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Extended Abstract

Background: Soybean (Glycine max L.) holds a crucial position as one of the most significant
and strategic agricultural products globally. This plant serves a vital purpose in fulfilling human
nutritional demands by providing vegetable proteins and edible oils, while also finding extensive
use across multiple industries. However, soybean production consistently faces considerable
challenges. One of the most serious threats to soybean yields is charcoal rot disease, caused by
the fungus Macrophomina phaseolina. Losses attributed to this disease can be substantial; in
certain instances, the disease has been known to reduce soybean yields by as much as 50%.
Managing this disease has involved various strategies, including the implementation of optimal
cultivation techniques, seed treatment with fungicides, and the application of biological control
methods. However, the results obtained have usually been limited or short-term and have failed
to permanently solve the problem. Therefore, one of the essential and key strategies for effectively
managing charcoal rot disease is to focus on strengthening the genetic resistance of the host. This
strategy not only provides an opportunity to reduce economic losses but also ensures the
sustainability of soybean production. This research has been designed and implemented with the
overall objective of identifying resistant soybean cultivars, analyzing the key mechanisms of plant
resistance, and evaluating the enzymatic activity associated with this resistance.

Methods: Initially, soybean plants showing symptoms of charcoal rot were collected from
different fields in Mazandaran Province. The fungal pathogen was then isolated, purified, and
identified using both molecular and morphological methods. In the subsequent phase of the study,
six commercial soybean cultivars were selected, cultivated, and evaluated to identify resistant and
susceptible varieties. Once the seedlings reached the six-leaf stage, they were inoculated with the
fungus, and the severity of pathogenicity was assessed 2 weeks later. The selected resistant and
susceptible cultivars were re-planted and treated with a suspension of M. phaseolina fungal spores
at the six-leaf stage. Samples were collected at various time points post-inoculation (0, 24, 48, 72,
96, and 144 hours)., Then, the activities of the enzymes catalase (CAT), peroxidase (POX), and
ascorbate peroxidase (APX) were evaluated in prepared plant extracts.

Results: Based on the characteristics of fungal and molecular clones (ITS4/5), the causative
isolate was identified as M. phaseolina. Screening results among six soybean cultivars revealed
that cultivars JK and Sahar exhibited the lowest and the highest levels of contamination,
respectively. Consequently, these cultivars were identified as the most resistant and the most
sensitive, respectively. The analysis of variance revealed significant differences in the activity
levels of the CAT, POX, and APX enzymes across all sources. The analysis of CAT activity
showed that the activity level of this enzyme increased gradually in JK and Sahar cultivars, in
intervals of 24, 48, and 72 hours after fungal contamination. However, the amount of CAT activity
at the peak time in the resistant cultivar JK was about 1.63 times higher than that of the sensitive
cultivar Sahar at the same time. The activity of POX also increased in response to fungal
contamination in both studied cultivars, namely JK and Sahar. The peak activity of POX was
observed in the resistant cultivar JK at 96 hours after infection, which was 5.47 times the activity
compared to zero time. On the other hand, the sensitive cultivar Sahar showed its highest activity
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level at 144 hours after contamination, which is 2.85 times the initial level recorded at zero time.
The activity of the APX enzyme increased continuously in the resistant cultivar JK 72 hours after
being infected with the fungus and then underwent a decrease. The highest level of APX activity
in cultivar JK was measured at 72 hours, which was approximately 2.38 times the control level.
In the sensitive cultivar Sahar, the activity of this enzyme increased gradually after infection and
reached its maximum level at 144 hours after infection, showing an increase of 1.47 times the
initial amount recorded at zero time.

