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Effect of Nano Selenium Spraying on Some Enzymatic and Non-Enzymatic
Antioxidants of Vicia faba L. Exposed to Drought Stress
Zeena Yaqub Yousif Eman H.H. Al-Hayani

University of Baghdad / College of Education for Pure Science (Ibn Al-Haitham)
Abstract :

A field experiment was conducted in the Botanical Garden of the Department of Biology, Col-
lege of Education for Pure Sciences, Ibn Al-Haitham, University of Baghdad, for the purpose of
studying the effect of spraying with nano selenium on some enzymatic and non-enzymatic antioxi-
dants of Vicia faba L. plant exposed to drought stress. The seeds were obtained from the local mar-
kets. The experiment was designed according to Randomized Complete Block Design (R.C.B.D)
as a worked experiment 3x5 with three replicates, and the experiment included two factors: Three
irrigation periods (5 control treatments, 10, 15) day and 5 concentrations of nano selenium (0,
25, 50, 75,100) mg.L!. The results showed an increase in the total effectiveness of enzymatic and
non-enzymatic antioxidants after irrigation periods, irrigation was given every 5 days and nano se-
lenium concentration of 100 mg.L! highest mean enzyme MDA, GPX, SOD, Peroxidase, CAT and
proline. The highest mean was 0.781, 0.862 absorption unit. min. g, 1.845 and 1.883 absorption
unit. min. g soft weight, 12.392 and 15.090 absorption unit. min. g' soft weight, 1.704 pm, 1.711
and 1.704 absorption unit. min. g soft weight, 5.603 and 5.593 pumol, g soft weight, 69.79 and
70.42 umol, g soft weight respectively and that the interaction was significant differences for all
the characteristics studied.

Keywords: Drought stress, nano selenium, Catalase, Peroxidase, glutathion .

\. J




doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G
O WwQ) UGOI Al voeeeeeeeeeeee DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU

S Jrws glagl .

|| 62

5505 3 IS5 O o) CidaS el 2 LI
) G s el ety 258 LY i I et
g5l oa! g_?\l\ slexVlae (2015 (05 =1
a5 I i i) Sl Y
sLe=>U ¢ (Borghett, 2009) Ll Jeols Ll
S smdl o dY Sl S U
sbgxVl 5 » LI Mild water stress q;iu\
W g geudl Lsl Moderate water stress JJiall
Severe) ool o) il sVl ade 5 Mlas
.(Lushch;wk, and Semchyshy, 2012 water stress
o @ Wew S apacadl sUl sl o052
Free s 1 55k 7Ll 3ad JSUs e Ll
JLls oLl Lo als U1 SWl il radicals
SW sl oy caclall sl 11 J sl
éw\gu\ssgjwlu}.émwb
(2(; 13) Talaparta and Talaparta soJl & 5 50
Hassan and ;. |S | |o 55ls o G lda s
Al-Saedi and AL-Mentafji 5 (2014); Ahmed
(2016);
IV Lab o) gams sa_uSYI Olslzs G
sl S =3 S+ sasYlollee
el 55 o Lk 51 o5 o 3
(Garcia et al., 2012) & sl Ul U315 L
sy im il Gee g dl SN oblas
L 55 5nSYI Slslze Jliwiad O cieay 5
e e 3 a2 el de LS
sl olbo gt 25 DLl as s
Jeo 55 Lo e sl Al s Liall
Al-Kaisy and Mahadi (2017¢ Al-Hayany) «_J
(2019)¢ AL-Karreemawi and AL-Kazzaz (2019)¢
Mohammed and AL-Hayani (2020)< AL-Hayany

