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Figure 1. Geographic areas sampled from Barley fields in the cities of Iran. Sampling areas are marked
on the map with green background and the number of infected samples is marked with a solid circle (e)
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1- Mean times germination; MTG

2- Mean daily germination; MDG

3- Daily germination speed; DGS

4- Coefficient of velocity of germination; CVG
5- Germination percentage; GP
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1- Seedling length vigor index; SLVI

2- Seedling weight vigor index; SWVI

3- Mean emergence time; MET

4- Field emergence rate; FER

5- Cumulative emergence rate; CER

6- Field emergence index; FEI

7- Final emergence percentage in field; FEP
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Figure 2. Healthy embryo (a) compared to embryo infected by Ustilago nuda (b, c) as the causal agent of
loose smut disease. 50 pm magnification.
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Table 1. Characteristics of Barley seed samples based on cultivar, sampling site and rate of infected with
Ustilago nuda

Sample Cultivar Sample site Seed - Sample Cultivar S_ample _Seed -
code infection code site infection
I1A001 Abidar Isfahan ND AKT102 Mahtab Karaj ND
MAAQ002 Abidar Arak ND KJT101 Mahtab Jolge Rokh  ND
ZZN011 Ansar Zanjan ND QQT103 Mahtab Qazvin ND
MANO012 Ansar Arak 0.05 FZR111 Mehr Zargan ND
IINO11 Ansar Isfahan 0.05 KBR112 Mehr Birjand ND
AKMO021 Armaghan  Karaj ND AKN121 Nik Karaj ND
11M022 Armaghan  Isfahan ND KMN122 Nik Mashhad ND
AAZ031 Azaran Arak ND FDN131 Nimrooz Darab ND
AKZ032 Azaran Karaj ND KSN132 Nimrooz Shush ND
AUZ033 Azaran Urmia ND SZN133 Nimrooz Zabol ND
AAB041 Bahman Arak ND IMZ142 Norooz Mehran ND
HHBO042 Bahman Hamedan ND KDZz141 Norooz Dezful ND
KMBO043 Bahman Mashhad ND KSZ143 Norooz Shush ND
QQB044 Bahman Qazvin ND SZZ144 Norooz Zabol ND
SSB045 Bahman Semnan ND TVO151 Nosrat Varamin ND
SSB046 Bahman Shahrud ND AKS163 Oksin Karaj ND
27ZB047 Bahman Zanjan ND FDS161 Oksin Darab ND
FQHO51 Behrokh Eqlid ND IMS164 Oksin Mehran ND
1ZH052 Behrokh Zargan ND KDS162 Oksin Dezful ND
KMHO053 Behrokh Mashhad ND KSS165 Oksin Shush ND
I1H052 Behrokh Isfahan 0.1 SZ0166 Oksin Zabol ND
TVHO054 Behrokh Varamin 0.05 AUQ172 Qaflan Urmia ND
AKGO061 Goharan Karaj ND HHQ171 Qaflan Hamedan ND
FZG063 Goharan Zargan ND KBR181 Reihan Birjand ND
TVG062 Goharan Varamin 0.05 KGR182 Reihan Ghayenat ND
KBNO071 Golshan Birjand ND AKR183 Reihan Karaj 0.1
AAJ081 Jolgeh Arak ND KMR184 Reihan Mashhad ND
HHJ083 Jolgeh Hamedan ND TVR185 Reihan Varamin 1.1
KEJ082 Jolgeh Esfarayen ND FZR186 Reihan Zargan 0.05
KMJ084 Jolgeh Mashhad ND KFR187 Reihan Faruj 0.4
QQJ085 Jolgeh Qazvin ND AKY192 Yosef Karaj ND
FZJ086 Jolgeh Zargan ND TVY191 Yosef Varamin ND
FZM093 Mahoor Zargan ND QQY193 Yosef Qom ND
KGM091 Mahoor Gachsaran ND S77201 Zahak Zabol ND

*ND: Not detected
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Table 2. Means comparison of some traits related to germination in infected seed samples of Reihan cultivar (at different levels of
infestation of Ustilago nuda) with disinfection with chemical fungicides

Parameter
= § 8 o GP DS sV SL RL FW DW SWVI SLVI
(¢>]
C 0 91.50a Oc 91.50a 181h  259c 251b 0.253b 23.13a  4030.6b
KMR184 VT 0 9150a Oc 9150a 18.7efy 27.4b 260a 0.257ab 2352a  4222.7a
RTS 0 91.50a Oc 91.50a 19.0de 289a 262a 0.258a 23.65a 4302.8a
c 005 90.75a Oc 90.75ab 18.4gh 239e 227c 0234d 21.90b  3838.7¢f
Fég VT 005 9100a Oc 91.00ab 18.7fg 252d 247b  0239c 21.82cd 3997.1hbc
RTS 005 9125a Oc 91.25a 188de 254d 248D 0.240c  21.28de 4044.6b
C 01 9100a 050bc 90.50ab 19.3d 230f 225cd 0.232d 21.11d  3825.9efg
AR VT 01 9100a 050bc 9050ab 192d  230f 225cd  0233d  21.09d  38237efg
RTS 01 90.75a 025c¢ 90.50ab 19.0de 23.3f 226¢ 0.233d 20.99d  3830.4efg
C 04  9050a 1.00b 89.50bc 21.3c  20.6j 1.98f 0206 f 18.46g 3752.2¢
'ig? VT 04  9050a 1.00b 8950bc 21.2c¢c  220h 2.22d 0.218e  19.55e  3868.6 de
RTS 04  9050a 1.00b 89.50bc 21.1c 225g 2.22d 0.219e 19.65e  3904.4 de
C 11 90.00a 225a 87.75d 234b 195k 1.90¢g 0.198g 17.37h  3764.3fg
T1\£ VT 11  9000a 200a 8800cd 233ab 215i 209e  0215e¢ 1894ef 39446 cd
RTS 11 9050a 1.00b 89.50bc 23.0b  222gh 2.09e 0216e  19.31fg 4047.6b
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RELEE K]
ER O
S @ 2> MIG CVG MDG DGS MET  FER CER FEI FEP
@D
KMR184 C 0 333a 0.30j 13.07d 0.08a 0.39i 6.53a 13.16k  100.00a 91.30a
v 0 297b  0.33i 1525¢ 0.06b 0.41i 6.53a 14.24 100.00a 91.30a
RTS 0 294b  0.34i 1525¢ 0.06b 0.46h 6.53a 15.14 i 100.00a 91.30a

