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Abstract: The employment of inorganic fertilizers to overcome soil nutrient deficiency causes the depletion of microfloral diversity in the 

soil. Hence, there is a necessity to implement different eco-friendly strategies to maintain the nutrient level. In a series of experiments funded 

by SITINPLANT European Project, we have previously determined the interaction between the mycorrhizae and antagonistic biocontrol 

micro-organisms and their effect on diseases and plant nutrient uptake of several plants and trees. On the basis of the inferences obtained 

from that project, we are presently working on the utilization of mycorrhizal fungi and bacteria as organic fertilizers (i.e. biofertilizers) for 

wheat development. Our specific aim is to determine the strategies that may support to decrease the usage of commercial P fertilizers. The 

results of these experiments will provide an insight into the effective usage of different microorganisms for improving crop productivity and 

increasing food security. 
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1. Introduction 

Nearly 815 million people worldwide suffer from malnutrition. 

A large contributor to global malnutrition and hunger are the 

increasing effects of soil degradation on food production, causing 

food-price instability, land abandonment, and involuntary mass 

migration, leading millions into poverty (FAO, 2017). The global 

population is expected to reach 9.7 billion by 2050 (UN, 2015). 

Food production must increase by 70% (FAO, 2009) to meet 

demand, implicating greater agricultural inputs (e.g. fertilizers). 

While synthetic fertilizers do provide readily available nutrients 

such as Nitrogen, Phosphorus, and Potassium, they rarely provide 

much else (e.g. organic matter). Their lack of support of soil 

microbial life (Yu et al., 2016), the higher degree of environmental 

pollution associated with their over application in rural and urban 

landscapes (Bennett et. al, 2001), and the overall agricultural 

dependency of synthetic fertilizers, begs for a formidable substitute.  

Biofertilizers or organic fertilizers are an ideal alternative and 

which research has shown, to be advantageous for higher yield and 

quality food production. Biofertilizers, are those microorganisms 

that under particular soil conditions enhance plant growth by 

facilitating nutrient acquisition. These organisms through microbial 

processes, such as nitrogen fixation or phosphate solubilization, 

help plants assimilate the necessary nutrients that would have been 

otherwise limited (Timmusk, 2017).   

However there is a great pressure on the use of more chemical 

protectants and synthetic fertilizers aiming to increase agricultural 

productivity, European Union and Worldwide policies on the use of 

such chemicals in agriculture are becoming more and more limiting 

aiming to reduce their potential harmful effects on the 

environmental. New policies focus especially on the negative 

impacts of these chemicals on the soil complexity and the quality of 

the produce. Thus, renovations at every step of the agricultural 

practices are urgently required for more efficient use of natural soil 

resources (including minerals, water, etc.). The Sustainable 

Innovation Technology In Plant Nursery Processes Improving Plant 

Quality and Safety (henceforth referred to as SITINPLANT) project 

aimed to develop an innovative production process, through the use 

of biofertilizers, in the fruit tree nursery that would allow the 

production of plants more tolerant to pathogens and more efficient 

in utilizing soil mineral elements, thus addressing the European 

policies for controlling soil and the water pollution. The result of 

the SITINPLANT project lead to mycorrhizal inoculated micro-

grafted or grafted root stocks fruit trees that were more tolerant of 

biotic and abiotic stresses in nurseries and orchards. 

Based on the experiences one the nursery sector, our research 

lab was interested in examining the utilization of mycorrhizal fungi 

and bacteria as biofertilizers for wheat development. Though, the 

concept of soil microbial nutrient enrichment is nothing new, their 

effects prove to be highly variable and thus difficult to manage. 

Hence, in the last several decades research has centered on 

identifying plants with either high nutrient use efficiency or high 

nutrient acquisition efficiency, while more recent research has 

looked towards opportunities for manipulating specific plants and 

microorganisms to enhance nutrient uptake, use, and availability.   

