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ABSTRACT 

 

This study was conducted to determine the ef-

fect of different cutting times on the forage quality 

traits of twenty-four alfalfa (Medicago sativa L.) 

genotypes. For this reason, a field trial was estab-

lished according to separated plots in randomized 

blocks design with three replications in ecological 

conditions of Diyarbakır province, Turkey, in 2020. 

The three plant maturity stages were determined as 

cutting times. These stages were respectively the 

pre-flowering, 10% flowering and full flowering pe-

riods of alfalfa genotypes. Results of the study re-

vealed that statically highly significant (P<0.01) dif-

ferences were determined among the cutting times 

for all of the investigated traits. And the investigated 

traits had ranges as follow among the cutting times 

and the alfalfa genotypes; dry matter content (DM) 

22.33-31.36%, crude protein content (CP) 14.67-

25.87%, acid detergent fiber (ADF) content 25.77-

44.10%, neutral detergent fiber (NDF) content 

35.40-51.27%, digestible dry matter (DDM) content 

54.55-68.85%, dry matter intake (DMI) 2.34-3.40%, 

metabolizable energy (ME) 8.09-10.84 MJ/kg DM 

and relative feed value (RFV) 98.98-181.26. Addi-

tionally, it was determined that digestibility and con-

sumption status of alfalfa forages decreased with de-

laying of cutting times. Biplot analysis revealed that 

when all of the forage quality traits and forage dry 

matter content were evaluated together, 2nd cutting 

time, 10% flowering period, was determined as the 

most appropriate forage harvesting time for alfalfa 

genotypes. It also showed that there were highly sig-

nificant (P<0.01) and positive relations among CP, 

DDM, DMI, ME and RFV traits, and Iside (16), 

Emiliana (9), Elçi (8) and Bilensoy (3) alfalfa culti-

vars came to fore in terms of the five important for-

age quality traits.  
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INTRODUCTION 

 

Medicago genus is from the legume family 

(Fabaceae). It contains about 60 species and most of 

them are annual species, except for a few perennial 

species [1]. Among the member of the genus the 

best-known one is alfalfa (Medicago sativa). Due to 

its high forage yield and quality, this perennial spe-

cies is called as “The Queen of Forage Crops” [2,3], 

and it is the most widely grown forage crop species 

in the World [4]. With its perennial lifespan, alfalfa 

is of a strong root system [5], and it is well resistant 

to different stress conditions such as drought, cold, 

high temperature, soil and water salinity [6,7]. 

One of the most important problems of Tur-

key's animal husbandry is the inability to produce 

sufficient quality roughage [8]. Therefore, 

increasing forage crops cultivation in arable 

agriculture land [9] and choosing high-yielding 

forage crops cultivars are of great importance in 

closing the quality roughage deficit [10,11]. In 

addition to increasing cultivation area and choosing 

high-yielding genotypes, it is also important to 

determine and use of forage crops cultivars having 

higher forage quality criteria to obtain desired level 

animal products [12]. Since, the livestock are fed 

with higher quality forage, their milk, meat and other 

animal products yields would be more than the ones 

feeding with lower quality forages. In addition to the 

used forage crops species and cultivars characters, 

forage cutting times or phenological status of the 

plants also has a great effect on the forage quality of 

the crops. In this direction, numerus studies have 

been conducted in various forage crop species until 

now [13,14,15,16,17]. Generally, they reported that 

there was a inverse relationship between delaying 

the forage cutting time and forage quality. 

After being reported the first time by Gabriel 

[18], biplot analysis method has been used various 

disciplines, including economics, business, genetics, 

ecology and sociology [19,20]. Especially, 

agricultural researchers have started to use this 

analysis method widely in many agricultural 
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products in recent years [21,22,23,24,25,26]. One of 

the most important superior feature of the biplot 

analysis method that it can be illustrated not only 

relations among the investigated traits both also the 

status of genotypes with the traits via simple graph 

[27,28]. 

The hypothesis tested in this study was to 

determine the effect of  different cutting times on 

forage quality traits of twenty-four alfalfa genotypes 

in ecological conditions of Southeastern Anatolia 

Region of Turkey. Additionally, the study was aimed 

to openly illustrate (1) the relationship among the 

investigated traits, (2) the relationship between 

alfalfa genotypes and the investigated traits and (3) 

to show the relationship between the cutting times 

and alfalfa genotypes with biplot analysis method. 

 

 

MATERIALS AND METHODS 

 

The plant materials of the research. The 

study materials consisted of twenty alfalfa (Medi-

cago sativa L.) cultivars and four promising alfalfa 

lines. The used cultivars were Banat, Basbag, Bi-

lensoy 80, Calfa, Daisy, Diane, Dimitra, Elçi, Emili-

ana, Escorial, Ezzelina, Iside, La Torre, Nimet, 

Osjecka 99, Prosementi, Queen, Resis, Riviera vi-

centina and Sabrina. On the other hand the used 

promising alfalfa lines, Line-1, Line-2, Line-3 and 

Line-4, were exclusively developed for using in the 

rangeland improvement studies. 

 

The research area. The field of the research 

area was flat and almost no erosion effect, and the 

soil layer had medium deep profile. Soil analysis re-

vealed that the experimental area soils had a clay- 

loam structure, and were red-brown in color. Fur-

thermore, the organic matter (0.71%) and phospho-

rus (16.6 kg ha-1 P2O5) contents of the soil was low, 

whereas potassium (1260 kg ha-1 K2O) and calcium 

(10.26%) contents of the soil was high. Owing to rel-

atively high limestone content of the soil, the pH sta-

tus of the soils was slightly alkaline (pH: 7.24). And 

the soil was almost without salinity (0.02%). 

The research area has a typical continental cli-

mate characteristic. In the place, winters are cool and 

rainy, whereas summers are dry and hot. The long-

term annual average (1975-2021) total precipitation 

is 496.4 mm and the most important part of the pre-

cipitation falls in the period between November and 

May. Monthly total precipitation and average tem-

perature, humidity records of the research site for 

both the growings years and long years average are 

given in the Table 1 [29]. When climatic data of re-

search area was examined from Table 1, the precipi-

tation amount of 2020, in which the experiment was 

established, was well above the long-term precipita-

tion amount. However, the precipitation amount of 

2021, in which the forage cuttings were made, was 

far below the long-term precipitation amount. Due to 

the low rainfall amount in 2021, while the mean tem-

perature of this year was higher than 2020, the mean 

relative humidity value was lower. 