FZR186 C 005 295b 0.34i 1296d 0.08a 0.48gh 6.45abc 15.32hi 99.45a  90.25abc
VT 005 280c 035h 1517c 0.06b 050g 6.50ab 15.84h  100.00a 91.00ab
RTS 005 275¢ 036h 1520c 0.06b 0.49gh 6.52ab 16.68g  100.00a 91.25ab
AKR183 C 01 260d 038g 1517c 0.06b 0.53f 6.39abc 16.46g 98.89a  89.50abc
vT 01 254d 039g 1517c 0.06b 0.56 f 6.39abc 17.35f 98.44a  89.50abc
RTS 0.1 240e  041f 1512¢ 0.06b 0.63de 6.39abc 18.64e  99.32a  90.00 abc
KFR187 C 04 244e  041f 18.10b  0.05c 0.62e 6.28cd 19.18e  98.32a  88.00 cd
vT 04 224 f 0.44e 1810b 0.05c 063e 6.32bcd 20.03d 98.87a  88.50 bcd
RTS 04 216g 046d 1810b 0.05c 0.72b  6.32bcd 22.04b 98.89a  88.50 bcd
TVRI185 C 11 1.98h 050c 2250a 0.04d 0.68c 6.16d 21.93¢ 98.30a 86.25d
vT 11 1.89i 053b 1800b 0.05c 0.66cd 6.17d 21.14c  98.29a  86.50d

RTS 11 1.78 0.56 a 18.10b 0.05c 0.77a 6.32bcd 2346a 98.88 a 88.50 bcd

GP: Germination percentage, DS: the average percentage of deformed seedling, SV: Seed viability, SL: the average shoot length (cm), RL:
average root length (cm), FW: fresh weight (g), DW: dry weight (g), SLVI: seedling length vigor index, SWVI: seedling weight vigor index,
MTG: Mean times germination, CVG: Coefficient of velocity of germination, MDG: Mean daily germination, DGS: Daily germination speed,
MET: Mean emergence time, FER: Field emergence rate, CER: Cumulative emergence rate, FEI: Field emergence index, FEP: Final emergence
percentage in field. Means within a column indicated by the same letter were not significantly different according to the least significant difference
(LSD) test at the level P <0.05.

“C: control treatment, VT: seed treatment with carboxin thiram (Vitavax thiram®), RTS: seed treatment with iprodione-carbendazim (Rovral-TS®).
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Figure 3. Effect of seed disinfection with chemical fungicides on percentage reduce disease incidence of

Sl £ Sl) ST Kl (S slow 89 LALD AL o33 (595 rloned SO B b o Sghens T T

7
=
7
=

Ok od) 93 (S sladiges o Ustilago nuda 31 (it (st

loose smut (mean * standard error) caused by Ustilago nuda in Barley samples of Reihan cultivar. :

indicate significant differences according to the least significant difference (LSD) test at the level P <
0.05.
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Figure 4. Activities of the antioxidant enzymes of superoxide dismutase (a), catalase (b), polyphenol
oxidase (c) and also content of phenolic compounds (d), total protein (¢) and malondialdehyde (f) in the

spikes plants as affected by seed treatments of Barley samples of Reihan cultivar (at different levels of
infestation of Ustilago nuda) with chemical fur_quicides, Data are means * standard error, the experiment

was repeated two times with similar results. // control treatment, ﬁ seed treatment with carboxin

thiram eed treatment with iprodione-carbendazim. Different letters indicate significant differences
at the 5% level according to the least significant difference (LSD) test.




