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Effect of foliar application of iron and zinc on yield, quality and leaf and fruit
nutrients concentrations of apple (Malus domestica cv. Gala)
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ABSTRACT

Iron and zinc deficiencies are common in most limy soils of Iran. In order to study the effect of foliar application of
iron and zinc on leaf and fruit nutrients concentrations of apple cultivar Gala an experiment was carried out as
factorial based on randomized complete block design with three replications in Horticulture Research Station,
University College of Agriculutre & Natural Resources, University of Tehran. The first factor was foliar application
of zinc as zinc sulfate at three levels (0, 10 and 100 mg per liter) and the second factor was foliar application of iron
as iron chelate at three levels (0, 100 and 1000 mg per liter). Results showed that the foliar application of iron and
zinc had a significant effect on yield and leaf and fruit nutrients concentrations and increased the nutrient content of
leaves and fruits. According to these results using iron increased yield, weight, iron, zinc and potassium content of
leaves and the amount of iron, zinc, potassium, calcium and phosphorus of fruits also increased. Also zinc increased
yield, TSS, zinc content of the leaves and the iron and zinc content of fruits. According to the results, the effect of
treatments used on the leaves and fruits nitrogen content was not significant. This study showed foliar application of
iron and zinc increased yield, quality and leaf and fruit nutrients concentrations of apple cv. Gala.
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Table 1. Results of variance analysis effect of iron and zinc on iron, zinc and calcium content of leaves and fruits of apple

cv. Gala
Source of _ i _ Mean of squar_es _ _ _
P df Fruit iron Leaf iron Fruit zinc Leaf zinc Fruit calcium Leaf calcium
variation
content content content content content content
Block 2 338.06 ™ 6985.09"™ 27.81™ 0.625™ 0.0008™ 0.0003™
Iron 2 15236.67" 210489.90™ 357.32" 125.56" 0.004" 0.0003™
Zinc 2 5317.55™ 22348.95™ 108.78" 161.49"™ 0.001" 0.0003"™
Ironxzinc 4 5925.01" 32468.12"™ 95.94™ 91.62" 0.001" 0.001™
Error 16 29458 17520.07 18.62 24.58 0.001 0.002
[&Y] - 31.95 15.66 39.79 28.23 29.63 20.65

Aoy 0 o) Jlossl mdans )8 ls g Dglai g jlo gme Sglis 89 i 5 4 sk g sk S
ns, **, *: Non significant and significantly difference at 1 and 5% of probability levels, respectively.
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Table 2. Results of variance analysis effect of iron and zinc on nitrogen, phosphorus and potassium content of leaves
and fruits of apple cv. Gala

Mean of squares

Source of df

variation Fruit nitrogen  Leaf nitrogen  Fruit phosphorus ~ Leaf phosphorus  Fruit potassium  Leaf potassium

content content content content content content
Block 2 0.003™ 0.03™ 0.08"™ 0.11"™ 3.50™ 100.14 "
Iron 2 0.004™ 0.03"™ 0.53" 0.02" 123.39" 388.30"
Zinc 2 0.001"™ 0.004"™ 0.10™ 0.05™ 66.24" 248.05"
Ironxzinc 4 0.002"™ 0.04" 0.17"™ 0.03™ 17.61™ 133.79"™
Error 16 0.001 0.02 0.06 0.02 28.51 77.26
Cv - 10.81 7.45 9.92 13.84 11.19 13.66

ns, **, *: Non significant and significantly difference at 1 and 5% of probability levels, respectively.
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Table 3. Results of variance analysis effect of iron and zinc on yield, average of fruit weight and length to width ratio of
apple cv. Gala

Mean of squares

Source of variation df

Yield Mean fruit weight Length to width ratio
Block 2 54.58™ 46.02™ 0.0001™
Iron 2 171.20 407.94" 0.00001"™
Zinc 2 198.13" 329.66" 0.0001"
Ironxzinc 4 150.38" 271.04™ 0.002"™
Error 16 37.73 96.62 0.001
CV - 12.80 10.27 411

woy3 B g ) Jloisl mdans )5 jls e Dglas g lo pme Sglas 89 o 5 4 sk g sk S
ns, **, *: Non significant and significantly difference at 1 and 5% of probability levels, respectively.
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Figure 1. Mean comparison interaction effect of iron and zinc on yield of apple cv. Gala

B Ll ite S izan 5 555 5 ool sloles
5 Jolore dul> olae b bl )l o auilas g )ls gixe
che o 63 5 ool Mt il ege b als
Olien 3l sl g0 Joias woy gy Jlaio]
Slge 3590 33 .0d g0 pab> (aSLE g Jolows Sl Slge
g ol ol |y liae o yteS wald Lo Jolone aal>
sbows ol Slgn fso i 5 lnjlas sl s 3o
an s bl GBS S S sy, b Jslme 950
Sm Bl cldld ol cel 2o 5 ) an s
Azl 4o g 0ol (AD 6 ,50) ol 5 (SS) ks ;5,5
o b by oyl cold Gl el
ol Wogee )d (yti Sl mexd 5 Ll o S
» & S ks 4 g5, (Yong et al, 2013)
oty oS 5o eaiS oS5 Gilize slape 3l
aas e il 1TSS wls gl 5 laass
ok axls L bls)l o (Razzaq et al., 2013)
Olee Crytian 9 wald Jless )3 Oliee (n 7S 0gie
pos g o2l il po S ke Vo) FeaZimy o o
SaalS Eel ol 0geS ol sanlin (G3, bpae
ol 45 el 00 gla ogee 4o gl 4 0B o
S5 osen S CosS alS el i
oley cbds L .(Alvarez-Fernandez et al., 2003)
Osrolyid BB sl 4y Joloe aalz Slge s
dole iy Juls @ ol o 035 oe a3
A0 g bad Al 4y e a5 el ogie o)
Gl (bl Cl oge j3 Jobe sala sl
L oleyer 5 ogme (ol BB lavsul Gl
WS (oo S5 b (als Al 4 egee o)

