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ABSTRACT 

 

This research was carried out between 2009 and 2011 to determine the herbage yield and some agricultural 

and quality characteristics of alfalfa varieties under the ecological conditions of Eastern Anatolia, Gurpinar, 

Van Turkey. Six alfalfa varieties were grown, including domestic Kayseri, Bilensoy-80 and Van Native 

(ecotype) in addition to varieties Planet, Plato and CW-3567 of foreign origin. It was found that means of 

alfalfa varieties ranged from 77.9 to 82.3 cm for plant height; from 29.9 to 33.4 for number of main stems per 

plant; from 8.32 to 9.38 % for crude ash and from 16.55 to 17.55 % for protein content. The differences among 

the varieties for certain traits were not statistically significant. However, Van Native (43575 kg ha-1) and CW-

3567 (43242 kg ha-1) gave high fresh herbage yields whereas CW-3567 (16201 kg ha-1), Van Native (15519 kg 

ha-1) and Kayseri (15194 kg ha-1) gave high hay yields. Beside, CW-3567 (2827 kg ha-1) was the best variety for 

crude protein yield. Based on the results of the study, it could be said that cultivar CW-3567 could be 

recommended to be grown under the ecological conditions of Eastern Anatolia.   
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INTRODUCTION 

  Alfalfa (Medicago sativa L.), a native plant of the 

Near East and Central Asia, is widely grown forage crop 

in the world. It has higher feed value than almost all 

forage plants cultivated with high protein yield per unit 

area (Acikgoz, 2001). It has varieties grown under 

extreme climatic conditions, such as the cold zones of 

Alaska and Siberia, where the winter colds reach to -50 

°C, and California's Death Valley, where the summer 

temperatures rise to 60 °C. Also, it has varieties having 

the ability to grow at different altitudes from sea level to 

3000 m.   

The performance yield and some quality 

characteristics of different alfalfa varieties and lines were 

studied at different climatic and soil conditions in Turkey 

such as Samsun, Erzurum, Aegean Region, Southeastern 

Anatolia Region, Kirsehir and İsparta in Turkey (Aydin et 

al., 1994; Seker, 2003; Sengul et al., 2003; Demiroglu et 

al., 2008; Kir and Soya, 2008; Demiroglu and Avcıoglu, 

2010; Kavut et al., 2014; Saruhan and Kusvuran, 2011; 

Inal, 2015; Yilmaz and Albayrak, 2016) and the superior 

genotypes were proposed to the  farmers.  Although the 

area of cultivation has increased greatly in recent years, 

the production of alfalfa has not reached to the desired 

level. In Turkey a total of 2.609.878 hectares are used for 

forage crops and only 652.259 hectares of this area are 

devoted to alfalfa (Anonymous, 2017). 

In Van, a province located in the eastern Turkey, 

majority of people in rural areas occupy in agriculture and 

animal husbandry. Livestock enterprises' roughage 

requirements are generally met by natural meadow and 

pasture areas. Because of heavy and extreme weather 

temperatures are prevalent in the region, the green fodder 

period is quite short and therefore some difficulties are 

encountered in providing roughage. Therefore it is 

important to increase forage cultivation to provide 

roughage need in the region. So the adaptation of high-

yielding alfalfa varieties and to increase the cultivation 

areas in Van province would be an important impact in 

increasing the quantity and quality of animal products to 

decrease roughage deficiency. 

Rapid developments in plant breeding have given 

farmers an opportunity to grow new high yielding alfalfa 

varieties. In order to realize this aim adaptation studies, 

should be conducted in the region. Strbanovic et al. (2017) 

found that 15 alfalfa genotypes originating from America 
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and Europe differed in dry matter yield. Considering these 

studies done, it could be said that ecological factors such 

as climate and soil play an important role on the 

performance of alfalfa varieties. Although alfalfa has a 

wide adaptability, the yield and developmental 

characteristics of many alfalfa varieties vary greatly from 

region to region. Therefore it is important to determine 

genotypes suitable to specific ecologies. The purpose of 

this preliminary research was to determine alfalfa cultivars 

with high yield, high quality and high adaptation capacity 

to the ecological conditions of Eastern Anatolia. 

MATERIALS AND METHODS 

     A field trial was conducted at Gurpinar, Van, 

Turkey (latitude 37o 43' N, longitude 42o 40' E, elevation 

1730 m) during the 2009, 2010 and 2011 growing seasons. 

