
International Conference on Global Practice of Multidisciplinary Scientific Studies-IV 
Turkish Republic of Northern Cyprus, April 28-30, 2023 

MICROELEMENT CONTENTS OF ALFALFA (Medicago sativa L.) POPULATIONS 

CULTIVATED IN THE EASTERN ANATOLIAN REGION OF TURKEY 

 

 

 

 

 

 

Assoc. Prof. Dr. Erdal ÇAÇAN (ORCID ID: 0000-0002-9469-2495) 

Bingol University, Vocational School of Food, Agriculture and Livestock, Department of 

Crop and Animal Production, Bingöl, Türkiye 

E-Mail: ecacan@bingol.edu.tr 

 

Prof. Dr. Kağan KÖKTEN (ORCID: 0000-0001-5403-5629) 

Sivas University of Science and Technology, Faculty of Agricultural Sciences and 

Technology, Department of Plant Production and Technologies, Sivas, Türkiye 

E-Mail: kahafe1974@yahoo.com 

 

 

 

 

 

 

 

 

 

ABSTRACT 

This study was conducted to determine and compare the microelement contents of alfalfa 

populations cultivated in the Eastern Anatolian Region. A total of 29 alfalfa populations were 

used as plant material in the study. Fe, Cu, Zn and Cu contents were investigated in these 29 

alfalfa populations. Microelement contents of alfalfa samples taken from the second harvest of 

the third year of experiment, and was determined with the help of an ICP-MS device. It was 

determined that the differences among the microelement contents of populations were 

statistically significant. The Fe contents of alfalfa populations varied between 209-621 mg kg-

1, Cu contents 12.3-29.2 mg kg-1, Zn contents 17.6-80.4 mg kg-1 and Mn contents 18.8-60.9 mg 

kg-1. In the study, it was determined that the Fe content of some of the alfalfa populations was 

above the limit values and only Cu content of one population (Celtiksuyu-1) was below the 

limit value. It was determined that the Fe and Cu contents of the remaining populations and the 

Zn and Mn contents of all populations were within the limit values that should be in alfalfa. 
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Introduction 

In our country, there is a livestock population equivalent to 19 million animal units (AU) and 

the amount of roughage required for these animals is 86 million tons (Acar et al., 2020). The 

roughage needs of our current livestock population are met through pasture and meadow areas, 

and forage crops grown in field fields. Among the forage crops, alfalfa is one of the most 

commonly grown plants for agriculture both worldwide and in our country. 

The highest quality roughage used in animal feeding is alfalfa, and it is grown in many countries 

around the world. In our country, alfalfa cultivation is mainly carried out with populations. 

Although there are improved varieties of alfalfa, their numbers are limited (Oten and Albayrak, 

2014). 

Local varieties (populations) that have emerged through conscious and natural selection over 

thousands of years and have a great genetic diversity are very valuable materials for breeding 

programs. With the development of commercial varieties that have high yields, populations are 

facing the danger of extinction. Therefore, it is necessary to conserve and develop local varieties 

(Ertus et al., 2012). 

In our country and the world, many studies have been carried out to determine the forage yield 

and quality of alfalfa (Cacan et al. 2018, 2020; Karayilanli and Ayhan, 2016; Singh and Garg, 

2015; Turan et al., 2017), as well as to determine the element contents (Engin and Mut, 2018; 

Ferreira et al., 2015; Gjoroska et al., 2019; Touil et al., 2009). However, the studies on the 

nutrient content of the alfalfa populations grown in our region is insufficient. For this reason, 

this study was conducted to determine and compare the microelement contents of some alfalfa 

populations cultivated in the Eastern Anatolian Region. 

 

Material and Methods 

Material 

A total of 29 populations were used as material in the study. Seeds belonging to the populations 

were obtained from producers engaged in alfalfa cultivation in the villages and neighborhoods 

of Bingol and Mus provinces and their districts. The populations were named after the village 

or neighborhood where were taken. Populations taken from the same village but different 

farmers were numbered within themselves (Celtiksuyu, Mesedali, Saricicek, Sungu, and 

Senkoy) (Table 1). 

