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Summary

The plants were grown in hydroponic culture for the period from 10-
21-2022 to 12-4-2022. The experiment included a study of the effect of
selenium in the form of sodium selenite (NaHSeO3) on some physiological
and biochemical indicators of Lactuca sativa L. lettuce, using the
hydroponics technique. Seven concentrations of NaHSeO; (0, 1, 5, 10, 20,
30, and 40 mg. L) were used with Hoagland nutrient solution using
Nutrient Film Technique, randomized complete block design, and testing
the least significant difference LSD (<0.05) with three time periods ( 10,
20 and 30 days) to measure the wet and dry weight, water content of the
leaves, the content of chlorophyll a, b, total, carotenoids, carbohydrates,
protein, malondialdehyde, proline, the activity of enzymatic antioxidants
(superoxide dismutase, catalase, glutathione peroxidase) and non-
enzymatic antioxidants (glutathione) and selenium content in the leaves.

The results showed the following:

The concentration is 1 mg. L significantly increased the
biomass of leaves compared to the control, while the rest of the
concentrations significantly decreased the biomass and moisture
content of lettuce leaves.

The content of total chlorophyll, chlorophyll b and
carotenoids increased significantly in most concentrations compared
to the control, while the content of chlorophyll a decreased
significantly compared to the control at a concentration of 20 mg. L-
I'at a concentration of 40 mg. L.

Selenite concentrations of 5, 10, and 20 mg. L' significantly

increased malondialdehyde content compared to control.



The total protein content decreased significantly in all plants
that were treated with sodium selenite concentrations except for
concentrations of 1 and 40 mg. L'

The carbohydrate content increased significantly in plants
treated with 1 mg. L-! compared to the control, while the rest of the
treatments had a significant decrease in carbohydrate content, except
for the treatment with a concentration of 5 mg. L™ did not change
significantly.

The treatment resulted in a concentration of 1 mg. L™! reduced
proline content compared to control, while its content increased
significantly in the rest of the treatments.

The activity of the enzyme CAT significantly increased in
most treatments, except for concentration 1 and 20 mg. L' .The
activity of the superoxide dismutase enzyme increased significantly
in all plants that were treated with all concentrations except for the
concentration of 30 mg. L!. The activity of glutathione peroxidase
enzyme increased significantly at the concentrations 30 and 40 mg.
Ll

Glutathione, a non-enzymatic antioxidant, significantly
increased with 1 mg treatment. L-1, while it decreased significantly
with two concentrations of 20 and 40 mg. L' compared to control.
The selenium content increased significantly in all the plants that
were treated with selenite compared to the control.

Effect of treatment duration: The period after 10 days of
treatment recorded a significant increase in each of the percentage
of moisture content, GPX enzyme activity and glutathione content,
and the period after 20 days of treatment recorded a significant

increase in the content of carotenoids and MDA, while the duration



of treatment after 30 days recorded a significant increase in Both
fresh and dry weight, proteins, proline, and selenium.

Bilateral overlap of the effect of concentration®* Duration of
treatment: the concentration exceeds 1 mg. L' in moisture content
after 10 days and in fresh and dry weight, protein content and
carbohydrates after 30 days of processing, the concentration 5 mg.
L' had a significant superiority in the content of chlorophyll a after
30 days, in the content of carotenoids in all periods, and in the
content of MDA after 20 days of treatment, and a concentration of
10 mg. L' recorded significantly increased SOD and CAT activity
after 10 and 20 days, respectively, at a concentration of 20 mg. L!
recorded a significant increase in the content of chlorophyll b and
total after 20 days of treatment, a concentration of 30 mg. L'
recorded significantly increased proline content and GPX activity
after 30 days of treatment, either at a concentration of 40 mg. L' was
significantly superior in glutathione content after 10 days and in

selenium content after 30 days of treatment.



@Cﬁw S e AL el B HRISE °3’\

@ RN ’}’39;/ 231 8% 3o }2/5 -
Oﬁjm ya\v@.‘wj(‘;@z\x\i@%\cj'

alaadl Sl ) 53

¥V &idl) daauall 6 ygui



¢)aaY}

atas o Iiacly agiling g yed (e ()

....... 29 (s Ay (S <)

....... L..SJ-‘S Sﬁj L:ALQL‘ L_Al

XY (S Byl L..SJ‘J



aadil) g )

adl ey eV ihadll galusall da Ao Bially 80 daally il Al angil) aa
.O:DALU\ Cplall

lelaitl 3 maal ol Gli) HsiSal) S A8yl dtad A GlaaYly [l il andl
Bl Lghaldly Wyaaa daady Saciall Layers dnalell Lgnle s Al (Ao i) Joi 5)5< e
ond JS e Al lafad Gl sae Al I lgae g

2 lall g8 shall agle aud & JaldV) Sxla) ) (gpadiy Sl Hdly ands Sgd Yy
daeall Blise 20591 Luhally Wlall byl Ay e My slall asle and 2ulily il daals

D SOLE 0adlly ¢ Tt Bre PR e Lgdgigl ana slands J,E_TE\ @< w&_-j Ys
L)



I I e e
E ew ) i) [ ) el

245 s A3l et $1-1-2
Ly (e delyll bl :2-1-2

MLA\@JJS\L;JUAJ\@\&}\ :3-1-2

-
- Al del) (8 deaiiead) dpe)) 3l Jalusg) :5-1-2
o W el 1)
Lgandl y& gaill Lailug :1-2-5-1-2
Ll del)3l 8 aasid) (sdial) Jslad) :6-1-2
Al del) 8 aasiaeal) (gheall Jolaal) e 8i5all Jalgall :7-1-2
-




