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 The present study was conducted during growing season 2013-2014, to investigate the 
effects of chelated iron (0, 50 and 100mg Fe l-1), iron filings (0 and 10g plant-1) and agricultural 
sulfur (0 and 10g S plant-1) on vegetative, yield and fruit characteristics of strawberry Cadonca 
cultivar. The results showed that the foliar spray with chelated iron (50 and 100mg Fe l-1) and 
soil treatment with iron filings (10g  plant-1) caused significant increases in each of leaf iron 
content, leaf total chlorophyll content, leaf dry matter percentage, plant yield, and fruit total 
soluble solids. Soil treatment with agriculture sulfur (10g S plant-1) also caused increases in 
each of leaf iron content, leaf total chlorophyll content, leaf dry matter percentage, plant yield, 
and fruit total acidity but did not reach to significant levels. 

The effect of interactions between each of iron filings + sulfur, iron filings +cheleted iron 
and sulfur + chelated iron were significant with the most of parameters. The interaction 
between 10g iron filings plant-1 + 10g S plant -1, 10g iron filings plant-1+100mg chelated iron l-1 
and 10g S plant -1 + 100mg chelated iron l-1 significantly increased the most studied 
parameters. In respect of interaction of the three studied factors, the interaction of 10g iron 
filings plant-1 + 10g S plant-1 +100mg chelated iron l-1 was the best thrice interaction in 
promoting the most studied characteristics. 
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I- Introduction 
 

Strawberry is one of the most important and demanded small fruits in Iraqi Kurdistan Region; its 
planting is still very limited and some large plastic tunnels are present in some areas; this is because of some 
culture practices causes low yield, limited knowledge about its planting and production processes, selecting 
wrong cultivars (Short-day cultivars), which are quick destroyed during handling, infection by some fungus 
diseases [1]. Cadonca is a Spanish cultivar, produced by hybridization in 1992, early-yielding cultivar, its 
fruits are medium in size and entered introduced into Iraqi Kurdistan Region in 2008 [2]. 
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Iron is a constituent of the enzymes catalase and peroxidase, which involve molecular oxygen 

directly in oxidation-reduction reactions. [3 and 4] stated that iron is involved as an active factor in the 
structure of catalase, peroxidase, oxidase and cytochrome enzyme which facilitates the activation 
performance of many physiological processes in plant cells [5] noted that iron is essential for the synthesis of 
chlorophyll, but its mechanism and action on chlorophyll synthesis is uncertain.  

Iron deficiency chlorosis is a common nutritional disorder affecting plants, and limiting factor for 
fruit production in many areas of the world especially in Kurdistan region of Iraq (Which characterized with 
calcareous soils, high pH, high CaCO3). Iron deficiency decrease fruit quality and yield, and can finally lead 
to tree death [6 and 7]. Fruit production under soil conditions usually leading to Fe deficiency requires 
continuous (every year) adding with Fe-containing compounds. The most efficient method to control Fe 
deficiency in fruit crops is currently the supply of synthetic iron-chelates to the rhizosphere, although these 
treatments are very costly [8]. The possibility to provide small amounts of Fe to fruit crops via foliar sprays 
could be a target method, cheaper strategy to overcome Fe deficiency in fruit crops, although variable 
responses to Fe sprays have been often reported [9 and 10]. Development of suitable iron spray formulations 
is currently prevented by the limited understanding of the mechanisms involved in the penetration, 
translocation and bioavailability of the Fe-containing solutions applied to the foliage [11]. [12] found a 
significant increase in growth parameters and nutrient leaves content of strawberry after sprayed with Fe-
EDTA (83.4 mgl-1). [13] indicated that strawberry foliar sprayed with Fe-EDTA at (60 mg l-1) caused 
significant increasing in dry matter of vegetative growth and total chlorophyll and yield of plants, but 
without any effects on qualitative characteristics.         

Sulfur is one of the essential nutrient elements for plant growth. It was known by man since 
thousands of years and it is natural present as a yellowish powder (solid) or in a liquid state [14]. Sulfur is 
the most abundant element in the earth's crust, averaging 0.06 to 0.10 %. It presents as organic and inorganic 
forms. In most of soils, the restricted sulfur is organic and is the main stored sulfur in the soil especially 
under wet environmental conditions. Whereas the inorganic sulfur (mineral) in the soil is present in the form 
of sulfate which is precipitated in the form of soluble or non soluble salts like calcium, potassium, 
magnesium and sodium sulfate under arid and semi-arid regions conditions, which are existed in soil solution 
or are exchanged on the colloidal soil surfaces in the wet areas conditions [4]. The sulfur-containing amino 
acids cysteine, cystine and methionine are essential protein constituents comprising a large proportion of the 
total sulfur content in plants, a fact that is reflected by the relatively uniform N/S ratio in tissues [15]. 
Additional organic Sulfur compounds present in abundance in most plants are the nonprotein tripeptide 
glutathione (γ-glutamyl-cysteinyl-glycine, GSH) and its precursor of γ-glutamyl-cysteine, sulfolipids, 
thionins, thioazoles, and others, as well as a large number of secondary compounds specific to certain 
species and/or induced only under particular conditions. Inorganic sulfur is mainly present as sulfate, 
because sulfite (SO3

