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ABSTRACT  

This study was carried out to investigate the effects of feed value and dry 

matter (DM) on rumen degradability properties of silages of oat (Avena 
sativa L.) cultivars (Kahraman and Kırklar) at different harvest stages 

(pre-flowering, flowering, milk, soft dough). Field and digestibility trials 

were carried out in randomized blocks, in a 2x4 factorial trial design 

during the 2016-2017 vegetation period. For the rumen digestibility of 

silages, three heads of Karayaka rams with rumen cannulated, average 

50±3 kg body weight and 3 years old were used. As a result of the 

experiment, It was observed that the crude protein (CP) level of 

Kahraman cultivar was higher than that of Kırklar cultivar, and the CP 

content of cultivars decreased from the pre-flowering period to the soft 

dough period. In addition, with the progress of the growing period, the 

neutral detergent fiber (NDF) content of the varieties increased. Also,  the 

net energy lactation (NEL) level of Kırklar cultivar was higher than 

Kahraman cultivar. However, the NEL levels of the cultivars decreased 

with the progression of the growing period. The water solubility of DM 

and CP of Kahraman cultivar was higher than that of Kırklar cultivar. 

In addition, effective dry matter degradability (EDMD) decreased with 

growth period in both cultivars. It was observed that the effective crude 

protein degradability (ECPD)  rate of Kahraman cultivar was higher than 

that of Kırklar cultivar and ECPD rate of cultivars decreased with the 

progress of the growing period. As a result, Kahraman cultivar may be 

preferred more than Kırklar cultivar, since it has higher EDMD and 

ECPD  in the rumen and also has higher RFV value. 
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Çeşit ve Hasat Dönemlerinin Yulaf Silajlarının Besin Değeri Üzerine Etkileri 
    

ÖZET   

Bu çalışma, yulaf (Avena sativa L.) çeşitlerinin (Kahraman ve Kırklar) 

farklı hasat dönemleri (çiçeklenme öncesi, ciçeklenme, süt olum, hamur 

olum) silajlarının yem değeri ve kuru maddenin (DM)  rumende 

parçalanabilirlik özelliklerine olan etkilerini araştırmak amacıyla 

yürütüldü. Tarla ve sindirilebilirlik denemeleri,  2016-2017 vejetasyon 

döneminde tesadüf bloklarında, 2x4 faktöryel deneme düzeninde 

yürütüldü. Silajların rumende sindirilebilirliği için üç baş, rumen 

kanüllü, ortalama 50±3 kg canlı ağırlığında ve 3 yaşında Karayaka koçlar 

kullanıldı. Deneme sonucunda Kahraman çeşidinin ham protein (CP) 

içeriğinin Kırklar çeşidine göre daha yüksek olduğu ve çeşitlerin CP 

içeriğinin çiçeklenme öncesi dönemden yumuşak hamur dönemine doğru 

azaldığı görüldü. Ayrıca yetiştirme döneminin ilerlemesi ile çeşitlerin 

nötral deterjan lif (NDF) içeriği arttı. Ayrıca Kırklar çeşidinin net enerji 

laktasyon (NEL) seviyesi Kahraman çeşidine göre daha yüksekti. Ancak, 

büyüme periyodunun ilerlemesi ile çeşitlerin NEL seviyeleri azaldı. 

Kahraman çeşidinin kuru madde ve ham proteinin suda çözünürlüğü, 

Kırklar çeşidinden daha yüksekti. Ayrıca, etkin kuru madde 

parçalanabilirliği (EKMP), her iki çeşitte de büyüme periyodu ile azaldı. 

Kahraman çeşidinin etkin ham protein parçalanabilirliği (EHPP) 

oranının Kırklar çeşidine göre daha yüksek olduğu ve yetiştirme 

döneminin ilerlemesiyle çeşitlerin EHPP oranının düştüğü görüldü. 
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Sonuç olarak, Kahraman çeşidinin, rumende etkin KM ve HP 

sindirilebilirliklerinin  daha yüksek olduğu, ayrıca, daha yüksek nispi 

yem değerine sahip olması nedeniyle Kırklar çeşidine göre daha fazla 

tercih edilebilir. 
 

To cite: Kılıçalp N &, Türk T 2023. Cultivar and Harvest Stage Effects on Nutritive Value of Whole Crop Oat (Avena 

sativa L.) Silages. KSU J. Agric Nat 26 (2), 437-449. https://doi.org/10.18016/ksutarimdoga.vi. 1050407  
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INTRODUCTION 

Oat is an important animal feed world wide as a 

nutritious grain and forage source (Güngör et al. 2017). 

The most preferred plant as forage among cereals is 

oat. It is relatively late and has abundant leaves. Oats 

have new shoots growing in every period. Early 

regrowth after grazing or plucking is relatively good. 

In addition, cluster formation can be evaluated as an 

advantage compared to spike-forming grains (Çeri & 

Acar 2019). However, Khan et al. (2014), in their study 

where they compared the yield and quality 

characteristics of oat genotypes, stated that the 

genotypes were significantly different in terms of yield 

and quality characteristics. Çeri & Acar (2019) 

reported that 1 755 323 tons of green roughage was 

obtained from 1 063 555 hectares of cultivation area in 

Turkey in 2017. However, the plant's production 

location, climate and growth periods are highly 

effective on feed quality (David et al., 2010). In 

addition, the chemical composition of forage crops 

differs among regions according to climatic conditions, 

soil structures, varieties and application practices 

(Shoaib et al., 2014). This plant is a good source of 

protein, fiber and minerals for livestock (Strychar, 

2011). Also, Mobashar et al. (2018), in the maturity 

process of the oat plant, the fiber and lignin content 

increases as the forage plant matures. He stated that 

as the plant growth period progresses, the intake 

potential of oats decreases, reduces the digestion rate 

of feed and therefore reduces animal production. 

