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Table 1. Soil characteristics of pots
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Table 2. Analysis of variance of effect of seed pretreatment with proline and glycine betaine on common bean measured

traits under Pb stress.

a0 Mean Square Ol o (il
Olydi @l @031 aduy oy wdWlGo golle  Ugemmsd dnSTpgw VUL jlagsTy ©lb,ygSewl
S.0.V. df Root Pb MDA SOD CAT APX
sl 5 336.55™ 332.84™ 867.85™ 2204.30™ 353.49™
Treatment
s
18 2.71 98.73 83.50 295.07 29.11

Error

(1) &l g s g - 7.38 8.51 9.82 8.98 8.44
C.V. (%)

**: Significant at the 1% probability level.
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Table 3. Mean comparison of common bean measured traits as affected by Pb stress and seed pretreatment with proline

and glycine betaine (GB)

P r)) Al b O‘}‘ﬂ"’ (gl 0>19) <l (M (S g0
Sl (Sl 539 o555k Chlorophyll value (w2y9)
Treatment Root Pb (mg kgt DW) (Spad unit) RWC (%)
el 0.11c 39.91a 91.21a
Control
(S TS 32 p 15 koo O0) 0 o G 26.30a 18.27 ¢ 66.40 ¢
Pb stress (500 mg kg* of soil)
oo Vaekea VO + 0w S 20.99 b 29.60 b 81.66 b
Pb stress+25 mM proline
Olan Ygashee Be 4 2 5 20.58 b 30.59 b 81.74b
Pb stress+50 mM proline
Otz D Y g0slen VO + oy 5 20.78 b 31.62b 83.36 b
Pb stress+25 mM GB
0tz G Ygoislen 01 4 0y A 20.10 b 32.79b 85.27 b

Pb stress+50 mM GB
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Means with the same letter in each column are not significantly different at probability level of 5% using DMRT
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Pb stress+50 mM GB
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Means with the same letter in each column are not significantly different at probability level of 5% using DMRT

180 1 O Control
160 - WPb stress
s +25 r 1
140 - Pb+25 mM proline
~Pb+50 mM proline
120 -
%Pb+25mMGB
100 *Pb+50 mMGB

MDA (pmol gt FW)

(=
o

(035 035 0,5 1 d e 3,50 a0l 65 0 4le

(etingg 08 ooy dmld 018 T (glga il odnd
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Fig. 1. Effect of Pb stress (500 mg kg™ of soil) and seed pretreatment with proline and glycine betaine (GB) on MDA
content and antioxidant enzymes activities of common bean.

PESE S bbb bbb
ASASASAASSS

MDA 50D CAT APX

Gl g iy (Ko LS Las 4 0B JoSUge oy oile ,0 09,5 5 (Duman et al., 2011) T Suae o
ezpe (Osman, 2015) coul b slaps 31 codlad aS amo o lias mlo ol aus,5 (Jabeen et al., 2016)
S5 ez b g omsisy mhe )0 U Gk 3l ey el ibe et conl e 5 eds i 0 p)lS Sl 40
Hayatetal., ) aas oo (al 311, colannst il slam 3T 4 plalS Jooo slapusilie 51 (S colapsT sl slo

(2013 AS) U‘}""CA" g)”'lﬁ)" as e..\....»u.:l.) ! ).A.iu..:/ u‘)lﬁ LJ“""



WA oy VY als s psle 5o aee sla i

Yys

Aggarwal et al., 2011; Jabeen et al., ) el oo
(2016; Rasheed et al., 2014

o i (5550

5B ey Coas 5150 Lgl oS O (o (5570
e Sy o s Bl 28l ilS s stes
dgaz dald Hleg 4 Cond |y Cio (pl (S 5 50LS
modale o o)y Huilees (Jlcpll ol als as e YY
(2 5 S5 (Sl G L g g il o
Lo (s BB 0 O (s G5 il Bl o ge
909 50 gire 5 Lo (]9 )90 50 (3l DS 9 (dy
loasls (et 5l (Ko @l o gy (F Jg02)
5 bazy, ug O 0is b a8 cad olF o o canss
94 28 Gl Loy el bad o S 5l Ol (5,05
che Geizes wa3es el | olS Ol s (G
5 )l53 6 piyillanil 5 Jsbo lel Lai> sl a5 LS 5
oS T oty ol 5 0015 el 1, ig o Jobo
ol> Sislesl ,s (Khan et al., 2016a) oS o oS
e S 130 Lagl (GlaS O (o 50 128
Orzen 5 Ol Ol g ady; wd) JlelS @ olgie
S gt 25 510 (Jobo sl 400 )y ol
Saig 10w e S0 Ol e Sge Suals ols
Sadeghipour, ) cesl sols 5,55 55 Ldeis Loy
(2016