=) and sulfide (SO2
=) are metabolized at high rates and their tissue concentrations are 

usually kept very low. Total Sulfur contents and the ratio of inorganic to organic S in tree tissues may vary 
according to the species, the tissue type, environmental conditions, developmental stage, seasonal 
fluctuations, and supply with S and other nutrients [16]. [17] Studied the effects of pre-plant sulfur (S) 
sources on “Festival” strawberry growth and yield. Plots treated with elemental sulfur (90% S), polymer-
coated ammonium sulfate (20% N and 23% S), ammonium sulfate nitrate (26% N and 14% S) and 
ammonium sulfate (21% N and 24% S), had the highest total marketable fruit weights as compared with 
control plots. The data indicated that the strawberry total yield increases can be attributed to the use of pre-
plant fertilizer sources containing sulfur.     

This study aimed to determine the effect of foliar spray with chelated iron (Fe-EDDHA), soil 
application with iron filings and agricultural sulfur on growth and yield characteristics of strawberry cv. 
Cadonca in Duhok Governorate. 
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II- Materials and Methods 
This study was carried out in 2013-2014 season on strawberry plants (Cadonca cultivar) planted in 

horticulture orchard at the Faculty of Agriculture / University of Duhok. The plants of Cadonca strawberry 
were obtained from Malta Agricultural Research Center on October 4, 2013. The plants were planted in 
white pots (20*30cm size) in clay loam soil mixed with equaled amount of sheep manure on October 5-10, 
2013. 

A factorial experiment in Randomized Complete Block Design (RCBD) was including three factors 
with their interactions. The first factor was foliar spray with three concentrations of iron (0, 50 and 100 mg 
Fe l-1) using a chelated iron Fe-EDDHA (6% iron) under the commercial name Sequestrene as a source of 
iron on March 19, 2014 (10 days before blooming). The second factor was soil application of iron filings at 
two levels (0 and 10g filings plant-1), filings was applied in the first week of January, 2014 by work bands 
around the plants, then covered by the soil. The third factor was soil application of agricultural sulfur (96% 
sulfur) at two levels (0 and 10g S plant-1), sulfur was applied in the first week of December 2013, by work 
bands around the plants, then covered by the soil. The experiment was consisted of 12 treatment 
combinations (3 x 2 x 2) with three replications and four plants per each experimental unit [18]. The data 
were statistically analyzed using SAS program [19]. The differences between various treatment means were 
tested with Duncan’s test at 5% level. During the harvest period (April 17, 2014 to June 5, 2014), the yield 
per plant was recorded. The determination of fruit characteristics including total soluble solid (TSS %) 
measured by using table refractometer and total acidity (%), measured by titration of sodium hydroxide solution (0.1 

N) as percentage of citric acid [20 and 21]. Leaves dry matter percentage was determined for the four mature 

leaves of fourth plants of each experimental unit after the last harvest. Total chlorophyll was determined by 
chlorophyll meter SPAD-502. Samples of 0.5g of grinded leaves were taken for digestion by using the mixture 
of sulfuric acid and perchloric acid [22]. The samples were diluted and then the chemical analysis was 
conducted. The element of Fe was determined by Atomic Absorption Spectrophotometer [23]. 
 

III- Results and Discussion  

Leaf Iron Content (mg l-1) 

           Table (1) displays that spraying strawberry plants with 50 and 100 mg chelated iron l-1 and iron 
filings applications (10 g plant-1) significantly increased leaf iron content in comparison with the control. 
Whereas, there was no significant differences between the means of leaf iron content as a result of sulfur 
application. 

Concerning the interactions of iron filings + sulfur, iron filings + chelared iron and sulfur + chelated 
iron, results in (Table 1) show that the interaction between 10g iron filings plant-1 + 10g S plant -1, 10g iron 
filings plant-1 + 100mg chelated iron l-1 and 10g S plant -1 + 100mg chelated iron l-1 gave the highest 
significant values 160.86, 171.28 and 181.1 mg. Fe. Kg-1 , respectively. In respect of the interaction of the 
three studied factors, the interaction effect of 0g iron filings plant-1 + 10g S plant-1 +100mg chelated iron l-1 
gave the highest leaf content of iron (188.93 mg. kg-1).  

