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Abstract

Introduction: Apple (Malus damestica) from the Rosaceae family, is the fourth most important fruit in
the world and the most important fruit in temperate regions after citrus fruits, grapes and bananas (Janik
et al., 2019). In high soil pH conditions, most micronutrient elements such as iron and zinc are deficient
in apple trees. Foliar feeding is an effective way to compensate for the lack of micronutrients and increase
their levels. Today, the widespread use of chemical fertilizers has caused an increase in concern about
human health, which can be reduced to some extent by replacing organic fertilizers. improving the yield
and quality of various fruit trees (Crespan et al, 2020). The purpose of this research is to spray fertilizers
containing iron, zinc and humic acid to achieve a suitable fertilizer combination to increase the yield and
fruit quality of ‘Golden Delicious’ apple in response to the treatment of different concentrations of iron
chelate, zinc sulfate and humic acid.

Material and methods: In order to study the effect of three different concentrations of iron chelate, zinc
sulfate and humic acid on some quantitative and qualitative traits of 13-year-old ‘Golden Delicious’ apple
trees grafted on seedling rootstock, an experiment was carried out in the form of a completely randomized
design with 9 treatment and three repetitions were performed. The treatments included foliar spraying
with iron chelate, zinc sulfate and humic acid each at three levels (zero, 1000 and 2000 mg/L). Foliar
spraying consisted of one stage before and four stages after flowering, the round of foliar spraying was
done every two weeks. The first foliar spraying stage is on May 10 %efore flowering, the second foliar
spraying stage is on May 25 after flowering and fruit formation, the third foliar spraying stage is on June
10 when the fruits are set, the fourth foliar spraying stage is on June 25 when the fruits were the size of
walnuts, and finally, the fifth stage of foliar spraying was done on July 10, 2014, when the fruits were
green and unripe. After the foliar application was completed, 21 healthy trees were selected for the
experiment. The measured factors include length and diameter of the fruit, fruit density, dry weight of the
fruit, total weight of the fruit, and measurement of the branch length of the current year, soluble solids,
titratable acidity, pH, some nutritional elements in leaf and fruit. Data were analyzed using SAS statistical
software version 1.9, and the comparison of averages was done using Duncan's multi-range test, and
graphs were drawn using Excel version (2019) software.

Results and discussion: The effect of nutritional treatments on some quantitative and qualitative traits:
The results indicated the significance effect of nutritional treatments observed on some quantitative traits
such as fruit length (Table 1. Figure 1), the length of the branch of the current year (Table 1. Figure 3),
fruit yield (Table 2, Figure 4), the density of fruits (Table 2. Figure 5). Also, the results indicated the
significant effect of nutritional treatments on dry weight of fruits (Table 2, Figure 6), amount of iron
element in leaf and fruit (Table 5, Figure 10; Table 6, Figure 13), the zinc element in the fruit is at the
(Table 6. Figure 1431. But these results, according to the results obtained, showed the opposite result, that
s, it showe§ that the effect of nutritional treatments was not significant on some traits such as soluble
total acidity (Table 4. Figure 8) and amount of potassium of fruit (Table 6. Figure 12).

Conclusions: The results obtained from this experiment, among the three fertilizer treatments used, the
iron chelate fertilizer treatment with a concentration of 2000 mg/l had the greatest effect on some
quantitative and qualitative characteristics of the leaves and fruits of the ‘Golden Delicious’ apple
cultivar. This level of fertilizer treatment (2000 mg/L of iron) increased fruit yield, dry weight of fruit,
iron element concentration in leaves and fruit. In general, the results of this research showed that in
calcareous soils, iron and zinc foliar application can lead to the improvement of quantitative and
qualitative characteristics of the ‘Golden Delicious’ apple cultivar. Therefore, this level of fertilizer
treatment is recommended to increase quantity and quality in apple orchards.

Keywords: Apple (Malus domestica L.), ‘Golden Delicious’ cultivar, Foliar spraying, Iron, Zinc, Humic
acid.
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apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.
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Figure 2- Comparison of the effect of different levels of iron chelate, zinc sulfate and humic acid on fruit diameter of

apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.
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Figure 3- Comparison of the effect of different levels of chelate iron, zinc sulfate and humic acid on the length of the

branch of the current year of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 4-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on fruit yield

of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of
Duncan's test.

