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Fluctuation in some enzymes related to antioxidant defense system in
common bean against Xanthomonas axonopodis pv. Phaseoli
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Department of Plant Protection, College of Agriculture, Lorestan University, Khorramabad, Iran
Correspondent author: Fateme Derikvand, derikvand.fat@fa.lu.ac.ir

Abstract. Antioxidant enzymes play an important role in plant defense against pathogenic agents. Following the identification
of the pathogen, plants produce active oxygen species (ROS) as one of their first defense responses. To maintain the balance
of ROS levels and prevent their harmful effects, plants produce antioxidant peroxidase (POX), catalase (CAT), ascorbate
peroxidase (APX) and superoxide dismutase (SOD) enzymes. In the present study, the resistance of bean plants cultivars,
namely Sadri, Paak, Darakhshan and Dorsa, to Xanthomonas axonopodis pv. phaseoli (Xap) were studied in greenhouse
conditions. The catalase, peroxidase and ascorbate peroxidase enzyme activities were studied in healthy and Xap-infected
bean cultivars Sadri and Derakhshan at 0, 24, 48, 72 hours and 20 days post inoculation by a completely randomized design
with 5 treatments and 4 replications. The result showed that disease symptoms appeared in all tested cultivars. Derakhshan
and Sadri cultivars, with 58.33 and 80.56 percentages of infected plants 20 days after inoculation, showed the least and
highest infection rates, respectively. The highest catalase and peroxidase activities were recorded 24 and 48h post inoculation.
These records reduced 48 and 72 hours post inoculation, respectively. The activities of these two enzymes in the susceptible
cultivar were less than those in the semi-resistant one. The chlorophyll a and chlorophyll b contents of Xap-infected plants
reduced significantly. The total chlorophyll content of uninfected Sadri and Darakhshan cultivars were 2.93 and 3.23 ug/g,
respectively, which reduced to 1.96 and 2.14 pg/g of leaf tissue in infected plants, respectively. Based on these results, it is
suggested that the Derakhshan cultivar should be planted in disease-susceptible regions as the semi-resistant cultivar.
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Table 1. Evaluation scales for bean resistance against Xap, based on CIAT scale (Schoonhoven & Pastor- Corrales, 1994).

Symptoms Rating
Leaf with no visible symptoms 1
Around 2 percents of leaf surface is covered by small lesions. Sheats are generally without disease symptom. 3
Around 5 percents of leaf surface is covered by small lesions. The lesions are started to join together. 5
Around 10 percents of leaf surface is covered by middle and larg lesions. The lesions have generally yellow halo and bligh.
The lesions on the sheats are larg and joined together on which bacterial caused secration are visible.
More than 25 percents of leaf surface is covered by larg lesions. Leaves have necrotic symptom so may defoliate. 9
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Fig 1. Symptoms of blight in Sadri variety of common Bean.

B0

EJL;

=T VI
90 B o Lus s
80
70

(w23) (5 slowr ol
Lh
(=]

9> 335 1+

Sg2g odidd jlid Dglaie By s (SE) Sl gl 1SS e Sk Waosls gl Gl sB) (o, Xap 6L g lem wul Y IS

el (P<OI01) S5ls (9057 b b puSilos auagliio ol o L Lo (yls Sl gime BN
Fig 2. Blight severity in different varieties of common bean. The data represent the average of four replicates + standard
error (SE). Different letters indicate significant differences among treatments, according to Duncan's test (P<0.01).
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Fig 3. Changes in Catalase enzyme activity of (AAbs min-1 mg protein) in Sadri and Derakhshan varieties at 0, 24, 48

and 72 hours, and 2 weeks after inoculation of the pathogen bacteria. Each point represents the mean of four
replications + standard error (SE). ** Significant at P < 0.01, * Significant at P < 0.05.
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Fig 4. Changes in Proxidase enzyme activity of (AAbs min-1 mg protein) in Sadri and Derakhshan varieties at 0, 24, 48,