      
Table (1): Effect of chelated iron, iron filings, sulfur and their interactions on leaf iron content (mg. Fe. Kg-1 dry 

wt.) of Cadonca strawberry plants.   

Iron Filings (g  

plant-1) 

 Sulfur (g  plant-1) Chelated Iron (mg  l-1) Iron filings + 

Sulfur 

Mean of 

iron filings 
0 50 100 

0 0 118.87 d 140.27bcd 149.53 bcd 136.22 b 145.22 b 

10 127.73 cd 146 abc 188.93 a 154.22 a 

10 0 143.2 bcd 165.47 ab 169.3 ab 159.32 a 160 09 a 

10 151.77bcd 157.53abc 173.27 ab 160.86 a 

Iron Filings + 0 123.3 d 143.13 cd 169.23 ab Mean of Sulfur  
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Chelated Iron 10 147.48 bc 161.5 abc 171.28 a  

Sulfur + 

Chelated Iron 

0 131.03 c 152.87 bc 159.42 b 147.77 a  

10 139.75 bc 151.77 bc 181.1 a 157.54 a  

Mean of Chelated Iron 135.39 c 152.32 b 170.26 a   

* Means of each factor and their interactions followed by the same letters are not significantly different from 

each other according to Duncan’s test at 5% level.  

 

Leaf Total Chlorophyll Content (%) 

It is obvious from Table (2) that spraying strawberry plants with 50 and 100 mg chelated iron l-1 
and iron filings applications (10 g filings plant-1) significantly enhanced leaf total chlorophyll content as 
compared with the control. While, there were no significant differences in leaf total chlorophyll content for 
sulfur application. 

Regarding the interaction of iron filings + sulfur, filings + iron and sulfur + iron, results in Table ( 
2) displayed that the interaction between 10g filings plant-1 + 10g S plant -1, 10g filings plant-1 + 100mg Fe l-1 
and 10g S plant -1 + 100mg Fe l-1 gave the highest significant values of leaf total chlorophyll content 37.48, 
39.13 and 38.27 % , respectively. The tri interaction of 10 g iron filings plant-1 + 10 g S plant-1 +100 mg 
chelated iron l-1 gave the highest value (39.26 %). 

 
 

Table (2): Effect of chelated iron, iron filings, sulfur and their interactions on leaf total chlorophyll content (%) 

of Cadonca strawberry. 

* Means of each factor and their interactions followed by the same letters are not significantly 

different from each other 

   according to Duncan’s test at 5% level. 
 

Leaf Dry Matter Percentage (%) 

Table (3) reveals that there were significant differences in leaf dry matter percentage as a result of 
foliar spraying with chelated iron (50 and 100 mg chelated iron l-1) and soil application of  iron filings (10 g 
iron filings plant-1). While, sulfur application did not show any significant effect on leaf dry matter. 

The significant effect on leaf dry matter was found in interaction of 10 g iron filings plant-1 + 10 g S 
plant -1, 10 g iron filings plant-1 + 100 mg chelated iron l-1 and 10 g S plant -1 + 100 mg chelated iron l-1 by 
giving the highest significant values of leaf dry matter percentage 40.53, 41.63 and 41.09 % , respectively. 
The highest value of leaf dry matter (42.54 %) was obtained when strawberry plants were treated with 10g 
filings plant-1 + 10g S plant-1 +100mg Fe l-1.       

 

Iron Filings (g. 

plant-1) 

 Sulfur       

(g. plant-1) 

Chelated Iron (mg. l-1) Iron Filings 

+ Sulfur 

Mean of 

Iron Filings 
0 50 100 

0 0 31.19 d 35.68 abc 35.72 abc 34.19 b 34.29 b 

10 31.91 cd 33.97 bcd 37.29 ab 34.39 b 

10 0 33.88 bcd 36.71 ab 38.99 a 36.53 ab 37.00.a 

10 36.11 abc 37.06 ab 39.26 a 37.48 a 

Iron Filings + 

Chelated Iron 

0 31.55 c 34.83 b 36.50 ab Mean of 

Sulfur 

 

         10 35.00 b 36.89 ab 39.13 a  

Sulfur + 

Chelated Iron 

0 32.54 c 36.20 ab 37.35 a 35.36 a  

         10 34.01 bc 35.52 ab 38.27 a 35.93 a  

Mean of Chelated Iron 33.27 c 35.86 b 37.81 a   
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Table (3): Effect of chelated iron, iron filings, sulfur and their interactions on leaf dry matter percentage (%) of 

Cadonca strawberry. 