DaneSg ym ediliglll auyil (3

Ailagaslly Laludll cilulial) ~6-3
sash )l (gl Gagiall duwally Gilally bl il ~1-6-3

ligigIKlly DL yglSl) (gima it —2-6-3

(CAT) bl sl dllad s —7-6-3




E

illy Calally (gl Gl a3 NaHSeO03 (e dilide 5815 il Alelae ik —1-4
gsb)l sginall A5l

g sl (ssinn 8 NaHSEO;3 (e ddiae 381 clall Alales 530 —2-4
Malondialdehyde . & NaHSeO3 (1o dalide 5:S) calall dlalae it -3-4
S sl (gine s 3 NaHSeO; (e ddlie 38150 ol dlales il —4-4
b s\l i 8 NaHSeO; (he ddlide Sl il dlalaa il —5-4

Ol ssima i 8 NaHSEO; (he Adbide 3805 il Alles 55 —6-4
SBISN wrl Adled i 8 NaHS@O3 (ye dilide 3l i) dlelaa il —7-4

Superoxide dismutase idlxi 8 NaHSeO; (h ddbiaa 5805 clall dlalas il -8-4

Glutathione iyl &llaé i & NaHSeO; (e dibiae 35 cilall dlalaa il —9-4
peroxidase (GPX)

O3l gsine o 3 NaHS@O; (e dilite 5805 cilall dlalea ik ~10-4

(‘Jﬂ":‘h"“‘” ng.\;.a‘_,’ANaHSGO:; wMJM)ASJuuL\AS\ Alalea ‘).uh 11-4

E
I T )

Vi




AN
p—

s pefprle) S il (s5ime & NAHSEO; (Sial dlaladll 520y 1S5 il
(b

(Sla O35 p2fprle) ChamelSll (s5ine & NAHSEO; Syl dlalaall 520y S5 il
Oda ol ssina 8 NaHSEO03 (iSyal dlalaall 5305 35 il

.Catalase 5.5l a3l dllad 5 NaHSeO3 Syal dlalaall 5305 55 il

~ | &~
[\

N

Superoxide dismutase il i NaHSeO0; iSyal dlalaall 5205 585 il
.(SOD)

N
(@)

Glutathione peroxidase ail ddlad & NaHSeO; Syl dlaladll 5205 385 o
-k Oy (U/9) (GPX)

(b 039 ae/arle) slisl<l (s5ina i NAHSEO; (Syal dlabaal) 500y 35 Ll

(Sila 035 paS/pake) asaulad) & NaHSEO; Syl dlalaall 520 S5 il

N
~

Ea
KA
KN

N
oo

Vil



JIKaY) 48

Vil






Chapter 1/ Introduction O —A (P

Introduction dasiall :1-1

ble ) a8 A Lpdl dualsdl sl s (Lactuca sativa L.) el
01 ded e daging Wl Gllally Ghall (8 as dagall Jralsddl (e 2205 Asteraceae
CliaY) a3 e Jadl il (Sly el Cilial e bl aag gaill b Aoy ddle
S ans Ghall Aoy hal) Luia¥) Calial) alanag dadaal) CaliaYly dlas daeal il
.(Boukema et al., 1990) Cos s) Romaineg sill (e (al) de gana

g allall (o 55 shalia & Bagama (5S5 shaall B85 duaddl Lijill Jie Dlsall o
e o) Ll s s 138 Tiea Dl del)3l dallaall DU sadadl) alasinl] maal
soilless 45 ;53 dely3ll 5l hydroponics daldl dely3ll dalail (8 cllig digeca oY)
chaa¥) b el Jaly i) dely) deajh SIS, oluall gl 5 da g culture
Jalsall (30 waall a5 3 .(Fussy and Papenbrock, 2022) ¢lasll »uy du<u)
sl Bl dayng Ciliadly daglall Lgtay bl b (sauSl slgad Gl ) i
Apdall Clasal) G 88l Claallly Lsasdial) (358 Axdllly slsel) Hislas Cpolaal duauss
.(Xie et al., 2019) saly) gpe ) dilayl

Terry ) Cblall Gulu) Buaie 3 Y Se 4l Jap el jaic @ agibidl o
3 asaibuall AulaV) il clahall (e daall cjelal 2 celld aay .(6F L, 2000
Caliany 4o Aldad) ) Al e asaidad) Jlads pon 8 Lty oo bl Caels
doacs Wle 4l pstll Vag callal) cladl maen 3 € IS8 Dl b asidd) Sl
Winkel ef) jasi jble o S e i s deficiency il toxicity sl

.(al., 2015



Chapter 1/ Introduction O —A (P

du))al) (e ciagll :2-1

ALl g olhall 4 g ) hall (el il e aguidiall (ggaall e sill dudya(1

Brag SN G (SN Jalailly dlaleall B agrbid) (e Ailidae 305 58l dun(2
—1 o8 DA e i) @il 3hsY Lbinganlly daalidl) clacall b daleall
sl (sginally Galally cadajll (sl -
casihad) jaie (ggiaa -
~ling)Slly SN by a Jidg yslS (s5ine —
+ b s)\Slly MK g ) (gine —
(CAT) dully superoxide dismutase (SOD) 4wVl 8ausY) cilalias —

Ossl) Laa iU 50uSY) Claliany ((GPX) aanypn 05l

.(GSH

-3l (A g lly MDA (g5ina —



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Literature review aalull (alaiul :2
Hydroponics 4Ll 4,3l :1-2
sl gn ol ae L3l el 8 bbbl de))) s e Adla) del)3)
gl Hes Hliiy asll Hliss (gaall Cigaally CulsSiapdlly canll Jio dald Jaug
Oe Al deh ) mllias i) L lasbialy pedall cudl oy ) Ly gl jsa il
@ Gl deall Lija ety Jeall a3 'PONOS 5 el a3 'hydro 4ulisdl el
sai Ciuay 1930 ple il & i oy Houdgll U8 (e Alall )3l AalS d2la
(Bulgari ef dxasdl 48032l jaliall Ao (ggiad S olaall A dalaall la)sds xe culilall
.al, 2016)
(Pomoni ef al., 2023) 4ulal) 4o )3l clulagl :1-1-2
bl aladiud sale] Axil<a] aa 520wy sbiall Dlgial & 2l (1
sl il dualiy el dallall je hliadl 8 el)3l) Z ) 4l (2
dach dalaall sy dde (g) b Ji5 8)5 pa pe daslally
ol gadl Aa DU Ay pulall yealiall AES Hd53 S aales (3
s dnphail) alya¥) (g iy Al (B yualial) G A1S5e Ja 2 palis (4
)
Al b Ay A le Juad] §)gem dusgil) b palis (5
LSl ABly pay¥) Sagal dalal aae (6

gl del)3l) ol 8 dalds daluall Bang 8 Bl 50l (7



Chapter 2/ literature review ) yall ()t [ AN Jadil)