 

The experiment of the study. The experiment 

of the study was established in the experimental Area 

of Agriculture Faculty of Dicle University in Diyar-

bakir, Turkey (37o53’ N Lat., 40o16’ E Long. and 

669 m elevation). The field trail was established ac-

cording to Split-Plots in Randomized Complete 

Block Design with three replications in 06 April, 

2020. In the experiment, alfalfa genotypes were 

placed in the main plots, while cutting times were 

taken place in the subplots. In the experiment of the 

study, each plot consisted of 2 rows in 3 m length 

and with 30 cm the row spacing. In addition, 60 cm 

space was left between the plots and 2 m space was 

left between the blocks. 

 

TABLE 1 

Long-term average (1975-2021) and during the growings years climatic data of the experimental area,  

Diyarbakir, Turkey [29]. 

  J F M A M J J A S O N D   

Years Total Precipitation (mm) (Monthly) Mean 

2020 89.4 58.6 164.8 110.0 63.2 0.6 0.0 0.0 0.0 0.0 54.0 27.6 568.2 

2021 39.1 40.2 43.6 5.6 2.8 0.0 0.0 2.0 0.0 22.2 15.2 15.6 186.3 

1975-2021  70.7 67.6 66.7 70.0 44.4 8.7 1.3 1.0 5.4 33.0 55.2 72.4 496.4 

  Mean air temperature (°C) (Monthly)   Total 

2020 3.6 3.7 10.6 13.5 19.3 26.2 31.2 30.4 27.7 20.0 10.6 4.7 16.8 

2021 4.1 7.0 8.4 15.9 23.8 27.9 26.4 31.1 27.7 18.6 11.4 3.9 17.2 

1975-2021 1.7 3.7 8.3 13.8 19.3 26.0 31.0 30.4 25.1 17.5 9.7 4.0 15.9 

  Mean relative humidity (%) (Monthly )   Mean 

2020 77.7 75.1 72.4 71.0 57.4 35.1 27.2 24.1 26.1 29.1 65.1 79.9 53.4 

2021 70.7 64.7 65.2 54.3 30.2 23.6 40.7 25.9 26.1 34.3 67.8 76.7 48.4 

1975-2021 77.0 72.8 66.5 64.0 56.7 36.4 36.4 27.0 30.8 48.1 66.6 76.3 54.9 
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TABLE 2 

Dry matter content (%) and crude protein content (%) at different cutting times of alfalfa  

(Medicago sativa L.) genotypes+ 

Genotypes 

Dry matter content (%)  Crude protein content (%) 
1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flow-

ering) 

3rd Cutting           

(Full flower-

ing) 
Mean  

1st Cutting             

(Pre-flowering) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean 

    1-Banat  23.59  25.82  30.03  26.48 a-f  21.67 h-q 20.83 l-t 15.43 - 19.31 ı-j 

    2-Basbag 23.62  24.53  30.12  26.09 c-g  24.57 a-c 20.40 o-w 16.10 - 20.36 d-ı 

    3-Bilensoy 23.86  25.47  30.02  26.45 a-f  22.73 c-k 21.83 g-p 19.00 t-[ 21.19 a-e 

    4-Calfa 23.43  25.54  30.80  26.59 a-f  23.40 b-h 20.27 o-x 16.67 ]-^ 20.11 f-j 

    5-Daisy 23.64  25.57  31.36  26.86 a-c  24.33 a-d 19.57 r-[ 16.17 - 20.02 f-j 

    6-Diane 22.33  24.20  27.32  24.62 ı  24.00 b-e 21.37 j-r 16.87 \-^ 20.74 b-f 

    7-Dimitra 23.59  24.69  29.06  25.78 f-h  22.33 e-n 20.00 p-y 16.13 - 19.49 g-j 

    8-Elci 22.87  26.04  30.73  26.55 a-f  25.87 a 21.13 k-s 18.60 w-\ 21.87 a 

    9-Emiliana 23.64  25.42  30.20  26.42 a-f  23.83 b-f 20.50 n-v 17.77 [-^ 20.70 b-f 

  10-Escorial 23.45  25.58  31.16  26.73 a-d  23.57 b-g 19.93 q-z 18.10 z-^ 20.17 e-j 

  11-Ezzelina 23.32  25.07  27.44  25.28 g-ı  22.47 e-m 21.53 ı-q 18.80 v-[ 21.30 a-d 

  12-Line-1 24.11  25.36  30.55  26.67 a-e  24.83 a-b 21.53 ı-q 16.60 ^ 20.99 a-f 

  13-Line-2 24.26  25.50  30.12  26.63 a-e  23.63 b-g 19.40 s-[ 14.67 - 19.23 j 

  14-Line-3 23.43  25.44  30.30  26.39 b-f  23.17 b-j 18.60 w-\ 16.00 - 19.26 j 

  15-Line-4 24.29  25.11  29.59  26.33 b-f  23.30 b-ı 20.20 p-x 14.80 - 19.43 h-j 

  16-Iside 24.10  25.68  28.98  26.26 b-f  24.60 a-b 20.37 o-w 19.50 s-[ 21.49 a-c 

  17-La Torre 23.54  25.14  29.91  26.20 b-f  22.33 e-n 20.73 m-u 19.20 t-[ 20.76 b-f 

  18-Nimet 23.42  25.84  30.69  26.65 a-e  23.07 b-j 20.20 p-x 18.97 u-[ 20.74 b-f 

  19-Osjecka 99 22.67  23.88  28.50  25.02 h-ı  24.00 b-e 21.17 k-s 18.93 u-[ 21.37 a-d 

  20-Prosementi 23.18  25.60  29.01  25.93 d-g  23.30 b-ı 22.10 f-o 19.83 q-z 21.74 a-b 

  21-Queen 24.48  26.66  30.58  27.24 a  23.20 b-j 20.10 p-x 18.20 y-^ 20.50 c-g 

  22-Resis 23.05  25.08  29.50  25.88 e-g  23.17 b-j 21.53 ı-q 16.77 \-^ 20.49 c-h 

  23-Riviera vicentina 23.73  25.83  31.31  26.96 a-b  23.83 b-f 20.83 l-t 18.50 x-] 21.06 a-f 

  24-Sabrina 23.34  25.67  29.41  26.14 b-f   22.67 d-l 19.97 q-y 15.47 - 19.37 ı-j 

  Mean 23.54 C 25.36 B 29.86 A       23.49 A 20.59 B 17.38 C     

  CV (%) 3.35   5.52 

  LSD (%5)       

  Cutting times 0.27**  0.36** 

  Genotypes 0.81**  1.05** 

  Genotypes × Cutting times ns   1.82** 

+, means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01; 

ns, non-significant 

 

The investigated traits. In the study, forage 

cutting of plots of each alfalfa genotypes were made 

at 3 different times. The 1st forage cutting of the al-

falfa genotypes was made on April 15, 2021, during 

the pre-flowering period of the plants. On the other 

hand, the 2nd cutting was made on May 05, 2021, at 

10% flowering period of the plants. And the last, 3rd, 

forage cutting was made on May 20, 2021, when the 

plants were in the full flowering period.  The har-

vested forages from each plot was immediately 

weighted and the results were converted to hectares. 

