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Abstract. Intensive agriculture in dry lands when coupled with wind erosion causesdegradation of soils’ physical and chemical 
qualities that limits achieving desired yield. Karapınar, located in Central Anatolia (CA) of Turkey experienced severe wind erosion 
in 1960s which affected 145000ha arable land. The mitigation studies undertaken from 1960s to 1990s successfully suppressed wind 
erosion effectsinKarapınar. However, private farm soils are still threaten by wind erosion due to improper land use such as excess 
irrigation, over use of fertilizers, tillage and unsuitable crop pattern that all degrades soils physical and chemical qualities. The soil 
organic carbon is the major soil component lost due to ignorance of organic matter supply to cultivated fields inCA although it is 
traditionally the center of small ruminant production with its wide grazing lands. The current number of small ruminants exceeds 
500.000 heads in the study area and manures generally sold to other regions of the country. The urgent necessity for providing 
carbon to eroded soils which have shallow A-horizons (<15cm) in the site can be met by local livestock activities.But farmers are not 
aware of animal manures efficiency or replacement with chemical fertilizers. Thus, an experiment was conducted at three 0.5 
haplots for demonstrating the efficiency of animal manure for cereal production. The cattle manure was applied at a rate of 20 t ha-1 
to two plots (Akçaşehir and Karapınar) and control (Ereğli). As all soils are deficient in Zn content, 50 kgha-1 ZnSO4.7H2O was 
provided to all plots. Conventional cropping was undertaken at Ereğli experimental field by application of 350kgha-1 urea, 160 kgha-

1 TSP (Triple Super Phosphate). Results revealed that manure application successfully substituted wheat’s nutrition requirement in 
CAalsoincreased soil organic matter even not at desired level (>3%).The outcomes of the study is shared to farmers via Karapınar 
Agricultural Chamber and Turkey’s largest NGO namely TEMA (The Turkish Foundation for Combating Soil Erosion, for 
Reforestation and the Protection of Natural Habitats) for capacity building. 
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Introduction 
 
Today’s agricultural practices focus on achieving maximum 
yield rather than increasing soil quality by high input of 
agro-chemicals and intensive tillage (Kobayashi 2005). De-
creased soil quality by excess tillage triggers wind erosion in 
arid lands. For combating and mitigating negative effects of 
wind erosion in arid farm lands, soils organic carbon should 
be supplied to fields for sustaining soils production capacity 
(Sommer et al. 2013). The major source for supplying organic 
matter to soils in CA can be animal manure, already avail-
able as much as 200.000.000 kg/year (from more than 
500.000 head sheep in the area (Mevka 2014). Several studies 
revealed the positive effects of manure on soils and crops 
quality by increasing available plant macronutrients N, P, 
and K (Masto et al. 2007), water holding capacity, cation ex-
change potential, pH buffering and dense root development, 
increasing plants resistance to abiotic conditions (Martin &  
Sauerborn 2013). 

Rates of manure application to soil depend on several 
factors, including the type of crop, availability and chemical 
composition of manure along with soil parameters. How-
ever, excess application rates can adverse the positive effects 
on soils and plants by increasing salinity due to chloride 
content of animal manure (Diacono & Montemurro 2010). 
Animal manure applied at no-till conditions revealed en-
hanced yield production in soybean, black oat and Italian 
ryegrass rotation (Costa et al. 2014). 

Agricultural practices dates back to 9000 years BP in 
Anatolia (Akça & Kapur 2014). The extensive use of soils for 
centuries where production is limited by dry climate and 
poor soil quality due to carbonate rich lacustrine parent ma-

terial (Kalaycı et al. 2011). Thus, for intensive cultivations 
soils demand external nutrient inputs particularly for N, P 
and Zn (Fig. 1). For supplying plant nutrients N-P-K fertiliz-
ers are excessively applied and particularly overuse of nitro-
gen fertilisers increased decomposition of organic material. 
Therefore N and P nutrition are not crucial as in the case of 
organic material. At rainfed conditions the average cereals 
(wheat and barley) yield varies from 2,5 to 3 t ha-1 in Central 
Anatolia however increases up to 5.86 to 6.02 t ha-1 at irri-
gated fields with high chemical fertilizer input (Öztürk et al. 
2008). So, enhancing soil with cattle manure for meeting the 
demand of depleted micronutrients and organic material are 
crucial for the sustainable maintenance of soils for food secu-
rity and economy of farmers in CA.  