2 ST ol (ley § 85 5 S50l (S Slaas L 5 1 o et S i0LKes 5 Ul $A

oz 14y Glaasli b i e Slio o) (x5 J6
sl S 5y oSas 05y ety 5 arale Jsb
D3 Lghe OT 5 Job sloamals sy oy
O sl Slaslws o 5SS el Sas
23 s S # 5 Ol (it 61 4 S5 et
L o,d e (Steiner et al., 1989) ol a5
G ol 02 Y Bl s el S ) 1S58
o g Ol bwge (olg Giale de)s Ssg
WS O S3s 5 Jeb patls wWilis, Siele
Haghanifar et al., ) 555 o 4> ai, 5 able Jsb
L Gsieds o ol 0l sy o) mls (2018
Crse dals Ld b oamlie 3 gled b iS58
233 ) 58 e el O Ol 1
A 350 53 Oliioms plu Lo g odld 215 ol L alie
GRIB s ol oS )8 ASEB L ke
door i Calee QLS Oi e 5 4 (580 o)
s+ ¢l ((Arsego et al., 2006; Lobo, 2008) =
«(Yari etal., 2020) & «(Bittencourt et al., 2007)
55 5 (Khaledi & Assareh, 2021) ;.:8
3,03 calks (Tropaldi et al., 2010)
o585 5 g8 A e L ISE B L ke
b od Sles g odd Ay fud s IAT Sl (65l
3T Gladkiw doys 2alS Coge oled iS55
sshe paS (3 oSS 5 o ST Sale (soley &
SRas o) Slaalis &S (Banziger et al., 2022)
ol oS 5208 S B Ly el ls Cillas
by 5 T s liwl Lo o 28,6 51 e
23 o ST &Sale solew I8 53 1y 3T o i

.Qalali et al., 2010) 5,5 o1, 5 Olgiol Ok

S e Uiy szl 4 s layd (ST
Yarietal, ) 558 o0 5d a5 g3le sla enal Iy
syl Callas gagh ol Oluslie L as” (2018

~ 6305 b gl 53 pland Gl 1S B L L les
Sshe epalS an Gl el ssg s el e
I L i sbesls o WS IF Ol
Pant, ) el «sl 2als” 51,0 slag )6 4 ST
2011; Fatima & Khot, 2015; Turner et al.,
Sl ayls Calas Eagh ol Sldalis L &S (2020
Aald glalas b amlin 53 glasd Gla 2S5 6 L L
ey 5 ardle Job oy Job el ssp o e
S @ bl Shagy ol @l s
Loy Olpe Il 3o 53 Oldie ple by
b o sled 3 ety 5 e dile Job S0l ¢ G50l
il e Aals Sl b awglie 53 bt (sl 1S5 6
(Soomro et al., 2020; Kgatle et al., 2020)
35k s SIS sba 1S ,B L L S sieds
35 ok odiled Glasd b amslie 53 | araiy b
L b 54 Ssteds (Kumar & Agarwal, 1998)
odiiplad lasd b awslie 5o pland o iST7 56
g od i 05 5 4k Sis paFE Bl Co e
sl Ol ol .(Manoharapaladagu et al., 2017)
ST Ol Sl b oes T dals glajles 3 &
iy Jib el Ol U a1 bl Jb oS
2 lesd GBS B L Spieds 8L el
iy ($O5 e s Cx e Al Glasles b aslae
248 sl Ol s a8 woalS 5y oS 0
oSt (ST Ol I3 L ea T dals lajles
W8l el a4y Sy el 5 oSS 0

ol Jsieds 5ok 53 il 0se5T amlie

ssba olad Gl S ,B b goh les & s Ol



5q VE Y Oltans ) Foylad PO o (55,558 ale dlons) Ko 50l

Uir 5 P8 S oo Sl b 5558 A5
ST J s ST Sl ST GYBET b
CJb Ol (Fahmideh et al., 2022) 55 asl 2ol 530
LS 58 Sl oy 5B ey LS g
Qingming et al., ) csb als 5 il s ja 55
SaessT Sl el G513 o e 5d e (2010
Ahmadpour ) s 0 oS5, Sleos 5 S
Ol a5 Ll s 55 (dehkordi & Balouchi, 2012
P b S Al S Db (25 5 Sl
Slge) b 5y oS A 5 Glaesle iy Jlgl 3 talS
Ghorbani ) wsb LoT o ol feals 5 (JT 5 Sdaa
slaain 55 Lo oLs 5 ST 0l 5. .(Javid et al. 2007
S S B b ot et slasdy I ol OlalS
A5 55 YL e dT dals (slajles b alie 55 plass
Sl dy e 4 Sl s me sl (gbT
botdles Ldy I ol glaamalS s s oS 5
Bl e Gy f8 o5 et G158
o 28 5B (36 gland (25 L ablis 5 LS (sl e
5 Jols glhamal® s U5 SLS 5 Olpe b e
Lol mglie )3 gl (sla 2S5 ,B b o jles (slasdy
Zaman & ) cils gyl gae Ssle dals glasles
Callae Jiagy opl Sldalis L« (Siddiqui, 2004
(Y+\v) Balouchi , Ahmadpour dehkordi .s,is
23 530 Sl Olin A5 IIL S s 8 SIF
@l ST 65 Ol Ol bl 2l laasealS
Slsomn 5 GMHeeS I AT b (51531 e 5 s o5
3580 Biked O gl eaST Ol 20 o go (2555
Olje 53 &S sl Ol W,y (Iseri et al., 2014)