Afterwards, in order to determine the dry forage per-

centage in the fresh forage, 500 g fresh forage sam-

ples taken from each plot were kept in oven at 70 °C 

for 48 hours. In the study all of the investigated traits 

were determined according to the official technical 

instructions indicated in TTSM [30].  Crude Protein, 

ADF and NDF contents of the Alfalfa genotypes for-

ages were determined in the Dicle University Sci-

ence and Technology Application and Research 

Center Laboratory via the Foss Model 6500 NIRS 

(Near Infrared Reflectance Spectroscopy) analysis 

device using C-0904FE-Hay and Fresh Forage cali-

bration [31,32,33,34,35,36].  

Dry digestible matter (DDM), dry matter in-

take, (DMI) and relative feed value (RFV) were cal-

culated according to the follow equations; suggested 

by Schroeder [37] and Kutlu [38]. On the other hand, 

metabolizable energy (ME) of the forages was deter-

mined according to suggested by Kirchgessner and 

Kellner [39], Ozkul et al. [40] and Gungor et al. [41] 

with using the following equation and ADF content. 

Also quality classes of the forages were determined 

according to Lacefield [42]. 



© by PSP          Volume 31– No. 08B/2022 pages 9172-9184                                      Fresenius Environmental Bulletin 

9175 

 

DDM% = 88.9 - (0.779 x ADF%)   

DMI% = 120 / NDF%  

RFV = (DDM% x DMI%) / 1.29 

ME (MJ/kg DM)= 14.70-(0.150 x ADF) 

 

Statistical analysis. In the study, the statistical 

analyses of data were made by using the JMP 5.0.1 

statistical software package [43] and the least signif-

icant difference (LSD) test at the 0.05 probability 

level [44] was used for determining the differences 

between means. On the other hand, biplot analysis 

and its graphics were formed by using GENSTAT 

statistical package program [45]. And interpretations 

of the graphics were made as specified by Yan and 

Kang [46]. 

 

 

RESULTS AND DISCUSSIONS 

 

Results of the research revealed that there were 

highly significant (P<0.01) differences between the 

cutting times and alfalfa genotypes means in terms 

of dry matter content and crude protein content traits. 

On the other hand, genotypes × cutting times inter-

action was found to be statistically insignificant for 

the dry matter content trait, but it was found to be 

highly significant (P<0.01) for crude protein content 

trait (Table 2). The significantly importance of gen-

otypes × cutting times interaction for crude protein 

content trait indicated that changing cutting times 

significantly affected rankings of crude protein con-

tents in the alfalfa genotypes.  

Results of the study showed that dry matter 

content of alfalfa genotypes increased with advanc-

ing plant maturity. Accordingly, the average dry 

matter content of alfalfa genotypes was determined 

as 23.54% in the pre-flowering period in the 1st cut-

ting times, 25.36% in the 10% flowering period in 

the 2nd cutting times and 29.86% in the full flowering 

period in the 3rd cutting times. As reason of the in-

creases in alfalfa the dry matter content with advanc-

ing the cutting times, it can be specified with longer 

vegetation period of the plants. Since more dry mat-

ter accumulated by photosynthesis with delaying 

cutting times. Similarly, many researchers reported 

that dry matter contents of forages increased with ad-

vancing plant maturity stage [14,15,47,48,49]. In ad-

dition, when the cutting times average the dry matter 

contents of the alfalfa genotypes were examined in 

Table 2; it is seen that dry matter content values vary 

from 24.62% to 27.27% among the alfalfa geno-

types. While the lowest DM was recorded in Diane 

(6) alfalfa cultivar, the highest DM content were rec-

orded in Banat (1), Bilensoy (3), Calfa (4), Daisy (5), 

Elçi (8), Emiliana (9), Escorial (10), Line-1 (12), 

Line-2 (13), Queen (21) and Riviera vicentina (23) 

genotypes. Similarly, Geren et al. [50] and Kara-

yilanlı and Ayhan [15] reported that DM contents of 

alfalfa forage were ranged from 21.41% to 23.63% 

at the beginning of flowering period of plant, and it 

was ranged from 24.12% to 26.56% at the full flow-

ering period of plant.  

Crude protein content is one of the most im-

portant trait for forage quality, and it is desired to be 

as high as possible for a good quality forage [1,51]. 

The study results revealed that in contrast to dry mat-

ter content trait, crude protein content of alfalfa gen-

otypes decreased with advancing plant maturity 

stage. Accordingly, 1st cutting time, pre-flowering, 

average crude protein content of alfalfa genotypes 

was determined as 23.49%, even though average 

crude protein contents of the 2nd, 50% flowering, and 

3rd, full-flowering, cutting times were recorded as 

20.59% and 17.38% respectively (Table 2). Con-

sistent with our research findings, many researchers 

reported that crude protein contents of alfalfa forage 

decreased with advancing plant maturity stage be-

cause of the increasing cellulose contents in dry mat-

ter of forage [15,52,53]. Furthermore, as seen in the 

Table 2, the cutting times mean crude protein con-

tents of alfalfa genotypes in the research were ranged 

from 19.23% to 21.87%. Bilensoy, Elçi, Ezzelina, 

Line-1, Iside, Osjecka 99 and Prosementi genotypes, 

sharing the same statistical group, were found as su-

perior than the other genotypes in terms of crude pro-

tein content. Putnam et al. [54] and Avci et al. [55] 

reported that fall dormancy status of alfalfa geno-

types greatly affected crude protein contents of al-

falfa genotypes. They also emphasized that geno-

types having higher dormancy feature had higher 

crude protein values than the non-dormant ones in 

alfalfa for forage. Moreover, crude protein contents 

findings determined in the study were found in a 

fully agreement with those of Kallenbach et al. [13], 

Spandl and Hesterman [56]  (1997), Karakoy et al. 

