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Abstract. High soil pH coupled with low available soil phosphorus (P) and poor utilization efficiency of 

added P is a significant constraint limiting the productivity of irrigated crops in semi-arid regions. The aim 

of this three-years field study was to investigate the interactive effect of mycorrhiza (Glomus mosseae) 

inoculation and phosphorus application on the growth, nutrient uptake and yield components of red pepper 

(Capsicum annuum L.). The experiment was consisted of four treatments: i) control, ii) mineral-P fertilizer 

application, iii) mycorrhiza inoculation, and iv) mineral P + mycorrhizal inoculation. The lowest mean fresh 

fruit yield was measured in 2013, and the highest mean yield was obtained in 2014. Overall, the results 

indicated that mycorrhizal inoculation and mycorrhiza + phosphorus applications increased yield by up to 

25% compared to the control treatment specifically in productive years. The number of spores in soil and 

pepper yield had a significant positive correlation. Moreover, mycorrhiza inoculation clearly increased 

plant Zn contents (only significant in 2014). Overall, the study suggest that inoculation of mycorrhiza may 

increase nutrient (P and Zn) uptake and fruit yield in P supplied pepper planted soils, however, the 

environmental factors seems to play an important role in controlling their interaction. 
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Introduction 

Ongoing global warming and rapidly growing world population threaten the food 

security and sustainable life on earth. The only way to cope with the effect of increased 

population pressure on the soils is to increase the fertility of currently available 

agricultural lands. Furthermore, sustainable soil and plant management practices needs to 

be developed to minimize erosion, soil salinity, soil and water pollutions without altering 

the crop yield. 

Previous studies indicated that plant nutrients are taken by plant roots as well as fungi 

species, often called mycorrhiza, diagnosed under a microscope and producing large 

amounts of hyphae (Leifheit et al., 2014; Harikumar et al., 2015; Liu et al., 2016). 

Arbuscular mycorrhizal fungi (AMF) can form associations with the roots of most of the 

terrestrial plant species, and exchange soil-derived nutrients for plant-derived 

photosynthates and lipids (Coccina et al., 2019). Mycorrhiza is infecting to plant 

communities through spores that exist in the soil or added via various treatments such as 

with mineral or organic fertilizers. The majority of plant roots are dependent on the 

mycorrhiza system (Smith and Read, 2008; Ortas, 2019a), however, mycorrhiza spore 

availability for large agricultural areas may not be sufficient in high productive systems 

(Simpson and Daft, 1990; Klironomos, 2003). The mycorrhiza spores used in the previous 

mailto:almaca@harran.edu.tr


Almaca et al.: Interactive effect of arbuscular mycorrhizal fungi inoculation and phosphorus fertilizer application on yield and 

nutrient content of red pepper (Capsicum annuum L.) in a semi-arid region 

- 2780 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):2779-2792. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1904_27792792 

© 2021, ALÖKI Kft., Budapest, Hungary 

studies have mostly been produced by plant roots that are artificially or naturally 

inoculated with mycorrhizal inoculation (Al-Amri, 2019; Wang et al., 2020). Since 

mycorrhiza fungi are symbiotic to plant roots, they generally reproduce in the rhizosphere 

of host plants (Gilmore, 1968; Gerdemann and Trappe, 1974; Sylvia and Jarstfer, 1994). 

In terrestrial ecosystem, mycorrhizal fungi play a key role in the acquisition of mineral 

nutrients, such as P, N, Fe, Zn, Cu and Mo (Aggangan et al., 1999; Smith and Read, 2008) 

and increases plant growth along with yield. Also according to Smith and Read (2008) 

mycorrhizal inoculation provides water and mineral nutrients (such as P and N) to plants 

in exchange for carbohydrates produced photosynthetically. Mycorrhizal fungus 

increases the plant root surface area by producing a large number of hyphae, explore the 

soil more efficiently than plant roots and take nutrients far beyond the nutrient depletion 

zone around the roots (Wang et al., 2020). Most agricultural crops are responsive to 

mycorrhizal symbiosis, however, the degree to which plants respond to mycorrhizal 

colonization differs significantly among species (Ortas, 2012a, 2018). Pepper plant is 

highly mycorrhizal dependent under field conditions (Almaca et al., 2013). 

