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Antioxidant Enzymatic Activities in Roots and Leaves of Mungbean under Salt Stress
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Abstract: Soil salinity causes growth reduction and yield loss in crops. Understanding mechanism(s) of
resistance to salinity in crops can be useful for breeding for salinity resistance. lon compartmentalization,
osmotic adjustment and antioxidative defense are mechanisms of plant resistance to salinity. The
objective of this study was to assess resistance to NaCl in mungbean. Visual injury, protein contents and
activities of catalase (CAT), glutathione S-transferase (GST), guaiacol peroxidase (GPX) and superoxide
dismutase (SOD) in roots and leaves of 12 accessions and 2 commercial mungbeans grown in nutrient
solution containing NaCl were evaluated. The results showed that mungbean accessions JP231216,
JP240338, JP229175 and JP240379 were highly resistant to salt stress at the concentration of 100 mM
NaCl close to zombie pea, TVNu240 and AusTRCF322105. Protein content and activities of GPX and
SOD in leaves and roots were increased in these accessions. The resistant accessions maybe useful

as genetic resource for breeding mungbeans for salt stress tolerance.

Keywords: legume, osmotic stress, reactive oxygen species
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Figure 1 Setting up a hydroponic system in this study.
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Figure 2 Scales used to assess tolerance to salinity by visualization.
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Table 1 Protein content (% of control) in roots and leaves of mungbeans grown under salt stress (75 and 100 mM).

Accessions Roots Leaves
75 mM 100 mM 75 mM 100 mM

JP240327 25.23+1.12 e"e” 15.5145.25 d -32.05+1.80 f 44.60+4.35 b
JP99049 18.89+3.27ef 2.57+1.32 e -25.31+5.06 f -46.87+6.64 h
JP229098 84.27+3.91a 31.29+2.93 ¢ -64.34+4.09 h 26.85+1.49 ¢
JP231216 57.09+6.84 ¢ 56.07+6.34 a -38.94+3.69 g -26.35+6.10 f
JP240338 13.51+3.51 f 27.53+3.17 ¢ -5.30+0.30 d -12.4042.15 e
JP229175 26.01£5.46 e -25.81+5.15 g -25.8145.59 f -68.56+8.31 i
JP103118 24.86+4.41 e -2.54+1.58 e -13.73+3.48 e -44.4244 17 h
JP240379 10.10+0.74 f 13.11+2.75 d 13.1120.75 ¢ 54.20+3.84 a
JP240383 48.45+8.20 d -3.75+2.50 e -3.75+2.50 d -34.00+1.42 g
JP22954 25.93+5.58 e -15.79+5.53 f -15.79+5.54 e -42.96+2.71h
TVNu240 71.044¢5.79 b 46.82+6.46 b 47.47+6.78 a 48.23+2.97 ab
AusTRCF322105 61.16+0.91¢c 19.93+4.57 d 33.26+3.01 b 7.14+0.08 d
KUMLS -40.8145.12 g nd” 27.13+3.44 b nd

KPS2 -59.0148.76 h nd -6.16+1.91 d nd

"The data are presented as the mean + standard deviation of five replications.

“Means followed by a same letter within each column are not significantly different by Duncan’s multiple range test

(p <0.05).
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Figure 3 The activity of catalase (A,B) and glutathione S-transferase (C,D) in root and leaves of mungbean seedlings

grown under salt stress. The data are presented as the mean and bar is standard deviation. Different lower-case letters

indicate significant difference of means at 75 mM NaCl and the capital letters indicate significant difference of means

at 100 mM NaCl.
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seedlings under salt stress. The data are presented as the mean and bar is standard deviation. Different lower-case

letters indicate significant difference of means at 75 mM NaCl and the capital letters indicate significant difference of

means at 100 mM NacCl.

dwiuRanssuaeaieull SOD fidau
nuazluresdadien wudn dausnaesdaiden
naneiugiugiinanssue ool SOD Wiy
dleagluaniazeianpanududu 75 fadluans

dauluaniaziAramninge 100 Hadtuans wudn
A9UINTRINATLINNAIUWUTHAANITHUD
e oa & a XA = = o
euladaladiinduiiielsauineuiugn
pILAN BNisW @G JP240327 uay JP99049



Agricultural Science and Management J. 4 (3) : 69-80 (2021)