:dosdall

iag g dd 2N SO ol ey

0LV Lgb e 1 iagll 5101 J_:;Lx&\ o
b IV e 5 I sl ez o
«Broad bean 5| Horsebean _.o—us s o 5 5do
ol el ae g iy (AT UL A
S sy B S Akl e gt iy a
A iy LoV BV A1 st
e 4 ) sl iy o3 el jend GLI Ll
SloVI el gl LoV (3 o 18060
2 QLI 05555 s 4530 0353 5 pnadl
e 3 S e DU oL gl sl ol
G idalze Bl YN0 455 5 & et (2-6) iy 5
053055 @\spy)u;y\uxTau\
ot O 5 S slols g w3 g 5 s Sl 85
5,230 (1990 Oy, 515 be) 907 iy I3
SNy o e s O ¢ e A3
s bl (g 522 53l Al S e 05 P Ll
b el deatle Lgs dand Hduls b
L3 S e 055 UL o5l ot
sdee fe il @l 6522 (2015 04,54 JJ)
31 (2=7) s sl sde 5l iy 55l (s
e B o e AL 5,01 s
de) s @Al o e 0 Uiy o, SSys
F\O_”wuwuf_:w(ww‘ob_ﬁj
eSS sl ey 131 3 300 L1 ol
Ol = Aol Al Lgnadd L)
40— (e Sl pdp 5 SN 72838 oy E
Jd ol 2l 05 3l s sslaw Y Sy | S 467,
Joris QLN e 3 o o gl sl



63 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

.(Bisht et al., 2022) C)LM.S\ J:-\b d.l.ow‘g oLl

:Jooll Gilybg slgoll

2024 saill os 3o Mt Ll 4 2 oy
sl p g le o) Laldll d3L) i) (32025
Sl dmalor bl ol 30l oy Lall 2 A1 LIS
G gl priekedly B 1 6 s 5 5
i Y ey i Yl SY s lae o n
slgxY o =l Vicia faba L «M5LI ol
Sl e 59d ) e d sl (5. S
Slelbdl] o onas 355 iy el oo il
Randomized complete Blook & _Ls\SJI 451 4_iall
My 5 %3 iJsle i 58 (R.C.B.D) Design
20/10/2025 ok il ey ol S
L Gdale el el

(101508 Jawddalas 5) (g, el b &S
£

75100) 5 53 p gl e 81 5 i
“JU.V_;L(o«zmso

el 0S8 5 45 Ay il Sl gl sde OIS
Lo 05 3 o L s 5 0 n g5 20V
S\ il % (1X 1) Lo s iy Sl 5 Lo
cob_ﬁ-\)w)“)t_;ﬁ.v_;ﬂoodijPK
20 3 doell sl 6L ) 5d e 55.(2000
Ali et ai.)“)L_:iA.r;s 24 Jaxess 2024 /10

WW}\_’JJ—’MFQ«)‘ J‘W&c(1990
uu}fgul_dd\u\v_,.uy\w\!ldjp
8 g Y EILLSY I lsliae (ol ol 3

(2020)¢ Al-Kazzaz and Al-Kareemawi (2021)¢
Al-Hayani and Attarbashi (2021)¢ AL-Rubaie
(and AL-Jubouri (2023)¢« Mahmoud et al. (2023
. (2024) .AL-Kazzaz et als
Lagll YLl ST e i sl i) as
f\}guwtu\j@ﬁﬂ”_wd_ﬁj
ol 5| (Singh et al. 2010) i =i sl
Leleally el YLl 3 i ) ol
clsViol; g Ll e
O 3 Bkam S Lgal el I o= =3
ol Ll e 8315 I3 e Ll
STl Sz U 5L s e iy JUL 5
©$355 318 e b Lesd L Jle il 45U
. (Thakur et al., 2018) <l ;415 536l 6_3\.,
&l 2205 Nano selenium s Wl r}ml.._wl\
4_:.>-U|u_.a\.bl_.w.,f.5\ “—’jg-!éj—’u‘fx*:-l:-”j‘
olie 0Ll e L oy i)l
(Zahedi et al., 2019) 5Ll e p sl
S oy | S ol VI i pise
| (Djanguiraman et al., 2018) J_.ol=oll
835 I e, s 1L e fens
ik e S5l siiusYl bl bLis
e s om0 S 5l o A Sl Ul
s Jeonss (Miltler, 2017) |20 L5108 i)
0 538 SN oy 31 L1 oy Tl i
Ol 3 Thioredoxin reductase b L 850 ) g dnS 9 0
slnS sl asladly fﬂyw bl
A liws A g u\‘.._m;-\ == b lenSe conls

Djanaguiraman et al., 2018,) V_?L;\ J cle_..J\

sl D::.:.L:_MJ\ a2 4 (Nandini et al., 2017

ol G Ll



doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G

S Jrws glagl .

