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ABSTRACT

In this research, effects of iron and nitrogen nutrition in three concentration (Iron chelate 0, 5 and 10 ppm and
Ammonium nitrate, 0, 40 and 60 ppm) were evaluated on nitrogen, potassium and phosphorous contents in fruits and
leaves of apple (cv. Fuji) in harvesting time and on fruit quality during storage. The experiment was carried out using
a factorial completely randomized block design (CRBD) with three replications in 2013. Results showed that nitrogen
treatment had no significant effect on fruit quality, except Vitamin C content that significantly increased. Iron
nutrition mainly decreased the fruit weight loss during the storage. Storage time affected fruit quality and decreased
that, which after 95 days, fruit were more injured. During the storage, Vitamin C, fruit firmness, dry weight and total
acid were decreased. Nitrogen nutrition increased the nitrogen content in fruits and leaves but decreased potassium
level in these organs. Iron treatment had no significant effects on nitrogen and phosphorous contents but significantly
decreased potassium content in fruits. These results indicated that, storage of Fuji cultivar for three month had no
reducing effects on quality.
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Table 1. Soil analysis results

Saturation pressure EC pH Carbonate calcium% Organic matter % Total nitrogen%
(SP) (ds/m) (TNV%) (OM%) (N%)
38.04 1.01 7.75 11.46 1.03 0.1
Potassium Phosphorus Soil
(opm) (ppm) Sand (%) Silt (%) Clay (%) Texture
175.66 5.81 39 41 20 L
Fe (mg/kg) Mn (mg/kg) Cu (mg/kg) Zn (mg/kg)
In soil 3 44 1.26 0.96
Optimum 6-6.5 3-35 0.8-1.2 2-2.5




o B (S Sl aS e 5958 5 ol B3 56 ) Ses 5 e \ALg

b o5 Blo 5l ey ogpacl 5l qmis V0 Ol
e e R e
b g pSoslal ojlae pH Jios iopH Loy
WJloy 1) dge b oabangs §las oyl Jos
shoslitul b iges ja (riwle JB apul wo )0

(Marandi, 2009) o dmlxe ;) dlal,
A=S.N.F.E/Cx 100 )

Sl Ve s sl 08 Ol A Ol o a8
N (ml) soisdpan 35w lie S woge b,lac
e C wge ole Fu(loys +/)) sgms dle s
el 13 3 gm dsl Yl STE 5 (M) o500 5,lac

P 4 O)9 S Boge (ogae (139) S
039 Ll pegare B xSelal gl culag]
s i b Joms sl bes e
Tode B S0 gl ez oKl g 0l (6T esll
Kuhnetal., ) ai s pSoslal 09 ol (g9l a5 (i)
Lol 5 Sas o5 doys s pSejlail sl (2011
VY U Y e a4y ugeeds a0 YO JIV sleo
Loy ol oolaiwl (Cob (39 4 poum, oley B) celss
«(Garcia et al., 2010) o avwlxe alal,
ogan Sl (5 oy = ﬂ xVeo (V)

>89

SHSeysSl dpl) & fabing (550503l sl
e 0 o eslinul (RedOX) el yoy s,
Jhie O i e Yo L oiicilo bgue 8 las
Iy oy Vaiulis Jelre yid oo Vg 05,8 Lgle
ol mesly jei Joloee by 00,5 Lol ()T &y
a ) dhly L& ey Gl e 0SS
(Delima et al, 2007) &1 co s

(+1AN X V)

A- ————— x)e- (f)
5

(& opmoling) SojsSwlonml e A o] jo &S
pely Hod p> V8L a5 s o 65 s
Lol Sl oo e (B yae
Srdisas 59 0900 9 S 1 b pais (Sl
ool ools 18 (g g el (b )0 eadis,91s,5
chle gpSojlal jshaeas ol elxl LSl o

