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The aim of this study was to investigate the effect of municipal compost (MC) application on micro
elements concentration in soil and tissues of medicinal plant of mint. This study was carried out in a
split plot based on complete randomized block design in three replications in the field of the University
of Agricultural Sciences and Natural Resources of Sari, Iran. The main plot was of six fertilizer levels (T,
= control, T, = chemical fertilizer according to soil test, Tz = 20 ton/ha compost + 1/2 treatments of T,, T,
= 20 ton/ha compost, Ts = 40 ton/ha compost + 1/2 treatments T, and T = 40 ton/ha compost) and the
sub plot was applied as follows: one year, two non-consecutive years, two consecutive years, three
nonconsecutive years, three consecutive years and four consecutive years. The results show that the
fertilizer treatments and the years of application had significant effects on the concentration of micro
elements in medicinal plant of mint and also in soils. The compound effect of fertilizer treatments and
years of application were significant on the concentration of Zn, Fe, Mn, Cu, whereas it was not
significant on the concentration of Mn in the plant root and also on the concentration of Cu, Fe and Zn

in the plant leaves.
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INTRODUCTION

Organic cultivation is one of the methods that enjoy a
special place in today’s agriculture. The aim of organic
cultivation is to increase the soil organic matter and
maintain soil fertility in the long run. Rich sources of
organic matter contain nitrogen (N), phosphorus (P),
potassium (K) and sulphur (S) needed to form organic
matter and micro elements. Composting process gene-
rally include a wide range of livestock, such as poultry,
sewage sludge, municipal solid waste, food, paper used
alone or a mixture of these elements. Municipal compost
as an organic fertilizer can serve as a valuable economic
resource in agriculture (Beigi, 1997; Beigi and Hejazi,
2004; Astaraei, 2006). The use of compost in the soil is a
suitable method for maintaining organic matter and
nutrient elements of the soil needed for plants growth
(Mirzaei et al., 2009). Superiority of organic fertilizers,
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such as compost over other materials is due to their
capa-city to produce fertile soil. They act quickly in a
short period of time and they have multiple beneficial
effects on the availability of micro elements needed for
soil and plants (Mamo et al., 1998). Heaf et al. (2007)
investigated the effect of compost on the amount of micro
elements in the soil and found that compost treated soils
demonstrated a greater concentration of zinc (Zn),
copper (Cu) and iron (Fe) as compared to chemical
fertilizer treated soils. Similarly, other studies investi-
gating the effect of fertilizers and compost on the
chemical properties of the soil in the research site of
Beheshti University showed that the amount of Fe in the
compost treatment was higher than that in control and
fertilizer treatment (Mirzaei et al., 2009). Iglesias (1996)
also studied the effects of compost on soil micronutrients
and conducted an experiment in the Canary region in
Iceland. The results of this experiment indicate that
samples of soil treated with compost are richer in concen-
tration of Zn and manganese (Mn) as compared to



samples of soil treated with inorganic fertilizers.

The use of medicinal plants and herbal medicines is
increasing rapidly all over the world, which shows the
importance of cultivation and production of these plants
(Akbarinia et al., 2003). One of the important needs of
medicinal plants, in order to achieve high performance
and quality, is plant nutritional needs; although, correct
methods can increase the usage of the input's efficiency
(Scheffer et al., 1993; Glyn, 2002). Among the medicinal
plants, 50 species belonging to the mint have been
identified. Very limited number of these species have
medicinal value and are, therefore, consumed by human
(Astaraei, 2006). Spicata species (Mentha spicata) is a
herbaceous perennial plant; although, some have two
types of stem (creeping and underground), their leaves
are joined together; elliptical and sharp (Glyn, 2002). It
flowers in August and September (Heaf et al., 2007). This
plant is normally cultivated by different nationals to make
essence from the 18th century. The main sites for the
cultivation of this plant are located in Britain, North
America, ltaly and France. The medicinal properties of
mint is in its fresh leaves which provide energy and
strengthens the stomach, and can be used as
anticonvulsants (Glyn, 2002; Heaf et al., 2007). This plant
should be grown in fertile lands, with improved soil. In
fact, enough water and abundant nutritional elements is
essential for the growth of mint (Glyn, 2002; Mamo et al.,
1998). Increasing the use of nutrients enhances leaf
photosynthesis and then lead to an increase in protein in
the plant (Marinuri et al., 2000). The lack of elements,
such as Cu, Mn, boron (B) and molybdenum (Mo) play an
important role in reducing performance, yield and
materials produced by this plant. Therefore, the soils that
are under the mint cultivation are tested to remove
deficiencies and these elements are added to the soil in
each year (Glyn, 2002; Walid et al., 2009). In a study, on
the effects of compost on Clover plants, it was found that
compost application during the plant growth increases
uptake of Zn, Cu, Mn, Fe, P and K (Marinuri et al., 2000).
Similarly, Akbarinia et al. (2003) also studied pepper
plants, and found that increasing municipal compost
latex, increased concentration of Fe, Zn, Cu and Mn in
the plant’s shoot. In general, the experiments that investi-
gated effects of organic fertilizer separately or mixed with
chemical fertilizer, are little, but the results review the
quantity and improve the quality of these plants under the
influence of organic and chemical fertilizers (Khandan
and Astaraee, 2004; Mirzaei et al., 2009).