(Velazquez—-Gonzalez ef al., 2022) 4xlal) ds )3 cilbulw :2-1-2
iiye Al dehy3l Al & IV Slanay) LAdle gyl Agladl ddsw) (1
oleall ZeU Cilanally 2l dgall ZESE sy Lt
Ael3ll diee e agedl Cpilige il M bl dlde ga) ) s (2
Bslaiall ilaslaally oSail) dalaily claaslly culul) Linglgaudg
OB s IS8 il el slae (e paldill 2y ol 13) . Sl Gl (3
Cllaball Unjie lgas algy o e cctliilly seadll e golall giall Jslaal
Gy Lae Al cllally 45l cladacdl 8 (5aY) 428 dal) Ll

b Ay (Sl

Ailal) Aol A paguil) dadaif il :3-1-2
zsidall allail) —1
L) cbinall Jsbaes Jual e psiall 05S5 cAagidall dalady) 8
5y dac)) 3l JalugWy culidaall Jolae aladiiad g &glite ciljias of ally J<d
Al Ulye Gans o 1-20S3) Lysn sale) aiy ¥ 4l ey Laa claih 52a5
Jones, 2005; ) &) I @l e pabe¥l Jas) jhd (e asll dsgidall
.(Cifuentes-Torres ef al, 2021
GBliall allai) —2
Jolaall 8 bl jsia aumg w o(1-2 J<8) Glaal) alail) b



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Sl .Lu.nj ‘_sﬁ \.Al LL\tiL\.d\ _gald .Zts:}A;A\ 8 (s 653 2\.:\31.4]\ z\:,b‘)]\ dala)
3.:19449 a.a:uL cald .LLU-\}Y\ 8 U}S:‘ ui us.g .Z\_\LA -LLU-\)\ ‘_Qc ji
s ) (padlly gl Hea il V) a8y asal) sl i) organic

.(El-Behairy, 2015) (<lly yes asll 5 Joll) iNOrganic iscac

———

a—

Water

| Open system | | Closed system I

Water

Run-off

[(EI-Behairy, 2015) 3liall alsilly #siaall aUadl o il :1-2 JSa

(Hydroponic systems) 4l ds )3 dalaif :4-1-2
Deepwater culture (DWC) diweall sluall g, jin dakii) -1
g g Gbdrall duall sbuall & llall Hoda Galad Sy Uil e
Glglall sl ol (F2-2 JSE) slogll Jan ddaddss Hsdall ) 5)dlue slogl
(Domingues et al., .Uaill ligl SIS Jbe 58 buckets system

2012)



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Drip system Juail) duay) -2
EoFs deatia JS& Oha (& b Jolae g o allail) Jaa
slall Jslaa yidgi o (272 JS8) Lp G by (A deatie JS0 cblal)
ad sclea dablie LS abilall s ) oball e cbladl
.(Rouphael and Colla, 2005)
Ebb and flow hydroponic system _dlall jjally aall allii -3
=2 JS8) Capally gl fae o o (las Jle ollas gl 58 13
oo dimag (il Jolaall eolan (f3as sai Jamsg alaill 134 axsi . (z=2
.(Nielsen et al., 2006) LS Cdgar dagiye
Nutrient film technique (NFT) 43l duaey) 48 20 —4
Ol LSl U8 e Vilas) 8 1960 Chmiia 8 NFT J) &)l skt o
Jbe e .Ebb and flow )jally aall allai & agagall QAN e alanll 56
FSY) Sl Uil s (NFT) JI & s (Aeroponics aglsgll g )l d sk
G il Hsds o)) .(Domingues et al., 2012) (+2-2 J<a) e
(NFT Zashl ode dpacal eatyll ol 5a 135 ¢ JalSIL 5500
Wick system idl) dali -5
(Shrestha diseil seal Vs daaal) Yy oLyl by Y le aldas dacd
vigl jsa Jie Jilgedl (aien oy & llall ang .and Dunn, 2013)
slae e A A BLAl Heds (e e (shl U8 ae Cullly cudson il

(272 —2058) @bl



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Aeroponic 4lsell g el allii -6
~20K5) Al del)3l) Aakail Ak G e dugra LaaV) KT (6S Lyy
Ge GAY) gl el sa WS cbiaa) ddas b cgal oSy (572

ety asty ypead By90 Clge ) 2 liny Slsel plall of elinuly cAslall dudasl)

.(Shrastha and Dunn, 2013) ¢8&és JS ol auad daiaall



Chapter 2/ literature review 2ol yall () mi) [ S8 Jadl)

\ir Pump Air Stone

(9) Jsa
o o ﬁ i‘-
TR o T IRNE g AT
\ 'OanItnDuh
5 g Grow plants
— = without soil!
() J<s (#) JS2

Doalls aal AUtz cdagill alai s cAisanl olaall gy il aUai 1 ALl Aol dadail aa) 12 ~20<a

.(El-Behairy, 2015) aslsell dely il alai : g e Jidl) allas za cdodaal) Zpde V) 2@ alas 2o ¢ Sl



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Growing media 4ulall de |3 & dasiiewal) due )3l Jalugd) :5-1-2
g G saeluall (Al i) saill Laily (e i lelsil (pseiall padicn
(Gaikwad and  uauSY) [oladl (o Bam Ao o Bleally clilal) jgdal aeal)