o LS s aS o sols (ylid gyl Limbesl o

S5 S9er 9o el G L don b oS i
Geid loaidl b azeS (pl s 5 Logd sl Ol (oo
@ pl) S 2 Ol (oo s5me Gl 2 (Se 650
5 oelan @ AE Sl B slanST s Lulpd
Hasanuzzaman et ) o ,ls culas SulS ¢ibs S
Sdap o8 510 ol Sl cunsg vag @l 2014
poilw 9 (Hayat et al., 2013) sgools 25 coo
5,8 51 e umen o (Aggarwal et al., 2011)
Nawaz and Ashraf,) ¢,ss (5 Cos by S
3ol e g ey el 0l 155 55 (2007
L e g Ol Qi 4 S el melal Gk
o ol slacdl of Lis coge slaé glaisls
Ashraf and Foolad, ) wsi o oo slo s Loyl
Ol M b Gl 98 ol 3w 5o (2007

TS p S 2L o pre 285 e 0 A
anlite ;5 Lo cal Jloel Sl )0 aS (g jsbay ol Lag) slo
el iels as,o OF sgus caws ol wald Jles L
il e b g dan bl iy 00 ae
Dy S ES (K (2P S5ute 290 5550 b
5 odon o)l Al slajles o Gl cpl s S
(Y Jguz) s sdslive (g lo cire BB 5l ey IS
P e On LR e O o RS S
Jesd 5l Jsho oSl slid wad ki)l JsSlge
5 Pyl 5l Clle syl bt 15
Slam 3T b jouigm 09,5 b 0w slogyg (rizren g0
ale s elss onl o e (iSTy s 1S sariS i
A s JeialS o Gl s Wy el el
Ashraf et al., 2017b; Sidhu ) wgs oo oy Coogomn
sl )T ol ragh mlo b Ll ea (et al., 2017
Sbo S50 kd9,lS liee (RalS oS Wl 052 g 5 6,500
Hussain et al.,) oS oo 0l calisee lals o 1) o
(2017; Khan et al., 2016b; Zhou et al., 2017
g GRS lh e a8 s el pels bl o
AL dee g il GeedS L gm0 p)
Sy gaisl b s (nl oS Loy oS (S jes
ooyl o ls calls (Rasheed et al., 2014) ), Ken 4
by oedon ol pamesls (a5 Laulyd o a8 aussl o
sloazal s Judo)lS oliee Al el (il XS
e 5 bl e izee S puS
oI5 &S wisls las (Hasanuzzaman et al., 2014)
Sy Pl cage il GeedS 5 en (21
s yph G5 s s @iy sleazalS gl
poerbe 25 Cod Lagd Gladis ;o Jods I sgime (58
Oezed 9 (Aggarwal etal., 2011) g, 5,0, 51 50
S oo oy 5 S8 ay gladiny JudglS Glie (2l
s (Bharwana et al., 2014) 5lu uudS 0,8
2 08t e g Ol Coeal il a1
& oS D3l 5 Ll o by IS sime il
Gl e (enST saisS (s3laSy o gl i
laytisle )k (g )5 oS i slags 3l collad
0310 s 1S9 5 latudlyglS JuoS 5l (Jsho



Yyyv e GBS A Jaz 50 58l e g il b Lagd 0 Jled i 150 Bolo

«(Islam et al., 2009; Rasheed et al., 2014) ¢g.00l5
Jabeen et) 4,5 4 (Aggarwal et al., 2011) ssles
5 oo 0 ml5 sl el sals 5,155 50 @l., 2016
S ilide (ol b Slio sgny ;5 Gl e
O leloe 4 wdls 13 o Siw lils s cos
Oyl rels g SlaesT sl sls s Sguge
Sl ke (g slalad 5l cblis 5 Ol igilans]
2l s (35l ol ol 5 laptiyn (ol
0315 o gt Sy i385 55 T slaJslone
Aggarwal et al., 2011; Bharwana et al., ) ol oo
sislesl 50.(2014; Hayat et al., 2013; Osman, 2015
b odon bod Jles i (Jol mlt 4 a2 b 5,0l
Lulpd )0 Loy ooy Slao sente woge (il e
Gl e iz 205 el s )S e 2
gl O lus rals g colagnST sl sl 5l ol

