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Table 1. Some characteristics of the studied cultivars
No. Cultivar .3, Population coxex Agronomic properties _cl,; oloogas

sedla . Local- s Y el -l 1{“)05)' .
(Hashemi) Early maturing- Tall- High quality
o9 pB)] alie i S=oligS - pu 509

LS
2 . Improved-caszde!  Early maturing- Dwarf- Similar quality to
(Gilaneh) . .
native cultivars
3 e Improved-sasz-o| JMW CrheS e .5&;)1 7“’%{)%
(Khazar) semi-Dwarf- Medium quality
4 olowss Local - o5 b CoieS -l Tosy
(Domsiyah) Early maturing- Tall- High quality

(S ilo Yo b yao 3og) Giabosl gl Joe S plionds § (Sojud Slasein ¥ Jguo
Table 2. Physical and chemical properties of soil in the experiment site (depth 0-30 cm)

L Ll s 55 JB pily N )
S cal Té)e ofim ai”on “ wir Bl o Seslale e JleeS
Texture P & = P(mgKgh N (%) EC (dsm™) 0.C. (%)

system K (mgKg")
o S5
e o Flooding 118 31 0.22 0.53 711 2436
Clay-Silty oo
irrigation

OTAY 5 Y8 o) g a8, Jead Jsb o iale T sz oo swlislsn cledbl Y Jgas
Table 3. Meteorological information during the growth season of rice in experimental site (2017 and 2018)

sles Sils los (Sl s i ey S wsb;iﬁtf
Ju oo ‘L”“S i Average Sk S Aver:;:lge of
Year Month Minimum Maximum Temperature Rainfall Sunny hour relative
Tem(p;c(:;)a ture Tem(l::)ecr)a ture (°O) (mm) (hour.month-") humidity
(RH)
Apr. (55,8 8.5 18.6 13.58 86.2 140 77.7
May. coagus)l 14.19 242 19.19 27.8 168.8 77.3
yYag Jun. sls 5 18.77 28.13 23.45 18.6 229.5 75.25
2017 Jul. s 20.66 31.6 259 13.8 232.5 74.55
Aug. ols e 22.1 33.8 28 0 293.7 68.8
Sep. 554 213 325 26.9 61 2458 743
ADI. (05,8 8.59 18.77 13.6 20.4 145.9 74.97
May. coigns) 142 245 194 37.2 170.4 73.6
yyay Jun. sls 5 18.2 27.9 23 48.7 230.3 74.6
2018 Jul. 5 22913 33.26 28.08 30.8 295.4 72.5
Aug. sls 22.72 31.28 27 68.4 164.9 76.85
Sep. 5 50 19.73 30.44 25.08 13.8 209.7 73.9
! Monajem
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12

OS] JUb slaaieF y jdy Lohuan 3 rab Jl9 ;U oy 10y e g Sl 00l jcidal

odBE s Sy slend o LS alS opl A wele
& oo lowe 15, & 5 o0 (ol w03y st
Sidlex Ao, g odd );L.o Slewi g0 ol 5l a
g Jlo 50 0 50 K0 el b aslie o ) g pcams
S9d ledl b (7 Jguz) obs las Jlgy jles g9 52
Jlo 5l e \YAP L jo oo b Sjailse ausyo a5
93 0 SNk @y A dwee Slaia a5 o VTRV
0,90 b losen VYA7 Jlo o .0l bgs e andllas Lo
s ol nl (FWk goeme obo Slype 3 4 ged
olo (pl ;o WWAY Jlu jo a5 o wg yin Joo
5 ol el T e Wl e le SAE
Sl 5 ole 93 (nl )3 odlES (g Cusb) wo o
(Vo oV) oSa 5 Cole (1 Jsoz) wog wilite
Sugb) g Led dlex I (aze Lalpd a5 wis 5 olo
lap] Sialer 0ly g a4 2 L)k gad > oo
FEOUV AR S0 VO
Eymae Jlgy oyl jo Gialsz weps als
Slerd ol g Sl e eadosls 13 gl yd 5l S
PRRIANCAR ViGN & VA SLEYR R I VA RSP H PESR W
5 235 WS edla Bl s i Sa we s P4
oSl AYAY L jo e ol malS olawses
Ayl o g asye £YA 4 A ATV AANY
& J5oz) b S olaos 5 35 LS (adle
Sr 2 Vb (o Cugby g L &S w0
bk Gialer cebl p sinad Jl egian
lan 5 olad gl b gl ool &5 wal axalas
doys Lyl ol callas 0958 slo,d o (YY)
OIS 5 8 Sldllas yo 5d g 5l (o856 (Sials>
DOV PR R IR OSRRLTTIN » WO PNES
Aoy Guels ade Glgiee Ty ool bYs (YT
el akex 5loyS ol S lgs 5l (S50 Saile>
Cods 2alS ¢ Siailm 50 Jgtan slapspl culled
Sl 5 o) galannST 5 i sl sle
057 @ dsSses Sl a4 oyl 5 MDA s
Sl glm sl el el DNA 3 RNA