However, Rosser (2014) stated that the effect of 

harvest time on NDF, ADF and lignin concentration in 

annual and perennial grasses is variable. Wallsten & 

Martinsoon (2009) in their study; It was stated that the 

NDF concentration and digestibility of oats decreased 

from the milk stage to the yellow stage. In addition, 

they stated that during the maturation process of 

cereal plants, the rate of passage of DM from the 

rumen did not change, but the water-soluble part of the 

silages increased with the advancing maturation 

process, although the water-soluble part of the silages 

was initially low. Also, in the maturation process of the 

oat plant; The water-soluble crude protein level 

decreases from 55% to 33%, and the effective dry 

matter degradability decreases quadratically with the 

progression of the millet, oat and wheat growing 

periods, but does not change in barley (Rosser et al., 

2013). The aim of this study is to investigate the effects 

of plant harvesting period and oat varieties on the 

nutritional value of whole plant oat silages. 
 

MATERIAL and METHOD 

Forage agronomy 

The research was carried out on the trial fields of 

Gaziosmanpaşa University Agricultural Application 

and Research Center during the vegetation period of 

2016-2017. In the study, Kahraman and Kırklar oat 

varieties, which were registered in 2014 by the Edirne 

Thrace Agricultural Research Institute, were used. 

This study was conducted during the 2016 and 2017 

growing season. Kırklar is an oat variety that 

developed earlier than the Kahraman variety. The 

trial area had soil clay, fertile and soil salt (2 S cm-1), 

pH, lime (%), P2O5 (kg ha-1), K20 (kg ha-1), Organic 

matter (%) 0.032, 7.47, 2.42, 2.04, 1523.2, 19.8, 

respectively. Data on the climate characteristics of the 

trial area were given in Table 1. In the 2016 and 2017 

growing seasons, the annual precipitation was lower 

than the average for many years. The research was 

carried out in 3 replications according to the 2x4 

factorial experiment in random blocks. The planting 

area was arranged for each variety with 500 plants per 

m2. The plots had an area of 0.2 meters between the 

lines and an area of 5 m x 20 m (100 m2). 

While sowing seeds, 4 kg of composite fertilizer (15-15-

0) and 1.3 kg of ammonium nitrate fertilizers (33%) 

were used during the cultivation period. Two oat 

varieties were harvested in 4 different harvest periods 

(Pre flowering, flowering, milk and soft dough) and 

silage was done.   
 

Silage preparation and chemical analysis 

After harvesting the fresh material, it was cut into 

approximately (therotically) 2 cm long and 1.5 kg plant 

material placed in jars with a capacity of 2 kg which 

tightly closed and subjected to fermentation for 60 days 

(Filya, 2002). After opening the silage covers, for the 

chemical analysis of the silages samples dried, milled 

and passed through a 1 mm sieve. The ash content of 

the silage samples were found in the muffle furnace at 

525 °C for 8 hours. Crude protein content of silage was 

determined by multiplying the total nitrogen amount 

determined by Kjeldahl method with 6.25 coefficient. 

Also, Neutral detergent fiber (NDF) and acid detergent 

fiber (ADF) contents of the silage samples were 

determined by ANKOM (ANKOM 200 Fiber Analyzer. 

Ankom tech.) (Van Soest et al., 1991; Anonymus, 
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2007b).  Net energy lactation (NEL) values of dried 

silage samples were calculated by the formulas given 

below. 

 

NEL, Mcal kg-1 = 2.296- (0.0257*ADF)  (grass)             (1) 

equations were used (Anonymus, 2007a). Digestible 

dry matter of herbage were calculated by using this 

equation   

 

Table 1. Climate characteristics of the trial site (2016-2017) 

Çizelge 1. Deneme sahasının iklim özellikleri  

Months/Items Precipitation     (mm) Long year av.          

(1929-2016)(mm) 

Average   (0C) Long years av. 

(1929-2016)     (0C) 

March 59.0 57.1 8.1 9.7 

April 34.5 23.6 10.0 13.5 

May 34.8 31.9 16.9 18.0 

June 35.4 48.5 20.0 21.0 

July 0.2 3.8 23.5 24.8 

August 7.6 4.4 24.3 25.6 

September 0.2 19.6 23.2 22.5 

October 55.6 51.8 16.1 15.7 

Total 227.3 240.7 17.8 18.9 
 

Digestible dry matter (DDM)=88.9-(0.779*ADF %), (2)  

potential dry matter intake (as percent of body weight) 

was determined by using this equation,  

Potential dry matter intake (PDMI)= 120/ (NDF %)  (3) 

Specified by Jaranyama & Garcia (2004). RFV was 

calculated according to ADF and NDF values during 

the full bloom period of Alfalfa. That depends on the 

Feed intake potantial and dry matter digestibility of 

the feeds and helps to classify (Prime: >151, premium: 

151-125, good: 124-103, fair:102-87, poor:86-75, 

reject:<75) the feeds according to their quality.  