Conclusion: The results indicate differences in the performance of antioxidant enzymes between
resistant and susceptible cultivars, reflecting varying plant responses to stress caused by the
pathogenic fungus. Based on the analyses and findings, the JK cultivar, which exhibits higher
activities of CAT, APX, and POX enzymes, has demonstrated superior performance to other
soybean genotypes under the conditions of charcoal rot disease; this suggests a greater tolerance
of the JK cultivar to the disease. Since no cultivars have been identified as completely resistant
to this disease so far, it is possible to identify genotypes that excel in this area by evaluating the
activity levels of their enzyme systems and defense mechanisms against the disease. These
genotypes can then be recommended as tolerant cultivars for cultivation in infected areas.
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Figure 1. a) Hyphae, b) Microsclerotia of the fungus M. phaseolina
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Table 1. Analysis of variance for the disease severity of soybean seedlings in response to M. phaseolina
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Figure 2. Comparisons of the mean cultivars used and their corresponding contamination coefficients
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Table 2. Analysis of variance for enzyme activities measured in the factorial experiment in the form of a completely

randomized design

Slupo (5o ol sy Ol i i
Mean square df S £ variati
APX POX CAT ources o1 variation
2446.63" 10948.73" 3235.78" 1 %)
Cultivar
359.09" 11740.59° 53827 6 ol
Time
139.72° 1590.54" 103.46° 6 olei X o)
Time x Cultivar
0.12 0.45 1.09 28 oilejl slas
Error
0.92 0.71 242 Sy 0 b

Coefficient of variation

**Significance at the 1% level

T lagle; o Slapsly msl colld TK o35 5 cdl
FIEY AIVY Cpa (Sogll jl o el 85 5 VY FA
Culled zol gy dald lais 4 yoo floj ply O/FY o /- -
oS 39 (5091 5 e el A8 JK o8 53 jlasnSTy oo
o385 2B L (Sogll 5| e 55 Sahar wlus o8,
d9o paw yShis 4 (Il 5l e caslu VFY 5 g il
(¥ JS8) 592 985 il yhio Gloj ol VIAD oS s,

P PR GlapySyn o jord aidlis aloa ) bojlansly
by (Sl & gl o wl s jledey Glals cdl
PR-protein auw 4 b gy cpl Lod o Jlad o y5e5L
&)l Zlge 3wl b 4 (Van Loon, 1997) w)ls sl 9
5 ROS 038 g oy 5l cow slalame bl
ol ol (o5 Jsbo Cigie (S Jon » RNS
slagi cdls b uL-’ [(Passardi et al., 2005) 1S o
Lisslow Jolgs 156 cod byl lals ) jlacs]y
Lavania ) b ¢ 8L (Sasaki ef al. 2004) g B somed
(Diaz-Vivancos et al., 2006) b gy et al., 2006
wnlyd 1 0,8 o )8 (Vera er al., 1993) larsgpg o
olypsd H02 Bpae g jlusly SaS' L oS glas]
5 K Glapegise Gl Sogm dpdie Sype s
el63 (ela STy 1 (S 0,5 o JSib S sl
Cunl gi5lanST lonil dag il alos plRin ol sulS
ods didlid alS sl Jolw o adgl Sl leie 4 o
23l L b aios gls J(Thakker et al., 2013) col
Sl oie polie oy ,d (POX) jlasly cdls o
bl opl &8 casl o] 51 (Sl gal cpl g ol sl
cage HaO2 objew (pizen 9 Jsho o)lpd Cosls
» «S saaizd 5 ol @Lu g oo 0L Cuoglio u,.ul)sl
a8 G135 g oad ploxl oS0l (g puS e (Shewg 59)
iy 4 Red Globe 3, 9 Pingli-5 48, ¢ 3ud0 oyl )
5wy e Slillae b jasuie (elus g pylis pbB)|
Pingli- 48, ,> Botrytis cinerea g 8 siy a5 xoly oyl
Red j Jyu8 e bl el caBgio prali 51y sl YF S
cdld (Sl 4 i1y > .u,55 oaelie Globe
wwills a9 B s Red Globe o3, ,  Slaws] sl
ssbas Pingli-5 polie o8, » culld cpl &S b
(Wan ef al., 2015) cély il ¢ Ko