The aforementioned studies and many others indicate
a positive effect for municipal compost as an organic
fertilizer on the amount of absorbent soil micro elements,
and also, the positive effect of these elements is to
increase the performance and quality of medicinal plants.
Therefore, the goal of this study was to use different
levels and frequency of municipal compost to determine
the concentrations of these elements in roots and leaves
of mint plants and the soil under cultivation.
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MATERIALS AND METHODS

This research was conducted in the research field of Agricultural
Sciences and Natural Resources University of Sari (with North
latitude 137, 53° and East longitude 427, 36°) in 2009. This area is
16 m above sea level with a moderate climate. The experiment was
carried out in split plot based on complete randomized block design
in three replications. The main factor included six levels of fertilizer
treatments: (T1 = control, T> = chemical fertilizer (Potasium sulfate
100 kg/ha, super phosphate 100 kg/ha and urea 150 kg/ha), Ts= 20
tons/ha compost mixed and 1/2 of T, treatment, T4 = compost 20
tons/ha, Ts = 40 tons/ha compost mixed and 1/2 of T, treatment and
Ts = compost 40 tons/ha) and subsidiary factor included six levels of
fertilizer application years (one year fertilizer (2006), two
nonconsecutive years fertilizer (2006 and 2008), two consecutive
years fertilizer (2006 and 2007), three nonconsecutive years
fertilizer (2006, 2007 and 2009), three consecutive years fertilizer
(2006, 2007 and 2008) and four consecutive years fertilizer (2006,
2007, 2008 and 2009). The main and subsidiary factors were
applied in the plots with 1.5 to 3 m dimensions. Table 1 shows
some of the characteristics of the control soil (before culture) and
used compost. The mint was planted after applying fertilizers in the
plots, in three rows with 50 cm apart following agricultural
operations which included irrigation and weeding during the growth
period. To determine the effect of the applied fertilizers, the
samples from root and leaves of the plant were taken in flowering
stage. After washing the samples, they were dried in the oven at
70°C temperature for 72 h. After preparing the plant samples,
extract was taken by dry burning and digestion by hydrochloric acid
(HCI) method (Warman and Termear, 2005). Then, the amount of
absorption was determined by atomic absorption spectro-
photometer (AAS) (Planquart et al., 1999). Also, soil samples were
sampled in 0 to 20 cm depth after harvesting plant of mint. The
amount of micro elements absorption in the soil was determined.
The concentrations of extractable Zn, Cu, Fe and Mn in the soil
were determined by DTPA (diethylene triamne pentaacetic acid)
method (APHA, 1998). Finally, the statistical analysis of the data
was performed by using both SPSS and MSTAT C software.

RESULTS AND DISCUSSION
Soil

Table 2 presents the analysis of variances obtained for
the data related to the soil. It is clear that the use of
municipal compost in the soil, the years’ of consumption
of these treatments and also interactions between treat-
ments and years of application had a significant effect on
the concentrations of micro elements in the soil.