Pepper is one of the most produced and consumed products among vegetables, and 

world vegetable production is approximately 732 Ktons (FAO, 2018). Pepper is highly 

consumed in Vietnam, India, USA followed by Middle East, Mediterranean Basin 

countries. Due to the high yielding physiology of pepper, its nitrogen and phosphorus 

requirement is higher compared with the other the field crops which necessitate proper 

nutrient management. For increasing nutrient uptake efficiency of pepper mycorrhiza 

inoculation in field conditions has been proposed by Al Raddad (1987) and Ortas (2012b). 

The results of Al Raddad (1987) indicated clearly that the abundance and composition of 

native mycorrhizal communities determined establishment success of the inoculant. 

Additionally, Al Raddad (1987) determined that inoculation of G. fasciculatum, 

G. monosporum and G. mosseae mycorrhiza varieties in field conditions showing higher 

pepper yield. Similarly, Rafique and Ortas (2018) reported that G. mosseae and 

G. etunicatium inoculated pepper yield increased by 35.7% and 20.0%, respectively. On 

clayey soil with containing different doses of phosphorus, G. macrocarpum and 

G. fasciculatum inoculated pepper fruit yield, shoot P, Zn, Cu, Mn and Fe uptake of the 

plants increased significantly grown compared to those not infected (Sreenivasa et al., 

1993). Janos (2007) reported that the yield response of crop plants to mycorrhiza 

inoculation or nutrient content, is a specific to plant trait, and controlled interactively by 

plant x mycorrhiza type x environment including agricultural management practices. The 

results of Pischl and Barber (2017) shown that AMF (arbuscular mycorrhizal fungi) may 

ameliorate the effects of temperature stress enhancing plants growth efficiency and 

nutrient content. Tanwar et al. (2013) results are shown that mycorrhiza inoculated pepper 

plant produced more spores compared to control applications, and higher spores were 

obtained from both in mycorrhizal inoculation with additionally 0.2 g super phosphate 

applications per pot. However, they found that there was a decrease in the number of 

spores with 0.4 and 0.8 g P pot-1 and mycorrhizal inoculation treatments. In Harran Plain, 

the climate is hot and dry, and the organic matter of the soils is low which all limits the 

productivity of these soils (Oztürkmen et al., 2020). 

The aim of our study was to determine the interactive effect of mycorrhiza 

(G. mosseae) inoculation and phosphorous fertilizer application on the growth, yield, 

nutrient uptake quality components of pepper in a 3-year field experiment under semi-arid 

climatic conditions. 



Almaca et al.: Interactive effect of arbuscular mycorrhizal fungi inoculation and phosphorus fertilizer application on yield and 

nutrient content of red pepper (Capsicum annuum L.) in a semi-arid region 

- 2781 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):2779-2792. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1904_27792792 

© 2021, ALÖKI Kft., Budapest, Hungary 

Materials and Methods 

The field experiment was carried out in South Eastern Project Research Institute, 

Şanliurfa province, Turkey (36o 47ꞌ, 39o 15ꞌE, 36o 40ꞌ, 37o 41ꞌN) during 2013-2015. Long 

term annual air temperature was 18.3 °C, with an annual mean precipitation of 459.4 mm 

(from 1950 to 2016). Harran soil series texture was silty clay loam with a pH value of 7.6 

(Table 1). 

 
Table 1. Some physical and chemical properties of soils of the research site prior to 

experiment 

Soil Properties 2013 2014 2015 

Water saturation (%) 66 66 64 

pH (1:1) 8.0 7.6 7.3 

EC (dS m-1) 1.0 1.6 1.8 

CaCO3 (%) 27.7 27.3 30.7 

Phosphorus P2O5 (kg ha-1) 31.3 26.9 38.5 

Potassium K2O (kg ha-1) 1164 1371 1536 

Organic Matter (%) 1.4 2.0 2.5 

 

 

Prior to experiment in order to exploit the residual fertilizers in the soil, wheat, barley 

and maize were grown in the experimental field. 