-Maitra, 2020)
Buall gaill hafluy yailasd :1-5-1-2-1
22 paill Jailagl (6 o) g ednlin gai g pe (Sle allai L platy bl g )5
:l¢ia (Arumugam et al., 2021 ) sas (ailad
Non-reactive 4lxall yaliall xe deliia jegdlals o
L Cpaiy dasgs SN e
OSQY) )3 daiias (ySie
2l Amiiig Tl (65 o s @
Glyin 3 oo Jb Y ol jee Ll 05 ol cave
esill Baley AL 6<s f Cany @

dJLC\A &;}JJ&A ?§~) clle



Chapter 2/ literature review ) yall ()t [ AN Jadil)

sadl) Jaflosg pealli :2-5-1-2
Inorganic media dgianll & gaill Jailug :1-2-5-1-2
sand Ja) (1
Ly caaall Lyl Dl dall &gl (ples e ) elall e
ally Wl dell b€ dlsie lgilh Akl LleaY) Ll disid
.(Papadopoulos et al., 2008; Hussain et al., 2014)
Gravel aal) (2
OSaall cpa ciglall Aely3ll Aoy hall Clilill S el Slasiul (S
e A @l G Ll W @l e bl
.(George and George, 2016)
Rockwool il Cigall (3
i g (o Blie sag Samall Giguall sl Liad (gaall Cageall Capay
.(Ghatage ef al., 2019) ilie Gl (e de givas Ligiac
Perlite <., (4
SSYI gl e aasg LSl b IS 63 ST sl (para g L
Sheldrakejr, 1977) a5 s deh )l dadal 8 desdind) Lailusll (e legud
Ll disgn 8ab) (A ) axdiey las dded il wlws . (Boodley and

bl dely 3l 8 clglall dadail 8 daladid ) A8V

10



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Vermiculite culgiSuayd(5
oo s ) ekl B 0sSibd) e Uiy Gane g CulsSaa
High cation— (sslSll dals e buws ddle 50k aoay 4 liuly )
.(Gaikwad and Maitra, 2020) exchange capacity
Zeolite i) (6
SRR\ R OVNPCI PO [ PRPUCIS U CPEES W LA Pt PP
Heavy aLdll oleall e ol asnise¥) (e JUad) Jue e ToXiCity Loaull
.(Al-Ajmi et al., 2009) metals
Volcanic tuff 4.l$,) cilégiiall (7
Jualadd gai TailusS Lariinal) 2l dgall @3LEY ) 5o Tuff
Raviv ef al., ) alladl Jsa glald) e a2all & Greenhouse dalsjll gl
(2002
Expanded clay hgaall cuhl) (8
Lilug ST e dag Adle A0la 3 e S sk Al Jaia e Ly
Maya Waiba ef al., ) asldl del)ll Juslae ) 8 Llsidl gl
-(2020
Organic media diganl) gaill ailug :2-2-5-1-2
Sawdust .dal) 3Lés (1

.(Olympios, 1993) jLall Y ~ sy cadall 5L aladi)
2 g2 C D &~

11



Chapter 2/ literature review ) yall ()t [ AN Jadil)

Coconut coir xigll js ,9a8 (2
G desian by skl BEaYl e Slie 5 Ll i g
-(Maya Waiba ef al., 2020) Coconut xigll jsal dull sdall
Peat moss (ugainll (3
paliall g miag obll pas o ddle 58 aly Jald 40 ey
.(Othman ef al., 2019) Luws dallal) 43l ailulis (e (Kly (dilazl)
Wood fibers il il (4
«Steam friction uiall g)lad) cll<ial) 58 A (e At a9
George, ) wlall sai cilabiid chib e di aal) Glll o cud a8,
.(George and 2016
Nutrient solution duilal) de )3l & asiieall (sirall Jslaall :6-1-2
Ayg yeall ualialls bl g ) DU A803a]) Jallaall e 38la) Ayl ey
3nge S Jslaa dgmg are ) olal) 13 & el A ) s dealuly lasal
lganly yualiall [iamy 8130 Jllaall 8 il o caag 4l V) el glsil 48D i
Ol iy Lt 808 laeS il Lgia g ) jealiall gy (gSH yualial
s @l yaliall e Slmb Sl asiially sl asulisdl shussills
Gsaslly sl Glijlly Gelatly Satally ol Jadfy dlficn Gl Cilall Lealia,g
sl & Al delp3l) 8 desdied) dslall cibded)l sk (2018, agesa) syl
Ol Slicalpdl e 33l 35 (e s e e ity il JISE i Ladieas

s ) bl plas L dbles dlles) Al ClSH ) dead lases o Y il
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o A Gy Aol Jalladll slae) Cimg Jyemnal) Alape aen laglae) Conng 4535k
pacs biaal 4 Law sy pae Olaal EC 4abyeslly pH o diageall dapy 448)5
Arnony Hoagland 1 &y .(Nabi ef al, 2022) jsiall & aldl algaY) Jguas
@3l Joladll laal s ety cAnlall glol) maead e Jslae ansr ¥ 31 ¢(1950)
it A0l clilie bl gl e get IS Y calad Lueal 41 4801 de))30
Caliall lbdeall Jolaw loal e (gohayy dala) de)jl) 8 cblall jeha o8 Sl
seall oSl eha) Ll (g9 pall Al dalgally clill jee Slae¥) & 33V aa
Fan et al, ) <Ll Jolaad EC & Sailly syall da ) &iey 2OV dili) a
(2012
Alal) Al B ardicaall (gdial) Jglaall Ao B5al) Jalgall :7-1-2
:Jalgall 038 (3a9 Nutrient solution sisal)l Jslaall Ao 55 Jalge ac clllia

