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Table 1- Daily allowable utilization of selenium various people groups
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Age groups Recommended allowable The highest tolerable level
(ng/day) (ng/day)
1-3 20 90
4-8 30 150
9-14 40 280
14< 55 400
b ob; 60 400
Pregnant women
03y 53 70 400
Lactating women
9V ) o dw > puiles Jold L)”"L°)| slajleg b plol )15 Lbu:@) 9 .:‘9.0

sy 3815 glyie o e ol b 3l Jgne 5 5l S e ¥
Ve le st e S5 5 a5 3,90 sba Jsbre 45 51y
o s3> Sosh CHEMLAB 5,5 L) ) o5 o
olels ol el ooliwl JB IS .05 edlazel (Se* el
(o b..\_’)> Cygo 4 g Al VO LS (Y') J.wl;uo Sl O%
05 )0 ey Slilos 5 2lBye S0y gyl g Bl 3y,

Lajlass Jlash 9 pulialo 31 £ b (180 (ALS ol g0
2 adly o)los st SO 3 WS Jlu 53 Limgl ol
Slaaisie Ly 09,8 gl ted yiog s Ve )3 gl S ol
92 Wi Jlod (oye 4B VY 5 dB2 WY 5 420 ¥0 (ol
213 gdaw e WAV el b (Byd Jsb 4l VA 5 4dd> ¥4
o b oot JoIS slacS ol ¢ B 3 (55 o8 )55l 5y



PY 55 08 5955 (oloognt 3 (S SS9 32 e Sl o 3 B (SBb Jolono ST

{0.075) syl S 15531 e sl Y1y (S\ke
Sk (10) o)las o 5 (0.1) 250 sl

C 2alizg 9 (PH) 4iaasel

Metrohm, ) Jie o PH o&iws jl edlatwl b o )las 4wl
A g S0l ol il a0 YO gles 4o (827
5 by oI el e b omiylis B9y @ € peling Jlade
o Voo g oS o oy gl 5 05 5SSl ol Bpns
dsle i Jgey8 3b (MQ/L00 Ml Fruit Juice) sgee ol y2

(Yo) o 5
_ SXN x881Xx100
A= 10 (F) el
i Jobee adloys N= 0.1 6a by &y Jplone Jaio =
NESTI

F=-0.885 0.5 b puae 4y Jglono 5516

s 0T Slaus i (5 S0 3Iuil (5 48 (5 S0 jlas
5538
eIl byl 5 L SudigMe 5 S (5 pSojluil 4l
035 BLSIL (sl 13 9 A5 (g 0gee 0L L jl )5 Y jlada
e oblny oo A (ol o> 4y 9 05 odsS A3 Ar Jgiliae
Ly olliylojl o5 Bl a3 )3 Ve (gl 13t G ke

L adds Ve o d o odwsS (sbacdl 9 ub ooy )8 S50

9 JS A5iaMb g kb l5e 9 005 Joudy il jed Ve Caspw
(05 9 ¥5) wb s pSojlnl Slas o1 cud b

(aeus) ST b I 9 Sl 93 938 g JiS
Sl S 0 5 oy 1 JS U e 550 s
yogidg Sl 0lKwd lawss 3 )ikl § diges da yl5ae (OF) A
2 9490,5 cilB el VY zge Job y> (Specord 250 Juw)
Voo g S sl 25 o s 2 digad JS 8 e ole
JSa88M s oL (MY GAE/L100g FW) o5 5 (339 p5
2 oo @in i8S 5108 bl 3590 (V) gy Bullae o9se
L Jolome Cilis (clocdlé 1.5 onilss zogil 0-V zse Jobo
JSu 5 lude Coles 5o b edlatwl 3 lubiwl lgicds i 558
MG ) o9 y50rj9 P25 Vo v 3= O39S )5 (oo s 1
Moy b 5l ShwaST sl cud )b S 4L (Q/100gr FW

Mo )d Gygao 4 g (65051451 'DPPH sljl cla LSS, jlee

11,1-diphenyl-2-picrylhydrazyl

Obes =) ads e a3 (656 )50l ST (S (b gl
bds Ky x5 oloj Y as ud slaosl =Y aoge JuSis
pbsl (Yo 3885 doyd +/V) odiiluns 3l ookl b juae cugs 4o 42
Sz el 5y o (sl) dnS 5 Woges | 5 Siges 255
P (leasls Slie Cuod jl SU S 51 (Bolal O jgo 4y oSy
u_n)f e laaiw P9 d)ﬂié"? 0 )‘.o..u dL&’duy )‘ u_‘)DL.a.s
Cilyp 5l ey (559092300 olStlo]] 4 niS ol o & Aol
s 0yg 0 Glis g WS it o oKl (g)oliS” sasiisly

8,5 )18 (bl oy9e

oudd (80 jlul s
Sy axi gl yls 9 Jud g ls

Bl jlpyS /N bl 4595 5 JS S )15 (liee o ol
FIke Vo b g e iopb glain b g BA8 (95 S 2 05U
4GB0 Gaedy jed Dr e )0 g odwsS old 40 Mo Ar gt
$lazss Jsb 53 JbalS Jsbrs i ke 5 3505 Sauk L
Specord 250 Jao) yiogidg yiSu sl ol 3l oslatwl b ol
= = blgy s eslatwl b g <il)8 (Analytik jena b8 cile
{F) 5525 aulimo 5035 5 2 £ (sho (ol
() e

_v
1000 x W
(¥) el

;

Total Chlorophyll = 20.2 (A 645} + 8.02 (4663) x

Carotenoid = 7.6 (A480) — 1.49 (4510) x 1000 = W

LY Lmj); );u)y W sb)La.C ub L RW-3) L)L“J A d9'9 10419) 2

Adbior il e 4 ojlas (2ld > Vg p)S (e

(TA) {93l 353 Jal asal 9 (TSS) J glas wola sl g0
298 CElo Jlond yiogis]3) sl edlatul b Jsloxe dl> dlge
OIS Sy 43 ol 5 6505l RHB32 s UL
N g Joloe Ly (oxicaslis (g 4 (gl BB sl 0
S )6,5) )55l ogee I dd Spgo 4y 5 25 (£ySojlul Jloyp
ol 2oy s ol o g duls 5 Jse 8 bl (]