Seedling growth and mycorrhizal inoculation 

Red pepper (Capsicum annuum L.) (cv. İnan 3363) seeds were sown in plastic trays 

with 20 cm3 cells filled with a sterilized (at 121 °C for 1 h) peat and perlite mixture (1:1, 

V/V). Glomus mosseae were inoculated to the trays at rate of 1000 spore/cell (three 

seedlings per cell). Mycorrhiza spores were directly placed below the seeds in each cell. 

Field experiment 

Three years experiments were conducted field of Harran series soil. The field 

experiment consists application of various phosphorus doses and mycorrhiza inoculation 

in factorial randomized complete blocks design with three replications. Four treatments 

used in the experiment were i) control (CK), ii) mineral P application (PA, 100 kg 

P2O5 ha-1), iii) mycorrhiza inoculated during seedling period (SM; with Glomus mosseae) 

and iv) P fertilizer mycorrhiza inoculated treatment (PSM; 100 kg P2O5 ha-1 + Glomus 

mosseae). The size of plots was 15 m2, and the seedlings were planted at 70 cm inter-row 

and 40 cm intra-row distances. A total of 210 kg ha-1 nitrogen was applied as ammonium 

nitrate (NH4NO3). Half of the ammonium nitrate was applied during planting of seedlings, 

and the rest was applied during the fruit formation period. All the phosphorous fertilizer 

was applied before seedlings planting. Plants were irrigated via drip irrigation system, 

and approximately 1000 mm m-2 of water was applied throughout the growing period. 

The fruits were harvested when reached the maturity stages. The harvest was carried out 

in 6.2 m2 of each plot considering the edge effect. 
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Isolation and counting of mycorrhiza spores 

After the harvest of fruits, the rhizosphere soil and root samples were collected from 

each plot. The spores were counted according to the wet screening method (Gerdemann 

and Nicolson, 1963). 

Mycorrhizal infection 

Following plant roots separation from the soil and they were first washed with tap 

water and then with deionized water. The fresh weight of the plant roots was recorded 

after drying the excess water on the surface of the washed plant roots with drying pepper. 

The cleaned plant roots were prepared for mycorrhizal colonization by the method of 

Koske and Gemma (1989). Mycorrhizal root colonization was determined by the method 

of Giovenetti and Mosse (1980) under microscope with 40 to 60 magnification. Infection 

ratio in plant roots was determined using to the following equation; 

 

 
% Infection ratio = (The number of roots inoculated / The number of 

total roots) x 100 
(Eq.1) 

Nutrient analyses 

The first leaves in the upper position were collected during the fruit formation stage to 

determine the mineral nutrient contents plant leaves were washed with deionized water 

and dried at 70 °C. The dried samples were grounded and were digested in nitric acid. 

The volumes of dissolved samples were completed to 20 ml with deionized water. Macro 

and micro element concentrations were determined using the Atomic Absorption 

Spectrophotometer which was equipped with an Electro Thermal Temperature Controller 

and a VGA 77 (Vapor Generator Apparatus) apparatus. P was determined by the method 

of Olsen and Dean (1965). 

Quality analysis in pepper fruits 

The matured and harvested fruit size was measured in 20 fruits that represent the 

experiment from each plot. Vitamin C of fruit samples was measured by titrimetric 

method (Association of Vitamin Chemists, 1951) and pH was measured by a pH meter. 

Dry matter content was determined by a refractometer (IFJU, 1968). 

Statistical analysis 

The effects of phosphorus and mycorrhiza treatments on yield and yield components, 

spore counts, nutrient contents and all other parameters were assessed by a two-way 

variance analysis (ANOVA). When ANOVA indicated a significant difference, the least 

significant difference (LSD) post hoc test (P>0.05) was used to distinguish significant 

treatments. The statistical analysis was performed using SPSS 21 software (SPSS Inc., 

Chicago, IL, USA). 