In soils where organic matter is low, and pH and lime content 

are high, P acquisition is primarily affected. Plants uptake 

phosphorus from the soil primarily as orthophosphate (i.e. hydrogen 

phosphate ion (HPO42−), dihydrogen phosphate ion (H2PO4−)) 

(Vance et. al., 2003; Mengel et al., 2001; Correll, 1998). Although 

phosphorus is an essential element for plants, because of these soil 

conditions, P has a lower solubility and rapid transformation into 

insoluble forms, making applied P only about 10-20% available for 

plant uptake (van de Wiel et. al, 2016).  Phosphorus not bounded or 

assimilated by plants, can runoff into natural waters and cause 

eutrophication. Increased algal blooms may include toxic 

cyanobacteria, and the resulting reduction in oxygen levels can 

cause fish kills (Bennett et. al, 2001). Unfortunately, in countries 

like Turkey, a prominent global entity in cereal crop production, all 

of the aforementioned largely affect their agricultural soils and ergo 

crop production and economic profitability. In Turkey, and 

specifically in the Central Anatolian Region (CAR), wheat is the 

predominant cereal cultivar and consumes the most P-fertilizers 

(Çolakoğlu et al., 2005). Hence, our specific aim was to determine 

the strategies that may support to decrease the usage of commercial 

P fertilizers. For this reason, our first objective was to identify 

genotype-based Phosphorus Acquisition Efficiency (PAE). Two 

high and low P-efficient genotypes were identified and are currently 

being tested under field conditions.  
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2. Materials and Methods 

2.1. SITINPLANT Project 

The protocol for fruit tree production was developed by the 

Italian, Bulgarian and Turkish partners of the Project, in 

collaboration with SME-RTD, in estimating the qualitative, 

environmental, and economic benefits gained within the project. 

Experimental trials were conducted in Turkey and Bulgaria. 

Rootstocks and microorganisms used are described in Table 1. 

Three different inoculation methods were used: a) mixing 

Trichoderma harzianum Glomus intraradices with peat and 

incubating for a week before planting; b) mixing T. harzianum into 

peat and incubating for 20 days before planting; c) dissolving the 

inoculum into a solution and dipping the plants just before planting 

(dipping method). This was applied for Trichoderma, Glomus, and 

Agrobacterium radiobacter. The project duration was from 

September 2008 - December 2010. 

Table 1: Rootstocks and microorganisms used in the 

SITINPLANT project. 

Rootstock Microorganisms 

GF677 (Prunus persica x 

Prunus amygdalus), the most 

commonly used rootstock for 

peach, nectarine, plum and 

almond cultivars;  

Myrobolan 29C, a rootstock 

for plum and apricot cultivars;  

GiSeLa®6 a rootstock for 

sweet and sour cherry 

cultivars,  

and OHF 19-89 (Old Hom x 

Farmingdale) a rootstock for 

pear. 

 

Trichoderma harzianum T-22 

(a commercial and a fresh 

culture produced by 

Fitotechniki); 

Trichoderma asperellum B1 (a 

fresh culture produced by 

Fitotechniki) isolated from 

tomato roots by the University 

of Thessaloniki during the 

period of the SITINPLANT 

project;  

Glomus intraradices;  

Agrobacterium radiobacter 

K84 (a fresh culture produced 

by Fitotechniki). 

Streptomyces lydicus WYEC 

108; 

Bacillus subtilis QST 713. 

 

 

2.2 Biofertilizer Project – Selcuk University  

The first phase of the project was genotype screening. Twelve 

commonly grown bread wheat genotypes from the Central 

Anatolian Region were selected for the Greenhouse Experimental 

Trial (see Table 2). Planting of the wheat seeds occurred during the 

1st week of May 2017. The 12 bread wheat genotypes were placed 

in a random block design. There was a total of 8 different 

treatments (i.e. 0 ppm P: Control, Bacteria, Mycorrhizae, and 

Bacteria + Mycorrhizae; 50 ppm P: Control, Bacteria, Mycorrhizae, 

and Bacteria + Mycorrhizae; See Figure 1 below), with 3 

replications for each genotype under every treatment. One (1) kg of 

a 2mm sieved air-dried soil was used, thus the trial was composed 

of a total of 288 pots.  

Fertilized treatments were fertilized using DAP, at a 

concentration of 50 ppm P.  Treatments containing bacteria (i.e. 