The research was carried out in irrigated conditions at Bingol University, Vocational School of 

Genc, Agricultural Application and Research Area in 2016-2018. The Genc district is 20 km 
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away from the city center of Bingol, and its area is 986 m above sea level. The research area is 

located at the coordinates of 38° 44' 58.41" north latitude and 40° 32' 15.29" east longitude. 

Climate data were obtained from the Bingol Provincial Meteorology Directorate. The average 

temperature of the province of Bingol for long years (1990-2015) was 12.3 0C, the precipitation 

amount was 917.8 mm, and the humidity was 56.6%. July and August are the months when the 

temperature is the highest, the precipitation and humidity are the lowest. It has been recorded 

that most of the precipitation falls in the winter months and the lowest temperature values and 

the highest humidity values are obtained from these months. 

 

Table 1. Alfalfa populations used in the study 

1 Bingol-Arslanbeyli 16 Bingol-Saricicek-1 

2 Bingol-Bagliisa 17 Bingol-Saricicek-2 

3 Bingol-Celtiksuyu-1 18 Bingol-Saricicek-3 

4 Bingol-Celtiksuyu-2 19 Bingol-Senkoy-1 

5 Bingol-Celtiksuyu-3 20 Bingol-Senkoy-2 

6 Bingol-Cevirme 21 Bingol-Servi 

7 Bingol-Garip 22 Bingol-Taslicay 

8 Bingol-Kadran 23 Bingol-Yelesen 

9 Bingol-Kucuktekoren 24 Mus-Sungu-1 

10 Bingol-Kultur 25 Mus-Sungu-2 

11 Bingol-Kumgecit 26 Mus-Sungu-3 

12 Bingol-Mesedali-1 27 Mus-Ucdere 

13 Bingol-Mesedali-2 28 Mus-Varto 

14 Bingol-Mutluca 29 Mus-Ziyaret 

15 Bingol-Ortakoy   

 

According to the results of the analysis made in the Soil-Plant Analysis Laboratory of the 

Faculty of Agriculture of Bingol University; the soil structure of the experimental area was 

sandy (59.5%), slightly alkaline (pH: 7.26), unsalted (0.34 mS cm-1), organic matter content 

was medium (2.1%) and calcareous (3.48%), potassium (43.6 kg da-1) and phosphorus contents 

were found to be low (5.1 kg da-1). 

 

Method 

The experiment was conducted in randomized blocks design with three replications between 

2016 and 2018. In the experiment, the plot length was 5 m, the spacing between the rows was 

20 cm and the sowing was done with the help of a hand marker, with 6 rows in each plot. Seeds 

of 3 kg per decare were used in sowing. Before sowing, 4 kg of nitrogen (N) and 10 kg of 

phosphorus (P2O5) fertilizer were given over the pure substance per decare (Basbag et al., 

2009). Irrigation of the experiment was done by sprinkler irrigation. The harvest was done in 
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the period when the plots were 10% flowering (Avcioglu et al., 2009), and 3 harvests were 

made in the first year and 4 in the other years in experiment. 

Plant samples were taken in the third year of experiment and before the second cutting. 0.5 kg 

samples were taken from the green forage samples harvested from each plot and dried in the 

drying oven at 70 0C for 48 hours (Anonim, 2001). The dried forage samples were ground and 

made ready for analysis. Analyzes were made at Bingol University Central Laboratory 

Application and Research Center. In the study; Iron (Fe), Copper (Cu), Zinc (Zn), and 

Manganese (Mn) contents of microelements were determined in alfalfa populations. ICP-MS 

(Inductively Coupled Plasma-Mass Spectroscopy) device was used to determine the elemental 

contents of alfalfa populations. 

The findings obtained as a result of the study were applied to the analysis of variance by the 

randomized block design with three replications with the help of the JMP statistical package 

program. According to the results of the analysis of variance, statistically, significant means 

were compared with the Tukey test (JMP, 2018).    

