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ABSTRACT
In this study, some common forage pea cultivars (Golyazi, Ozkaynak, Taskent, Tore, and Urunlu) and a
population of Ardahan were investigated during 2015 and 2016 years in Eskisehir condition to determine the
forage yield and quality parameters. The fresh forage yield of autumn-sown forage pea (24.36 t ha-1) was higher
than the spring-sown plants (13.42 t ha-1). Golyazi and Urunlu cultivars had lower fresh forage yields (14.63 and
14.81 t ha-1 respectively) than the other genotypes and Ozkaynak, Taskent, Tore (cvs.), and Ardahan (pop.) were
statistically ranked in the same group (between 19.92 and 22.52 t ha-1). The genotypes produced more dry matter
in autumn than spring. The crude protein was higher at autumn sowing (21.17%) than the spring sowing
(18.36%) and Ozkaynak had the highest value (21.53%) while Ardahan population was the lowest (17.76%).
NDF content was higher in the spring season (37.62%) but only the difference between Taskent (37.60%) and
Golyazi (34.06%) was significant among the genotypes. Variation in the ADF content was only significant among
the genotypes and the difference between Taskent (33.41%) and Golyazi (31.62%) was significant only as similar
to NDF. As a result, Ozkaynak, Taskent, Tore cultivars produce more yield with a satisfying quality by sowing
in autumn at Eskisehir conditions, and the population of Ardahan has a high potential to develop new cultivars
suitable for the region.
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INTRODUCTION
It is well known that good quality forage shortage
affects animal production negatively in Turkey. Increasing
high-quality forage production is one of the possible ways
to overcome this problem. The cultivation area of the
forage crops constitutes only about 8 % of total arable lands
in Turkey (TUIK, 2019) and in present conditions,
increasing the rate of the forage crops cultivation area is
extremely challenging especially in the central and coastal
regions due to high-yielded cash crops cultivation.
Therefore, integrating the annual forage crops into the
cropping system as winter catch crop or second crop seems
to be an alternative to increase the good quality forage
production in Turkey, especially in the areas in middle and
low altitudes.
Forage pea provides good quality forage for livestock
due to its high protein (about 20%) and lysine contents,
digestibility, palatability, and it has also high adaptability
to different environmental conditions (Acikgoz, 2001;
Cacan et al., 2016; Ates and Tekeli, 2017). Growers
approved the forage pea due to its availability as a second
crop or winter catch crop and consequently, the sowing area
had been increased four times from 2014 to 2019 (TUIK,
2019). The green forage yield of the forage pea could show

a variation between 10 and 40 t ha-1 with about 20-25% dry
matter content depending on the cultivation practices in
Turkey (Acikgoz, 2001; Bilgili et al., 2010). Researchers
reported various dry matter yields of forage pea as 8.4 t ha1
in coastal regions (Uzun et al., 2005), 4.2 t ha-1 in Eastern
Anatolia (Tan et al., 2014), and 11.9 t ha-1 in Central
Anatolia (Konuk and Tamkoc, 2018).
Higher animal performance could be achieved by
higher forage quality (Ball et al., 2001). Crude protein, one
of the most important quality characteristics, positively
affects the growth, milk, and meat yields of the livestock
(Ball et al., 2001; Choi et al., 2005; Ghorbani et al., 2010;
Atis and Acikalin, 2020). In addition to crude protein, NDF
and ADF contents have also significant effects on the milk
and meat performances of animals by increasing the dry
matter intake (Beauchemin, 1996; Tekce and Gul, 2014).
These quality characteristics, therefore should be taken into
consideration to evaluate the quality performance of forage
pea. Some researchers reported the values of crude protein
content between 12.80 – 18.17 % (Uzun et al., 2005; Tan et
al., 2014; Asci et al., 2015), NDF content between 32.33 –
48.54 % (Kocer and Albayrak, 2012; Asci et al., 2015) and
ADF content between 21.53 – 30.33 (Tan et al., 2013;
Yavuz, 2017) for forage pea.
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In Central Anatolia, the period after harvesting of
winter cereals to the next autumn sowing season is adequate
for the second crop production and forage pea has an
important potential both as a second crop after winter
cereals harvest and as a winter catch crop before the silage
maize cultivation in the region. Different genotypes could
show various responses under autumn or spring sowing
conditions (Konuk and Tamkoc, 2018) and that plays a
deterministic role to select the proper growing season and
cultivar in the region.
This experiment aimed to determine the yield
performance and the forage quality of different forage pea
genotypes as a winter catch crop by sowing in autumn and
compare the performance with conventional spring sowing
under Eskisehir ecological conditions where semi-arid
climate prevails.