72, and 2 weeks after inoculation of the pathogen bacteria. Each point represents the mean of four replications +
standard error (SE). ** Significant at P < 0.01,* Significant at P < 0.05.
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Fig 5. Changes in Ascorbate Proxidase enzyme activity of (AAbs min-1 mg protein ) in Sadri and Derakhshan varieties

varieties at 0, 24, 48, 72, and 2 weeks after inoculation of the the pathogen bacteria. Each point represents the mean of
four replications + standard error (SE). ** Significant at P < 0.01,* Significant at P < 0.05.
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Table 2. Comparison means of Xap effect on plant photosynthetic activity of bean.

Production rate (1g/g)

Treatment Carotenoid Chlorophyll
b A Total
Sadri (uninfected) 0.62+0.02° 1.25+0.06%® 1.68 +0.082 2.93+0.03°
Sadri (Infected) 0.47 £0.03° 0.69 +0.05° 1.27+0.05° 1.96 £0.04 ¢
Derakhshan (uninfected) 0.67+£0.022 1.40+0.082 1.83+0.142 3.23+£0.092
Derakhshan (Infected) 0.52+0.03° 0.77+0.08° 1.38 +£0.05° 2.14+0.07°

el PO/0L),Sls (505150 Lo puSilon dunlia bl s o)l loo Sls (sime OB 3525 saims (lis ciglite g, .aiiwd (SE) jlao slbas +),S5 ez (uSileo Laosls
The data represents the average of four replicates + standard error (SE), respectively. Different letters indicate significant differences among
treatments according to Duncan's test with (P<0.01).

4307y


http://dx.doi.org/10.29252/nbr.6.4.424
https://dorl.net/dor/20.1001.1.24236330.1398.6.4.1.2
https://system.khu.ac.ir/nbr/article-1-2973-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

[ DOR: 20.1001.1.24236330.1398.6.4.1.2 ]

[ DOI: 10.29252/nbr.6.4.424 ]

Derikvand et al. The changes of antioxidant in common bean

b5 Ol 4 5 sl itle 5l ey el YE VB o 5l
Collad Grals cgz YBI o3l collad il il lsl
o Glools 35,00 aSTy el ol 50 ()59 )00 SnST
S bl 5 ol sl oole ol gozs scewl oS (sl
Ol Lill a8 05l i Aol Wb 5 el Gl o]
5 oole ol alS Gl i cou slas) LS s VLIS
Mallick & Mohn, ) sgi o o] (o Cdled oS o
VY VB slags 3l codlad e wlie iagh o (2001
OOk byl olS a4 Xap 5L Giake I e celo
L a5 (Farahani & Taghavi, 2016) cl acsls 1, ol
w3l el Gl i ol SR Gk ool @l
bl ol e sl 5 Gl 51 Js o)l & plie
olS SlST (il cldld b bas o LS o5l Koo .l
el STy iyl Xap 5L a5 b oablie ,s Lug
Srale 5 i ol YE VLIS 05T aiilon a3l ol collad
Js8se 3l ool oot Jb b sy 095 ol ST @
LROS adsi 5l 5 0si oo sl Jobo ;0 0Ty (559,000
or] ol el shans 578, VU bl s S e 555k
Allen, 2008; ) 5,5 oo ;1,5 ROS 52l )50 S okS
(Blokina et al., 2003

