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ABSTRACT 
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This MSc Thesis aimed to test the role of organomineral fertilizers, which have 

become widespread in recent years, on the phosphorus (P) use efficiency. For this 
purpose, an incubation test and a pot experiment were carried out to see the effect of P 
in organomineral fertilizer (OMF) prepared by mixing the mineral fertilizer (MF) 
source P with the organic fertilizer (OF) from the biogas plant on the availability of P 
in soil and on the nutrition of the wheat plant. In both experiments, increasing rates of 
OMF-P were applied to the same depth (6 cm below the surface) and compared with 
the triple super phosphate (TSP) fertilizer applied to the same area. In the incubation 
experiment, the soils were sampled twice, on the 45th and 90th days. Olsen P, an 
indicator of P availability in calcareous soils, was measured in homogenized soils. In 
the pot experiment, two samples were made during the tillering and maturation periods. 
During the tillering period, the whole plant was sampled, and at the maturity harvest, 
two separate samples were taken plant stubble and grain. Phosphorus, nitrogen (N), and 
potassium (K) concentrations were measured in plant samples. The content and uptake 
values per pot were calculated for each nutrient by multiplying these with dry weights. 
As a result of the incubation experiment, it was observed that the Olsen P contents of 
the soils treated with the OMF-P were higher at both sampling times than those with 
the MF-P. In line with this, both the P concentration in the shoots and the P uptake per 
pot were higher in the plants treated with the OMF-P in the plant samples of the 
tillering period. A similar trend was observed for P content in grains and total P uptake 
at maturity harvest. There were no definite results for N and K that the presence of 
organic fertilizers improved the N and K nutrition of the plants. In general, the P 
application increased N and K contents in the grain, and when total uptakes were 
considered, N uptake increased, but no effect on K was observed. However, there is 
still a need to compare the results with those obtained under field conditions. 

 
Key Words:  Biogas plant compost, nutrient uptake, organomineral fertilizer, 

phosphorus, wheat 
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: Prof. Dr. Burçin ÇOKUYSAL 

 
Bu Yüksek Lisans Tezi, son yıllarda kullanımı yaygınlaşan organomineral 

gübrelerin fosfor(P)un kullanım etkinliği üzerindeki rolünü test etmeyi amaçlamıştır. 
Bu amaçla, biyogaz tesisi kaynaklı organik gübre (OG) ile karıştırılan mineral gübre 
(MG) kaynaklı P’un hem topraktaki yarayışlılığı hem de buğday bitkisinin 
beslenmesine dönük inkübasyon ve saksı denemeleri gerçekleştirilmiştir. Her iki 
denemede de artan dozlarda OMG-P’u yüzey altına aynı derinliğe uygulanmış ve yine 
aynı yere uygulanan triple süper fosfat (TSP) gübresi ile karşılaştırılmıştır. İnkübasyon 
denemesinde topraklar 45 ve 90. günlerde olmak üzere iki defa örneklenmiştir. 
Homojenize edilen topraklarda yarayışlı P’un bir göstergesi olan Olsen P’u 
ölçülmüştür. Saksı denemesinde ise kardeşlenme ve olgunlaşma dönemlerinde iki ayrı 
örnekleme yapılmıştır. Kardeşlenme döneminde tüm bitki örneklenmiş, olgunluk 
hasadında ise bitki anızı ve dane olmak üzere iki ayrı örnek alınmıştır. Bitki 
örneklerinde P, azot (N) ve potasyum (K) konsantrasyonları ölçülmüş, bunların kuru 
ağırlıklar ile çarpılmasıyla da her bir besin elementi için saksı başına içerik ve alım 
değerleri hesaplanmıştır. İnkübasyon denemesi sonucunda, OMF-P uygulanan 
toprakların Olsen P’u içeriklerinin MF-P uygulanmış olana göre her iki örnekleme 
zamanında da daha yüksek olduğu görülmüştür. Bunun ile uyumlu biçimde 
kardeşlenme döneminde yapılan bitki örneklemesinde hem yeşil aksamdaki P 
konsantrasyonunun hem de saksı başına P alımı OMF-P uygulanmış bitkilerde daha 
yüksek olduğu olmuştur.  Benzer bir eğilim olgunluk dönemi hasadında danelerdeki P 
içerikleri ve toplam P alımları için de gözlenmiştir. Azot ve K için ise organik gübre 
varlığının bitkilerin bu besin elementlerince beslenmelerini iyileştirdiğine dair kesin 
sonuçlar gözlenmemiştir. Genel olarak, P uygulaması danedeki N ve K içeriklerini 
artırırken, toplam alımları göz önünde bulundurulduğunda ise N alımını artırırken, K 
üzerinde herhangi bir etki gözlenmemiştir. Ancak, bu sonuçların tarla koşullarında elde 
edilecek sonuçlar ile karşılaştırılmalarına da ihtiyaç vardır. 

 
Anahtar Kelimeler:  Besin elementi alımı, buğday, fosfor, biyogaz tesisi kompostu, 

organomineral gübre   
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EXTENDED SUMMARY 

 

Increasing world population, decrease in rural population, rise in income 

levels, and changing consumption habits in parallel with improvements in the 

economic situation are the main socio-economic factors that increase the need for 

food. In addition, we must achieve this increase in agricultural production areas 

where we do not have the opportunity to expand further. In addition, this increase 

must be completed in agricultural production areas where we do not have the 

chance to increase it further. Apart from increasing the agricultural production 

areas, these areas are also faced with the risk of losing their 

productivity/productivity due to reasons such as water shortage, mismanagement 

activities, and improper use of agricultural chemicals. Crop production also 

depends on fertilizers, which are carriers of plant nutrients that require energy for 

their production. Fertilizer means more yield per unit area. However, in addition to 

the limited and costly mineral fertilizer raw materials, improper use of nutrients 

such as N and P o also carries environmental risks. Therefore, correctly managing 

these nutrients in fertilization is crucial for effectively using limited raw materials, 

more economical plant production, and reducing environmental risks. Thus, an 

incubation experiment under lab conditions and a pot experiment were planned 

under greenhouse conditions by using biogas-facility-originated organic material, 

one of the most critical raw materials of organomineral fertilizers, and a mineral 

fertilizer source containing P (TSP). While, in the incubation experiment, the 

changes in available P of the soil were investigated with increasing amounts of 

organomineral fertilizer-P (OMF-P) and mineral fertilizer-P (MF-P), in the 

greenhouse experiment, the possible effect of the same fertilizers on the growth 

and P (N and K as well) uptake of wheat was evaluated.  

At the end of 45 and 90 days of incubation of soils in which increasing rates 

of P were applied with the OMF-P and the MF-P, the available P level, known as 

Olsen P, in soils treated with the OMF-P was higher than that of the MF-P. 



IV 

Especially in 90th-day sampling, up to 35% more available P (at a dose of 75 ppm) 

was measured in soils treated with the OMF-P compared to those treated with MF-

P. 

A concordance was observed between the shoot dry weights of plants grown 

with increasing rates of P in the form of OMF-P and MF-P for forty-five days and 

the available P levels of the incubated soils. Plants to which P was applied in OMF 

form had more shoot dry mass than those supplied with MF form. In parallel with 

the increase in shoot growth, P concentrations and total P contents of shoots in pots 

fertilized with the OMF-P were also higher than those fertilized with the MF-P; 

and the difference became more apparent when the P rate was decreased; in such a 

way, reached a level in the field.  

At the tillering stage, increasing P application rates caused an increase in N 

concentration and N uptake of the shoot, independent of the P form. In contrast, it 

only increased uptake for K. Due to the P fertilizer form, neither the N and K 

concentrations nor their uptakes showed any positive changes. 

The harvest rest and grain samples obtained at the ripening stage showed 

similar results to the shoot samples of the tillering stage. Phosphorus application 

increased both harvest residue and grain weight. Phosphorus fertilizer form did not 

cause significant differences in harvest residues or grain weights. Only at the 

lowest P rate, the grain yields of the plants supplied with the OMF-P were slightly 

higher than those treated with the MF-P. In parallel with the samples taken during 

the tillering stage, the P concentration in the harvest residues of the P-treated plants 

increased. However, P concentrations in the grain were not affected by P 

application. In addition, P fertilization increased the P contents of the harvest rest 

and the grain, and the P uptake was calculated from their sum. While the P 

application form did not affect the P content of harvest rest, the grains of plants 

supplied with the OMF-P tended to have more P than those provided with the MF-

P. The difference became more pronounced and statistically significant, especially 

at rates close to the application rates in field conditions and at the lowest P rate, 
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which was 19.7% higher. Regarding P uptake of plants, plants supplied with OMF-

P at the lowest P rate, which is close to the application rates in field conditions, had 

13.6% higher P uptake values than those treated with the MF-P. 