Relative feed value (RFV) = PDMI × DDM /1.29           (4) 
 

İn-situ incubations 

This study was carried out with the approval of 

Gaziosmanpaşa University Animal Experiments Local 

Ethics Committee, dated 9.3.2017 and numbered 

51879863-25 (2017 HADYEK -47). Nylon bag 

technique was used to determine the degradability of 

silage samples in the rumen. For this purpose, a rumen 

fistula (3.5 cm inner diameter) was placed, 

approximately 50±0.4 kg live weight, 3 years old, 3 

head Karayaka rams were used (Ørskov & 

McDonald,1979). Before starting digestion trial, the 

animals were weighed and placed in individual 

compartments. The animals were adapted to the trial 

conditions for 3 weeks. The animals were fed at 125% 

of their maintenance level (Anonymus, 2007a). The 

feeds, roughage: concentrate ratio was prepared at 60: 

40 and the animals were fed twice a day (at 8.30 in the 

morning and at 16.30 in the evening). A mixture of 

alfalfa hay and triticale hay (60: 40) as roughage and 

barley as concentrate was used. In addition, the 

animals were given a vitamin and mineral mixture. 

Clean water was always kept in front of the animals. 

Silage samples were dried at 65 oC for 48 hours and 

then samples were prepared by grinding through 

laboratory hammer mill with a 2.5 mm screen. 

Samples (5 g) were placed in a bags (bags, made of 

polyester fabric of 5x10 cm size and 40-50 micron pore 

diameter). Bags were put into the rumen for 

incubations of 0, 16, 24, 48, 72 and 96 hours to 

determine DM and CP degradablities. The 

degradability of nutrients in the rumen were 

calculated by the method specified by Ørskov & 

McDonald, (1979). The nylon bags removed from the 

rumen at the end of the incubation were washed until 

clean water flowed in tap water. Then, after drying at 

80 0C for 24 hours in the drying cabinet and cooling in 

the excavator, the degradability of the feeds in the 

rumen was calculated with the equation given below. 

Digestible dry matter (DDM) and digestible crude 

protein (DCP) were calculated by the formula given 

below.  

DDM and CPD (%)=(İnitial weight-final weight) / 

(İnitial weight)×100                                           (5) 

Degradation characteristics of nutrients (DM and CP) 

were calculated (Ørskov & Mc Donald, 1979; Van Soest 

et al. 1991)  using the equation,                  

Degradation (D) = a + b (1-e–ct)                         (6)  

Where: D: disappearance rate of nutrients at time t. a: 

the portion of nutrients (DM, CP) solubilized at the 

beginning of incubation (time 0). b = slowly degraded 

nutrients (DM and CP) in the rumen c: rate constant 

of disappearance of ‘b’, t = time of incubation. 

Degradation characteristics; a, b, c and effective 

ruminal degradability of DM, and CP were calculated 

by Ørskov & Mc Donald (1979). The effective DM and 

CP degradability were calculated by using equation,  

The effective DM and CP degradability (EDMD) and 

(ECPD)=a+(bc / c+k)                                      (7) 

Where: k = ruminial out flow rate, k1 = 0.02 h-1 and 

k2=0.05 h-1) for DM and CP. Also, silage samples were 

weighed and placed in nylon bag to determine washing 

losses by using washing machine for 30 minutes. The 
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loss of washing was found by weighing the dried feed 

samples in the drying cabinet (Lai & Thu Huong, 

1999). 
 

Statistical analysis 

Statistical analysis was performed using the GLM 

procedure of SPSS Software-16 for Windows 

(Anonymus, 2007c). Field trial were sown 2x4 factorial 

experimental design in randomized blocks. As a 

mathematical model;  

 Yijk = µ + ai + bj + cij + eijk.                                     (8) 

Yijk = Observation value of this equation, µ = 

Population average, ai = Effect of cultivars (i = 1,2), bj 

= Effects of harvest periods (j =1, 2, 3 and 4), cij: period 

variety interaction (j = 1, 2, 3 and 4; i = 1,2) eijk = used 

as the error value. The differences between harvest 

periods and "Tukey" were determined by multiple 

comparison test (Anonymus, 2007c ). 
 

RESULTS and DISCUSSION 

Chemical composition 

It was found that there was no significant difference 

between cultivars in terms of DM  (Table 2). However, 

it has been observed that the DM increased from the 

pre-flowering period of plant to the soft dough stage 

and this increase was found to be statistically 

significant  (P<0.001). The DM increased by 60% in 

Kahraman variety, while the Kırklar variety increased 

by 53% from the pre-flowering period to the dough 

formation period. Likewise, Ayhan et al. (2004) and 

Aydoğan et al. (2014) stated that there were a 

significant increase in DM yields with the progress of 

the vegetation period in their work. Oat varieties and 

harvest periods had no effect on the pH values of 

silage. Although, the pH level of the silage did not 

change according to the harvest periods. The silages 

pH, in the pre-flowering period were the lowest, 

slightly increased during the flowering and milk 

period, but small in size decreased during the dough 

period. The crude protein ratio of the Kahraman 

variety; except the dough period, was higher than 

Kırklar. This difference between cultivars was found to 

be statistically significant (P<0.001). Crude protein 

content (Figure 1) of forage is one of the most 

important criteria for hay quality evaluation (Assefa & 

Ledin, 2001; Başbağ et al 2018). Kim et al. (2006) 

stated that among the oat varieties, the CP content of 

late-maturing varieties was higher than that of the 

early-maturing varieties. The findings of this study 

were similar to reflected by David et al. (2010) and 

Aydoğan et al. (2014). In addition, a low CP level 

during the dough period causes reduced silage 

buffering capacity, promoting a faster pH drop and 

may contribute to less degradablity of other nutrient 

components of silage (Cherney & Cherney, 2003). Also, 

In terms of crude protein content, the interaction 

between cultivars and seasons was statistically 

significant (P<0.001). It was observed that the crude 

protein level of Kahraman cultivar was higher than 

that of the Kırklar cultivar, except for the soft dough 

period.  

