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This study was conducted to compare the effect of different cover crop treatments on DTPA-
extractable micronutrients (Fe, Mn, Zn, Cu) and soil pH in an apricot orchard with clay texture
located in Malatya province of Turkey. For this purpose, 5 different experimental groups (Vicia
villosa Roth (VV), Vicia pannonica Crantz (VP), Vicia pannonica Crantz and Tritikale mixture
(70% + 30%, respectively) (VPT), Phacelia tanacetifolia Benth (PT), Fagopyrum esculentum
Moench (FE)) and 3 control groups (mechanically cultivated (MC), herbicide treatment (HC) and
bare control plot (BC)) were used in the apricot orchards. The soils were sampled from 0-20 cm and
20-40 cm depths in each plot for soil analyses. According to the obtained results, while cover crop
treatments reduced pH values of soils according to the bare control, the cover crops increased the
Fe, Mn and Zn contents of soils in the 0-20 cm soil depth. The highest Ext-Fe, Mn and Zn contents
were obtained in the VV (14.83mg kg1, 8.42 mg kg%, 1.03 mg kg%, respectively) at the 0-20 cm soil
depth. As compared to bare control, highest percent increases in Fe, Mn and Zn contents were
determined in the VV 27.73%, 31.69% and 37.54%, respectively. The greatest significant negative
correlations in the V'V treatment were observed between pH and Fe (-0.985**), between pH and Mn
(-0.945**) and between pH and Zn (-0.764*). The greatest significant negative correlations in the
VP treatment were observed between pH and Fe (-0.948**), between pH and Mn (-0.928**) and
between pH and Zn (-0.722*). It was concluded based on current findings that cover crops,
especially Vicia villosa Roth and Vicia pannonica Crantz could be incorporated into cropping
systems to improve micronutrients and to provide a sustainable soil management.
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Kayis1 Bahgesinde DTPA ile Ekstrakte Edilebilir Mikroelementler Uzerine
Farkh Ortiicii Bitkilerin Rolii
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Bu galisma, Ulkemizin Malatya ilinde yeralan kil biinyeli bir kayis1 bahgesinde DTPA ile ekstrakte
edilebilir mikro besin elementleri (Fe, Mn, Zn, Cu) ve toprak pH’s1 lizerine farkli drtiicii bitkilerin
etkilerini karsilastirmak igin yiirGitiilmiistiir. Bu amag i¢in, kayist bahgesinde 5 farkli deneme grubu
(Vicia villosa Roth (VV), Vicia pannonica Crantz (VP), Vicia pannonica Crantz (%70) ve Tritikale
(%30) karisim1 (VPT), Phacelia tanacetifolia Benth (PT), Fagopyrum esculentum Moench (FE)) ve
3 kontrol grubu (mekanik miicadele (MC), herbisitle miicadele (HC) ve yalin kontrol (BC))
kullanilmigtir. Analizler i¢in her parselden 0-20 ve 20-40 cm derinliklerden toprak oOrnekleri
almmistir. Elde edilen sonuglara gore, Ortiicii bitki uygulamalari 0-20 cm toprak derinliginde
kontrole gore topraklarin pH degerlerini azaltirken, Fe, Mn ve Zn igeriklerini arttirmistir. En yiiksek
Ekst-Fe (14,83mg kg?), Mn (8,42 mg kg?) ve Zn (1,03 mg kg™?) icerikleri 0-20 c¢m toprak
derinliginde VV uygulamasinda elde edilmistir. Yalin kontrolle karsilastirildiginda, Fe, Mn ve Zn
iceriklerindeki en yiiksek yiizde artislar VV uygulamasinda olup sirasiyla %27,73, %31,69 ve
%37,54 olarak bulunmustur. VV uygulamasinda en biiyiik 6nemli negative korelasyonlar pH ve Fe
(-0,985**) arasinda, pH ve Mn (-0,945**) arasinda ve pH ve Zn (-0,764*) arasinda elde edilmistir.
VP uygulamasinda ise en biiyiik 6nemli negative korelasyonlar pH ve Fe (-0,948**) arasinda, pH
ve Mn (-0,928*%) arasinda ve pH ve Zn (-0,722%*) arasinda tespit edilmistir. Elde edilen bulgular
neticesinde, oOrtiicii Dbitkilerin, ozellikle de Vicia villosa Roth ve Vicia pannonica Crantz
uygulamalarmin mikro besin elementlerini arttirmak ve siirdiiriilebilir toprak yonetimini saglamak
icin liretim sistemine dahil edilebilecegi sonucuna varilmustir.
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Introduction