OE s Sy o pzman 5 (#> Glags 5T Cl

S e eSS SSeB L b Gske s
sshe o185 e LT Sele Gl s
S, L ,h Sseas (Menzies, 2008)
oSle Hsb o4 YOVFYYs Jle boys eSS
ST ol (55lay g5 Lo FFN LAl Cor e
ol SOlalia L aS” (Jevti€ et al. 2022) 554 o o
Shalie b fags ol ml o)l Chlee eyl
LOT .sls calae (Y40A) 0, 4 Nasrisfahani
S S S B L Gsieds S WS GIF
Ol 2 Camgn o)s YUY 55 Olse & ol
b o s BT Sl s )les 585
ST (BT I Ol b3l 5 ol s
5 VB G semss LS e LguvijT) PSR IRTN
DL ladiw 53 L5 DS 5 GlST J5
Calie gladoys bl od glawises Sl Jol
5 oh ST Olge (5 b S 4 sdalie ST
ol Sl e S B L d s e e
SRR b DLS 5 Gl Ol 5 # lag 3T
o) sbiST ST ol 5 ke Ol .ZdL
b STy Sy KT 5 SYBET G s> ST g
(Perez-Lopez et al., 2009) sl 2131 a5 il 33!
S o syls Clas ragh ol Sldalie L &S
03 STy Sy ST 5 SYET U g s STl g
2 Wl RIBl o AT Ol RIBIL e B
Cled Ol emen (RaDimi Darabad et al., 2021)
syl LRIl ek e gl is Bl Lo NG
Sy opl Oldalie L« (Kaciené et al., 2015)
ST Sleo 5T I (2 o Dlies 31> il

Tl SRIBIL L3 S0k (6o5d 8 (b e ST



2 ST ol (ley § 85 5 S50l (S Slaas L 5 1 o et S i0LKes 5 Ul Ve

S & sl ol mE )l ‘_S;M s j:jﬂ
Golow g5 Ol S 53 oled b iS58
AR d (ST O B L e JSLT Sl
P R A LT S
oS 38 A8 ,B Sl eSO sl 2S5 8
G Sl 2 Goles g i PR s gl S
e Ol e 5 (M LS 5 5 IS 05 Sl
s el DS gladin 5 2By gl T
skalilis Ll 5 o slowd b iSe B L ols steds
Caglie W1 55 olasd Sla i B ol agr B
o Sl o ST Sabe ol Jele 2,6 e
a0 (ST Olen i 51 5538 55 (s 3050 5 gl
4w bl dls 13 Jod BB o s ST ol
&:ﬁ%;JJTQ\}:‘J\ﬂKfjJ&}
boas)je bl So g b i 5 5 Sl 5 kS
sodd ey olend Gl ESe B L dy Jsieds pln
R R RS A N BT SIS
o Gagn Al GA\J'H ldg C‘Jé‘ slgdiy 5L
bt S 2B LIS 3550 3 s slas s
St S22 ISET Sk (55lay oo 256 3B

Mbdesﬁ‘)‘&)L&f&}é)d‘ﬁ))u\:&;g}w}a})\

G F ol
5ok A 5l Olides e 5 O,

°)=)J"7 o)u Lv d:-“j}!. u._r.‘ )‘ JL& C_,.].Lea- 6‘]' JL@J
u\.:{\.«.;@ @‘)A;}JQJY—~A—~A_~ 1 SR oY 4

REFERENCES

bl 3l ol DalE (sladkin ;5 Jb LS 5 5 JS
boaslis 5o glend b 2S5 ,6 L oodd Ssieds
e Sl S JT Calees ol il dals slasles
Dy 59 (gyls
Ol I3 68705 O 2y ol s IS 55
S35 g AU pde o JSGT ESalw & g Hdy ST
Sl do)s BBl o s el Ao
b Wiy G0l b se wrdile Job ool 2
Sl malS el Oy Lo ge oS3l e
ssbie aoopm 53 ealE ugh atlh  ren ) seb
5ty Jsb St 5 5055 b o f Olis imen
Slp oY Ol bwge wan G55 s Jsb el
oalS b o ailgy Sl e Sl
e RIFI L a5 g jow Aoy 5 as) 50 05 s
Sl S B Lkl ol el Ll (ST
(ot GhealS dons T Carp gled
W) G581 s G381 8 p Y Ol Lo s
e (ST Olie SRIHIL S 5l Ol s 5sd
i 5 FO5 camile 5 araly; Jsb el 0B Ol
(Sl S b wl Sis s Jb el
5 b amal® e 0l Law e @iy S50l Jawse
b Soiedd fpomen (3L hIB) (e seb Copu
e 2 e ho)s Sas g et S S ,E
1050 53 ba emalS 5 gl o 5 walS b el
Ol 53 glasdt G 2Se,6 L1, ol ails (g 50

Ol 5 fS5,6 g5 & ST Sale o)les ¢35

Adom, K. K., & Liu, R. H. (2002). Antioxidant activity of grains. Journal of agricultural

and food chemistry, 50(21), 6182-6187.



Vi VE Y Oltans ) Foylad PO o (55,558 cale dons) Ko 50l

Ahmadi, K., Ebadzadeh, H. R., Hatami, F., Mohammadnia-Afrozi, S., Esfandiarpour, E., &
Abbasi Taleghani, R. (2021). Agricultural Statistics. Ministry of Agriculture-Jahad.

Ahmadpour dehkordi, S., & Baluchi, H. R. (2012). The effect of antioxidant enzymes on
seed priming and seedling cell membrane lipids peroxidation (Nigella sativa L) under
drought and salt stress. Journal of Crop Production, 5, 63-85.

Anonymous. (2017). International Seed Testing Association (ISTA); International Rules for
Seed Testing. Proceedings of the international seed testing association. In Bassersdorf.
Switzerland: Seed Science and Technology. 333 pp.