(1+) a5

1% 0075 XX b jems 3 s s

%100
L U3y X 10

(v)

dasly (gl 5 B Al /=



WA jlog o) oyl FF ol (g5ysLisS qslion 5 pole) SLEL pole 4y pis P

= ol (3L Jgloce 3l bodls uibly 4355 @l bl

gl s JH dwsl (Joloresale dlge oS S Lidg)lS” ol
93V Jlonl a3 09 Jolo a3 5 C (peling
aS Jls 0 ad jb ixe doyd & i) maw j3 Sy w345,
203135 i 1) gylisize T ogaenl (PH) stpspm] 2 aitles (slo oy

(¥ Jos2)
Sy axigilyls g IS g ls

st 3 pyS e ¥ lass dmols il dumlie ol olul
=80 sie (5 03 o5 2 p S s M ¥) o b il
odnl o b jd Hlade oy eS g cuild Sy S Lidg IS isl3dl
Sl ne SWS il it 2 28 (oo ¥ 9 ) shaw b oS 00,8
RSk Vo) sl 3 58 S a8l Gl VL il
ke yid 53 p)S (oo ¥ jles g dals ) ke (oS 5 il i
= e Ayl ys 0 50 (A8 Gladllas (¥ Jgdn) M (6 S0l
O S 256508 g Jdg)lS (liee g jriwgid ol ol
OLis by ol 00 ()15 (V) e 5 5 bawss (25
a5 clablone b aibo o8 (slocdalé Ylazs] 48 a3
L Ll s o a3l (s jiangd adilisS) siwge ¢ dlyg)lS
1y o )ls’ 0aiiS sy (sl 3l paie ol il clale 28l
15958 5 by lS st 1 e 58T o cul 31 5 035 e
OLalS 53 ime yolie il o3 3B (SY) 28 e S
5 eibes o 86 s Sy (gt pole gl 5 bl e
Siar JEle Gl (itmgd alSS) Gl 5 edas )5
Lo e 58] & pomie (oL o b 15 oo (359t &S Aifd
= dew 513550 50 (YY) laaidl b guls () (FD) 25,5 olS 4o
b Callhe IS LS

Jstas sola alge
Jlade oy iy Laodly 1l dunlio guls ay angi L
Y 9 Vedble boosds )Lo.» )9i:| Lghbd)y 4 by).a Jﬁbu.\pb)‘yo
L aald gladase p jlide p oS g 392 ik yid )3 )5 e
Y oles a8 Il 50 )8 ssalie (uSSp a0 Y+/05) 50
oyl ol 1y o sinm VS 3 505 o ) 9 5
Oy Olao oy tops 5 Jadore Aol dlgs (Y Join) ol ol
g B |y ] a0 (VL &8 Wb e 5950l ogue CanieS 0aiS
dols oo o g I slasgw] ciel slaswl polic jiaS Cans
il o gl Gimgs 40 (SA) sy o St Ol o o B
0553, g Llidl ol b 4 5 (13950 ol SRl 4 e

zoe Job 53 bdiges Cla (V) ud Lo (DPPHsC%) (Sl

0l (6 yglaen Jaly oy sl p g A5 0kilgs yiegil AVY

W05 Aol i Jge,8 5l ealizwl L (RSA)DPPH

RSA % = w (0) aas
JsiS Qia tAC oylac (g9l> dge 0l :AS

yolie (5 51806 1adl (5l y (5 180 ylas

2 0l 3 090 5 S p3 S (Jre polis gySolul e
L g Bud (g eSS Jol5 s S B ol)S Sl asjo £e glod
ool Gty g 5l )5 /Y g ond (o9 MalS” aliulejl Ll
Sl Sl dasl =S98l sl b 5 s gy 42 9 A5 (39
00) 15 (6 S lume 4550S]

R R e i e RUSLY

bwg maly (JdS (b9, 4 ()98 s pSolas I an
9 4d (6 pSojlul LSSl el Jenway PFP jisgidpdd olSiws
5 St il Ol 08 ol 203 s 2 S 3 gl e
s gy 4 GhuldSl cls PG e Lail i olSss L sgse
A S s oole oSS 51 p S e el ol 5 <Ol
(10)

Jsbas slasis

el =8 ) ool L oge Jolxe (slanid (e
sbadsoe g adges i (i (V) 43 (6505l 558050
5ol FAD zos Jobo ;3 yiogidg Sl olSiwd bawgs 3 luilil
s sl 5 Gl oclBle b oloJlows 5 25 el
059 orild Cawd b Joloee 8 500 g odldtwl o)l s
053 duwls adiges S

059

A Ve adgd dw yb il ABs jb 4 el plaST o (ol
L pSlef] JLioms (5555 Lo 5 bl ool b o
A ole P ey @5 Oig p5 el Cumlue

Solel Jalad g aajas
duslio g SAS (V.9.4) Jl58lp 5 lawgs Waodls Judoo g 4355

0 Jlaas! maw p3 5SSl (glasals s 9051 b laodly S5k



PO 55 18 5855 (plordignt 3 (T SLS 19 32 e Cobls 3 B (SBb Jolono ST

g Colad g Jiiwgd e ypw g (Jolw (49,0 CO2 clale leoi S5y 0oy ioli 8l aoen > Ab 058 o uds IS sl
P e g Clld JS )3 ed o0 gop S 2 2 PSII Jodoee saad g (haljdl g g ©ad Al L (5t gid
(FF) 555 baogso ;5 TSS Lialiil oo Ll oo lalS L (5Y) S 5 S5 3l Sl |y (it Jgloes ol Slga

oilidl el JLiSa > puidus p)5 0 laclale 5y,l8 a7 Wl

S5 08 )55 ogme (S Olho (B g (5 5Hwwgid S0 5SS, p il (Sl glowe ST (il ylg 43 Y Jgua
Table 2- Variance analysis of selenium sprays effect on photosynthetic pigments and some qualitative traits of grapes in the
Fakhry cultivar