Soil micronutrients play a major role to maintain soil
health (Singh, 2012). Determining soil variability and
maintaining soil health is very much important for
ecological modelling, environmental predictions, precise
agriculture and management of natural resources (Wang,
2009). Proportionate to primary and secondary nutrients,
plants need a much smaller quantity of micronutrients.
However, their importance is still great. Besides, these
nutrients increase root growth which is related to nutrient
and water absorption by crop plants and thus improving
yields (Ibrahim and Faryal, 2014). Demir et al. (2019)
determined that cover crop treatments (Vicia pannonica
Crantz, Vicia pannonica Crantz (70%) + Tritikale (30%)
mixture, Phacelia tanacetifolia Benth., Vicia villosa Roth.,
and Fagopyrum esculentum Moench.) increased fruit
weight in an apricot orchard with clay soil. A shortage of
micronutrients can limit plant growth and crop yields. Too
great a shortage could even because plant death, even with
all other essential elements fully represented (Singh, 2012).
Micronutrient deficiencies occur not only because of
insufficient quantities present in soil, but also can happen
due to low solubility, which can be affected by soil organic
matter, adsorptive surface, soil pH, nutrient interactions,
and texture (Ayele et al., 2013). These nutrients availability
is commonly regulated by several soil attributes (White and
Broadley, 2009). For instance, changes in pH and soil
redox potential are the most significant features that could
affect these nutrient availability (Brady and Weil, 2014).
Soil pH can impact plant growth based on its influence on
the availability of essential plant nutrients (Brady and
Weil, 2002). Similarly, soil organic matter and its
decomposition processes have a important and direct effect
on the availability of these nutrients (Marschner and
Rengel, 2007). Other factors like antagonist and synergistic
interactions among these nutrients and necessity elements
could also generally affect these nutrient uptakes by crops
(Fageira, 2002).

One of the main problems in recent years is lack of the
micronutrients in different areas of the World (Brady and
Weil, 1999). Using nitrogen fertilizers increases the
vegetative period and causes lack of Mn, Fe, Zn and Cu in
soil (Loneragan and Webb, 1993). They are also reported
to cause long-term adverse effects, while bio-based
products are more likely to dissolve easily and thus not
pollute the environment (Ying, 2006). Besides, these costly
practices is not environmentally sustainable since it carries
a strict risk of nitrate contamination of water and soil (Ju et
al., 2006). The inappropriate and intensive use of soil for
agricultural production decreases soil fertility and
aggravates the degradation of soil organic matter. The
application of cover crops that supply plant residues
support to sustain and even increment soil organic matter
and enhances soil fertility (Carvalho et al., 2011). Cover
crops with big root systems may uptake nutrients from
deep soil profiles and after chemical desiccation, during
straw deterioration, release the nutrients in the soil surface
(Pacheco et al., 2011). The use of cover crops typically
supplies for increments in organic matter contents through
the years (Nascente et al., 2013). Cover crops subscribed
to increased research on distinct maintain soil management
strategies (Lal, 2009). Thus, new approaches should be
evaluated for sustainable human health, soil management

and environmental protection. While there are many
studies on cover crops, studies dealing with effects on
DTPA-extractable micronutrients of the Vicia villosa Roth
(VV), Vicia pannonica Crantz (VP), Vicia pannonica
Crantz and Tritikale mixture (70% + 30%, respectively)
(VPT), Phacelia tanacetifolia Benth (PT), Fagopyrum
esculentum Moench (FE) in apricot orchard are very
limited. The micronutrient (Cu, Fe, Mn and Zn) use
efficiency varied from cover crop to cover crop as well as
from nutrient to nutrient. Cover crop species varied in
nutrient use efficiency with change in P levels. Fageria et
al. (2015) determined that the micronutrient use efficiency
was in the order of Cu > Zn > Mn > Fe. Higher Cu use
efficiency was associated with lower uptake of this
element, in the cover crop tops compared to other
micronutrients. Similarly, lower efficiency of Fe and Mn
was associated with their higher uptake in the tops of cover
crops. Cu, Mn and Zn use efficiency decreased with
increasing P levels, whereas Fe efficiency increased with
the addition of P in the growth medium (Fageria et al.,
2015). The aims of this study were: i) to compare the effect
of different cover crop treatments on DTPA-extractable
micronutrients (Fe, Mn, Zn and Cu) and soil pH in an
apricot orchard with clay texture soil, ii) to identify
relationship between soil pH and DTPA-extractable Fe,
Mn, Zn and Cu.