PH aalall () (1

EC alyel dduagll (2

Bhyall 452 (3

CnaSoY) (4

syl (5

clall dae g (6

13
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oedd) @l :2-2
il e oy Asteraceae dlile ) (Lactuca sativa L.) L.l s
iy Cun allell 8 Ll mad) e 2ny aegidl Gan) ad) ke s LY
Jilgl 8 Al LS e daall b g)te i Jgl ed L @AY) ladasiallg el
2l (e sa .(Shi ef al., 2022) Medicinal herb ol (uiaS Sl J 2680 ale
oo Adle ligias e siny A0 Al Gua e ddygl clgpndll ualas
Sl el o)y dnss sl Gaslas Ky C Sligalisdlly A5l cSall Jie Sl
ddle dle paall o luhall (e daed) i3S el ) ALYl L Adll del)3ll san )
Ahmed et al., ) Soilless system i gen olall 4 diel)) ve sas Lieglg
sty Sl lgllaxinly LAl s duad) cilival paw (A Gudl) Glial aga35 (2021
Oy ey AUy &Vl Aldly leaf 34y butterhead 3 Cos (romaine)
Al Gagiyll lsd il deganae N oass Ghall g A CiluaY) i
.(Boukema et al, 1990) Romaine lettuce
& s llel) elaily Bhall 8 g iy Ll Jaaladl (o ) 2o
G 5l ) 58 axsly jumdlly aSpdll Jualae (8 430080 dadl) Cus e 26 Juludl
AaY) Bl Vsl 3 Dla) A Gun e Ualladly Jlisylly abalelall s
J9 Gl g dibide gl A3 (ginall maagy olia) Jganlly (2017 calllay Ll

.(Mou, 2012) JS3U allall giall (s a2 100

14
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aal ) ki [ A ol

(Mou, 2012) Romaine g o Lactuca sativa. L jall sl 8150 adl) mcagy 112 Jgos

: saa ) daa )
daudl) lig<al) & | dadl) @l g<al) &
s 100! as 1004
0.313 axle | niacine cpuli | 17| 94.6 abe |1
0.142 pile Bs (el | 18 17 Kcal akl | 2
0.067 axle | riboflavonoid | 19 | 1.23 e oo |3
20 LY peadll | 4
0.072 axle | thiamine (s 0.3 Al
(Fat)
el | 21 5
78 PEAN 3.29 e <l yaaa 53 1)
phenols
989 Jse sSle | 53uSY) clalme | 22| 2.1 ohe S| 6
33 axla asedl | 231 1.19 ahe bl | 7
0.97 aile aall (24| 8710 U A elid | 8
14 axle psmaindl | 251 0.074 ke B oelid | 9
30 axla Osaadll | 26 4 FEL C olis | 10
247 axle psmalisdl [ 27| 0.13 FEL E cpes | 11
8 aile assall | 28 | 0.36 axls | y-Tocopherol | 12
0.23 aile el | 29 | 102.5 e 5 Sk K opelia | 13
0.048 PEAR sl | 30 9.9 ke coline ;i< | 14
0.155 axla Suead) | 31 136 A Sl | el (s | 15
0.4 arle asnbidl | 321 2312 ae Sk carotenoid | 16

Oxidative stress gausUll algay) :3-2

blall & oSt algadd Gyl ) &l dalgall (0wl 035 o (S

Gsd AadY)y elogdl Clisey calaall dnaws 5andll shall dajny Calially daslall lgiag

Xie et al, ) Lahayl e oo Simd dndall Glad) e 58l by daiil)

15
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o UG ol Al clileadd sabud)l @bl g L) oSt gyl zn (2019
reactive oxygen species delall panSoY) &\)ﬁ aShig Al ol ool
lSulSin (e ST ROS S (585 Ladiey . lgigas Llall Cili ) (535 e «(ROS)
LSt Slgay) Al 8 Anlal) LAY sSiad il Ja g )
Jo€g el y9dag (*O,—) superoxide anion (i sall Haall ROS Jads

non— Lydall e JKEY)s (AlkoXy sias (HO; =) Uy nmpdl jsiag (*OH)
glsall b 53smsall ¢(105) il misYls (H0,) coms gl 2S5 e cradicals
.(Rajput et al., 2021) dslul) 4l ~jlag Jal
Antioxidant activity sausY) cilabaas :4-2

LAY 8 5ausY) wblee Jonie Jhatt o (Ko Sl GLSGall (0 degana &
L9l Inhibitors culatiag Scavengers cilaulSy Reducers c¥yaeS Jasd Gua
.(Sutuliené ef al., 2022) Metals (jalaall Jia 52uS5all dgall (1o by 5al)

Ailail) Sl SRR (e 1z slead (mpnall il b sl il (pacas
superoxide dismutase i Zt:mij\ LSl e 2aall peat Ally dblweslly
glutathione peroxidase 4 (POX) peroxidase j (CAT) catalase 4 (SOD)
s Ascorbate peroxidase (APX) 4 glutathione reductase (GR), (GPx)
5 (AsA) sl ada (e duad) e @lissas dypooxigenase (LOX)
calea¥ly cling &I 5 lisially claglall o Adsiall Gl 5 (GSH) (y5ils
Rajput ef al, 2021; Raza ef) a-tocopherols 5 (Aaggll ) 5all i)

(al, 2022

16
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dea i) BansY) Clalias :1-4-2
Superoxide dismutase (SOD) (1
dxstll superoxided sall jsdall aca WAL Jg¥) eldall adl) SOD any
Hy0, (sl (*O)-) elss SOD sy .(Foyer ef al, 1994) alayl cag)l oo
OsSi aiad SOD pe iy alis 8 POX 5 CAT (e oY1 eyl dass .04
Haber-Weiss Jele Dla e H,Op5 *0) — e S Al [ <Y1 ROS
.(Pan and Yau, 1992)
Luamgnill alaall e aldieYl SODS (e Gilegene &6 258 cbilall 4
Juiially (Cu,Zn—-SODs) «lijlly Lalsill a active site dadall (glaliall & 83ga g4l
Lege )52 SODs ali .(Wang ef al, 2016) (Fe-SODs) xaally (Mn-SODs)
ol dm Clineg dege JB Sl a3 Al ROS A s & cilal) dalud 3
Ale 505 lealil xie (glal)
Catalase jlsl a3l (2
sal) Cigpla B ety )50 Ll (A 52uSIU Baliadl Ayl L) aaf ey
MaSem S5 daad 4 e S (Nandi ef al, 2019) sleally caasilly
J31a Hy05 (e S8V ghall eass SaESH asty VA alans 8 (LDIAD Jala Cpmg i)
& e Omngrugll Syl affinity Zal 4l gilly APX Jie cilapy) Ly (LDIA)
S BLEYL Al e sl iy LpagSaiaaly il geal degiie Ggla e