#

oy S e ) (g )b gime ™

Pyl ;5 CAT 5l Cllad Olpds (5o (onw) 52
M. phaseolina g ;8 L Jolx5 ;> JK g Sahar

it oSl 5ol gl Sapels il Sy VB
).3|).3 ).) |) DLS ‘L‘ﬁl).gb. ..\.'Sun )’,_JUKBOstzO d.gHzOz
dlo> ,nli;.m PN 9...:|.\.w5| L;me] 9 Lie Owl.\ﬁmfl)ﬁ
olS g3 g puadiplio ) Liids g 4 (oo Clablons S )lew
(Liu et al., 2015) 3l id 55 S Sy o aSb
3929 bpgj (uSly )3 sdes b 5 Cunl (mdge YU
(Suetal,2014) )

el VY YA FF clalo; 0 JK o8, 50 5YBIS o 5]
yao ooy plp YI¥A VP VA csgar (Sogll 5l
w3 ol ol 5o Sahar elas o8 )3 5 (10ls olgie)
by (Sl 5l L celo YV g FA XF lagle;
Cullad Lol g o8, oyl yao loj ply VE 9 VNE ALY
alie loj ,d ol plp VEY K o8, 55 zgl loj 5o ;YIS
Oldllas b bo glaasdly (¥ ) 59y Sahar yulus o8, )
polio wgS 1 YLK cullad ioli8l .6l Slgsren Cpuin
sy g Oi ol 465 & cuwd Capsicum annuum
Koc &) i oanlie Phytophthora capsici  yiel
Pyl > YL 3l clld o opien (Ustiin, 2012
9 03,5 wyp M. phaseolina & S>¢l j sn cilise
cald e (PJ-1430) polie o8, > a5 wi ol L
Kumari et ) sgs yiiny (SU-1080) Lwlus o8, 45 Cans
(13%) polie w8; Joldd @ 08) 93 «odingly > (al., 2015
Xanthomonas 5 yxSL & (Joxe pylb) (wlas o8 o
e a5 360l (L5 gl 505 039l 0ryzae pv. oryzae
b ol 98y & Coad )35 08y 50 YIS o3l culled
oW & pl @ls (Drakhshan et al., 2020) >4
Uialisl o (6550 Lim CAT a1 oo 3l aSaimd o
i 5] g 35 JED Sy (solom 4 g Cungli
yuias Sahar 4oyl b duglie jo JK aiyjls ;0 CAT e
020539350 9 (593 398 5l 6 S gl el (3Bl pl g2
A bow Cwglie cule g dsde ol A8
S o Coods |y M. phaseolina
15 5 (POX) jlaus Ty o2 351 Cullad Oy (om0
M. phaseolina g JB b Jolai ;> (wlws 9 0glio

2B & (Sogl 4 Fsl sy ol clld e
ORIBITK g Sahar 08 93 1 )3 b JE3 (Spwgy Jole


http://dx.doi.org/10.61882/jcb.2024.1599
http://jcb.sanru.ac.ir/article-1-1599-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.61882/jch.2024.1599 ]

