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ABSTRACT: In order to determine the effect of compost and vermicompost enriched with iron and zinc 
on iron and zinc nutritional status of peach trees a randomized complete block design with three 
replications carried in agro-industry and livestock cooperation of Moghan in Parsabad town of Ardabil 
province. Treatments included manure compost, vermicompost manure, vermicompost enriched with 
iron and zinc, vermicompost enriched with iron, zinc and sulfur, vermicompost enriched with sulfur, 
vermicompost enriched with iron filings, and control. Data were analyzed using SAS software. Duncan's 
multiple range test was used for mean comparison. The results showed that the concentration of iron, 
zinc and chlorophyll of peach leaves in various treatments was statistically different (p<0.05). The 
maximum concentrations of iron, zinc and chlorophyll of leaves, were observed in treatments that 
vermicompost enriched with iron, zinc and sulfur.  
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INTRODUCTION 
 

 Iron the fourth most abundant element in the lithosphere of the Earth, after oxygen, silicon and aluminum. Most 
of the iron in the crust is ferromagnesian silicate. Weathering of these compounds in soil occur by a combination of 
hydrolysis and oxidation reactions. Iron released by more weathering processes precipitate as oxide or hydroxide 
and only a small portion of the iron remain in secondary silicate minerals or combined with organic matter (Chen 
and Barak 1982). Pot and farm research trials conducted in different soil and nutrient solution are shown that 
calcareous soils with poor aeration, high levels of CaCO3 and HCO3

-
 are major factors of plants iron chlorosis. 

Mechanisms of iron uptake by plant roots can be classified according to two strategies (Baker and Kilpin, 1992): 
The strategy I found in dicot non grasses higher plants, are characterized by four types of physiological reaction 
that included: Increased release of hydrogen ions, transfer cell formation rhizoderm, increased reduction of trivalent 
iron, increased release of chelating compounds or reducing agents. Strategy II is limited to species of grasses and 
phytosiderophore secretion is activated during exposure to iron deficiency by these plants species (Tagliavini et  al., 
200). Critical levels of iron in leaf and meristematic tissue is 50 to 150 and 200 mg/kg based on total Fe 
respectively. Other hand, critical level based on active Fe in meristematic tissue is 60 to 80 mg/kg (Jones et  al., 
1991). Rocks of the crust have higher zinc element. Minerals such as hornblende, augite, biotite maybe contain 
zinc. Zinc salts such as ZnO, SnO2, ZnS, ZnTiO3 and ZnSiO4 constitute important resources of the soils zinc. The 
exchangeable forms of Zn in calcareous and organic materials and the forms of ZnOH, Zn

2+
 or ZnCl

-
 can be seen 

on the soil surface (Hemantaranjan, 1996). Zinc is one of micronutrients for plants. Zinc deficiency is common in 
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cultivated soils and causing economic damage ( Johnson and Weinbaum, 2007). There are several reasons for 
zinc deficiency, such as existence of carbonate in the soil, pH extremes, the presence of bicarbonate in irrigation 
water, consumed over the need from phosphate fertilizers and don’t using from zinc fertilizers. The critical 
concentration of zinc is about 15 to 20 mg/kg dw (Malakuti and  Lotfollahy,1999). 
 Increase the amount of soil organic matter may significantly increase the cation exchange capacity. With 
increasing of compost amount in the soil, as well as increased the amount of nutrients (Edward, 1998). Combined 
application of vermicompost and chemical fertilizers improve micronutrients availability for plants. Organic matter 
efficiency in removing of micronutrients deficiency dependent on the composition of organic material, the ability of 
these materials in complex formation with iron and it′s sustainability (Hastrom, 1984). Hellal (2007), reported that 
compost increases the amount of soluble, exchangeable, acid-soluble iron in the soil and iron linked with organic 
matter. Chen et al. (1982), successfully eliminate chlorosis due to iron deficiency by mixed mineral dissolved and 
iron salts with organic material such as manure, compost, sewage sludge and peat. 
 According to the importance of iron and zinc nutrition for plants, especially fruit trees, this investigation have 
been made to study the shortage and recommend appropriate and economic solution to overcome this deficiency 
in peach trees. 
 

MATERIALS AND METHODS 
 

Studied area 
 This experiment was implemented at fruit orchards of agro-industry and livestock cooperation of Moghan in 
Parsabad town of Ardabil province. Number of 99 Dixie Peach trees was marked and enclosed by the rubber band. 
 
Compost and vermicompost production 
 To produce compost enough manure in the dimensions 100 × 120 × 300 cm

3
 were placed on the concrete bed. 