Anonymous. (2022). International Seed Testing Association (ISTA); International Rules for
Seed Testing. Chapter 7: Validated Seed Health Testing Methods. 7-013a: Detection of
Ustilago nuda in Hordeum vulgare subsp. vulgare (barley) seed by embryo extraction.
Bassersdorf, Switzerland: International Seed Testing Association; 2022. Available from:
https://www.seedtest.org/api/rm/TT74P4C725A2QMV/7-013a-detection-of-ustilago-nuda-
in-hordeum-vulga-1.pdf

Arsego, O., Baudet, L., Amaral, A. S., Holbig, L., & Peske, F. (2006). Coating rice seeds
with synthetic solution of giberrellic acid, fungicides and polymer. Revista Brasileira de
Sementes, 28, 201-206.

Atanasova-Penichon, V., Barreau, C., & Richard-Forget, F. (2016). Antioxidant secondary
metabolites in cereals: potential involvement in resistance to fusarium and mycotoxin
accumulation. Frontiers in Microbiology, 7, 566.

Babadoost, M. (1995). Incidence of seed-borne fungal diseases of barley in East Azarbaijan
and Ardebil provinces. Iranian Journal of Plant Pathology, 31, 77-79.

Banziger, 1., Ké&gi, A., Vogelgsang, S., Klaus, S., Hebeisen, T., Bittner-Mainik, A., &
Sullam, K. E. (2022). Comparison of thermal seed treatments to control snow mold in wheat
and loose smut of barley. Frontiers in Agronomy, 3, 775243.

Bittencourt, S. E. M., Mentem, J. O. M., Araki, C. A. S., Moraes, M. H. D., Rugai, A. D.,
Dieguez, M. J., & Vieira, R. D. (2007). Eficiency of the fungicide carboxin + thiram in
peanut seed treatment. Revista Brasileira de Sementes, 29, 214-222.

Bollina, V., Kumaraswamy, G.K., Kushalappa, A.C., Choo, T.M., Dion, Y., Rioux, S.,
Faubert, D., & Hamzehzarghani, H. (2010). Mass spectrometry-based metabolomics
application to identify quantitative resistance-related metabolites in barley against Fusarium
head blight. Molecular Plant Pathology, 11, 769-782.

Bradford, M. (1976). A rapid and sensitive method for the quantification of microgram
quantities of protein utilizing the principle of protein dye binding. Analytical Biochemical,
72, 248-254.

Cakmak, I., & Marschner, H. (1992). Magnesium deficiency and high light intensity enhance
activities of superoxide dismutase, ascorbate peroxidase, and glutathione reductase in Bean
leaves. Plant Physiology, 98, 1222-1227.


https://www.seedtest.org/api/rm/TT74P4C725A2QMV/7-013a-detection-of-ustilago-nuda-in-hordeum-vulga-1.pdf
https://www.seedtest.org/api/rm/TT74P4C725A2QMV/7-013a-detection-of-ustilago-nuda-in-hordeum-vulga-1.pdf

2 ST ol (ley § 85 5 S50l (S Slaas L 5 1 o et S i0LKes 5 Ul VY

Clear, R. M., & Patrick, S. K. (1993). Prevalence of some seedborne fungi on soft white
winter wheat seed from Ontario, Canada. Canadian Plant Disease Survey, 73, 143-149.

Desmond, O.J., Manners, J.M., Stephens, A.E., MacLean, D.J., Schenk, P.M., Gardiner,
D.M., Munn, A.L., & Kazan, K. (2008). The Fusarium mycotoxin deoxynivalenol elicits
hydrogen peroxide production, programmed cell death and defence responses in wheat.
Molecular Plant Pathology, 9, 435-445.

Doling, D. A. (1968). Effects of infection with Ustilago nuda and of seed size on the vigour
of barley plants. Transactions of the British Mycological Society, 51, 179-183.

Fahmideh, L., Mazarie, A., Madadi, S., & Pahlevan, P. (2022). Comparing the antioxidant
enzymes, osmotic regulators and photosynthetic pigments activities of two barley cultivars
in Sistan region under salinity-stress conditions. Environmental Stresses in Crop Sciences,
15, 485-4909.

Fatima, S., & Khot, Y. C. (2015). Studies on fungal population of cumin (Nigella sativa L.)
from different parts of Marathwada. International Journal of Multidisciplinary Research, 2,
25-31.

Gapinska, M., Sklodowska, M., & Gabara, B. (2008). Effect of short- and long-termsalinity
on the activities of antioxidative enzymes and lipid peroxidation in tomatoroots. Acta
Physiologia Plantarum, 30, 11-18.

Ghorbani Javid, M., Moradi, F., Akbari, G., & Allahdadi, A. (2007). Some metabolite role in
osmotic regulation mechanism of medic Medicago laciniata (L.) Mill under drought stress.
Iranian Journal of Crop Sciences, 8, 90-105. (In Persian).

Green, G. J., Nielsen, J. J., Cherewick, W. J., & Samborski, D. J. (1968). The experimental
approach in assessing disease losses in cereals: rusts and smuts. Canadian Plant Disease
Survey, 48, 61-64.

Grob, F., Durner, J., & Gaupels, F. (2013). Nitric oxide, antioxidants and prooxidants in
plant defence responses. Frontiers in Plant Science, 4, 419.