.(Sofo et al., 2015; Palma et al., 2020) peroxisomes

17
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glutathione peroxidase (GPxX) jivSgm O gilislshl a3l (3
sle I HO, 5 HyOy (rmspnell 2o sm disad Jimn age oaudil 80uS) olias
Zhou et al., ) il <¥psa s 4 thioredoxin 5l GSH aladiul Jas JsaSs
.(2018a
Mgadld clall Dl alati 6 Laga sd aals GPXs oAbl il pall oyl
Islam ef al., ) alally Calaally 2ylly Coleall Jio A8laPU) hagraal (o bl (gaushl
oS e ) ol rice 50 & GPX syl 52by gl Ji dae e (2015
Balias Aty ity GPX (525 .(Diao ef al, 2014) ald) algadd bl Jeas
slial) Caliy (sausStl slgally alall slgay) s LMy Hos Gaeliy cilaaall 8 523U
.(Matamoros et al., 2015)
a3 Bausy) cilabias :2-4-2
Glutathione (GSH) ¢ s:iligisl)
Dsa by thaly s Ojy 92 g p e thiol oSy sa (GSH) (sl
Ala o Blaall DA e O)lsill GSH g Apglall Callaglly Sl Jiall 8 Lage
djgyall e 5asY) Gllee By @AY thiol Jeill clSHal JI5aYly sausY)
daal) Gl e agacdl ABY Ll age GSH ey LS LAljaa dlls 8 il Il
Foyer ) aul algal) Jead b hlin ) (gAY cillaally ALED calaal) (e palailly

-(and Noctor, 2011; Dubreuil-Maurizi and Poinssot, 2012
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Selenium sl :5-2

eyl dfilas dibeS Gailad 4l daee e paic 2 (S€) asidl
(Li ef al, ) Jons Jacob (susull Jlasl dhaulsy 1817 ale & 5y Jo¥ ailis)
Ipaic (ol 4y Glall e des ol GV olie 3 ulad yeaie 2y 2022,
.(Terry et al., 2000; Zhou et al., 2018b) Lulul

Faall Bl allad) el qaan b e S8 Ll b agibdl Cligies Calias
oyl 8 Lyl dnils 5<s Seleniferous soil Ll L5l e lly agaiabidly
pssibind) i Do 4l (gginall i psill Mg (Wliuly GluSly viglly Cpally dlladl)
Pilon— <3, .(Winkel ef al., 2015) gasd Jule oo €1 e 555 silly Gaiilly
zobd S vie MlgalVl dagliag saill oo iay asanbiadl o (2009) aiclany Smits
el sl e TaaS L aale 10— 1 o

JE& e g aie (2016) giclaay Al-Tameemi «ylal 3@ 3)all 4 Ll
oile 78.55 35.0 cle ol asibead) 355 0 Ghall casin b sasasall asiduad
Logsind U siall dpes (e g3l L) 8 asaibiadl aaVlg LSV jaadl s
.(Rosenfeld and Beath, 1964) ()Y 888 8 3saal) asisbd) (e %40 <ol
Winkel ) ssislls cabUals Gsll Gya Jie GVl Lalii e il Cliglall sy0lian (yag

Al B aguibiad) alae M 3-2 AN judag (ef al, 2012
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A
Waste Coal
clcang incineration T ]
L l / Nuclear
Irrigation ——
Atmospheric
deposition Fertilizers,
Mining manures,
sewage sludge
a4 Clay layers >
B Humans

Organic
selenium

—
selenium

Adsorbed Soil solution
Selenium in the

% +
Selenate (Se®) |~ (EECEELIC) PET——
Selenite (Se*) system

i 4
Selenite (Set*) ~6’3‘i‘
of ¢

%

&

[Selenlum — (Fe, S) complex ] Ground water table _‘é
Selenate (Sef*) o

) =

Solid phase Selenite (Se**) =

4 Clay layers »

sl clim il s 8 agibd) —B cdinll 8 agsibid) jslaas —A Bl 3 aguubidl :3-2 J<s

(Mirza et al., 2010)
<) ‘._.A agilid) JWEiy (alalial :1-5-2
5 o Bl B il 8 apinbid) limly palaialy JU) dddee adia
Laglandll Cagylally Se 3Sny (<& development cadsill sy species calull
Adlady pH gl s yngll (Y salinity dsslall Jie physiological conditions
.(Gupta and Gupta, 2017) «lull 4 membrane transporters Ll 4,52 Y!
aly dachy 3l duyill & sl Blaml ASY) J<al) g (SeOy) selenate il

2alsuy .(Duc ef al., 2009) (SeO;) selenite cubidl o ST clall & (lsd LU
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b IS8 aalsy Apmalall Dl b Laiy Sl IS8 Baelall Gl 3 assduad
mobility A<l 4 s cuuludly cluball o DAY o)y (LI ef al, 2008)
S pe<il metabolized () Glbleey lill Jaly absorption  alaaicY|s
dawil amas paid .(Gupta and Gupta, 2017) selenocompounds 4l
take Up aalaial (Ko .yl jeainl Ll Jilae JS& 4aSlig agubiad) bl
sulfate transporter proteins — daulgy il cleacl o mobilized 4l
oo Mg Gl o) Je diy aage ¥ ¢Sy (Pilon-Smits, 2019) (SULTR)
reductive  aljaall b€l Jid jlue dezy .(Abrams ef al, 1990) aikl
SeCysJls selenocysteine (SeCys) ) wlulll metabolize (i e sulfate
S IS8 bl ol 8 gl el (5% o) Jainall Gy (g alle iy 8 il
volatile dimethylselenide (DMSe) I selenomethionine (SeMet) s
<G e 05 pnbiad) alaee Ljdl &SIl @y g1 4 .(Sors et al, 2005)
(2 sdlly SeCys methylation ! S Ll ) elly a5 methyl-SeCys
.(Neuhierl and BAck, 1996) asxibuall Jeasll i)
selenium metabolism cluil) 2 agubudl A3 Joall) :2-5-2