S oy 9 yamd (5955 ) ogae 9 S Slapaie

5 03 slejl axly S Ao cE 0 se
Slye) (Soe) Garli b ply laogee <ol
Lt (Rahemi, 2006) 5,8 alosl (ogee 4zl
plsl Gln ceilesl vl e Gl ege IS
o500 (5,05 B0 p &y S 5 o5 (slagioles]
JEl s W pud Cugby g 0 £ /D Gl b
Lyl 0 (g, YYO) Sboldl wus jo 9 il
=S slpatly pSoslal ol o)l S les
Sesled gy kS s, YO e b AS
oBtalejl o (cialesl wxly sa 4 bagnye slooges
S 50 )9 melS Aoy Al gl plxdl
a Jush caby s, Geieds oley 5o (Sl
bug g lar SIS o Gln egee Voo (alBo
L (SARTORIUS GE1302 Jus) Jbazs 553y
e Ginlej 3l ey9 5 50 ad 39 )5 ¢/ ) s
DS Sl 5 )5 0,b90 bogee (ol (Slo,l]
Al dewlre py ol b ooy o 59 GielS
.(Marandi, 2009)
050 (339 (Bl o0 = Q)

(o900 4yl ()39 = ogee 4550 (y59)

XY+

ogee adsl (39

5 oo bge 00 Sl L oogee bl b

e oo & by LS5 50 jl SIS
o2 blie Cuond 50 5l ogae Cuwgy 0 (g S o;lu]
Al able gy 5 05 Sy dawgd ogee oYL gl o
Hand ) ciws (jeg i) guawdeds 5l ool b o1
Sled Loy (Amm 500 Sei L) (Penetrometer
sl 3 0SS sy o5 ClgS 4y S50
Ol -(Echeverria et al., 2004) ol (posd aoye
TSl 0lSis Jawgs (SSC) Jslowo aal> dlge
Hand Refractometer, Jos)  ciws (oS 3))
G Soylnl 36l s Lo (ATAGO MASTER-53
3l oad g0 b S (Christopher et al., 2005) o
Ly ad ools )18 olCtws jaiie (59, oge o §)las
4 g CwSD 9 Ceew 4 g olws (pols I8
3 JERCVN ROV VGO IV CRVIR VSR JPOREN P

4pH 9 (Q}H.u‘)...u) W)L..c JJ[E ..\.......:‘ LS)"f")‘"\"‘



VY'Y VWAF e F 5,lod FA 5,55 ool l SLEL psle

OV R SO Y B DR PU SRV P
axilz oyl (g4l sime )_...L, 0gun (139 LudlS as o
ool s pow g 0,5 el oalls ools ol
Sloslsl 8593 55 15 (59 el (S (V-ppm)
@ @lite 53 5y RalS weps (VL A e
3 5 Syl 8598 556 Grizren 09y wald jles
(Y Jgo2) 09 o sime Cio ol 5 vy ) maw
S Gl b ogd oo cdmlin ¥ Joao jo axils
5 4Ll leogs (59 RalS weys Sl
Srion ol ley CudS L Sloylal 8,90 ;0 bogus
3 s 9 ool sle e blate jlassls cuws
¥V Jsoz) 09 o sme Cto (pl 000 Bzl
wo b ool po s Bl 0 055 SRl we)s
OreS (N1Fe3, N2Fe3, N3Fe3) )59, gl
do,s YL N3Fel [Les ol slas 1) ol
03,91 wledbl) ol las 1, (LVYA) (59 aelS
Sl ol cde 4 Wl oo a5 d(Conl onuis
L (oddalie) ilugedgm codld 5 last
5,90 ,o .(Beavers, 1994) oil 59,0 i3l
2 ebby s fogs GlSe Jds 4 (Sl
Ay Ll s el o Sl e lalod
2hlsem ploges (59 GRalS (il (53lug S g
sl Jole 45 050 8L aws (Rahemi, 2006) ol
St g ol ol Cawd ey aile il
5 ol 058y o Sl e 45 0)ls (S i
Jsi> (Ghafir, 2009) sgi oo il Jslme slge
s Sy sladale 236 3)00 50 iy &30
Syl Do a4 wes o lis oge CBL Saw p
slojles Blie Sl Guizmen 5 ao)d ) mhw o
2 O3sr x ool x Gyl g Gleylil x 350
ool ails g gxe Sb ogee L S
(S, il 590 iali8l b ogue il b (Y Jgo2)
L s ool s 23l talS (s ls e ssbay
Jan & ) o)ls Jlged o jo Hlaed Gudsd gl
ol uilyle &30 Jgu> bl (Rob et al., 2012
P R DS IR PUCT I NG EL OV JARRV AN
OFomb 5 4l ogee Sl b (6l gme
S 039y pams g b oogee Sl (Shw mhaus