G il g wiiles oSty byl o]
2 0, exgen 1) sy senSTy colld (FauS oS
osliinl oSl Jalo Glycar lysSal 51wzl Gl &l
G g WS e i O3Sy ol & | aeSIOT 5 008
Asada, ) w5 oo Ll (59,000 9enST (lSie 53 (et
w5 5o (1992; Allen, 2008; Blokina et al., 2003
X.citri Jole b @l obSL Sl 4 esgll &g
codled ali8l bojlanSTy 59,00 codlad subsp. citri
Ol by el olpen olS STy g SbyeSwl SYLLS
ol )0 sy (39,00 ChlE gezmes lagy 3T (l b
Olye Gigs ol ,o (Kumar et al., 2012) 0gi o o5
@ 5k Giale 5l celo TA slacuSTy ool 3
o9 Gl b 5l GuiSen 9wy 093 (e (5 e
FYIVY g VoVYA ol v oy @ plas o 5 (g 00
Wl cidgh ;0 b o ol a4 cans w3l ol gas,0
STy Syl 35T Culad XAP (55L 4 009l Lol 5
i A Giable 5l e Sl A7 5 VY FA YT Glale; o
59 ol ol a e ply VY 5 YIT Y O ol &
Farahani & Taghavi, ) <l asl zolidl (5 les jga>
Syl Sledpn pol> iegh bl L as' 2016

Loy oL ST T sl 351 lyass o)) Sen 5 03555 0

e pol> iags ,o (Akhavan et al., 2013) el oo
ol Olos sere 40 ol iz sl saS) Oj50 4 (g )lony
¥ 050> 5l a5 C8,5 055 4y 5o,lS Cll aiS g O slaas]
L aS 0l sy oad 5,08 glaasd GlLLI S y0 5 slalle atan
Sls e oliixe plo lawg ool albxl sla iags
(Akhavan et al., 2013; Lak et al., 2002)

S5y Yo B0 (b s gl Jsane (Sises Jole (55551
@lises plB)] (69, 1) e oy Ae B O dg0 Syl
YL ol e 5l olas @ 1oy b ols las L)
slapd) ple ol Logl olS iz pB)] (5, 5 ilen
e (Lops 5 plas)s «Shosy00) (owyn 0590 slod
osliiul 3,50 a5l 5l plaSzma culply wsls olas |y (s bew
5 Ose kS il Lol Caeglie (gilon Julo 4 S
P, 5o olem cnl 4 S (il aST iy by 55 oS
Gilbertson & Maxwell, ) s)la 5425 Lug) slacpy
plod Sl 5 (6,500 slagieagsy ;o oeizeen (1992
ot GIST (6 )lanr ol & Cemd ailins 3,90 (slos) o)
@ polie slacuy 5 o, oS slass 4S5 . (Saettler, 1989)
Dursun et al., 2002; ) cwl oo 5,155 )l Jole
o= > (Todorovic et al., 2008; Teran et al., 2009
09y 5 Sy OATY L plas)s Lugd o) oy 990 B
ORFOMR 9 S ey 4 e ey ACBF L g ue
3,50 Sliglejl anlsl o o Glal wisls lad 1) SMle wuls
RIS PN

SV Glag T colld (e (S jsbay yol> ey 5o
2 a8 plas e w8 Lagd )0 sl olysSal 5 slaensTy
KaP (6251 & Comd 5505 Comlos (5500 08, L anylie
&L Siale 5l am lam il ool collab og i il
oaeie 8l alS s g Gial3l ol Logl olS 4y Xap
om mhe Jobs Gl byl ol collbs a5 cul oad
ool oS50 (eer weSTn g wenSTnse la i),
a5 ol gloole (59,000 STy &85 5o (Bowler, 1991)
oole pl gl oo e e slo iy cow LS o
5 5l Gilisee Jsbo szl pmlonST s o9umal Ulss
(Allen, 2008) 55 Jghw guilonaS o 56 4 oo Ailgi oo
O3990 SemSy 20l Ly ) i Lo T ol b
5 el sk sl 6T 5y S35 S5l 5 oLS o
e bLS a5 Cwl ol adine 55 bategh 5l 6 ke
ROS whaw Jobss Laa> sl ROS Lok &l 5l s S sl
s (Bolwell et al., 2002) suS' o Jlad | o 51 !