. slaad
o . Sl
g el Migid S Joosoladlge  ouing O By Jsbe
S.0.vV &33! Total Carotenoids Soluble solids u . ' Vitamin Soluble Acidit
-~ df chlorophyll Titratable C sugars y
acidity
%

Blo’é"k 2 0.04" 0.004" 0.14" 0.00002" 0.03" 002" 0.003"
Selenium 3 0.04 0.005 14.43 0.0001 96.97 1.34 0.008
Treatment

s
6 0.01 0.004 250 0.00008 0.39 0.16 0.03

Error
Sl o ; 5.17 5.0 273 281 113 401 231
C.V (%)

Jopd Vg 0 e 3 )l me I Gxe g & #E g NS
" non-significant, * and ** significant at the 5% and 1% of probability levels, respectively.
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Table 3- Effect of pre-harvest sprays of selenium on photosynthetic pigments and some qualitative traits of grapes cv. Fakhry

N 5 5 - LGB sl sl
trZ;tr:rI]lérr?t chlorooShyII Carotenoids  Soluble solids -F’:w;); (n:gE/T(l)IOnml Soluble sugars
i Itratable
(mg/L) (mg/grFW) (Mg/grFW) (Brix) acidity (%)  Fruit Juice) (mg/gDW)
0
sals 0.76° 0.42° 20.56° 0.12° 15.59° 334
Control
1
0.85° 0.48% 25.16% 0.13%C 27.022 44.21°
2 1.042 0512 25.27% 0.13% 28.27% 48.26%
3 0.84° 0.43° 23.63° 0.14% 20.06° 38.19°

515 6y me M 1o > B grdas )3 (SOl (glatels w9051 31 odlatil b (glol JLas 51 gt ya p3 ailie gy gl (slaSike
Means, in each column, followed by similar letters are not signification different at the 5% of probability level based on Duncan’s
multiple range test.
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Table 4- ANOVA for selenium sprays effect on antioxidant properties, berry weight and some mineral elements of leaf and
fruit in garpe cv. Fakhry

Olaypo (mNibe
Mean of squares

R Lo Jlaie ool Jlads  ewibw e b e
s e 892 oo og0 SlawST Sy (3595 Sy Sy ogs “> 059
SOV sl Fruit Fruit total Fruit Leaf Leaf Leaf Fruit Berry
e df total ruit totay antioxidant nitrogen potassium selenium selenium weight
flavnoid -
phenol capacity amount amount amount amount
S
Blo’é*k 2 572™ 009" 21.66™ 0.01™ 0.003"™ 0.002" 004" 045"
Selenium 3 86.76 1.66 935.96 0.61 0.12 0.73 0.74 31.14
Treatment
e 6 137.66 0.77 66.23 0.70 0.007 0.03 0.05 1.43
Error
Sty - 14.98 11.41 471 14.80 2.32 4.61 5.08 1.53
CV (%)
o pd N g 0w )3 5 gme I pxe guE )i 4y i g 5 NS
"s: non-significant, * and ** : significant at the 5% and 1% probability levels, respectively.
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2- Naringin

3- Chalcones
4- Quercetin
5- Kaempferol
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Table 5- The effect of pre-harvest sprays of selenium on antioxidant traits and some elements and berry weight of grapes cv.

Fakhry
Js i R R e . .
S o - . Sy ojore  Sppwly  Speele  0s0 ple A (139
oo Lo Total Total ST :
: - = Leaf Leaf Leaf Fruit Berry
Selenium phenol flavonoid Antioxidant . - leni leni iah
(MO (OGN0 (mgQEMOD Gy, SN petsmseenum o selnum - weigh
m m r
griEw) griEw) (Percen) 0 0 g o/ko) o)
0
Jals
25.30° 2.34¢ 46.75¢ 1.80° 1 1.08¢ 1.22¢ 28.09¢
Control
! 30.50% 2.93%¢ 68.92¢ 2.45% 1.51° 2.10? 1.72° 35.14°
2 37.942 3.16° 88.38? 2.86° 1.722 1.73 2.31° 33.90°
3
34.07% 4,132 77.55° 2.14° 1.44¢ 2.16° 2.19° 30.44°

)8 6y ine M 13 O s 53 (5SSl gltels din ygmT 51 ool b (oylel a5l gt b 53 alie By (sl sl Silie
Means, in each column, followed by similar letters are not signification different at the 5% of probability level based on Duncan’s
multiple range test.

(V) ol 005 Waogeo y> Sl T cud s

S 0Jsss

P psS e ¥V oles a8 ol lis bodly .85ke dunlis zulis
ymais dopd o |y p 3 e (80 VINS) Gl b il 2
(Ao pd VA lime L dals > Jlaiie (o 50S 5 cudld ()5 50
Gl el sz i) 53 S ko ¥ sless Jlo 53 1,5 oanli
Jbo 3 (0 Joaz) il (et 136 (Jg 2d Sy (139580
Ol polie plo g meies (i Caf i 5 Sl ST 530 sl
3, 18U lalS auiss Cundy p Slg o etk 457 01 63>
Sl oS 9o a8 9 )ldl )3 (Sl e polis 51 (139555 (VY)
OlalS 53 o)LLl ad) 9 Sy S5y G (93b5 il &5
CsaS g Gl palilms yaf g paitians Ciyguo d &S 35 Calises
o3ls ol L8 ldlas ;5 . (VF) wad o J,3 L3l cou 1) Joames
AU 6LS 13 559y pdgplio o 1155 e ails oS sl 005
(FY) 35 00 00y HI @ il cldale & Sy 1 ol 21
u_‘u)j cdlsd w‘ﬁl u._cl.: u9_Ua.n A g rw-LM) )] odlawl
pudgilio ;3 &S (GOGAT) jliws ©loligls o (GS) jlis (pelisls
l._g gf); U)ﬁ)‘“’ pais u»)l)_‘i] .(\CV) Cawl 045 JJ)‘.) B u)ﬁ)u)
i 5l B & Glge ) (558 565l Sy 3 il e
SialS YL claccBle )5 o ciudls 005 )53 (glap 5T cullab
5 B9 @l b ings ol ol 81008 (o 1 Lol s