Material and Methods

Experiment was conducted in the experimental apricot
orchard at Inonu University in 2015 and 2016.
Experimental site is located at 38.47 N — 38.34 E, had an
average temperature of 13.4°C in 2015 - 2016 growing
season, and mean annual precipitation of 420 mm.

The cover crop treatments consisted of Vicia villosa
Roth (VV), Vicia pannonica Crantz (VP), Vicia pannonica
Crantz and Tritikale mixture (70% + 30%, respectively)
(VPT), Phacelia tanacetifolia Benth (PT), Fagopyrum
esculentum Moench (FE). Vicia villosa Roth, Vicia
pannonica Crantz, a mixture of Vicia pannonica Crantz
and triticale (70% Vicia pannonica Crantz), Phacelia
tanacetifolia Benth were used as winter cover crops and
Fagopyrum esculentum Moench was used summer cover
crop. Fagopyrum esculentum, which is a concealment plant
for the summer, were planted in the years 21.04.2014 and
05.05.2015 and the other winter covering plants were
planted in the fall periods of the years 23.10.2014 and
23.10.2015.

The results of the experiment were taken in 2015 and
2016 for summer and winter covered plants. The field
experiment was done using randomized complete blocks
design with four replications. Cover crops were grown on
the same plot. Experiment included control plots [bare
control (BC), herbicide control (HC) and mechanical
control (MC)]. Soil samples were collected from two
depths (0-20, 20-40 c¢m) in each plot.

Each soil sample was separately air-dried, ground and
passed through a 2 mm sieve prior to determining the
DTPA-extractable micronutrients (Fe, Mn, Zn and Cu) and
soil pH. Soil particle size distribution was determined with
hydrometer method (Demiralay, 1993); soil pH values
were determined from 1:1 (v:v) soil - water suspension
with a pH meter; soil electrical conductivity (ECasc) was
determined from the same soil-water suspension with an
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EC meter (Kacar, 1994); exchangeable cations were
determined with ammonia acetate extraction (Kacar,
1994); and micronutrients by the extraction with DTPA
extraction solution by using atomic absorption
spectrophotometers according to Kacar (1994). Modified
Walkley-Black method was employed to determine
organic matter (OM) contents of soil samples (Kacar,
1994). Initial soil characteristics are provided in Table 1.
Initial analyses revealed that experimental soils were clay
in texture, slightly alkaline with low organic matter
contents (Soil Survey Staff, 1993).

Experimental results were subjected to statistical
analyses with SPSS Version 16.0 statistic software
package. Data were subjected to ANOVA. Treatment
means were compared with Duncan’s multiple range test at
the 0.01 probability level and correlation analyses were
performed to express the relationships between
experimental parameters. In the evaluation of the 2015 and
2016 data were performed independent two samples t-test
analysis (Yurtsever, 1984).

Results and Discussion

The DTPA-extractable micronutrients (Fe, Mn and Zn)
and soil pH values were significantly influenced by the
cover crop treatments at 0-20 cm soil depth. While cover
crop treatments in the apricot orchard with clay texture soil
importantly decreased pH values of soils according to the
bare control, the cover crop treatments increased the
DTPA-extractable micronutrients (Fe, Mn and Zn) of soils
in the 0-20 cm soil depth. Higher improvement rates were
generally observed in the second year of the experiments
(2016). In both years of the experiment, important
differences were generally not observed in the DTPA-
extractable micronutrients (Fe, Mn and Zn) and pH values
of a plot mechanically cultivated, herbicide treatment and
bare control in the orchard.

pH of the soils generally declined with cover crops
treatments according to the bare control in the apricot
orchard (F = 21.715, P = 0.000) (Figure 1).