7

(Figure 4C) Tudauly wudn Fageniiaand
A18Wug AusTRCF322105 uaz TVnu240
Aanssnaaaiauliy SOD mn%mﬁ@mﬂumqu
wiaandefauiauiuganuau luansd
fad@enanawus JP240327, JP229098, JP231216,
JP240338, JP229175 way JP240379 HAnanssu
gasieulmalatiindufiannziasaninae Nacl
75 waz 100 Nadluand i m’quﬁqﬁmﬁuﬁf
KUML8 waz KPS2 fNfanssuaasaulad SOD
amauﬁmﬂ%mﬁauﬁummuqu Lﬁ@@g"luamq:
wWrgAnaaANNdndu 75 Radluang (Figure 4D)

a -4
919U
ANHAATZIL TNl s Rl ugauIn
ol/ al Aﬂl a A
warluresineantgnluaninziAzaninae NaCl
RrrAUAMNIENDL 75 way 100 Radluans wl3eiu
= o 4;/ =l o c a o dl a
Weaududaaaawugiagaiunlgnluanindng
(@aruAN) aztiuladndiusinaasdalaeg
o oo = o &
NnatenuginiIsazanldsnuiiuaulu
P A A o v o a
ANIILLATHANADNTEALA N TNTWLINAR 75
Jaaluans TuaneWugnisAn KUMLS uas
KPS2 #nsavanlisiuanas danisazaniilem
NdausnunnIngauly Cheng et al. (2014)
R = A A v 1%
TaAnENInlaslasreslilsRnunsnuaasungn
T INANNUNIUFADRNIILLATHALNAD T1E4IULN
Aeldanuezaanae lUsRuninaadesiunig
FNUBYYABATTLAZN194UATIETANTUNLTIO M
3n2e3d19 WA LG Nongda 1145 nTW d9u
Parvaiz and Satyawati (2008) $18911447 N7
NUNIUFABLNADALINAINNI9TAL AR AN BN
ai dgj 1 o [~3 G U v 90/ o dl
MaasanisiniAuuzalilauinnlulaasing
Undamadsaanisineannalessy lnanis
Aupaziansinannasealuda TUsfiuanmng
waztauladiueyyadascunsriaivanauaw
lanau n13lnave9un warnIAnayyadass
T2 T89a18WUg JP231216, JP240338,
JP229175 uaz JP240379 uavintandanawug
AusTRCF322105 way TVNu240 ﬁﬁ@ﬂﬁ‘ﬁ‘mﬂl'ﬂ\i
1wl GPX waz SOD nainlunAniameniu ineh

Jebara et al. (2005) laAan®1n19ilAasuulas
Aangsuaaaialasd ascorbate peroxidase (APX),
CAT, peroxidase (POX) kaz SOD 7131954370
119 common bean (Phaseolus vulgaris) Aels

= = £ U a a '
ANHLAEIALNAD NaCl ANLENDY 50 Radluans
wuqn aulayd SOD way POX HAanssuiiny

L 4 a = = 9

YnTUNLTULNIN waridouwnaqdaslunnsg
ToariunisiineyyadasziunaInans Ml
nI/ a a =K U dl 1
doanunsnasyiAuTnuazssslulnsauldiiast)
nelfAaNuLATEAAININADe 421 Cavalcanti et
al. (2004) laAneiAanssnaadalas GPX, SOD
way CAT ﬁ‘].l?“mmslmjmﬁq cowpea (Vigna

. dl 1 a A
unguiculata) NagluaniaziAsaainaa NacCl
ANNNLTNGY 200 HARINANT WULN AANTTNTD
waulasl CAT azanaailu 2 win ndsannegnials
AnnAFEANga 191 luanennanssnaadia sl
soD Tuinsasuudas Tuniemnsariudnunsgn
Aanssnaagaulay GPX NI wazianiangn
anunsonusanaunmanyiuialaidulng Sarker
and Oba (2020) ¢lanuan wulas SOD way APX
duenlasmanlunisindnayyazes H O Tu
Amaranthus tricolor Wis§ VA14 inuniuluanin
LAY (salinity stress)uﬂﬂﬂ”mﬁ Uarrota et al. (2016)
91819791 el APX waz GPX ifuilafaanting
ndAnyfigalunnamdneyyadasy H O Wilaeu
flu H.0 lweulna wulu cytosol, vacuole,
cell wall kaz apoplast ﬁ‘].l‘i/l‘].lﬁ‘t/lﬁﬁﬁﬂgﬂ/lﬂ
3999 8bALTIAN TUNIAAAINNLADNYDILTAS
= dl 1 = A dy s '
AgnagluaniniAsaanae wanaindanawusg
dogenilviaesanawiug AusTRCF322105 uay
TVNUu240 NHANNNUNIUBRANTNLATEANADE
fanuinsdamszifianlas GST N B9 GSTs
Rununngnanyluniadasiuniamanasaangann
ANNLATLARILIAA NN LUNNZaN (Abenavoli
et al., 2001) AINNNTANBILAUDIAIINLATEIR
inaafananssNuadewla GSTs Tuiqlnaaag
Remme et al. (2013) 918411490 Aanssnaegie ol

