 hours of sowing.

Viability testswith TTC

Ingenerd, viability of seeds asdemonstrated by
TTC staining was comparableto theresult of germina-
tiontests(TABLE 1). Newly harvested seedstested in
January and May showed almost 98% viability with
TTC, although the actual germination percentages at
room temperature (about 23.4°C) were only 39% to
78% respectively. Nevertheless, at 28+2°C germina
tion approach 83 and 78% in October - November.
From February (10 months of storage) thefdl inactual
germination percentage wasrapid and sharp whereas
viahility asshownby TTCtest declined gradudly, nearly
always giving an over estimate of germination
(TABLEDL).

Upto ninemonthsof storageadmost al the partsof
theembryo were stained with TTC. But asthe seeds
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TABLE 1: Comparison of theviability of safflower seedsas
shown by thetetrazolium and seed ger mination testsafter
different periodsof storage. Theseedswereharvested onthe
last week of May + SD

Pollen viability

-[Ieg?n(;f Tetrazolium gg(r)nr:]matlon t%; \(igour
test 28+2°C  index
temperature = —

April 94.55+2.14 39.43+5.84 - 303.61
May 97.99+1.83 78.29+2.91 - 704.61
June 95.48+1.66 91.78+1.62 - 1099.44
July 95.21+1.38 97.95+2.35 - 1283.14
August 97.74+1.66 97.99+2.76 - 1215.07
September 95.40+1.99 96.99+2.43 - 1057.19
October  92.5+2.6 94.87+0.81 80.87+3.27 948.7
November 90.67+1.73 89.69+0.57 76.69+2.41 896.9
December 88.84+4.29 85.75+3.24 78.77+1.58 565.95
January  85.3+7.53 80.42+5.65 59.68+2.89 458.39
February 69.66+5.13 46.17+5.64 32.57+8.14 286.25
March  36.17+4.27 13.07+0.88 27.96+3.45 44.43
April 15.59+1.97 08.95+7.69 - 15.21
May 6.39+1.78 03.87+1.62 - 5.03

TABLE 2: M eteriological dataof Bhagalpur fromApril 2007
toMay 2008, thestorageperiod

o Relative
Date  'omperatuwre("C) iy Rainfall
Maximum Minimum 7a.m. 2p.m.

April-07 35.0 20.8 80 43 69.3
May 37.8 234 76 48 54.5
June 33.6 24.6 87 61 199.0
July 32.7 24.8 93 75 3330

August 32.2 26.0 89 72 1464
September 32.0 26.6 91 78 92.3
October 29.9 239 94 74 126.8
November 29.1 16.0 89 54 0.0
December 26.6 12.7 94 59 0.0
January-08 21.9 08.9 86 59 12.2
February 23.3 11.3 91 58 5.8
March 30.9 15.2 82 42 24.9
April 34.6 194 82 42 0.0
TABLE 3: 100 seed weight and moistur econtentsof safflower
seeds
haere;tefldlls/eeds Seeds af_ter 14 months
. sun drying old seeds
(in gm)
100 seed weight 485+ 14.69 381+ 11.43 315+ 10.99

Moisture content

(% Fresh weight)

10.17+ 2.12 10.82+ 1.26 8.86+ 0.59

began to loose their viability many of the embryos
showed only partia staining. It wastheradiclewhich
first stopped to take stain followed by the cotyledons.
The extreme tip of embryonal stem was seen to be
stained inafew seedsuptoApril next year (14 months
instorage), athough these seedswere not ableto ger-
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Figure 1: Per centage ger mination of safflower seedsev-
ery month in storage after harvest in May 2006. Bars
indicate+ SD

minae
Effect of ambient temperature

Themetrologica dataof Bhagalpur (Bihar, India)
with respect to the storage period for mean tempera-
ture, rdativehumidity andrainfal isgivenin TABLE 2.
At room temperature germination percentage was con-
siderably lower during the winter months (November
to May), when the average room temperaturewas a so
lower. Effect of ambient temperaturewasevidentinfresh
harvested seedsinApril and May (1% and 2" month of
storage) wherearisein temperatureto 28+2°C highly
improved the seed germination percentage. Evenin
seedswith longer storage periods (12 to 14 months)
increase the temperature considerably increased the
germination percentage, nearly approachingthevaue
givenby TTCtests.

Seed weight and moisturecontent

Seedsweight and seed moi sture contentsjust after
theharvest and after 14 months of storagearegivenin
TABLE 3. The seeds contained about 12% moisture
when put into storage but thiswas reduced to 8.8%
after 14 months storage. Lossin weight by the seeds
during storagewasa so evident.

Seeding growth and vigour index

A very close similarity was observed among the
patternsof seedling growth, germinationandvigour in-
dices(figure2, TABLE 1). Radiclesand hypocotyls
both werewel| developed till the month of February
(11 monthsin storage) and theresfter their length Sarted
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Figure2: Seedling growth in safflower in different months
of storage. Barsindicate+ SD

CNDJFMAM

to decrease. From April onwards (13 month in stor-
age) theradicle growth virtually stopped, but in many
of the seedsthe hypocotylsgrew well, although with
someirregularitiesand relatively large deviationseven
inthesameexperimentd lot.

