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ARTICLE INFO ABSTRACT
This study was conducted to examine the soil fertility of the Biiyiikk Menderes Basin, where wheat is
Research Article widely cultivated. Soil samples were taken from 50 different points at a depth of 0-30 cm and various

physical and chemical properties and amounts of nutrient elements were determined. With regard to
. the results of the study, the soils were generally sandy-clay-loam in texture, with slightly alkaline
Received : 10/08/2021 reaction, limy, rich in organic matter and showed no risk of salinity. The examined soils were found
Accepted : 26/10/2021 to be insufficient as 34% for total N, 14% for available K, 26% Mg, 10% Fe, 94% Zn and 98% Mn
contents while all of the soils were determined as sufficient in terms of available P, Cu and Ca
contents. When relationships between nutrient elements and soil physical-chemical properties were
examined, negative correlations were found between soil pH and EC, organic matter, total N,
available K, Zn; lime contents and available Mg, Fe, Cu; clay and available K and Mn contents. The

;E%Emlvfénderes Basin positive correlations were found between EC and available K, Ca and Zn; organic matter % and total
Soil analysis N, available K, Cu, Zn and Mn; sand % and available Mn; clay % and available Fe contents.
Fertility Investigation of relationships between plant nutrients demonstrated that, there were positive
Wheat correlations between total N and available K, Cu, Zn, Mn; available P and Zn; available K and Cu,

Physico-chemical properties Zn, Mn; available Ca and Fe; available Mg and Fe, Cu; available Fe and Cu, Mn; available Cu and
Mn contents. The results of the study showed that attention should be paid to fertilization programs
to fertilization with Zn and Mn, which were found to be insufficient in the greater part of the basin’s
soils, and also to nitrogen deficiency is observed, as this directly affects the protein content of wheat.
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Biiyiik Menderes Havzasi Bugday Tarim Yapilan Topraklarin Bazi Fiziksel-
Kimyasal Ozellikleri ile Besin Elementi I¢erikleri Arasindaki Iliskiler

MAKALE BILGISI |0z

Bu calisma, yaygin bugday tarimi yapilan Biiyilk Menderes Havzasi topraklarmm verimlilik
Arastirma Makalesi durumlarinin belirlenmesi amaciyla yapilmistir. 50 farkli noktadan 0-30 cm derinlikten alinan toprak
orneklerinin bazi fiziksel-kimyasal 6zellikleri ve besin elementi miktarlart belirlenmistir. Arastirma
sonuglar1 topraklarin; genel olarak kumlu-killi-tin biinyeli, hafif alkalin reaksiyonlu, kiregli, organik
Gelig + 10/08/2021 maddece zengin ve tuzluluk yoniinden herhangi bir tehlike igermedigini gdstermektedir. Incelenen
Kabul 1 26/10/2021 topraklarin %34’ tiniin toplam N, %14’ tiniin almabilir K, %26’smin Mg, %10’ unun Fe, % 94’iiniin
Zn ve %98’inin Mn igerikleri yetersiz bulunurken, topraklarin timii alinabilir P, Cu ve Ca igerikleri
yonityle yeterli bulunmustur. Toprak fiziksel-kimyasal 6zellikleri ile besin elementleri arasindaki
iliskiler incelendiginde; pH ile EC, organik madde, toplam N, alinabilir K ve Zn; kireg ile Mg, Fe ve
Cu; kil ile K ve Mn igerikleri arasinda negatif; EC ile K, Ca ve Zn; organik madde ile N, K, Cu, Zn
ve Mn; Kum ile Mn; Kil ile Fe igerikleri arasinda pozitif korelasyonlar saptanmistir. Besin
elementlerinin birbirleriyle iliskileri irdelendiginde; N ile K, Cu, Zn ve Mn; P ile Zn; K ile Cu, Zn ve
Mn; Ca ile Fe; Mg ile Fe, Cu; Fe ile Cu; Cu ile Mn igerikleri arasinda pozitif korelasyonlar
saptanmustir. Aragtirma sonuglarimiz, giibreleme programlarinda bugday bitkisinin protein icerigini
direkt etkilemesi yoniiyle azot noksanligi goriilen arazilerde azotlu giibreleme ile havza topraklarinin
cok biiyiik bir kisminda yetersiz bulunan Zn ve Mn giibrelemelerine dikkat edilmesi gerektigine isaret
etmektedir.
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Introduction

Nowadays, global warming, increasing population,
decreases in water resources and agricultural lands, uptake
of nutrient elements from the soil continuously by plants,
unconscious use of chemical fertilizers are necessitating
the continuity of agricultural production by protecting the
current soil and water resources. Sustainability of
agricultural production, could be possible by protection
and increase of soil fertility besides increasing the yield
and quality of the crop be obtained. Increment of yield and
quality could be provided by determining the relationships
between physico-chemical properties of soils and keeping
them at the optimum level.