5 Sun
¢ Shaban
" Kibinza

oBiws g oy O Jglbe o Vel V-
DY gon Job 53 'St e ;3 sty S
mpl Codld al soll 4l £e Dol o gl
3 ol el 5l eolaiul b jbgemss dwnST g
R N R (N S ST
8 et (NBT) gl 269hg s

O by lawd 3L Jolos 28Ty Jolre
s Veedo V¥ s PHEVD L Yee Lo
VO podoslSshsys Vea e oV EDTA
g2 Yge ke VO (ngMlign) 5 Voo e

O+ zyo Jsb 5 | Sartesth da o Jslme iz
Al Gl egide nSwl  oBiws  lawgh  agils
ORAY T ) 5 ilysilr)

oS oy plsl 5l 3 bl slaaias ez
obesl Guibly (319 51 laebl jglateas daesls
Jlo 9o imlejl gl Sluye Sle 51 inles]
Flme 5 o) o, oolinul B jgesl 5 aslllas
S osliiad b g,lel loslrs o il lg 4325 Y-\ Y
5eSls dnglio g alool A/ ases SAS (el lsile
ah 15 S5 el 5l eslinal b addllas 5,50 lao
ey Sl i8S L8 aslie 5550 w0 ) O Jlaxm
20,5 solazl Excel 2013 15800 5 5l o lo g3

P4l Cus g g doy0
@ oaxg by Sl weys Che gwyp
Aoz Jlo ;o sleosls Foygesl o jlo sine
ol @S 0)S G 0 ojlads Jeaz 0 g 4y
90l S g 08 5 Jlgy Sl aS ol plis Jeur
A Gl gxe Jlo g0 ja 0 Sidiler wsys o ele
aS olo lis addllae Jlo g0 j0 bools (1uKilo duslio
Sl ) s oo Sy 455 5 LS otla 3 4
Stosll olo (a5l aay g aidlo (Vb (Gjelez d

ol 1) Siailez sy rals eddps jud Sy 5 9

! Kinitic

? Photometric

* Giannopolitilis and Ries
* Rabiei and Mohit



Yy

VFeo o9 0 jlos /i Jluw /51 ) yds s i gy

oo o yoe Job slils slayde 4 S 59, 55 4
5,55 pdy yo vae plas Jb o wls las pals
eiad 33 355 55y YIV 5 YITA (o 5ty kS
3 0 5 YYD N/ F woabapd 6y Jlas]
oy DS g )35 oedle Bl 0 e )
S e sk sl layde b anglin o ) Sl
oyl a5 sy oo e (P Jguz) wisls ials ole
S 1y 095 a5 LS il S g )55 08 90
Wlg Sagymw g 00,5 s Ll o ole il cundS )
(V1) o)lSen 5 oS iy & 89,5 5 035
(Nicotiana tabacum) SLs sla,ds a5 w55 Lo
Sraler ey (Sloylil colB Ll aisy )l
CWZNSOD slagy 5V ol 4 53 1, 553
aS J> 0 wilosls yLis (SOD 31 0dgs 50 Jgiane)
GV G et 5 cnl Ll a5 e slayd
ol glié 5 b ROS i oylus o5 andls
w3 e SR 4 Al cnl aas e olas 1) g
o,lal oydy jo Sle,lsl 4 Sjails> ses o SOD