 

Table 2. Effects of different harvest stages on chemical composition of silages 

Çizelge 2. Farklı hasat dönemlerinin silajların kimyasal bileşimine etkileri 

Item Chemical Composition (%) 

Variety Harvest stage DM  pH CP NDF ADF Ash 

 Pre flowering 12.42±0.09 4.59±0.21 23.01±0.06 38.94±0.24 27.45±0.08 13.14±0.03 

 Flowering 20.81±1.46 5.17±0.47 13.24±0.23 63.52±0.14 37.04±0.22 9.94±0.02 

Kahraman Milk  23.46±0.17 5.16±0.47 14.24±0.11 58.30±0.35 38.46±0.11 9.50±0.05 

 Soft dough 30.95±0.50 5.07±0.30 11.20±0.13 62.09±0.12 37.23±0.14 8.34±0.02 

 Mean 21.91±2.02 5.0±0.15 15.42±1.36 55.71±2.97 35.05±2.67 10.23±0.053 

 Pre flowering 15.53±2.60 4.59±0.21 20.48±0.29 43.48±0.61 28.38±0.39 12.64±0.02 

 Flowering 16.75±1.22 5.17±0.47 11.20±0.16 61.0±0.49 38.34±0.34 12.30±0.01 

Kırklar Milk  23.97±1.77 5.16±0.46 11.39±0.41 61.34±0.13 35.94±0.10 10.17±0.02 

 Soft dough 32.73±0.38 5.07±0.30 12.14±0.42 57.47±0.03 35.10±0.72 8.86±0.02 

 Mean 22.25±2.19 5.0±0.15 13.8±1.18 55.82±2.20 34.44±1.13 10.99±0.47 

 Pre flowering 13.98±1.37d 4.59±0.13 21.75±0.58 a 41.21±1.06 c 27.92±0.28 c 12.89±0.11 a 

Harvest Flowering 18.78±1.24c 5.17±0.29 12.22±0.47bc 62.26±0.61a 37.69±0.34 a 11.12±0.52 b 

stage Milk  23.71±0.8 b 5.16±0.03 12.82±0.66 b 59.82±0.70 b 37.20±0.56 a 9.84±0.15 c 

 Soft dough 31.84±0.49a 5.07±0.19 11.67±0.29 c 59.78±1.03 b 36.17±0.58 b 8.60±0.12 d 

 Mean 22.08±1.46 4.99±0.10 14.61±0.85 55.77±1.81 34.74±0.86 10.61±0.36 

SEM  1.46 0.102 0.896 1.812 0.858 0.357 

 Variety 0.726   1.0  *** 0.650   * *** 

    P  HS *** 0.21  *** *** *** *** 

value V*HS int. 0.077 1.0   *** *** *** *** 
 V:variety, HS: harvest stage, Int: interaction,  DM:dry matter, CP:crude protein, NDF: neutral detergent fiber, ADF: acid 

detergent fiber, SEM: standart error of mean, Differences between mean values shown with different letters in the same column  

are statistically significant. (*):p<0.05; (**):p<0.01; (***):p<0.001 
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Figure 1. Change of chemical composition according to harvest time in silage 

Şekil 1. Silajda hasat zamanına göre kimyasal bileşimin değişimi 
 

Although there was no statistical difference between 

cultivars in terms of NDF, the difference between 

harvest periods was found to be significant (P<0.001). 

The Kahraman variety had a lower NDF rate in the 

pre-flowering period,  but, during the dough period had 

a higher NDF value than the Kırklar variety (Table 2). 

Also, The interaction of NDF content of silages 

between cultivars and seasons was statistically 

significant (P<0.001). NDF content of Kahraman 

cultivar was found to be higher than that of Kırklar 

cultivar during flowering and soft dough periods. 

Kırklar cultivar was observed to have higher ADF rate 

than Kahraman cultivar. This difference was also 

statistically significant (P<0.05). There was significant 

interaction between stages of maturity and cultivars in 

terms of NDF (P<0.001). Similar results were reported 

by Coblentz et al. (2018). 

Acid detergent fiber (ADF) rates of the varieties were 

lowest in the pre-flowering period, although 

concantration of ADF increased during the flowering 

and milk periods, Acid detergent fiber (ADF) was in a 

reduction trend in the dough period (Table 2). Parallel 

results were declared by Uzun (2010) and Coblentz et 

al. (2018). and Acid detergent fiber (ADF) levels of oat 

varieties change according to early or late maturation. 

Cell walls of oat varieties that matured early was 

higher than that of late matures (Kim et al 1999; Kim 

et al.,2006). The ash content (Figure 1) of Kırklar 

cultivar was determined to be higher than the 

Kahraman cultivar considering all harvest periods 

(P<0.001). The amount of ash in plants decreased 

significantly with the progression of the vegetation 

period (P<0.001). In addition, the interaction of ash 

content of silages between varieties and periods was 

found to be statistically significant (P<0.001). It was 

observed that the ash content of Kahraman cultivar 

decreased more rapidly from the pre-flowering period 

to the soft dough period compared to the Kırklar 

cultivar. 