Cosdgn b ol clocS s o o alises slaciand
o 050 (gBAigad 0l oduz dae Ve Lol 4 LSS
ol pll (Ng) 42 g sy o dlands CBIS Sl ey
as gl 5l ol 8 lac § wias Sis oS gl
oKws  lawg (e cdale 686wl o
5 o5 el (Kjeltect, TM 2100 FOSS) Jlalxs
25 Akaly wgd S p 50 S92 ge (g o yd e

Bl Cews 4
039 o)y = )
X JVE xSy st gmscinsl &dlo s x) v

(b yne o X\ -

L9 gwaled olfws bwg el cdile
vy, L g (Flame Photometer) ogde.ls
4 Gl b g Seslail (Corning-410)  oowalsds
bsgi iloisdy Osv oskas ey (0y5] s
polty S 5 b el 55 et olSias
sae 3l 1B L (pliae) geles )3 Cond
ol el ojlulinl dolee jo oadonilys
A oS o ,s w4 aS sl Caws 4 (5,95 Tewalels
5 b flas 5l g8 Hhud clle g pSeslal ol
Al ool (Fiagidy iSwl) (5,5 imwiidb olKiws
Slwle plil (51 (Davies & Winsor, 2006)
Jiley lawg psle S 5l e leosls (g L]
SPSS, Statistical Package for the )yl ol o !
L 5 oas Jl, (Social Sciences, version 19
SAS, Statistical Analysis )  uw l38le 3 51 solazl
sy Sy iad Juexsas s (System, version 9-4
MSTATC, ) ws wlel 1580 5 5l oyl Jlize 31
O eolatwl  (Michigan State University, USA
(Duncan) ;,Sls 903! 51 ooliiwl b lagpnSKiles dulio
) Sle g wd el woys O )b whaw
s ool ST 580 5 5l b loges

g W
Sl (b S 9 (o5 G psls
(F Jgo2) (i)l 0325 Jpuz 5l onslcamoay gl



o B (S Sl aS e 5958 5 ol B3 56 ) Ses 5 e YYA

i % ol slojlas Lo 51 uizan
ol 365 Oy x o2l 5 (e x (Sloll x 2]
oanlie a5 job len (Y Jguz) 09 jlo gxe a>Lis
& el Ol Slo)lsl Do Rl L gl e
slocaw! @ 1) oge Wl o a5 Wb o ralS
Jan &) 015 b (Se3sl3e) (st 5 Se
oVl a5 ars e olis ¥ Jsax (Rob, 2012
ssbar (Fr pPM) oud ooy B4 039 e
Oley o 1y & ey slgime 0 YL (g )lo e
ool o Al 4 asilis ol sl Coge Culilo
Cho Gl Ohare x ool e I G
@ Glate & ey Oliae VL g 039 lo(gine
(5 il p)F ao o pF des %) N2F3 Lo
s lie i1 (ol ot ools oyl Sledlbl) 54
ol el 5 )39y b gsla b 2l poes
plnl B @l b aS el oad & g (e
Aboutalebi ) s)ls Slgeen 55 o adged jo ol
bl i 5l b, ede ol (et al., 2013
ogus Sis ()59 oy il die) cpl jo oy
Co do)d Vol 5o Gully & Jour bl
PRCHIERPCUS S I Y N R IS TRV
60,90 8l Cawl ool eols lad Y Jgus
Al ogae S Boke wo o ralS 4 e gyl
sl s e S B Gy |y e S
QG e &S Cudls Sloylil g sy 5l e 590
Rahemi, ) coul oo og0 slossl,oumgr S 8 pae
oz el (S e JSx (2006
Slyze g awlis (8 glyore « iz bole b Lo e
Ay Jad anlp 0 bege JBz ceul ogie]
Jodo @ JBs als cle abe 25 gy
Jan & Rob, ) cul glasl o glas ol
ol 2 Sl syge b Y Jeax plu (2012
GRIPI L g esg o pae 20y0 O mhaw yo a3Ld
ilS cpl Ll 4Bl als bogee JB> o Slo, Ll
Fomgme Sl 8395 5 g 59, YAD 5 FO o
e wblad g oa samsnlis a5 el
SR R

