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218 H.P. Vijayakumar et al.: Physiological and histological changes in soybe

Introduction relative humidity. The number of normal see

) ) the end of 8 day and the means were expres

In the tropical and subt.roplcal pC&U@éh'ﬁSGnS?PH§9€oght, ten normal seedlin
soybean seed has become a big challen@e &9 mMiPaseodd tikugtryadiom in each repl
seed loses viability below minimum $@@§Itwewg§iqﬁéiaosmrsetgnfc}@w base of primar)
(70%) before the next growing SeasorbﬁjilﬂrPaW hbophteadg8MAGr#i¥A%- was calculated
Deteriorated seeds in field produces éJé‘r?tVﬁ]’btsettas’le?hé%cétéMIfheg|§1%sed for growth
and fewer plants per hectare, theregapyn feodH!l&idoh e pl9¥WLtions and after remc
productivityef(kgd@0a0; Btagbn011). Anghfikeed coat, they were dried in hot air o\
losses due to deterioration could be @sdanggh a5 ﬁﬁqu_ra@@p,ttq,feg,hg,ere cooled in

harvested crop. silica gel for 30 min. The dry matter of se
Storability of seeds is a genetic%?l'nseeigmf?:tgecérgﬂlacrabc Iearnce and the mean w

and is influenced by initial quality, r?ree-storage history, moisture

content, relative humidity andyetemper@dgfeingfvigl®iA index | and vigour ind
environment; duration of storagest amdc%irﬂbi&téaeﬂ‘éﬁn?KhﬁiéufbrmuIa as suggested
2009; Beatbahd011). The storage life afngepdenvVery7dPMnd Reddy and Khan (200
species to species (Harrington, 1972)nahd|eVaioW i ik iealdftiemr&é replicates of
species gBaRW04). The mechanism ofgagekypdhpdréiii@ighed individually and ger
with varieties of same species is stjlirpREsGIeArtelNEe $BRNPLSs of germination,
associated with ageing are many butelffi¢h gaWOrdsePAPAYBES dried for 24 hrs a
(Jaén a2006). Many processes assoCigied wdfosa8¢ AEFINHh hour and weighed. 1
during storage appears to be free-radiiqalt B¢diatgrbdand Aibddincrease in dry v
peroxidation is suggested to be a primagy GA4$RgO§ At PAbAI8hH Q- Aod was estimat

stored seeds (McDonald, 1999). Thecfggiagaeyc@dsedaliildPdd by the formula gi\
peroxidation can be visualized throgigfeescanoimg. electronic

microscope by studying the histological changes occurring during
ageing and, thereby, help in identifyingochtdagerscahatoradectivity test, four re
responsible for poor storability. In vifdweodethdeds abone fak snufdp waesaach genotype a
conducted to correlate physiologicalanHamgighedithl héssebkagsicadre then soaked i
changes in seeds of soybean genotypdsstilkéndgvwadeagfeo.r 9 hrs at 20°C tempera
) duration, the beaker was swirled for 10 to
Materials and Methods conductivity of seed leachates was measurce

Seeds of 30 soybean genotypest\//\PeerFE'?rlo%fuPe Ital conductivity meter ha

97 6%

different sources UAS, Dharwad, IARpIrTeNeW rE)%tl%ri];alrbdAoﬁqlﬁrgﬁ}/, 1995).

Indore and Department of Pulses, TNAU,sGaimmbagoEqezhohh®icroscope FEI QU,
were multiplied under isoclimatic g0 dbtsqn8y &heMRsXological changes in fr
Bhavanisagar of TNAU, Coimbatore. SaqiksoW @life gvddesdsted (DSB 21) and one
after harvesting to about 8.5% moigfpae sceUenErelshes@ed@ and 10 months s
genotypes were screened through acgilednbsdioh® G rt&Shi®rin between moist
physiological parameters and idigntifipdn fevigp GO PHSIs and cotyledon were
Kalitur, EC 18761, MACS 1416, CO}YenNdr&2B2dIodsyd®PSoaking in 25, 50, 70
storers/performers andzfiv® 9en08y@s%r228. min at each concentration followed
MAUS 61, NRC 93 and DSB 24 as poogtpt@i8ISfperior men. prapethted twice) at ro

on germination per cent after accelgpatedeadrdPdefe®danYfement pattern of «
selected ten genotypes were stored ipo¢y9élydrags under ambient

conditions of Coimbatore for a period of ten months and they were

evaluated for following physiological pabeatatebsaatelifroomtdiperiment was ana
intervals. Seed moisture content waly eadiopdted becihpriqu8IAdescribed by Pan:
(2007). Seed germination test was (¢885%¢d Witerevimg feoessary, the percer
replicates of 100 seeds in paper metdanmf¢raeAl, 0Erc-snaervalues before an:
laboratory conditions of 25 = 2°C tem@pidfatane eah OOB) wBreecadentated at 5 and 1
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H.P. Vijayakumar et al.: Physiological and histological chang&9 in soybe