DISCUSSION

Ageingisanaurd, irreversble phenomenonwhich
affectsviability and vigour in stored seedsand posesa
seriousproblem inmodern agricultural practice. Seeds
possess highest vigour at thetimeof their physiologica
maturity®. Thereafter, the seeds gradually age and
declineinviability and vigour. Variousinterna aswell
asexterna factorseffect the viability of seedsduring
storage™828, Of severd problemsencountered in stor-
age of seeds, maintenance of viability and vigour are
most important. Planning for seed storagerequires
information on relative storability of seedsof particular
speciesunder ambient conditionsin different agro-cli-
matiCczones.

Thelossof viability of safflower seeds can bede-
tected from the germinati on percentage, seedling vigour
and staining pattern of theembryoto tetrazolium chlo-
ride. Storage of safflower seedsfor oneyear inplastic
contai ners decreased germination percentageto virtu-
alynegligibleleve. Thiswasreflected by tetrazolium
tests, except in cases where the ambient temperature
effect wasmore prominent. Tetrazolium test hasbeen
successfully used for topographi ¢ determination of seed
viability®3U aswd| asto eva uateviability evenwhen
theseed isinastate dormancy!®®. Inthiscasethedis-

crepancy, whenever observed between actual seed
germination percentage and theviability percentagere-
flected by tetrazolium test can, to alarge extent, be
explained onthebasisof ambient temperatureeffect on
germination. Evenafter 12 monthsof ageingincubation
of seedsin 28°C in the month of November to March
aufficiently improved thegerminati on percentage. How-
ever, on 12" month of storageand completely lost after
14" month of storage. Thereafter, thelow germination
of the seedswas clearly duetotheirreversibleloss of
viability caused by natural ageing. Inthese observa-
tionsduring thefirst and second monthsof storagethe
seed showed lower percentage of germination at room
temperature which increased and approached 97%
from the 4" month of storage. Thisbehaviour can only
partially beattributed to thelow room temperature dur-
ing themonth of October-January asincreasein tem-
perature highly improved germination percentage ger-
mination inthesemonths. Meenaet a . observedini-
tid increasein percentage germination upto Six months
of storageunder ambient conditionsin cottonindicating
the existence of hard seeds. Narayanswamy and
Swamy?8 found that five month old seeds had higher
germination and vigour index inmaize. Anincreasein
germination percentage after afew monthsof dry stor-
ageisasorecorded for Caseulia axillaris, amember
of thefamily Asteraceag®’. Thissuggeststhat safflower
seeds may possess a short dormancy period or may
require after ripening.

Amongst different factorsinfluencing seed longev-
ity sorageenvironment, relative humidity and tempera:
ture contribute to agreater extent!’19. We have pre-
sented the meteriol ogical dataof Bhagal pur for refer-
ence. Theoxidativedeterioration of polyunsaturated lipid
incdlular membraneleading freeradiclechainreaction
isconsidered to be primary region of ageing!®. Poor
membranestructureand leaky cellsareusua ly associ-
ated with deteriorating and low vigour seed lotg>11,
Sharmaand Singht®3 observed that lossinviability in
linseed wasrel ated with the seed weight and variety
with bold seeds (higher 100 seed weight) lost the vi-
ability earlier. No varietd differencesinseed weightin
storage. Moisture content of linseeds stored in cloth
bagsvaried in different months depending on relative
humidity!®3. However, inthiscasenosuch fluctuationin
moi sture content i sexpected asthe seedswere stored
in screw capped plastic container. Many seedsretain
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their viability better in seded container thanin open stor-
age because sed ed container provideasmpleand con-
venient method of controlling seed moi sture content®.

Seedling growthisanimportant criterionto assess
the degree of seed deterioration. The seedling vigour
index of safflower declineconsiderably after 8" months
of storage. Thismay bedueto decreased mobilization
of reserve substances during germination of the stored
seedd®¥, |tisinteresting to notethat |oss of viability
of safflower seedswas always associated within the
inhibition of radiclegrowth. Thiswasa so reflected by
TTC staining asin partialy stained embryos. It was
radiclewhichfirst stopped to take stain followed by
cotyledons. In many seedsthe hypocotylsgrew readily
even after 12to 15 monthsof storage, whentheradicle
and cotyledonsboth remained unstained by TTC. The
vigour testsare commonly eva uated according totheir
ability to predict some aspects of potential seed per-
formance, particularly seedling growth rate, seedling
emergencein field, plant uniformity, crop yield and
storability. Thisobservation indicatesthat safflower
seedshave potential storability of ayear or evenless.
The period issufficient for thesameyear’s sowing but
itisclear that they can not be carried over for subse-
guent years under ambient conditions. Field perfor-
mance often dependson initial seed vigourl, How-
ever, separateexperimentsareneeded to gtrictly evalu-
atethecaseinthefield.
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