.(Mirzaalian Dastjerdi et al., 2013)

e Gili¥l el ol 50 (59, 5 2l (2L Jsle
VOV a4 wals s yo j0 p,5LS V- F 5l o Slae
Soy 5 ool b oad (SSlsle (L0 5 a5k
ol38l o (g9, yil (Abutalebi et al., 2013) col oals
oS e il s 4 Wil se o Slee e
S5bien ogme S Gl el oS w3l sy
cel ool op)5 (Hannafy Ahmed et al., 2012)
sydise 3fbee Gl calilt 5 Friests i
.(Ashoori et al., 2013)

55 ool Silols slas leesls il g 458 gl
b og loisne oge 039 p weyd gy Jleto! o
S5y Gl 5 esee (9 ol ke 3
ool p Sk Voo jlad @ bgise o5 (339 (o ydien
S92 dald jles 4y bgape ogne (39 (ka5 9 i 5o
g S 0 4ds Syge g0 4 el wds (Y SD)
039 ORI Sl Ggmad 03, gedd 5o (AL Jgle
.(Jahanshah et al., 2008) cuul o0l ogue Jawgin
5(3,) 0gan Cawgy 5,) CarsON o3, g3 ;o (4ol 3guaS
oalS 4 e glo (0,8 0gue gy SS,) Babygold
J.»al} ‘_gl.how 9 \.\.n))f CA.‘.>)O 0gu0 Slaxs 9 0920 (539
5o (Alvarez et al,, 2003) ssly (65 S>eS ojlul
lolos 51 G g b ogae Jlad 4y Job Cand 890
Sl 53l Ll Hie I (izman 5 55 5 08
s oamlive (65lo gime Dglay b )lad 9wl

9 Jokxo ol Slgo PH (ygmmlyind B sz gl
oguo prb (a5l
Slao 9y50 50 ol las by ools il )y ayie0 b

1A e dooge PH 5 (gl s BB atyo



vy VWAA liae; oF 5,Las D) 890 o)l 5Ll pole

120 -
100
80 -
60 -
40 A
20 A

Mean fruit weight (g)

ab

100

1000

Iron (mg/liter)

VI (08 s 00 Lamogie (59 32 2] 51 reSilee anlia Y S5
Figure 2. Mean comparison effect of iron on mean fruit weight of apple cv. Gala
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Table 4. Mean comparison effect of iron and zinc on measured qualitative indicators of apple cv. Gala
Iron(mg/1) Zinc(mg/l)
Treatment 0 100 1000 0 10 100

Characteristics

TA (%) 0.260 a 0.265a 0.263a 0.254 a 0.262 a 0274 a
TSS (Brix) 9.150 a 9.872a 10.111a 9.150 b 10.261a 9.722 ab
TSSITA 35.299 a 37.572a 38.713 a 35.579 a 39.372a 36.634 a
pH 4.085a 4.108 a 4,051 a 4111 a 4.067 a 4.066 a
Firmness (kg/cm2) 11.087 a 11558 a 11583 a 10.827 b 12.058 ab 11.343a

P+ 0) W)l KaSs b o g gl i )lo S yiiie By a5 ola o,
The rows with the same letters do not have significant difference (P < 0.05).
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Table 5. Mean comparisons interaction effect of iron and zinc on measured qualitative indicators of apple cv. Gala

Characteristics TA (%) TSS (Brix) TSSITA pH (Fllg}l?ﬁg
Fe*Zn
Fe, 0.259 7.416 b 28.777¢ 4110 9.433b
Fe, zn 0.234 10533 a 45,500 a 4.193 12.200 a
Fes 0.268 9.500 a 35.624 abc 4.030 11.583 a
Fe 0. 257 10583 a 41,587 ab 4.046 11.966 a
Fe, zn, 0.266 9.633a 36.519 abc 4.110 12.260 a
Fes 0.263 10.566 a 40.011ab 4,043 11.950 a
Fe 0.266 9.450 a 35.533 abc 4.100 11.863 a
Fe, Zn; 0.297 10.166 a 34.121 be 4,023 10.950 a
Fes 0.259 9550 a 37.082 abc 4.080 11.216 a

1200 -
1000 -
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400 -
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The columns with the same letters do not have significant difference (P < 0.05).
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Figure 3. Mean comparison effect of iron on leaf iron content of apple cv. Gala
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Figure 4. Mean comparison interaction effect of iron and zinc on leaf zinc content of apple cv. Gala
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Figure 5. Mean comparison effect of iron on leaf potassium content of apple cv. Gala
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Figure 6. Mean comparison interaction effect of iron and zincon fruit iron content of apple cv. Gala
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Figure 7. Mean comparison interaction effect of iron and zinc on fruit zinc content of apple cv. Gala
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Figure 8. Mean comparison effect of iron on fruit calcium content of apple cv. Gala
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Figure 9. Mean comparison effect of iron on fruit potassium content of apple cv. Gala
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