The effect of fertilizer treatments on concentrations of
micro elements in the soil was significant at 0.01 level.
The most effect in this relationship was related to Fe, Zn,
Mn and Cu concentration in 40 tons/ha compost, that is,
38.35, 21.30, 11.6 and 11.94 mg/kg. Also, the lowest
concentrations were observed in chemical and control
treatments (Table 3). It is clear from Table 3 that the
combined organic and chemical treatments showed
greater concentrations of these elements in the exchan-
geable form than the chemical fertilizer. This can be
attributed to the positive role of these elements in
producing organic complex and increasing their absor-
bency (Kasia et al., 2002). Yearly consumption of
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Table 1. Some of the chemical properties of the compost and soil.

Measured parameter Soil Compost
pH 7.55 7.41
OC (%) 2.41 22.63
EC (dS/cm) 1.17 10.07
N (%) 0.234 2.03
P (mg/kg) 14.56 45.6
K (mg/kg) 264.86 8485.76
Extractable Zn (mg/kg) 1.02 103.9
Extractable Mn (mg/kg) 7.32 52.41
Extractable Fe (mg/kg) 35.93 273.26
Extractable Cu (mg/kg) 2.21 37.52
Depth (cm) 0-20 -
Texture Siltyclay -
C/N 9.57 -

Table 2. ANOVAs for the changes in the rate of concentration of soil micro elements related to

the fertilizer and year treatments.

Treatment Cu Mn Zn Fe

T 7784.12** 1923.25** 1578.31** 1172.92**
Y 56.96** 49.87** 65.95** 254.76**
TxY 15.20" 20.08* 16.54" 188.55**

T, Fertilizer treatments; Y, year treatment; T x Y, interaction between fertilizer and year treatments;
*Level of significant at P < 0.05; **level of significant at P < 0.01.

Table 3. Comparison of the means of concentration of soil micro elements (mg/kg) related to

fertilizer treatments.

Treatment Cu Mn Zn Fe

T1 4.19° 5.34" 13.32° 21.71°
T2 5.15¢ 6.22° 15.58° 29.85°
T3 7.46° 7.95¢ 17.37° 34.79%
T4 7.79° 9.40° 17.92° 38.71°
T5 9.68° 10.22° 19.07° 40.15°
T6 11.942 11.602 21.30° 43.35°

In each column related to each element, the means which have at least one common letter do not
differ significantly (P < 0.05). Ty = Control; T» = chemical fertilizer; Ts = 20 tons/ha compost + 1/2 T2;
T4 =20 tons/ha compost; Ts = 40 tons/ha compost +1/2 T,; Te = 40 tons/ha compost.

fertilizers had a significant effect on the amount of
exchangeable forms of these elements. The highest
concentration was observed in three and four years
consecutive application, and the lowest concentration
was also related to one year fertilizer application (Figure
1). The interaction between fertilizer treatments and
years of application had significant effect on the concen-
tration of exchangeable forms of micro elements in the
soil. The highest concentrations of Fe, Zn, Mn and Cu
were observed in 40 tons/ha compost with four conse-
cutive years’ application, that is, 45.54, 21.89, 11.49 and

12.01 mg/kg, respectively (Table 4). By comparing the
means (Table 4), it is clear that in every ferilizer
treatments, the lowest concentration is related to one
year application of fertilizer.

The results of this study on the effect of the application
of organic fertilizers on the amount of findings of the
exchangeable form of micro elements in the soil are
similar to the study conducted in Egypt. It investigated the
effect of compost application on the status of soil
nutrients of micro-elements and reported that the amount
of concentrations of Fe, Cu and Mn in soil significantly
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Figure 1. Comparison of the means of concentration of soil micro elements (mg/kg) related to the treatment of consumption
years. In each group of column related to each element, the means which have at least one common letter do not differ
significantly (P < 0.05). A = 2006; B = 2006 and 2008; C = 2006 and 2007; D = 2006, 2007 and 2009; E = 2006, 2007 and

2008; F = 2006, 2007, 2008 and 2009.