Results and Discussion Limat al(2010) reported that seed dete

] ~ soybean genotypes was more influenced b\

Seed moisture content was signifdaagphy tHfAUSNESENRY of lipoxygenase. TI
storage period and increased to 9-110/gebnyo¥96eerb%r?ta‘iﬁﬁ‘n@olﬁbrb&fgenase with no
storage from initial level of 8.5% (qutg,lrgtelr)tc{,\yagstpog,lgéotroottj@tnm@ StL3H o e pmEteid

moisture and attainment of equilibriugh vt AdMeeRILH A AMNAUISHIHEE of soybean suc

as seeds are hygroscopicetinald@08)egi¢Sheiahad better storability than yellov

However, there was no significant y}iffeyencen ame G etkt study, yellow seel
genotypes with respect to seed moistyhg w@QAt§NEer variability in seed quality ch
With respect to physiological sele8 quytaMf‘CS.sild'n% i’ce?n L and DSB 21 maint

. . . viabirlity Surin'd "d grage as compared to o
decrease in seed germination was obser d’in e geno

e all pes
but the reduction was slow in Kalit ryg%/nﬁan genottyé)ier?segug odS MAUS 61, NRC

d°0sB 4 o

germination after ten months of storage and was o6n par with

MACS 1416 (86%) (Table 1). In generair,hegcb%qjc,q?bfé)srm,@]ri%h performed physiol
screened from the accelerated ageirh%ct@petr;m@antaagi@iqng Reghediso maintained hiq
seed germination after 10 months ofggyommGeer et cBEHCdNINseedling vigour o
was only 12% from initial germinatiogongp%r}%rcyggspgb}s 'bf,ifedj”ﬁﬁng genotypes. M.
poor storers/performers showed drasdjgnigdtuatdgn @fddeéd faGfer 4 months of
the initial which showed better reliaQilityefegcioebarated, a3€dP9en months of st
test in assessing seed storaehiIﬁt.}b.lﬁjmg@ﬁl)g,e@gve;ggql cm). Kalitur was found t
recommended accelerated ageing tesgefé)d“Q,Aggr(%@_t54§m§§‘\’,ﬁ”ql§ MAUS 61 produce
appropriate test to assess seed vigogyyf P@dc,ﬁt@,hqge(-p@ﬁp@tjg_l Pihe reduced seedl
red clover, while Eksi and Demir (2Q#&%bhud4eae8SdedtehtiBAtof free radicals du
controlled deterioration test of 5 dayg fiQwl 4 aheddbly diéfifepegsrEIIBs like mitoch
seed lot vigour and longevity in onion.equced mitochondria in cells and results ir

(SR,
;o

TableSéed moisture content (%) and germination (%) as influenced by genotypes and natur

Genotypes (G) Seed moisture content Mean Germination Per ¢
Storage Period (Months) (P) Storage Period (Months) (P)
Initial 2 4 6 8 10 Initial 2 4 6 8 10

Good performers in accelerated ageing test

MACS 1416 8.49 8.42 8.9 8.71 8.75 9.1 8.73 98(84.2) 98(84.2) 96(80.0) 95(78

co 1 8.46 8.38 9.04 8.89 8.92 9.15 8.81 93(76.9) 92(74.1) 88(70.0) 86(68.:
EC 18761 8.5 8.45 9.04 8.92 8.93 9.17 8.83 99(87.1) 96(80.4) 92(73.6) 89(70
DSB 21 8.57 8.5 9.05 8.89 8.9 9.18 8.85 89(70.7) 87(68.9) 84(66.4) 82(64.¢
Kalitur 8.52 8.49 8.93 8.78 8.85 9.09 8.77 94(77.7) 94(77.9) 91(72.6) 90(71