Extractable Fe contents of the soils generally increased
with cover crops treatments according to the bare control
in the apricot orchard (F = 57.892, P = 0.000) (Figure 2a).
The highest extractable Fe content (14.83 mg kg™?) in the
second year of the experiment was obtained in the VV
treatment while the lowest extractable Fe content (11.13
mg kg™) was in the HC treatment at 0-20 cm soil depth.
Extractable Fe contents (mg kg*') was ordered as; HC
(11.13) < MC (11.21) < BC (11.61) < FE (13.29) < PT
(13.33) < VPT (13.61) < VP (14.45) < VV (14.83). As
compared to bare control, percent increases in extractable
Fe content at 0 - 20 cm soil depth varied between 14.47%
in FRR and 27.73% in VV treatments (F = 57.892, P =
0.000) (Figure 3b). The extractable Fe contents under cover
crops were higher than the beginning values. Vicia villosa
Roth and Vicia pannonica Crantz, due to their big and
depth root systems, have larger ability to mobilize nutrients
from deep soil profiles to the topsoil. The identified results
is consistent with the result attained by Sharma et al.
(2003), Mathur et al. (2006), Yadav (2011), Yadav and
Meena (2009) and Sidhu and Sharma (2010).
Franzluebbers and Hons (1996) also determined raises in
micronutrients in soil under cover crop treatments.
Similarly, by increase on pH, available iron decreases
progressively and vice-versa. Yadav (2011) who suggested
that the reduced Fe-availability with increasing pH might
be attributed to the conversion of Fe?* to Fe®* ions. The
ferric ion (Fe3*) compounds have low solubility in solution
and so are less bio-available (Landon, 1984). Cover crops
increment the contents of micronutrients in the soil and
decrease the application of fertilizers, causing to lower
costs of production and suppling to the maintainability
(Bernardi et al., 2003). From these conclusions, it could be
deduced that there is a large significance of using cover
crops to cycle micronutrients.

Table 1 Soil physico-chemical characteristics at the beginning of experiment

Soil properties Dept, cm Soil properties Dept, cm
prop 0-20 cm 20-40 cm prop 0-20 cm 20-40 cm
Sand, % 19.75 20.28 OM, % 1.73 0.87
Silt, % 28.38 27.20 Ca, meq 100 g* 18.26 18.01
Clay, % 51.88 52.58 Mg, meq 100g™* 5.78 5.69
pH (1:1) 7.43 7.44 Na, meq 100 g* 0.37 0.41
ECysec, ds/m 0.661 0.657 K, meq 100 g* 1.03 0.76
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Figure 1 Effects of cover crops and other treatments on soil pH at 0-20 cm soil depth in the apricot orchard
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Figure 2 Effects of cover crops and other treatments on a) Fe, b) Mn, ¢) Zn and d) Cu at 0-20 cm soil depth in the
apricot orchard

The cover crop treatments in the second year of the
experiment decreased soil pH from 7.500 in the HC
treatment to 7.015 in V'V treatment at 0-20 cm soil depth.
Soil pH was ordered as; VV (7.015) < VP (7.024) < VPT
(7.160) < PT (7.200) < FE (7.210) < MC (7.390) < BC
(7.470) < HC (7.500). As compared to bare control, percent
decreases in soil pH values at 0 - 20 cm soil depth varied
between 3.48% in FE and 6.09% in VVV treatments orchard
(F =21.715, P = 0.000) (Figure 3a). Nutrient availability is
highly correlated with soil pH. At high soil pH, Fe, Mn, Cu
and Zn may be deficient for plant growth (Brady and Weil,
2002). Increasing or decreasing the range of soil pH affects
the micronutrient availability to plants and is considered to
be a great factor for nutrient deficiency. Soil pH and the
properties of the organic matter in the soil are important