Haghanifar, S., Hamidi, A., & llikaee, M. N. (2018). Effect of treatment by Carboxin-
Thiram fungicide and Imidacoloroprid pesticide on some indicators of seed germination and
vigor of maize (Zea mays L.) single cross hybrid704. Iranian Journal of Seed Science and
Technolog, 7, 65-83.

Haghshenas, M., Karami, S., Zare, L., Aminkhaki, S., Shamirzai M. A., & Mazaheri, H.
(2010). Investigation on rate of infection of certificated Makouee barley seed to loose smut
(Ustilago nuda) disease in Markazi province. Proceedings of the 19" Iranian Plant
Protection Congress. pp. 239.

Harris, D., Pathan, A. K., Gothkar, P., Joshi, A., Chivasa, W., & Nyamudeza, P. (2001). On-
farm seed priming: using participatory method srevive and refine a key technology.
Agricultural Systems Journal, 69, 151-164.



v VE Y Oltans ) Foylad PO o (55,558 cale dons) Ko 50l

Hodges, D. M., Delong, J. M., Forney, C. F., & Prange, R. K. (1999). Improving the
thiobarbituric acid-reactive-substances assay for estimating lipid peroxidation in plant tissues
containing anthocyanin and other interfering compounds. Planta, 207, 604-611.

Iseri, O. D., Sahin, F., & Hberal, M. (2014). Sodium chloride priming improves salinity
responses of tomato at seedling stage. Journal of Plant Nutrition, 37, 374-392.

Jalali, S., Mahlooji, M., & Poormansouri, T. (2010). Evaluation and comparison of systemic
fungicides to control of barley true loose smut in Esfahan and Tehran provinces.
Proceedings of the 19" Iranian Plant Protection Congress. pp. 822.

Jevtié, R., Zupunski, V., Lalosevi¢, M., Brbakli¢, L., & Orbovié, B. (2022). Co-occurrence
patterns of Ustilago nuda and Pyrenophora graminea and fungicide contribution to yield
gain in barley under fluctuating climatic conditions in Serbia. Journal of Fungi, 8, 542.

Kaciené, G., Zaltauskaite, J., Milée, E., & Juknys, R. (2015). Role of oxidative stress on
growth responses of spring barley exposed to different environmental stressors. Journal of
Plant Ecology, 1-12.

Kang, Z., Buchenauer, H., Huang, L., Han, Q., & Zhang, H. (2008). Cytological and
immunocytochemical studies on responses of wheat spikes of the resistant Chinese cv.
Sumai 3 and the susceptible cv. Xiaoyan 22 to infection by Fusarium graminearum.
European Journal of Plant Pathology, 120, 383-396.

Kar, M., & D. Mishra. (1976). Catalase, peroxidase and polyphenol oxidase activities during
rice leaf senescence. Plant Physiology, 578, 315-319.

Kgatle, M., Flett, B., Truter, M., & Aveling, T. (2020). Control of Alternaria leaf blight
caused by Alternaria alternata on sunflower using fungicides and Bacillus
amyloliquefaciens. Crop Protection, 132, 1-7.

Khaledi, N., & Assareh, M. H. (2021). The efficiency of chemical fungicides in the
improvement of seed quality and control of Alternaria leaf spot disease of coriander. Journal
of Plant Protection, 44, 119-133.

Kumar, M., & V.K. Agarwal. (1998). Effect of fungicidal seed treatment on seed borne
fungi, germination and seedling vigour of maize. Seed Science Research, 26, 147-151.

Lamichhane, J. R., You, M. P., Laudinot, V., Barbetti, M. J., & Aubertot, J. N. (2020).
Revisiting sustainability of fungicide seed treatments for field crops. Plant Disease, 104,
610-623.

Li, H. B., Cheng, K. W., Wong, C. C., Fan, K. W., Chen, F., & Jiang, Y. (2007). Evaluation
of antioxidant capacity and total phenolic content of different fractions of selected
microalgae. Food Chemistry, 102, 771-776.

Lobo, V. L. S. (2008). Effects of chemical treatment of rice seeds on leaf blast control and
physiological and sanitary quality of treated seeds. Tropical Plant Pathology, 33, 162—166.



2 ST ol (ley § 85 5 S50l (S Slaas L 5 1 o et S i0LKes 5 Ul %3

Manoharapaladagu, P. V., Rai, P. K., Srivastava, D. K. & Kumar, R. (2017). Effects of
polymer seed coating, fungicide seed treatment and packaging materials on seed quality of
chilli (Capsicum annuum L.) during storage. Journal of Pharmacognosy and
Phytochemistry, 6, 324-327.

Menzies, J. G. (2008). Carboxin tolerant strains of Ustilago nuda and Ustilago tritici in
Canada. Canadian Journal of Plant Pathology, 30, 498-502.

Menzies, J. G., McLeod, R., Tosi, L., & Cappelli, C. (2005). Occurrence of a carboxin-
resistant strain of Ustilago nuda in Italy. Phytopathologia Mediterranea, 44, 216-219.

Menzies, J. G., Thomas, P. L., & Woods, S. (2014). Incidence and severity of loose smut
and surface-borne smuts of barley on the Canadian prairies from 1972 to 2009. Canadian
Journal of Plant Pathology, 36, 300-310.

Murphy, B. R., Doohan, F. M., & Hodkinson, T. R. (2017). A seed dressing combining
fungal endophyte spores and fungicides improves seedling survival and early growth in
barley and oat. Symbiosis, 71, 69-76.