D9 o sae atll (pl p (590

ol s 4 Syl 350 LL 4o sal ey
Sloll 8,58 5T 50 5958 mhams (o 45 J> o
oledbl) AN YKYEM®) wi cgo |y i op 5V
ALY Jos mls ply (Gl snis ools las
Vb o 5 slolsl x el x s Bl
A o 0 sl 009 o Jae Cas (] as o
Slosll 8,55 5T p0 oud 00y Iy (5,50 s
ghe & Glite bogee 8L (b gl (n S0ml
b)‘é 090 MSJ)LJ‘;YL) :\.Jaq‘) aS ol °9‘~°k5°'“§
osbyly & Jgu> sw, s (Kamiloglu, 2011)
9 U‘QT AW oo)g)lfc\.g 6[.%)[.0.43 aMé‘se QLM
Slge slyime p (5)locme 5L WFma 39k
Sl 5,50 5l L 5 Bl ogee Joloe Sl
Sg0 )‘OGJJLA ua.>L~J L)"‘ P Qo0 I\ CJG'““ B
590 2 ubly Ly Jgaz plo (Y Jsa2)
Qoo ) Gla"" O 090 ol 6‘93-7“’ » @Lo)l.,.ﬂ
Logre sloawwl Slo)lal 8,90 10 5 00g Lo sins
Jan & Rob, ) 0gd olud @ ogue ol 5wl
Ve o Sleylsl x 590 blae 512012
LDMI U")‘“‘““"" 9 0992 )‘QKS“‘LQ ua}l.m U"‘ P S0
5 O3sr Jsl s @ Bl Glojlil 890 51T 5o
0395 po g 4 Bl Gloylil 8,90 (LG o
NIRY )i;.) C?“a‘“’ l.a d)bu;“"“’ u_:sLDJ Ll WOy
5 oyl jlews (el oais ools lis oledlbl)
Slo s )_QL; ogpo 8)lac PH 5 doj0 V xhaw
CdS b ogd oo odmlin aSSLa (Y Jgo) cubls
Sl a8l oli8l ogee bilac pH e ol
Olee (Kadir, 2002) oil i does o JI
Conry (55 Ogbon ASLD o Bgae SlAE

SoaaSbl ol a5 cal (suSlew)  Jd
(Lata & Przeradzka, 2002) s> ( slaeST 25T

ol uibyly &5 Jgaz 5l sanlcassa mls
Ol y 2oy Vo mhaw jo Jleyldl 8,90 s o



yya

S92 g pamlly o) (395 Tobaw (IBIL g 00
o2l zebw 53U (Kohnetal, 2011) s )ls 345 s
Mosine Sy el 2 O35 x ol Jlise 5T
rais ol weys ol sk Gl L Jy e
el Lo cdl jwlbdl gls e je jsba
Erdal et al., 2009; Kohn et al., ) s s Jlg>en
5% 090 iy d2)3 2 (Y5955 ok x5 (2011
zohw Wl L og op logae doe YV mhw
@l b oS 2o GhalS ogee pemlly o) (59555
ifw‘mu&ﬁwés)ewﬁ@‘&m
OF 5% ey 5 0ed (97 2l yais god s i
zobw ildl (Kohn et al.,, 2011) el o iy
@ e 2oy B gl o gyl jsbay el
L35 Joar plo ad oges pewlh weys RalS
cod g b e jeba Sy jald ws s (bl
3 L85 18 0ol ooy 54 3555 polaw 36
Wigrs gebe GRIF Ly (heye O gl
Sl o g9y 4B Djge G b oasiles
Sy ool Glise zolaw 36 (Kohn et al., 2011)
5e8 fogine Al Gl ey x ol hlite