Similar results were reported by Uzun (2010) and 

Gökkuş et al. (2013). In contrast, Khan et al. (2006) 

stated that the amount of ash in the oats harvested at 

early maturity, medium maturity, maturity periods 

were 11.2, 11.3 and 12.5%, respectively. 

This results was higher than the findings for soft 

dough period. However, David et al. (2010) stated that 

there was no statistical difference between plant 

mineral content values in terms of cultivars and 

harvest periods. 
 

Nutritive value 

Kahraman variety (Table 3) had a higher amount of 

dry matter intake potential than the Kırklar variety 

(P<0.01). Also, the dry matter intake potential of both 

varieties before flowering period was higher than other 

harvest groups (P<0.01). When the harvest periods 

were compared in terms of feed intake; It was observed 

that the highest intake potential was in silages 

harvested pre-flowering period. This was followed by 

milk and dough periods and the lowest intake potential 

was found to be in the flowering period (P<0.01). 

In addition, it was found that the interaction of 

cultivar x harvest periods on feed intake potential was 

also important (P<0.001). As the maturation 

progresses in plants, the increase of cell wall materials, 

that is, structural carbohydrates, as a result, causes a 

decrease in the amount of grass intake. In contrast, 

Wallsten & Martinsoon (2009) stated that when 

harvested at the heading stage of the oat silage was fed 

lower than the dry matter intake, harvested at early 

dough stage. Considering all harvest periods, NEL 

value of Kahraman silage was found higher than 

Kırklar variety (P<0.05). When harvest periods were 

compared for NEL value, silages had the highest value 

in the pre-flowering period. This was followed by the 

dough period. The lowest value was determined during 

the flowering and milk period (P<0.001). In addition, it 

was determined that the interaction of cultivar x 
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harvest period was very important (P<0.001). The NEL 

value of silage tends to increase during the dough 

period. It is thought to be caused by the accumulation 

of nutrients in the grain. The energy content of feeds is 

one of the important factors that determine the feed 

quality. Similar results regarding the NEL value of oat 

in different periods were also reported by Rafiuddin et 

al. (2016).  

In terms of the rate of digestible dry matter, it was 

determined that the silage of Kırklar variety was 

higher than the Kahraman variety. The highest 

digestion degree was observed in silages pre-flowering, 

while the lowest was found in silages harvested during 

flowering (Table 3). As the forage crops mature, the 

fiber content increases and fiber digestion generally 

decreases. This could be related to the declining leaf: 

stem ratio and increasing fiber contents (Mobashar et 

al., 2018).  The relative feed value of the Kahraman 

variety was found to be higher than the other variety 

(P<0.05). 
 

Table 3. Nutritive value of silage 

Çizelge 3. Silajların bazı besin değerleri 

Variety Harvest stage DMI             

(kg, %BW) 

NEL      

(Mcal kg-1 ) 

DDM            (%) RFV 

 Pre-flowering 3.08±0.02 1.59±0.00 67.52±0.06 161.31±0.85 

Kahraman Flowering 1.89±0.01 1.34±0.00 60.05±0.02 87.94±0.06 

 Milk  2.06±0.01 1.31±0.00 58.94±0.08 94.05±0.70 

 Soft dough 1.93±0.00 1.34±0.01 59.90±0.11 89.73±0.34 

 Mean 2.24±0.015 1.39±0.03 61.60±1.04 108.26±9.24 

 Pre-flowering 2.76±0.04 1.56±0.01 66.79±0.31 142.97±2.72 

Kırklar Flowering 1.97±0.02 1.31±0.01 59.03±0.27 90.04±1.14 

 Milk 1.96±0.00 1.37±0.03 60.90±0.08 92.36±0.30 

 Soft dough 2.09±0.00 1.39±0.02 61.55±0.57 99.64±0.97 

 Mean 2.19±0.01 1.41±0.06 62.07±0.88 106.25±6.52 

 Pre-flowering 2.92±0.07 a 1.58±0.07 a 67.16±0.22 a 152.14±4.28 a 

Harvest Flowering 1.93±0.02 c 1.33±0.01 c 59.54±0.27 c 88.99±0.69 c 

Stage Milk 2.01±0.02 b 1.34±0.02 c 59.92± 0.44 c 93.21±0.51 b 

 Soft dough 2.01±0.04 b 1.37±0.01 b 60.73±0.45 b 94.69±2.26 b 

 Mean 2.22±0.09 1.40±0.02 61.84±0.67 107.25±5.54 

SEM  0.088 0.022 0.669 5.542 

P Variety ** * * * 

value Harvest. stage ** ** ** ** 

 V*HS int. *** *** *** *** 
 V:variety, HS: harvest stage, int: interaction, DMI: dry matter intake, DDM: digestible dry matter, RFV: relative feed  value, 

NEl: net energy lactation,  SEM: standart error of mean, Differences between   mean values shown with different letters in the 

same column  are statistically significant. (*):p<0.05; (**):p<0.01; (***):p<0.001 
  

The highest RFV was obtained from harvested pre-

flowering, while the lowest was obtained from the 

flowering period (P<0.01). Reative feed value is an 

important feed assessment criterion that combines 

important nutritional factors such as feed intake and 

feed digestibility. It can also be used to compare the 

quality of different feeds. It was observed that RFV of 

the silage harvested in the pre-flowering period was 

good, but, the feed value decreased after the flowering 

period. Linn & Martin (1999) reported similar results. 

Also, The forage value of the plants in the early 

development period, shows more suitable than the 

other development periods (Uzun, 2010). In addition, 

In terms of RFV, the interaction between cultivars and 

harvest period was statistically significant (P<0.001). 