Murray, T. D., Parry, D. W., & Cattlin, N. D. (2009). Diseases of small grain cereal crops.
Manson Publishing Ltd.

Naderpour, M. (2004). Incidence of fungi in seed production fields of Hordeum vulgare cv.
Karoon x Kavir in Qom and Tehran Provinces. Proceedings of the 16" Iranian Plant
Protection Congress. pp. 75.

Nasrisfahani, M., Gharibi, M. J., & Jalali, S. (2008). The effect of some systemic fungicids
against Barley loose smut. Journal of Novel Researches on Plant Protection, 3, 309-299.

Nautiyal, P. C. (2009). Seed and seedling vigor traits in groundnut (Arachis hypogaea L.).
Seed Science and Technology, 37, 721-735.

Nourbakhsh, S. (2022). List of important pests, diseases and weeds of major agricultural
products, chemicals and recommended ways for their control. Plant Protection organization,
Ministry of Jihad-e Agriculture.

Nourmohammadi, G., Siadat, S. A. & Kashani, A. (2001). Cereal Agronomy. Publicatio of
Shahid Chamran, Ahwaz, Ahwaz, Iran. p. 183-187.

Pant, R. (2011). Seed mycoflora of coriander and effect of some fungal metabolite on seed
germination and seedling growth. Asian Journal of Experimental Biological Sciences, 2,
127-130.

Pereira, D. M., Valentao, P., Pereira, J. A., & Andrade, P. B. (2009). Phenolics: from
chemistry to biology. Molecules, 14, 2202-2211.

Pérez-Lopez, U., Robredo, A., Lacuesta, M., Sgherri, C., Mufioz-Rueda, A., Navari-1zzo, F.,
& Mena-Petite, A. (2009). The oxidative stress caused by salinity in two barley cultivars is
mitigated by elevated CO». Physiologia Plantarum, 135, 29-42.



Vo VE Y Oltans ) Foylad PO o (55,558 cale dons) Ko 50l

Poormansuri, T., Jalali, S., Nasrollahi, M., & Golkar, K. (2012). The effect of Rovral TS,
Carboxinthiram and their mixtures for simultaneous control of barley loose smut and leaf
stripe by seed treatment. Proceedings of the 20" Iranian Plant Protection Congress. pp. 215.

Qingming, Y., Xianhui, P., Weibao, K., Hong, K., Yidan, S., Li, Z., Yanan, Z., Yuling, Z.,
Lan, D., & Guoan, L. (2010). Antioxidant activities of malt extract from barley (Hordeum
vulgare L.) toward various oxidative stress in vitro and in vivo. Food Chemistry, 118, 84-89.

Quijano, C. D., Wichmann, F., Schlaich, T., Fammartino, A., Huckauf, J., Schmidt, K.,
Unger, C., Broer, I., & Sautter, C. (2016). KP4 to control Ustilago tritici in wheat: Enhanced
greenhouse resistance to loose smut and changes in transcript abundance of pathogen related
genes in infected KP4 plants. Biotechnology Reports, 11, 90-98.

Rahimi Darabad, J., Rashidi, V., Shahbazi, H., Moghaddam vahed, M., & Khalilvand
Behrouzyar, E. (2021). Evaluation of activity of antioxidant enzymes and grain yield in
barley (Hordeum vulgare L.) cultivars under salinity stress. Environmental Stresses in Crop
Sciences, 14, 783-791.

Sairam, R.K., Rao, K.V., & Srivastava, G.C. (2002). Differential response of wheat
genotypes to long term salinity stress in relation to oxidative stress, antioxidant activity and
osmolyte concentration. Plant Science, 163, 1037-1046.

Semeniuk, W. and Ross, J. G. (1942). Relation of loose smut to yield of barley. Canadian
Journal of Research Section C, 20, 491-500.

Sharafizad, M. (2017). Effect of salicylic acid and drought stress on germination and activity
of antioxidant enzymes of barely. Iranian Journal of Seed Science and Technology, 6, 161—
169.

Siddiqui, Z. S., & Zaman, A. U. (2004). Effect of Benlate systemic fungicide on seed
germination, seedling growth, biomass and phenolic contents cultivars of Zea mays L.
Pakistan Journal of Botany, 36, 577-582.

Soomro, T. A., Ismail, M., Anwar, S. A., Memon, R. M., & Nizamani, Z. A. (2020). Effect
of Alternaria sp. on seed germination in rapeseed, and its control with seed treatment.
Journal of Cereals and Oilseeds, 11, 1-6.

Steiner, J. J. Grabe, D. F., & Tulo, M. (1989). Single and multiple vigour tests for predicting
seedling emergenceof wheat. Crop Science, 27, 782-789.

Taye, W., Laekemariam, F., & Gidago, G. (2013). Seed germination, emergence and
seedling vigor of maize as influenced by pre-sowing fungicides seed treatment. Journal of
Agricultural Research and Development, 3, 35-41.

Tropaldi, L., Camargo, J. A., Smarsi, R. C., Kulczynski, S. M., Mendonga, C. G., &
Barbosa, M. M. M. (2010). Physiological and sanitary quality of castor been seeds under
different chemical treatments. Pesquisa Agropecudria Tropical, 40, 89-95.