O WwQ) UGOI Al voeeeeeeeeeeee DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU J { 64

S L5 Bl 3 il 5 55 5ok o5
.(Bates et al., 1973) & b 35454 Ll

1id Liad g ad Gl

QMSJQJ'JW(T)J).L?G’»UJW)\
a6 sds delny CAT o5l las 20 (3
B>50.781 plad b e dslp 2 15 S !
Jsd b el S g b 03y et Aids . ol
CAT oyl Jas 20 3 Ay yoms 85155 J g
.vjdw100‘_;\10o_ng5)_§u\rwu_§)§8ﬂ_&
0.862 410.706 s oy VI Jdma ala 1™ I
Lg)_léd)} 17&.2.%3).&\.@»\8.,\))

Ol e L gims OIS b sl S6 Ll
ad el ol 31 g 55 p gl 528 5 6 )
o seededl o 702l 100 58 Al JHel)
JSILe1 0,917 sy el 10 S (15 (6 55U
.v_;l»25}15ﬂ\.x_;og;_ils.x_séd_>‘|x.uz_«:§
b ol 10 S (s s (s 55N skl o ™
.éJLQJJT‘V.a.aag>.Ume\s¢>jo.596

: (CAT ) Catalase 5 o 0

Slex dblugy CAT - I oy
——>3 Spectrophotometer 5 g2l 3L Ll
Acbi (1974) i b

el Las PODV_U'NZ.:.KJ\L:J&_&JU_iw
Nezih (1985) |3 -0 45 5.0 4l

1(SOD) o 5V Al Aledll s

ii  SOD .yl L o
9 O 50l 15 (NBT) (o 55055 55 L)
(Beyer and Fridovich (1987 J i& b

Glutathione per-  (GPX) o Sl Lus
. oxidase

Flohe) & b . GPX =5 PN PYRUIRN
and Gunzler (1984

Malondialdehyde (MDA) ;.S 5 ,oJ&
Srb Oispe—td s SN

Carmak and) ig b > MDA ;.S 5 ;08
(Horst, 1991

sl ¥ sl 355 ks -6
(b 035 Tebopl s Sl)

S F p g 55155 S slger! 6 (1 s
S 059 et dads . el ias Catalase v Y AISI LI

- Al axle) Selenium S il
Bl 100 75( e 50 ):\S)ZS 0 ‘JL“Z‘J;;L@*‘
0.725 0.782 0.628 0.716 0.725 0.775 5
0.745 0.917 0.892 0.683 0.596 0.638 10
0.781 0.886 0.719 0.779 0.815 0.703 15
00 0.044=Selenium x Cilisll slgal LSD0.05
0.862 0.746 0.726 0.712 0.706 Jacsgial)
0.028=Selenium LSD 0.05




65 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

CJl_....U L..SJ—E QJJ FH&.}JL}.&\—@%‘ 3.)._>-)
50 S0 s U s OIS A ol 3 Ll
S s e Ol (6 55 gkl 5 55
kel '™ A i 50 58 A e e ils
c3b9‘2.133w{¢ﬁ 15JSL§JJ|,L§P\:J\
o 1S A e el 4 ozl s 151 Ll
SL}SéA‘jéPu‘fW‘H]_p.v_;lﬂ
FV_P;\.E.:;JupL@'A\ ol > 1.159;",_5&)%(’[_3\

ol g b o

sl djdm- (2) Jyd= Cr'_?\.’:., o ,lad

ol A Jelzy Peroxidase o il b ge (34 yine
Lo Jele s 15 JS g ) el ai g I
-polaatel sd > 5 1.845 L, Peroxidase =Y
Js | cﬂ.ﬁ.’ Cow ol ng_b Y 1_(,_5.3.3.&;.5
Peroxidase o ;| SV REPLEVE SR puES
S5 ot bl e s s sasly
315 ) 1’}.5.(..5;1..: 100 J1 0 ;s g Ul (}W\

1.883 JI1.590 s Peroxidase ol Jdme

S5 p skl 581 55 Uik slgr 6 :(2) sk
PY) "V.'c.Z.B.;’; . Pl s4> 9 Peroxidase r.;}"ﬁl LIS Al 3