Although the RFV value of Kahraman cultivar was 

higher than that of Kırklar cultivar in the pre-

flowering period, it was observed that Kırklar cultivar 

had higher RFV value in the soft growing period. 
 

Washing loss and ruminal dry matter degradation  

Washing loss of the Kahraman variety (Table 4) was 

found to be higher than the Kırklar variety (P<0.001). 

In addition, although the most washing loss was 

observed in silages harvested pre- flowering period 

(Table 4), So, washing loss decreased as the vegetation 

progressed (P<0.05). Also, Variety x harvesting period 

interaction was statistically important on washing loss 

of dry matter (P<0.01). Kılıçalp et al. (2018) stated that 

in their study on corn, sorghum and sorghum sudan 

hybrids, the loss of washing varied between species 

and sorghum varieties, and the loss of washing 

decreased from the middle flowering period to the hard 

dough period. In terms of the degradability (Figure 2) 

of the dry matter in the rumen at the 8th hour (Table 

4), it was observed that the difference between the 

varieties was important (P<0.001). But, when the 

varieties were compared for other incubation hours, 

the difference between them was not significant. In 

contrast, Kafilzadeh & Heidary (2013) noted that there 
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was a difference of about 20% between the highest and 

lowest values of different cultivar of oats. On the other 

hand, harvest periods significantly affected dry matter 

degradability (Table 4) at all incubation hours 

(P<0.001). In addition, dry matter degradability has 

gradually decreased in all incubation hours, from the 

pre-flowering period to the soft dough period (P<0.001). 

While dry matter degradability in rumen (48th hour) 

was 82.22% in the period pre-flowering, it decreased to 

52.95% in the soft dough period. The dry matter 

degradability reduction was 36%. The higher 

digestibility of plants in the early stages is related to 

the ratio of cell wall materials to intracellular 

substances. Mazumder et al. (2004) and Zhang et al. 

(2007) reflected that the 48. hour in situ degradability 

of the oat plant was similar to the findings of this 

study.  

 

 
Figure 2. Dry matter digestibility of silage 

Şekil 2. Silajların rumende kuru madde parçalanabilirliği 
 

Dry matter degradation characteristics 

 Dry matter of Kahraman variety has higher water-

soluble dry matter (a), lower (b) parameter, higher 

degradation rate and thus higher effective dry matter 

degradability than Kırklar (Table 5). The difference 

between cultivars in terms of parameter a was 

statistically significant (P<0.001). These results, It has 

been determined that the instant dissolvable part of 

Kahraman variety dissolves in water 15% more than 

Kırklar variety. Also, when oat silages (Table 5) were 

harvested pre-flowering period; the water-soluble dry 

matter (a), part that is insoluble in water but 

degradable by rumen microorganisms (b) and the rate 

of dry matter degradation (c) were higher than other 

harvest periods (P<0.001). The values of these dry 

matter parameters were found to be the lowest in the 

dough period. In addition, the (a) parameter of plants 

harvested pre-flowering period was found to be 18% 

higher than the soft dough period (Table 5). 

Rosser et al. (2013) stated that effective dry matter 

disintegration decreased quadratically with the 

progression of growth periods of oats. In addition, in 

terms of parameters b and c, the interaction between 

cultivars and harvest periods was statistically 

significant (P<0.001). In terms of effective dry matter 

degradability in the rumen, although there was no 

difference at different transition rates between 

varieties, effective degradability in both varieties 

followed a progressively decreasing course from pre-

flowering to soft dough. 

In general, the effective degradability of the dry matter 

of oat varieties can be explained as having a 

neutralizing effect on the apparent degradation 

estimates, with the competitive positive effect of grain 

filling, the negative effects of lignification and leaf 

aging (Coblentz et al., 2018). The easily soluble protein 

(a) of the Kahraman variety was higher than the 

Kırklar variety and the difference between the 

varieties (Table 6) was important (P<0.05).  The 

structure and amount of oat proteins vary according to 

the variety and environmental conditions (Karaman et 

al 2020), therefore it is thought that the solubility of 

oat protein in the rumen may also change. While there  
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Table  4. Rumen dry matter degradability of silages in different periods 

Çizelge 4. Farklı periyotlarda silajların rumende kuru madde parçalanabilirliği   

Item                 Dry matter degradablity (%) 

 Variety Harvest stage WL 

(%) 

16. hour 24. hour 48. hour 72. hour 96. hour 

 Pre-flowering 60.20±0.92 70.18±0.55 71.92±3.93 83.86±0.16 90.03±1.36 90.89±0.37 

Kahraman Flowering 59.48±0.98 49.01±0.84 50.14±3.53 57.29±1.17 65.73±0.99 72.48±1.04 

 Milk  55.76±1.25 46.24±1.40 52.28±3.53 59.00±0.97 69.61±1.80 71.69±0.32 

 Soft dough 53.88±1.20 44.04±2.27 50.87±4.75 53.87±2.76 63.23±1.45 62.74±1.02 

 Mean 57.33±1.78 52.37±3.21 56.30±3.21 63.51±3.65 72.15±3.25 74.45±3.11 

 Pre-flowering 51.64±0.91 61.60±3.79 71.46±0.84 80.63±0.54 87.70±0.23 87.54±0.40 

Kırklar Flowering 43.37±0.62 45.09±1.03 52.78±2.73 60.23±3.90 69.21±1.83 75.16±1.32 