increased when combined fertilizer and compost were
used than when chemical fertilizer was used alone
(Malak et al., 2007). Walid et al. (2009) also used five
years 40 tons/ha of compost and reported that the
amount of concentrations of micro elements, that is, Zn
and Cu in soil and in the control treatment (0 to 20 cm of
soil depth) had 67.37 and 35.42% of increase, respec-
tively. They attributed it to the positive role played by
organic material in creating an organic complex with
these elements which increased their capacity. Planquart
et al. (1999) also reported that during their experiments,
focusing on the effects of municipal compost on the
concentration of nutrient elements, with six months
application of 40 tons/ha of compost, the amount of Zn
and Cu elements in the 0 to 10 cm soil depth increased to
39%. Xiaoli et al. (2007), similarly reported that with the
two vyears application of organic fertilizer, greater
concentrations of Zn, Cu and B in the 0 to 20 cm soil
depth was observed when compared with the control.
Kasia et al. (2002), according to results of their experi-
ment, found that with the five months application of
organic fertilizer in the soil, greater concentrations of
elements including Cu, Zn, Mo and Mn in the 0 to 15 cm
soil depth were observed which is consistent with the
results of this study.

Plant analysis

According to the ANOVAs table on plant data, it was

found that the use of municipal compost and the number
of years of its application had significant effect on the rate
of micro element uptake in plant leaves and roots. The
interaction between year and fertilizer about root was
significant in all cases except for the absorption of Mn,
and in the leaves only the amount of Mn and Zn
absorption showed significant difference (Table 5).

Root

The effect of using municipal compost on the rate of
absorption of micro elements in the root was significant at
0.01 level. By increasing the use of compost, rates of
elements nearly doubled when compared with the
control. The highest rate was observed in the 40 tons/ha
compost treatment in which Fe, Zn, Mn and Cu elements
were: 494.43, 46.22, 50.08 and 27.92 mg/kg, respectively
(Table 6). According to the comparison (Table 6), it is
clear that among micro elements, the highest amount is
related to Fe absorption, in fact, it seems that adding
municipal compost to the soil provides exchangeable
form of this element for plant uptake more than other
micro elements, therefore, the more municipal compost is
added, the more absorption is performed by the plant. In
fact, combined application of organic and chemical
fertilizers had a positive effect on the rate of nutrient
absorption in root as compared to when the chemical
fertilizer is used alone. The number of years and their
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Table 4. Comparison of the means of concentration of soil micro elements (mg/kg) related to the interaction

between ferterlizer and years.

Treatment Year

F E c B A
Fe
T1 22.89" 22.49" 21.93" 21.73" 21.88"™ 21.87™
T2 29.819 29.83¢ 28.74" 28.11° 27.48' 26.97"
T3 36.59¢ 36.06™ 33.19" 33.15" 32.62° 31.03°
T4 41.10° 40.52° 37.41 37.45 37.35 36.32"™
T5 40.14' 40.04' 38.949 38.14" 37.08" 36.97¢
T6 45542 45.49° 45412 44.48° 42.93° 41.13¢
Zn
T1 13.64° 12.42% 13.01° 12.94° 13.12% 13.22%
T2 15.92" 15.99" 15.36" 15.16" 14.59™" 14.54™"
T3 17.05 16.72" 16.39' 16.09' 15.89' 15.88'
T4 18.72° 18.75° 17.48' 16.61" 16.51" 16.44
T5 19.429 19.27 19.17 18.53 17.96" 17.94%
T6 21.89° 20.39° 20.94° 19.48° 19.09% 19.03%
Mn
T1 5.51" 5.43" 5.35™ 5.45™ 4.96™ 5.38™
T2 6.37 6.32! 5.90 5.30' 5.15' 5.12'
T3 8.07" 8.05' 7.69° 7.23" 6.86" 6.81"
T4 9.56¢ 9.51¢ 9.54¢ 9.43¢ 9.41¢ 8.9
T5 10.81° 10.51° 10.32b° 10.16° 10.12° 9.13%
T6 11.49% 11.412 11.32% 10.63° 9.92° 9.83°
Cu
T1 4.11™ 4.08" 3.88™" 4.19™ 3.94™ 3.90™
T2 5.13 5.21j 4.45 4.15" 4.09'
T3 7.50%" 7.58%" 7.18" 6.44' 6.39' 6.31'
T4 7.87° 7.96° 7.88° 7.29" 7.19" 6.94"
T5 9.65° 9.28% 8.76° 8.53% 8.55% 8.43°
T6 12.01° 11.54° 11.42° 10.90 10.66° 10.41°

In each group of column related to each element, the means which have at least one common letter do not differ
significantly (P < 0.05). Ty = Control; T. = chemical fertilizer; Ts = 20 tons/ha compost + 1/2 T2; T4 = 20 tons/ha
compost; Ts =40 tons/ha compost +1/2 T,; Tg = 40 tons/ha compost.