431/Fv\


file:///C:/Users/falatoury/Maryam/AppData/Local/Microsoft/Drikvand/Desktop/فایل%20نهایی%20برای%20صحافی.doc%23Akhavan
http://dx.doi.org/10.29252/nbr.6.4.424
https://dorl.net/dor/20.1001.1.24236330.1398.6.4.1.2
https://system.khu.ac.ir/nbr/article-1-2973-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

[ DOR: 20.1001.1.24236330.1398.6.4.1.2 ]

[ DOI: 10.29252/nbr.6.4.424 ]

Nova Biologica Reperta 6(4): 424-434 (2020)

(Cavalcanti et al., 2007; Itako et al., 2012)

X. axonopodis pv.  Jele b Lug) Jgore (S gu (5 ko

SHled a5 col Loyl mpe slas b 51 SO phaseoli
S)ls plaso 5 Lo yd (S g oo Lagd o8, Sz @]y ol
AL L 58 Lyl ol eS| T el il s
Clld eizmen e G il Gl @ e
ool 08, 5l i sl Spglie a5 LoB) o SlanST ]
30 Lugd olF jo suslonsT s b dad e slaes 31 cdled .ol
3 okS ey STy g90h gz, XAP 68k b ablae

03998 ST addgs 28l g 5 Lo (ol 51 (AL 25 0l
oSty VB o051 dw codlad Logl olS jshate oy ool

O e 45 aas ga il Bl 093 o 1, SlanSTy BbyeSl
55 sl 3gpaep STy e 1alS el nl ailsg
a5 Conl olS (sl (oo Sl slosle (59,008 9nST )y &l
oLS 4 sl Ojlud s 05 06 s ol o 1 adgs S

b ole a5 jsbles gd e ol (28 ol Coled jo g
poldo ol é§\9 30 Gl s polie o8, 0 L:aMJ‘JT el codled
GalS | g lan GhS Oyl ol 5T codlad L L)

.MQ‘Sc

&l Sewlpw
9l eaSiiils  SipelS ilidss o8inle;l (6, Ko

20,5 oo S liw ) oRiils

REFERENCES
Aebi, H. 1984. Catalase in vitro. — Meth. Enzymol. 105:
121-126.

Agrios, G.N. 2005. Plant Pathology (5 ed.) 5"". Elsevier
Acad. Press. — Burlington. Mass, EU. 36: 31-45.

Akhavan, A., Bahar, M., Askarian, H., Lak, M.R., Nazemi,
A. and Zamani, Z. 2013. Bean commonbacterial blight:
pathogen epiphytic life and effect of irrigation
practices. — Springer Plus 2: 41-49.

Allen, R.D. 2008. Dissection of oxidative stress tolerance
using transgenic plants. — Plant Physiol. 107: 1049-1054.

Angeles-Ramos, R., Vidaver, AK. and Flynn, P. 1991.
Characterization of epiphytic Xanthomonas campestris
pv. phaseoli and pectolytic Xanthomonads recovered
from symptomless weeds in the Dominican Republic. —
Phytopath. 81: 677-681.

Arnon, D.l. 1949. Copper enzymes in isolated
chloroplasts. Polyphenoloxidase in Beta vulgaris. —
Plant Physiol. 24: 1.