Iron Filings 

 (g plant-1) 

Sulfur 

 (g. plant-1) 

Chelated Iron (mg. l-1) Iron Filings + 

Sulfur 

Mean of 

Iron Filings 
0 50 100 

0 0 34.07 d 40.09 abc 38.89 bc 37.68 c 37.95 b 

10 37.34 c 37.64 c 39.65 bc 38.21 bc 

10 0 38.69 bc 38.65 bc 40.73 ab 39.36 ab 39.95 a 

10 39.15 bc 39.91 abc 42.54 a 40.53 a 

Iron Filings + 

Chelated Iron 

0 35.70 c 38.86 b 39.27 b Mean of 

Sulfur 

 

10 38.92 b 39.28 b 41.63 a  

Sulfur + 

Chelated Iron 

0 36.38 c 39.37 ab 39.81 ab 38.52 a  

10 38.25 b 38.78 b 41.09 a 39.37 a  

Mean of Chelated Iron 37.31 c 39.07 b 40.45 a   

* Means of each factor and their interactions followed by the same letters are not significantly different from 

each other according to Duncan’s test at 5% level. 
 
 

Plant Yield (g. plant-1) 

Spraying strawberry plants with chelated iron (50 and 100 mg chelated iron l-1) and iron filings 
application (10 g iron filings plant-1) was significantly effective in increasing plant yield of strawberry (Table 
4). No significant difference was found as a result of sulfur application to the strawberries plants. 

Concerning the interaction of iron filings + sulfur, iron filings + chelated iron and sulfur + chelated 
iron, from (Table 4), the results displayed that the interactions between 10 g iron filings plant-1 + 0 g S plant -
1, 10 g iron filings plant-1 + 100 mg chelated iron l-1 and 10 g S plant -1 + 100 mg chelated iron l-1 
significantly increased plant yield 114.12, 119.92 and 123.09 g  plant-1 , respectively. The interaction of 10 g 
iron filings plant-1 + 10 g S plant-1 +100 mg chelated iron l-1 gave the highest yield reaching to 126.33g. 
plant-1.     

 
Table (4): Effect of chelated iron, iron filings, sulfur and their interactions on plant yield (g. plant-1) of Cadonca 

strawberry. 
Iron Filings  

(g. plant-1) 

       Sulfur  

(g. plant-1) 

Chelated Iron (mg. l-1) Iron Filings 

+ Sulfur 

Mean of Iron 

Filings 
0 50 100 

0 0 49.56 e 92.85 bcd 114.61 ab 85.67 c 99.21 b 

10 108 a-d 110.41abc 119.85 a 112.75 ab 

10 0 116.71 a 112.14 abc 113.51 abc 114.12 a 108.06 a 

10 87.76 d 91.9 cd 126.33 a 102.00 b 

Iron Filings + 

Chelated Iron 

0 78.78 c 101.63 b 117.23 a Mean of 

Sulfur 

 

10 102.24 b 102.02 b 119.92 a  

Sulfur + 

Chelated Iron 

0 83.14 d 102.50 bc 114.06 ab 99.90 a  

10 97.88 c 101.16 bc 123.09 a 107.38 a  

Mean of Chelated Iron 90.51 c 101.83 b 118.58 a   

* Means of each factor and their interactions followed by the same letters are not significantly different from 

each other according to Duncan’s test at 5% level. 
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Fruit Total Soluble Solids (TSS %) 

Table (5) displays significant increase in fruit TSS percentage as a result of foliar spraying with 
chelated iron (50 and 100mg Fe l-1) and soil application of iron filings (10g iron filings plant-1). Whereas, no 

significant difference was found as a result of sulfur application to the strawberries plants. 
Regarding the interaction of iron filings + sulfur, iron filings + chelated iron and sulfur + chelated 

iron, from Table (5) shows that the interactions between 10 g iron filings plant-1 + 10 g S plant -1, 10 g iron 
filings plant-1 + 100 mg chelated iron l-1 and 10 g S plant -1 + 100 mg chelated iron l-1 were the best binary 
interaction which significantly increased fruit TSS % (10.69, 11.02 and 10.68 % respectively). The 
interaction of 10 g iron filings plant-1 + 10 g S plant-1 +100 mg chelated iron l-1 was the best interaction 
treatment in increased fruit TSS percent, which gave the highest value (11.22 %). 
 