A = 2006; B = 2006 and 2008; C = 2006 and 2007; D = 2006, 2007 and 2009; E = 2006, 2007 and 2008; F = 2006,

2007, 2008 and 2009.

pattern had significant effect on the rate of micro
elements absorption in the roots of mint (Figure 2). As
shown in Figure 2, the unconsecutive fertilizer treatments
resulted in low absorption as compared to consecutive
treatments. The maximum absorption of micro elements
was related to the three years of consecutive and more
treatment. Also, the lowest absorption for each element
was observed in one year application of fertilizer
treatment. The interaction between fertilizer and years of
treatment was significant in all micro elements except for
Mn (Table 7). By comparing, the means of micro ele-
ments absorption including Fe, Zn and Cu in the root of

mint, it is clear that the maximum absorption of these
elements is related to the unriched 40 tons/ha compost
treatment with three consecutive years or more con-
sumption for each element in each fertilizer treatment.
The lowest amount of absorption was also observed in
one year application of fertilizer treatment. The maximum
amount of Fe, Zn and Cu absorption in the root were
492.2, 44.73 and 33.7 mg/kg, respectively (Table 7). In
fact, it seems that using organic fertilizers resulted in the
improvement of the absorption of micro elements, due to
the positive effect of these materials on the pore size of
the soil, and the increase in the maintenance of nutrient
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Table 5. ANOVAs for the changes in the rate of concentration (mg/kg) of microelements in root and leaves of mint related to the

fertilizer and year treatments.

Parameter Leaf Root

Cu Mn Zn Fe Cu Mn Zn Fe
T 498.11* 1752.1** 141.16** 681.29** 406.20* 726.18** 231.84** 2269.11**
Y 5.22* 41.34** 8.53* 15.47* 44.01** 26.17* 41.15* 31.36**
TxY ns 11.06 ** 2.49* ns 5.54** Ns 3.32* 5.59**

T, fertilizer treatments; Y, year treatment; T*Y, interaction between fertilizer and year treatments; ns, non significant; *level of significant at
P < 0.05; **level of significant at P < 0.01.

Fe

n
m Mn
mCu

Table 6. Comparison of the means of concentration of micro elements in the root of Mint

(mg/kg) related to fertilizer treatments.

Treatment Cu Mn Zn Fe

T1 11.96' 27.16° 21.92' 184.41°
T2 18.23° 30.21¢ 26.64° 273.44°
T3 20.35° 35.22° 35.16° 335.61%
T4 24.82° 40.17° 39.24° 394.52°
T5 27.82° 49.94° 43.07° 447.13®
T6 32.92° 50.08° 46.22° 494.43°

In each column related to each element the means which have at least one common letter do
not differ significantly (P < 0.05 T = Control; T> = chemical fertilizer; T3 = 20 tons/ha compost +
1/2 T2; T4 = 20 tons/ha compost; Ts = 40 tons/ha compost +1/2 T,; Te = 40 tons/ha compost.
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Figure 2. Comparison of the means of concentration of microelements in the root of Mint (mg/kg) related to the treatment of
consumption years. In each group of columns related to each element , the means which have at least one common letter do not
differ significantly (P < 0.05). A = 2006; B= 2006 and 2008; C = 2006 and 2007; D = 2006, 2007 and 2009; E = 2006, 2007 and
2008; F= 2006, 2007, 2008 and 2009.
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Table 7. Comparison of the means of concentration of micro elements in the root of Mint (mg/kg) related
to the
interaction between fertilizer and years.