No significant difference was observed between the N and K concentrations 

of the harvest rest and grain samples at ripening and P applications. While total N 

uptake of plants increased with phosphorus application, no increase was observed 

in K. However, plants accumulated more N and K in their grains with P treatment.  

In conclusion, the OMF-P application caused an increase in both shoot 

growth and, to some extent, grain yield compared to the MF-P. Of course, the study 

needs to be renewed in field conditions where root volume is not limited, and the 

results should be compared with those obtained there. However, when it comes to 

P uptake values, the OMF-P effectiveness becomes more pronounced. The OMF-P 

supply caused an increase in P concentration (accumulation: P uptake greater than 

plant requirement) and total uptake but did not affect N and K concentrations. 

Phosphorus application increased the total N uptake, but there was no relationship 

between application forms of P and K uptake.  
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GENİŞLETİLMİŞ ÖZET 

 

Artan dünya nüfusu, kırsal nüfusun azalması, gelir düzeylerinin yükselmesi 

ve ekonomik durumdaki iyileşmelere paralel olarak değişen tüketim alışkanlıkları 

gıda ihtiyacını artıran başlıca sosyo-ekonomik faktörlerdir. Ayrıca daha fazla 

genişleme imkânı bulamadığımız tarımsal üretim alanlarında da bu artışı 

sağlamalıyız. Ayrıca daha fazla artırma şansımızın olmadığı tarımsal üretim 

alanlarında da bu artışın tamamlanması gerekmektedir. Bu alanlar, tarımsal üretim 

alanlarının artırılmasının yanı sıra, su sıkıntısı, yanlış yönetim faaliyetleri, tarımsal 

kimyasalların yanlış kullanımı gibi nedenlerle verimliliklerini/verimliliklerini 

kaybetme riskiyle de karşı karşıyadır. Mahsul üretimi ayrıca, üretimleri için enerji 

gerektiren bitki besin maddelerinin taşıyıcıları olan gübrelere de bağlıdır. Gübre, 

birim alandan daha fazla verim anlamına da gelir. Ancak sınırlı ve maliyetli 

mineral gübre hammaddelerinin yanı sıra N ve P o gibi besin maddelerinin yanlış 

kullanımı da çevresel riskler taşımaktadır. Bu nedenle gübrelemede bu besin 

maddelerinin doğru yönetilmesi, sınırlı hammaddelerin etkin kullanılması, daha 

ekonomik bitkisel üretim ve çevresel risklerin azaltılması için çok önemlidir. Bu 

nedenle organomineral gübrelerin en kritik hammaddelerinden biri olan biyogaz-

tesis kaynaklı organik madde ve P (TSP) içeren mineral gübre kaynağı kullanılarak 

laboratuvar koşullarında kuluçka ve sera koşullarında saksı denemesi planlanmıştır. 

İnkübasyon denemesinde, artan miktarlarda organomineral gübre-P (OMF-P) ve 

mineral gübre-P (MF-P) ile toprağın yarayışlı P seviyesindeki değişiklikler 

araştırılırken, sera çalışmasında aynı gübrelerin buğdayın büyümesi ve P (N ve K 

de) alımı üzerindeki olası etkisi değerlendirilmiştir. 

OMF-P ve MF-P ile artan oranlarda P uygulanan toprakların 45 ve 90 

günlük inkübasyon süresi sonunda, OMF-P ile muamele edilen topraklarda Olsen P 

olarak bilinen yarayışlı P seviyesi MF-P'na göre daha yüksek olmuştur.. Özellikle 

90. gün örneklemesinde, MF-P ile muamele edilen topraklara kıyasla OMF-P ile 
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muamele edilmiş topraklarda %35'e kadar daha fazla yarayışlı P (75 ppm'lik bir 

dozda) ölçülmüştür. 

Kırk beş gün boyunca OMF-P ve MF-P formunda artan P oranları ile 

yetiştirilen bitkilerin sürgün kuru ağırlıkları ile inkübasyona tabi tutulmuş 

toprakların yarayışlı P seviyeleri arasında bir uyum gözlenmiştir. Fosforun OMF 

formunda uygulandığı bitkiler, MF formunda verilenlere göre daha fazla sürgün 

kuru maddesine sahip olmuştur. Sürgün büyümesindeki artışa paralel olarak, OMF-

P ile gübrelenen saksılardaki bitkilerin yeşil aksamlarındaki P konsantrasyonları ve 

toplam P içerikleri de MF-P ile gübrelenenlere göre daha yüksek olmuş, P dozu 

arazi koşullarındaki uygulama dozlarına düşürüldüğünde fark daha belirgin hale 

gelmiştir. 

Kardeşlenme aşamasında artan P uygulama dozları, P formundan bağımsız 

olarak yeşil aksamın N konsantrasyonunda ve N alımında artışa neden olmuştur. 

Buna karşılık, K’da sadece toplam alımda artışa neden olmuştur. Fosforlu gübre 

formuna bağlı olarak ne N ve K konsantrasyonları ne de alımları herhangi bir 

pozitif değişiklik göstermemiştir. 

Olgunlaşma aşamasında örneklenen hasat artıkları ve dane örnekleri 

kardeşlenme aşamasındaki sürgün örneklerine benzer sonuçlar göstermiştir. Fosfor 

uygulaması hem hasat artığı hem de dane ağırlığını artırmıştır. Fosforlu gübre 

formu, hasat artıklarında veya dane ağırlıklarında önemli farklılıklara neden 

olmamıştır. Sadece en düşük P oranında, OMF-P ile beslenen bitkilerin dane 

verimleri, MF-P ile muamele edilenlerden biraz daha yüksek bulunmuştur. 

Kardeşlenme döneminde alınan örneklere paralel olarak P uygulanan bitkilerin 

hasat artıklarındaki P konsantrasyonu da artmıştır. Ancak tanedeki P 

konsantrasyonları P uygulamasından etkilenmemiştir. Ek olarak, P gübrelemesi, 

hasat artığının ve danenin P içeriğini arttırmış ve bunların toplamından da P alımı 

hesaplanmıştır. Fosfor uygulama formu, hasat artığının P içeriğini etkilemezken, 

OMF-P ile gübrelenen bitkilerin daneleri, MF-P ile beslenenlerden daha fazla P'ye 

sahip olma eğilimi göstermiştir. Özellikle tarla koşullarındaki uygulama dozlarına 
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yakın durumda ve en düşük P oranında %19,7 daha yüksek olan fark daha belirgin 

ve istatistiksel olarak anlamlı hale gelmiştir. Bitkilerin P alımı ile ilgili olarak, tarla 

koşullarındaki uygulama dozlarına yakın olan en düşük P dozunda OMF-P verilen 

bitkiler, MF-P uygulananlara göre %13,6 daha yüksek P alım değerine sahip 

olmuştur. 

Hasat artığı ve dane örneklerinin N ve K konsantrasyonları ve P 

uygulamaları arasında önemli bir fark gözlenmemiştir. Fosfor uygulaması ile 

bitkilerin toplam N alımı artarken, K'da herhangi bir artış gözlenmemiştir. Ancak P 

uygulaması ile bitkiler danelerinde daha fazla N ve K biriktirmiştir. 

Sonuç olarak, OMF-P uygulaması, MF-P'ye kıyasla hem sürgün 

büyümesinde hem de bir dereceye kadar dane veriminde artışa neden olmuştur. 

Elbette kök hacminin sınırlı olmadığı tarla koşullarında çalışmanın yenilenmesi ve 

sonuçların orada elde edilenlerle karşılaştırılması gerekmektedir. Ancak konu P 

alım değerlerine geldiğinde OMF-P etkinliği daha belirgin hale gelmiştir. OMF-P 

uygulaması, P konsantrasyonunda (birikim: P alımı bitki ihtiyacından daha fazla) 

ve toplam alımda bir artışa neden olmuştur, ancak N ve K konsantrasyonlarında 

herhangi bir değişikliğe yol açmamıştır. Fosfor uygulaması toplam N alımını 

arttırmış, ancak K alımı ve P uygulaması arasında bir ilişki bulunamamıştır. 
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1. INTRODUCTION  

 

Considering future world food consumption due to increasing population, 

declining rural population, increases in income level, and changes in the rate of 

poverty in the population over time constitute the main socio-economic factors that 

lead to increased food demand (FAO, 2009; Msangi and Rosegrant, 2009). In 

addition to all these, when the production contractions and fluctuations that we will 

face because of global warming are added, it is seen that an overly complex ball of 

problems awaits human beings. It is estimated that the world population will be 

around 9.3 billion by 2050 (UN, 2011). Taking the year 2010, when the population 

was 6.3 billion, as a starting point, this corresponds to an increase of approximately 

35%. This increase means that more people's need for food security and healthy 

nutrition must be met. It is estimated that the demand for food will increase by 70% 

with today's consumption habits (Bruinsma, 2009). This increase means more 

agricultural production. And we must achieve all these increases in limited 

production areas under the threat of global climate change and variability, the 

adverse effects of which are already being seen. 