(YA FYFFYF 2F ol & alr i jpsle jo (g sloasily

L 5lowaSTy bygSwl § 5lowaSTy VB slaps 351 &8lg,
ohr 5 ALS sk Gl a5 Gigee wnSly b

Takahashi, 1987; Blokina et al., 2003; ) wws
51 Y6 w51 (Blokina et al., 2003; Allen, 2008
@3 by WS ge oolitul s (lgiear (55,008 STy
L my! cp! (Blokina et al., 2003; Pan et al., 2006)
of calld 5l 3men 5 ol 4 3 STy a2
Sbygswl Bl (Mallick & Mohn, 2001) wals
oolainl soSLal le lae 4 @byeswl 5l sl
5l WS e 3 ST s Ol & 1) aieSTol 5 05 oo
313 oage 4 igyed S (2je 53 st B G250
(Asada, 1992; Allen, 2008; Blokina et al., 2003)
J555 5] 555k sl b el ollsd aal3dl ol ol
ol aaz g Wlgl oo (AL sl ;o 35,0 snST
Oleys o8y Lagl ol 5o empil el (og i sl
beod o3, Tny w3l (Gl o8) oo o8, 4 Cod
ool oan T olew ol blie Lo s 5aS Oyl las s
S olS ol 5o eyl Cuglie clils o i ol
Syve 18 & Sad Srlem (nl Ol 5l 50992 b aS 00,
wlie shagh ;0 ppas (med ;O Cwl 035 RSl
Clad e JS 50 g oS sl cudlad lie ob aseive
St sl SALS 5o STy SljgSal 5 VB sl 53
Chandrashekar & Umesha, ) ¢l ules ool 5l pi
il 5lam el ol clld ragh cpl ,e (2012
SIS Glej 550 o 3 GRal331 L Ligl oL & 15 oy
el s el YF laeuSl, o VB o3l codls cdl
DA 4 olS 4 5L Giale 5l el FA ol oSl
ST Bl cdled iol8l CiS g e ey 05 e
b by bl Jyere (oS golowm (5 ) Lugl obS
)i.{o (51'“&)""&’9)" C.’Lu Lv &3@}4 U)‘ 9 S L..»ﬁj oL:f wsl&o
sokie 4 a5 iagh o Jle jeba oy cilas laame
ALy 3 (S8 azsS obS laST (T Cuslie (o)
L ool Cunglie wysF asin b plxl X vesicatoria
ST Joid b locnsTy ailon ol ool colled ol
(Cavalcanti et al., 2006) ¢l los e ;LS5 Y-V Lo
Golow 5 50 Loy oS SloST il cdlad zol3dl #dlg o
5 Coml Logl olS Canglin b badpe oL pSL Joere (iS5
o)l callas fladsre Ko o iegh mlo L gadge )

432/fvY


http://dx.doi.org/10.29252/nbr.6.4.424
https://dorl.net/dor/20.1001.1.24236330.1398.6.4.1.2
https://system.khu.ac.ir/nbr/article-1-2973-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

[ DOR: 20.1001.1.24236330.1398.6.4.1.2 ]

[ DOI: 10.29252/nbr.6.4.424 ]

Derikvand et al. The changes of antioxidant in common bean

Asada, K. 1992. Ascorbate peroxidase—a hydrogen
peroxide-scavenging enzyme in plants. — Physiol.
Plantarum. 85: 235-241.

Blokhina, O., Virolainen, E. and Fagerstedt, K. V. 2003.
Antioxidants, oxidative damage and oxygen
deprivation stress: a review. — Ann. Bot. 91: 179-194.

Bolwell, G.P. and Daudi, A. 2009. Reactive oxygen
species in plant-pathogen interactions. In reactive
oxygen species in plant signalling. — Springer, Berlin,
Heidelberg. pp: 113-133.

Bolwell, G.P., Bindschedler, L.V., Blee, K.A., Butt, V.S.,
Davies, D.R., Gardner, S.L. and Minibayeva, F. 2002.
The apoplastic oxidative burst in response to biotic
stress in plants: a three-component system. — J. Exp.
Bot. 53: 1367-1376.

Bradford, M.M. 1976. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. — Anal.
Biochem. 72: 248-254.

Cavalcanti, F.R., Resende, M.L. V., Lima, J.P.M.S,,
Silveira, J.A.G. and Oliveira, J.T.A. 2006. Activities of
antioxidant enzymes and photosynthetic responses in
tomato pre-treated by plant activators and inoculated by
Xanthomonas vesicatoria. — Physiol. Mol. Plant Pathol.
68: 198-208.

Chandrashekar, S. and Umesha, S. 2012. Induction of
antioxidant enzymes associated with bacterial spot
pathogenesis in tomato. — Int. J. Food Agric. Vet. Sci.
2:22-34.