Correct prediction of soil features and the relationship
between these features is the basic factor that determined
many processes from choosing the crop to the utilization of
input. The presence of nutrient elements at insufficient or
excessive levels in soil that necessary for plants during the
agricultural production process, give rise to yield losses by
limiting the utilization of nutrient elements by plants
(Turan et al., 2010; Karaman, 2012). For this purpose,
many investigations had been conducted and being carried
on in different ecologies with different crop patterns.

Biiyiik Menderes basin which is one of the important
agricultural lands of Turkey, comprises very large plains
beginning from Denizli province and extending to the
Aegean coasts. Owing to ecological characteristics, the
basin, which makes significant contributions to the
agriculture of the Aegean Region and Turkey and is highly
productive where intensive agriculture is made, is 3.5% of
Turkey's total surface area and shows diversity in terms of
product pattern.

According to 2019 data, in the world where wheat is
grown on approximately 216 million hectares of land.
Turkey which has 3.24% of the total wheat planted area
with 6.83 million hectares. In this distribution, wheat
cultivation areas of Turkey account for approximately
66.9% of grain cultivated areas (FAO, 2021). Aegean
region, has still provided nearly 8.1% of the total wheat
production of the country. The greatest share in the region,
with 36%, consists of the soils of Biiyiik Menderes Basin,
which includes the provinces Afyon and Usak, where the
dry farming system comes to the forefront due to its
climatic conditions and crop production is mostly based on
field crops (Geng, 2004).

Diizbastilar (1984) reported that Biiyitk Menderes
Basin’s soils were generally loamy, salt-free (88%), high
in lime contents (85%) while contents of organic matter
were very low. The greatest part of the basin soils had a
loamy texture, slight-medium alkaline reaction, had not the
risk of salinity and they were poor in organic matter with
low lime content. Moreover, these soils were low in
available potassium, medium/adequate in nitrogen,
phosphorus, calcium and magnesium, adequate in terms of
micro elements was reported (Albayrak, 2014; Ozdogan
and Seferoglu, 2015). Dogan and Erdal (2018) predicted
that most of the soils were high in lime and low in organic
matter content, with slight alkaline reaction, and had no
risk of salinity, with loamy, clayey and clay-loam texture
in their study, in which the fertility status of the soils where
the grain production was conducted in Burdur province
neighboring with Biiyiik Menderes Basin.

The objectives of this study are to determine the
correlations between the physico-chemical properties and
nutrient element contents of the wheat growing soils of
Biiyiik Menderes Basin, which is the important agricultural
potentials of Turkey on the basin level and provide basis
for the different fertilizing studies in similar ecologies.

Material and Method

This research was conducted in Dutluca, Kiilgen,
Avgan, Kurudere, Camlibel, Koseler and Haskoy
locations, belonging to the district of Ulubey in Usak
province, Turkey (38°25’-29.1”N, 29°17°-23.8”E) in 2019
where the wheat growing was common in Biiyiik Menderes
Basin (Figure 1). Usak province, which is under the
influence of the transition climate due to it’s location and
where mainly grain production with dry farming system
comes to the forefront, has been placed as 5" in wheat
production in our country (TUIK, 2018; Yavuz et al.,
2020). The research material consisted of totally 50 soil
samples taken from a depth of 0-30 cm (Jackson, 1958), 8
samples from Dutluca and 7 samples from each of the other
locations.

The soil samples were air-dried and passed through a 2-
mm sieve for physico-chemical analysis.

Soil sand, clay and silt contents were determined by the
hydrometric method (Bouyoucos, 1962); pH and total water-
soluble salt were determined in a paste of soil saturated with
water with a pH meter with a glass electrode and a
conductometer (US Soil Survey Staff, 1951); lime contents
were determined with a Scheibler calcimeter, and the
amounts of organic matter were determined by wet digestion
with K,Cr,07and H.SO4 (Reuterberg and Kremkurs, 1951).
With regard to plant nutrient elements in the soil, total
nitrogen was determined by the modified Kjeldahl method
(Bremner 1965), and available phosphorus was determined
colorimetrically after extraction with sodium bicarbonate
(Olsen et al., 1954). Available K*, Ca**, Na™ Mg*™* contents
were determined by ICP-OES after extraction with 1 N
NH4OAc. As for Fe, Mn, Zn, Cu, after extraction with 0.05
M DTPA + TEA were also predicted by ICP-OES (lsaac and
Johnson, 1992). The results of the analysis were evaluated
by using Table 1.
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Table 1. Descriptive statistics of physical and chemical properties of the research area