soil properties which affect the nutrient availability. In this
study, cover crops used as organic matter importantly
influenced the soil pH orchard (F = 21.715, P = 0.000). The
crops have exudation of acids to the soil from their roots
that could play directly on the soil pH (Moreti et al., 2007).
According to Fabian (2009) the soil prefers nutrient
accumulation at the surface, raised organic matter contents
and decrease in soil pH. When soil organic matter is also
mineralized there is produce of organic acids that could
help to incremented soil acidity (Garcia and Rosolem,
2010). In this study, soil pH under cover crops were
different and lower than the beginning values. This can be
due to the removal of bases by the plants grown in this
orchard.
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Extractable Mn contents of the soils generally
increased with cover crops treatments according to the bare
control in the apricot orchard orchard (F = 59.006, P =
0.000) (Figure 2b). The highest extractable Mn content
(8.42 mg kg) in the second year of the experiment was
obtained in the VV treatment while the lowest extractable
Mn content (6.39 mg kg™) was in the BC treatment at 0-20
cm soil depth. Extractable Mn contents (mg kg™) was
ordered as; BC (6.39) < HC (6.48) < MC (6.49) <PT (7.01)
< FE (7.13) < VPT (7.57) < VP (8.34) < VV (8.42). As
compared to bare control, percent increases in extractable
Mn content at 0 - 20 cm soil depth varied between 9.69%
in PT and 31.69% in VV treatments (F = 59.006, P = 0.000)
(Figure 3c). Similar result was also determined by Sharma

et al. (2003), Mathur et al. (2006), Yadav (2011), Yadav
and Meena (2009) and Sidhu and Sharma (2010). In this
study, cover crop treatments caused notable changes of
available Mn. The increase might be due to decline in soil
reaction and improved dissolution of Mn compounds.
Application of organic fertilizer to soils increases available
Mn concentration (Li et al. 2009). Decreasing pH,
available manganese increases gradually and vice-versa.
Mn?* concentration in soil solution should theoretically
reduce 100-fold for every unit of soil pH raise (Barber,
1995). With increasing soil pH, Mn?* is converted into its
higher oxides (Mn** and Mn3*) which are insoluble in
water might be the reason for decreasing concentration of
available Mn with increasing soil pH.
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Figure 3 Changes (%) in a) pH, b) Fe, ¢) Mn and d) Zn contents at 0-20 cm soil depth as compared to the bare control in
the apricot orchard
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Extractable Zn contents of the soils generally increased
with cover crops treatments according to the bare control
in the apricot orchard (F = 24.427, P = 0.000) (Figure 2c).
The highest extractable Zn content (1.03 mg kg™?) in the
second year of the experiment (2016) was obtained in the
VV treatment while the lowest extractable Zn content (0.72
mg kg?*) was in the HC treatment at 0-20 c¢m soil depth.
Extractable Zn contents (mg kg?) was ordered as; HC
(0.72) < MC (0.73) < BC (0.74) < FE (0.85) < PT (0.86) <
VPT (0.89) < VP (1.01) < VV (1.03). As compared to bare
control, percent increases in extractable Zn content at 0 -
20 cm soil depth varied between 13.15% in FE and 37.54%
in VV treatments (F = 24.427, P = 0.000) (Figure 3d).
Similarly, together with increasing soil acidification, a
raise is founded of the content of available Mn, Fe, Cu and
Znin soil (Sienkiewicz et al., 2009; Rutkowska et al., 2009;
Li et al., 2007). Organic fertilization affects the content of
available these element forms in soil. Zn content in soil
increments under the effect of organic matter, because this
element forms labile organicmineral complexes (Behera et
al., 2011). Correspondingly, organic matter and high soil
pH also affect the availability and absorption of Zn
(Hacisalihoglu and Kochiam, 2003). Other factors such as
mycorrhizal fungi may effect the availability of zinc in the
soil (Liu et al., 2000). In addition to this, organic manure
(animal manures and green manure) can supply
micronutrients to plants and may also mobilize soil metal
cations by chelation and complexing with organic
compounds, making them more available for plant uptake
(Savithri et al., 1999). Franzluebbers and Hons (1996) also
determined increases in Zn in soil under cover crop
treatments.

Extractable Cu content varied between 2.96 mg kg in
HC and 3.46 mg kg* in VV and VP treatments (F = 2.412,
P =0.066) (Figure 2d). Cover crop treatments increased the
extractable Cu contents in the soil: however, these
increments were not found to be significant. Soil organic
matter exerts a important and direct affect on the
availability of Mn, Fe and Zn but has little effect on the
availability of soil Cu (Zhang et al., 2001). Cu is taken up
by the plants in only very little amounts (Fageria, 2009).