Poor performers in accelerated ageing test

MAUS 61 8.44 8.37 9.05 8.94 8.95 9.13 8.81 95(79.1) 90(74.1) 84(66.5) 75(60
DSB 24 8.55 8.51 8.82 8.73 8.75 8.98 8.72 89(71.2) 88(69.8) 82(64.9) 76(60
NRC 93 8.52 8.48 8.82 8.76 8.78 9.03 8.73 87(69.4) 85(67.2) 78(62.0) 69(56
DS 228 8.46 8.4 8.99 8.79 8.83 9.15 8.77 93(75.2) 87(69.0) 81(64.1) 75(60.
JS 71-05 8.48 8.41 9.01 8.85 8.9 9.17 8.8 90(71.8) 85(67.2) 79(62.7) 72(58.
Mean 8.5 8.44 8.96 8.83 8.86 9.11 93(76.3) 90(73.3) 86(68.3) 81(65.0)
Source of SEd CD (P=0.05) CD (P=0.01) SEd CD (P=0.05) CD
variation

Genotype (G) 0.04 NS NS 1.4 2.76 3.64

Storage period (P) 0.03 0.07 0.09 1.08 2.14 2.82

G x P 0.11 NS NS 3.43 6.76 8.93

Values in parenthesis are arc sine transformed values
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220 H.P. Vijayakumar et al.: Physiological and histological changes in soybe

energy metabolism (Mc Donald, 1999)sidnlifitarmptéypoderpe¢instiowfeaér each storage
significant decline in dry matter prodachiet,3bu5%MAIC 3014i6nth of storage as
produced the highest dry matter (39.%awag)k e\68n 9@hfe rTtrean ne@mcthvse oxygen specie
of seed storage, which was on par witlg&ialgtea (88.8amm)geDSoBenlzymes that are
(39.5 mg), DSB 24 (38.4 mg) EC 1876¢els ¢B8be9fang) ianthed&EmMd2§o to usable form a
(34.9 mg). The lowest dry matter prondumtilon ecald iatgcaf2@@dl)in Although mobiliz:
MAUS 61 (15.5 mg) (Eabd&02)Q) KeelypsceewEidiency decreased over the storage perio
significant decrease in all the physialpgiexlteraracietedu cni@ahl tlteten months o
five chickpea varieties upon ageing amhgnafliiscarolyndneo dgf ftdree mtéabtypes. Among
response among varieties in toleratingtapgeris/p eofodnteorss.maintained higher mob

recording a reduction percentage of 22 ove

There was a significant decreasewq1f||§vtlhé oG S¥tlotkig/pblrformers showed 6
the genotypes, however reduction Wf&l@'%lMaK@é'&uﬁld’%@§f‘ mobilization effic

maintained highest SVI | and SVI IIW@§53||%md34)/§,5kaa {gf @7.3%), while MAL
storage period of 10 months. MAUS, rp:;, fl‘iq))gv%ﬁ Y X4

decrease and recorded lowest SVI | and SVI I (90 and 8) (Table
3). There was only 27 and 26% reductionT hre §\¢éindtgpdc Swalrildtion in seed viabil
good storers/performers after ten mow glouro b fs bagred) e epeedrsow alsu & ks al2oM0E)rved by
poor performing genotypes showed dmesitzie; r @dacidgd 0067 6in ampheseed and must
66% in SVI I and SVI I, rAsyegati{dl®L)Anajpeelbndl(2016) in sweet sorghum.
reported that soybean genotypes showted evrast/imdrifotymwe irth theaswee chhetterfotrolerant
to changes in the level of dehydrogebasehemit@d & see gradextidasaeyhich further ma
amylase, phosphatase and glutamic acotibieaairdm xyffasienehicrhd physiological se
are associated with seed viability dusitogsgerapen Sooatp gead typpoor performing ¢
differences in capability to resist biochemical degradation
resulted in variability in seedling vigour &nho®algigahsoypksctivity (ECleattsiogd lea
of sugars and leaching of amino acids w:
Mobilization efficiency is the capewdlyaainge edetomme mibilane integrity and co
the nutrients to the growing embryo. Wigawn rmeonbd | V2 &biiditQel{fNJaiem clie present study

TableS2edling length and dry matter production as influenced by genotypes and natural ag:

Genotypes (G) Seedling length (cm) Dry matte
Storage period (months) Mean Storage |
Initial 2 4 6 8 10 Initial 2 4 6 8 10