Using chemical fertilizers in crop production supports the fertility of soils 

chemically. Still, it falls short of improving its physical and biological properties, 

especially in areas where organic matter is shallow. For this reason, mainly, these 

soils should be supported by organic matter. 

Soil organic matter, consisting of plant and animal wastes, is widely used as 

a crucial indicator of productivity in sustainable soil management. The hummus is 

formed because of the breakdown of these wastes; It is a very stable and 

homogeneous substance whose color can vary from brown to black, created 

because of the decomposition of plant and animal wastes by microorganisms’ 

activity. In soil science, organic matter is called humus (Brady and Weil, 2017).  

Although soil organic matter constitutes a meager percentage of soils, it is a 

crucial soil component that affects soil fertility and structure in agriculture. Humus 
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covers the clay minerals in the soil, thus preventing the clay minerals from bonding 

to each other and increasing the exchange capacity of these molecules. Its high 

cation exchange capacity provides better use of chemical fertilizers by the plant. It 

prevents them from moving away from the root zone, combining with high-valent 

cations such as iron (Fe+3), copper (Cu+2), and zinc (Zn+2) to form chelates and load 

these cations. It neutralizes them and facilitates their uptake by plants. It increases 

the activities of microorganisms in the soil. For these reasons, research on applying 

organic matter to the soil in recent years, especially in areas with low organic 

matter, and the effects of humus resources on plant growth and soil properties have 

gained momentum. 

The low organic matter content of Turkey's soils (Sönmez et al., 2018) and 

the decreasing raw material resources (Cordell et al., 2009) increase the need for 

organic and organomineral fertilizer production, and studies on these issues in 

Turkey as well as all over the world. The need to utilize organic wastes, which 

increase due to population growth and consumption in parallel with this, to keep 

the environmental risks to a minimum, also increases the importance of these 

research activities. 

Using natural organic fertilizers (OFs) and organomineral fertilizers (OMFs) 

is one of the most critical issues of sustainable agricultural practices. Organic 

fertilizers can differ since natural fertilizers have different degrees of 

decomposition and decomposition; they break down and decompose slowly. The 

distribution of nutrients they contain is variable depending on the source material. 

On the other hand, OMFs contain plant nutrients found in chemical fertilizers and 

organic matter together so that nutrients can be presented in a more standardized 

form in terms of content. In organomineral fertilizers, plant nutrients such as 

nitrogen (N), phosphorus (P), potassium (K), sulfur (S), zinc (Zn), and organic 

matter originating from humic-fulvic acid, compost, or leonardite are used together 

as a base fertilizer. It is thought that OMFs produced as "organic matter + mineral 

fertilizer" by utilizing the positive effects of organic materials on soil fertility, on 
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the one hand, reduce the loss of nutrients by leaching, on the other hand, increase 

the efficiency of the mineral nutrients used by improving the fertility of the soil in 

the rhizosphere. 

The thesis was planned in two parts: i) an incubation experiment under 

laboratory conditions and ii) a pot experiment under greenhouse conditions. In the 

incubation experiment, available P change was observed in a calcareous soil 

incubated with varying OMF-P and MF-P rates for 45 and 90 days. The effects of 

OMF-P and MF-P applications at different rates on wheat plants’ growth and P 

uptake were investigated in the pot experiment conducted under greenhouse 

conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. INTRODUCTION                    Mahmoud Emad MORSY MOHAMED MORSY 

4 

 

 

 

 

 

 

 

 

 



2. LITERATURE REVIEW         Mahmoud Emad MORSY MOHAMED MORSY 

5 

2. LITERATURE REVIEW 

 

Increases in population, urbanization and income level, and changes in the 

poverty rate over time, constitute the main socio-economic factors leading to 

increased food demand (FAO, 2009; Msangi and Rosegrant, 2009). With all this, 

when production contractions and fluctuations that will occur because of global 

warming are included, it is seen that an extraordinarily complex equation awaits us. 

By 2050, the world population will be around 9.3 billion (UN, 2011). The world 

population was 6.9 billion in 2010, corresponding to a 35% increase. This increase 

means that more people must meet the need for food safety and healthy nutrition. 

During this time, it is estimated that the demand for food will increase by 70% 

(Bruinsma, 2009). This increase means more plant production. And we must 

achieve all these increases in limited production areas under the threat of global 

climate change and variability, the effects of which are already being seen. 

 

2.1. Nutrient Balance and Sustainable Management in Soil 

Considering the limited land resources in agricultural production, more 

fertilizers are necessary to balance nutrients in the soil and respond to increased 

food demand (Grote et al., 2005). According to the calculations, while the amount 

of nutrients removed from the soil on a global scale was 230 million tons in 1997, 

the fertilizer used in the same year was 130 million tons (Vlek et al., 1997). Since 

the amount of nutrients currently removed from the field is higher than the total 

amount of fertilizer used, the fertility of the soils will inevitably decrease over 

time. For this reason, using more nutrients is an absolute necessity both to protect 

the fertility of the soils and to be prepared for the possible increase in food 

requirements in the future. 

Of course, when using these nutrients for plant production, the approach of 

applying the right nutrient source at the right rate, at the right time, to the right 

place should be adopted. So, the nutrient use must be sustainable for the 
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environment, the economies, and the social lives of farmers and related sectors 

(IPNI, 2017). This approach refers to a set of scientific practices that are accepted 

on a global scale, known as 4R’s Nutrient Stewardship. The right source of 

nutrients here includes mineral (chemical) fertilizers and all farm and urban 

organic wastes (IPNI, 2017). 

 

2.2. Plant Nutrition Materials (Fertilizers) 

Fertilizers, which are products that contribute to soil fertility by improving 

the available levels of plant nutrients and the chemical and physical properties of 

soils or are applied directly to plants (Wikipedia, 2020), can be natural and 

processed (Kiiski et al., 2016b). These materials, commonly called fertilizers, can 

be of chemical and organic origin. However, mineral fertilizers are used more 

intensively as a source of nutrients than organic fertilizers due to their high nutrient 

contents and problems in controlling the mineralization processes of organic 

fertilizers. Due to these properties, fertilizers are one of the most critical 

components of plant production. In fact, according to an estimation study, 30-50% 

of the increase in food production between the 1950s and the end of the 1900s was 

due to the use of fertilizers (Higgs et al., 2000). 

 

A. Mineral (Chemical) Fertilizers 

Many nutrients are used in natural or processed fertilizer materials to 

improve plant production from roots and leaves. However, due to the importance of 

nitrogen (N) and phosphorus (P) in plant production and the environmental risks of 

using them at high rates (Guignard et al., 2017), these two nutrients need to be best 

managed during agronomic studies. 

Nitrogen fertilizers are produced using ammonia (NH3) from the Häber-

Bosch process from N2 gas in the atmosphere, an unlimited resource (Appl, 2006). 

This ammonia obtained is used as a raw material for all other N fertilizers such as 

anhydrous ammonium nitrate (NH4NO3) and urea (CO(NH2)2). Nitrogen and its 
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natural cycle are of particular interest to ecologists because N availability can 

affect the rate of key ecosystem processes, including primary production and 

decomposition. Human activities such as burning fossil fuels, using artificial N 

fertilizers, and releasing N with wastewater significantly change the global N cycle 

(Galloway et al., 2004; Kuypers et al., 2018; Reis et al., 2016). Human intervention 

in the global N cycle can adversely affect natural environmental systems and 

human health (Gu et al., 2016; Kim et al., 2017). It is vital to keep the efficiency of 

N used in fertilizer at the maximum level to meet the needs of plants and all living 

things taken into the culture, supply the best contribution to the economy of the 

producers, and manage the mentioned environmental risks in the best way. 

As known, P is one of the essential nutrients that may limit plant production 

in the future with its dependence on non-renewable raw materials (Cordell et al., 

2009). However, there are conflicting estimates of when this limited resource will 

run out. For example, while van Kauwenbergh (2010) thinks this phosphate rock 

will be depleted in 300-400 years, others state that the raw material will run out in 

short, like 50-100 years (Cordell et al., 2009). However, current P applications also 

hold a wide range of environmental risks, from eutrophication in waters to the 

formation of phosphogypsum piles during the production of phosphoric acid and 

heavy metal contamination from raw materials in phosphate rock (Oliveira and 

Machado, 2013). For the reasons mentioned above, it should be the priority of 

today's agriculture to bring all organic resources having nutrients, especially P, to 

agricultural lands so as not to harm the environment. 