0830 laeus! 0T casd J
Slos quuibie slajloss o 50 ool (1Sl dunlie ol 3.
oSl il byl (ualiEl o cble gy i 3 05 e ¥
Cad )b Olie S 9 9 ((SH)3L 2ops MITA) (e b ogus
2l laogre jd ((S35)55L Juoyd FEIVD) sgue  SlawuST 5l
ol aals b1y ol gxe M 35,50 (clayloss g del Cns
Qo ST Jlad cladieS b by slp LS .((b J5J.>) Lol
395 o, (9,.51.&_“51&_:.31) ebod wlolw (Li Snf cod b
3l LS 5 ogae )3 S| ol el wimd o i yins
dSlpgw GYUE GlasTy) st sl a3l g Slaws]
lap sl el e 5 4l (ie Ol alS (gla ol
5 (ST 35U 5 3laasTyy lpsSl) ale Glaus] 5]
(o 5 sl 33Li9) aile a5 S 5
7)1 Lials' 1y olS )3 (H202) polie wlgs oo a8 ey i3l
3 4 B a5 GlalS > il (90)1yd (503 LIS (e
) 0 el S35 1 ol oS (o7 s e
(GPX) SlaaSTyy (155L5585 a3l deun J) (ot il &5 (i
oili8l Cage muilw a8 00y flis Sladss (R) 3yl 2425 !
S il 03,5 (5Y) 60lS 15 JaasSTy yaislS mal ol
)b Slesren latoes ) L8 pls b iegy opl sloassly
Ol38l 4 pdas Sl a8 S slogl Oldlles g i Sladod bl
il el as el GlhauS] sl GlaS 5 g a3l el



FA 55 08 5855 (oo bowdignr 3 S S SR 3 e SIS o 31 S8 (£ Joloxo 1

Yoaro silleb 15y by (slacil ppuizmad K05 Cams 3,565 b il
< Jlagl )3 i (i S o0 8Ly ) aibs Sl (6 5 e
121 Ll 1l Be v b0+ gt 39 00 b Jsloe el |
e o 5 S lgis 4 Wogee & cpl 4 a2 L (P O
wsilis Ly ogMe IS 0,83 395 13 |y ribes Wl oo Vlats] 428
Sdsie LS )5 50 Wlg o g9 3yl )18 5,565 il any ool Joas o
S gl e il S8 5 g 008 5,555 (niSls
3" 09y Lomigarln s (63 el
g & sl B (igitogile e 55 asiglS (0 sibe
(07) 3,25 28 isie sl 4 g 00l gy 0)ly (polazs]
Gl cage (M ogee p Sl il 53 oS e V (8L Jsle
SuiS g PSS Sy )5 9See VO (lise b oges (JEI il

.b)lb dlw ul.o.vm u_»\ sl b B Q.,] CJL.’ (\°\") KW

e JURX

e il 53 P8 ooVl lapeS0lie dnlie gl polul
Le g e a5 o 205 (YONVF) Glie by 58T i
S gl cBl (ials de g Wl ey clale 2l
ol Lajbess o 3 1y 1 0 5eS matber il 3 )5 e ¥ jles
£S5 (VNA) glie Ly 0l )3 s (g Olise 020505 500
Syo0 a8 Wilodwy dont (pl & Cpadisee (O Jods) b odnlive
o w3l 3 Lablowo juale S lsis 4 el G35 4 bgype A5
039 e (D) Cl Sliangy S mudglie g olS sy )l
ol ()35 a8l axaly |y e 5T 5 5 Slae Sl e 4
Sy aad Liolidl 1y 5 Slae Wlgh o diupe pdlie ) puiliw a5 Col
D133 L gl (FF) Canl (o olS sl VL o ale
Sr Je)lS Gl QI el (90 plai (J9)0 polis oljee
Sldang S gead Gliee siiwgid dgsa b Jole cpl 45 23,5
@ S ) g Chawg S a3 op e Y l) Sy (9
SAmd o il 1y as Sy e 5 00,5 I sl beogre Caoms
PSP i G 5l byl (58 b il pinen
Sste 4s yoxia Blg5 o 45 03,8 il ol 1 o3l (sla s e
9 F9 @l b piagh cnl 4o (YT 5 V) 23,5 olS 5 Sos 5 1)
sloaxs > ) bogee (jg Gl cage puil & (V) oS0
S)b callhe Wi wlie

2- Selenocysteine

3- Selenocystine

4- Di selenocystine

5- Selenomethionine

6- Selenoglutathion

7- Selenium de Glutathione

303,508 50 et Lial sl cel puilin a5 s oIS olS
b Slgren

S pelly

P eSS e ¥ oles oahy 1k duslio ol clwalie by
ety 133153 sl oy (103 VYY) (liee b i 2
odalio (o) V) i L sald (sladsgy 10 oy inS g 090 S
oo OS] Jald gladis b aylos ple o 50 Cpoored b
ot polie I (Sa olsie & el (B Jpiz) 0,5 oanlite (55
dlo Jl lorbon 5 Sl sl | Gl o plalS 5
3l i b i 50 olS Caoglio (30 YU g CatS o Sles i)
255 4289 S 2 1y sty Oliee i SlaES (ol (Y0)
B 4 1y ol 0 pawly Liul3dl laase .l sals iul3al (YA)
4 1y s LS 45 25303 o il &y S S 3 il
@l 6% (gl > (V1) M8 (0 Cgucme | 5 paie gt
S ke (lie & maliy jlde (Rl ogad 3 ) (ol
padw 3yl LSl Golles s 5l 5V sla cdale (o Wilodly s
(V) 33,5 ki 2818 el b g 42l a8