(F Jgaz) 2l

VWAF e F 5,lod FA 5,55 ool l SLEL psle

ogr0 9 S 32 iy 9 phud (359 i Clale
ok b (F Jgaz) bl &5 Jgax sl
O zhw o Sy i doyd p Oisrs Al
Qo) o359k ok Il g 05 o gixe o yo
30 (0 Joaz) canl ausl ulidl s S y5e 0
5 NS 59, 4 Sype Glees oo
2o IRl 4 e Gie sk SRlS
(Farzane et al., 2011) <ol ouls Sy (e,
S35 i S 395k de o 2 ool e il
a8 a3l cpl pe Rl A e ol Gl L
35 sle o (55, 0ad plil s by (F Joo)
aS (El-Jendoubi et al., 2014) s,ls Slgen
Ol b 3 4 oS ks b3l ) Gl Wl o
56 (Malakuti & Tabatabaei, 2010) wil ool
2 oge Olgre weyd p Oisrs wie sl
azsl ailen g alils (ghlo g 130 wo 0V maw
Ojsrs g GVl b esalie S 0j5e 0
a5 ol Cawd ay 59505 haw (VL 95 L ogee
o (89, oddplxl Guiod 5l edelcawsay bl L
Sl 5 (Kohn et al., 2011) s)ls Slgsean s
(F Jgaz) 09 5lo sime e ()35, doys 5 o]
il @il ) asl alS rsh den s pely
Malakuti & ) cusl S e 3Gl 5 092 Wl
ol )ls &35 Jguo 4 4> 45 L . (Tabatabaei, 2010
oo 54 i e golaw b (F Jse)
S giae do 0 ) a0 F el do o onl

Skl 899 )3 (28 08 s Bsee (S 5 (o5 Slao p (595 5 ool sk b Gulyls A3 Y Jgoer
Table 2. Variance Analysis of effects of nitrogen and iron nutrition on quality and quantity of apple cv. Fuji during storage

i Density Dry Vitamin Total Total Soluble . Weight
Source of variation . . . Firmness
(weight/volume) matter C acid solid loss

Nitrogen 0.001 ns 2.149 ns 6.52 0.004ns  0.057 ns 0.784ns 0.168 ns  0.106 ns
Iron 0ns 0.176 ns  2.33ns 0.004ns 0.035ns 241ns 0.109 ns 0.204"
Storage 0.001" 22877  66.357 06647  3.747 3.86" 61.44" 10727
NitrogenxIron 0ns 7.04 9.21°  0.012ns  0.096ns 3.29 ns 0.66 ns 0.141"
NitrogenxStorage 0.001ns 282ns 9717 0.024ns 0.125" 1.38 ns 172 0.076ns
StoragexIron 0ns 1.23ns 259ns 0.01ns 0.027 ns 1.85ns 0.76ns 0.069 ns
NxFexStorage 0.001 ns 3.62 ns 5.32°  0.015ns 0.068 ns 1.12ns 168"  0.078ns
Block 0.002 ns 16.12ns 4.16ns 0.025ns  0.227 ns 1.12ns 1.05ns  0.043ns
Eror 0.001 3.41 3.05 0.02 0.047 1.9 0.535 0.053
Cv (%) 2.83 14.68 20.56 3.26 21.58 6.38 1157 22.36

SIS gire DS 565 5 0 sire 0o )0) 5 00,00 v [0 oS5 A NS g s
*, ** ns: Significantly differences at 5% and 1% probability levels and non-significantly differenc, respectively.
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Table 3. Effects of nitrogen and iron nutrition on quality and quantity of apple cv. Fuji during storage

Density Dry Vitamin Total Total Firm Weight

Treatments (weight/volume) matter C acid soluble solid ness loss

glem® % mg/100g g/100mL Brix % Kglcm® %

Nitrogen 0 ppm 0.87a 12.27a 8.31b 4.36a 1.03a 9.21a 6.33a 1.78a
40 ppm 0.86a 12.66a 8.22b 4.38a 0.97a 9.17a 6.25a 0.98a