Treatment Year

F E D c B A
Fe
T1 1 85.3_'_ 1 86.5f 1 84.7_'_ 1 79.9'_m 186. 1_' 1 84.4_'
T2 279.5 283.3 279.2" 267.2 251.1% 250.2%
T3 345.29 345.8' 343.6" 31.49 325.49 322.4%"
T4 392.8% 369.6' 353.9 352.8' 348.59 335.49
T5 429.2% 456.5° 454.3° 433.9% 431.2% 410.9°
T6 49222 484.6% 474.9° 476.11° 456.1°¢ 449.8°
Zn
T1 21.11" 20.88" 20.86" 21.15" 21.24" 20.88™
T2 25.30 24.90% 24.81% 24.24 2295 22.04"
T3 35.84" 35.79" 35.69° 35.59° 34.73" 34.63"
T4 39.95° 39.10% 36.40' 36.43' 34.90¢g" 34.36"
T5 42.15™ 42.30™ 41.71°¢ 41.80° 41.74° 39.11%
T6 44,732 44.51? 42.88° 42.45° 41.70° 39.91¢
Cu
T1 12.13" 11.79™ 11.64" 11.96" 1195" 12.18"
T2 19.52" 19.43" 19.51™ 18.07"" 16.92" 15.98"
T3 21.74%" 21.979" 21.80%" 19.40™ 19.09" 18.15"
T4 25.84° 26.11° 25.06" 22.75% 22.24%" 20.87°"
T5 26.94° 25.74° 25.19°f 23,201 22.75%" 20.60™
T6 33.70° 31.14% 30.22° 29.49° 28.97% 27.11%

In each column and row related to each element, the means which have at least one common letter do not
differ significantly (P < 0.05).

T1 = Control; T2 = chemical fertilizer; T3 = 20 tons/ha compost + 1/2 T2; T4 = 20 tons/ha compost; Ts = 40
tons/ha compost +1/2 Ty; T = 40 tons/ha compost. A = 2006; B = 2006 and 2008; C = 2006 and 2007; D =
2006, 2007 and 2009; E = 2006, 2007 and 2008; F = 2006, 2007, 2008 and 2009.

elements in the pore, which subsequently caused more of
these elements to be available and transferred to the
plant (Alizadeh, 2004).

Leaf

The application of fertilizer treatments had a significant
effect on the rate of micro element’s absorption in the
leaves (P < 0.01). The highest value was related to the
40 tons/ha compost treatment and the lowest was
observed in the control. Similar to the finding in the root,
the leaves treatments with combined organic fertilizer
showed greater concentration of micro elements than
when chemical fertilizer was applied alone (Table 8). The
number of years these treatments were applied had a
significant effect on the rate of micro elements absor-
ption. By increasing the number of years’ consumption,
the rate of absorption increased and the maximum effect
was related to the three or four consecutive years’ con-

sumption treatments (Figure 3). The interaction between
year and fertilizer treatments, unlike root, in the leaves
were significant only in the amount of Mn and Zn
absorption. By comparing the means of micro elements
absorption in the leaves, the interaction effects showed
that the maximum absorption of these elements was
related to the 40 tons/ha compost treatment with four
consecutive years’ consumption. This was followed by
the 40 tons/ha compost treatment stands with three
consecutive years’ consumption. The highest amounts of
Zn and Mn absorption in the leaves were 124.3 and 91.5
mg/kg, respectively.

Also, in each fertilizer treatment, the lowest concen-
tration of each elements was related to the application of
one year fertilizer (Table 9).

Conclusion

In general, findings from studies on medicinal plants



Table 8. Comparison of the means of concentration of microelements in the leaves
of Mint (mg/kg) related to fertilizer treatments.

Treatment Cu Mn Zn Fe

T1 31.38d° 65.25° 80.46¢ 431.74°
T2 35.51¢ 72.58° 85.31° 521.55°
T3 40.32° 83.68° 90.16™ 613.86°
T4 58.51° 84.12° 96.49° 697.05>
T5 59.80° 87.99° 100.31° 714.92°
T6 65.13% 91.01°% 123.85% 917.39°

In each column related to each element, the means which have at least one common
letter do not differ significantly (P < 0.05).

T = Control; T, = chemical fertilizer; T3 = 20 tons/ha compost + 1/2 T2; T, = 20 tons/ha
compost; Ts =40 tons/ha compost +1/2 T,; Ts = 40 tons/ha compost.
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Figure 3. Comparison of the means of concentration of microelements in the leaves of Mint (mg/kg) related to the
treatment of consumption years. In each group of column related to each element, the means which have at least
one common letter do not differ significantly (P < 0.05). A= 2006; B= 2006 and 2008; C= 2006 and 2007; D= 2006,
2007 and 2009; E= 2006, 2007 and 2008; F= 2006, 2007, 2008, 2009.