Decreasing soil quality can only be maintained by appli-
cation of organic and mineral additives that were up taken 
by plants (Maillard & Angers 2014). And particularly in CA 
agricultural monoculture dominated practices decreased or-
ganic matter and available plant nutrients (Mayes et al. 
2014). 

Soil nutrient status in cultivated lands is widely con-
trolled by external inputs of soil conditioners and fertilizers 
(Davis 2007) mostly containing macronutrients of nitrogen, 
phosphorus and potassium so nutrient balance is negatively 
changed for micronutrients such as Zn, Fe and Mn. More-
over, for increasing yield amount from a unit area, stake-
holders with small farms (app.6 hectares for Turkey, Uzun-
dumlu 2012) tend to use high nitrogen bearing agrochemi-
cals which also decrease organic matter of soils (Chievenge 
et al. 2011) by inducing decomposition rate of organic mat-
ter. Although animal manures positive effects on soil aggre-
gation is well-known  (Alliaume et al. 2013) its application in 
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CA, a major agricultural zone of Turkey covering 55.000km2 
greater than several countries such as Netherlands and Den-
mark (http://data.worldbank.org/country), is limited (Işık 
et al. 2000). Thus, this study is one of the pioneering trials at 
private eroded lands that set assessment ofreal life responses 
of animal manure application. The study based on the use of 
cattle manure at three private fields located in CA of Turkey. 
The experiment was set up for determination of animal ma-
nure on physical, chemical and nutrition properties of ex-
perimental fields and compared with conventional cultiva-
tion (plant nutrients are provided by chemical fertilizers) for 
revealing animal manure efficiency in semi-arid conditions. 

 
 

Material and Methods 
 
Study area 
Experiments were conducted in 2011-2013 during the harvest period 
(July) at 3 plots 0.5 ha area located in Karapınar, Akçaşehir and Ere-
ğli (CA, Turkey) (Fig. 1). Sites have similar geographical conditions 
that are characterized by continental climate with 350mmmean an-
nual precipitation and elevation of 1000m in Karapınar and Akçaşe-
hir, and 1050m in Ereğli. 
 

 
 

Figure 1. Locations of the experimental fields. 
 
 

Prior to 1970s the majority of the agricultural management was 
based on rain fed conditions in CA was, and after harvest in July, 
farm fields were highly vulnerable to wind erosion. Following the in-
troduction of irrigation in late 1970s from ground well increased the 
period of land cover along with yield. The lacustrine parent material 
rich in carbonate in CA lead to the formation of mainly Calci-
sols/Inceptisols and Cambisols/Inceptisols (Akça & Kapur 2014). 
Soils of the experimental fields were classified as Haplic Calcisol 
Aric according to IUSS Working Group WRB (2014) and TypicCal-
cixerept according to Soil Survey Staff (2014) which have developed 
on flat lands with high pH (>7.8) and medium texture (silty loam, 
loamy clay) with low organic matter.  

The experimentalsoilsare classified into Land capability class of 
III due to their high susceptibility to wind erosion (Soil Conservation 
Service 1961). This may be seen atrelatively shallow surface horizons 
(Ap) of experimental fields which less than 15cm. The low organic 
matter and Zn along with shallow A-horizon revealeda degraded 
land affected by wind erosion. Wind erosion has been a long stand-
ing issue in Konya plain and effecting majority of the soils (Kuzu-
cuoğlu et. al. 1996). The magnitude of erosion is increased at bare 
cultivated lands following harvest in July, soils are prone to severe 
wind erosion during the drought periods namely August and Sep-
tember in Konya Plain.  

Experiment was undertaken with Genotype 1252 (220kgha-1 
seeded), a widely cultivated wheat in CA for pasta production due 
to its high yielding characteristics (Atılgan & Aşkın 2008). Sprinkle 
irrigation was established to all plots, and four irrigation treatments 
were applied during the cultivation period. 