The soil of the research field was loamy in texture with 

pH 7.8, 4.70 % CaCO3, and 2.58 % organic matter. 

Available phosphor us was 69 ha-1 and available potassium 

was 2430 kg ha-1. There was no salinity problem. 

The climatic data for the research area are given in 

Table 1. The long years average temperature in the region 

is 9.3 oC, the average temperature values for 2009, 2010 

and 2011 were 9.5, 11.8 and 9.5 oC, respectively. The total 

precipitation during 2009, 2010 and 2011 was 484.5, 

379.6 and 517.1 mm, respectively. In the establishment 

year and the last year of the study the precipitation was 

higher than the long years' average (Table 1). 

 

Table 1. Temperature, precipitation and relative humidity of the research area* 

 Temperature (0C) Precipitation (mm) Relative Humidity (%) 

Months LYA** 2009 2010 2011 AMY 2009 2010 2011 AMY 2009 2010 2011 

January -3.3 -3.6 1.2 -1.3 33.1 42.9 51.6 14.2 68.7 67.9 71.6 66.5 

February -2.5 0.4 1.9 -0.5 33.8 49.2 71.1 26.6 69.2 68.8 72.8 67.0 

March 1.8 2.2 6.5 2.4 45.9 74.8 38.3 30.7 67.4 63.9 61.5 62.5 

April 7.8 6.4 8.6 8.7 56.5 47.1 46.3 133.7 61.6 56.9 63.2 60.4 

May 12.9 12.9 13.3 12.6 46.9 31.9 69.8 62.8 56.6 46.5 62.3 62.3 

June 18.0 17.5 19.7 18.7 19.2 27.1 41.0 28.1 49.3 47.8 46.2 50.2 

July 22.1 20.9 23.7 22.8 5.8 21.2 0.0 11.0 43.9 44.0 36.7 40.7 

August 22.0 20.4 23.3 22.7 6.2 2.5 1.0 0.2 41.9 37.3 34.5 38.8 

September 17.7 15.8 20.4 17.7 17.4 46.0 3.8 53.0 43.8 49.8 40.0 44.1 

October 11.3 12.0 13.6 10.0 47.6 15.9 45.8 125.9 58.5 55.1 56.2 61.4 

November 4.7 5.7 6.0 1.0 48.1 91.1 2.2 18.8 65.9 66.6 55.6 66.1 

December -0.5 3.0 3.1 -0.6 38.1 34.8 8.7 12.1 68.6 73.0 59.3 70.5 

Total     398.6 484.5 379.6 517.1     

Average 9.3 9.5 11.8 9.5     58.0 56.5 55.0 57.5 
 *)   Meteorology Regional Directorate, Van 

 **) LYA: Long years’ average (1960-2011) 

 

The genetic material of the study was obtained from 

Agricultural Research Institutes and private seed 

companies. Six alfalfa varieties were studied. Kayseri, 

Bilensoy-80 and Van Native (ecotype) were domestic 

varieties whereas Planet, Plato and CW-3567 were foreign 

ones. The varieties were tall with vertical development 

characters. But they were all resistant to lodging.  

The trial was arranged in a Randomized Complete 

Block Design with three replications. The plot size was 

2.40 m x 5 m = 12.0 m2, which consisted of 8 rows spaced 

at 30 cm apart (Altin and Gokkus, 1988). Sowing rate was 

30 kg ha-1. The planting was done on April 26, 2009 with 

a hand marker. During the planting, diammonium 

phosphate (DAP) fertilizer was applied according to the 

results of soil analysis as 27 kg N and 69 kg ha-1 P2O5. No 

evaluation was made in the establishment year of the 

study. Normal harvest and maintenance procedures were 

done during the experiment and required measurements 

and observed were performed in 2010 and 2011. 

The harvesting was done by leaving a height of 5 cm 

in the period of 10 % flowering, leaving a row edge effect 

from the sides of the plots and 50 cm from the beginning 

of the each plot.  The plot yields were converted to 

hectare. For hay yield plant samples were dried at 65 oC 

for 48 h until constant weight. Nitrogen and crude ash 

contents were determined by using method described by 

Kacar and Inal (2008) and crude protein content (N x 

6.25) and crude protein yield were calculated. In each year 

three harvests were done. In the study plant height (cm), 

number of main stems per plant, fresh herbage yield (kg 

ha-1), hay yield (kg ha-1), crude ash content (%), crude 

protein content (%) and crude protein yield (kg ha-1) were 

obtained and statistically analyzed. 