-l axle)Selenium S5 il
Ssiel 100 75( = J:‘SJJZS 0 uu(:“};é;\
1.622 2.009 1.600 1.706 1.638 1.159 5
1.804 1.796 1.977 1.510 1.638 2.098 10
1.845 1.845 1.779 2.133 1.953 1.514 15
0‘07217;%“ 0.112=Selenium * alaall algal LSD0.05
1.883 1.785 1.783 1.743 1.590 Losgiall
0.0635=Selenium LSD 0.05

O 65 1 58 55 5,0 A o
v.il»100).§jd\4.;.o¢.§l$&.>’-\xﬁi_%§é_p\
J51 a1 16.264 il p s 15 JS 6 157 A,
o= 255 ,ae S il ie colS s ladl s
S.BTOQJJ{fLi\BJSéJJ\jéJJL:J\rM\

NS JEY FV_E«.Z.E.;EsvpLA:»\ 8>

SODJLJLAJ_&\fﬁ15JSL§JJ\wB\V\_EA
055 "ptdids . polatsl s> 5 12.392 .
g pae sy dgmam J sl sl S 6 b
p sl =S 583y SOD (il o g 8
= W p ol S 5 s a5 50U
SOD (v 5l Jdms sla31 31 it 0als 100 I 0
Aass . yolamlsd>515.090 117.984 s
L e OIS s Js sl S Lal g, 035 ot



S Jrws gloyl

doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G

. g ugbo) diyj DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU

|| 66

S5 p skl 551 55 Sk slgrl 3 :(3) U sl

Y 1—&,11,53.0;@\ 34> dismutase superoxide ﬁ}s‘ﬁ S Al 4

Lo (- Al axle) Selenium S5 JL@ZA‘.
100 75 50 25 0 (ps)slant)
9.257 14.502 9.119 11.366 7.336 5310 5
12.265 14.504 11.399 10.707 15.473 9.241 10
12.392 16.264 14.365 12.521 9.410 9.400 15
mliad) Sl 0.401=Selenium x Ciliall slea LSD0.05
0.154
15.090 11.628 11.531 10.740 7.984 Lsidl
0.249=Selenium LSD 0.05

50 S oy U pme 018 0 sl Ul
o sl e o 2a 100 55 31 e s
31))16.264C~k1{rﬁ15J5é}J|3 LgyU\
3.«».;5&\\_6\ céj_b 09 PH.&L}J.&M\
T e sas S e cols s sl
(b 055 et dads . jolatl 3> 5 1.606

Jddme 340 re 3305 J e (4) J s 5L

S Al @l s d el Glutathione peroxidase = B
GPXJLF‘_}_&\fﬁHJSL’gJJ‘JL;\VLE
NEY) 1’(._3«.2.5.:3.5 coplal Bd >3 1.704 CJU
Qe 805 d g Jpdd) w5l | S g b
L*gj_StJ\cx;*J_,,Jlj_:SJss.ﬂ_iﬁ GPXV_U'J\J@_.»):»
100&\OO_AL§)J\;J\(=M‘}_§JSC'UM
dl 1.626 s GPX oyl 5l . V_’.La
Kb 055 ot dads . olanlid31.711

P RY) 1“..&«.15.:3.5 .ol 84> 9 Glutathione peroxidase - FY IS AL 3

- Al axle) Selenium S|
sl 100 75( = 50 )35)‘25 0 (e;)ké:;ﬂ‘
1.646 1.649 1.667 1.670 1.616 1.627 5
1.656 1.725 1.742 1.602 1.606 1.606 10
1.704 1.758 1.659 1.740 1.718 1.646 15
=“"°gj)j;8@ 0.082=Selenium x Calesll slgs) LSD0.05
1.711 1.689 1.671 1.647 1.626 Lo giall
0.050=Selenium LSD 0.05




67 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

Ol A G L g OIS ais ) b Ll
O_»“j_i.(._;i.ﬂooj'.;ﬂ\uc,_ilsg}_}"x.u
g JBI Ll b 055 b d 505 KL 6715
O_H’JU.V_;L«ZEJ;_:SJJ\MQ_SLSJ}U:M
2.060&&.&.\.3&.3“5&5@)_“}@)_3\;}\ rml:...vj\
S O3 T d s S