The  differences in  the  DTPA-extractable
micronutrients (Fe, Mn and Zn) and pH values of soils in
the orchard was not found to be significant for 20-40 cm
soil depth in both years of experiments (Table 2).
Descriptive statistics for the soil properties at 20-40 cm soil
depth were given in Table 4.

Descriptive statistics of orchard soils at 0-20 cm soil
depth are indicated in Table 3. As indicated in this table,
pH values of apricot orchard soils at the end of the
experiment were found between 6.89-7.58%. Mean
extractable Fe, Zn and Cu contents were measured as 12.93
mg kg?, 7.23 mg kg?, 0.86 mg kg* and 3.21 mg kg7,
respectively. Regarding available DTPA-extractable
micronutrient (Fe, Zn and Cu) values, except mean Mn
values in the orchard was above the critical levels for
deficiency in the soils (Lindsay and Norvell, 1978).
Relations between the DTPA-extractable micronutrients
(Fe, Mn and Zn) and soil pH values were statistically
significant at the different important level (F = 57.892, P =
0.000; F =59.006, P = 0.000; F = 24.427, P = 0.000; F =
21.715, P = 0.000, respectively). Correlations among soil
pH and extractable micronutrients (Fe, Mn, Zn, Cu) at 0-
20 cm soil depth were given in Table 5.

Table 2 Effects of different cover crops and others treatments on the measured variables at 20-40 cm soil depth

Year Treatments oH Ext. Fe Ext. Mn _ Ext. Zn Ext. Cu
mg kg
BC 7,40 11,31 5,07 0,37 2,29
MC 7,46 11,20 5,38 0,36 2,59
\AY 7,41 11,82 5,50 0,37 2,93
2015 VP 7,43 11,58 5,48 0,35 2,74
VPT 7,45 11,90 5,20 0,34 2,74
PT 7,43 10,79 5,10 0,35 2,18
FE 7,46 10,57 5,38 0,34 2,51
HC 7,46 11,83 5,33 0,34 2,29
BC 7,40 10,93 5,12 0,33 2,86
MC 7,45 11,62 5,75 0,39 2,71
\AY 7,39 10,12 5,96 0,40 2,95
2016 VP 7,41 11,12 5,66 0,40 2,70
VPT 7,51 10,91 5,21 0,45 2,72
PT 7,46 11,58 5,80 0,38 2,37
FE 7,43 10,03 5,35 0,34 2,95
HC 7,49 10,68 5,58 0,39 2,42
Table 3 Descriptive statistics for the soil properties at 0-20 cm soil depth
Year Soil properties Minimum Maximum  Mean Std. Dev. CV,%  Skewness Kurtosis
pH 7.09 7.50 7.29 0.147 2.02 0.140 -1.597
2015 | Ext. Fe, mg kg'* 10.24 14.66 12.79 1.192 9.32 -0.076 -0.866
Ext. Mn, mg kg'* 5.60 8.00 6.74 0.682 10.12 0.094 -0.793
pH 6.89 7.58 7.25 0.194 2.68 0.086 -1.154
2016 Ext. Fe, mg kg* 10.69 15.28 12.93 1.414 10.94 -0.162 -1.310
Ext. Mn, mg kg 6.00 8.67 7.23 0.796 11.01 0.410 -1.103
Ext. Zn, mg kg 0.68 1.12 0.86 0.122 14.19 0.548 -0.594
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Table 4 Descriptive statistics for the soil properties at 20-40 cm soil depth

Year Soil properties Minimum Maximum  Mean  Std. Dev. CV,%  Skewness  Kurtosis
pH 7,30 7,54 7,44 0,05 0,70 -0,638 0,615
Ext. Fe, mg kg* 10,35 12,51 11,37 0,58 5,06 0,02 -0,922

2015 | Ext. Mn, mg kg 4,40 5,80 5,30 0,35 6,58 -0,552 -0,306
Ext. Zn, mg kgt 0,27 0,47 0,36 0,04 12,43 0,25 0,303
Ext.Cu, mg kg 1,80 3,30 2,53 0,40 15,98 0,247 -0,908
pH 7,28 7,53 7,44 0,06 0,80 -0,438 0,024
Ext. Fe, mg kg* 9,28 12,86 10,87 0,89 8,19 0,448 -0,439