 
 

Treatments 
The cattle manure utilized in the experiment was matured for 6 
months prior to application, and was free of bedding material and 
weeds (Table 1). As animal manure is primarily used for enhancing 
soil organic matter, nitrogen, potassium and phosphorous content 
(Sommer et al. 2013) other nutrients such as iron, zinc and magne-
sium that are generally found at lower amounts were neglected in 
this study. The manure was applied at a rate of 20tha-1 to two plots 
(Akçaşehir and Karapınar) and Ereğli plot was the control. The Cen-
tral Anatolian soils are deficient in Zn content (Kalaycı et al. 2011), 
thus 50 kgha-1 ZnSO4.7H2O was provided to all plots for eliminating 
Zn related growing problems. Conventional cropping was under-
taken at Ereğli experimental field by application of 350kgha-1 urea, 
160kgha-1 TSP during growing season. 
 
Table 1. Chemical properties of animal manure used for the treat-

ments. 
 

Total N P K Organic Matter Zn Fe Cu Mn EC pH 

kg ton-1 % mg kg-1 dS/m  

16 2.62 15 68 42 45 25 112 1.2 6.8 
 
 
Soil and plant analysis 
Soil samples (from 0-20 and 20-50cm) were collected from random 
points of each experimental plotbefore sowing in September 
2011,and following harvesting in August 2012, 2013. Also soil sam-
ples were collected from private fields adjacent to experimental 
plots. Soils pH, electrical conductivity (EC), exchangeable cation, or-
ganic matter (OM), macro and micronutrients were determined us-
ing the methods employed routinely outlined by Sparks (1996) (Ta-
ble 2). The nutrient contents of N (Kjeldahl), K, P2O5, of manure were 
determined according to the guidelines described by Reuter and 
Robinson (1997). Leaf samples were collected according to Bergman 
(1988) from youngest matured leaves during flag leaf foliation both 
from experimental plots and adjacent farm fields which are culti-
vated conventionally. The second soil samplings were undertaken 
following harvest in July 2012 and 2013 for the evaluation of animal 
manure effects on soils physical and chemical properties. Yield was 
calculated with average harvested grain from each plots of experi-
mental fields and provided as kg/ha. Private fields soil and plant 
nutrient analyses under conventional management also provided in 
the study for comparing manure treatments. 

Fields were selected from various locations with similar soil and 
ecological conditions. However, experiments in each field was estab-
lished with 3 replicates and data averages of each replicates were 
evaluated. The data were analyzed according to coincidence blocks  
 
Table 2. Some physical and chemical properties of the experimental 

soils before sowing. 
 

Location Karaman  Karapınar  Ereğli 

Depth (cm) 0-20 20-50  0-20 20-50  0-20 20-50 

pH 7.9 8.1  7.8 7.9  7.9 8.0 

EC (dS/m) 0.04 0.05  0.06 0.06  0.09 0.1 

CEC (me 100g-1) 28.7 28.5  14.2 12.7  26.3 27.5 
CaCO3 (%) 28.5 29.6  31.4 32.8  28.4 32.8 

P2O5 (kg ha-1) 68 68  101 97  12.2 9.6 

Zn (mg kg-1) 0.9 0.7  0.8 0.7  0.9 0.65 
Fe (mg kg-1) 4.8 4.7  5.0 4.8  5.0 4.5 

Mn (mg kg-1) 3.0 2.8  3.0 2.9  2.9 2.8 

Cu (mg kg-1) 0.8 0.8  0.7 0.7  0.8 0.75 
Total N (%) 0.4 0.2  0.2 0.1  0.3 0.2 

Organic Matter (%) 1.1 0.8  0.9 0.7  1.2 0.9 

Texture Loamy 
clay 

Loamy 
clay 

 Loam Loam  Silty  
clay  
loam 

Silty  
clay  
loam 

 



G. Büyük et al. 
 

50 

design, using thrice reported variance analysis and MRD (Most Reli-
able Difference) tests with the (MSTAT-C, 1988) software. 