2 ST ol (ley § 85 5 S50l (S Slaas L 5 1 o et S i0LKes 5 Ul Vs

Turner, R. E., Ebelhar, M. W., Wilkerson, T., Bellaloui, N., Golden, B. R., Irby, J. T., &
Martin, S. (2020). Effects of purple seed stain on seed quality and composition in soybean.
Plants, 9, 1-10.

Yari, L., Hashemi Fasharaki, S., & Zareian, A. (2020). Evaluating the fungicide kind and
storage duration on vigor in registered seed of three barley (Hordeum vulgare L.) cultivars.
Iranian Journal of Seed Science and Research, 7, 117-128.

Yari, L., Hashemi Fesharaki, S., & Zareian, A. (2018). Effect of storage temperature on
seed-borne fungi infestation and seeds vigor on barley (Hordeum vulgare L.) cultivars.
Iranian Journal of Seed Science and Technology, 7, 13-24.

Yu, Q., & Rengel, Z. (1999). Micronutrient deficiency influences plant growth and activities
of superoxide dismutases in narrow-leafed lupines. Annals of Botany, 83, 175-182.

Zegeye, W., Dejene, M., & Ayalew, D. (2015). Importance of Loose Smut [Ustilago nuda
(Jensen) Rostrup] of Barley (Hordeum vulgare L.) in Western Amhara region, Ethiopia. East
African Journal of Sciences, 9, 31-40.

Zhang, Z.Q., Xiang, J.J., & Zhou, L. M. (2015). Antioxidant activity of three components of
wheat leaves: ferulic acid, flavonoids and ascorbic acid. Journal of Food Science and
Technology, 52, 7297-7304.

@SS

A—4OEE © 2023 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial 4.0  International (CC  BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/


http://creativecommons.org/licenses/by-nc/4.0/

\/ Plant Protection (Scientific Journal of Agriculture)
PlantProtection 45(4), Winter, 2023

10.22055/ppr.2023.17997

Effect of seed disinfection on the quality indicators of germination and the
incidence of Loose smut disease of barley

N. Khaledi'", L. Zare?, F. Hassani', C. Moslemkhani®

1. *Corresponding Author: Assistant professor, Seed and Plant Certification and Registration
Research Institute, Agricultural Research, Education and Extension Organization (AREEO),
Karaj, Iran (n_khaledi@areeo.ac.ir)

2. Laboratory technician, Seed and Plant Certification and Registration Research Institute,
Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran

3. Associate professor, Seed and Plant Certification and Registration Research Institute,
Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran

Received: 12 October 2022 Accepted: 1 January 2023

Abstract
Background and Objective
Loose smut caused by Ustilago nudais one of the barley’s critical seed-borne diseases,
causing crop yield to decrease. Using a healthy seed disinfected with chemical fungicides is
the simplest and most cost-effective way to prevent the damage caused by loose smut
disease of barley. The purpose of this study was to investigate the health status of barley
fields concerning Loose smut disease and assess the effect of seed infection. It also sought to
examine the effectiveness of seed disinfection with Iprodione-carbendazim (Rovral-TS®)
and Carboxin thiram (Vitavax-thiram®) fungicides on traits related to germination, disease
incidence, and antioxidant defense system responses.
Materials and Methods
The fields of Isfahan, Markazi, Zanjan, Tehran, Alborz, West Azerbaijan, Hamedan, Razavi
Khorasan, Qazvin, Qom, Semnan, Fars, South Khorasan, North Khorasan, Sistan and
Baluchestan, Kohgiluyeh and Boyer-Ahmad, Khuzestan, and Ilam provinces of Iran were
sampled according to the International Rules for Seed Testing to investigate the health status
of barley seeds. Detecting the seed infected with the agent of the Loose smut disease was
carried out using the embryo test. Then, the activity level of antioxidant enzymes
(superoxide dismutase, catalase, and polyphenol oxidase enzymes), the oxidative damage
index malondialdehyde, and the content level of phenolic compounds and total protein were
investigated.
Results
In the range of 1.1% to 0.05%, approximately 13% of the barley seed samples collected from
various fields were infected with loose smut disease. Infected barley seeds can significantly
reduce vigor indices without affecting germination percentage. The results showed that seed
disinfection with chemical fungicides improved the dry and fresh weight, average root



length, seedling weight vigor index, coefficient of germination velocity, and mean times
germination. Chemical fungicides’ effectiveness in reducing disease incidence varied
depending on the type of fungicide and the infection level of the seed. Compared to
Carboxin thiram fungicide, seed disinfection with Iprodione-carbendazim fungicide
significantly improved some quality characteristics in seed germination and reduced disease
incidence. The findings of the biochemical mechanisms investigating revealed that the
activity level of antioxidant enzymes (superoxide dismutase, catalase, and polyphenol
oxidase enzymes) and the content of phenolic compounds in spikes obtained from infected
and non-infected seeds were higher than the control. In addition, seed disinfection with
chemical fungicides increased total protein content while decreasing the membrane
peroxidation index compared to the control.

Discussion

The current study found that chemical fungicides seed disinfection increased the levels of
defensive enzymes and the content of phenolic and protein compounds, which may help to
limit infection and improve the level of defense-related antioxidant enzymes in barley. These
findings shed new light on the effect of seed infection levels and seed disinfestations on the
stimulation of the antioxidant defense system in barley basal resistance, which can be used to
manage loose smut disease effectively.
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