S bl & asadudl metabolism el Jiall dleal Jad) agdll aaay
as, .(Schiavon and Pilon-Smits, 2017) <yl Saall Jiall dijee Je j0S 2a
& lelia dus GhY) ) asubdl translocated Ju o cuptake  alail)
e OsnSIL Ll (6AY) cuysll @ilSieg SeMet s SeCys il cilaiiadll)

siadly sl 8 S 138 Gany SULTR anyll i &l lse
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Laea cclidig pll ae Jaliy SeMet y SeCys Al biosynthesized (ggall (galasl)
G AdgY) dlsyd) o) .(Stadtman, 1990) sl citllay Cavay 3 toxic alu ib
ATP 355 Se (IV) Al gpandl e asidual Lisas oo assimilation Jiall dulee
kel dlaill s S lall & LAPS reductase (APR) sulfurylase (APS)
(APS 4L.ly adenosine phosphoselenate (APSe) 1| ATP 1 hydrolysis
25ns: Selenide ) SeO; Ligad Guasy LAPR dadls SeO; ) Jimayh legis
ylubwd) .(Hassanuzzaman ef al, 2020) glutathione s sulfite reductase
O-Acetyl serine (OAS) 1525 Se-Cysteine lead Jeais o) (Sar selenide
Se’ I Jei o) (Ser SeCys cdinll Cagylall e lalael LOAS (thiol) lyase
SeCys  a1sae Methyl-SeCys I methylated ;1 SeCys lyase dhuls
i (A elld gag g alay¥) e Al 3l SeMet ) gl methyltransferase
s Lgitillay adaaty lisig ) Jala SeCys 5 SeMetll incorporation el (s
.(Kushwaha et al., 2022) <tilall e
soil-plant system cli—dasll alai e ageibadl B Sl sassl) dleall o
nonvolatile jUsiall ye agibiall digas (b <A Lvolatilization iUl s JalSll
seleniforous  asailadly dusll o pll detoxification duleay (58 plaia agaib )
Kushwaha ) 4-2 JSalb miage b crung agaialidl dajaall oS)pall cld cbilully soils

(et al, 2022
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LSl U313 pssiald) il daga glad 203 Cuidiedl ) bl iga3 (s

(White, 2018) assanll

VOLATILIZED AS
DMDSe/DMSe IN NON
ACCUMULATORS Q

Sequestration of Nontp-dl(
Se into non protein
AA like MeSeCys &

1

x Selenomethionine &

ROOT
EPIDERMAL CELL

Sulphate ( Phosphate
\
Selenite

.(Kushwaha et al.,, 2022) <lall & cliladly culadl Jiiay Jly galaial) :4-2 <G

Selenate

Selenium accumulation aguislud) a8}y :3-5-2
Gyl CEL Jady die paliall Sy dnlall WAy Glsadll 4 Se oSl
seedling ikl g ol tonoplast ssadll cliss s3sas4ll sulfate transporters
Aol 3Vl Alke asilad) e ST dus e young leaves gl )Yl ggias
astabud) oSl5 e alaeYU bl caneas (Sa L(Harris ef alk, 2014) mature

taalae EOU ) gl
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Non-accumulators daS)ll e ctilall (1
O pssiibad) TaaC L agidi aile 100 o B oS5 3 e genall A
Jia b ey 1y ey e 6 Gl Jaa Yy il g
ool e Jualadll (meny (faldal) e Chacmy lasa Olb ol o3
(2021 ¢ 2n)l))
Secondary accumulators (gl oSJal iy @iy (2
asilie | 23S gl 2l 1000100 o Lo iS15 A desandll A5
lilial ey ctOXiCity diaw lde (ol lgale edin Yy Calall Lgiys e
Brassica napus aalill «lis Brassica juncea sxgll JyAll
.(Gupta and Gupta, 2017) (uedd) sbaey Sy nllg
Hyperaccumulators 1ajaall oS)all <l bl (3
P Lagiube aile 1000 e ST deasi o) oSa S desanall oy
Pilon-Smits, ) Conopis usisSlls Xylohiza Jia caladl i)y (e assilins
(2019
selenium toxicity agidud dsew :4-5-2
Gpandly ol (sisa On s2all O Y A gl daeal (e pe )l e
s -(Schiavon & Pilon-Smits, 2017) Gwa (68 bl b asibiadl jeaie]
ol gag g wlilall development Caiss Ao A5 a8 agadadl (e ddlad) S0 A))
Hy0, Jie ROS 3805 b e I clbilal) & assibd) (g Adladl 38080 e anlil

¢ty .(Mostofa ef al, 2017) WAl el 4 (el 5aus) Jaas 83L) aady
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Galall gl e xS Laike 100 e ST AV Ja1a 03:S5 06K Ladie Bale dpacd)
(Terry et al., 2000)
Oaed @y AaalVL Alle Glgian GsS Lavie Gl Lle aguibidl (46,
LS oY Wil 2l dgal) e o) (Ko Sell gpme I JSaN ) Legll
selenomethionine (SeMet) 5 selenocompounds selenocysteine (SeCys)
S5 Ay analogues layillai dae dail Gligg plly dase e Sy basp o) Sa
.(Stadtman, 1990) (gl dadag Ao Ll
lsdl e pe )l (llill (69 pia pain€ Y 2al Cay Al pgrialill juaic
250 o) -(Shanker, 2006) 4 5uS SleS (S e 306 (68 Al bl sakal)
EDG agsldl Gli (2004) Hamilton J Ty .03S5 o ooty (S8 2ding asaiiled)
tdadi doasloald) dalladl) (e ibigines
rathall Caiilly paill (S5 AL SSI5 1
homeostatic functions _le dladlaall ¢)as dawgiall 3S)5ll .2
oaw @yl cus Al 3<Ia) L3
salll Gaas ) (gal Aidalgll 50500 agudadls cblal) agad of caladyal) @
Loalal) clgdg dalall gy cblull & antioxdative capacity 51,0 saliaal) dalill
Aging daslall clplll sas iy senescence dagaadll il ailal) Cun WS
o @il 4 LS Hartikainen and Xue, 1999; Xue ef al., 2001)) seedlings