SJl_;j deb- (5) Jj.l_‘;-\ C'h?L‘b Ceend )
delzy MDA 508V sLas Juas g i pns
J_9|€Q\5L}56JJ|‘;LP\J_&L§}_HQL€J
17('—’&")‘9""5);3.“‘ 5.603 'cl{jMDA _S.la_..-:}:.a
Gpme sl doddl oo | S s b 0
éﬁulfﬁ;,l@\jﬁs;bl_iﬁMDAﬁ}\Ljﬁ
dl 3.402 ;o MDA Juse ola3l 7 i, ol
(S 055 Tt dses Sl 5.593

55 (5 S p giecdl 51 55 L slgr) 36:(5) gl
(b 059" 8- d 25 Ske) MDA bl Ll JUI 5 5 3

Il azle) Selenium Sy Al
sl 100 75( i );}25 0 ‘JL":;;L@*‘
3.938 4.763 6.409 1.366 2.060 2.090 5
4.887 5.302 3.461 6.537 5.242 3.891 10
5.603 6.715 6.752 4471 5.851 4.226 15

0.2736::,&5#‘ 0.377=Selenium x caliall 2lga) LSDO0.05
5.593 5.541 5.125 4.385 3.402 Jaegial
0.206=Selenium LSD 0.05

100 ;S Adlice sl sl dod el ol
&\La\éfia[)jj1_r\ﬁjﬁL¢84.92M{€ﬁ
ol 50, i 1S A e SIS ol Ll

Sk Ol “(:\J_'pj;iu 36.00 ¢l

Z_Ugmbl_u'.sj_?-j%)djxe-@?ﬁc)bu\

A gl o delan Gt g d) S 5 diae G
Lo oo o5 15 JS 5,0 55 A1 e
,\_3}@,.190;;“(:\,&,;&69.798{@_8MM
b G g ) e gl Al el
cé)méPU\rW\hS;bgﬁ@Jjﬂ\
ke 100 41 i e s 55U p sl 55 5
70.42 1) 54.47 e S sl ddra sla 3l
a sl S Ll s, b 035 el ks Sils
o seched! =S 55 g, Sl b s OB



doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G
O WwQ) UGOI Al voeeeeeeeeeeee DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU

S Jrws glagl .

|| 68

.é;bﬁ)}}Ff‘f}ﬂuw‘gfﬂ};jéL@J&‘ﬂ}é}}bj‘fﬁu‘%‘j‘gd%|bL@.?‘JgUZ(6)J}-‘>,

-5 axlo)Selenium  3S) 5 s
Sl 100 75 ( = }5}25 0 uu(:“):’;té;\
54.33 71.49 43.07 40.98 55.72 60.39 5
57.42 54.28 77.18 64.81 54.28 36.00 10
69.79 84.92 79.77 61.61 55.64 67.02 15
Raybasy 2.426=Selenium x Cilésl) slga
70.42 66.67 55.80 55.21 54.47 Jasgial)
1.385=Selenium LSD 0.05

O 3 o0ebl S 5 s 5 Al e WS Y
MAD ;5 585U Ol din s SLi g i
olslze Ll syl LU L s s ey
.(Shanker and Venkates 2014) 3J_.S"/
S asLall ol 3V @ 3L Pl e Lol
éﬁutrwpuﬁu\usﬁsmd)\&\g
UJSJAU\ﬂw\yfw\O\g\sﬂ\ﬁ)
ey YIS wilslias LLES (8 s 590
odd el JulaS |50y 3 i 3Yl ey
Glutathione peroxidase = e ¥ olaLl
el G bl dS 5 S 5o J s !
sl ol > LF?LU sleVI b s C’;IL'J\)
== Ly (Hassanuzzaman and Fujita, 2010)

sslall ol ¥ LJls a3 cow O

Sl 31 (1.2.3.4.5.6) Jslad! §s0.S
bl e sl Sl Jnd s,
B 1055 BLA Ll 36 ed s ) 50t
sy G dnS o)y ) sz L) e geS
Ahair,) 3, 41 0 4| oM ey sl oYl
deS 50 d 5l e nS NI L (2006
SRS G Lol 5 255 1 e 5
Sty ol s 5 Al * Lo 58 sl
i o ey gl LAl e 5O 50N
8 e el e I o
Siae oy 3 pUsS it Ul 5 5 g
53 | =, sl (Rabiei et al., 2015) i 4| od b