Results 

Fruit yield and dry matter content 

The effects of treatments on fresh fruit yield were significantly different between the 

years (Fig. 1). The treatments on yield and all other traits were not significant in 2013, 
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while the fresh fruit yield was significantly increased in 2014 only with PA application 

and the highest yield in 2015 was obtained in PSM application treatment. In 2015, yield 

in SM and PSM treatments increased by 11 and 25% compared to the control. Dry fruit 

yield values in different years also were some similar to the fresh weight values. The 

differences in dry fruit yield obtained for 2013 was not statistically significant. In 2014, 

phosphorus and P*M interaction significantly increase (p<0.015 and, p<0.032 

respectively) yield (Table 2). However, the highest dry matter yield in 2015 was obtained 

in PSM and SM treatments. In 2015, the yield values from high to low were as follow; 

PSM> SM> PA = CK. The yield increase in SM and PSM treatments compared to control 

was 19 and 28% higher, respectively. In 2015 experiment, mycorrhiza inoculation and 

phosphorus application significantly increase the yield (p<0.007, p<0.02, respectively). 

Plant height fruit vitamin and pH content were measured and treatments did not make any 

significant differences (Table 3). 

 

Figure 1. The effect of mycorrhizal inoculation on dry (A) and fresh fruit (B) yield (kg ha-1). i) 

control (CK), ii) mineral P applied treatment (PA, 100 kg P2O5 ha-1), iii) mycorrhiza inoculated 

treatment (SM; with Glomus mosseae) and iv) P fertilizer+mycorrhiza inoculated treatment 

(PSM; 100 kg P2O5 ha-1 + Glomus mosseae). Error bars show the standard error of each 

treatment (n= 3). Capital or small letters indicates statistical differences (P<0.05) within years. 

ns indicates not-significant 
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Table 2. Significant of P-values (probability) from analysis of variance for different plant parameters 

Year Treat Df Yield Plant Height Fruit vitamin C Fruit pH Fruit dry matter Root infection rate Mycorrhizal spore density 

 m 1 ns 0.8028 0.7517 0.8986 0.7895 *** 0.7035 

2013 p 1 ns * 0.6099 0.5290 0.6897 0.2555 0.9813 

 m*p 1 ns 0.3926 0.9566 0.5290 0.7895 0.2555 0.3816 

 m 1 ns 0.1762 0.7057 0.9839 0.1403 0.0088 * 

2014 p 1 ** 0.9072 0.7622 0.0953 0.4012 * 0.0851 

 m*p 1 * 0.0751 0.5469 0.0786 0.4012 0.8243 0.4015 

 m 1 *** 0.1222 0.5060 0.9655 ** *** *** 

2015 p 1 ** 0.5803 0.4452 0.1044 0.1630 * 0.2148 

 m*p 1 ns 0.3650 ** 0.9655 0.8044 0.3466 0.3641 

              

Year Treat Df N P K Ca Mg Fe Zn Mn Cu B Na 

 m 1 ns 0.2638 0.9389 0.8945 0.5302 0.2193 0.1036 0.3840 0.0789 0.8927 0.7029 

2013 p 1 ns 0.4295 0.1187 0.3223 0.1529 0.4948 0.6089 0.3110 0.5865 0.2944 0.1205 

 m*p 1 ns 0.5357 0.9529 0.1965 0.2680 0.9766 0.7995 0.2411 0.9711 0.3763 0.3553 

 m 1 ns 0.5214 0.5496 0.6049 0.6216 0.9604 * 0.6917 0.3963 0.9676 0.7982 

2014 p 1 ns 0.9260 0.2831 0.1128 0.1788 0.6376 0.1124 0.0774 0.2203 0.0727 0.1104 

 m*p 1 ns 0.5214 0.4784 0.7725 0.6782 0.8974 0.2057 0.6537 0.1523 0.9688 0.5788 

 m 1 ns 0.3533 0.8818 0.5703 0.9407 0.7796 0.6305 0.6985 0.3808 0.4315 0.6076 

2015 p 1 ns 0.8487 0.5703 0.6965 0.5806 0.3594 0.8167 0.7206 0.6362 0.6247 0.0964 

 m*p 1 ns 0.7038 0.5703 0.7601 0.9407 0.8706 0.7936 0.8621 0.8530 0.4364 0.2069 

* P<0.5, ** P<0.01, ***p<0.001 indicates statistical differences within treatment, ns indicates not-significant 
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Table 3. The effect of mycorrhizal inoculation on yield, plant height, quality parameters and mycorrhizal root infection parameters. Treatment 

abbreviations are; i) control (CK), ii) mineral P applied treatments (PA, 100 kg P2O5 ha-1), iii) mycorrhiza inoculated treatment (SM; with Glomus 

mosseae) and iv) P fertilizer + mycorrhiza inoculated treatment (PSM; 100 kg P2O5 ha-1 + Glomus mosseae) 