Moisture content of the material was adjusted to 60% saturation and was aerated once a week. After 4 months, the 
produced compost was air-dried (Cm). produced compost were poured on perforated wooden boxes with 
dimensions 50 × 50 × 70 cm

3
 and at 60% saturation moisture, 300 Eisenia foetida worms were added to each box. 

Boxes were maintained in the greenhouse condition at 20- 30°C. Vermicompost were prepared after 4 months. 
After separation of the worms, vermicompost were screened and air-dried (Vm). For enrichment, ferrous sulfate 
(24% Fe) and zinc sulfate (34% zinc), sulfur powder (purity 100% sulfur) selected and each of them to 5 percent 
and iron filings to 10 percent by weight were mixed with vermicompost. Finally, the following treatments were 
produced to run the experiment: Control(T0), compost(Cm), vermicompost(Vm), Vermicompost enriched with iron 
and zinc(Vm.Fe+Zn), Vermicompost enriched with iron, zinc and sulfur(Vm.Fe+Zn+S), Vermicompost enriched with 
sulfur(Vm +S), Vermicompost enriched with iron filings(Vm +ID) 
 
Chemical and physical characterization of soil samples, compost and vermicompost  
 Compound soil sampling took before the treatments from 0-30 and 30-60 cm deeps of beneath the drippers. 
After air drying and sieving through 2 mm, some of the chemical characteristics such as pH (saturation mud, 
potentiometric method), EC (saturation extract, conductivitimetery method), O.C% (wakley-Black method), 
available phosphorus (colorimetric molybdate blue method), available potassium (flame photometric method), total 
nitrogen (Kjeldahl method) were measured. Extracted Fe, Zn by using the AB-DTPA were determined by atomic 
absorption (Aliehyayi and Behbahanizadeh,1993), the main physicochemical characteristics of the soil are 
summarized in Table 1.  
 Simple sampling of compost and vermicompost were done and some of the chemical properties such as pH 
(1:10 ratio of compost to water , by potentiometric method), EC( extract of 1:10 ratio of compost to water, by 
conductivitimetery method), O.C% ( wakley-Black method), total nitrogen (Kjeldahl method), available phosphorus 
(colorimetric molybdate blue method) and available potassium ( flame photometric method) were measured ( 
Aliehyayi and Behbahanizadeh, 1993). One gram from compost and vermicompost were incinerated in an electric 
furnace at  temperature of 550°C, then digested and extracted by 2N HCl. The prepared extract was used to 
measure the total concentration of Fe and Zn, by Elmer Model 640 atomic absorption spectrophotometer (Wright 
and Stuczynski, 1996); the main physicochemical characteristics of the compost and vermicompost treatments are 
summarized in Table 2. 
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Table 1. Soil characteristics of peach trees before applying treatments 
Zn 
(mg/kg) 

Fe 
(mg/kg) 

O.C 
% 

N 
% 

Pavailable 

(mg/kg) 
Kavailable 

(mg/kg) 
EC 
(dS/m) 

pH Deep of soil 

5.7 3.17 0/2  0.173 28.6 827 1.0 7.8 0-30cm 

3.3 2.0 2/1  0.087 8.5 450 1.2 7.8 30-60cm 

 
Table 2. Chemical properties of compost, vermicompost and enriched vermicompost  

Cm Vm VmFe+Zn VmFe+Zn+S VmS VmID properties 

9.12 8.68 7.82 7.24 6.6 8.05 pH 
7.17 3.64 8.69 7.54 9.14 8.26 EC (dS/m) 
26.4 25.8 24.9 23.5 25.2 20.6 O.C% 
1.54 1.86 1.94 1.93 1.8 1.39 N% 
0.42 1.05 0.79 0.66 0.65 0.83 P% 
0.52 0.34 0.36 0.3 0.32 0.28 K% 
7956 8566 9860 9975 7136 8633 Fe (mg/kg) 
152 275 496 563 259 196 Zn(mg/kg) 
17.14 13.87 12.83 12.17 13.46 14.8 C/N 

*Compost (Cm), vermicompost (Vm), Vermicompost enriched with iron and zinc (VmFe+Zn), Vermicompost enriched with iron, zinc and 
sulfur(VmFe+Zn+S), Vermicompost enriched with sulfur(VmS), Vermicompost enriched with iron filings(VmID) 