0430 95 ﬁu.h.u
pds (5L Jeloee dodly 5 Ske dwlie lialie wlel
o Cowl ool s |y sute Bl ogee 9 Sy (I3 puide 500y
o 4 ald )3 ogee 9 Sy (IS il Jlude S &S 5k
o VYY) 050 5 (S 03lo p,55LS" 1 5 Lo V/-A) Jolis
B el (p YL 5 0 sdaline (s 0ole p)S5lS e S
PSS 28 e YIVF) i b i 3 o5 o ¥ sl 35
Ol btk yid )3 )8 (o V1 oS los 090 53 5 (Suid- o3l
Gl 0ad (65 Sojlas) (Sois o3lo p,5lS 5 p)5 Jeo VITY)
s 6155 gm sl (32 55 e el s o o 310 )
~JLesl, L basye sl plo g gy ool (slon 4 Miss
pds U (650l WY guaso (g5l (af e iuliél |, NHITS
Sl usSS b lsi oo (FF) ol Cuonl Flo dmols oMo sl
o= cpyiere Dy pla 8l Y gase (gl SE 4 Cund alises
by oy pudw (g9l L;.{U_é rac 51 eslawl weusls S8
ilee QLS il (Shgloe 5 Sinonl b Sogigyien
5 Cuwl gl aLS sladisS o o LS )5 pude xess (F4)
Gl 38 15U 5 0 00 IS0 etk olewd SIS g uath clale

1- Brassica pekinensis



WA jlog ) o5l FF ol (555sLisS asliow g pole) SLEl pole s pis Vo

g oS ally 9 OJg 0 polic )l (S Jidg)lS oljee
=92 i (Jodome (o (gmnl s LB sl ¢ Jglone dol> WFNLERY
il polaws ()3 9 39 Fge a (0jg (50, Ses Cdio g ogee

s i g 5l ey b i 3 S e ¥ ke 3k Jsbeo

14-

15-
16-

18-

19-

21-

O

L ol o liseo pgla s Uy jlos gy ol @bt wolol
Ul an y e S 8 g 4 S9igME C yeling yl5ae Liul38

b patule (65 o8 oSl (gl slesd oy lgie ) ) _ o
ol puibe (Bl Jgle cpiomen 005 Sl ol cud )b

&l

Abd EI-Motty E.Z., and Orabi A.S. 2013. The beneficial effects of using zinc, yeast and selenium on yield, fruit
quality and antioxidant defense systems in navel orange trees grown under newly reclaimed sandy soil. Journal of
Applied Sciences Research 9(10): 6487-6497.

Ali K., Maltese F., Choi Y.H., and Verpoorte R. 2010. Metabolic constituents of grapevine and grape-derived
products. Phytochemistry Reviews 9: 357-378.

Ardebili Z.0., Ardebili N.O., Jalili S., and Safiallah S. 2015. The modified qualities of basil plants by selenium
and or ascorbic acid. Turkish Journal Botanical 39: 401-407.

Arnon A.N. 1967. Method of extraction of chlorophyll in the plants. Agronomy Journal 23: 112-121.

Asghari M. R., and Ahadi L. 2014. Effect of postharvest application of salicylic acid and aloe vera gel on
qualitative characteristics and antioxidant activity of grape fruit of Ghezel Azum cultivar. Journal of Horticultural
Science 27: 349-342. (In Persian with English abstract)

Ayaz F.A., Torun H., Ayaz S., Correia P.J., Alaiz M., Sanz C., Gruz J., and Strnad M. 2007. Determination of
chemical composition of anotolian carob pod (Ceratonia siliqua L.) sugars, amino and organic acid, minerals and
phenolic compounds. Journal of Food Quality (30)6.

Babalar M., Mohebbi S., Zamani Z., and Askari M.A. 2019. Effect of foliar application with sodium selenite on
selenium biofortification and fruit quality maintenance of ‘Starking Delicious’ apple during storage. Journal of the
Science of Food and Agriculture 99: 5149-5156.

Chen Z., Young T.E., Ling J., Chang S.C., and Gallie D. R. 2003. Increasing vitamin C content of plants through
enhanced ascorbate recycling. Proceedings of the National Academy of Sciences of the United States of America
100: 3525-3530.

Chomchan R., Siripongvutikorn S., and Puttarak P. 2017. Selenium bio-fortification: an alternative to improve
phytochemicals and bioactivities of plant foods. Functional Foods in Health and Disease 7(4): 263-279.

Crisosto C.H. 2008. Central valley postharvest. Cooperative Extension University of California Kearney
Agricultural Center 17: 2.

Dehgan G., and Khoshkam Z. 2012. Tin (ll)-quercetin complex: Synthesis, spectral characterization and
antioxidant activity. Food Chemistry 131: 422-426.

Dong J.Z., Wang Y., Wang S.H., Yin L.P., Xu G.J., Zheng C., Lei C., and Zhang M.Z. 2013. Selenium increases
chlorogenic acid, chlorophyll and carotenoids of Lycium chinense leaves. Journal of the Science of Food and
Agriculture 93: 310-315.

Drahonovsky J., Szakova J., Mestek O., Tremlova J., Kana A., and Najmanova J. 2016. Selenium uptake,
transformation and inter-element interactions by selected wildlife plant species after foliar selenate application.
Environmental and Experemental Botany 125: 12-19

Drake S., Raese J., and Smith T. 2002. Time of nitrogen application and its influence on Golden Delicious apple
yield and fruit quality. Journal of Plant Nutrition 25(1): 143-157.

Emami A. 1996. Plant decomposition methods. Soil and Water Research Institute Tehran Iran. 1, pp. 128.

Feng R.W., Wei C., and Tu S. 2013. The roles of selenium in protecting plant against abiotic stresses.
Environmental and Experimental Botany 87: 58-68.

Ferreira A.S., Nunes C., Castro A., Ferreira P., and Coimbra M.A. 2014. Influence of grape pomace extract
incorporation on chitosan properties. Carbohydrate Polymers 113: 490-499.