Year Treat Fresh yield 
Yield (dry 

weight) 
Plant Height Fruit vitamin C Fruit pH 

Fruit dry matter 

content 
Root infection rate 

  ton ha-1 ton ha-1 cm mg 100 g-1  % (brix) % 

2013 CK 40.9±1.5ns 3.6±0.1 ns 61.7±2.3 ns 136.9±22.9 ns 5.09±0.01 ns 8.80±0.58 ns 0.0±0.0 ns 

2013 PA 42.7±1.6 3.8±0.1 65.3±1.2 142.9±7. 5.09±0.01 8.87±0.13 0.0±0.0 

2013 SM 41.5±1.2 3.6±0.3 58.7±2.3 132.1±6.6 5.11±0.04 8.53±0.59 30.0±5.8 

2013 PSM 43.0±0.9 3.8±0.2 67.0±3.8 139.4±2.6 5.08±0.02 8.87±0.48 10.0±5.8 

         

2014 CK 53.8±1.4 B 4.4±0.0 ns 71.9±1.6 ns 132.3±20.6 ns 5.06±0.03 ns 8.13±0.15 ns 10.0±0.0 B 

2014 PA 61.7±0.4 A 4.5±0.6 75.1±0.8 121.1±10.5 5.37±0.11 7.27±0.89 23.3±3.3 AB 

2014 SM 55.0±0.1 B 4.7±0.1 72.9±0.4 129.5±3.9 5.22±0.03 8.50±0.15 33.3±6.7AB 

2014 PSM 55.7±2.4 AB 4.7±0.1 69.3±2.8 133.3±4.6 5.21±0.11 8.50±0.35 46.7±12.0 A 

         

2015 CK 44.8±0.5 b 3.6±0.0 b 67.3±0.7 ns 105.1±5.0 ns 4.90±0.03 ns 7.93±0.07 ns 10.0±5.8 c 

2015 PA 46.4±1.9 b 3.5±0.1 b 63.3±1.8 138.8±11.6 4.97±0.05 7.47±0.29 16.7±6.7 bc 

2015 SM 49.7±0.3 b 4.3±0.1 a 69.3±4.8 126.1±10.2 4.90±0.03 8.67±0.24 36.7±3.3 ab 

2015 PSM 55.8±1.8 a 4.6±0.1 a 70.3±0.3 106.0±5.0 4.97±0.03 8.33±0.35 53.3±3.3 a 

Capital or non-capital symbols indicates statistical differences within treatment in each year at P<0.05, ns indicates not-significant 
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The number of spores 

The number of spores in 10 g soil in the mycorrhiza and phosphorus treatments were 

given in Fig. 2. The number of spores mycorrhiza inoculated treatments was generally 

higher than those without inoculation. The number of spores in PSM application was 2.7, 

29.3 and 26.7 in 10 g dry soil in 2013, 2014 and 2015, respectively. The values in SM 

applications were lower than the values obtained in PSM applications (except in 2013), 

while higher than those determined in CK and PA applications. The number of spores in 

SM and PSM treatments in 2015 was 143 and 247% higher compared to the number of 

spores counted in control, respectively. Phosphorus application alone in 2014 and 2015 

also significantly increased (p<0.002, p<0.003, respectively) the number of spores 

compared to the control. 