o £ 4 v o A a X

GSTs ALANTWNDAM NI NTUIRUNADNNUL 4,
8 LAY 12 IATBHNUABLNAT 111291987 3 WAL 5 91



78

AMNEANFASINHATLAZNNTAANIS 4 (3) : 69-80 (2564)

nisanuRanssureaalniiaranaaiieldy
ANNNLATEANALENTY 16 LATTINUABINAT T2
NANWIU 7 4 urednslsfinnufanssureielsd
GSTs ﬁﬁﬁqﬁﬂ?mmqmdmmmuqu

a1l

fadananeniug JP231216, JP240338,
JP229175 waz JP240379 wazdarandaneiug
AusTRCF322105 uaz TVNU240 NuUN11u3a
winiulnldifleatnnalfaninzinianinded
szAumNdndy 100 Aadluans TnafiFunn
TlsAuuazfanssnasseuladiuayyadasy
Toun guaiacol peroxide (GPX) waz superoxide
dismutase (SOD) fdaumnuazlufisdy Jeans
Fuginumuseanasrsamnaeiienaill Wiy
LLu@iquuqn??uzﬁ’wé‘vuﬂi‘”uﬂ@wﬁ“uﬁ:ﬁqﬁmmu‘wm
Flagnmuandeni inzasiel s

naRAnssNUszAA
muﬁ@“ﬂﬁié’%mmﬁmumm GG
anulauenisgaNAnEn Ineaans Fdauas
UAFNTINWANTIR (AR9%.) WIUAUILLTUITUAY
AANNINUANUNITRENUIAIAIAY WAZYUAIUNNT
WUNADNTUGANANEI N15FRBUATNNTAF

UIANIIN (LNA.) (z’i”aumﬂmﬁ 5826)

LaNAN9D19D9

sl Andtual. 2558, 1@N@1TATINNT WUAINIS
mm‘”m?qifzuumé?"nﬁﬁml,@xﬁﬂuﬁuﬁ
A, i uimuRawan 5 na
WALNRAL N3NsINEATUATAWNSAL.

AINNUATEHINANNEAT. 2559. ANANINEAT
1991ne Tinnzilgn 2559. unasdeya:
http://www.oae.go.th/download/
download_journal/yearbook2559.pdf/
(20 RIUAN 2564).

AbdElgawad, H., G. Zinta, M.M. Hegab, R.
Pandey, H. Asard and W. Abuelsoud.
2016. High salinity induces different

oxidative stress and antioxidant

responses in maize seedlings organs.
Frontiers in Plant Science 7: 276. doi:
10.3389/fpls.2016.00276.

Abenavoli, M.R., D. Santis, C.M. Sidari, A.
Sorgona, M. Badiani and G. Cacco.
2001. Influence of coumarin on the net
nitrate uptake in durum wheat. New
Phytologist 150(3): 619-627.

Alharby, H., H. Al-Zahrani, K.R. Hakeem, R.
Rehman and M. Igbal. 2019. Salinity-
induced antioxidant enzyme system in
mungbean (Vigna radiata (L.) Wilczek
cv.) genotypes. Pakistan Journal of
Botany 51(4): 1-8.

Apel, K. and H. Hirt. 2004. Reactive oxygen
species: metabolism, oxidative stress,
and signal transduction. Annual Review
of Plant Biology 55: 373-399.

Buono, D.D. and G. Loli. 2011. Glutathione
S-transferases of Italian ryegrass (Lolium
multiflorum): activity toward some
chemicals, safener modulation and
persistence of atrazine and fluorodifen
in the shoots. Journal of Agricultural and
Food Chemistry 59(4): 1324-1329.

Bradford, M.M. 1976. A rapid and sensitive
method for the quantitation of
microgram quantities of protein
utilizing the principle of protein-dye
binding. Analytical Biochemistry 7(72):
248-254.

Cavalcanti, F.R., J.T.A. Oliveira, A.S. Martins-
Miranda, R.A. Viégas and J.A.G.
Silveira. 2004. Superoxide dismutase,
catalase and peroxidase activities do
not confer protection against oxidative
damage in salt-stressed cowpea
leaves. New Phytologist 163: 563-571.

Chawla, S., S. Jain and V. Jain. 2012. Salinity



Agricultural Science and Management J. 4 (3) : 69-80 (2021)

79

salt-sensitive cultivars of rice (Oryza
sativa L.). Journal of Plant Biochemistry
and Biotechnology 22(1): 27-34.

Cheng, Y., G. Chen, D. Hao, H. Lu, M. Shi, Y. Mao,
X. Huang, Z. Zhang and L. Xue. 2014.
Salt-induced root protein profile
change in seedling of maize inbred
lines with differing salt tolerances. Chilen
Journal of Agricultural Research 74(4):
468-476.