09 ‘199'3}“ °L.‘: L_g’T WMB 9 ‘_.;i*-‘)-».w ua:>Lw Sgude

GHlBl cage i 5 aS B plas eghy cul s
) sj)..v Gb.w g &LQ.I)‘ sg:)T ‘5......0 & g cu’.i..l)...w
Lulp )0 wezginll ad loa plal g aty; e3gicun;
Slampl cdld Gl o Cla ralS Cose
cely a5 008 gilaST o jlus pals 5 cilansT sl
Gosles ol glee plal g aly ) cogicun) g Sy
99 ol b yds Jled iy a5 olo olis s cplais snalie
R E PRSI SIS R S
O Jesd )0 aude Shg;y Glgiedy olS u.fl Sy

2,8 1,8 solazwlo jee Loyl 1o O

Aebi, H., 1984. Catalase in vitro. Methods in
Enzymology. 105, 121-126.

Glom sl iledld ady, ab; osge Gk
aslle i 2al9) Jsko slaé o)l 5 colans]
Slais ol Condy s ol Dir Sse crge (Al

A5 e 5 Ly 53 Lo

Loy/ sy sla S g
0333t ) 9 S p el gy 5] 0w Sunagonne 51 )
3992 o 4 sald Jles ) s Lugd olge plasl g ass
XU INWESRYPSRIN P TSRS IS SIS Y
Pl Gl XS Ly Gdn Jslme o byl
- e Hobar Oy (5 bl 01y 398 sul) sla Sy
gosho B0 Lo o)lge ol jo az ST ol 1ol58) s jls
byloi i nbo b (g 092 55550 (08 il emdS
aloz 3l S Ol (V Jga) sl (g)lo cxe Dglas
s r‘-’b u:'?l*“ sblsle 5w, ol ey
edlS a2 co SalS |y olLS ged g oy Culyd o g anilas
IS @ rizmad Oy Coms 150 oS 0, Slao
rolie s ol Qla g jingd wlS (Sdabe laanl o
Ashraf et al., 20178; ) <ol oo ool s 3¢

(Khan et al., 2016b
2 ke Glaais o, olis als (gl Gios o
slalie o 59 g gilonnsT Ojles 4 O Coos S
& Jols poe 5 (Shjew a3ls talS (Joho
el ol gl bl by )5 09 bayye olS
P &g eldd)] g S maw w@dy ;) g 2lse plail sogicun
iy Oymer e llS 0 Cpu Cosgene
Verma and Dubey, ) =, (Bharwana et al., 2014)
Hussain ) 4.l 5 (Chen et al., 2017) (s 5 (2003
50 6ol sl s,lF el sas 3155 5o etal., 2017
9 Odon B o8 Sl LS 0l Sgp eya
ozl e calizre glo s Lyl o (5L e DS
Ashraf and Foolad, ) s ls 5539 Loy g (594 ¢ Suiu>
e g ey 05 St (B (izes (2007
097 (S D3l i S LS ad) gue 50 (3l

&l
Aggarwal, M., Sharma, S., Kaur, N., Pathania,

D., Bhandhari, K., Kaushal, N., Kaur, R.,
Singh, K., Srivastava, A., Nayyar, H., 2011.



WA oy VY als ol psle 5o laee sla i

YYA

Exogenous proline  application  reduces
phytotoxic effects of selenium by minimizing
oxidative stress and improves growth in bean
(Phaseolus vulgaris L.) seedlings. Biological
Trace Element Research. 140, 354-367.

Ashraf, M., Foolad, M.R., 2007. Roles of glycine
betaine and proline in improving plant abiotic
stress  resistance.  Environmental  and
Experimental Botany. 59, 206-216.

Ashraf, U., Hussain, S., Anjum, S.A., Abbas, F.,
Tanveer, M., Noor, M.A., Tang, X., 2017a.
Alterations in growth, oxidative damage, and
metal uptake of five aromatic rice cultivars
under lead toxicity. Plant Physiology and
Biochemistry. 115, 461-471.