[57] and Al-Ghumaiz [58], but they were found 

higher and partially in agreement with those of Sar-

uhan and Kusvuran [59], Karayilanli and Ayhan [15] 

and Avci et al. [55]. The differences among the gen-

otypes and the ecologies can be shown as a reason of 

the partial differences among the crude protein con-

tent findings. 

Acid detergent fiber (ADF) and neutral deter-

gent fiber (NDF) are the most important forage qual-

ity traits to animal feed. And, they have been widely 

used in recent years to determine the quality status 

of the feeds of livestock [17,36]. ADF consists of the 

sum of cellulose and lignin contents of feeds, and it 

is generally used to determine the digestibility status 

of feeds, whereas NDF consists of the sum of ADF 

and hemicellulose in the animal feeds, and it is gen-

erally used to determine consumption status of feeds 

by animal [37,60]. It is desirable that the ADF and 

NDF contents be as low as possible for a quality for-

age [61]. In the study, on the one hand, a highly sig-

nificant (P<0.01) statistical difference was deter-

mined between both the cutting times and genotypes 

in terms of ADF and NDF contents. On the other 

hand, genotypes × cutting times interaction was 

found to be significant at the 0.01 level for the ADF 
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trait and at the 0.05 level for the NDF trait. In addi-

tion, it was determined that ADF and NDF contents 

of alfalfa genotypes increased with advancing plant 

maturity. While the ADF contents were determined 

as 28.03%, 32.06% and 38.42% for the 1st, 2nd and 

3rd cuttings respectively, the NDF contents were 

found to be 37.24%, 39.53% and 45.64% for the 

same cuttings, respectively (Table 3). Consistent 

with our findings, many researchers reported that 

due to increasing in the cell wall portions of the for-

age, ADF and NDF contents of forages increased 

with the advancing plant maturity stage [15,16,37,38 

]. Additionally, when Table 3 was examined, it was 

seen that ADF contents of the alfalfa genotypes 

ranged from 25.77% to 44.10%, and NDF contents 

ranged from 35.40% to 51.27% among the cutting 

times. In agreement with our research findings, 

many researchers studied in alfalfa reported that 

ADF contents were ranged from 26.97% to 40.62%, 

though NDF contents were ranged from 35.0% to 

52.91% [15,61,62]. Moreover, when the cutting time 

means of the genotypes was examined in Table 3, it 

was seen that the ADF and NDF contents of the used 

alfalfa lines in the research were higher than the used 

alfalfa cultivars. Thus, this indicated that the alfalfa 

lines, Line-1, Line-2, Line-3 and Line-4, had lower 

forage quality values than the used alfalfa varieties. 

Digestible dry matter (DDM) contents of al-

falfa genotypes forages in the study were calculated 

by means of their ADF contents, dry matter intakes 

(DMI) were calculated by means of their NDF con-

tents. And DDM and DMI values of alfalfa geno-

types were presented in Table 4. When the Table 4 

was examined, it was seen that statistically highly  

 

 

TABLE 3 

Acid detergent fiber (ADF) content (%) and Neutral Detergent Fiber (NDF) content (%) at different     

cutting times of alfalfa (Medicago sativa L.) genotypes+ 

Genotypes 

Acid detergent fiber (ADF) content (%)  Neutral Detergent Fiber (NDF) content (%) 

1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean  

1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean 

    1-Banat  28.13 w-^ 32.33 l-r 41.81 a-c 34.09 c-e  37.77 p-y 38.67 n-w 48.10 b-d 41.51 c-f 

    2-Basbag 26.83 \-^ 32.27 l-r 42.40 a-c 33.83 c-f  35.67 x-y 39.97 m-r 47.93 b-d 41.19 c-h 

    3-Bilensoy 28.40 v-^ 31.27 p-u 35.33 h-k 31.67 h-k  38.50 n-x 37.83 p-y 41.23 k-n 39.19 j-k 

    4-Calfa 27.87 y-^ 32.47 l-r 40.20 b-e 33.51 d-g  37.67 p-y 40.07 m-q 46.00 d-h 41.24 c-h 

    5-Daisy 25.77 ^ 33.60 j-p 39.73 c-f 33.03 d-h  35.87 w-y 40.50 l-p 46.33 c-g 40.90 c-ı 

    6-Diane 27.17 [-^ 34.27 ı-n 38.80 d-g 33.41 d-g  36.70 s-y 41.13 k-o 46.40 c-f 41.41 c-g 

    7-Dimitra 29.83 r-[ 32.00 m-s 40.03 b-f 33.96 c-e  38.57 n-w 39.37 n-s 46.73 b-e 41.56 c-e 

    8-Elci 26.17 ]-^ 32.03 m-s 37.57 e-h 31.92 g-k  35.93 v-y 39.27 n-u 44.47 e-j 39.89 e-k 

    9-Emiliana 27.63 y-^ 28.10 x-^ 36.33 g-j 30.69 j-k  36.70 s-y 37.60 q-y 44.63 e-j 39.64 h-k 

  10-Escorial 28.87 t-] 31.90 m-s 36.07 g-j 32.28 f-j  37.67 p-y 39.10 n-u 45.43 d-ı 40.73 c-j 

  11-Ezzelina 28.67 u-] 30.27 r-y 36.03 h-j 31.66 h-k  36.47 t-y 39.07 n-u 42.40 j-m 39.31 ı-k 

  12-Line-1 28.77 t-] 34.60 ı-m 40.40 b-d 34.59 b-d  37.93 p-y 41.20 k-n 46.20 c-g 41.78 c-d 

  13-Line-2 31.70 n-s 35.30 h-k 40.23 b-e 35.74 a-b  40.87 k-o 41.27 k-n 48.90 a-c 43.68 a-b 

  14-Line-3 30.00 r-z 34.20 ı-o 41.37 a-d 35.19 a-c  38.77 n-v 41.23 k-n 46.83 b-e 42.28 b-c 

  15-Line-4 30.27 r-y 35.43 h-k 44.10 a 36.60 a  39.63 m-r 43.00 ı-l 51.27 a 44.63 a 