 

B. Fertilizers of Organic Origin 

Kacar and Katkat (2009) define organic fertilizers as the plant- and animal-

originated materials used in agriculture. It includes organic fertilizers, animal 

excreta, plant wastes from agriculture, compost, and treated sewage sludge 

(biosolids). In addition to animal manure, animal sources may also include 

materials such as blood meal, bone meal, feather meal, hides, hooves, and horns 



2. LITERATURE REVIEW         Mahmoud Emad MORSY MOHAMED MORSY 

8 

obtained from slaughterhouses (Kiiski et al., 2016a). The European Consortium of 

Organic-Based Fertilizer Industry has defined these fertilizers as follows to clarify 

the boundaries of organic-based fertilizers to end the confusion between the 

concepts of organic fertilizers (ECOFI, 2020). 

 

 Organic fertilizer is a fertilizer whose main task is to supply nutrients in 

organic forms from plant and animal origin organic materials. 

 Organomineral fertilizer is obtained by formulating inorganic fertilizers 

with one or more organic fertilizers or organic soil improvers into solid 

forms (except dry mixes) or liquids. 

 Organic soil improvers have carbonaceous plant and animal origin 

materials whose primary function is to preserve or increase soil organic 

matter content. 

 

A massive part of organic fertilizers consists of animal excreta, as shown in 

Table 2.1, prepared from the Turkey Biomass Energy Potential Atlas organized by 

the Ministry of Energy and Natural Resources (EİGM, 2020). Two-thirds of the 

total amount of organic waste and potential organic fertilizer in Turkey consists of 

animal waste. These fertilizers hold organic matter, various amounts of 

microorganisms, and plant nutrients, albeit at low levels (Kacar and Katkat, 2009). 

For this reason, they are also known as multi-action fertilizers. These fertilizers are 

plant nutrition and soil improvement materials that should be used in a particular 

order to support the fertility of the soil and end the potential waste problems. 
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Table 2.1. The annual amount of organic waste produced in Turkey 
Waste Type  Waste Amount (ton/year) 

Animal Waste  193.878.079 

Plant Waste    62.206.754 

Municipal Waste    32.170.975 

TOTAL (tons/year)  288.255.808 

 
Organomineral fertilizers, which have become widespread among organic 

fertilizers in recent years, are fertilizers that have organic fertilizers or organic soil 
improvers together with mineral nutrients, as stated in the previous definition. It is 
predicted that there may be significant increases in the future use of organomineral 
fertilizers (Paré et al., 2009). 

 
2.3. Soil Organic Matter and Fertilization  

It is known that soil organic matter (SOM) has complex relationships from 
soil microorganisms to soil minerals, starting with dead plant or animal residues 
falling into the soil (Coonan et al., 2020; Figure 2.1). As a natural result of these 
relationships, organic matter takes part in and is affected by the soil's biological, 
physical, and chemical processes (Brady and Weil, 2017. Figure 2.2). The organic 
mass of the soil is a crucial element for the function and quality of the soil. High 
SOM can increase the nutrient content of the soil (Rochette et al., 1999) and 
improve the physical and biological properties of the soil (Gong et al., 2009; Guo 
et al., 2012). Therefore, supporting SOM is vital for maintaining agroecosystems’ 
productivity. Farm practices, such as fertilization or tillage in agriculture, 
significantly affect soil organic matter (Smith et al., 2005; Ludwig et al., 2011). 
This situation becomes more critical in areas with low organic matter content (like 
Turkey). The amount of soil organic matter is estimated by soil organic carbon 
(SOC) content. Changes in SOC also affect the C and N cycles in terrestrial 
ecosystems (Malhi et al., 2011; Grandy et al., 2013). Changes in organic C and N 
fractions in organic matter occur because of the combined effects of soil chemical 
and biological properties (Zhao et al., 2016). 
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Figure 2.1. The cycle of organic matter and nutrients in the soil-plant system 
 

 
Figure 2.2.  Soil organic matter and its relationships with physical, biological, and 

chemical processes in soil 
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Fertilization, which improves the nutrition of plants, in addition to achieving 

high yields, can affect soil microorganisms’ activity and diversity (Jangid et al., 

2008; Ding et al., 2016) and is an essential agricultural application for changes 

such as C and N chemistry of the soil (Nemergut et al., 2008). Earlier studies show 

that fertilization affects and changes the microbial community in N bacteria 

(Simonsen et al., 2015), methanotrophs (Hu and Lu, 2015), and cellulosic bacteria 

(Fan et al., 2012). Microorganisms can respond to changes in soil environmental 

conditions by adjusting the composition of the microbial community and the total 

amount of microbial biomass (Tian et al., 2015). In addition, diversities in the 

microbial colony also affect the cycles of C and N in the soil ecosystem (Grandy et 

al., 2013; Cusack et al., 2011). It is thought that the microbial biomass diversity in 

the soil is an important indicator of soil quality and soil health (Ding et al., 2016; 

Romaniuk et al., 2011). 

The decomposition of plant residues is a crucial process in the nutrient cycle. 

After the death of organisms, most organic compounds are released to the soil in 

the form of insoluble polymers such as cellulose, lignin, protein, and chitin; 

decomposers cannot take them directly (Allison and Vitousek, 2005). Firstly, 

extracellular enzymes must convert these polymers into soluble subunits that 

microorganisms can use. Therefore, extracellular enzyme activity is the limiting 

phase in microbially treated degradation (Schimel and Weintraub, 2003). For this 

reason, it is accepted that these exogenous enzymes to be measured in the soil 

supply indirect information about microbial activities in current conditions 

(Geisseler and Horwart, 2009). 

 

2.4. Organomineral Fertilizers and Their Role in Crop Production  

Animal manure and MFs have been widely used to supply macro-and 

micronutrients in plant production for a long time. In addition, many materials, 

such as food, sewage, and other industrial wastes, are used to produce OMFs 

(Chassapis and Roulia, 2008; Rady, 2012; Kominko et al., 2017). Applying MFs 
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together with organic improvers has a dual effect that enhances crop yield and 

recycles agricultural waste (Lekfeldt et al., 2017; Yadav et al., 2019). Best nutrient 

management practices preferably consist of manure, harvest rests, and MF to 

supply crop nutrient requirements (Ju and Zhang, 2021). That is why; the fertilizer 

industry has also focused on producing organomineral fertilizers, which are 

obtained from the mixture of organic residues, such as biogas plants or wastewater 

sludge treatment plants, with mineral fertilizers. 

When applied to the soil, animal manure has another benefit, such as 

providing organic matter to the soil. When correctly used, it can provide suitable 

conditions for higher plant yields than when only MF is used (Reddy et al., 2000; 

Fernandes et al., 2003; Steiner et al., 2007; Ayinla et al., 2018). For instance, it was 

reported by Steiner et al. (2007) that chicken manure addition provided 

significantly higher rice (Oryza sativa L.) and sorghum (Sorghum bicolor L.) 

yields than MF, rose soil pH and increased extractable P, Ca, and Mg amounts in 

acidic conditions. However, crop yields were similar in many cases in areas where 

animal fertilizers or MFs were applied (Eghball and Power, 1999). These results 

suggest that both fertilizers are excellent nutrient sources. However, a point should 

not be forgotten using animal fertilizers alone causes nutrient imbalances. In 

addition, organomineral fertilizers reduce the fixation of phosphorus by minerals 

(Chaabane, 1994; Parent et al., 2003) and the conversion of P2O5 to non-plant 

available forms (Iyamuremye et al., 1996; Khiari and Parent, 2005) and increase 

the rooting activity of the younger plants (Lee and Bartlett, 1976) are known. 

Although widely used, animal manure and mineral fertilizers may also have 

disadvantages. Recent research activities have shown that reciprocated overuses of 

manure and straw in agricultural soils can increase the risk of P losses to 

waterbodies (Yan et al., 2016; Yang et al., 2017). For example, since animal 

manure usually has a low N:P ratio, MFs are needed to adjust its nutrients to meet 

the plant’s nutritional needs. Application of animal manure to meet the N needs of 

plants will, in most cases, result in excessive P application, leading to 
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environmental problems over time. Organic fertilizers should be subjected to 

chemical analysis before applying them to the field to apply nutrients in known 

amounts. Another point related to animal manure management is its higher 

transport costs over long distances because of its high moisture content. Although 

MFs have the advantage of being specially blended to meet the nutrient needs of 

plants, they still have the potential to create environmental problems if they are not 

applied correctly by the 4D Precision Nutrient Management approach. Due to the 

depletion of natural resources, the lack of raw materials used for fertilizer 

production increases. This is a significant problem for phosphorus. Since negative 

situations are related to these nutrient sources, calls have been made for 

environmentally and economically healthier options (Ojo et al., 2014; Sakurada et 

al., 2016; Ayinla et al., 2018). 