Dachapak, S., P. Somta, K. Naito, N. Tomooka, A.
Kaga and P. Srinives. 2019. Detection of
quantitative trait loci for salt tolerance
in zombie pea [Vigna vexillata (L.) A.
Rich]. Euphytica 215: 208.

Dietz, K.J., I. Turkan and A. Krieger-Liszkay. 2016.
Redox- and reactive oxygen species-
dependent signaling into and out of
the photosynthesizing chloroplast.
Plant Physiology 171(3): 1541-1550.

Giannopolitis, C.N. and S.K. Ries. 1977.
Superoxide dismutase: |. occurrence in
higher plants. Plant Physiology 59(2):
309-314.

Havir, E.A. and N.A. McHale. 1987. Biochemical
and developmental characterization of
multiple forms of catalase in tobacco
leaves. Plant Physiology 84(2): 450-455.

Huang, L., L.J. Yu, X. Zhang, B. Fan, F.Z. Wang,
Y.S. Dai, H. Qi, Y. Zhou, L.J. Xie and
S. Xiao. 2019. Autophagy regulates
glucose-mediated root meristem
activity by modulating ROS production
in Arabidopsis. Autophagy 15(3):
407-422.

Huang, S., O. Van Aken, M. Schwarzlander, K.
Beltand A.H. Millar. 2016. The roles of
mitochondrial reactive oxygen species

in cellular signaling and stress

response in plants. Plant Physiology
171(3): 1551-15509.

James, J.A., C. Blake, C.S. Byrt and R. Munns.
2011. Major genes for Na“ exclusion,
Nax1 and Nax2 (wheat HKT1;4 and
HKT1:5), decrease Na™ accumulation
in bread wheat leaves under saline and
waterlogged conditions. Journal of
Experimental Botany 62: 2939-2947

Jebara, S., M. Jebara, F. Limam and M.E.
Aouani. 2005. Changes in ascorbate
peroxidase, catalase, guaiacol
peroxidase and superoxide dismutase
activities in common bean (Phaseolus
vulgaris) nodules under salt stress.
Journal of Plant Physiology 162(8):
929-936.

Jiang, Z., B. Ma, K.O. Erinle, B. Cao, X. Liu, S.
Ye and Y. Zhang. 2016. Enzymatic
antioxidant defense in resistant plant:
Pennisetum americanum (L.) K. Schum
during long-term atrazine exposure.
Pesticide Biochemistry and Physiology
133: 59-66.

Kumar, S. and G. Pandey. 2020. Biofortification of
pulses and legumes to enhance
nutrition. Heliyon 6(3): e03682.

Nair, R.M., R.Y. Yang, W.J. Easdown, D.
Thavarajah, P. Thavarajah, J.A.
Hughes and J.D.H. Keatinge. 2013.
Biofortification of mungbean (Vigna
radiata) as a whole food to enhance
human health. Journal of the Science of
Food and Agriculture 93(8): 1805-1813.

Parvaiz, A. and S. Satyawati. 2008. Salt stress
and phyto-biochemical responses of
plants-a review. Plant Soil Environment
54(3) 89-99.



80

AMNEANFASINHATLAZNNTAANIS 4 (3) : 69-80 (2564)

Remme, R.N., N.A. lvy, M.A.K. Mian and M.
Rohman. 2013. Effect of salinity stress

on glutathione-S-transferase (GSTs)
of maize. Journal of Agriculture and
Veterinary Science 4(4): 42-52.

Sandalio, L.M. and M.C. Romero-Puertas. 2015.
Peroxisomes sense and respond to
environmental cues by regulating ROS
and RNS signaling networks. Annals of
Botany 116(4): 475-485.

Sanoubar, R., A. Cellini, G. Gianfranco and F.
Spinelli. 2020. Osmoprotectants and
antioxidative enzymes as screening
tools for salinity tolerance in radish
(Raphanus sativus). Horticultural Plant
Journal 6(1): 14-24.

Sarker, U. and S. Oba. 2020. The response of
salinity stress-induced A. fricolor to
growth, anatomy, physiology, non-
enzymatic and enzymatic antioxidants.
Frontiers in Plant Science 11: 559876.
doi: 10.3389/fpls.2020.559876.

Tester,

Uarrota,

M. and R. Davenport. 2003. Na“
tolerance and Na' transport in higher
plants. Annals of Botany 92: 503-527.
V.G., R. Moresco, E.C. Schmidt, Z.L.
Bouzon, E.C. Nunes, E.O. Neubert,
L.A.M. Peruch, M. Rocha and M.
Maraschin. 2016. The role of ascorbate
peroxidase, guaiacol peroxidase, and
polysaccharides in cassava
(Manihot esculenta Crantz) roots under
postharvest physiological deterioration.
Food Chemistry 197: 737-746.