2016 | Ext. Mn, mg kg 3,87 6,99 5,55 0,75 13,46 0,081 -0,483
Ext. Zn, mg kg 0,30 0,51 0,39 0,06 14,95 0,539 -0,839
Ext. Cu, mg kg! 2,32 3,01 2,71 0,21 7,92 -0,539 -0,809

Table 5 Correlations among soil pH and extractable micronutrients (Fe, Mn, Zn, Cu) at 0-20 cm soil depth

Soil properties  Treatments Ext.Fe Ext.Mn Ext.Cu Ext.Zn
MC 0.499 0.453 0.372 0.598

\AY} -0.985™ -0.945™ -0.637 0.764"

VP -0.948™ -0.928™ -0.646 0.722"

pH VPT -0.897™ -0.891™ -0.645 0.714"
PT -0.853™ -0.837" -0.510 0.703"

FE -0.853™ -0.806™ 0.548 0.652

HC -0.081 0.311 0.342 0.384

MC 0.554 0.530 0.426

\AY 0.898™ 0.842™ 0.987™

VP 0.999™ 0.851™ 0.980™

Ext. Fe VPT 0.998™ 0.689 0.978™
PT 0.985™ 0.687 0.980™

FE 0.996™ 0.922™ 0.967™

HC 0.468 0.344 0.540

MC 0.464 0.465

\AY 0.829" 0.885™

VP 0.828" 0.877™

Ext. Mn VPT 0.672 0.876™
PT 0.797" 0.776™

FE 0.644 0.775"

HC 0.347 0.368

MC 0.506

\AY 0.882™

VP 0.895™

Ext. Cu VPT 0.766"
PT 0.729"

FE 0.774"

HC 0.415

Mechanically cultivated (MC), Vicia villosa Roth (VV), Vicia pannonica Crantz (VP), Vicia pannonica Crantz and Tritikale mixture (70% + 30%,
respectively) (VPT), Phacelia tanacetifolia Benth (PT), Fagopyrum esculentum Moench (FE), herbicide treatment (HC)

Table 6 Statistical results for the independent two samples t-test analysis between the 2015 and 2016 years

Soil properties Years N Mean Std. Deviation Mean Std. Error F Sig.
p e % mo pwm o e amg
ol | % BRSO Mmoot o o
o | % om o
Ex. 20 o6 2 o ow 0022 030 0540
Ext. Cu 26 s aa o 0010 6369 o014
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Significant negative correlations in the VV treatment
were observed between soil pH and Fe (-0.985**), between
soil pH and Mn (-0.945**), between soil pH and Zn (-
0.764%*) in the orchard. Significant negative correlations in
the VP treatment were observed between soil pH and Fe (-
0.948**), between soil pH and Mn (-0.928**), between
soil pH and Zn (-0.722%) in the orchard. Statistical results
for the independent two samples t-test analysis between the
2015 and 2016 years were given in Table 6. The results of
this study are accordance with those of the studies
mentioned above. Similar findings about relationship
between available micronutrients and pH of soil were
determined by Kumar and Babel (2011) and Demir and
Giilser (2010). The various researcher Sharma et al. (2003),
Mathur et al. (2006), Yadav and Meena (2009) and Sidhu
and Sharma (2010) identified important and negative
correlation between soil pH and available Fe, Mn, Zn.

Conclusion

This study showed that cover crop treatments generally
increased DTPA-extractable micronutrients (Fe, Mn and
Zn) at 0 - 20 cm soil depth in the apricot orchard with clay
texture soil. While the DTPA-extractable micronutrients
(Fe, Mn and Zn) increased, soil pH decreased with cover
crop treatments. These nutrient (Fe, Mn and Zn) contents
varied from cover crop to cover crop. In both years of the
experiment, there were not any significant differences in
measured variables at 0-20 cm soil depths of a plot
mechanically cultivated, herbicide treatment and bare
control. Soil pH has generally significant negative
correlations with the DTPA-extractable micronutrients.
The greatest positive effects of cover crop treatments were
observed in VV and VP treatments. It was concluded based
on current findings that cover crops, especially Vicia
villosa Roth and Vicia pannonica Crantz treatments could
be incorporated into cropping systems to improve
micronutrients and to provide a sustainable soil
management.
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