Data were subjected to the standard analysis of 

variance. Means were compared by the LSD multiple 

comparison test (Steel and Torrie, 1980). 

RESULTS AND DISCUSSION 

Plant height 

Means of alfalfa varieties are given in Table 2. It can 

be seen in Table 2 that, although there were no statistically 

significant differences among the varieties for plant 

height, the year x variety interaction was statistically 

significant (P<0.01). The highest plant height was 
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obtained from Plato variety with 88.0 cm in 2010, while 

the highest plant height was taken from planet variety with 

82.4 cm in 2011. The lowest plant heights for 2010 and 

2011 were obtained for the Bilensoy-80 (74.7 cm) and 

Plato (76.6 cm), respectively. All other varieties except 

Plato showed low plant height in the first year, and a 

slight increase in average plant height was observed in the 

second year. Although similar air temperatures prevailed 

the growing period in 2010 and 2011, high rainfall of 

133.7 mm in April especially, might have caused the 

second year plants to be taller.  

 

Table 2. The means of plant height (cm) and number of main stems (number/plant) of alfalfa varieties 

 Varieties 
Plant height  Number of main stems  

2010              2011 Average  2010      2011 Average 

 CW-3567     77.9 bcd   80.9 bc 79.4  29.33 33.88   31.6 

 Plato  88.0 a   76.6 cd 82.3  36.78 30.00   33.4 

 Planet   77.4 cd  82.4 b 79.9  30.66 32.00   31.3 

 Van Native     77.9 bcd   80.9 bc 79.4  29.33 30.77   30.0 

 Kayseri     79.6 bcd   80.1 bc 79.8  31.55 28.33   29.9 

 Bilensoy-80               74.7 d   81.2 bc 77.9  33.56 30.00   31.8 

 Average                79.2         80.4         31.90 a    30.80 b  

 
LSDyearxvariety= 4.906** LSDyear= 0.610** 

The difference between the averages indicated by the same letter in the same group is not statistically significant. *: Significant difference at P<0.05 
level, **: Significant difference at P<0.01 level, CV: Variation coefficient, LSD: Least Significant Difference 

 

The average plant length of the varieties ranged from 

77.9-82.3 cm. Our results were in agreement with the 

results of Seker (2003) who studied similar cultivars in 

Erzurum, and the results of many researchers (Demiroglu 

et al., 2008; Saruhan and Kusvuran, 2011; Kavut et al., 

2014; Inal, 2015).  

Number of Main Stems 

The average number of main stems is also presented in 

Table 2. There were no statistically significant differences 

among the varieties and the number of main stems per 

plant varied between 29.9 and 33.4 for the varieties. The 

values obtained for the number of main stems were higher 

than some earlier results (Seker, 2003; Demiroglu et al., 

2008; Kavut et al., 2014 and Inal, 2015). 

In the study, statistically significant differences were 

found between the years (P<0.01), and the number of 

main stems measured were higher in the first year (Table 

2). 

Fresh Herbage Yield 

 Fresh herbage yields are shown in Table 3. Significant 

differences were found among the varieties (P<0.01) and 

for the year x variety interaction (P<0.05). First year the 

highest fresh herbage yields were obtained from CW-

3567, Plato and Van Native while Kayseri, CW-3567 and 

Van Native gave the highest yields in the second year 

(Table 3). In a study carried out with CW-3567, Planet 

and Kayseri varieties under Erzurum ecological 

conditions, fresh herbage yields of Kayseri and CW-3567 

were reported as 58014 and 55423 kg ha-1, respectively 

(Seker, 2003)  but there was no statistically significant 

difference between yields.  