2,18 i

Az a9 axadle SUS (159 9 Job

9 8y ook Sl S e b)ly 4 mls b
o bapl Sis 5 5 azady, g azdls Jsb » Jls;
Sy90 Jule 90 iiSas ol o pxe doy0 K e
oy Sy gl o azads, b p by adlls
(F J9A>) KW )‘0‘5,.“
ol a8 sl nels |y azdile Jeb Jlg; slo,leus
Dy gire 0adm i Gy Hledd 0 LS als
SES (g e Gl o bjlesd (nl (rioren
S b Y Jpuz) el azady; 5 4zl
5 axaile S 09 weyd VO alS eade s
Gloyd a4 o 1) azaty, S35 wo s VY
b 8ISV Jysr) b g ole ) jac g
Slojlog 5l (G80 adlllas )90 (8, Loz o azaly,
Blod 51 )35 03, 5 28l ol o8 0 saaliae s

2 8y onl o azaiy; Jsb ogs o g s ,be]

5
Lee

GlaeaSTy GlgemssanSTpow il colals]
oSy SlysSul g jLSge, sslisls VLIS
Voot (oL Sen g ' S Ve o oo e g [yiesS)
2 (VN Les 5 T, 0290 Togs 5 Sile
@e)lesd )0 Sialsz oy el 5 ol ey
5 lle] o 5T cdlad suas zals a5 o soalive
OL 1) 039 ) wenSTn gexd l Bl g jBgmens
lop T el 2alS (Y VF) Sen 5 ' o il
SlygSalyyammagie oSl YL (lags 1
Oz 50 OieST e slaaisS oz Lo 1) LS,
Jsil e |y Jole ol 5 60,5 )58 @i s slosie
lly U s sl byds ol jo Siaile>
S olo plis (Salsr S 0y 5 Jlgy Al S
Ll 5l Siailer ey p Jule g0 ol GiiSen
wosls puSilo dunlio (F Jgozx) o lo sme (5,k]
o5 er o oy il S o8 o olis
3 58,58 L g 00 mSlas cudlo gy las ole S
AY/A 5 YYNNE YVAF XYIA oo il Saeay Ll
5,57 WS (alile Bl o o s ], rals wsjo
u.,.mlf o OM&!)&N) S sols uLwA °L.2“‘"°'>
e ol (G ,5 YOIOY 5 YV/A YOO /- F
5 o WS (eedle pB)l o i Gl
oo i yoe Jsb shls slaydy b dnglie 45 obas
e 0y 90 (il o Sialer S 8D
9 ))':.> OMCM.J" fw.é) 9o L Cads owo 9 ‘SAMJLQ
b giaile> o ).ob (F Jguz) 09 Sauvals LS
g ol aslllas o gip 53 ead@ yud S Jles!
sl 00 5158 55 (V4 12) S
C y 50055 ole SOl am LS 5 55 L
wsly ol pedle 18 a4 Cod 505 Sl
3 ooile 98, 53 59, )3 R Ve loA Siailex S )
595 50 LN NYNE s YEIAY Siailes co sy b anglas
GxSo8 5w Ll (@S 5 555 pB)1 o e
FIDY aisle o3, Siailex Cee Sl jo ole ik