show that using organic fertilizers during the growing
stage of these plants leads to a significant increase in soil
organic matter and in the absorption of Fe, Zn, Cu, Mn,
P, K and N, which have a positive role in producing active
materials and yield of the plant (Glyn, 2002). Similar to
this experiment, Sains et al. (1998) used organic fertili-
zers in growing Clover medicinal plant and found that
these materials include a significant amount of nutrients
and micro elements as compared to chemical fertilizers,
which resulted in direct plant nutrition and eventually
increase its yield. Sobti and Kual (1982), in a study on
Datura medicinal plant, stated that organic fertilizers

influence the quality and quantity of the plant more than
chemical fertilizers do and produce active materials.
Walid et al. (2009), in an experiment focusing on five
years application of compost in the soil, reported that the
soils treated with five years application provided more
nutrients and microelements to the plant as compared to
the control and less than five years application of
fertilizer. Zargari (1982) also found that a combination of
chemical and organic fertilizer application in Coriander
medicinal plant increased plant yield, which resulted in
increased nutrient absorption by the plant. Similarly, in an
experiment on examining the effects of compost and
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Table 9. Comparison of the means of concentration of Zn and Mn in the leaves of Mint (mg/kg) related to the

interaction between fertilizer and years.

Year
Treatment r E D C B A
Zn
T1 80.57™" 78.85™" 81.34" 78.82™" 81.45" 81.87"
T2 85.19 84.81 84.05 83.71% 83.42 83.11"
T3 92.07%" 92.05%" 92.64%" 92.48%" 92.02" 91.43"
T4 97.54° 98.50% 98.25% 95.10' 94.11' 93.65°
T5 101.28° 101.2° 101.3° 98.37% 98.31% 98.14%
T6 124.30° 122.80% 122.7% 119.30° 119.11° 117.72%
Mn
T1 63.46° 63.17% 63.63° 62.99% 62.69° 63.15%
T2 71.86" 71.46" 70.32" 70.17" 68.60" 68.51"
T3 83.259" 83.14%" 82.44' 81.70" 81.56 81.41
T4 83.83 83.519 83.18%" 82.30' 82.24 81.74"
T5 87.38%" 87.11° 86.97° 86.43°% 85.99' 85.93'
T6 91.50° 90.88% 90.57° 89.99™ 89.78™ 87.92¢

In each column and row related to each element, the means which have at least one common letter do not differ
significantly (P < 0.05).

T+ = Control; T, = chemical fertilizer; Tz = 20 tons/ha compost + 1/2 T2; T4 = 20 tons/ha compost; Ts = 40 tons/ha
compost +1/2 T,; Tg = 40 tons/ha compost. A = 2006; B = 2006 and 2008; C = 2006 and 2007; D = 2006, 2007 and
2009; E = 2006, 2007 and 2008; F = 2006, 2007, 2008 and 2009.

fertilizer application on the amount of nutrient absorption
in a Geramineous plant, Soumare et al. (2003), reported
that using 50 ton/ha of compost leads to higher levels of
nutrient absorption in this plant than 50 ton/ha of compost
enriched with nitrogen, phosphorus and potassium
(NPK). Also, the results of studies on Pepper medicinal
plant show that increasing municipal compost latex
application increased concentration of Fe, Zn and Cu in
shoots of this plant (Akbarinia et al., 2003). According to
the results of an experiment on the Savory medicinal
plant, it can be stated that with application levels of 0, 10,
20 and 30 ton/ha of municipal compost, the highest
percentage of essence was observed in 30 ton/ha
treatment that increased nutrient absorption in the soil
(Duobani et al., 2009). The results of this study is consis-
tent with the results of the previews studies.

According to the results of this study, it can be
concluded that the use of municipal compost in the soil
as an organic fertilizer increased exchangeable form of
micro elements in the soil and also the availability of
these elements by medicinal plant of mint. The highest
amount of micro elements were observed in the 40 ton/ha
of compost treatment. The results also indicate that
increase in levels and frequency of fertilizer application
leads to increase in the absorption of these elements for
plants, and eventually increases their concentration in
roots and leaves of mint. Therefore, since there was no
significant difference between three years compost
application and four-years of compost application, the
results suggest that the use of three years of compost in

agricultural soils for supplied required elements in plants
is a useful and cost-effective source in the majority of
soils under cultivation.
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