  16-Iside 25.73 ^ 30.73 q-x 35.30 h-k 30.59 k  35.40 y 38.47 n-x 46.17 c-g 40.01 e-k 

  17-La Torre 29.50 s-\ 31.70 n-s 36.73 g-ı 32.64 e-ı  38.30 o-x 39.73 m-r 43.70 f-k 40.58 d-j 

  18-Nimet 27.80 y-^ 33.10 k-q 36.90 g-ı 32.60 e-ı  37.53 q-y 39.13 n-u 42.97 ı-l 39.88 f-k 

  19-Osjecka 99 26.97 \-^ 30.87 p-w 36.13 g-j 31.32 ı-k  36.47 t-y 36.67 s-y 43.23 h-l 38.79 k 

  20-Prosementi 27.63 y-^ 30.67 q-x 34.90 h-l 31.07 ı-k  37.13 r-y 38.80 n-v 45.30 d-ı 40.41 d-k 

  21-Queen 26.23 ]-^ 31.50 o-t 35.47 h-k 31.07 ı-k  35.30 y 39.33 n-t 44.73 e-j 39.79 g-k 

  22-Resis 27.37 z-^ 31.47 o-t 36.30 g-j 31.71 h-k  36.47 t-y 38.90 n-u 43.47 g-k 39.61 h-k 

  23-Riviera vicentina 27.13 [-^ 28.30 w-^ 37.37 f-h 30.93 j-k  36.00 v-y 38.30 o-x 43.53 f-k 39.28 ı-k 

  24-Sabrina 28.37 w-^ 31.13 p-v 42.63 a-b 34.04 c-e   36.43 u-y 40.03 m-q 49.37 a-b 41.94 c-d 

  Mean 28.03 C 32.06 B 38.42 A       37.24 C 39.53 B 45.64 A     

  CV (%) 5.18   4.36 

  LSD (%5)       

  Cutting times 0.55**  0.57** 

  Genotypes 1.58**  1.66** 

  Genotypes × Cutting times 2.75**   2.87* 

+, means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01 
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TABLE 4 

Digestible dry matter (DDM) content (%) and dry matter intake (DMI) (%) at different cutting times of 

alfalfa (Medicago sativa L.) genotypes+ 

Genotypes 

Digestible dry matter (DDM) content (%)  Dry matter intake (DMI)  (%) 

1st Cutting             

(Pre-flowering) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean  

1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean 

    1-Banat  66.98 a-h 63.71 m-s 56.33 \-^ 62.34 g-ı  3.19 c-j 3.11 e-o 2.50 x-[ 2.93 c-f 

    2-Basbag 68.00 a-c 63.76 m-s 55.87 \-^ 62.54 f-ı  3.37 a-c 3.00 j-p 2.51 x-[ 2.96 b-f 

    3-Bilensoy 66.78 a-ı 64.54 j-o 61.38 t-w 64.23 a-d  3.12 e-n 3.17 c-j 2.91 o-s 3.07 a-b 

    4-Calfa 67.19 a-f 63.61 m-s 57.58 z-] 62.79 e-h  3.19 b-j 3.00 j-q 2.61 u-z 2.93 c-f 

    5-Daisy 68.83 a 62.73 o-u 57.95 y-\ 63.17 d-h  3.35 a-c 2.97 k-r 2.59 v-z 2.97 b-f 

    6-Diane 67.74 a-d 62.21 q-v 58.67 x-[ 62.87 e-h  3.27 a-h 2.92 m-s 2.59 u-z 2.93 c-f 

    7-Dimitra 65.66 d-m 63.97 l-r 57.71 y-] 62.45 g-ı  3.12 e-n 3.05 ı-o 2.57 w-z 2.91 d-f 

    8-Elci 68.52 a-b 63.95 l-r 59.64 w-z 64.03 a-e  3.35 a-c 3.06 ı-o 2.70 t-x 3.04 a-c 

    9-Emiliana 67.37 a-f 67.01 a-g 60.60 u-x 64.99 a-b  3.27 a-g 3.20 a-j 2.69 t-x 3.06 a-b 

  10-Escorial 66.41 b-k 64.05 l-r 60.80 u-x 63.76 b-f  3.19 c-j 3.08 f-o 2.64 t-y 2.97 b-f 

  11-Ezzelina 66.57 b-j 65.32 f-m 60.83 u-w 64.24 a-d  3.29 a-e 3.07 g-o 2.83 p-t 3.07 a-b 

  12-Line-1 66.49 b-k 61.95 r-v 57.43 [-] 61.96 h-j  3.16 c-k 2.91 n-s 2.60 u-z 2.89 e-f 

  13-Line-2 64.21 l-q 61.40 t-w 57.56 z-] 61.06 j-k  2.95 l-s 2.91 o-s 2.45 y-[ 2.77 g-h 

  14-Line-3 65.53 e-m 62.26 p-v 56.68 [-^ 61.49 ı-k  3.10 e-o 2.92 m-s 2.56 w-z 2.86 f-g 

  15-Line-4 65.32 f-m 61.30 t-w 54.55 ^ 60.39 k  3.03 ı-p 2.80 q-u 2.34 [ 2.72 h 

  16-Iside 68.85 a 64.96 g-n 61.40 t-w 65.07 a  3.39 a-b 3.12 e-m 2.60 u-z 3.04 a-c 

  17-La Torre 65.92 c-l 64.21 l-q 60.28 v-x 63.47 c-g  3.14 d-l 3.03 j-p 2.75 s-w 2.97 b-f 

  18-Nimet 67.24 a-f 63.12 n-t 60.15 v-x 63.50 c-g  3.20 a-j 3.07 h-o 2.79 q-v 3.02 a-d 

  19-Osjecka 99 67.89 a-c 64.85 h-o 60.75 u-x 64.50 a-c  3.29 a-e 3.29 a-f 2.78 r-v 3.12 a 

  20-Prosementi 67.37 a-f 65.01 g-n 61.71 s-w 64.70 a-c  3.23 a-ı 3.09 e-o 2.65 t-y 2.99 b-e 

  21-Queen 68.46 a-b 64.36 k-p 61.27 t-w 64.70 a-c  3.40 a 3.05 ı-o 2.68 t-x 3.05 a-c 

  22-Resis 67.58 a-e 64.39 k-p 60.62 u-x 64.20 a-d  3.29 a-e 3.09 f-o 2.76 s-w 3.05 a-c 