Soil Properties Min. Max. Mean St. Error Cv* Skewness Kurtosis
pH 7.71 8.27 7.90 0.09 0.01 1.21 4.04
EC (uS ecm™) 442 1285 873.9 219.51 0.25 0.12 -0.99
Lime 2.48 69.40 20.38 14.72 0.72 1.59 2.81
oM 1.74 7.62 4.19 0.27 1.12 0.35 0.83
Sand (%) 72.8 40.08 59.04 7.16 0.12 -0.52 -0.09
Silt 8.72 24.72 16.54 3.51 0.21 0.51 0.11
Clay 13.92 39.92 24.42 6.49 0.27 0.81 -0.11
N 0.04 0.19 0.10 0.03 0.27 0.35 0.83
P 28.7 72.6 49.29 10.82 0.22 -0.04 -0.61
K 82.52 631.2 261.92 132.6 0.51 1.47 2.11
Ca 5738 10730 7044.81 1018.5 0.14 1.88 4.16
Mg (mg kgl) 83.28 440.2 212.09 79.88 0.38 0.61 0.13
Fe 1.88 6.55 3.67 0.99 0.27 0.47 0.03
Cu 0.27 151 0.79 0.26 0.33 0.58 1.12
Zn 0.09 1.06 0.31 0.19 0.61 1.86 4.09
Mn 2.16 14.58 8.32 2.99 0.36 -0.23 -0.44

*:Coeficient Variation <0.15: Low variability; 0.15-0.35: Average variability; >0.35: High variability
Table 2. Some physical and chemical properties and nutrient content limits values of the soils (Zengin, 2012)
Soil Properties Limit Value Evaluation % | Soil Properties Limit Value Evaluation %
Range Range
Sandy-Loam 34 0-4 Non saline 100
Sandy-Clay-Loam 60 4 4-8 Slightly saline -
Texture i Clay-Loam 4 EC (dSm™) 8-15 Moderately saline -
Sandy-Clay 2 >15 Strongly saline -
15 Limy 6 <0,5 Very low -
5-15 Moderately 34 | Organic 051 Low )
CaCOs3 (%) . 1.0-20  Medium 4
15-25 High 36 | Matter (%) .
>25 Very high 22 20-30  High 4
>3.0 Very high 92
<0.045 Very low 4 <25 Very low
0.045-0.090 Low 30 | Available P 2580  Low ]
Total N (%) 0.090-0.170 Sufficient 60 (mg kg 8.0-25 Moderate i
0.170-0.320 High 6 gxg 2580 High 100
>0.320 Excessive - >80 Very high
<380 Very low -
. 50-140 Insufficient 14 . 380-1150 Low -
'(“r:]’;'l'(";bl';’ K| 140370  sufficient 76 (An‘]’g'l'('f;bl'; 2 | 11503500 Sufficient i
370-1000  High 10 3500-10000 High 98
>10000  Excessive 2
<50 Very low -
. 50-160 Low 26 . <25 Low 10
’:%’g'gbl'f MO 160480  sufficient 74 (An‘]’g'l'(zbl')e | 2545 Medium 64
480-1500  High - >4.5 Sufficient 26
>1500 Excessive -
<02 Very low 20
Available Cu <02 Insufficient - |Available Zn 02-07 Low 7
(mg kg?) >0.2 Sufficient 100 | (mg kg™ 0.7-24  Sufficient 6
2.4-8 High -
>8 Very high -
. 4 Very low 10
(An‘]’;'gbl';’ Mn 414 Low 88 |pH 7585  Slightly Alkaline 100
14-50 Sufficient 2
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The data obtained belonging to physico-chemical
properties and plant nutrient contents of soils subjected to
normality analysis with Shapiro-Wilk test through the use
of IBM SPSS 25.0 software. Correlations between data
determined by Spearman correlation test (Table 2).

Results and Discussion

The descriptive analysis of some soil properties of 50
soil samples were shown in Table 1. When the parameters
were evaluated in terms of skewness; sand %, available
phosphorous and managanese showed negatively skewed
while the other parameters showed positively skewed
distribution. The positively skewed distribution feature
indicates that most of the values for the relevant parameters
are below the mean (Koksal, 2002).