 

 

Figure 2. The effect of mycorrhizal inoculation on the number of spores (A), leaf Zn (B) and Cu 

(C) concentrations. Treatment abbreviations are; i) control (CK), ii) mineral P applied 

treatments (PA, 100 kg P2O5 ha-1), iii) mycorrhiza inoculated treatment (SM; with Glomus 

mosseae) and iv) P fertilizer + mycorrhiza inoculated treatment (PSM; 100 kg P2O5 ha-1 + 

Glomus mosseae). Error bars show the standard error of each treatment (n= 3). Capital or 

small letters indicates statistical differences (P<0.5) within years. ns indicates not-significant 
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Plant nutrients 

Nutrient concentrations of the leaves in mycorrhiza and phosphorus applications are 

presented in Table 2. The N, P, K, Ca, Mg, Fe, Mn, Cu, B and Na content of leaves in 

2013, 2014 and 2015 were not statistically different among the treatments (Table 2 and 

Table 4). The effect of applications on leaf Zn concentration was not statistically 

significant. Leaf Zn concentration in 2014 and 2015 increased significantly in SM and 

PSM treatments where mycorrhiza inoculated (statistically significant only in 2014). In 

contrast, the leaf Zn concentration in 2013 was not significantly changed with the 

treatments. The mean leaf Zn concentration of three-year was 31.7 mg Zn kg-1 in SM 

treatment and 29.3 mg Zn kg-1 in control. The leaf Zn concentration in 2014 was 40.6 mg 

Zn kg-1 in SM application, while it was 32.8 mg Zn kg-1 in control (Fig. 2). The leaf Zn 

concentration in 2014 was 24% higher than the control. When the same treatments were 

compared, the difference in 2015 was determined as 23%. Similar to the Zn 

concentrations, the leaf Cu concentrations also differed between the treatments, although 

the values were not significantly different. The leaf Cu concentrations in 2014 and 2015 

were increased in mycorrhiza inoculated treatments; however, the increase is not 

statistically significant. 

The mean yield (dry) values in 2014 were higher compared to 2013 and 2015. 

Similarly, the Cu content of the leaves in 2014 was higher than the Cu content determined 

in 2013 and 2015. In the present work the number of spores and the yield had a significant 

positive correlation (Fig. 3). Also there is a relationship in between root colonization and 

yield increases during three years’ data. 

 

Figure 3. The relationship between mycorrhizal spore density and fresh fruit yield 

 

 

Mycorrhizal colonization 

In 2013, mycorrhizal root colonization (%) was low and not significant, however in 

2014 and 2015 mycorrhizal root colonization were high and statistically significant. 

Especially in year 2015, without colonization root colonization was determined. With SM 

(G. mosseae) treatment 36.7 % and with P fertilizer + mycorrhiza inoculated treatment 

53.3 % of root colonization were determined (Fig. 4). 

 

Fresh Yield [ton ha-1]

M
yc

o
rr

h
iz

al
sp

o
re

d
en

si
ty

(c
o

u
n

t
10

 g
-1

d
ry

 s
o

il)

y = 0,0008x - 26,7
R² = 0,3077

0

10

20

30

40

0 20 40 60 80

2013

2014

2015



Almaca et al.: Interactive effect of arbuscular mycorrhizal fungi inoculation and phosphorus fertilizer application on yield and nutrient content of red pepper (Capsicum annuum L.) in a semi-arid region 

- 2788 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):2779-2792. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1904_27792792 

© 2021, ALÖKI Kft., Budapest, Hungary 

Table 4. The effects of mycorrhiza inoculation on plant nutrient concentrations. Treatment abbreviations: i) control (CK), ii) mineral P applied 

treatments (PA, 100 kg P2O5 ha-1), iii) mycorrhiza inoculated treatment (SM; with Glomus mosseae) and iv) P fertilizer + mycorrhiza inoculated 

treatment (PSM; 100 kg P2O5 ha-1 + Glomus mosseae) 

Capital or non-capital symbols indicates statistical differences within treatment in each year at P<0.5, ns indicates not-significant 

 

Year Treat N P K Ca Mg Fe Zn Mn Cu B Na 

  % mg kg-1 

2013 CK 4.92±0.25 ns 0.24±0.02 ns 5.06±0.45 ns 2.39±0.09 ns 0.70±0.04 ns 66.0±12.4 ns 29.1±1.0 ns 139±6 ns 22.2±1.6 ns 64.0±3.6 ns 83.0±12.8 ns 