Sl G e (10 555 Uy (s 523

— sQMéU\COZMU@d‘ gM_MJ‘

s}\)j&\p\;jg)ﬁ\wx.ﬂ\@ws;%
S M ol Y e gl dl 05— L2

G B U s udl ol Selenoproteinse 5., J)
USRI (SWESN SR W
eyl oldl a2l LS s Denaturation
I g el s IV s s

Jx 5,5 =56 SOD 8Ly 5 Ol (Shabala, 2012)
POD EJL_iJ'j J?‘—QMS}‘ Jgj_w.” ).l_?- CL_Z'J‘ EJL_.{J'J
8305 Lol ¢ oS5 bebl o it 8555 (e 3l
oSl bl 8Ly e 40 b CAT,GPX



69 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

E1F7-¥.1]|

Ja~| ;,_SUQ e ‘uj_b-.l_;.? cJ_p 1
sl Jol2 .(1990) 5 50z dsl> Oledr
M}\ggw\v_ﬁld\c_,um
mbd\uag-j‘éujkbwév\_;cw
el I als  Jsadly o sl ol (2015)
SJ_QLE.“:\_’LOL?-

@bw‘u_..\.}-‘u_’lm&é}‘w.g
GU&}M&\LQ&M‘.(2000)9%¢L§jb_“‘9
w_l.xj\a_ls;.uiu\).l_ga\l.x_dtgjélawj
:3-107-112:(32) il &)l dsl, 3l

4. Aebi HE (1974) Catalase. In: Methods
of Enzymatic Analysis. Vol. 2, pp. 673—-684.

5. Ahari AK (2006) 4 study of superoxide
dismutase activity and superoxide produc-
tion in kiwifruit. MSc Thesis, University of
Canterbury.

6. Ali HG, Issa TA, Jadaan HM (1990)
Crop legumes. Higher Education Press, Mo-
sul, pp. 107-129.

7. Al-Hayani EHH, Attarbashi RW (2021)
Effect of spraying with aluminum and vita-
min C on some growth characteristics and
yield of Cicer arietinum L. Biochem Cell
Arch 21(1): 1589-1592.

8. Al-Hayany EH (2020) Effect of salt
stress and vitamin C on some growth char-
acteristics and yield of cowpea (Vigna sinen-
sis). Plant Arch 20(1): 2569-2572.

9. Al-Hayany EH (2019) Effect of gluta-
thione and hydrogen peroxide and their inter-
action on the yield and its components of Vi-

.(EL-Missiry, 2012) CW\ PrnT

Jem g Wl (aj,:'.:l_..v)l Ol db s sms (=
Lgws oblgVl s sz t\j_,\u_g.ﬁ-é_o
&éfulrW\deL&bL@q-\
He et Zhao et al., 2005) s0—uSY| clslze 5L
Naseem et al., ;Schiavon et al., 2020 ;al., 2019
s Sy | .(;Zakeri et al., 2021 ;2021
MDA 35U 5= b ¢ ROS 3,41 504 | )&
s =l & s (Garza-Garcia et al., 2021)
ng 5= p sl OF ol 5y |y
SJLA\)U‘Y\O_»J_:M\‘}M:UOUJ_QV_EJ
.(Bano et al., 2021) sLg>=

: o i 1

e 15 clad| sl oldl delas O

d) sl . —ds 100 (g 5Ll fﬁ;:l.:_w.ﬂj

s i P B wlslae LI 98515

85 Al ool Bl | O e a5yl ey 3YI

o ) e e a5, 5ik

slnSY wlslae 83 G b e joddlodn
s st



doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G
O WwQ) UGOI Al voeeeeeeeeeeee DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU

S Jrws glagl .

|| 70

ladanka J, Horky P (2021) Uses of selenium
nanoparticles in the plant production. Agron-
omy 11:2229. https://doi.org/10.3390/agron-
omyl11112229

17. Bates LS, Waldron RP, Tears ID (1973)
Rapid determination of free proline for water
stress studies. Plant Soil 39: 205-207.