 
Apply treatments 
 In the spring before the flowers bloom, 10 kg of compost, vermicompost and enriched vermicompost was 
poured at holes of trees around and it was covered with soil. Two month after the imposition of treatments, 
chlorophyll content of the 3 youngest fully expanded leaf of each tree was measured using chlorophyllmeter. In 
order to plant analysis, were prepared from each tree 40 youngest leaf sample. The after washing leaves with 
distilled water and remove its moisture, samples were dried at 65°C for 48 h then samples were grind and passed 
through a sieve of 40 mesh. One gram of plant material was incinerated at 550°C and was extracted by for 2 N 
HCl. Available phosphorus (by colorimetric molybdate blue method) (Olsen and Sommers, 1982) and Fe, Zn were 
measured by atomic absorption (Jones et al., 1991). Quality characteristics such as fruit juice pH with a pH meter, 
the percentage of total soluble solid (Brix) with refrectrometer, volume with graduated cylinders, weighing and fruit 
diameter with calipers was measured.  
 
Statistical analysis 
 The used statistical design was a randomized complete block. Differences in means between treatments were 
tested by one-way ANOVA.  Duncan's multiple range test was used for comparison of means (p<0.05). Data 
analysis was performed by SAS and SPSS softwares. 
 

RESULTS AND DISCUSSION 
 

 Some chemical properties of the soil at depths of 0-30 and 30-60 cm was showed at table 1. Soil pH was 
neutral to weak alkaline and this soils have not a problem of salinity. Nutritional status of the studied soil was as 
follows: Potassium and nitrogen levels were adequate. The amount of phosphorus in the top soil is above the 
critical level (15 ppm), but in the subsoil is near the critical level. Iron and zinc amounts in the soil are below the 
critical level therefore they are in deficient state. Herrera (2000), reported sufficient range of iron and zinc in the soil 
are 5.2 to 5.4 mg/kg and 0.5 to 1.0 mg/kg respectively. 
 Compost, vermicompost and enriched vermicompost with different characteristic are given in Table 2. pH 
reduction were observed in all treatments of vermicompost respect to compost, that maybe due to the formation of 
sulfuric acid and earth worms activity (Atiyeh et al., 2000). EC of vermicompost treatments except for 
vermicompost enriched with iron and zinc were lower than compost. Increase the electrical conductivity of 
vermicompost enriched with iron and zinc can be originated from solubility of zinc and iron mineral salts. 
Hashemimajd et al. (2006), confirmed that pH and EC of manure decrease during production process of 
vermicompost. Vermicompost compared to compost, contain lesser O.C% and greater total nitrogen then its C/N 
ratio is less than compost that indicate advanced decomposition. Lower C/N be due to the decomposition of 
organic matter and emission carbon as CO2(Thompson  and Nogales, 1999). The other nutrients concentration 
except potassium was in vermicompost higher than compost. Hashemimajd et al. (2004), reported that the amount 
of other nutrients, exception nitrogen and potassium is in vermicompost much higher than manure that prepared 
from cattle manure. Potassium loss is due to leaching during treatment. The researchers reported that during the 
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vermicomposting process, concentrations of phosphorus increased and phosphorus concentration in standard 
compost is 0.3 to 1 percent. (Handreck, 2001). Vermicompost enriched with iron and zinc caused a significant 
increase in iron and zinc availability of vermicompost. Ferrous sulfate was more effective than iron filings in 
efficiency of vermicompost in increase of iron availability.  
 Analysis of variance show that the different treatments has significant effect (p< 0.05) on zinc, iron and 
chlorophyll concentrations of the leaves (table 3). Mean comparison shows that the treatments of vermicompost 
and enriched vermicompost exception treatment of vermicompost that enriched with sulfur, increased 
concentrations of iron in the leaves. Also, all of the treatments exception vermicompost treatment in comparison 
with control, increased concentrations of zinc in the leaves. Moreover, the mean comparison showed that the 
highest concentration of chlorophyll is in the treatment that vermicompost enriched with iron, zinc and sulfur (Vm Zn 

+ Fe + S) (Table 4). These results show: the best treatment that increase concentration of zinc, iron and chlorophyll in 
the leaves simultaneously is vermicompost that enriched with iron, zinc and sulfur. In this treatment, presence of 
sulfur, in addition to earthworms activity lead to decrease pH and increase absorption of iron and zinc. The 
researchers said that the high pH in calcareous soils decrease availability of zinc and iron. In addition, high 
concentrations of bicarbonate limit zinc and iron transport to branches then decrease of pH can be overcome these 
barriers (Marschner, 1995). Investigators stated that mixing and incubating inorganic iron salts with organic matter 
increase efficiency of organic matter for removing of iron deficiency (Tagliavini et al., 2000).  
 Zarrouk et al.  (2005), stated that there is positive and significant correlation between the concentration of 
phosphorus, iron and zinc and chlorophyll content. In other treatments significantly were increased the chlorophyll 
content, although this effect was not statistically significant. Liming et al. (2005), showed that produce of iron 
chelating from organic compounds in the soil are leaded to increase of concentrations of chlorophyll. This result 
demonstrate the positive effects of treatments applied for the remove of symptoms caused by deficiency of zinc 
and iron. 
 