2013 PA 4.73±0.12 0.21±0.01 4.07±0.46 2.46±0.10 0.68±0.01 61.1±2.0 26.4±0.4 142±5 21.6±1.0 62.9±2.0 76.4±4.0 

2013 SM 4.65±0.28 0.21±0.02 5.07±0.84 2.71±0.33 0.83±0.11 57.1±2.6 21.9±5.8 181±35 19.8±0.8 70.6±10.6 95.0±10.9 

2013 PSM 4.84±0.14 0.20±0.02 4.14±0.29 2.20±0.21 0.64±0.07 52.7±1.8 21.0±3.4 136±14 19.1±1.7 58.0±4.5 71.3±2.5 

             

2014 CK 3.80±0.06 ns 0.21±0.02 ns 7.34±0.56 ns 2.74±0.56 ns 1.27±0.31 ns 111.7±7.5 ns 32.8±3.0 B 131±21 ns 31.1±1.7 ns 72.4±5.5 ns 65.9±18.3 ns 

2014 PA 3.77±0.15 0.20±0.01 7.04±0.41 2.20±0.04 1.06±0.05 106.1±8.9 31.9±1.9 B 111±3 31.4±0.9 63.5±4.9 40.0±14.6 

2014 SM 3.58±0.22 0.21±0.03 8.33±0.93 2.65±0.46 1.25±0.25 110.0±10.0 40.6±2.3 A 131±14 33.8±0.4 72.0±1.1 83.9±34.2 

2014 PSM 3.79±0.20 0.22±0.01 6.95±0.89 1.90±0.05 0.87±0.02 106.8±9.1 33.6±1.2 AB 100±1 30.7±0.9 63.5±3.9 33.2±10.1 

             

2015 CK 4.19±0.24 ns 0.25±0.02 ns 2.72±0.26 ns 3.94±0.55 ns 1.05±0.03 ns 203.3±27.9 ns 26.1±10.7 ns 170±21 ns 21.4±2.7 ns 56.4±21.9 ns 51.9±17.1 ns 

2015 PA 3.86±0.08 0.26±0.01 2.72±0.37 3.99±0.29 1.09±0.08 229.9±13.3 30.1±6.7 173±14 20.8±1.2 41.3±5.4 95.6±7.1 

2015 SM 4.03±0.07 0.28±0.02 2.50±0.34 3.98±0.54 1.05±0.08 214.0±21.0 32.2±6.8 174±18 23.6±1.8 37.7±1.6 77.5±18.9 

2015 PSM 3.95±0.15 0.27±0.01 2.86±0.22 4.33±0.54 1.10±0.13 232.8±28.1 31.9±6.4 184±19 22.2±1.9 41.2±3.1 84.3±4.6 
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Figure 4. The effect of mycorrhizal inoculation on mycorrhizal root colonization (%). 

Treatment abbreviations are; i) control (CK), ii) mineral P applied treatment (PA, 100 kg P2O5 

ha-1), iii) mycorrhiza inoculated treatment (SM; with Glomus mosseae) and iv) P fertilizer + 

mycorrhiza inoculated treatment (PSM; 100 kg P2O5 ha-1 + Glomus mosseae). Error bars show 

the standard error of each treatment (n= 3). Capital or small letters indicates statistical 

differences (P<0.5) within years. ns indicates not-significant 

 

 

Discussion 

Soil microbial dynamics (such as AMF) has large impact on soil fertility and nutrient 

availability to the arable crops. This 3-year field study showed that there is an interactive 

effect of mycorrhiza (G. mosseae) and phosphorous fertilizer application on the growth 

and yield of pepper. In 2014 and 2015, mycorrhizal inoculation increased pepper yield 

significantly. The highest dry matter yield was determined in PSM and SM treatments in 

2015 (Fig. 1). Here, the fresh fruit yield in 2015 was ranked as PSM> SM> PA = CK, 

respectively. The yield increase in SM and PSM treatments compared to control was 19 

and 28% in 2015, respectively indicating interactive effect of P supply and AMF on yield. 

In line with the present experiments, authors reported significant impact of AMF 

inoculation on pepper yield (around 8-35%) (Rafique and Ortas, 2018; Ortas, 2019b). 