Ashraf, U., Kanu, A.S., Deng, Q., Mo, Z., Pan,
S., Tian, H., Tang, X., 2017b. Lead (Pb)
toxicity;  physio-biochemical mechanisms,
grain yield, quality, and pb distribution
proportions in scented rice. Frontiers in Plant
Science. 8, 259.

Beyer, W.F., Fridovich, I., 1987. Assaying for
superoxide dismutase activity: some large
consequences of minor changes in conditions.
Analytical Biochemistry. 161(2), 559-566.

Bharwana, S.A., Ali, S., Faroog, M.A., Igbal, N.,
Hameed, A., Abbas, F., Ahmad, M.S.A., 2014.
Glycine betaine-induced lead toxicity tolerance
related to elevated photosynthesis, antioxidant
enzymes suppressed lead uptake and oxidative
stress in cotton. Turkish Journal of Botany. 38,
281-292.

Chen, Z., Yang, B., Hao, Z., Zhu, J., Zhang, Y.
Xu, T., 2017. Exogenous hydrogen sulfide
ameliorates seed germination and seedling
growth of cauliflower under lead stress and its
antioxidant role. Journal of Plant Growth

Regulation. Online  published. DOl:
10.1007/s00344-017-9704-8
Dawood, M.G., 2016. Influence  of

osmoregulators on plant tolerance to water
stress. Scientia Agriculturae. 13(1), 42-58.

Duman, F., Aksay, A., Aydin, Z. Temizgul, R.,
2011. Effects of exogenous glycine betaine and
trehalose on cadmium accumulation and
biological responses of an aquatic plant (Lemna
gibba L.). Water, Air, and Soil Pollution. 217,
545-556.

Hasanuzzaman, M., Alam, M., Rahman, A,
Hasanuzzaman, M., Nahar, K., Fujita, M.,
2014. Exogenous proline and glycine betaine
mediated upregulation of antioxidant defense
and glyoxalase systems provides better

protection against salt-induced oxidative stress
in two rice (Oryza sativa L.) varieties. Biomed
Research International. Volume 2014, Article
ID 757219, 17 pages.

Hayat, S., Hayat, Q., Alyemeni, M.N., Ahmad,
A., 2013. Proline enhances antioxidative
enzyme activity, photosynthesis and yield of
Cicer arietinum L. exposed to cadmium stress.
Acta Botanica Croatica. 72(2), 323-335.

Heath, R.L., Packer, L., 1968. Photoperoxidation
in isolated chloroplasts. 1. Kinetics and
stoichiometry of fatty acid peroxidation.
Archives of Biochemistry and Biophysics.
125(1), 189-198.

Hussain, 1., Siddique, A., Ashraf, M.A., Rasheed,
R., Ibrahim, M., Igbal, M., Akbar, S., Imran,
M., 2017. Does exogenous application of
ascorbic acid modulate growth, photosynthetic
pigments and oxidative defense in okra
(Abelmoschus esculentus (L.) Moench) under
lead stress? Acta Physiologiae Plantarum. 39,
144,

Islam, M.M., Hoque, A., Okuma, E., Banu, N.A.,
Shimoishi, Y., Nakamura, Y., Murata, Y.,
2009. Exogenous proline and glycine betaine
increase antioxidant enzyme activities and
confer tolerance to cadmium stress in cultured
tobacco cells. Plant Physiology. 166, 1587-
1597.

Jabeen, N., Abbas, Z., Igbal, M., Rizwan, M.,
Jabbar, A., Farid, M., Ali, S., lbrahim, M.,
Abbas, F., 2016. Glycine betaine mediates
chromium tolerance in mung bean through
lowering of Cr uptake and improved
antioxidant system. Archives of Agronomy and
Soil Science. 62, 648-662.

Khan, 1., Igbal, M., Ashraf, M.Y., Ashraf, M.A.,
Ali, S., 2016 a. Organic chelats-mediated
enhanced lead (Pb) uptake and accumulation is
associated with higher activity of enzymatic
antioxidants in spinach (Spinacea oleracea L..).
Journal of Hazardous Materials. 317, 352-361.

Khan, M., Daud, M.K., Basharat, A., Khan, M.J.,
Azizullah, A., Muhammad, N., Muhammad,
N., Rehman, Z., Zhu, S.J., 2016 b. Alleviation
of lead-induced physiological, metabolic, and
ultramorphological changes in leaves of upland
cotton through glutathione. Environmental
Science and Pollution Research. 23, 8431-
8440.