18. Beyer WF, Fridovich I (1987) Assay-
ing for superoxide dismutase activity: some
large consequences of minor changes in con-
ditions. Anal. Biochem. 161(2): 559-566.

19. Bisht N, Phalswal P, Khanna PK
(2022) Selenium nanoparticles: A review on
synthesis and biomedical applications. Ma-
ter. Adv. 3: 1415-1431.

20. Borghett M (2009) Water transport
in plants under climatic stress. Cambridge
Univ., UK.

21. Carmak I, Horst JH (1991) Effect of
aluminum on lipid peroxidation, superoxide
dismutase, catalase, and peroxidase activities
in root tips of soybean (Glycine max). Physi-
ol. Plant. 83(3): 463-468.

22. Djanaguiraman M, Belliraj N, Boss-
mann SH, Prasad PV (2018) High-tempera-
ture stress alleviation by selenium nanoparti-
cle treatment in grain sorghum. ACS Omega
3: 2479-2491.

23. El-Missiry MA (2012) Antioxidant
enzymes. InTech, Rijeka, Croatia.

24. Floh¢ L, Gilinzler WA (1984) Assay
of glutathione peroxidase. Methods 27: 114—
121.

25. Garza-Garcia JJO, Hernandez-Di-
az JA, Zamudio-Ojeda A, Leon-Morales
JM, Guerrero-Guzman A, Sanchez-Chipres
DR, Lopez-Velazquez JC, Garcia-Morales

gna radiata L. Plant Arch 19(1): 1029—-1035.

10. Al-Kaisy WA, Mahadi SF (2017) In-
fluence of foliar application with abscisic
acid (ABA) and vitamin C on some plant
hormones for peas plant (Pisum sativum L.).
Ibn Al-Haitham J Pure Appl Sci Special Is-
sue: 64-72.

11. Al-Kareemawi IHK, Al-Kazzaz AGM
(2019) a-Tocopherol foliar application can
alleviate the adverse effect of salinity stress
on wheat plant (Triticum aestivum L.). Bio-
chem Cell Arch 19(2): 3495-3499.

12. Al-Kazzaz AGM, Al-Kareemawi
IHK (2021) Foliar spraying of a-tocopherol
enhances salinity stress tolerance in wheat
plant (Triticum aestivum L.). Ibn Al-Haitham
J Pure Appl Sci 34(3): 10-16. https://doi.
org/10.30526/34.3.2673

13. Al-Kazzaz AGM, Al-Hayany EH, At-
tarbashi RW (2024) Glutathione mediates
growth regulation of chickpea plant (Ci-
cer arietinum) and mitigates salinity stress.
Ibn Al-Haitham J Pure Appl Sci 37(1): 1-8.
https://doi.org/10.30526/37.1.3404

14. Al-Rubaie AHS, Al-Jubouri KDH
(2023) Effect of tocopherol, trehalose, and
soil improvement on water productivity
and industrial potatoes under water stress.
Iraqi J Agric Sci 54(4): 979-995. https://doi.
org/10.36103/ijas.v54i4.1787

15. Al-Saedi AJH, Al-Mentafji NH (2016)
Relation between water stress, selenium, and
brassinolide hormone on some vegetative
parameters and element content of corian-
der plant (Coriandrum sativum L.). Ibn Al-
Haitham J Pure Appl Sci 29(2): 376-386.

16. Bano 1, Skalickova S, Sajjad H, Sk-



1 ||

dudlyell de olall - duy il duds - duodellg dugy il Sluwlyadl ddao
02025 il - 6Ll pgle - jue GWI alaall - ggpuiiellg guolBdl el

downy mildew disease caused by Sclerospo-
ra graminicola in pearl millet. Scient. Rep,
7(1), 2612.

34. Naseem M, Anwar-ul-Haq M, Wang
XK, Farooq N, Awais M, Sattar H, Malik
HA, Mustafa A, J El-Esawi AMA (2021). In-
fluence of Selenium on Growth, Physiology,
and Antioxidant Responses in Maize Varies
in a Dose-Dependent Manner. J. Food Qual.
2021, 6642018.