Unlike to 2015, AMF had no significant effect on pepper plant growth in 2013. On the 

other hand, the positive effect of mycorrhiza inoculation on pepper plant yield was also 

reported by Sanders et al. (2003) and Al Raddad (1987). Wang et al. (2020) concluded 

that the nutrient uptake and growth of plants inoculated were higher compared to the non-

inoculated control plants. In line with the growth parameters, the effect of AMF and P 

application on the number of spores in 2013 was also not significant, however, the number 

of spores in 2014 and 2015 was statistically higher in P and AMF treatments as compared 

to the control. In general, colonization of mycorrhiza is an important trait affecting plant 

nutrient status due to the active role in nutrient transport and utilization in higher plants 

(Barea et al., 1990). 

The results of this three-year field study clearly showed that the effect of mycorrhiza 

inoculation on pepper yield varied between the years likely due to the variation in climatic 

conditions. Previously Douds et al. (2017) reported that the response of mycorrhizal 

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7
Control PA SM PSM

Treatments

M
yc

o
rr

iz
al

co
lo

n
iz

at
io

n
(%

)

A

ns

2013 2014 2015

A
B

A
B

A

a

ab

b
c

c



Almaca et al.: Interactive effect of arbuscular mycorrhizal fungi inoculation and phosphorus fertilizer application on yield and 

nutrient content of red pepper (Capsicum annuum L.) in a semi-arid region 

- 2790 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(4):2779-2792. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1904_27792792 

© 2021, ALÖKI Kft., Budapest, Hungary 

inoculation appeared to be inversely related to the number of propagules of AM fungi in 

the indigenous community of the field soil. 

Zn deficiency, which frequently occurs in alkaline soils of semi-arid climates, can be 

partially overcome by increasing the mycorrhizal activity. One of the benefits of forming 

AMF for plants is enhanced Zn uptake for most crop species as summirized in 

meta-analysis (xx). In our study, mycorrhiza application significantly increased the Zn 

contents of the leaves (significant only in 2014) (Fig. 2). Contribution of AMF to plant 

Zn uptake was also reported by Coccina et al. (2019). Although, it is commonly accepted 

that mycorrhiza increase Zn uptake of crop plants (Jansa et al., 2003), the physiological 

and molecular mechanisms controlling this interaction is not well understood specifically 

in semi-arid climate conditions. Plants colonized by AMF have two soil nutrient uptake 

pathways: (1) directly via the root epidermis, and (2) via fungal structures that form the 

mycorrhizal pathway of uptake (Smith et al., 2003). Coccina et al. (2019) concluded that 

mycorrhizal pathway of uptake may be the dominant pathway, however, it is also 

dependent on plant species, as well as available soil Zn. It is clear that there is no single 

mycorrhizal effect on plant communities (Allen, 1991). As effect of AMF on plant 

performance is not solely depends on P availability, it is necessary to study how AMF 

inoculation would affect other nutrients specifically in alkaline soils. 

The differences in nutrient content and the effectiveness of mycorrhiza inoculation can 

be attributed to the significant impact of the climate effect that differs every year. The 

focus of future research will be the identification and selection of existing mycorrhiza 

species in nature, reproduction and successful application of selected mycorrhiza, and 

developing agricultural techniques that will increase the effectiveness of natural 

mycorrhiza (An et al., 2010). 

Conclusion 

Overall, our study clearly showed that AMF inoculation in conjunction with P fertilizer 

application can enhance crop yield (during high yielding seasons) not only via enhanced 

P uptake but also affecting the uptake of other plant nutrients such as Zn. The AMF have 

the ability to improve plant nutrient status of the host plant through triggered uptake of 

several soil mineral nutrients. As partly shown in our study, this is especially relevant for 

the uptake of relatively immobile elements (e.g. P, Zn, Cu,). Another important finding 

of our study was that number of spore and fresh pepper yield was significantly correlated. 

This revealed that number of spores can be used as a productivity indicator for pepper 

cultivation. On the other hand, we need further research to select efficient mycorrhiza 

species in nature that are effective specifically for irrigated high yielding crop species in 

semi-arid regions. 
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