Results 

Microelement contents of alfalfa populations 

The contents of Fe, Cu, Zn, and Mn from microelements detected in alfalfa populations were 

given in Table 2. It was seen that the difference between the populations in terms of 

microelement contents was statistically significant. 

In terms of microelement contents, it was seen that Fe content was 377 mg kg-1, Cu content was 

21.4 mg kg-1, Zn content was 35.7 mg kg-1 and Mn content was 41.5 mg kg-1 in alfalfa 

populations. The highest Fe content was obtained from Garip, the lowest Fe content was 

obtained from Cevirme and Saricicek-1, the highest Cu content was obtained from Arslanbeyli 

and Varto and the lowest Cu content was obtained from Sungu-3 populations. The highest Zn 

content was obtained from Ucdere, the lowest Zn content was obtained from Celtiksuyu-3, the 

highest Mn content was obtained from Kucuktekoren, and the lowest Mn content was obtained 

from Celtiksuyu-1 populations (Table 2). 

In alfalfa, Fe content should be between 20-400 mg kg-1, Cu content should be between 5-50 

mg kg-1, Zn content should be between 10-100 mg kg-1 and Mn content should be between 20-

250 mg kg-1 (Jones, 1967).  

In alfalfa populations, Fe contents varied between 209-621 mg kg-1, Cu content between 12.3-

29.2 mg kg-1, Zn contents between 17.6-80.4 mg kg-1 and Mn contents between 18.8-60.9 mg 

kg-1 (Table 2). It was seen that the Cu and Zn contents obtained in alfalfa populations were 

within the limit values reported by Jones (1967). However, the Fe contents of Arslanbeyli, 
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Celtiksuyu-2, Garip, Kadran, Kucuktekoren, Kultur Mesedali-1, Mesedali-2, Servi, Senkoy-2 

and Ucdere populations were found to be above the limit values reported by Jones (1967), and 

the Cu content of Celtiksuyu-1 was below the limit values reported by Jones (1967). 

 

Table 2. Microelement contents of alfalfa populations 

Populations Fe (mg kg-1) Cu (mg kg-1) Zn (mg kg-1) Mn (mg kg-1) 