 

Table 3. The means of fresh herbage and hay yields of alfalfa varieties (kg ha-1) 

 Varieties 
Fresh herbage yield Hay yield 

2010              2011  Average  2010   2011    Average 

 CW-3567 42167 a 44317 a 43242 A 14817  17585     16201 A 

 Plato 41250 a 37017 b 39133 B 14693 14755     14724 B 

 Planet 27010 d 31433 c 29222 D   6898    8841       7869 D 

 Van Native 42167 a 44983 a 43575 A 14999  16040        15519 AB 

 Kayseri 36983 b 42367 a 39675 B 13327  17059        15194 AB 

 Bilensoy-80 32217 c   33533 bc 32875 C   8567  10268       9417 C 

 Average 36966      3894.2  37954    12217 b          14091 a 13154 

 
LSDvariety= 2784**, LSDyearxvariety= 3938* LSDyear= 1233**, LSDvariety= 1282** 

The difference between the averages indicated by the same letter in the same group is not statistically significant. *: Significant difference at P<0.05 
level, **: Significant difference at P<0.01 level, CV: Variation coefficient, LSD: Least Significant Difference 

 

Kayseri used as a control in the study was in the 

second group as for fresh herbage yield with 39675 kg ha-

1. Fresh herbage yields obtained from our study were  

found lower than the results of Cevheri and Avcioglu 

(1998), Eginlioglu et al. (1996), but higher than the results 

of Sengul and Tahtacioglu (1996). 
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Hay yield 

There were highly significant differences among 

means of the varieties (Table 3). Hay yields in the second 

year were higher than those of the first year. This could be 

attributed to rainfall in the second year, especially the 

rainfall obtained in April, was higher than the first year. 

Similarly, fresh herbage yield was higher in the second 

year.  

The highest hay yield (16201 kg ha-1) was obtained 

from variety CW-3567, while the lowest hay yield was 

taken from Planet (7869 kg ha-1). Considering the yields 

of two-year, total hay yields seemed to be in parallel with 

the fresh herbage yields (Table 3). In a study done by 

Seker (2003) highest hay yield (13335 kg ha-1) was 

reported for Kayseri. Variety CW-3567 had 12301 kg ha-1 

yield. But difference between yields was not statistically 

significant. These results were partly similar to our 

findings.  

In a study carried out in the Southeastern Anatolian 

Region, Saruhan and Kusvuran (2011), stated that the 

local genotypes had high yields statistically similar to the 

Elci variety cultivated widely in Turkey and Bilensoy 

gave lower hay yields. Our results were similar to their 

results. In another study conducted at Bornova and 

Odemis (Demiroglu et al., 2008), including Tru-test, 

Bacana, FG8R612, P-5683 and Ambassador alfalfa 

varieties, average yields for year and location were 

reported to vary between 18920-24740 kg ha-1. Hay yields 

obtained from our research were found to be lower than 

the results of Bilensoy (1985), Sengul and Tahtacioglu 

(1996) and Kavut et al. (2014), but higher than the results 

of Cevheri and Avcioglu (1998) and Inal (2015).  

Crude Ash Content 

The mean crude ash contents are given in Table 4. 

There were no statistically significant differences in terms 

of crude ash among the varieties and crude ash contents 

ranged between 8.32 and 9.38 %. Gungor et al. (2008) and 

Kavut and Avcioglu (2015) found 7.48-11.27 % and 8.82-

9.43 % crude ash contents, respectively. Our results were 

similar to their results. Manga (1978), Acar (2002) and 

Geleti et al. (2014) found 12.85-15.56 %, 11.37-12.02 % 

and 10.03-10.69 % crude ash contents in their studies, 

respectively and their means were higher than our results. 

Tongel and Ayan (2010) reported that the crude ash 

contents ranged between 7.50-8.45 % in the second 

harvest. Acikgoz (2001) stated that the variation of crude 

ash content of the varieties depend on soil and climatical 

factors. 

 

Table 4.  The means of crude ash content (%), crude protein content (%) and crude protein yield (kg ha-1) of alfalfa varieties 

Varieties 
Crude ash ratio Crude protein ratio  Crude protein yield  

2010       2011 Average  2010 2011 Average   2010        2011 Average 

 CW-3567 8.98 9.05 9.02 18.07  16.87 17.47 2677 2976 2827 a 

 Plato 8.18 9.09 8.63 16.85  16.89 16.87 2476 2482 2479 b 

 Planet 9.73 8.66 9.19 17.67  16.69 17.17 1219 1478 1348 d 

 Van Native 8.98 9.05 9.02 16.33  16.87 16.60 2449 2705 2577 b 

 Kayseri        10.14 8.62 9.38 16.43  16.68 16.55 2190 2840 2515 b 

 Bilensoy-80 7.29 9.35 8.32 16.84  18.26 17.55 1443 1871 1657 c 

 Average 8.88 8.97  17.03  17.04     2076 b   2392 a  

 
CV (%)= 10.87 CV (%)= 5.82 CV (%)= 9.17 

 
  LSDyear= 224.7*, LSDvarietyt= 246.6** 

The difference between the averages indicated by the same letter in the same group is not statistically significant. *: Significant difference at P<0.05 

level, **: Significant difference at P<0.01 level, CV: Variation coefficient, LSD: Least Significant Difference 