  23-Riviera vicentina 67.76 a-d 66.85 a-h 59.79 w-y 64.80 a-b  3.33 a-d 3.14 d-l 2.76 s-w 3.08 a-b 

  24-Sabrina 66.80 a-h 64.65 ı-o 55.69 ]-^ 62.38 g-ı   3.29 a-e 3.00 j-q 2.43 z-[ 2.91 d-f 

  Mean 67.06 A 63.92 B 58.97 C       3.23 A 3.04 B 2.64 C     

  CV (%) 2.10   4.04 

  LSD (%5)       

  Cutting times 0.44**  0.04** 

  Genotypes 1.23**  0.12** 

  Genotypes × Cutting times 2.14**   0.20* 

+, means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01 

 

significant (P<0.01) differences were determined be-

tween both the cutting times and genotypes in terms 

of DDM and DMI traits. However, genotypes × cut-

ting times interaction was found to be significant at 

the 0.01 level for the DDM trait and at the 0.05 level 

for the DMI trait. In addition, it was determined that 

DDM and DMI contents of alfalfa genotypes de-

creased with advancing plant maturity stage. While 

the DDM contents were determined as 67.06%, 

63.92% and 58.97% for the 1st, 2nd and 3rd cuttings 

respectively, the DMI values were found to be 

3.23%, 3.04% and 2.64% for the same cuttings, re-

spectively. In accordance with our research findings, 

many researchers reported that they observed to de-

creasing DDM and DMI values of forages owing to 

increasing in plant cell wall substances with advanc-

ing plant maturity [15,16,37,38]. Additionally, when 

Table 4 was examined, it was seen that DDM con-

tents of the alfalfa genotypes ranged from 54.55% to 

68.85%, and DMI values ranged from 2.34% to 

3.40% among the cutting times. In agreement with 

our research findings, Karayilanli and Ayhan [15] 

and Sayar et al. [61] reported that DDM contents of 

alfalfa were ranged from %57.57 to %67.01, DMI 

values were ranged from 2.26% to 3.43%.  Moreo-

ver, when the average of cutting times of the geno-

types was examined in Table 4, it was seen that Bi-

lensoy (3), Elçi (8), Emiliana (9), Ezzelina (11), Iside 

(16), Osjecka 99 (19), Queen (21), Resis (22) and 

Riviera vicentina (23) were found superior than the 

other alfalfa genotypes in terms of both DDM and 

DMI traits. 

Results of the study revealed that there were 

highly significant (P<0.01) differences between the 
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cutting times, alfalfa genotypes and genotypes × cut-

ting times interactions in terms of metabolizable en-

ergy (ME) and relative feed value (RFV) (Table 5). 

This indicated that changing cutting times signifi-

cantly affected ranking of alfalfa genotypes in terms 

of metabolizable energy (ME) and relative feed 

value (RFV) traits. The metabolizable energy (ME) 

content of feeds is a better estimate of their ‘true’ en-

ergy value than their digestible energy (DE) content, 

because ME takes account of the gross energy of me-

thane (GEgas) and the gross energy of urine 

(GEurine) losses [63].  Additionally, Ozkul et al. 

[40] and Sayan et al. [64] reported that estimation of 

ME values of roughages with equations where, NDF 

or especially ADF was used, gave better results than 

equations where, Crude Nutrients (CN) or Acid De-

tergent Lignin (ADL) was used. Accordingly, in the 

study, ME values of alfalfa genotypes were deter-

mined with making use of their ADF contents. In the 

research, it was determined highly significant differ-

ences (P<0.01) among the cutting times of alfalfa for 

the metabolizable energy trait. ME contents of al-

falfa genotypes in the early cutting times were found 

to be higher than the later cuttings. Accordingly, the 

mean ME contents of the alfalfa genotypes were rec-

orded as 10.50 MJ/kg DM, 9.89 MJ/kg DM and 8.94 

MJ/kg DM respectively for first (pre-flowering pe-

riod), second (50% flowering period) and third (full 

flowering period) cuttings respectively. Further-

more, ME means of genotypes were ranged from 

8.09 MJ/kg DM to 10.84 MJ/kg DM among the cut-

ting times and the alfalfa genotypes. According to  

 

TABLE 5 

Metabolizable energy (ME) (MJ/kg DM) and Relative feed value (RFV) at different cutting times of           

alfalfa (Medicago sativa L.) genotypes+ 

Genotypes 

Metabolizable energy (ME) (MJ/kg DM)  Relative feed value (RFV) 

1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flow-

ering) 
Mean  

1st Cutting             

(Pre-flower-

ing) 

2nd Cutting            

(50% flower-

ing) 

3rd Cutting           

(Full flower-

ing) 
Mean 

    1-Banat  10.48 a-h 9.85 m-s 8.43 \-^ 9.59 g-ı  165.72 c-l 153.62 k-t 109.04 - 142.79 f-h 

    2-Basbag 10.68 a-c 9.86 m-s 8.34 \-^ 9.63 f-ı  177.54 a-c 148.57 p-v 108.54 - 144.88 d-g 

    3-Bilensoy 10.44 a-ı 10.01 j-o 9.40 t-w 9.95 a-d  161.36 e-p 158.79 f-r 138.47 v-z 152.87 a-c 

    4-Calfa 10.52 a-f 9.83 m-s 8.67 z-] 9.67 e-h  166.21 b-l 147.89 q-v 116.47 ]-^ 143.52 e-h 

    5-Daisy 10.84 a 9.66 o-u 8.74 y-\ 9.75 d-h  179.07 a-b 144.31 s-w 116.35 ]-^ 146.58 c-g 

    6-Diane 10.63 a-d 9.56 q-v 8.88 x-[ 9.69 e-h  171.79 a-f 140.98 t-x 117.95 \-^ 143.57 e-h 

    7-Dimitra 10.23 d-m 9.90 l-r 8.70 y-] 9.61 g-ı  158.88 f-r 151.49 n-v 114.93 ^ 141.77 f-h 

    8-Elci 10.78 a-b 9.90 l-r 9.07 w-z 9.91 a-e  177.76 a-c 151.96 m-u 124.88 [-^ 151.53 a-d 

    9-Emiliana 10.56 a-f 10.49 a-g 9.25 u-x 10.10 a-b  171.04 a-f 166.58 b-k 126.54 z-^ 154.72 a-b 