60 ppm 0.87a 12.66a 9.12a 4.36a 0.99% 9.10a 6.37a 1.09a

mean 0.86 12.53 8.59 4.36 1.00 9.16 6.32 1.28

0 ppm 0.8a 12.60a 8.75a 4.38a 1.01a 8.84a 6.29% 1.07a
Iron 5 ppm 0.86a 12.47a 8.47a 4.36a 0.96a 9.2% 6.37a 1.04ab
10 ppm 0.87a 12.51a 8.24a 4.36a 1.0la 9.44a 6.28a 0.95¢

mean 0.86 12.52 8.49 4.36 0.99 9.18 6.31 1.02

0 0.87a 13.83a 9.67a 4.22c 1.61a 9.50a 8.90a 0.00f

1 0.86b 11.79cd 9.70a 4.24c 1.08b 9.58a 6.09b 0.99e

Storage 2 0.87ab 11.46d 9.78a 4.35b 0.94c 9.35a 5.79bc 1.16d
(45 days) 3 0.87ab 13.19ab 6.48b 4.38b 0.60f 9.35a 5.63c 1.51c
4 0.86ab 12.60bc 7.02b 4.67a 0.75d 8.20b 5.04d 1.66b

5 0.86bc 12.50bc 4.74a 0.70e 8.65b 5.00d 2.00a

Mean 0.86 12.56 8.53 4.43 0.96 9.10 6.08 1.22

sl (P20 1+0) SIS (yg03T L b Sils o sime S 395 Sily (ygim 2 10 S ie slacd >

Means within a column followed by the same letter are not significantly different at p<0.05 according to the Duncan’s test.
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Table 4. Variance Analysis of effects of nitrogen and iron nutrition on mineral elements (nitrogen, potassium,
phosphorus) in fruits and leaves of apple cv. Fuji
Source Phosphorus Potassium Nitrogen
of variation Fruits Leaves Fruits Leaves Fruits Leaves

Nitrogen 0.003 ns 0.028 0.028" 0.093" 0.0217 0.0227
Iron 0.0001 ns 0.021 ns 0.021" 0.001 ns 0.01ns 0.011ns
Block 0.0009 ns 0.001 ns 0.001 ns 0.001 ns 0.009 ns 0.016 ns
NitrogenxIron 0.0004 ns 0.002 ns 0.001 ns 0.03 ns 0.011 ns 0.012 ns
Eror 0.0008 0.001 0.001 0.006 0.012 0.011

IS gire OS] 065 g 10 Jixe 0o )0) g 0,00 mhaw ;3 o 5 A NS g s

*, ** ns: Significantly differences at 5% and 1% probability levels and non-significantly differenc, respectively.
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Table 5. Effects of nitrogen and iron nutrition on mineral elements content (nitrogen, potassium, phosphorus) in fruits

and leaves of apple cv. Fuji

Treatments Phosphorus % Potassium % Nitrogen %

Fruits Leaves Fruits Leaves Fruits Leaves

0 ppm 0.06a 0.38a 1.2a 1.6a 0.4b 2.11c
Nitrogen 40 ppm 0.05a 0.28b 1.1b 1.3b 0.5b 2.15ab
60 ppm 0.05a 0.23c 0.1b 1.2¢c 0.65a 2.23a

Mean 0.053 0.29 11 1.36 0.51 2.16
0 ppm 0.054a 0.33a 1.3a 1.3a 0.45a 2.13a

Iron 5 ppm 0.053a 0.29a 1.2b l.4a 0.5a 2.16a
10 ppm 0.051a 0.32a 0.8¢c 1.4a 0.45a 2.21a

Mean 0.052 0.3 1.1 1.36 0.47 2.16

sl P+ 1+0) SIS (yg05T Bl b Sils o sime S 0.5 Sl (gt 12 10 S ie slacs >

Means within a column followed by the same letter are not significantly different at p<0.05 according to the Duncan’s test.
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