The coefficient of variability which is accepted as an
important indicator of the variability in soil properties, is
classified as low (<0.15), medium (0.15-0.35) and high
(>0.35) according to some researchers (Wilding, 1985;
Mulla and Mc Bratney, 2000; Saglam, 2013). In
accordance with these results, among the soil properties
examined, only pH, sand % and available calcium contents
were low; EC, silt %, clay %, total nitrogen, available
phosphorous, iron and copper contents were medium and
the other parameters showed high variability was seen in
Table 1.

Classification of soil physical, chemical properties and
nutrient contents according to limit values were given in
Table 2.

Soils of the research area which are sandy-clay-loam
textured in general, all of them with slightly alkaline
reaction and have no risk of salinity. All the soils of the
region are suitable for optimum growth of wheat showed
neutral-slightly alkaline (pH 6.5-7.8) reaction (Colakoglu,
1985). Aydin et al., (2008) reported that the soil reactions
showed changings in the range of 7.16-8.77 in Lower
Biiyiik Menderes Basin where the second crop of maize
growing was conducted. Similarly, in another research in
which the nutritional status of walnut orchards in Usak
province was examined, the soils of the research area were
generally loam and clay-loam textured, had neutral/slightly
alkaline reaction and no risk of salinity was reported
(Y1ldiz and Uygur, 2016). Our results have been coincided
with the results of different studies carried out in the same
ecology. 70% of the research area soils have moderate/high
lime content and 92% of these soils were found to be rich
in organic matter. In this regard, the wheat is known to be
well grown in the soils which are calcerous and rich in
organic matter and nutrient elements, therefore suitable for
basin soils. As a matter of fact, great proportion (61%) of
the region’s soils were calcerous and moderate (75%) in
terms of organic matter was reported (Yildiz and Uygur,
2016). In another study conducted in a similar ecology
(Cergioglu, 2016), 17% of the Simav region soils were
moderate and 26% of them were high in lime content while
they were generally in well status due to organic matter was
reported. In arid region soils occurred on calcerous main
material, as a result of increased calcium concentration and
pH it should be noticed on micro element fertilisations
because of the possible antagonistic effects could lead to
uptake of phosphorous and micro elements (Kacar et al.,
2006). When the soils of the study area were evaluated in

terms of nutrient content (Zengin, 2012), total nitrogen of
66% and available potassium content of 86% were
adequate/high; the available magnesium content of 74%
was adequate while available phosphorous, copper and
calcium contents of all the soils were found to be sufficient
(Table 2). In accordance with available iron amounts, 64%
of region soils were medium while zinc (74%) and
manganese (88%) amounts of most of them were
insufficient (Table 2). Ozdogan and Seferoglu (2015),
reported that 70% of Lower Biiyiik Menderes Basin’s soils
were sufficient in terms of nitrogen, all of them were
sufficient in available phosphorous and copper while most
of them were sufficient in available calcium (94%),
magnesium (89%), iron (88%) and zinc (92%) contents.
Our findings were in parallel with notified values, except
available zinc contents. Similar to our findings, 96% of the
basin’s soils were found to be insufficient in terms of
available zinc was reported in a study in which the nutrition
status of walnut orchards in Usak province (Yildiz and
Uygur, 2016). Moreover, available K, Mg, Ca and Cu
contents of grain cultivating soils found to be sufficient in
Isparta province where the ecological conditions are
resembling with our research area (Alaboz ve ark., 2019).