  10-Escorial 10.37 b-k 9.92 l-r 9.29 u-x 9.86 b-f  164.07 d-n 153.21 l-u 124.58 [-^ 147.28 b-f 

  11-Ezzelina 10.40 b-j 10.16 f-m 9.30 u-w 9.95 a-d  169.99 a-h 155.56 j-s 133.67 w-[ 153.07 a-c 

  12-Line-1 10.39 b-k 9.51 r-v 8.64 [-] 9.51 h-j  163.06 d-o 140.03 u-y 115.64 ]-^ 139.58 g-h 

  13-Line-2 9.95 l-q 9.41 t-w 8.67 z-] 9.34 j-k  147.03 r-v 138.58 v-z 109.51 - 131.71 ı-j 

  14-Line-3 10.20 e-m 9.57 p-v 8.50 [-^ 9.42 ı-k  157.48 g-s 141.07 t-x 112.63 - 137.06 h-ı 

  15-Line-4 10.16 f-m 9.39 t-w 8.09 ^ 9.21 k  153.53 k-t 133.09 w-[ 98.98 - 128.53 j 

  16-Iside 10.84 a 10.09 g-n 9.41 t-w 10.11 a  181.26 a 157.21 h-s 123.89 [-^ 154.12 a-c 

  17-La Torre 10.28 c-l 9.95 l-q 9.19 v-x 9.80 c-g  160.28 e-q 150.68 o-v 128.66 x-] 146.54 c-g 

  18-Nimet 10.53 a-f 9.74 n-t 9.17 v-x 9.81 c-g  167.03 b-j 150.16 o-v 130.25 x-\ 149.15 a-f 

  19-Osjecka 99 10.66 a-c 10.07 h-o 9.28 u-x 10.00 a-c  173.49 a-e 165.18 c-m 130.82 x-\ 156.49 a 

  20-Prosementi 10.56 a-f 10.10 g-n 9.47 s-w 10.04 a-c  168.95 a-ı 155.93 ı-s 126.72 z-^ 150.53 a-e 

  21-Queen 10.77 a-b 9.98 k-p 9.38 t-w 10.04 a-c  180.43 a 152.38 m-u 127.50 y-^ 153.43 a-c 

  22-Resis 10.60 a-e 9.98 k-p 9.26 u-x 9.94 a-d  172.40 a-e 154.05 j-t 129.77 x-\ 152.08 a-d 

  23-Riviera vicentina 10.63 a-d 10.46 a-h 9.10 w-y 10.06 a-b  175.11 a-d 162.64 d-o 128.04 x-^ 155.26 a 

  24-Sabrina 10.45 a-h 10.03 ı-o 8.31 ]-^ 9.59 g-ı   170.57 a-g 150.22 o-v 104.92 - 141.91 f-h 

  Mean 10.50 A 9.89 B 8.94 C       168.09 A 151.01 B 120.78 C     

  CV (%) 2.55   5.58 

  LSD (%5)       

  Cutting times 0.08**  2.69** 

  Genotypes 0.24**  7.64** 

  Genotypes × Cutting times 0.41**   12.25** 

+, means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01;  
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the cutting times average, statically ME values of Bi-

lensoy (3), Elçi (8), Emiliana (9), Ezzelina (11), Iside 

(16), Osjecka 99 (19), Prosementi (20), Queen (21), 

Resis (22) and Riviera vicentina (23) alfalfa cultivars 

were found to be higher than the other alfalfa geno-

types (Table 5). Consistent with our research find-

ings, Ozkul et al. (2005) and Gungor et al. (2008) 

reported that they found to be ME values in alfalfa 

forage from 8.88 MJ/kg DM to 10.95 MJ/kg DM 

with using ADF content. Additionally, Ozkul et al. 

[40 ] reported that with the same style, using ADF 

content, they found to be ME values in corn silage as 

8.42-11.05 MJ/kg DM and in wheat straw as 5.83-

7.17 MJ/kg DM. 

Relative feed value (RFV) widely accepted an 

index for forage quality. RFV determined with using 

ADF and NDF contents of forages [61]. Thus, it is a 

good indicator for comparing consumption and di-

gestion status of similar forages easily. Results of the 

study showed that a great variation was determined 

among the cutting times in terms of RFV values of 

alfalfa forages. Just as, crude protein (CP) content 

and metabolizable energy (ME) content traits, RFV 

values decreased with delaying of cutting times. Ac-

cordingly, average RFV value as of alfalfa genotypes 

respectively was determined for first, second and 

third cutting times as 168.09, 151.01 and 120.78. Ac-

cording to the classification suggested by Lacefield 

[42] with over 151 RFV value general means of the 

first and second cutting alfalfa forage took part in 

The Prime Forage Class, but the last cutting time, 

third one at full flowering period, alfalfa forage took 

part in the Second Forage Class, with lower than 124 

RFV value. Thus, it is of great importance that cut-

ting time shouldn’t be too delayed in order to pre-

serve forage quality. In addition, differences be-

tween alfalfa genotypes means and genotypes × cut-

ting times interactions were found to be statically  

 

 
FIGURE 1 

Scatter plot and comparison biplot graphs showing the relationship between alfalfa genotypes and the in-

vestigated traits (DMY: Dry matter content; CP: Crude protein content, ADF: Acid detergent fiber, NDF: 

Neutral detergent fiber, DDM: Digestible dry matter, DMI: Dry matter intake, metabolizable energy 

(ME)  RFV: Relative feed value) 

 

TABLE 6 

Correlations between forage quality traits of alfalfa genotypes 

  DM CP ADF NDF DDM DMI ME RFV 

    DM -        

    CP -0.784** -       

    ADF 0.816** -0.893** -      

    NDF 0.794** -0.867** 0.912** -     

    DDM -0.816** 0.893** -1.000** -0.912** -    

    DMI -0.791** 0.868** -0.909** -0.994** 0.909** -   

    ME -0.816** 0.893** -1.000** -0.912** 1.000** 0.909** -  

    RFV -0.817** 0.895** -0.962** -0.980** 0.962** 0.987** 0.962** - 

Significant at **: P<0.01 (DMY: Dry matter content; CP: Crude protein content, ADF: Acid detergent fiber, , NDF: Neutral 

detergent fiber, DDM: Digestible dry matter, DMI: Dry matter intake, metabolizable energy (ME)  RFV: Relative feed value) 
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FIGURE 2 