Chatterton, S., Balasubramanian, P.M., Erickson, R.S.,
Hou, A., McLaren, D.L., Henriquez, M.A. and
Conner, R.L. 2016. Identification of bacterial
pathogens and races of Pseudomonas syringae pv.
phaseolicola from dry bean fields in Western Canada.
— Can. J. Plant Pathol. 38: 41-54.

Chithrashree, C. and Srinivas, C. 2012. Role of
antioxidant scavenging enzymes and extracellular
polysaccharide in pathogenicity of rice bacterial
blight pathogen Xanthomonas oryzae pv. oryzae. —
African J. Biotech. 11: 13186-13193.

Corrales, M.A.P. and Van Schoonhoven, A. 1987.
Standard system for the evaluation of bean
germplasm. — CIAT 23: 95-106.

Darsonval, A., Darrasse, A., Meyer, D., Demarty, M.,
Durand, K., Bureau, C. and Jacques, M.A. 2008. The
type 1ll secretion system of Xanthomonas fuscans
subsp. fuscans is involved in the phyllosphere
colonization process and in transmission to seeds of
susceptible beans. — Appl. Environ. Microbiol. 74:
2669-2678.

Dhanya, M.K. and Mary, C.A. 2007. Management of
bacterial blight of Anthurium (Anthurium andreanum
Linden.) using ecofriendly materials. — J. Trop. Agric.
44: 74-75.

Djébali, N., Mbhadhbi, H., Lafitte, C., Dumas, B.,
Esquerré-Tugayé, M.T., Aouani, M.E. and Jacquet,
C. 2011. Hydrogen peroxide scavenging mechanisms
are components of Medicago truncatula partial

Loy oL ST T sl 351 Ol sy . o)L)Sen 5 03555 0

resistance to Aphanomyces euteiches. — Eur. J. Plant
Pathol. 131: 559.

Dursun, A., Figen Donmez, M. and Sahin, F. 2002.
Identification of resistance to common bacterial blight
disease on bean genotypes grown in Turkey. — Eur. J.
Plant Pathol. 108: 811-813.

Ebadzadeh, H.R., Ahmadi, K., Mohamadinia, SH.,
Abbastaghani, R., Abasi, M. and Yari, SH. 2017.
Agriculture  economic  aspects Iran  statistics.
Agriculture Iran statistics. 403p.

Farahani, A.S. and Taghavi, M. 2016. Changes of
antioxidant enzymes of mung bean [Vigna radiata
(L) R. Wilczek] in response to host and non-host
bacterial pathogens. — J. Plant Pro. Res. 56: 95-99.

Ferreira, C.F., Pereira, M.G., Dos Santos, A.D.S.,
Rodrigues, R., Bressan-Smith, R. E., PioViana, A.
and Daher, R.F. 2003. Resistance to common
bacterial blight in Phaseolus vulgaris L. reco mbinant
inbred lines under natural infection of Xanthomonas
axonopodis pv. phaseoli. — Euphytica 134: 43-46.

Gilbertson, R.L. and Maxwell, D.P. 1992. Common
bacterial blight of bean. In Plant diseases of
international importance. Vol Il: 18-39. Edited by:
Chaube, H.S., Kumar, J., Mukhopadhyay, A.N. and
Singh, U.S. Prentice Hall, Englewood Cliffs, New
Jersey.

Halliwell, B. 2006. Reactive species and antioxidants.
Redox biology is a fundamental theme of aerobic life.
— Plant Physiol. 141: 312-322.

Itako, A.T., Tolentino Janior, J.B., Junior, S., Soman,
J.M. and Maringoni, A.C. 2015. Chemical products
induce resistance to Xanthomonas perforans in
tomato. — Braz. J. Microbiol. 46: 701-706.

Karavina, C., Mandumbu, R., Parwada, C. and Zivenge,
E. 2011. Epiphytic survival of Xanthomonas
axonopodis pv. phaseoli (EF Sm). — J. Anim. Plant
Sci. 9: 1161-1168.

Kumar, N., Ebel, R.C.,, and Roberts, P.D. 2011.
Superoxide dismutase activity in kumquat leaves
infected with Xanthomonas axonopodis pv. citri. — J.
Hortic. Sci. Biotechnol. 86: 62-68.