Good performers in accelerated ageing test

MACS 1416 36.2 35.8 35.1 33.2 31.7 30.9 33.8 47 46.5 46 45.7

Co1 41.2 39.5 38.8 37.7 36.7 33.9 38 40 41 40.5 38.8 36.
EC 18761 39 39.4 38 36.9 34.8 32.4 36.8 43 43.4 42.1 41 3¢
DSB 21 38.7 38.6 37.4 35.8 34.5 32 36.2 47.1 45.2 45 44.7 4
Kalitur 45 44.7 43.8 42.6 40.8 38.5 42.6 46.9 47.5 45.6 43.1

Poor performers in accelerated ageing test

MAUS 61 42.2 41.8 39.3 36.9 24.9 18 33.8 47.2 47.5 47.5 43.5
DSB 24 41.7 40.5 39.2 37.4 35.5 32.5 37.8 47.3 48.3 48.3 45.2
NRC 93 39.6 38.5 37.5 36.1 32.2 27.3 35.2 49.7 46.2 46.2 44.9
DS 228 34.5 33.7 32.3 30.5 28.8 25.9 31 45.6 43.8 43.8 38.4
JS 71-05 33.2 32.2 31.4 29.7 28.3 24.7 29.9 42.6 43 43 37 3
Mean 39.1 38.5 37.3 35.7 32.8 29.6 45.6 45.2 44.2 42.2 3t
Source of variation SEd CD (P=0.05) CD (P=0.01) SED CD (P=0.0
Genotype (G) 0.67 1.32 1.75 1.21 2.38 3.15
Storage period (P) 0.52 1.02 1.35 0.93 1.85 2.44
G x P 1.64 3.24 4.28 2.96 5.85 7.71

% Journal of EnvironMandh#®Bib9ogy,
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Tabl&8edling vigour index | and Il as influenced by genotypes and natural ageing period il

Genotypes (G) Seedling vigour index | Seedli
Storage period (months) Mean Storage peric
Initial 2 4 6 8 10 Initial 2 4 6 8 10

Good performers in accelerated ageing test

MACS 1416 3552 3510 3368 3155 2978 2654 3203 4608 4556 4418 433

Co1 3827 3633 3416 3246 3042 2711 3313 3720 3772 3564 3339

EC 18761 3864 3783 3491 3287 2959 2692 3346 4257 4165 3872 3649
DSB 21 3443 3360 3141 2934 2727 2497 3017 4187 3935 3780 3664
Kalitur 4232 4201 3983 3833 3593 3351 3865 4413 4465 4150 3877

Poor performers in accelerated ageing test

MAUS 61 4009 3759 3301 2769 847 90 2463 4479 4277 3901 3263

DSB 24 3713 3564 3212 2842 2520 1947 2966 4207 4248 3879 3433
NRC 93 3447 3271 2922 2491 1998 681 2468 4322 3928 3568 3095

DS 228 3209 2935 2619 2284 1989 1503 2423 4236 3807 3389 2878
JS 71-05 2991 2735 2478 2135 1899 1333 2262 3830 3657 3287 2665
Mean 3629 3475 3193 2898 2455 1946 4226 4081 3781 3420 2
Source of variation SED CD (P=0.05) CD (P=0.01) SED CD (P=0.0
Genotype (G) 59.3 117 154.4 101.3 199.9 263.8

Storage period (P) 45.9 90.7 119.6 78.4 154.8 204.
G x P 145.3 286.8 378.4 248.2 489.8 646.2

TableMdbilisation efficiency and electrical conductivity as influenced by genotypes and na

Genotypes (G) Mobilisation efficiency (%) ot EC of see
Storage period (months) Mean Storag
Initial 2 4 6 8 10 Initial 2 4 6 8 10

Good performers in accelerated ageing test

MACS 1416 73 71.5 69.5 66.1 63.6 58.8 67.1 82 85.6 90.4 98.4
Co 1 68.1 66.4 64.2 60 57.6 51 61.2 85.7 93 100 108.6 11¢
EC 18761 71.5 69 65.7 60.4 58.1 53.2 62.9 84.7 91.9 101.4 109.8
DSB 21 67.2 65.4 61.1 59 55.9 52.4 60.2 80.4 90 96.1 105.9
Kalitur 70.2 67.8 65.3 62.4 59.9 57.3 63.8 61.7 63.9 65.9 68