Combining MFs with animal manure or other waste raw materials through 

industrial processes to produce OMFs as a new product is a promising alternative. 

As a result of this process, a more stable, balanced, and uniform product can be 

created by increasing the nutrient concentration in the development, thus enabling 

lower application rates. These fertilizers obtained from organic residues will 

become an industrial product source of nutrients. Therefore, it will be packaged 

and labeled with the nutrient composition clearly written, which can be used to 

calculate the required amount of nutrients for any product. Similar developments 

have been seen in our country in recent years. Another vital advantage is that 

nutrient availability rates can be predicted more easily (Sakurada et al., 2016). 

Moreover, organomineral fertilizer supplies a range of macro and micronutrients 

and organic matter. For example, the combination of animal manure and mineral 

fertilizer offers an excellent opportunity to improve the soil conditions of degraded 

agricultural soils and, at the same time, keep productivity on undisturbed soils. For 

example, it has been reported that the joint application of animal manure and 

chemical fertilizer may have an effect that will result in higher yields than when 

applied alone (Mandal et al., 2007; Eifediyi and Remison, 2010; Ayinla et al., 
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2018). It is expected that the organic-mineral fertilizers will increase shortly. In 

addition to all these, the effect of a solid organic fertilizer originating from a biogas 

plant applied at rates of 0, 250, 500, and 1000 kg/ha on the growth of the wheat 

plant was investigated in a pot experiment conducted under greenhouse conditions 

(Erenoğlu and Hacirüstemoğlu, in press). In the study, the application of fixed rates 

of nitrogen, phosphorus, and potassium and increasing rates of organic fertilizer 5 

cm below the seedbed increased the shoot growth and P concentration; however, it 

did not affect nitrogen, potassium, magnesium, and calcium concentrations. 

Moreover, an increase was observed in plants' total nitrogen, phosphorus, and 

potassium uptakes with organic fertilizers. It was stated that this might be due to 

the dilution effect. 

 

2.5. Organic matter and P relations in soils and plants 

Overuse of P in plant production causes P accumulation in the soil and 

creates a risk in terms of P losses to the waterbodies (Rowe et al., 2016; Zhou et 

al., 2021). Since it is bound in the soil as adsorbed or Ca–P and Al/Fe–P 

precipitates depending on the soil pH and redox condition,  most of the P applied in 

plant production converts to unavailable forms (Barrow et al., 2021; Gu et al., 

2020; Zhang et al., 2021b). After that, the changes in soil properties altered by soil 

management can mobilize fixed P (Nobile et al., 2020). Therefore, understanding 

the conversion and mobilization of soil P under agricultural practices is very 

important. Long-term application of organic ameliorates to soils affects organic 

matter content (Li et al., 2021). In addition, organic matter causes slight and 

microsite acidification in calcareous soils (Guo et al., 2018; Yan et al., 2018). Soil 

acidification increases the conversion of Ca–P into Al/Fe–P in different soils (Chen 

et al., 2018; Liu et al., 2017; Yang et al., 2015). Very recently, Zhang et al. (2022) 

showed high Ca-P transformation to Al/Fe-P in soils supplied with MF and manure 

and attributed to the high proportion of humic-like substances in dissolved organic 

matter, which may have led to a slight/microsite acidification. In well-weathered 
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soils in conditions of flooding or high rainfall, fortified labile OM content also can 

cause the change in soil P by inducing Fe(III) reduction (Khan et al., 2019; 

Maranguit et al., 2017) and in the microsites of well-drained oils (Warrinnier et al., 

2020). In general, the mobilization of soil P induced by Fe(III) reduction is 

commonly coupled with decreasing soil Al/Fe–P content (Zhang et al., 2021a, 

2021b).  

As a result of the change in the rhizosphere, better roots’ growth can help 

use nutrients more effectively, especially those with limited mobility, such as 

phosphorus. In addition, it has been emphasized that humic substances in the 

applied organic material can reduce the fixation of phosphorus in the soil, as 

detailed in Figure 2.3 (Brady and Weil, 2017). In parallel with this, a study 

conducted in the calcareous soils of the Mediterranean Region showed that the 

application of humic-fulvic acid plays a vital role in the recovery of phosphorus in 

the soil (Delgado et al., 2002). Very recently, enhancing effect of the long-term 

organic amendments’ additions on P mobility in calcareous soil was clearly shown 

(Zhang et al., 2022).  
Humin substances were influential not only on the availability/mobility of 

phosphorus in the soil but also on plant yields and P uptake by plants. Namely, 

Tahir et al. (2011) stated that humic acid application increased the P content of 

wheat grown in calcareous soils. Similarly, the applications of mineral P and HA at 

rising rates increased the agronomic responses of wheat under field conditions 

(Shafi et al., 2020). In another study conducted with a bread wheat cultivar under 

greenhouse conditions, the humic-fulvic acid (HA+FA) solution applied in liquid 

form did not affect wheat development or nutrient uptake (Erenoğlu and Dündar, 

2020). However, in the same study, P movement was better in the disturbed soil 

column incubated with HA+FA than in soils without. In parallel, Erenoğlu and 

Hacirüstemoğlu (yayına hazırlanıyor) have shown that the organic fertilizer applied 

in combination with plant nutrients can increase the nutrient use efficiency of 

plants by improving the uptake of nutrients, especially P.  
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Figure 2.3.  The relationship between humic acid, a large organic molecule, and 

phosphorus fixation induced by hydroxy iron is the leading cause of 
phosphorus fixation. The phosphorus fixation level of the surface 
covered with organic molecules decreases (Brady and Weil, 2017). 

 

Although the organic matter and HA+FA content of solid organomineral 

fertilizers are not higher than the liquid products available in the market, when the 

application rates to the field are considered, it is seen that organomineral fertilizers 

are better in terms of those quality parameters. Table 2.2 shows the amounts of 

organic matter and HA+FA used in a unit area calculated from the possible usage 

rates of solid 15.20.0+15OM fertilizer and liquid products available in the market. 

With solid organomineral fertilizer, there is both more organic matter and more 

HA+FA input per unit area. In addition, since plant nutrients and organic materials 

are applied together in the solid product, it is likely to be more effective than liquid 

HA+FA used separately from the nutrients. A comparable situation applies to the 

costs calculated from the same rates (Table 2.3). It is estimated that the cost of 

solid organomineral fertilizer, which provides more organic matter and HA+FA 
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input to the soil, is likely to be more effective and affordable than liquid (HA+FA) 

+ mineral fertilizer application. 

 
Table 2.2.  OM and HA+FA amounts per unit area calculated from the 

recommended application rates of a fluid HA+FA and granule 
15.20.0+OM 

Plant Nutrition 

Source 

  
Recommended Rate in 

Cereals (Wheat-Corn) 

 OM per unit area  
HA+FA per unit 

area 

(kg/da) (kg/da) 

Fluid (HA+FA)    

17% OM        

12% HA+FA 

2-6 L·da-1 
 

0.34-1.02 
 

0.24-0.72 

Granule 

(15.20.0)       

15% OM        

6% HA+FA   

15-60 kg·da-1  2.25-9.00  0.90-3.60 

 

Table 2.3.  Costs calculated from the recommended application rates of fluid 
HA+FA, granule 20.20.0 and granule 15.20.0+OM 

 Plant Nutrition Source 
   Recommended Rate in 

Cereals (Wheat-Corn)

 
Price 

 Cost 

TL/da 

Fluid (HA+FA)               2-6 L·da-1 235 TL·[20 L]-1 23.5-70.5 

20.20.0 15-60 kg·da-1 1.8 TL·kg-1 27-108 

Fluid (HA+FA) + 

20.20.0 
50.5-178.5 

Granule (15.20.0)    15-60 kg·da-1  2.4 TL·kg-1  36-144 
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3. MATERIALS AND METHODS 

 

3.1. Materials 

3.1.1. Experimental Soil and Plant Material 

In the study, Arık Series soil with low organic matter content, high pH 

(7.63), high calcium carbonate, and high clay content was used to stand for the 

soils of the Çukurova Region. Some of the chemical and physical properties of the 

soil are given in Table 3.1. The soil was taken from the field after that was dried 

and sieved. 

 

Table 3.1. Some of the chemical and physical properties of the Arık Series 

A bread wheat (Triticum aestivum L. cv. Adana-99) cultivar extensively 

cultivated in the region was used in the pot experiment. 