 Milk 45.73±1.25 39.66±1.07 47.02±2.17 50.69±2.03 66.03±1.83 68.06±2.84 

 Soft dough 50.53±0.54 41.60±2.76 45.39±1.06 52.03±2.76 60.80±3.68 61.41±1.83 

 Mean 47.82±2.45 46.99±2.82 54.16±3.22 60.90±3.78 70.94±3.21 73.04±3.02 

 Pre-flowering 55.92±1.14 a 65.89±2.57 a 71.69±1.80 a 82.24±0.76 a 88.87±0.81 a 89.22±0.79 a 

Harvest   Flowering 51.43±2.53 c 47.05±1.06 b 51.46±2.08 b 58.76±1.93 b 67.47±1.22 b 73.82±0.96 b 

stage Milk 50.75±2.33 c 42.95±1.67 b 49.65±2.19 b 54.85±2.11 b 67.82±1.40 b 69.88±1.51 b 

 Soft dough 52.21±1.56 bc 42.82±1.69 b 48.13±2.49 b 52.95±1.80 b 62.02±1.85 c 62.08±0.98 c 

 Mean 52.57±1.25  49.68±2.16 55.23±2.23 62.20±2.58 71.54±2.23 73.75±2.12 

SEM  1.253 2.221 2.235 2.582 2.234 2.223 

 Variety *** ** 0.343 0.106  0.376  0.173  

p  Harvest stage  * *** *** *** *** *** 

value V*HS. int. ** 0.450   0.508   0.116   0.273  0.131  
V:variety, HS: harvest stage, int: interaction, WL:washing loss,  SEM: standart error of mean, Different letters, (a,b,c)  in the  same column  are statistically significant. 

(*):p<0.05; (**):p<0.01; (***):p<0.001 
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Table 5. Dry matter degradability characteristics of  silages 

Çizlge 5. Silajların kuru madde parçalanabilirlik özellikleri 

Variety Harvest stage a 

(%) 

b 

(%) 

a+b 

(%) 

c 

(h-1) 

EDMD2 

(k=0.02) 

EDMD5 

(k=0.05) 

 Pre-flowering 55.79±0.68 35.10±0.39 90.89±0.37 0.0050±0.00 89.49±0.38 87.60±0.39 

Kahraman Flowering 47.25±0.85 25.22±0.63 72.48±1.04 0.0043±0.00 71.30±0.99 69.76±0.95 

 Milk 46.38±0.28 25.32±0.51 71.61±0.32 0.0047±0.00 70.60±0.38 69.15±0.44 

 Soft dough 44.56±1.64 18.19±1.01 62.74±1.01 0.0037±0.00 61.76±1.01 60.48±1.00 

 Mean 48.50±1.37 25.96±1.84 74.45±3.11 0.0044±0.00 73.29±3.06 71.75±2.99 

 Pre-flowering 48.37±0.35 39.16±0.12 87.54±0.40 0.0060±0.00 86.20±0.39 84.40±0.39 

Kırklar Flowering 38.61±2.02 36.55±0.74 75.16±1.32 0.0067±0.00 74.04±1.28 72.51±1.23 

 Milk 36.97±2.39 31.09±0.60 68.06±2.84 0.0063±0.00 67.05±2.77 65.69±2.69 

 Soft dough 41.01±1.73 20.40±0.22 61.41±1.83 0.0040±0.00 60.39±1.82 59.07±182 

 Mean 41.24±1.37 31.80±1.84 73.04±3.11 0.0058±0.00 71.92±3.06 70.42±2.99 

 Pre-flowering 52.08±1.69 a 37.13±0.93 a 89.22 ±0.79 a 0.0055±0.00 a 87.85± 0.78 a 86.00±0.76 a 

Harvest  Flowering 42.93±2.17 b 30.89± 2.57 b 73.82±0.96 b 0.0055±0.00 a 72.67±0.95 b 71.13±0.93 b 

Stage Milk 41.67±2.36 b 28.21±1.34 c 69.88±1.51 b 0.0055±0.00 a 68.83± 1.48 b 67.42±1.45 b 

 Soft dough 42.79±1.33 b 19.29±0.68 d 62.08±0.98 c 0.0038±0.00 b 61.08±0.99 c 59.78±0.98 c 

 Mean 44.87±0.95 28.88±1.27 73.75±2.15 0.0051±0.00 72.61±2.11 71.08±2.07 

SEM  1.256 1.522 2.223 0.0003 2.093 2.049 

P  Variety *** *** 0.173 *** 0.178 0.181 

value Harvest stage *** *** *** *** *** *** 

 V*HS int. 0.226 *** 0.131 ** 0.124 0.119 
V:variety, HS: harvest stage, int: interaction, a: easly soluble part, EDMD: effective dry matter degradability, c: degradation rate, b: potentiel degradable portion, SEM: 

standart error of mean, different letters (a,b,c)  in the same column are statistically significant.   (*):p<0.05; (**):p<0.01; (***):p<0.001 
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Table 6. Crude protein degradation characteristics of silages 

Çizelge 6. silajların ham proteinlerinin rumende  parçalama özellikleri 

Variety Harvest 

stage 

a  

(%) 

b 

(%) 

a+b 

(%) 

c 

(h-1) 

ECPD2 

(k=0,02)  

ECPD5  

(k=0,05) 

 Pre-flowering 83.02±0.58 12.11±0.80 95.13±0.22 0.0014±0.0 93.39±0.45 91.61±0.57 

Kahraman Flowering 74.33±1.19 3.98±0.01 78.31±0.73 0.0006±0.0 77.08±0.79 76.52±0.69 