" Goel
2 Sung and Chiub
3
Brar
*Yin



YA

&

O T Jlad sLaigS p ydy (egiuan g (b Jlg) U (w10 ed 9 (JLkals ool jcinal

SI o7 g/ o T E el el o e e e g E ST

Ajaanoadsar “sjaaa) Aupiqeqoad of] pue 45 18 WSS UEIIUSIS 10N 144 PUE 4 SU

— - . . . : : : (%l A°D
ol BeCl LFDI L8 L9 el ¥l 66L e 8oL ot x50 (o)
LS00 SOO0N0000D g0 =1ET SROD00 (0 BEILE9 00000 SO0 o BET0 oo L¥ T 200
m& 3000 s lT000000D gy D1=9ET 5000070 &BOCSOLT wl 10000 oSSO0 *9670 w#ELT0 bl 9 Ande(
ml 100 & SODO000D w2165 4 GE000°0 wi £96E FE0000  «6I00°0 8] w=#FIF T seS0F T A0
w0070 wxTFO00000  ay DI=LF] «==9000°0 wh L906 wFS0000D 6500070 wxl0] =1E6°0 w61 £ Awd
=F 000 wxLO000000  w) D1=L0OT w0000 xbTOEIIT SO1000°0 oC0000 s | wsHT0 w=#9F 9 Jall
=90L L U000 wx O1=L88 «FL00 WFLTTROST  #e0E00 w2000 w98 1L #9F] w9900 T (1) moneIouAaC]
96500 el 1000000 g -01=561 wxbBO0D  FSTROFI] w1000 50000 wx107F] w605 LFETCI £ e (3} manny
L7070 wxOL 1000000 g DI=CBT SUEO000D =5 9E0RF S CO00°0 L1000 GLT000000 i =T I = (A) eag
A0 { y
Eo Aanae qos Ananoe e Em..mﬁ IyEam puay il »
“OFH L. o asejAuny IAS Aap Aap sy uone
. s X0d o looys _ iy NOS
5 st 5 ? Swe 2PEY 00us oppey 0 unwen UV 2 ety
) eparlE (Fand - _3_.1.%_.. e Crrpay ger [ e - Hpl T bt i el
Sy 1ol o (7l T
sl LIl e e 0w 60 g T -

ek g el §IeD of g o T 6 TR0 ey oFE G Tl § SRt il D

paas 20U Jo sien [eanuagaog pue fendoimsiyd ‘Eeadooydion o JeAnmD pue UONEIOUEP JO UDTIIEINUT 3N JO] JDUBLIEA JO SISK[EUR PAUTGUI0.) "f Qe



Y4

VFeo o9 0 jlos /i Jluw /51 ) yds s i gy

Tt o O3sipaenSy Slyime o VB @3l colled ¢ Giailszr aoys s Jlg5 5 08, 51 ouilyls 4232 0 Joux
Table 5. Analysis of variance for deterioration and cultivar on germination percentage, CAT activity and
H,0, content of rice seed
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(2017) (2018) (2017) (2018) (2017) (2018)
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D*C 6 522.14%%  440.8%%  9x10xk  7x]1 ek 0.19" 0.01%*
Error Uas 24 5.56 2.39 2x107 1x107° 0.009 0.0026
(029 ki o 2 27 1.78 12.52 8.81 13.51 7.88
C.V (%)
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ns, * and **: Not significant, significant at 5% and 1% probability levels, respectively
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Table 6. Interaction of deterioration and cultivar on
and shoot vigor index of rice seed
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germination percentage, germination rate, radicle length,

(20,0) Sailg> do s (ao,0) Siaily> dus o

3wl S N
s WaF Jlo YAy s e . ool 2 ae ezl
o Germination Germination ().5) ﬁ.)di) ().MGH Shoot vigor
Treatment . . Germinationrate ~ Radicle length :
percentage (%) in  percentage (%) in (sced.d™) (cm) index
2017 2018 )
HP1 99.5a 99.7a 20.07a 8.86a 1776.3a
HP2 97.3ab 096.3b 13.49b 8.39ab 1567.7ab
HP3 76.44d 80.6e 8.02¢ 7.24bc 1174.0e
GP1 99.33a 100a 17.16b 9.12a 1810.3a
GP2 97.7ab 99a 13.46¢ 7.14bc 1567.7bc
GP3 87.8¢c 85.3d 11.11d 6.39cde 1381.5d
KP1 99.7a 97.7ab 14.81c 6.95¢cd 1462cd
KP2 98.3ab 96b 11.53d 6.56¢cd 1392.3cd
KP3 89.6¢ 89¢c 11.56d 5.7de 1086.5¢
DP1 94.7b 94b 14.3¢c 7.08bcd 1530.6bcd
DP2 76d 74.7f 7.57¢ 6.94cd 1182.6e
DP3 29.5¢e 33g 3.5 5.12¢ 382.4f
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Data with different letters in the same column are significantly different at 0.05 level.
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Table 7. Mean comparison of simple effects for shoot length, shoot and radicle dry matter of rice