 
3.1.2. Fertilizers 

In the studies, an organic fertilizer containing and originating from the 

biogas plant (53% OM, %20 HA+FA, 3% P2O5, 2% N, and 1% K2O), triple 

superphosphate (TSP; 42% P2O5), and urea fertilizers were used. Organomineral 

fertilizer (OMF) containing 22.4% P2O5, total P, and 25% OM was produced under 

laboratory conditions by mixing organic fertilizer, TSP, and quartz sand in the 

Parameter Level Method

Organic Matter, % 1,2 / low Schlicting and Blume (1966) 

CaCO3, % 27 / very high Hızalan and Ünal (1966) 

pH (1:2.5 soil:water) 7.63 / slightly alkaline Jackson (1972) 

Extractable P, kg P2O5·da-1 6.7 / moderate Olsen et al., (1954) 

Extractable K, kg K2O·da-1 119 / high Carson (1980) 

Sand-Silt-Clay Contents, %, 

and Texture Class 
17-28-55 / Clay Bouyoucos (1951) 
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following amounts: 47.2%, 50%, and 2.8% (total P2O5 and OM analysis of 

prepared OMF - 22.36% and 24.8%, respectively). As a K and S source, K2SO4 

was used. To ensure the homogeneous application of fertilizers, all fertilizing 

materials used in the study were ground through a blender.  
 

3.2. Methods 

3.2.1. Organomineral Fertilizers and NaHCO3-Extractable P in Soil 

(Experiment I) 

In this part of the study, conducted as an incubation experiment, 0, 25, 50, 

and 75 mg P∙kg-1 soil rates were applied using OMF and MF, as detailed in Table 

3.2. The incubation process took place in containers having 250 g of soil as three 

replicates. The required number of fertilizers given in Table 3.2 was applied for 

each dose. In addition, the N levels in all incubation containers were kept constant 

to end the possible effects of N on microorganisms’ activities. That is why using 

urea 150 mg N·kg-1 soil was added together with other fertilizers. At the end of the 

45- and 90-day incubation periods, the soils in the containers were homogenized, 

passed through a 2 mm sieve, and then subjected to NaHCO3-Extraction (Olsen P 

analysis). 

 

3.2.2. Organomineral Fertilizers and Phosphorus Nutrition (Experiment II) 

In this part of the thesis, a pot experiment was conducted under greenhouse 

conditions. The effects of organomineral and mineral P sources mentioned above 

on the P uptake of wheat were planned in calcareous soil. In the experiment, visual 

observations were taken, and two harvests at tillering (45 days after) and ripening 

(150 days after) stages were done. At the end of the experimental period, the shoots 

and grains of wheat cultivar Adana-99 were harvested, and biomass, grain yields, 

and nutrient uptakes were figured out. 

The variables to be used in the experiment and the fertilizer forms and rates 

that should be applied to 3 kg pots are expressed in Table 3.3. The pots were filled 
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after the experimental soil was sieved through 5 mm sieves. The pots were 

regularly weighed and watered at 50% of the field capacity during the first week 

after planting, 80% in the following week, and in the next period at 100%. Half of 

the experiments’ pots, designed according to the randomized plot design with six 

replications, were harvested at the end of tillering stage (Zedoks 29) 45 days after 

sowing.  
 

Table 3.2.  Fertilizer types and P levels used in Experiment I and their required 
amounts 

  
P Level 

mg P·kg-1 soil 

 Required Amount of 

Fertilizer    P  Fertilizer 

   mg·[250 g]-1 soil 

       

OMF  

(22.4 P2O5+25OM) 

 0  0  0 

 25  6.25  64 

 50  12.50  128 

 75  18.75  192 

       

MF (TSP)  

(42 P2O5) 

 0  0  0 

 25  6.25  34 

 50  12.50  68 

 75  18.75  102 

 
The plants will be fertilized with the help of the fertilizers given in Table 

3.3 at four different P rates, 0, 25, 50, and 75 mg P·kg-1 soil. All the base fertilizer 

applications were made just before planting, 5 cm below the seedbed. To ensure 

the homogeneous application of fertilizers, all fertilizing materials used in the study 

were ground through a blender, as mentioned above. Half of the N, 75 mg N·kg-1 
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soil (as urea), and all potassium, 100 mg K·kg-1 soil (as K2SO4), were applied as a 

starter fertilizer to the same area with P fertilizers. The rest of the N (75 mg N·kg-1) 

was applied after the harvest at tillering stage. 

 

Table 3.3.  Fertilizer types and P levels used in Experiment II and their required 
amounts 

  
P Level 

mg P·kg-1 soil 

 Required Amount of 

Fertilizer    P  Fertilizer 

   mg·[3 kg]-1 soil 

       

OMF  

(22.4 P2O5+25OM) 

 0  0  0 

 25  75  767 

 50  150  1,534 

 75  225  2,300 

       

TSP  

(42 P2O5) 

 0  0  0 

 25  75  409 

 50  150  818 

 75  225  1,227 

 

The experiment was continued until the end of the harvest; 45 days after 

sowing at the end of the tillering period, the plants in half of the six pots were 

harvested and dried in an oven at 65 °C for two days. After that, the dry weights of 

samples were taken and homogenized using a grinder. The homogenized samples 

were wet-ashed in a microwave oven, and their P, K, Ca, Mg, Fe, Zn, Mn, and Cu 

concentrations were determined using AAS (Since there were no meaningful 

results for Ca, Mg, Fe, Zn, Mn, and Cu, those are not given in the text of the 
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present study). Nitrogen concentrations in samples were measured using the 

Kjeldahl.  

The grains and stovers were sampled 150 days after sowing, and grain 

yields, dry weights, and nutrient concentrations were determined as described for 

the shoot samples in the previous paragraph. 

 

3.3. Statistical Analyses 

At the end of the study, all values obtained from the experiment were 

subjected to one-way ANOVA using the "SPSS STATISTICS 20" statistical 

package program. The significance levels of the treatments were determined. The 

averages of different applications in the measured parameters were compared with 

the Duncan Test at the probability level of P≤0.05. The averages that differed from 

each other are shown with different letters. 
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4. RESULTS AND DISCUSSION 

 

4.1. Organomineral Fertilizers and NaHCO3-Extractable P in Soil (Experiment 

I) 

Sodium bicarbonate extractable P levels of the experimental soil incubated 

with increasing rates of P applied either as OMF or MF for 45- and 90-days are 

given in Figure 4.1. As seen, at the end of the incubation period of 45 or 90 days, 

NaHCO3-extractable P (Olsen P) levels in the soil increased linearly due to 

increasing P application in OMF or MF forms. At the end of the 45-day incubation 

period, there was a tendency that 25 and 50 mg·kg-1 soil P rates of OMF 

application caused higher NaHCO3-extractable P than MF, but this result was not 

statistically significant. In contrast, at the end of the 90 days, P supplies in the form 

of OMF at all P rates resulted in statistically significant increases in NaHCO3-

extractable P levels compared to MF. 

 

4.2. Organomineral Fertilizers and P Nutrition (Experiment II) 

4.2.1. Plant Growth and Grain Yield 

Tillering stage: Figure 4.2 shows the shoot dry weights of wheat plants 

harvested at the end of the tillering stage, 45 days after sowing. The P application 

increased the shoot dry weight irrespective of fertilizer type. In addition, the plants 

supplied with OMF-P had better shoot growth at all three P rates than those 

fertilized with MF (Figure 4.2). And those differences were statistically significant 

and increased when the P rate decreased. 
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Figure 4.1.  Sodium bicarbonate extractable P levels of the experimental soil 

incubated with increasing rates of P applied either as OMF or MF for 
45- and 90-days. Values are the means of three independent replicates 
± SE. Columns with different letters are significantly different for 
each trait at P < 5% according to ANOVA followed by Duncan’s test. 
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Figure 4.2.  Shoot dry weights of wheat grown with increasing rates of P applied 

as either OMF or MF for 45 days in the experimental soil under 
greenhouse conditions. Values are the means of three independent 
replicates ± SE. Columns with different letters are significantly 
different at P < 5% according to ANOVA followed by Duncan’s test. 

 
Ripening Stage: Figure 4.3 presents the dry weights of stovers 

(shoot + husks - A) and grains (B) of wheat plants harvested 150 days after sowing. 

As can be seen, when the dry weights of the stover were considered, it was seen 

that the shoot dry weights of plants increased with the P application compared to 

the control plants. However, the difference became smaller (Figure 4.3A) 

compared to 45 days old plants (Figure 4.2).   