35. Nezih M (1985). The peroxidase en-
zyme activity of some vegetables and its resis-
tance to heat. Food Agric., 36 (9): 877-880.

36. Rabie1 Z, Pirdashti H, Hossein1 SJ
(2015). Effect of drought stress on growth
parameters and antioxidative activity of co-
riander (Coriandrum sativum). Inter. J. Biol.
Pharm., 4(7): 230-243.

37. Schiavon M, Nardi S, dalla Vecchia
F, Ertani A (2020). Selenium biofortification
in the 21st century: Status and challenges
for healthy human nutrition. Plant Soil 453:
245-270.

38. Shabala S (2012). Plant Stress Physi-
ology. CAB Inter. Oxford. 318P.

39. Shanker A, Venkateswarlu B (2011).
Abiotic Stress in Plants Mechanisms and Ad-
aptations. INTECH Publ. Rijeka, Croatia.
440P.

40. Singh A, Jain D, Upadhyay MK,
Khandelwal P, Verma HN (2010). Green
synthesis of silver nanoparticles using Ar-
gemone mexicana leaf extracts and evalua-
tion of their antimicrobial activities. Digest.
J. Nanomater. Biostruct., 5: 483-489.

41. Thakur S, Thakur S, Kumar R (2018).
Bio-nanotechnology and its role in agricul-

S (2021) The role of selenium nanoparticles
in agriculture and food technology. Biol.
Trace Elem. Res. 199: 1-16. https://doi.
org/10.1007/s12011-020-02376-x

26. Hassan AH, Ahmed ST (2014) Im-
provement of growth and physiological traits
by IAA and BAP under salinity stress in vi-
tro. Iraq J. Agric. Sci. 55(6): 2117-2127.

27. Hassanuzzaman M, Fujita M (2010)
Selenium in higher plants: physiological
role, antioxidant metabolism, and tolerance.
J. Plant Sci. 18(5): 1-22.

28. He XJ, Deng H, Hwang HM (2019)
The current application of nanotechnology in
food and agriculture. J. Food Drug Anal. 27:
1-21.

29. Lushchack V, Senchyshy HM (2012).
Oxidative stress: Molecular Mechanism and
Biological Effect. Intech, Rijka, Croatia.

30. Mahmoud RW, Al-Hayani EHH, Mo-
hammed RS (2023). Effect of seed priming
with green tea (Camellia sinensis L.) aque-
ous extract on germination and growth traits
of mung bean (Vigna radiata L.). SABRAO
J. Breed. Genet. 55(6): 2250-2255.

31. Mittler R (2017). ROS are good.
Trends Plant Sci. 22: 11-19.

32. Mohammed MY, AL-Hayany EH
(2020). The effect of spraying with quercetin
in some of the growth characteristics of Cow
Peas (Vigna sinensis) exposed to drought
stress. Biochem. Cell. Arch. 20(2): 4335-
4340.

33. Nandini B, Hariprasad P, Prakash
HS, Shetty HS, Geetha N (2017). Trichogen-
ic-selenium nanoparticles enhance disease
suppressive ability of Trichoderma against



S Jrws glagl .

doy iyl puég daoyjidl SausS Ul Slsldo yhay b $9iWI poriludl Gyl 465G

Qg Ugboey duyj

DblaJl slasy yogaoll Vicia fabal. cdds Wl SLU J { 72

ture and feed industry. J. Mol. Gene Med.,
12(324): 1747-0862.

42. Zahedi SM, Abdelrahman M, Hossei-
ni MS, Hoveizeh NF, Tran LS (2019). Alle-
viation of the effect of salinity on growth and
yield of strawberry by foliar spray of seleni-
um nanoparticles. Environ. Pollut.,253: 246-
258.

43. Zakeri N, Kelishadi MR, Asbaghi O,
Naeini F, Afsharfar M, Mirzadeh E, Naser-
izadeh SK (2021). Selenium supplementa-
tion and oxidative stress: A review. Pharma-
nutrition 17: 100263.

44. Zhao CY, Ren JG, Xue CZ, Lin ED
(2005). Study on the relationship between
soil selenium and plant selenium uptake.
Plant Soil, 277: 197-206.