il b i o SaRogy Tl s lgaeaeTy sl
Gagils) () azadle (p)5) azaty, G oS neSs
Shoot Shoot dry  Radicle dry H,0, content in 2017
length (cm)  weight (g) weight (g) (nm. g'le)
Jls; (Deterioration)
ok Y (1 Month) 8.76a 0.165 a 0.095 a 0.06¢
ol # (6 Month) 8.49a 0.139b 0.092b 0.77b
odiszs i 5, (Accelerated ageing) 7.29b 0.045 ¢ 0.024 ¢ 1.24a
3, (Cultivar)
s~sla (Hashemi) 8.45a 0.121a 0.081 a 0.64b
LS (Gilaneh) 857 a 0.121 a 0.073 ab 0.72ab
,> (Khazar) 735D 0.116 a 0.07b 0.63b
olnes (Domsiyah) 833 a 0.107 a 0.057 ¢ 0.76a
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Data with different letters in the same column are sig

nificantly different at 0.05 level.
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storage, 6 months natural storage and Accelerated Ageing (96 hours in 45°C and 100% RH
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Extended abstract

Introduction: Seed deterioration is associated with oxidative stress and uncontrolled accumulation of reactive
oxygen species. Seeds have a group of enzymatic and non-enzymatic antioxidants that protect them against
reactive oxygen species and help maintain seed vigor and support seed germination processes. The response of
different cultivars to seed deterioration is different. Knowledge about the sources and mechanisms of deterioration
and how different cultivars respond can help to select the appropriate cultivar for the region and also provide useful
information in selecting and applying appropriate management methods for storage and increasing the storage time
of seeds.

Materials and Methods: The Experiment was conducted as factorial based on a completely randomized block
design with three replications. Treatments included one and six months of natural storage (4°C, 11 percent
moisture content of seeds and 60% RH) and accelerated aging (96 hours at 45°C and 100% RH) applied on four
cultivars including Hashemi, Gilaneh, Khazar, and Domsiyah. Germination percentage, germination rate, shoot
length, radicle length, shoot dry weight, radicle dry weight, shoot vigor index (SVI), a-amylase activity, catalase
(CAT), peroxidase (POX), superoxide dismutase (SOD) activity, malondialdehyde (MDA) and hydrogen peroxide
(H,0,) content were evaluated.

Results: The results showed that accelerated aging and storage of seeds for six months led to reduced
germination percentage, germination rate, shoot length, radicle length, shoot dry weight, radicle dry weight, shoot
vigor index (SVI), a-amylase activity reduced in all four cultivars. This decrease was accompanied by an increase
in the free radical content of MDA and H,0, and a decrease in the activity of the antioxidant enzymes SOD and
POX. Malondialdehyde content was lower in the seeds stored for six months. The activity of CAT increased after
deterioration treatment, this increase was more intense in the seeds stored for six months. These seeds also showed
lower H,0, content compared to accelerated aging seeds. Khazar cultivar showed lower H,O, content as a result of
higher CAT enzyme activity. Moreover, this cultivar showed better germination percentage and germination rate
after deterioration treatment compared to other cultivars. The decrease in germination percentage due to
deterioration in Domsiyah was very severe. This cultivar showed the lowest germination percentage, germination
rate, seed vigor and a-amylase activity in the accelerated aging treatment. Gilaneh and Hashemi cultivars showed
higher germinability, a-amylase activity and SOD and POX at the beginning of the experiment but after
deterioration treatment, their germinability decreased along with the activity of antioxidant enzymes.

Conclusions: In all studied cultivars, the accelerated aging and storage of seeds for six months adversely
affected germination rate. This decrease was accompanied by an increase in free radicals in the seeds and a
decrease in the activity of antioxidant enzymes SOD and POX, which were less severe in Khazar cultivar and more
severe in Domsiyah cultivar. These results indicate the greater importance of the storage conditions in Domsiyah

cultivar.
Keywords: Accelerating aging, Germination Rate, MDA, POX
Highlights:

1- The effect of storage and seed deterioration on the activity of antioxidant enzymes, reactive oxygen species
and seed germination in rice was investigated.

2- The results of accelerated aging test and natural ageing were compared for better conclusion about the
response of the cultivars.

3- The two improved cultivars were compared with two local cultivars (with high cultivation area).
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