On the other hand, it was observed that the difference enhanced even more 

in the case of grain dry weights (Figure 4.3B). There was still a boosting effect of 

OMF-P on the grain dry weight of the plants supplied with 25 or 50 mg P ·kg-1 soil 

in parallel with the shoot dry weights noted for the plants harvested 45 days after 

sowing. However, the difference was statistically not significant.  
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Figure 4.3.  Dry weights of stover (A) and grains (B) of wheat grown with 

increasing rates of P applied as either OMF or MF for 150 days in the 
experimental soil under greenhouse conditions. Values are the means 
of three independent replicates ± SE. Columns with different letters 
are significantly different for each trait at P < 5% according to 
ANOVA followed by Duncan’s test. 
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4.2.2. Nutritional Status of Plants 

4.2.2.1. Phosphorus Nutrition 

Tillering: Figure 4.4 poses the P concentrations in shoots (A) and P uptake 

(B) of 45 days old wheat plants. As can be seen, irrespective of the fertilizer types, 

P application increased the P concentrations in the shoot. The OMF-P applied 

plants showed higher P concentrations at all P levels than the MF-P used plants 

(Figure 4.4A). Also, these differences were statistically significant and became 

more apparent as the P concentration decreased.  

When the P uptake values calculated by multiplying the P concentrations in 

the shoots with the dry weights were evaluated, it was seen that the OMF-P 

applications increased the total P uptake compared to the MF-P (Figure 4.4B). 

Parallel to the P concentrations, these relations were statistically significant, and 

the power of importance was enhanced with the decrease in the level of applied P 

(Figure 4.4B).  

Ripening: As shown in Figure 4.5A, P concentration in stover increased 

with rising P application rates. However, different fertilizer application forms did 

not cause any difference in P concentrations of the harvest rests (Figure 4.5A). 

However, unlike P concentrations in shoots and stover, P application did not 

significantly affect P concentrations of grains (Figure 4.5B).  
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Figure 4.4.  Shoot P concentration (A) and P uptake (B) of wheat grown with 

increasing rates of P applied as either OMF or MF for 45 days in the 
experimental soil under greenhouse conditions. Values are the means 
of three independent replicates ± SE. Columns with different letters 
are significantly different for each trait at P < 5% according to 
ANOVA followed by Duncan’s test. 
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Figure 4.5.  Phosphorus concentration in stover (A) and grains (B) of plants grown 

with increasing rates of P applied as either OMF or MF for 150 days 
in the experimental soil under greenhouse conditions. Columns with 
different letters are significantly different for each trait at P < 5% 
according to ANOVA followed by Duncan’s test. 
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Figures 4.6A, B, and C show P contents of harvest rest and grains and total 

P uptakes obtained by their summing. As can be seen, the P application had an 

increasing effect on all three traits. Moreover, grains’ P contents were higher than 

that of stovers. Regarding stovers’ P content, although OMF-P applied plants 

tended to have higher P contents than MF-applied ones for all three P rates, 

differences were statistically insignificant (Figure 4.6A). Regarding the P content 

of grains, it was clear that the OMF-P application provoked higher P contents than 

the MF application except for the highest P level; those differences were significant 

(Figure 4.6B). Consistent with the P content in the grains, there is a substantial 

relationship between the total P uptake of plants and the forms of P fertilizer, 

especially in low P applications (Figure 4.6C). In such a way, for all three 

phosphorus rates, the plants supplied with OMF-P had higher total P uptake than 

the plants of OF-P application, and when it dropped to 25 mg P ·kg-1 soil, the 

difference became statistically significant. 

 

4.2.2.2. Nitrogen and Potassium Nutrition 

Tillering: Figures 4.7A and B show the nitrogen and potassium 

concentrations in the shoots of the 45 d old wheat plants. Increasing P application 

in OMF and MF forms enhanced N concentrations in the shoot but did not affect K 

concentrations. The N concentrations in the shoot of wheat plants fertilized with P 

in the mineral form were higher than those fertilized with P in the OMF-P form, 

opposite the P concentrations of the same plants.  

At the same time, there have been more net increases in the total N uptake; 

the total N (Figure 4.7C) and K (Figure 4.7D) uptakes of plants broadened with an 

increment in P rates irrespective of the application form. 
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Figure 4.6.  Phosphorus content of harvest rests (A) and grains (B) and total P 

uptake (C) of plants grown with increasing rates of P applied as either 
OMF or MF for 150 days in the experimental soil under greenhouse 
conditions. Columns with different letters are significantly different 
for each trait at P < 5%, according to ANOVA followed by Duncan’s 
test. 
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Figure 4.7.  Nitrogen and K concentrations in shoots (A-B) and uptakes (C-D) of 

wheat grown with increasing rates of P applied as either OMF or MF 
for 45 days in the experimental soil under greenhouse conditions. 
Columns with different letters are significantly different for each trait, 
at P < 5% according to ANOVA followed by Duncan’s test. 

 

Ripening: Figures 4.8A and B present the N and K concentrations in the 

stover and grains of wheat grown for 150 days. In general, while the N 

concentrations in the stover were lower than those of the grains, it was the opposite 

for potassium. None of the N or K concentrations in the stover (Figures 4.8A, B) or 

grains (Figures 4.8C, D) changed concerning the increased P rate or form of P 

fertilizer.  

Irrespective of application forms, the P application positively affected the 

total uptakes of both N and K (Figure 4.9E, F). However, it was not so evident in 

some cases where K was involved (Figure 4.8F). In the case of the N and K 

contents of grains per pot, the P application had apparent increasing effects; and it 

was calculated that 58-65% of the total N and 4-7% of total K were localized in the 

grains. (Figures 4.9C, D). There was no statistically significant relationship 
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between the P fertilizer form and the uptake of these nutrients for neither N nor K 

(Figure 4.9E, F). 

 

 
Figure 4.8.  Nitrogen and K concentrations of harvest rests (A-B) and grains (C-D) 

of wheat grown with increasing rates of P applied as either OMF or 
MF for 150 days in the experimental soil under greenhouse 
conditions. Columns with different letters are significantly different 
for each trait, at P < 5% according to ANOVA followed by Duncan’s 
test. 
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Figure 4.9.  Nitrogen and K contents of harvest rest (A-B) and grains (C-D) and 

total N and K uptake (E-F) in wheat grown with increasing rates of P 
applied as either OMF or MF for 150 days in the experimental soil 
under greenhouse conditions. Columns with different letters are 
significantly different for each trait at P < 5% according to ANOVA 
followed by Duncan’s test. 
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4.3. Discussion 

Effect of organomineral P on P availability/mobility in soils 

Application of manure-based organic fertilizer or humic substances can 

affect plant P uptake in two ways: i) increasing its mobility and recovery (Delgado 

et el., 2002; Shafi et al., 2020; Zhang et al., 2022) and ii) allowing it to be 

transported to longer distances (Du et al., 2013; Erenoğlu and Dündar, 2020). 

In the current MSc Thesis, it was found that compared to mineral P, the 

incubation of organomineral P caused higher NaHCO3 extractable in such a way 

that plant-available P in the experimental soil at the end of the 45- and 90-day 

incubation period (Figure 4.1). It was recently shown that long-term organic 

amendments enhanced P mobility and reduced P adsorption in calcareous (Farid et 

al., 2021; Zhang et al., 2022) and non-calcareous soil (Farid et al., 2021). These 

results agree with the results found by Delgado et al. (2002). In that study, they 

revealed that the application of humic-fulvic acid plays a significant role in the 

recovery of P in the calcareous soils of the Mediterranean Region (Delgado et al., 

2002). In the current study, the reason for the higher plant-available Olsen P in the 

soil incubated with organomineral fertilizer P than the mineral fertilizer may also 

be the humic substances from the organic raw material (Figure xx). Slight and 

microsite acidification in calcareous soils (Guo et al., 2018; Yan et al., 2018) due to 

humic-like substances (Zhang et al., 2022) around mineral P sources might be one 

of the possible reasons for enhanced Olsen P levels (Figure 4.1). An additional 

reason may be the increased mobilization of soil P due to Fe(III) reduction in 

micro-sites, coupled with the decrease in soil Al/Fe-P contents (Zhang et al., 

2021a, 2021b). Moreover, humic substances can enhance P availability by 

increasing the distance of P movement (Du et al., 2013; Erenoğlu and Dündar, 

2020) and the concentration of extractable P in soil (Du et al., 2013; Shafi et al., 

2020). While Du et al. (2013) showed increased P movement in the nearby soil 

volume surrounding the fertilizer granule, Erenoğlu and Dündar (2020) were also 

able to detect P in soil solution samples taken at a vertical distance of 15 cm from 
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the application point when P was applied in the liquid form. However, P was not 

found even in soil solution samples taken 5 cm away from the application point 

(Erenoğlu and Dündar, 2020).  