Table 3. Analysis of variance of leaves nutritional status 

 
 
 
 
 
 
 
 

*: significant at p<%5   ns: non significant 

 
Table 4. compare mean of different treatments effect on nutrient concentration in the leaves of peach trees 

control VmID
 

Cm
 

Vm
 

VmFe+Zn
 

VmFe+Zn+S
 

VmS 
 

c
 5 .20

 
44.3

a
 

c
 9 .24

 a
 6 .55

 ab
 9 .40

 a
 4 .54

 
38

abc
 Fe

 

c
 82 .6 20.4

ab
 

ab
 6 .19 

bc
 7 .13 22

 ab
 

a
 6 .27 

b
 18.3 Zn 

a
 32 .0 0.35

a
 

a
 49 .0 

a
 38 .0 

a
 48 .0 

a
 2 .0 

a
 0.24 P 

b
 05 .24 25.1

b
 

b
 2 .24 

b
3.25 

b
 6 .24 

a
 7 .27 

b
 1 24. chlorophyll 

*Compost (Cm), vermicompost (Vm), Vermicompost enriched with iron and zinc (VmFe+Zn), Vermicompost enriched with iron, zinc and 
sulfur(VmFe+Zn+S), Vermicompost enriched with sulfur(VmS), Vermicompost enriched with iron filings(VmID) . Means in each row followed by same 

letter are not significantly different (p<0.05) 

 
 Analysis of variance fruit quality characteristics of peach trees show that pH, weight and volume of fruits have 
significantly difference in levels of treatments (p<0.05) (table 5). The mean comparison indicate that compost 
treatment in comparison with vermicompost enriched with iron filings and vermicompost enriched with iron and zinc 
significantly increased fruit juice pH; But, between each of the manure treatments and control was not significantly 
difference. The compost and vermicompost that enriched with iron and zinc in comparison with control, significantly 
increased fruit weight. Furthermore, each of the manure treatments (exception vermicompost enriched with sulfur 
treatment) in comparison with control, significantly increased fruit volume (Table 6).  
 The result of this study showed that the use of enriched organic matter, improved significantly nutritional 
status. Treatment of vermicompost that enriched with iron, zinc and sulfur, was observed that have highest 
beneficial effects on concentration of iron, zinc and chlorophill of leaves and other qualitative characteristics. 

Change sources  

 
treatment block 

CV 
F 

Fe 5.82
*
 0.83ns 24.23 

Zn 7.05
*
 1.39ns 23.38 

P 0.42
ns

 0.25ns 25 
chlorophyll 3.31

*
 0.49ns 5 
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Table 5. Analysis of variance of fruit quality characteristics 
Change sources 

 
treatment block 

Error CV 
F 

pH 0.59 0.73
*
 - 25 

Dissolved 
sugar 

0.19 0.86
ns

 - 22 

Weight 0.5 0.36
*
 - 15 

Volume 0.44 0.76
*
 - 5 

diameter 0.053 0.45
ns

 - 10 

*: significant at p<%5   ns: non significant 

Table 6.  mean comparison of the effect of different treatments on  quality characteristics of fruit tree Peach 
control Vm,ID Cm Vm Vm,Fe+Zn Vm,Fe+Zn+S Vm, +S  
ab  32 .6 b  08 .5 a  5 .6 ab  82 .5 b  5 .5 ab  38 .6 ab  75 .5 pH 
a  23 .11 a  93 .10 a  4 .12 a  07 .10 a  6 .10 a  53 .10 a  47 .11 Dissolved sugar 
a  62 .4 a  8 .5 a  31 .5 a  66 .5 a  73 .5 a  21 .5 a  29 .5 Diameter( cm) 
b  7 .106 ab  131  a  9 .138 ab  2 .136 a  137  ab  9 .133 ab  9 .112 Weight(gr) 
b  6 .106 a  130  a  3 .133 a  6 .136 a  3 .133 a  3 .133 b  3 .113 Volume( cm3) 
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