 
 

Results and Discussions 
 
No nutrient deficiency symptoms have been observed at 
animal manure applied plots in Karapınar and Akçaşehir 
(Fig. 2). This is also supported by the plant leaf analyses of 
Karapınar and Akçaşehir which were within sufficient levels 
(Barker & Pilbeam 2006) (Fig. 3). However, the major and 
micronutrients were relatively low at Ereğliplot (Fig. 4). Ma-
nure application increased plots K content (Fig. 2). K status 
in Central Anatolian soils is becoming a critical issue due to 
extensive maize cropping with the introduction of irrigated 
agriculture. Maize is known to consume high amounts of K 
than wheat (Büyük et. al. 2010). Therefore animal manure 
application is also necessary for keeping soils K level above 
deficiency levels, although no symptom or data is obtained 
for its deficiency in experimental soils and plants. 
 

 

 
 

Figure 2. Experimental fields’ soils plant nutrient levels following 
treatments. 

 
 

Soils of experimental sites along with private farm fields’ 
soils were re-analyzed for their nutrient contents following 
harvest (Fig. 2, 4). A significant change was observed in Zn 
levels at manure and Zn-applied soils which increased from 
0.9ppm to 1.2ppm.Zinc concentration is determined to be af-
fected by manure and fertilizer application at 0.05 signifi-
cance level. Other than Zn and Cu, the nutrient levels of soils 
are above deficiency level in manure applied plots (Fig. 3, 4) 
However, Zn should be always monitored due to its com-
mon deficiency in Konya Plain particularly cereals Zn up-
take is not sufficient (Kalaycı et al. 2011) (Table 2).  

Other nutrients such as P, K, Mg, Cu, Mn and Fe were in 
sufficient range following harvest (Fig. 2 and 3) which re-
vealed that the amount used by plant was most probably 
provided by manuring or manure-increased solubility of 
said nutrients (Uzoma et al. 2011). However, organic matter 
increase in two years of experiment was not statistically sig- 
 

 

 
 

Figure 3. Experimental plots crop leaves plant nutrient contents fol-
lowing treatments. 

 
 

 

 
 

Figure 4. Plant nutrition content of the private farm soils adjacent to 
experimental plots (no treatment) during study. 

 
 

nificant and less than 1% at all plots, which revealed the ne-
cessity of continuous manure application or other organic 
matter sources to the soils. The yields from experimental 
plots in Karapınar, Akçaşehir and Ereğli were 6.4, 6.8 and 
6.3tha-1 respectively (Fig. 6). The private fields’ yields were 
varied from 6.15 t ha-1 to 7.0 t ha-1.  

Soils pH, EC and calcium carbonate did not reveal any 
change following animal manure application. Thus, yield 
level of experimental plots were quite similar to convention-
ally managed private fields productivity which showed the 
efficiency of animal manure for substituting chemical fertil-
izers for wheat production except zinc, which should be 
given as chemical fertilizer due to high deficiency levels in 
Central Anatolian soils. Wheat yield found to be affected  
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from animal manure at  0.05 significance level. 
 

 

 
 

Figure 5. Plant nutrition content of the private farmscrops leaves’ ad-
jacent to experimental plots during study. 

 
 

 

 
 

Figure 6. Wheat yields at experimental fields following treatments. 
 
 
Conclusion 
 
The increasing demand of chemical fertilizer based plant nu-
trients in conventional agriculture decreases both soil quality 
and net profits from yields as price of agrochemicals are in 

increasing trend. Thus, management of crop nutrition via lo-
cal natural sources particularly at areas with high livestock 
population as in Central Anatolia of Turkey is crucial for 
food security. The experiment with irrigated areas set with 
animal manure revealed no difference between yield output 
and nutrient levels compared to chemical fertilizer applied 
plots. The20tha-1 animal manure application at experimental 
soils provided sufficient growth for wheat production at ir-
rigated conditions. So, this rate of application cereals N and 
P requirements are most probably met by animal manure in-
stead of chemical fertilizers. Moreover, animal manure’s 
other favorable effects, although not measured in the study, 
on soil quality aeration, water holding capacity, resistance to 
erosional effects are another positive outputs of increasing 
soils organic matter content. However, annual animal ma-
nure application at high amounts can create secondary 
salinization due to its chloride content particularly at areas 
with low rainfall such as Konya Plain. So, following manure 
application soil salinity should be monitored for preventing 
secondary salinity.   
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