ogae SUA )9 2 Sl Q335 sl Hless Y

S 055 S b, L8 4 gl wdss glajles 56
Lo osls (pKls aslin 35 ls ixe 110 eave 55 0500
5ol sy ool e sl Ll o oS sl OLES
(oal OIS (6355 slajled ilisie sl L3l Jploe
Sz 0 Gl 3l Sol Sasen del 5 555 S5
833 Olpe p g &S Do iy (0 JSK3) LS 6500
A e S e Ve 608 Jlad by e o g S
b e O Olps o 2S5 S0 NAY L sl 038
aadllas 53 (0 IK2) 55 p 8 N 1 L dals L
Ciditee sla il s LSOYAY) OLSen 5 oo S
ot S 5 oS Do gas p al OIS (6355 e
3By rlese Sl 055 Gl Bl Lol panliUs o3
o S) il Cllas Sl G i L aS AS
OTY oK

oy

0J9) o920 S 2 6l 43335 S less il
(o o910 yogroso

Laslas 31 b 30 s eals uilisls a0 gl
5tds OUIS (55 o o s O35 ko 3
oot il 10 ey LT 05 g 5l e 5l 0L
e O] A8 s e 0L s esls ks aclis
56 ol 6358 Glajles il #shu o ()l
o5 IS Ol (i Dl 25 S st el
s S ) e S e Yo sl 4 by
as ol ot edalin e e Bl 0 S AT 65l
S emamen s QLA dald L (gl e DL
oS VA Ol s als Sl 0 bg e SIS Ol
35S glales o Ble (IS s m e e e
i o 3l Soagd el 5 S5 Sy (Al OIS
o 055 L JUSor Ol 1) 53 08 e Yoo
(0 JS5) 3l il 55 s o e



VEOY Glicusy g ol oY o,lacki 0 0499 £l HLALS dadis ale da yulis

H Cotrol

g 84 - a
2 EFe 1000
E 82 - ab
&3 ab e 2000
2% 8 - bc b
5., be ¢ Zn 1000
=1 = . -
s ¢ Zn 2000
Eﬂ% 7.6 -
D
2% 74 j EHu 1000
=
é 7-2 = T T T T T T .Hu 2000
«» Cotrol Fe Fe Zn Zn Hu Hu

1000 2000 1000 2000 1000 2000

Nutrient concentration (mg/l)

(s o g yo gpasen 033) I Ol p Koo sep dl 5 (595 S g (] NS i - glaws 1 :Kle anglio -0 IS0

I s gre gl Sils O ga3l 10 e 3t DS DB slls 45 ol oKl s S (5 e
Figure 5- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

density (specific weight of fruits) of apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test
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Figure 6- Comparison of the average levels of iron chelate, zinc sulfate and humic acid on the fruit dry weight of apple
cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the 5% level of Duncan's

test.

53 (VSE2) 5 oS8 a3 WA S WV s 090 Johxo Sola Slgo y3 (sl A3 dis S less il
OYAY) UL 5 sl g b a8 S 0y 50 Jings (TSS)
©) Sin gt sl e slaclale 5 )8 S shsolis SOl a8 s e OLES Laesls (SOl alin o
Joms Aabr 31pe 53l il (ad s oS o 10 51 S35 0 Al 628 Sl e sl o Sl e
2l L 48 4l el 1S 035 g 5500 53 (TSS) Aol 3l Ol e (o it (Sl 3 g5 S Aol
ol a5ty e ey cdls illas G oyl Sy ;1) 53 0,8 e Yoor Sl 4 by e sl
s e ikiiee sleadlsl 516 Cilts bl glpa B O cnmeS 5 S a0 WAL O3 b )

15 i & 5l Jphoes dolor 3lge e s At dald y Seosen del 2 00 5 L Ve Jled w

Vot



v AS Olhes (A g1 (59 2 Ko gah saeul 3 59, AT (S8 Bl Jgbae U coy 101180 5 gy (o9

m Cotrol
19.00 -+
18.80 -
1860 1 a EFe 1000
_18.40 -
£ 18.20 - Fe 2000
2 18.00 -
< 17.80 -
= Zn
'S 17.60 -
£ 17.40 - 1000
s 17.20 - EmZn 2000
% 17.00 -
Cotrol Fe Hu
1000 2000 1000 2000 1000 2000

Nutrient concentration (mg/1)

SUE 035 o Jglome alr 3130 S sed ol 5 (555 S g (AT OIS Cilise sk 1 Ko amylie -V IS5
Il e gl STls Oga3 1.0 ch...‘ 33 At DSy Sy syl 4 gla Kl s
Figure 7- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on soluble

solids in fruit of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly different at the
5% level of Duncan's test.
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Figure 7- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the
acidity of the whole fruit of apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 8-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of soluble fruit carbohydrates in apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 10-Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of iron in apple leaves of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 11. Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of zinc element in leaves of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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Figure 12- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the
amount of potassium element in fruit, of the apple cultivar ‘Golden Delicious’. The averages with the same letters are
not significantly different at the 5% level of Duncan's test.( mg/l)
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Figure 13. Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of iron in fruit, of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not significantly
different at the 5% level of Duncan's test.
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Figure 14- Comparison of the average effect of different levels of iron chelate, zinc sulfate and humic acid on the

amount of zinc element in fruit, of the apple cultivar ‘Golden Delicious’. Averages with the same letters are not
significantly different at the 5% level of Duncan's test.
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