According to correlation analysis, negative correlations
were determined between soil pH and EC(-0.363**), N (-
0.313**), K (-0.338*) ve Zn (-0.297%*) contents (Table 3).
Soil pH significantly influences the plant growth by
limiting the availability of nutrient elements (Akga et al.,
2015). Higher soil pH has been complicated the availability
of micro elements therefore diminished the usefulness for
plants. From this point of view, relationships between pH
and available amounts of mentioned micro elements that
reported by different researchers (Celik and Katkat, 2005;
Parlak et al., 2008; Karaduman and Cimrin, 2016; Bayram,
2019) were in parallel with our findings. Significant
positive correlations determined between EC values of
soilsand K (r: 0,292%), Ca (0.376**), Zn (0.343*) contents.
Our results have been overlapped with the reported
correlations of similar studies conducted in different
ecologies (Karaduman and Cimrin, 2016; Bayram, 2019).
Strong negative correlations were predicted between soil
lime contents and Mg (-0.421**), Fe (-0.393**), Cu (-
0.515**) contents. The Ca** amount overcoming to
predominant in soil due to the high CaCQs level caused by
occurance of a negative correlation diminishing the
adsorbtion of Mg** by soil colloids, which are in the same
valence, competing with Ca**. On the other hand,
increasing pH related to with high lime content negatively
influenced the uptake of micro nutrient elements (Bayram,
2016). Strong positive correlations were determined
between the organic matter contents of research area soils
and N (1.00**), K (0.659**), Cu (0.315*), Zn (0.387**)
and Mn (0.404**) contents. The increasing amount of
organic matter in soils increased the adsorption of nutrient
elements by increasing the soil adsorption capacity
(Atalay, 1988; Cimrin and Boysan, 2006; Bayram, 2019).
Negative correlations were observed between sand
contents and silt (-0.427**) and clay (-0.873**) contents
while positive correlations between Mn (0.359%) contents
of soils. Negative correlations were determined between
siltand Mg (-0.290%), clay and K (-0.379**), Mn (-0.330%*)
contents of soils.
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Table 3. Relations Between Some Physical-Chemical Properties of the Soils and its Nutrient Contents

pH EC Lime OM*** Sand Silt Clay N
pH 1
EC -0.363** 1
Lime -0.120 -0.222 1
OM*** -0.313* 0.203 -0.087
Sand -0.156 0.049 0.182 0.167 1
Silt -0.048 0.070 0.050 0.073 -0.427** 1
Clay 0.198 -0.091 -0.227 -0.223 -0.873** -0.069 1
N -0.313** 0.203 -0.090 1.00** 0.163 0.72 -0.219 1
P -0.100 0.070 0.043 0.226 -0.085 0.076 0.053 0.227
K -0.338* 0.464** -0.277 0.659** 0.223 0.245 -0.379** 0.657**
Ca 0.015 0.376** 0.001 0.040 0.020 -0.186 0.078 0.040
Mg 0.045 0.124 -0.421** -0.089 0.033 -0.060 -0.069 -0.089
Fe 0.144 0.181 -0.393** 0.182 -0.227 -0.290* 0.407** 0.184
Cu -0.045 0.148 -0.515** 0.315* 0.222 -0.263 -0.103 0.313*
Zn -0.297* 0.343* 0.193 0.387** 0.157 -0.068 -0.137 0.386**
Mn -0.062 0.221 -0.226 0.404** 0.359* -0.122 -0.330* 0.403**
P K Ca Fe Cu Zn Mn
P 1
K 0.074 1
Ca -0.148 0.090 1
Mg -0.202 0.204 -0.234
Fe -0.004 0.052 0.385** 0.351* 1
Cu -0.064 0.457** -0.109 0.464** 0.382** 1
Zn 0.294* 0.399** -0.079 -0.189 -0.050 0.106 1
Mn -0.012 0.461** 0.138 0.264 0.311* 0.619** 0.268 1
*: P<0.05; **: P<0.01, ***OM: Organic matter
On the contrary, clay and Fe contents of soils showed a  References

positive correlation (0.407**). When the correlations
between plant nutrients with each other, positive
correlations found between total N and available K
(0.657**), Cu (0.313*), Zn (0.386**) and Mn (0.403**); P
and Zn (0.294*); K and Cu (0.457**), Zn (0.399**) and
Mn (0.461**); Ca and Fe (0.385**), Mg and Fe (0.351%*)
and Cu (0.464**); Fe and Cu (0.382**) and Mn (0.311%);
Cu and Mn (0.619**) contents of soils respectively.
Similar positive correlations (e.g. available Fe-Cu; Cu-Mn
contents of soils) were reported in many different studies
(Tarakgioglu et al., 2003, Basaran and Okant, 2005; Cimrin
and Boysan, 2006; Turan et al., 2010; Akga et al., 2015).

Conclusion

Our results showed that soils of Biiyiik Menderes Basin
in the inner Aegean region are generally proper for wheat
cultivation, which were sandy-clay-loam textured, with
slightly alkaline reaction, no risk of salinity and rich in lime
and organic matter. In terms of macro elements, the basin
soils showed deficiency only for total nitrogen as 34%
while the greatest part of them are poor in Zn and Mn. The
results obtained indicate that nitrogen fertilization should
be paid attention to the basin soils, as it is an element that
directly affects the protein content, which is an important
quality criterion in wheat. It is also important to eliminate
micro element deficiencies due to high pH with foliar
applications at the proper time and amount.
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