Fotopoulos V., Mario C., De Tullio M.C., Barnes J., and Kanellis A.K. 2008. Altered stomatal dynamics in
ascorbate oxidase over-expressing tobacco plants suggest a role for dehydroascorbate signalling. Journal of
Experimental Botany 59: 729-737.

Fu D.D., Duan M.L., Liang D.L., Wan S.S., and Wu X.P. 2011. Effects of selenite and selenat on growth and
nutrient absorption of pakchoi. Plant Nutrition and Fertilizer Science 17: 358-365.

Ghasemi K. 2017. Selenium enrichment of crops and its effect on plant physiology. Plant Production Technology
9(2): 193-207. (In Persian with English abstract)

Hajiboland R., and Keivanfar N. 2012. Selenium supplementation stimulates vegetative and reproductive growth
in canola (Brassica napus L.) plants. Acta Agriculturae Slovenica 99(1): 13-19.



A

w8058 08 595 (o loomian 9 (AT SS9 p e Cubld 1 S (LAL Jeloro i

22-

24-

25-

27-

28-

29-

30-

32-

33-

34-

35-

36-

37-

44-

45-

46-

47-

Hu Q., Xu J., and Pang G. 2003. Effects of selenium on the yield and quality of green tea leaves harvested in early
spring. Journal of Agricultural and Food Chemistry 51: 3379-3381.

Irigoyen J.J., Emerch D.W., and Sanchez-Diaz M. 1992. Water stress induced changes in concentrations of proline
and total soluble sugars in nodulated alfalfa (Medicago sativa). Physiologia plantarum 84: 55-60.

Jezek P., Hlusek J., Losak T., Juzl M., Elzner P., Kracmar S., Bunka F., and Martensson A. 2011. Effect of foliar
application of selenium on the content of Selenium-lected amino acids in potato tubers (Solanum tuberosum).
Plant, Soil and Environment 57: 315-320.

Kafi M., Zand A., Kamkar B., Sharifi H., and Gholdani M. 2002. Plant physiology, University of Mashhad. P,
379. (In Persian)

Kaijv M., Sheng L., and Chao C. 2006. Antioxidation of flavonoids of green rhizome. Journal Food Science 27:
110-115.

Keck A.S., and Finley J.W. 2006. Aqueous extracts of selenium-fertilized broccoli increase selenoprotein activity
and inhibit DNA single-strand breaks, but decrease the activity of quinone reductase in Hepa cells. Food and
Chemical Toxicology 44: 695-703.

Khavarinejad R., Goshegir Z., and Sadatmand S. 2010. Interaction effect of selenium and molybedon on pigment
photosyhthesis of tomato. Journal of Plant Science Researches 17(1): 14-23. (In Persian with English abstract)
Kostopoulou P., Kyriazopoulos A.P., Abraham E.M., Parissi Z.M., Karatassiou M., Barbayannis N. 2015.
Synergistic Effect of selenium addition and water stress on Melilotus officinalis L. mineral content. Notulae
Botanicae Horti Agrobotanici Cluj-Napoca 43(2): 447-454.

Lee G.J,, Kang B.K., Kim T.I., Kim T.J., and Kim J.H. 2007. Effects of different selenium concentrations of the
nutrient solution on the growth and quality of tomato fruit in hydroponics. Acta Horticultre 761: 443-448.

Lei C., Ma Q., Tang Q.Y., Ai X.R., Zhou Z., Yao L., Ying W., Wang Q., and Dong J.Z. 2014. Sodium selenite
regulates phenolics accumulation and tuber development of purple potatoes. Scientia Horticulturae 165: 142-147.
Liang N.N., Pan Q.H., He F., Wang J., Reeves M.J., and Duan C.Q. 2013. Phenolic profiles of Vitis davidii and
Vitis quinquangularis species native to China. Journal of Agricultural and Food Chemistry 6 (25): 6016-6027.

Liu Q.L., Wang D., Wu G.L., Hao G.W., Hao Y.Y., and Sun S. 2011. Effects of selenium on leaf senescence and
antioxidase system in Pyrus bretschneider Dangshan Suli. Acta Horticulturae Sinica 38: 2059-2066.

Lopez A.R. 1993. Humic acid effect on the stomata conductance and leaf abscission on apple cv. Golden
Delicious under tropical conditions. Acta Horticulturae 329: 254-254.

Majedi M. 1994. Methods of foods chemicals analysis. Jahad daneshgahi press. University of Tehran. (In Persian)
Malik J.A., Goel S., Kaur N., Sharma S., Singh I., and Nayyar H. 2012. Selenium antagonises the toxic effects of
arsenic on mungbean (Phaseolus aureus Roxb.) plants by restricting its uptake and enhancing the antioxidative
and detoxification mechanisms. Environmental and Experimental Botany 77: 242-248.

Malorgio F., Diaz K.E., Ferrante A., Mensuali-Sodi A., and Pezzarossa B. 2009. Effects of selenium addition on
minimally processed leafy vegetables grown in a floating system. Journal of the Science of Food and Agriculture
89: 2243-2251.

Mazzafera P. 1998. Growth and biochemical alterations in coffee due to selenite toxicity. Plant and Soil 201: 189-
196.

Mittler R., Vanderauwera S., Gollery M., and Breusegem F.V. 2004. Reactive oxygen gene network of plants.
Trends in Plant Science 9(10): 490-498.

Nawaz F., Ahmad R., Ashraf M.Y., Waraich E.A., and Khan S. Z. 2015. Effect of selenium foliar spray on
physiological and biochemical processes and chemical constituent of wheat under drought stress. Ecotoxicology
and Environmental Safety 113: 191-200

Nowak J., Kakiewski K., and Ligocki M. 2004. Influence of selenium on oxidoreductive enzymes activity in soil
and in plants. Soil Biology and Biochemistry 36(10): 1553-1558.

Pennanen A., Xue T., Hartikainen H. 2002. Protective role of selenium in plant subjected to severe UV irradiation
stress. Journal of Applied Botany 76: 66-67.