 

Effect of organomineral P on shoot growth and grain yield of wheat  

Forty-five days after sowing, application of OMF-P caused significantly 

higher shoot growth than MF-P application at each P level from 25 to 75 mg P·kg-1 

soil (Figure 4.2). There was good accordance between shoot growth (Figure 4.2) 

and NaHCO3 extractable P in soils incubated with OMF-P or MF-P for 45 days 

(Figure 4.1). When we look over stover dry weights for the final harvest, it is seen 

that the plants fertilized with OMF at higher P rates had more stover than those 

fertilized with MF (Figure 4.3A). In terms of grain dry weight, although the grain 

yields in the pots fertilized with OMF in the lowest two P treatments were higher 

than those treated with MF, this difference was not statistically significant (Figure 

4.3B). The current study was conducted in a limited volume in the pot, and the 

significant differences in favor of plants fertilized with OMF in the initial period 

may have disappeared in the later periods as the roots reached the entire pot. 

Therefore, it is essential to compare the subjects in this study in larger pots and 

field conditions. These results are consistent with previous studies stating that 

using organic fertilizers will result in better plant growth than when only mineral 

fertilizers are used, apart from the additional organic matter input to the soil 

(Steiner et al., 2007; Ayinla et al., 2018). However, the soils of both experimental 

sites were low in soil fertility and cation exchange capacity (CEC); they were 

highly weathered clayey and sandy soil, respectively. In a study conducted with 

sweet corn in clayey loam soil, Canatoy and Daquiado (2021) demonstrated that 

vermicompost application and mineral NPK increased the canopy and grain yields. 

In a recent study conducted in greenhouse conditions, the application of fixed rates 

of N, P, and K, together with increasing rates of organic fertilizer originating from 

a biogas plant, increased the shoot growth of wheat grown in pots for 45 days up to 
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15% compared to plants supplied with only mineral N, P, and K (Erenoğlu and 

Hacirüstemoğlu, in press). Consistent with these results, Tahir et al. (2011) and 

Shafi et al. (2020) stated that the application of humic substances boosted the 

agronomic responses of wheat under field conditions. However, Erenoğlu and 

Dündar (2020), in a short-term pot experiment (45 days) under greenhouse 

conditions, could not find any stimulating effect of humic substances on wheat 

growth. In a field trial conducted with wheat, in which compound fertilizers 

containing different NPs were compared, it was shown that although it was 

statistically not significant, 12.12.0+12S+OM fertilizer at a 25 kg·da-1 rate resulted 

in more grain yield than the same amount of mineral fertilizer with 20.20.0+Zn 

content (Süzer and Çulhacı, 2017). However, as seen in the grades of both 

fertilizers, organomineral fertilizer contained 12% SO3, while mineral 20.20.0+Zn 

fertilizer did not besides the combination of green manure with increased maize 

yield compared to the control (Mukuralinda et al., 2010). Moreover, the combined 

application of inorganic fertilizer and organic amendment might be a suitable 

approach for sustainable production systems under no-tillage which potentially 

causes hardening in the soil. For example, applying vermicompost with inorganic 

fertilizer enhanced stover and grain yields in sweet corn (Canatoy and Daquiado, 

2021). 

 

Effect of organomineral P on P, N, and K uptake of wheat 

Some of the well-known characteristics of the P are high fixation, slow 

diffusion, and low availability, making P one of the major limiting factors for 

average plant growth in arid climates (Shen et al., 2011). As shown in Figure 4.1, 

the presence or addition of humic substances can effectively increase the 

availability of P in the soil (Xing et al., 2020; Farid et al., 2021). In addition, 

although organomineral fertilizers are effective only in the root zone of a plant 

known as the rhizosphere and not the entire soil in a field due to their low 

application rates, this can result in better root development. Thus, it may also 
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increase the use efficiency of nutrients, especially for those with limited mobility, 

such as phosphorus. These improvements in root development, together with the 

advances in the mobility of elements such as P, can positively affect the growth of 

plants. In such a way, adding humic acids from vermicompost to the growth 

medium of pepper (Arancon et al., 2006), banana, strawberry, and cowpea (Quility 

and Cattel, 2011) increased root mass. The combined effect of increased P 

availability in soil and root growth can lead to improved P uptake, increased plant 

growth, and enhanced nutrient utilization efficiencies. 

Although it provides meager organic matter contribution to the soil 

compared to directly applied animal manure compost, the organomineral P 

application has also led to increased P use efficiency (Figures 4.4A, B; Figures 

4.6B, C), as in plant growth (Figure 4.2; Figures 4.3A, B). At the end of the 

tillering period, the plants supplied with OMF-P had higher shoot P concentration 

and P uptake per pot than MF-P-applied plants. It became more pronounced as the 

application rate decreased and approached the P rates in the field. At 25 mg P·kg-1 

rate, OMF-P applied plants showed 28% and 44% more P concentration and P 

uptake in the first harvest than MF-P used ones (Figures 4.4A, B).  These results 

are also consistent with the research of Erenoğlu and Hacırüstemoğlu (in press), 

which showed that organic fertilizer and N, P, and K application increased both P 

concentration and uptake compared to mineral N, P, and K applications. Regarding 

harvesting at maturity, although the P concentrations in the grains of OMF-P 

treated plants are slightly higher than those of MF-P treated plants, they are 

statistically insignificant (Figures 4.5B). When the total P uptakes are evaluated, it 

is seen that the P uptake of OMF-P-treated plants is higher than that of MF-P-

treated plants (Figures 4.6C). In such a way, at the lowest P rate, grain P content 

and total P uptake of OMF-P applied plants were 19.7 and 13.6% higher, 

respectively than those of MF-P used. While these differences were statistically 

insignificant at high P rates, the difference was statistically significant at the lowest 

P dose (like practical applications) (Figure 4.6C).  In accordance, the combined 
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application of animal manure with half-reduced inorganic P fertilizer (DAP) 

increased the P concentration in the shoot of chickpeas (Khan et al., 2022). In line 

with this, under no-till conditions, parallel to yield increases in sweet corn grown 

with complete NPK and vermicompost, vermicompost application boosted total N, 

P, and K uptakes. Very recently, it has been shown that DAP fertilizer coated with 

humic acid increases phosphorus availability in soil and photosynthesis activity and 

yield of maize (Chen et al., 2021). In addition, it has been found that while the 

coated-DAP fertilizer increases the efficiency of phosphorus use by 8.4% 

compared to the non-coated, this application also produces economically profitable 

results. 

Opposite to the P, the OMF-P application did not stimulate either the 

concentration (Figures 4.7A, B) or the uptake (Figures 4.7C, D) of N and K 

compared to MF-P. However, in a very recent study by Erenoğlu and 

Hacırüstemoğlu (in press), it was shown that although the application of N, P, and 

K with organic fertilizer did not cause an increase in N and K concentrations 

compared to those with mineral N, P, and K, it increased the total uptake of the 

plant.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

 

The current MSc thesis aims to reveal the effects of P applied as an 

organomineral fertilizer on both the availability of P in the soil and the 

development and P uptake of wheat grown under greenhouse conditions. 

As it is known, the use efficiency of P used in plant production is low, 

which causes negative results both in terms of the farmers' economy and the 

environment. In addition, it is crucial to evaluate the urban and agricultural 

residues, which increase in parallel with the increasing world population in 

agriculture. Using organic residues in agriculture is essential to increase or at least 

not lose soil fertility in areas with low organic matter content. Therefore, it is 

necessary to consider each agricultural practice that will at least protect the soil 

fertility and increase P use efficiency by evaluating the organic residues. That is 

why this study, which aimed to increase the efficiency of using P and organic 

residues correctly, is critical. 

With these thoughts, the conclusions of the current MSc thesis and the 

recommendations related to them are given below: 

 

 Organomineral fertilizers produced using an organic fertilizer 

containing and originating from a biogas facility may positively 

affect plant growth and yield. 

 Particularly, it is possible that the efficiency/availability of P applied 

as OMF-P increases in the presence of organic fertilizer due to the 

difficulty of binding P to the soil. 

 At P rates close to the application rates under field conditions, the P 

accumulation in grains of OMF-P applied plants is higher than that 

of MF-P used plants (19.7%). The total P uptake of OMF-P supplied 

plants is 13.6% higher as well.  
 



5. CONCLUSIONS AND RECOMMENDATIONS   
                                                      Mahmoud Emad MORSY MOHAMED MORSY 

44 

 

 However, the current study should also be carried out under field 

conditions, and the actual effects of the OMF-P application should 

be revealed. 
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