-
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el bl 8 58O saliad) Ldladll Tpds Ty aslall o

b Ol 538 Jafs 3 clayut g daglally Cilially Sl 2galS Lgelssl (AL clleadl
JedoSaill (aleds) Cagh cuw agaild) o)y ryegrass (Lolium perenne) aLill <l
5-2 J<& magy (Xue et al., 2001 ; Pennanen ef al, 2002) <lalga) dai
Kaur et al., ) assubedl glais 5 5l Alls b bl Ly Al eVl (e

(2014

ROLE OF SELENIUM

e e == -

ANTIOXIDANT > < ToXIC

<STUNTED GROWTH
< CHLOROSIS
<\NITHERING OF LEAVES
Qmm OF LEAVES
DECREASED PROTEIN
SYNTHESIS
PREMATURE DEATH OF
PLANTS

(Kaur et al., 2014) <ULl & ol painS o) 30uS) slcasS o gunlull 501522 (S35

-}

STRESS
MODULATOR

REGULATOR

DETERRENT AGAINST
PATHOGENS
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Source of plants il juas—1-3

sl caiall e Lactuca sativa L. (Jlg)ll gaill) peadl ol cilaatid
Jall Eals — Alall pliad — il Adsdlas (e Lagy 30 senss Local and Common Ll
2022 — Jo¥) 0055 21 geyling Cas s Alaia —
4Ll aveai —2-3

7 giloss ) 4 5k8 PV.C il 8 i) elidll A olay oDiall cae))
lelahyy aagy il (e Bolia 7 e gl 3 Lld sd T e (g sl IS5
& Al e aidses ¥ ) i) Jolaall Jlal sl diiasy sdaall Jolall
2y dile JasS Vil jaa aadiad Lclall panSV1 dgl el ddcasy galiall
slally elsgll ciliime calayy (DAl g Cuaagy Al dehy 3l dals il 3 ks A€l
By Sl del JSI 458y 305 Lleill dele JS) 42 45 daghidl dudal AlyeS Cdga
e priagr (173) K& Lag 15 S allagia) 2y (sdia JolaeS aDISon Jolas aadiiul

Al

NFT dayhs mil 4 lad il 4l Ao e paenat 113 IS4
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pgaibaad) us)i —3-3

.xle 40 30 20 10 <5 <1 0 25 NaHS€O; asibad) (5o 5815 7 ilaxia
&5 (psmseal) Slisbs 33La) (50) Loy 15 52al aDISsa Jolae 8 bl cass Gam 7 )
dslae o (ginad Blard) lac 2Ssa Jolae ae psaiball 3815 Caniagy slaal) Jaiid

Ll esl) b gilly ~OY) duaSy ng gl ¥y (ebaally (ruall Hhall dajs masy 1173 Joan

EC 7l aake #3WYI pH () alaali-grrall 8yl gl

2.0 620 5.9 36-24 2022/10/21 | 1
2.0 620 5.9 32-20 2022/10/25 | 2
1.9 615 6.0 33-23 2022/10/30 | 3
1.9 620 5.8 28-15 2022/11/4 | 4
2.0 640 5.9 27-15 2022/11/9 | 5
2.0 670 5.8 27-16 2022/11/14 | 6
1.9 660 5.7 24-12 2022/11/19 | 7
1.8 650 5.9 26-15 2022/11/24 | 8
2.0 700 5.8 25-14 2022/11/29 | 9
1.8 750 5.9 19-11 2022/12/4 | 10

Hoagland Solution adSg Jglan jpaai—4-3
Arnon (si)y Hoagland adlSoa cuallall Jid (e & iall (sdaall Jolaall Jasial

+(373)5 (2-3) algaall 8 age LSy Hydroponics dslall del) 3l Jasivaally(1950)
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:Macronutrient solutions (g,.<l) dudal) jalial) :2-3 Jgaa—A

miL sl | (M) 3 LailaasSl) il el
1 1 KH,PO, asslisdl ot | 1
2 1 MgS0,.7H,0 Al agesid) by | 2
5 1 KNO; asslisdl s | 3
5 1 Ca(NO5),.4H,0 AL aseadlS) i | 4
:Micronutrient Solutions (gl dudall palial) :3-3 Jsaa—B
mi.L sl L PP diliast) dial) cblall | @
2.86 H3BO; sl Gasls |1
1.81 MnCl,.4H,0 ERErINT
1 0.22 ZnS0,.7H,0 AL ) clys | 3
0.08 CuS0,.5H,0 AL el sy | 4
0.02 H,M00,.H,0 Aadsall Gasls | 5

e Al S ae 0.184 4t 1)y %6.5 S5y Fe-EDDHA  Jladll saall axdsul—C
L sl Jslaal
ALl clial) aa—5-3
5 sy asibudl 3815 aiag e as 305 205 10 2 d8lill el pes &
Cilasl ey S (g5l (s (el Ak Glie e Gaa S5 JK ) Ka
Jad g sllly GPX 0 30 (45814<y Superoxide Dismutase (SOD) 3 CAT bkl
Glutathione (ys4iliKlls Malondialdehyde (MDA) 5 culyaa o)<l b Ll . culisig <l
Geli 48 sad SpeSl Gl caiin) dila Slie Cuadind agiidud) B sl (GSH)

(°%2 70 Bha dan
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