Scatter plot and comparison biplot graphs showing the relationship between the cutting  

times and alfalfa genotypes 

 

 
FIGURE 3 

Scatter plot and comparison biplot graphs showing the relationship between the cutting times and the in-

vestigated traits  
(DMY: Dry matter content; CP: Crude protein content, ADF: Acid detergent fiber, NDF: Neutral detergent fiber, DDM: Di-

gestible dry matter, DMI: Dry matter intake, metabolizable energy (ME)  RFV: Relative feed value) 

 

highly significant (P<0.01) for RVF values. RFV 

values of alfalfa genotypes were changed among the 

cutting times from 98.98 to 181.26. According to 

mean of the genotypes in the cutting times, it was 

determined that with higher RFV values , Bilensoy 

(3), Elçi (8), Emiliana (9), Ezzelina (11), Iside (16), 

Nimet (18), Osjecka 99 (19), Prosementi (20), Queen 

(21), Resis (22) and Riviera vicentina (23) cultivars 

had the best forage quality. 

Evaluations with biplot analysis. In biplot 

biplot analysis graphs, as indicator of a good varia-

tion and for reliable interpretation, total of PC1 (the 

first Principal Component) and PC2 (the second 

Principal Component) is desired to be over the 50% 

[65,66].  Accordingly, when biplot graphs of the 

study examined from Figure 1, Figure 2 and Figure 

3, it was seen that total PC1 and PC2 values of the 



© by PSP          Volume 31– No. 08B/2022 pages 9172-9184                                      Fresenius Environmental Bulletin 

9181 

 

biplot graphs were well above 50%. Hence, the bip-

lot graphs reliable can be interpreted. On the other 

hand, it was reported that when grouping the vectors 

showing the traits in biplot analysis graphs, the angle 

between the vectors is considered. For a significant 

relationship, the angle between the vectors should be 

less than 90° [22,28,36]. In accordance with, when 

the scatter plot biplot graph in Figure 1 was exam-

ined, the investigated forage quality traits in the 

study were divided into three groups. The first group 

was included CP, DDM, DMI, ME and RFV traits. 

The five quality traits are important for forage qual-

ity, and it is desirable that these traits be as high as 

possible [37,60]. Also, there found to be statically 

highly significant (P < 0.01) and positive correla-

tions among the five important forage quality traits 

(Table 6). A similar relationship for these traits was 

also reported by Basbag et al. [17], Basbag et al. [35]   

(2021) and Sayar et al. [36]. On the other hand, when 

the comparison biplot graph in Figure 1 examined, it 

was seen that Iside (16), Emiliana (9), Elçi (8) and 

Bilensoy (3) cultivars came to fore in terms of the 

first group traits. Since these genotypes took place in 

the innermost circle and closer to AEC direction. 

Therefore, these alfalfa cultivars can be indicated as 

the most suitable genotypes in terms of forage qual-

ity.   However, the second group only included dry 

matter content (DM) trait, and for DM trait respec-

tively Queen (21), Riviera vicentina (23) and Daisy 

(5) alfalfa cultivars were found better than the other 

alfalfa genotypes.  Finally, the third group contained 

ADF and NDF traits, and there were found to be a 

highly significant (P<0.01) and positive correlation 

between the ADF and NDF traits (Table 6 and Figure 

1). Similar relation reported by many researchers 

[17,37,60,61]. Meanwhile, Line-4 (15), Line-2 (13) 

and Line-3 (14) came to fore in terms of ADF and 

NDF traits. With the highest ADF and NDF contents, 

Line-4 (15), Line-2 (13) and Line-3 (14) were found 

to be as having the worst forage quality among al-

falfa genotypes. Many researchers reported that 

higher ADF and NDF contents refer to lower digest-

ibility in forages. For this reason, ADF and NDF 

contents should be as possible as low for a quality 

forage [37,60,61 ]. 

Scatter plot and comparison biplot graphs 

showing the relationship between the cutting times 

and alfalfa genotypes were submitted in the Figure 

2. When the graphs in the Figure 2 examined, in 

terms of forage quality traits 2nd and 3th cuttings were 

found closer each other than the 1st cutting. And 

when all of the investigated traits were assessed to-

gether, the most ideal cutting time was determined 

as 2nd cutting time for a good forage quality.  As a 

matter of fact, in accordance with our research find-

ings, many researchers reported that 10% flowering 

period (the 2nd cutting time) was the best time for a 

good forage yield and quality [1,3,16 ]. Furthermore; 

while Elçi (8), Iside (16) and Queen (21) alfalfa gen-

otypes were found to be better in the 1st  cutting time,  

Resis (22), Riviera vicentina (23), Escorial (10) gen-

otypes were found to be better in the 2nd  cutting time 

for forage quality. 

Scatter plot and comparison biplot graphs 

showing the relationship between the cutting times 

and the investigated traits were presented in the Fig-

ure 3. When Figure 3 examined, it was seen that 

ADF, NDF and DM traits came to fore in the 3rd cut-

ting time, whereas CP, DDM, DMI, ME and RFV 

traits came to fore exclusively in the 1st cutting time. 

Accordingly, it can be said that the forage harvested 

in first cutting time had more forage quality than 3rd 

cutting time.  

 

 

CONCLUSIONS 

 

Alfalfa is unique plant species due to its high 

level forage yield and forage quality properties. 

However, great variation can be seen in forage yield 

and forage quality values of  alfalfa depend on forage 

cutting times and genetic structure of used geno-

types. Accordingly, the study was held to determine 

the effect of different cutting times on alfalfa forage 

quality traits. Results of the study revealed that with 

delaying cutting time of the genotypes, forage qual-

ity of alfalfa decreased significantly. Correlation and 

biplot analysis revealed that highly significant 

(P<0.01) and positive correlations were determined 

among the crude protein (CP), digestible dry matter 

(DDM), dry matter intake (DMI), metabolizable en-

ergy (ME) contents and relative feed value (RFV) 

traits. However, these traits highly significantly 

(P<0,01) and negatively correlated with ADF and 

NDF contents. Finally, biplot analysis showed that 

Iside (16), Emiliana (9), Elçi (8) and Bilensoy (3) 

cultivars came to fore in terms of CP, DDM, DMI 

and RFV traits. And 2nd cutting time, 10% flowering 

time, was the most suitable time for obtaining an 

ideal forage quality and dry matter content in alfalfa. 
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