Liu, D., Li, T., Jin, X,, Yang, X., Islam, E.,
Mahmood, Q., 2008. Lead induced changes in



yva e GBS A Jaz 50 58l e g il b Lagd 0 Jled i 150 Bolo

the growth and antioxidant metabolism of the
lead accumulating and non-accumulating
ecotypes of Sedum alfredii. Journal of
Integrative Plant Biology. 50(2), 129-140.

Mahdavian, K., Ghaderian, S.M., Schat, H.,
2016. Pb accumulation, Pb tolerance,
antioxidants, thiols, and organic acids in
metallicolous and non-metallicolous Peganum
harmala L. under Pb exposure. Environmental
and Experimental Botany. 126, 21-31.

Nakano, Y., Asada, K., 1981. Hydrogen peroxide
is scavenged by ascorbate specific peroxidase
in spinach chloroplasts. Plant and Cell
Physiology. 22(5), 867-880.

Nawaz, K., Ashraf, M., 2007. Improvement in
salt tolerance of maize by exogenous
application of glycine betaine: growth and
water relations. Pakistan Journal of Botany.
39(5), 1647-1653.

Osman, H.S., 2015. Enhancing antioxidant-yield
relationship of pea plant under drought at
different growth stages by exogenously applied
glycine betaine and proline. Annals of
Agricultural Sciences. 60(2), 389-402.

Pourrut, B., Shahid, M., Dumat, C., Winterton,
P., Pinelli, E., 2011. Lead uptake, toxicity, and
detoxification in  plants. Reviews of
Environmental Contamination and Toxicology.
213, 113-136.

Rasheed, R., Ashraf, M.A., Hussain, I., Haider,
M.Z., Kanwal, U., Igbal, M., 2014. Exogenous
proline and glycine betaine mitigate cadmium
stress in two genetically different spring wheat
(Triticum aestivum L.) cultivars. Brazilian
Journal of Botany. 37, 399-406.

Sadeghipour, O., 2016. Pretreatment with nitric
oxide reduces lead toxicity in cowpea (Vigna
unguiculata [I.] Walp.). Archives of Biological
Sciences. 68(1), 165-175.

Sidhu, G.P.S., Singh, H.P., Batish, D.R., Kohli,
R.K., 2016. Effect of lead on oxidative status,
antioxidative response and metal accumulation

in Coronopus didymus. Plant Physiology and
Biochemistry. 105, 290-296.

Sidhu, G.P.S., Singh, H.P., Batish, D.R., Kohli,
R.K., 2017. Alterations in photosynthetic
pigments,  protein, and  carbohydrate
metabolism in a wild plant Coronopus didymus
L. (Brassicaceae) under lead stress. Acta
Physiologiae Plantarum. 39,176.

Singh, R., Tripathi, R.D., Dwivedi, S., Kumar,
A., Trivedi, P.K., Chakrabarty, D., 2010. Lead
bioaccumulation potential of an aquatic
macrophyte Najas indica are related to
antioxidant system. Bioresource Technology.
101, 3025-3032.

Tang, C., Song, J., Hu, X., Hu, X., Zhao, Y., Li,
B., Ou, D., Peng, L., 2017. Exogenous
spermidine enhanced Pb tolerance in Salix
matsudana by promoting Pb accumulation in
roots and spermidine, nitric  oxide,
andantioxidant system levels in leaves.
Ecological Engineering. 107, 41-48.

Verma, S., Dubey, R.S., 2003. Lead toxicity
induces lipid peroxidation and alters the
activities of antioxidant enzymes in growing
rice plants. Plant Science. 164, 645-655.

Zafari, S., Sharifi, M., Ahmadian Chashmi, N.,
Mur, L.AJ., 2016. Modulation of Pb-induced
stress in  Prosopis shoots through an
interconnected network of signaling molecules,
phenolic compounds and amino acids. Plant
Physiology and Biochemistry. 99, 11-20.

Zhang, L.L., Zhu, X.M., Kuang, Y.W., 2017.
Responses of Pinus massoniana seedlings to
lead stress. Biologia Plantarum. 61(4), 785-
790.

Zhou, J., Jiang, Z., Ma, J., Yang, L., Wei, Y.,
2017. The effects of lead stress on
photosynthetic ~ function and chloroplast
ultrastructure  of Robinia  pseudoacacia
seedlings.  Environmental Science and
Pollution Research. 24(11), 10718-10726.