Table (5): Effect of chelated iron, iron filings, sulfur and their interactions on fruit TSS (%) of Cadonca 

strawberry. 

* Means of each factor and their interactions followed by the same letters are not significantly different from 

each other according to Duncan’s test at 5% level. 
Fruit Total Acidity (%) 

Table (6) shows that the three studied factors caused non significant increases in fruit total acidity. 
In respect of all interactions of the studied factors, the effects were non significant on fruit total acidity 
percentage. 
Table (6): Effect of chelated iron, iron filings, sulfur and their interactions on fruit total acidity (%) of Cadonca 

strawberry. 

Iron Filings  

(g. plant-1) 

       Sulfur 

 (g. plant-1) 

Chelated Iron (mg. l-1) Iron Filings 

+ Sulfur 

Mean of Iron 

Filings 
0 50 100 

0 0 9.17 d 10.37 abc 10.52 abc 10.02 b 9.92 b 

10 9.45 cd 9.87 bcd 10.15 a-d 9.82 b 

10 0 10.4 abc 10.77 ab 10.82 ab 10.66 a 10.67 a 

10 10.29 abc 10.56 abc 11.22 a 10.69 a 

Iron Filings + 

Chelated Iron 

0 9.31 c 10.12 b 10.34 ab Mean of 

Sulfur 

 

10 10.34 ab 10.66 ab 11.02 a  

Sulfur + 

Chelated Iron 

0 9.78 c 10.57 ab 10.67 a 10.34 a  

          10 9.87 bc 10.22 abc 10.68 a 10.26 a  

Mean of Chelated Iron 9.83 b 10.39 a 10.68 a   

Iron Filings 

(g. plant-1) 

 Sulfur  

(g. plant-1) 

Chelated Iron (mg. l-1) Iron Filings 

+ Sulfur 

Mean of 

Iron 

Filings 
0 50 100 

0 0 0.327 a 0.303 a 0.373 a 0.334 a 0.344 a 

10 0.350 a 0.350 a 0.362 a 0.354 a 

10 0 0.354 a 0.303 a 0.373 a 0.344 a 0.350 a 

10 0.383 a 0.358 a 0.327 a 0.356 a 

Iron Filings + 

Chelated Iron 

0 0.338 a 0.327 a 0.368 a Mean of 

Sulfur 

 

10 0.369 a 0.331 a 0.350 a  
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* Means of each factor and their interactions followed by the same letters are not significantly different from 

each other according to Duncan’s test at 5% level. 

 
Spraying strawberry plants with iron chelated at 50 and 100mg. Fe. l-1 and iron filings alone or with 

sulfur was significantly effective in increasing each of leaf iron content, leaf total chlorophyll content, leaf 
dry matter percentage, plant yield, and fruit total soluble solids (Tables, 1, 2, 3, 4, and 5). These results are in 
accordance with those obtained by [24 and 13] on strawberry; [25] on peach trees and [26] on apple trees. 
Thus, the increases in each of above characteristics might be attributed to the role of iron in increasing leaf 
iron content (Table 1) and chlorophyll content in leaves (Table 2). These results might be interpreted that 
iron was implicated as a co-enzyme in the synthesis of the chlorophyll [27], and participated as a co-enzyme 
in the chlorophyll synthesis and as active components of cytochromes [28], finely that iron possessed a role 
in the condensation of glutamate to ∂- aminolevulinic acid and facilitated the conversion of Mg-protophyrin 
lX methyl ester to protochlorophyllide which were the two main steps in chlorophyll synthesis [29]. In 
addition, iron is involved as an active factor in the  structure of some enzymes such as catalase, peroxidase 
and cytochrome oxidase that act to activation of many physiological processes in plants [3], All these will be 
leading to increase quickness and products of photosynthesis that used in different growth processes [30, 24 
and 13], which cause increasing leaf dry matter (Table 3), this might lead to increase the roots growth and 
distribution in the soil, more absorption of elements (Table 1) and more use of these elements in the 
metabolic process [31], which lead to improve tree yield and its characteristics [32], this was clear in (Tables 
4 and5).   

Sulfur application did not affect significantly on studied parameters, while its effect in interaction with 
chelated iron and iron filings come from  the synergism effect of iron. 

 

IV- Conclusion  

According to the above results, it can be concluded that strawberry spraying with chelated iron (Fe-
EDDHA) or in form of filings caused significant increase in growth vegetative and yield characteristics of 
strawberry cv. Cadonca. Whereas, the effect of sulfur was no significant with all studied parameters. On the 
other hand, iron in the form of filings can be recommended instead of chelated iron. 
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