 Milk 73.21±0.76 7.40±0.45 80.61±0.91 0.0012±0.0 79.32±0.69 78.08±0.52 

 Soft dough 67.53±1.47 1.04±0.01 68.57±0.52 0.0002±0.0 68.45±0.56 68.26±0.75 

 Mean 74.52±1.73 6.13±0.03 80.65±2.88 0.0009±0.0 79.56±3.84 78.62±2.54 

 Pre-flowering 81.14±0.21 11.82±0.09 92.96±0.30 0.0015±0.0 91.24±0.56 89.49±0.72 

Kırklar Flowering 68.13±1.96 9.10±0.05 77.23±2.88 0.0016±0.0 75.65±2.72 74.12±2.56 

 Milk 69.86±2.33 2.82±0.04 72.68±1.82 0.0005±0.0 70.88±1.47 70.67±1.63 

 Soft dough 66.98±3.17 2.59±0.02 69.57±2.81 0.0005±0.0 68.98±2.80 68.57±2.85 

 Mean 71.53±1.95 6.58±0.02 78.11±4.05 0.0010±0.0 76.69±2.79 75.71±2.63 

Harvest Pre-flowering 82.08±0.50a 11.97±0.03 a 94.05±0.51 a 0.0015±0.0 a 92,31± 0.58 a 90.55±0.63 a 

stage Flowering 71.23±1.31b 6.54±0.02 b 77.77±1.35 b   0.0011±0.0 ab 76,36±1.30 b 75.32±1.30 b 

 Milk 71.54±1.23 b 5.11±0.01 b 76.64±1.99 b  0.0009±0.0 b 75,10±2.02 b 74.38±1.82 b 

 Soft dough 67.26±1.15 b 1.82±0.00 c 69.07±1.30 c 0.0004± 0.0 c 68,71±1.28 c 68.42±1.32 c 

 Mean 73.03±1.72 6.36±0.00 79.38±2.00 0.0010±0.0 78,12±1.92 77.17±1.81 

SEM  1.310 0.897 2.006 0.0002 1,925 1.814 

p Variety * 0.531     * 0.178   * * 

 value Harvest stage *** *** *** *** *** *** 

 V*HS int. 0.425  ** 0.076  *** * 0.133 

 V:variety, HS: harvest stage, int: interaction, a: easly soluble part, ECPD: effective crude protein degradability, c: degradation rate, b: potentiel 

degradable portion, SEM: standart error of mean, different letters (a,b,c)  in the same column are statistically significant.  (*):p<0.05; (**):p<0.01; 

(***):p<0.001 
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was no difference between cultivars in terms of (b) 

parameter for crude protein, the highest (b) parameter 

value was seen in the pre-flowering, followed by the 

flowering, milk and soft dough periods (P<0.001). The 

interaction of cultivar x harvesting period was also 

important (P <0.01). David et al. (2010) reported that 

(b) fraction proteins (albumin and some globulins) are 

real proteins and break down rapidly in the rumen. In 

addition, David et al. (2010) similar to in this findings, 

parameter (b) was affected by the interaction between 

cultivars and harvest periods. 

There was a difference between both cultivars (P<0.05) 

and harvest periods (Table 6) in terms of the (a + b) 

parameter of crude protein (P<0.001). Although there 

is no difference between the varieties in terms of the 

breakdown rate (c) of the crude protein in the rumen, 

it has been determined that the effect of different 

harvest periods on the breakdown rate of the crude 

protein is significant (P<0.001). 

Effective crude protein degradability of the Kahraman 

variety (Table 6) was higher than the Kırklar variety 

at the different transition speeds (k = 0.02 h-1 and k = 

0.05 h-1 ) from rumen (P<0.05). While silages which 

harvested pre-flowering period had the highest 

effective crude protein degradability. The lowest 

effective degradability was found in silages harvested 

during the soft dough period (P<0.001). 

Similar to the results of this study, Rosser et al. (2013) 

stated that as the phenological period of the oat plant 

progresses, the digestible CP fraction decreases 

linearly from 55.5% to 33.0%, and the Undeg fraction 

increases with progressive maturity. Also, effective 

crude protein degradability values showed a similar 

situation at different rumen transition rates. The 

results of effective crude protein degradability of this 

study were similar to reflected by Ammar et al. (2010).  
 

CONCLUSION and RECOMMENDATIONS 

The CP level of Kahraman cultivar was 14.5% higher 

than that of Kırklar cultivar, and the CP content of 

cultivars decreased from the pre-flowering period to 

the soft dough period. In addition, while the NDF 

content of the cultivars increased with the progression 

of the growing period, the ash content of the cultivars 

decreased. The NEL level of Kırklar cultivar was 

higher than Kahraman cultivar. However, the NEL 

level of the cultivars decreased with the progression of 

the growing period. On the other hand, RFV value of 

Kahraman cultivar was higher than Kırklar cultivar. 

Water solubility of DM and CP proteins of Kahraman 

cultivar was higher than that of Kırklar cultivar. In 

addition, EDMD decreased with growth period in both 

cultivars. It was observed that the ECPD rate of 

Kahraman cultivar was higher than that of Kırklar 

cultivar, and the ECPD rate of cultivars decreased 

with the progression of the growing period. As a result, 

Kahraman cultivar may be preferred more than 

Kırklar cultivar, since it has higher EDM and ECP 

digestibility in the rumen and also has higher RFV 

value. 
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