 

Crude Protein Content 

The crude protein content of alfalfa varieties are given 

in Table 4. There were no statistically significant 

differences among the crude protein contents. Crude 

protein contents ranged between 17.55 % and 16.55 %. 

Different crude protein ratios were reported by 

different studies conducted at different ecological areas. 

Yolcu et al. (2008), Awad and Bakri (2009), Katic et al. 

(2009), Kir (2010), Saruhan and Kusvuran (2011), Zeinab 

et al. (2013), Geleti et al. (2014), Inal (2015), Kavut and 

Avcioglu (2015) reported crude protein contents varying 

between 24.17-32.00 %, 19.99-26.96 %, 17.3-19.7 %, 

22.21-23.31 %, 17.94-22.67 %, 18.5-23.0 %, 18.15-19.56 

%, 18.38-20.45 %, 19.83-20.11%, respectively. Compared 

with these values it could be said that the alfalfa varieties 

studied in our research generally had lower crude protein 

contents. These differences could be due to cultivar and 

ecological differences. In the studies conducted with 

alfalfa varieties and lines under Erzurum ecological 

conditions (Sengul et al., 2003), as well as with alfalfa 

varieties in Ankara and Isparta (Yuksel et al., 2016), it 

was reported that the crude protein contents ranged 

between 15.95-18.21 % and 15.14-19.13 %, respectively. 

It could be said that the crude protein contents obtained 

from our research were within those ranges of change, and 

they were similar to the results (16.23-17.53 %) of the 

research conducted by Yilmaz and Albayrak (2016) under 

Isparta ecological conditions. 

Crude Protein Yield 

Crude protein yields are shown in Table 4. Cultivars 

(P<0.01) and years (P<0.05) varied significantly for the 

crude protein yields (Table 4). The highest crude protein 

yield (2827 kg ha-1) was obtained from cv. CW-3567 and 

the lowest crude protein yield (1348 kg ha-1) was taken 
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from Planet. Although crude protein content had 

nonsignificant varieties this could be due to differences in 

the hay yields depend on years and varieties.  Many 

researchers have also reported that crude protein yield 

increased with dry matter yield (Akbari and Avcioglu, 

1992; Kir and Soya, 2008).   

 Crude protein yields in our study were higher than 

1219-2976 kg ha-1 given by Inal (2015). However Hansen 

and Krueger (1973), Sengul et al. (2003) and Yilmaz and 

Albayrak (2016) reported higher crude protein yields such 

as in the range of 2700-3250, 2464-3213 and 3174-3838 

kg ha-1, respectively.  

CONCLUSIONS 

Following the discussion of the results obtained in this 

it could be concluded that CW-3567 alfalfa variety was 

found to be suitable variety for fresh herbage, hay and 

crude protein yield. Besides, Van Native in terms of both 

fresh herbage and hay yields, and Kayseri variety could be 

considered in terms of hay yield adapted to the region. It 

could also be said that CW-3567, a foreign alfalfa variety, 

could be preferred for herbage (fresh and hay) yield and 

quality for Van ecological conditions. The dormancy 

degrees of alfalfa varieties used in our study ranged 

between 3-6. Although Planet had 3-4 dormancy degree, it 

gave the lowest fresh herbage and hay yields. Bilensoy-80 

having 6 dormancy degree gave lower yields than that the 

others having similar dormancy degrees. It is important to 

offer high yielded alfalfa varieties to the farmers for more 

production. In proposing new varieties dormancy degree 

could be used as an indicator. But, adaptation and stability 

studies are extremely important for the regions in where 

new varieties will be grown and both dormancy degree 

and adaptation trials will help researchers to choose a new 

cultivar for a special region. Although the study was 

carried out under limited ecological conditions of Van, the 

results may be applied to similar climatic zones and 

cultivar CW-3567 could be recommended to the similar 

locations. 
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