Pezzarossa B., Remorini D., Gentile M.L., Massai R. 2012. Effects of foliar and fruit addition of sodium selenite
on selenium accumulation and fruit quality. Journal of the Science of Food and Agricultre 92: 781-786.

Poldma P., Moor U., Tonutare T., Herodes K., and Rebane R. 2013. Selenium treatment under field conditions
affects mineral nutrition, yield and antioxidant properties of bulb onion (Allium cepa). Acta Scientiarum
Polonorum 12: 167-181.

Qi J, Sun S, Yang L., Li M., Ma F., and Zou Y. 2018. Potassium uptake and transport in apple roots under
drought stress. Horticultural Plant Journal 5(1): 10-16.

Rios J.J., Blasco B., Cervilla L.M., Rosales M.A., Sanchez-Rodriguez E., Romero L., and Ruiz J. M. 2009.
Production and detoxification of H-O- in lettuce plants exposed to selenium. Annals of Applied Biology 154: 107-
116.

Rios J.J., Blasco B., Rosales M.A., Sanchez-Rodriguez E., Leyva R., Cervilla L.M., and Ruiz J.M. 2010. Response
of nitrogen metabolism in lettuce plants subjected to different doses and forms of selenium. Journal of the Science



IFAR g o o ot FF e (53,5LiS aalion 5 p3le) Ll pole 4yt VY

48-

49-

51-

52-

53-

54-

59-

60-

62-

63-

64-

65-

66-

67-

68-

of Food and Agriculture 90: 1914-1919.

Rios J.J., Rosales M.A. Blasco B., Cervilla L.M., Romero L., and Ruiz J.M. 2008. Biofortification of selenium and
induction of the antioxidant capacity in lettuce plants. Scientia Horticulturae 116: 248-255.

Robbins R.J., Keck A.S., Banuelos G., and Finley J.W. 2005. Cultivation conditions and selenium fertilization
alter the phenolic profile, glucosinolate, and sulforaphane content of broccoli. Journal of Medicinal Food 8: 204—
214.

Rolland F., Baena-Gonzalez E., and Sheen J. 2006. Sugar sensing and signaling in plants: conserved and novel
mechanisms. Annual Review of Plant Biology 57: 675-709.

Sae-Lee N., Kerdchoechuen O., and Laohakunjit N. 2012. Chemical qualities and phenolic compounds of Assam
tea after soil drench application of selenium and aluminium. Plant and Soil 356: 381-393.

Salmani Nodoushan M., Abedi M., and Vakilli M. 2013. Selenium and human health. Journal of Shahid Sadoughi
University of Medical Science 21(1): 101-112. (In Persian with English abstract)

Schiavon M., dall Acqua S., Mietto A., Pilon-Smits E.A.H., Sambo P., and Masi A., and Malagoli M. 2013.
Selenium fertilization alters the chemical composition andantioxidant constituents of tomato (Solanum
lycopersicon L.). Journal of Agricultural and Food Chemistry 61: 10542-10554.

Sharma P., Jha A.B., Shanker Dubey R., and Pessarakli M. 2012. Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions. Journal of Botany 10: 21-47.

Simonne E.H., Jones J.R., Mills D.A., Snittleand C., and Hussey G. 1993. Influence of catalyst, sample weight,
and digestion conditions on Kjeldahl N. Commun. Soil Science and Plant Analysis 24: 1609-1616.

Singleton V. L., and Rossi J. A. 1965. Colorimetry of total phenolics with phosphomolybdic phosphotungstic acid
reagents. Enology and Viticulture 16: 144-15.

Skrede G., Martinsen B.K., Wold A.B., Birkeland S.E., and Aaby K. 2012. Variation in quality parameters
between and within 14 Nordic tree fruit and berry species. Acta Agriculturae Scandinavica Section Soil and Plant
Science 6: 193-208.

Turakainen M., Hartikainen H., and Seppanen M. M. 2004. Effects of selenium treatments on potato (Solanum
tuberosum) growth and concentrations of soluble sugars and starch. Journal of Agriculture and Food Chemistry
52: 5378-5382.

Turakainen M., Hartikainen H., Ekholm P., and Seppanen M.M. 2006. Distribution of selenium in different
biochemical fractions and raw darkening degree of potato (Solanum tuberosum L.) tubers supplemented with
selenate. Journal of agricultural and food chemistry 54(22): 8617-8622.

Vogrincic M., Cuderman P., Kreft I., and Stibilj V. 2009. Selenium and its species distribution in above-ground
plant parts of selenium enriched Buckwheat (Fagopyrum esculentum). Analytical Sciences 25: 1357-1363.

Wei J.D., Yu D.Z, Mab H.L.,, Yao M.B., Liub F.C., Songc Y.G., Xuc Y.F., and Lib L. 2017. Selenium
enrichment, fruit quality and yield of winter jujube as affected by addition of sodium selenite. Scientia
Horticulturae 225: 1-5

Wu L., and Huang Z.Z. 1991. Chloride and sulfate salinity effects on selenium accumulation by Tall Fescue. Crop
Science 31: 114-118.

Xue T.L., Hartikainen H., Piironen V. 2001. Antioxidative and growth-promoting effect of selenium on senescing
lettuce. Plant and Soil 237: 55-61.

Yu S., and Shih-Wen C. 2018. Response of nitrogen metabolism in pak choi plants treated with different sodium
selenate (Na;SeQ4) concentrations. The Horticulture Journal 87:3.

Zgallai H., Steppe K., and Lemeur R. 2006. Effects of different levels of water stress on leaf water potential,
stomatal resistance, protein and chlorophyll content and certain anti oxidative enzymes in tomato plants. Journal of
Integrative Plant Biology 48(6): 679-685.

Zhang H. Y., Han T., Tian L., Wang Y. N., and Jia H. J. 2010. Accumulation of Selenium in peach, jujube and
strawberry after spraying Selenium fertilizer on leaves. Journal of Fruit Science 5: 802—-806.