Olyes ol dl Jg 9015 bl Al Jg (658 Sa b Jedosmo (639l (6500 dabld oiw

a5

VEF /Y o)l [ppdan Jlo [ £l)5 olalS oMol aob jings

Willekens et ) &S’ o ) g5linnS] Loyl ials j5 1,
btos a5 cul (g3a520 (slap 39 3] (sll> APX .(al., 1997
39 Cullad (gl 9 Ngd o Bl acuwdlyg IS g Jgjgiaw )
Niwd xSl edmy lasd byl el
APX lanS| sl w3l (Kangasjérvi et al., 2008)
S oo ol (2LS sl oo I H202 B > (oS 15
o s gl sladlas (Caverzan et al., 2012)
5 APX CAT POX) shwsSl sl clagpl el
slaads Jabb Galizes cladssS 5o Lmoj sbopyds il o (SOD
oo Jilie 53 (3056 5 195k e93l oo (w3 oy Jold
9 Ab pbl Xanthomonas sp. ;| sb ob,xsSL glasd
polie a5 lagy 5l clld oyt a5 Wl LS oo
as b i 38 b b (Ramzan et al., 2021) >4
ooles 18 51yt plie 18, )3 APX 3l clld i
LU LS o S8 oS @l ]l ] g
xSl Jobo (glacl 15 48" 151, bROS (gt

20,5 (6 lews i piin @ilo cdon jd fled

o2 (APX) 13081, 5l 5 e s
ool 9 09l80 o8 93y M. phaseolina g )8 785 5
S 31 g TK 085 3 51y oSl il cllad
il inlS s i3l (S0 5l o el VY B 8 o
YIVA eeds o VY Cels )3 o8, cpl o culled (iSlas 4
Sahar Lol o3, ;5 w3l opl colsd bl e aals ply
o ol VFF o g el ul8l g pniay (Sogl | ey 5
so Gloj e VBV & Sy 58 s 81> 4y (54l
(¥ JS) 392 03, _‘uﬁ‘
5 b Jgha > Adls ol e o l10uS
Datet al., ) 5,15 g5laST clacuwl j 6 pSin » Sl
CAT 4 APX SOD (slap: 5 (2000; Halliwell 2006
O3S b a3 g8 Jalge lgiee
Doyl L2l L a5l ol Wed e aslis (ROS)
oyl & ol g S8 Jolo ol 4 eoslas]
» J(Apel & Hirt, 2004) 1S o (655> Jsbo (3D
0y 52 (slong Cusanl ) lalS )3 APX day 3l (ol e
ot O (H202) (59,00 28T Yoo b e ) e

APX 4 POX CAT (o5l slacdled ol laple; oy (pSilke duolio =Y Jgi>
Table 3. Comparisons of the average activity levels of CAT, POX, and APX enzymes over time
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Time
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42.45° 134.79° 40.93% 120
41.20¢ 129.77¢ 41.75% 144

The means with the same letters in each column are not significantly different.
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Table 4. Comparisons of the average activity levels of CAT, POX, and APX enzymes among different cultivars
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The means with the same letters in each column are not significantly different.


http://dx.doi.org/10.61882/jcb.2024.1599
http://jcb.sanru.ac.ir/article-1-1599-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-06 ]

[ DOI: 10.61882/jch.2024.1599 ]

yes ol dl Js 5303 5Ll al Js e w5 Snb e sasee cs9 ks £y doblb s

v ool g polie 03 (olondign Sl (o) g bgw il p)) DL g (oLl
CAT POX
90/00 200/00
80/00 a a b
C
= 70/00 = 150/00 d
(3 Q
F . ——
(=8 o
\%n 40/00 - . " g) 100/00 i g
2 30/00 E| ,
= 20/00 s 5000 ok
10/00 “ II
0/00 0/00
«YF FA VY 4% VY. VFF CXF O FA VY 45 Y. VFYF
S s ol
Sl jlam ol Hours Post Inoculation

Hours Post Inoculation

APX

70/00
60/00 a o K

50/00 d b ¢ e | Sahar
h ) ) g f f
30/00 j 1 1
k|

20/00
10/00

0/00

. Y a7

YFOFA Y VYooY

N
=3
=
(=
(=]

unit/mg protein

Sl 5w e

Hours Post Inoculation

53915l e JK g Sahar 18, 5 53 jlams]yy byeSul g 5lamsly YU clags 1 ol e =Y S
Figure 3. Changes in catalase, peroxidase, and asqorbatle: peroxidase enzymes in two cultivars Sahar and JK after
inoculation
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