Lak, M.R., Shamsbakhsh, M. and Bahar, M. 2002.
Identification of the bacterial agent of bean leaf and
pod blight in Markazi province. — JWSS-Isfahan
University of Technology. 6: 231-243.

Mallick, N., and Mohn, F.H. 2000. Reactive oxygen
species: response of algal cells. — Plant Physiol. 157:
183-193.

Mirzaei Najafgholi, H., Tarighi, S., Golmohamadi, M.
and Taheri, P. 2017. Antioxidant response of
Mexican lime to Xanthomonas citri subsp. citri. —
Agric. Biotechnol. 8: 9-17.

Pan, Y., Wu, LJ. and Yu, Z.L. 2006. Effect of salt and
drought stress on antioxidant enzymes activities and
SOD isoenzymes of liquorice (Glycyrrhiza uralensis
Fisch). — Plant Growth Regul. 49: 157-165.

Ranieri, A., Castagna, A., Pacini, J., Baldan, B., Sodi,
A.M. and Soldatini, G.F. 2003. Early production and
scavenging of hydrogen peroxide in the apoplast of

433/Fvy


http://dx.doi.org/10.29252/nbr.6.4.424
https://dorl.net/dor/20.1001.1.24236330.1398.6.4.1.2
https://system.khu.ac.ir/nbr/article-1-2973-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-29 |

[ DOR: 20.1001.1.24236330.1398.6.4.1.2 ]

[ DOI: 10.29252/nbr.6.4.424 ]

Nova Biologica Reperta 6(4): 424-434 (2020)

sunflower plants exposed to ozone. — J. Exp. Bot. 54:
2529-2540.

Richards, G. and Roberts, P. 2016. Centre for Agriculture
and Biosciences International (CABI). Review of
Xanthomonas axonopodis pv. phaseoli (bean blight).
http://www.cabi.org/isc/datasheet/56962.

Saettler, A.W. 1989. Assessment of yield loss caused by
common blight of beans in Uganda. — Annu. Rep.
Bean Improv. Coop. 35:113-114.

Teran, H., Lema, M., Webster, D. and Singh, S.P. 2009. 75
years of breeding pinto bean for resistance to diseases

(YA FYFFYF 2F ol & alr i jpsle jo (g sloasily

in the United States. — Euphytica 167: 341-351.

Todorovi¢, B., Milijasevi¢, S., Rekanovi¢, E., Poto¢nik, I.
and Stepanovi¢, M. 2008. Susceptibility of bean
genotypes to Xanthomonas campestris pv. phaseoli in
greenhouse conditions. — Pesticidi i Fitomedicina 23:
167-173.

Venacker, H., Carver, T.L.W. and Foyer, C.H. 1998.
Pathogen induced changes in the antioxidant status of
the apoplast in barley leaves. — Plant Physiol. 117:
1103-1114.

%k %k k %k

How to cite this article:

Derikvand, F., Bazgir, E., Darvishnia, M. and Mirzaei Najafgholi, H. 2020. A study on the changes of some enzymes
related to antioxidant defense system in common bean against Xanthomonas axonopodis pv. phaseoli. — Nova Biol.

Reperta 6: 424-434. (In Persian)

U O KVOC 1 I R ERSPCIUONE PR Sk SR PIUS| NS SVRCH JOUES SWINVIR S LV NSRS t-7-E S Y § JUPSUUNESI e B CP SR | PPN o1 TP VEIE BRETC RN
FYF-FYE 2 ) pole 0 g slaaxsl — Xanthomonas axonopodis pv. Phaseoli 5,k o, 50 Loy

434/¥r¢


http://dx.doi.org/10.29252/nbr.6.4.424
https://dorl.net/dor/20.1001.1.24236330.1398.6.4.1.2
https://system.khu.ac.ir/nbr/article-1-2973-fa.html
http://www.tcpdf.org