Arslanbeyli 505 a-e 29.2 a 31.3 cde 47.2 a-e 

Bagliisa 281 hij 26.1 a-d 24.6 c-f 42.9 b-g 

Celtiksuyu-1 340 e-j 18.3 g-j 23.1 c-f 18.8 j 

Celtiksuyu-2 432 c-h 18.3 g-j 20.7 def 22.1 ij 

Celtiksuyu-3 347 e-j 17.9 g-j 17.6 f 37.7 d-i 

Cevirme 216 j 14.1 jk 31.3 cde 32.1 e-j 

Garip 621 a 22.5 c-g 24.9 c-f 49.0 a-e 

Kadran 601 ab 21.7 d-h 27.5 c-f 56.5 abc 

Kumgecit 388 d-i 19.6 f-i 21.2 c-f 53.3 a-d 

Kucuktekoren 530 a-d 21.7 d-h 27.7 c-f 60.9 a 

Kultur 538 a-d 20.4 e-i 26.7 c-f 58.5 ab 

Mesedali-1 577 abc 23.7 b-f 27.4 c-f 48.8 a-e 

Mesedali-2 477 a-f 25.2 a-d 26.5 c-f 53.7 a-d 

Mutluca 240 ij 27.4 ab 30.2 c-f 43.9 a-f 

Ortakoy 274 hij 16.5 ijk 32.3 cd 23.7 hij 

Saricicek-1 209 j 16.0 ijk 23.1 c-f 21.0 ij 

Saricicek-2 324 f-j 17.9 g-j 25.0 c-f 26.6 f-j 

Saricicek-3 342 e-j 17.1 h-k 22.4 c-f 22.6 ij 

Servi 423 c-h 26.8 abc 27.3 c-f 58.5 ab 

Sungu-1 309 f-j 19.4 f-i 73.5 ab 48.7 a-e 

Sungu-2 307 g-j 13.5 jk 75.2 ab 41.0 c-h 

Sungu-3 336 f-j 12.3 k 72.7 ab 41.0 c-h 

Senkoy-1 353 e-j 23.6 b-f 19.5 ef 38.4 d-i 

Senkoy-2 405 d-i 25.0 a-e 24.1 c-f 50.9 a-d 

Taslicay 349 e-j 25.7 a-d 27.9 c-f 54.1 a-d 

Ucdere 451 b-g 28.2 ab 80.4 a 44.0 a-f 

Varto 251 ij 29.2 a 64.4 b 40.3 c-h 

Yelesen 246 ij 17.1 h-k 33.7 c 26.0 g-j 

Ziyaret 270 hij 27.1 abc 74.5 ab 40.5 c-h 

Average 377 21.4 35.7 41.5 

Significant ** ** ** ** 

CV (%) 13.9 6.9 11.0 13.1 
**: P≤0.01, CV: Coefficient of variation 

 

In previous studies, the Fe content of alfalfa was reported as 60 ppm, Cu content as 48.5 ppm, 

Zn content as 40.0 ppm, and Mn content as 35.0 ppm by Yildirim et al. (2006). Juknevicius and 

Sabiene (2007) reported the Cu content as 5.10 mg kg-1 and Zn content as 18.0 mg kg-1 in 

alfalfa. Dugalic et al. (2008) reported the Fe content as 201.7 mg kg-1, Zn content as 32.3 mg 
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kg-1, and Mn content as 72.5 mg kg-1 in alfalfa. Sosnowski et al. (2014) reported the Cu content 

as 6.39 mg kg-1, Zn content as 23.7 mg kg-1, and Mn content as 47.8 mg kg-1 in alfalfa. Petkovic 

et al. (2019) reported the Fe content as 113-417 mg kg-1, Cu content as 6.41-7.19 mg kg-1, and 

Mn content as 26.17-54.65 mg kg-1 in alfalfa. Lakic et al. (2020) reported the Fe content as 76-

132 mg kg-1, Cu content as 3.0-9.6 mg kg-1, Zn content as 18-23 mg kg-1, and Mn content as 

16-22 mg kg-1 in alfalfa. Samoraj et al. (2023) reported the Cu content as 11.1 mg kg-1, Zn 

content as 29.4 mg kg-1, and Mn content as 32.2 mg kg-1 in alfalfa. It was observed that these 

results were in line with the limits given by Jones (1967), which is similar to the findings of the 

present study. 

Correlation analysis between microelement contents of alfalfa populations 

The correlation analysis between microelement contents of alfalfa populations was given in 

Table 3. It was seen that there was a positive and significant relationship between Cu and Fe, 

between Mn and Fe, and between Mn and Cu in alfalfa populations. There was a negative 

relationship between Zn and Fe, and a positive relationship between Zn and Cu, and between 

Mn and Zn. However, these relationships were statistically insignificant (Table 3). 

 

Table 3. Correlation analysis of microelement contents of populations 

 Fe (mg kg-1) Cu (mg kg-1) Zn (mg kg-1) 

Cu (mg kg-1) 0.2581*   

Zn (mg kg-1) -0.2025 0.0424  

Mn (mg kg-1) 0.5306** 0.4867** 0.0710 

*: P≤0.05, **: P≤0.01 

 

Conclusion 

In the study, it was determined that the Fe content of some of the alfalfa populations was above 

the limit values and only Cu content of one population (Celtiksuyu-1) was below the limit value. 

It was determined that the Fe and Cu contents of the remaining populations and the Zn and Mn 

contents of all populations were within the limit values that should be in alfalfa. In addition, as 

a result of the correlation analysis, it was seen that there was a positive and significant 

relationship between Cu and Fe, between Mn and Fe, and between Mn and Cu in alfalfa 

populations.  
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