Zhang M., Tang S., Huang X., Zhang F., Pang Y., Huang Q., and Yi Q. 2014. Selenium uptake, dynamic changes
in selenium content and its influence on photosynthesis and chlorophyll fluorescence in rice (Oriza sativa L.).
Environmental and Experimental Botany 107: 39- 45.

Zhu S., Liang Y., Gao D., An X., and Kong F. 2017. Spraying foliar selenium fertilizer on quality of table grape
(Vitis vinifera L.) from different source varieties. Scientia Horticulturae 218: 87-94.

Zhu Z., Chen Y.L., Shi G.Q., and Zhang X.J. 2017. Selenium delays tomato fruit ripening by inhibiting ethylene
biosynthesis and enhancing the antioxidant defense system. Food Chemistry 219: 179-184.

Zhu Z., Chen Y., Zhang X., and Li M. 2016. Effect of foliar treatment of sodium selenate on postharvest decay
and quality of tomato fruits. Scientia Horticulturae 198: 304-31.

Zhu Z.Y., Zhang J., Liu Y., and Chen X.Z. 2018. Exploring the effects of selenium treatment on the nutritional
quality of tomato fruit. Food Chemistry 308-8146.



Journal of Horticultural Science (53,955 qaleo s p5le) (FLEL pole @ 203

Vol. 34, No.1, Spring 2020, P. 61-74 ¥ FA-VF o ATAQ Lo o) oyles FF wl>
ISSN: 2008 - 4730 A i Yoo = FYYe ihln

Effect of Preharvest Spraying of Selenium on Qualitative and Biochemical
Characteristics of Grape cv. Fakhri (Vitis vinifera cv. Fakhri)

M. Mozaffari'- F. Razavi®*-V. Rabiei3- A. Kheiry*-A. Hassani®
Received: 02- 03-2019
Accepted: 05-11-2019

Introduction: Demand for healthy and high-quality fruits has increased in the markets, and compositions
such as vitamins, sugars, and anti-oxidant properties of fruits have attracted many consumers. Grapes contain
phenols, flavonoids, anthocyanins, tannins and vitamins with high antioxidant properties. Antioxidants support
biological systems such as proteins, amino acids, lipids, and DNA against oxidative damage produced by active
oxygen species of ROS, resulting in reduction of cell damage and death, cardiovascular disease and cancers in
the human body. Selenium is essential for humans and animals and should be fed through a diet, for this reason,
FAO recommends entering selenium to agricultural products (especially fruits and vegetables). In recent years,
selenium has been recognized as a useful element for plants that have been toxic at high concentrations but at
desirable concentrations, it has positive antioxidant effects, increases growth and significantly affects seed
germination. Selenium protects plants from several abiotic stresses such as heavy metal and arsenic, ultraviolet
radiation, and biotic stress such as pathogens and pests. Selenium neutralizes oxidative stress interfering with
lipid peroxidation, and accelerates gluthatione peroxidase (GSH-Px) activity, this phenomenon delay plant
senescence and diminish postharvest losses. This element increases the yield and improves the quality of the
fruits and vegetables. When Camelia oleifera plants were treated with selenium, cellular content of linoleic acid
and sterol were elevated but oleic acid content diminished. Selenium treatment had a significant effect on
preserving the sensory and the postharvest quality by decreasing respiration rate and ethylene biosynthesis in
broccoli by diminishing phenylalanine ammonia-lyase (PAL) activity and ethylene production in lettuce and
chicory. Foliar application of peach and pear trees with selenium, decelerated fruit softening rate and elongated
shelf-life. Therefore, treatment of agricultural products with the appropriate amount of selenium can have a
positive effect on the increase of the quality and enrichment of selenium in fruits and also play an important role
in human health.

Materials and Methods: In order to investigate the effect of selenium as foliar application (0, 1, 2 and 3 mg
LY) on quality traits, antioxidant compounds and enrichment of grape cv. Fakhri, an experiment based on
randomized complete block design with three replications in a vineyard (Kurdistan Povince, Ghorveh town) was
performed. The 15-year-old vines were sprayed with selenium solution plus 0.1% of Twin 20 as surfactant until
the leaves were completely wet (for each vine about 0.5 liter) at three stages of berry growth and development:
Berry formation, Lag phase and veraison. A 1000 mg L ! stock solutions (Made by the Belgian company
CHEM-Lab, containing selenium ion Se*) was used to prepare the desired solutions. At commercial fruit
maturity stage (20° Brix), samples of fruits and leaves randomly were collected from treated and control vines
and were immediately transferred to the postharvest physiology laboratory. Traits such as total chlorophyll,
carotenoid, nitrogen, potassium, selenium content of leaves and fruits, and also, total soluble solids, soluble
sugars, titrable acidity, acidity (pH), vitamin C, phenol and flavonoids, antioxidant capacity in fruits and the
berry weight were evaluated. Data were analyzed using SAS statistical software (SAS V.9.4), and means were
compared by Duncan’s multiple range tests at the 5% of probability level.

Results and Discussion: Results showed positive effects of selenium treatment on evaluated traits. As a
result, 2 mg L? of selenium increased photosynthetic pigments, nitrogen and leaf potassium, soluble solids,
soluble sugars, vitamin C, total phenol, antioxidant capacity of fruits in comparison with untreated vines. The
highest amount of titrable acidity, total fruit flavonoid and leaf selenium was recorded in vines treated with 3 mg
L selenium, whereas, this treatment had less effect on other traits. The highest amount of berry weight was
obtained in 1 mg L of selenium. However, none of the selenium treatments had significant effect on the juice
acidity (pH). In general, the results showed a positive effect of selenium on improvement of antioxidant
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properties, quality and enrichment of grape, and 2 mg L™ selenium with the highest effect on traits was identified
as the best treatment. According to other researchers, foliar application of selenium in "Starking Delicious" apple
cultivar was effective in enhancement of fruit selenium content and nutritional properties, postponing the flesh
firmness decrease, and delaying fruit ripening resulting from less ethylene production, therefore significantly
affecting apple fruit quality and storage life.
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