Bacteria 0 and 50 ppm P, as well as Bacteria + Mycorrhizae 0 and 

50 ppm) were inoculated with 25 mL/pot of the bacteria solution 

(see Table 2 for Bacteria species). Treatments containing 

mycorrhizae were inoculated with 4.5 grams of a commercial 

mycorrhizae mixture per pot (see Table 2 for Mycorrhizae species). 

Phosphorus Acquisition Efficiency (PAE) was calculated 

according to  Noor et al., 2017, as shown below: 

𝐴𝑅𝐸  % =
𝐴 − 𝐵

𝐶
 𝑥 100% 

𝐴𝑅𝐸 = 𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 

𝐴 = 𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑈𝑝𝑡𝑎𝑘𝑒 𝑏𝑦 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑑 𝑃𝑙𝑎𝑛𝑡  𝑚𝑔  

𝐵 = 𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑈𝑝𝑡𝑎𝑘𝑒 𝑏𝑦 𝑈𝑛𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑑  𝑃𝑙𝑎𝑛𝑡  𝑚𝑔  

𝐶 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑈𝑠𝑒𝑑 (𝑚𝑔)  

Table 2: Plant, fungi, and bacteria varieties used in the 

greenhouse experimental design. AMF: Arbuscular Mycorrhizae 

Fungi.  

 

Bread Wheat  AMF*  Bacteria  

Ahmetaga 

Altay 

2000 

Bayraktar 

2000 

Dagdas 94 

Demir 

2000 

Ekiz 

Eser 

Konya 

2002 

Mufitbey 

Sonmez 

2001 

Tosunbey 

Yunus 

 

Rhizophagus irregularis 

Glomus aggregatum 

Glomus mosseae 

Glomus clarum 

Glomus monosporus 

Glomus deserticola 

Glomus brasilianum 

Glomus etunicatum 

Glomus margarita 

Pseudomonas 

fluorescens 

Bacillus 

licheniformis 

Bacillus 

pumilus 

Bacillus 

subtilis 

 

Figure 1: Greenhouse Experimental Design Treatments 

 

3. Results and Discussion 

3.1. SITINPLANT Project 

 

2.2 Biofertilizer Project – Selcuk University 

Results determined the genotypes: Tosunbey and Bayraktar 

2000  had the highest and lowest PAE respectively. According to 

Zhang et al. (2009), higher acquisition efficiency would imply 

higher grain yield under limited P supply. Although our current 

greenhouse trial results do not include yield, we expect similar 

results from our control group in the ongoing field trial to those of 

Doğan et al. (2014), who investigated the yield and other yield 
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components of various Turkish bread wheat varieties, including that 

of Tosunbey and Bayraktar 2000. Their study concluded that the 

highest yield per area was obtained from Tosunbey, whereas the 

lowest was obtained from Bayraktar 2000. In terms of the use of 

biofertilizers for improved P-acquisition, our results demonstrated 

that Bayraktar 2000’s P-efficiency substantially increased with the 

addition of mycorrhizae. Ortas and Bykova  (2018) confirmed this 

when their study showed both PAE and grain yield increases with 

mycorrhizal inoculation. 

4. Conclusion 

We are particularly interested in determining the effect PAE 

will have on the grain yield of Bayraktar 2000, where Tosunbey and 

Bayraktar 2000 are currently, being compared under varying 

amounts of DAP fertilizer (i.e. 0, 2, 4, and 8 kg/da P) and 

biofertilizer applications (i.e. Bacteria, Mycorrhizae, and Bacteria + 

Mycorrhizae) in a field trial at the Bahri Dagdas International 

Agricultural Research Institute. We anticipate similar results to the 

greenhouse trial from the current field study being conducted.  

The widespread use of  microbial products and/or high P-

efficient genotypes in commercial agriculture, especially in 

countries where access to minerals is restricted, would greatly 

decrease our global consumption of P fertilizers, improve crop 

productivity, and increase food security. In this way, selecting 

wheat genotypes or any other crops with high PAE or enhancing the 

P uptake efficiency using biofertilizers, would be an effective 

strategy towards overall agronomic profitability 
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