Poor performers in accelerated ageing test

MAUS 61 69 66 59 50.9 23 2.1 45 95.5 108.8 120.4 132.8 17
DSB 24 67.3 65 60.5 52 45.7 36.7 54.5 92.5 105.6 115.5 124
NRC 93 66.8 63.9 57.7 46.9 38.9 17.8 48.7 93.4 107.7 118.8 129.¢
DS 228 68.6 65.6 60.6 50.6 42.5 34.5 53.7 89.6 102.8 110.3 125.9
JS 71-05 67.1 63.6 59 48.9 40.2 31.4 51.7 87.2 105.3 112.5 127.2
Mean 68.9 66.4 62.3 55.7 48.5 39.5 85.3 95.4 103.1 113.1 1
Source of variation SED CD (P=0.05) CD (P=0.01) SEd CD (P=0.0
Genotype (G) 1.18 2.34 3.1 1.81 3.6 4.76
Storage period (P) 0.91 1.81 2.4 1.4 2.78 3.68
G x P 2.9 5.75 7.6 4.45 8.82 11.66

EC increased with every storage periparmedbridctyrded mlaexitmical conductivity (Rs
value (1485 uS cm ) at the end of 102mMm@®%)th& dridmr &Hh.Bwied ¢tme least increase in
(initial) (Table 4). Lipid peroxidationo wérntdémbtean erso may Ietodatgpe period (22%),
decline in membrane integrity that wewlgreéscreh daabtecmeimdraned42%. All the go
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Fig. Histological changes in cotyledon of fresh ahdFagsth seeds of dByBb2h;n (B nortg ple ss:e e«
(C) Aged seeds of DSB21 and (D) Aged seeds of MAUS61. Arrows indicate damage of cel
cotyledons of aged seeds of MAUSG61.

genotypes maintained lower EC ovandtRd hrnorafgeineecimmdmercially acceptable
compared to poor storer/performer gestatryparsd germination) bhdhkaweradnely atvivE

~correlated with field emergence.
Khaet a(l2004) reported that onion seeds exhibited

very short life, and lost their germinabilitScangionugy eahacviabilmtiycmdosecopic observ.
to loss of membrane integrity which tlleatd Bn tior edkséhc se@slsdovigood storer (DSB 21)
and ultimately viabilktty a2 0slex)dalsD ermapeaeteldrge, turgid and there was a clear d
a negative correlation of electrical cdrodwecvevitynwoblopestoeat adeAMFS 61) the cell:
normal seedlings in radish =def.0dtk).s Biatilanld/,|edavtiurgid. Even after ten month:
reported that electrical conductivity of se¢ldnsemabedneawears afitdantlained in DSB 21

% Journal of EnvironMandh®Bib9ogy,
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W 2
) lk{. ’

FO%7 Y0

Fig. Ristological changes in plumule of fresh aAd Rgeshs®eddsod fsDBBe2aln ¢Bh dtygpsahs Seeds
Aged Seeds of DSB21 and (D) Aged Seeds of MAUSG61. Arrow symbol indicates collapse o
seeds of MAUSG61.

damage was less and turgidity of celldemaby madntatesdtlast thall @efongation stage
fresh seed when compared to MAUS661dwehecedaathee¢lswatsthe root tip, wherea
severe collapse of cells and the damargggefredla mideelbnagred eco.uld

be distinguishly visualised (Fig. 1). In plumule and radicle of fresh

seeds of both the genotypes, the cells whighenhpattpanaxidaltion in MAUS 61 n
arranged with clear demarcation and woétte iqeaeratieombohneatfveroxygeno$épecies
ten months of storage, the proportionceflcoelmpsanecedbd Misngg mmo o | lpleskoand dea
in MAUS 61 with membrane damage a(fddaldo amnd eabyweaie awis (Platellz, 3). Wh
expanded (Fig. 2, 3), which is the féendtisiiterd dfe ttermtialetiamceltmechanohsms for

% Journal of EnvironManth®Bibldogy,



224 H.P. Vijayakumar et al.: Physiological and histological changes in soybe

Fig.Histological changes in radicle of fresh ald &geshseeeadsod fsD pBLdn B Fnepssdeds of
seeds of DSB21 and (D) Aged seeds of MAUSG61. Arrows indicate collapsed cells and me
seeds of MAUSG61.

leads to higher physiological eguatlioystpdagatidgegbmdhisdoiogical changes like d
among histological changes antthstysimcdmdirealeguafitgotilemdon and embryonic ax!
al(2017) reported that cells of emibtgoolieraxitstowdiecemrlyyall changes.

and found intact in fresh seeds while it was collapsed in both

accelerated and naturally aged sgeds of black gramknlowvel elchgmaents

was severe when ageing period was extended.
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