MATERIALS AND METHODS
This study was carried out in the experimental area of
the Faculty of Agriculture, Eskisehir Osmangazi University
during the 2015 and 2016 years. The experimental area is
located at 39º45'20"N and 30º28'35"E with a typical
terrestrial climate characteristic and its altitude is 800 m
above sea level. Precipitation mostly falls in winter as snow
and as rain in early spring. Winter temperature averages
generally maintain near-zero (Table 1) but could critically
decrease below -10/15 ºC for a few days or weeks. The soil
analysis report of the Soil Science Department, Faculty of
Agriculture indicated that soil characteristics of 0-20 cm
depth were loamy, organic matter and lime contents were
1.9 % and 3.6 % respectively. The content of K2O was
determined as 407 kg ha-1 and P2O5 content was 64 kg ha-1
according to the Olsen method.

Table 1. Meteorological data related to experimental months

Months
January
February
March
April
May
June
July
August
September
October
November
December

Precipitation (mm)
2014
2015
2016
29,9
77,6
44,8
33,6
38,9
41,2
26,6
36,7
47,8
44,7
151,1
6,3
0,0
37,2
3,1
42,9
34,0
15,6
8,2
26,8
1,1

Temperature (ºC)
2014
2015
2016
-0,8
0,0
2,7
6,6
5,6
7,4
7,9
12,9
15,5
14,2
17,1
20,9
22,1
22,7
20,9
12,2
13,1
6,3
7,9
5,0
-0,7

Different forage pea cultivars (Golyazi, Ozkaynak,
Taskent, Tore and Urunlu) which are widely cultivated in
the district and the population that cultivated in the Ardahan
were used as the seed materials.
The experiment was established in the split-plot
arrangement within a randomized complete block design
with three replications. While the sowing season (autumn
and spring) was the main plot, subplots consisted of the
genotypes. Sowing was carried out using a 30 cm rowspacing to the plots consisting of 6 rows at 6 meters long
(10.8 m2). Seeds were sown with the experiment drill at a
sowing ratio of 100 seeds m-2 (Uzun et al., 2005). As a
fertilizer, 150 kg ha-1 di-ammonium phosphate (18% N,
46% P2O5) was applied at sowing.
Autumn sowings in the first and second years were
completed on 22 October 2014 and 17 October 2015
respectively and the harvest was carried out on 2 June 2015
and 20 May 2016. Spring sowings were completed on 12
March 2015 and 11 March 2016, and the harvest was
carried out on 25 and 9 June for 2015 and 2016
respectively. The harvest stage was determined by
considering the period from anthesis, the blooming of the
plants, to the beginning of pod formation as suggested by
Uzun et al. (2005). Plants were harvested by sickle after

Humidity (%)
2015
2016
86,3
89,9
77,8
76,3
74,8
66,7
64,4
61,3
64,7
69,9
76,5
59,2
60,3
64,3
63,3
78,9
77,1
80,9
74,3
87,8
84,8

2014

taking out outer lines of the plots and 50 cm from the
beginning and end of each row. No-irrigation was applied
during the experiment and sowings were carried out at the
date when the soil moisture was adequate to ensure the
germination and emergence.
Plant height was measured before the harvest from 10
plants randomly selected in every plot. Harvested plants
were weighed quickly to estimate the fresh forage yield.
Fresh samples were oven-dried at 60 ⁰C until reached
constant weight for estimating the dry matter content
(Cherney and Marten, 1982). Dry samples were grounded
to pass through a 6 mm sieve and crude protein (CP),
neutral detergent fiber (NDF), and acid detergent fiber
(ADF) contents were determined using near infra-red
spectroscopy (NIRS) (Corson et al., 1999).
Data were subjected to ANOVA using SAS 9.3
statistical software (SAS, 2011) and means were compared
using TUKEY Multiple Range Test.
RESULTS
The average plant height was 104.7 cm and it did not
change significantly between the years and sowing seasons
although it changed significantly among the genotypes
(Table 2). Tore and Ardahan had the longest (111.3 cm,
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110.8 respectively) and Urunlu had the shortest plant height
(95.6 cm) among the genotypes (Table 2). While plant
height did not show significant differences between the
years in terms of autumn sowing, spring-sown plants in the
first year had higher plant height than that of the second
year (Figure 1). These plant height differences in the spring
sowing between the years were responsible for years x
sowing season interaction. Golyazi and Taskent genotypes
had higher plant height in the second year, but the other
genotypes were higher in the first year. Especially, Urunlu

showed serious decreases in plant height in the second year
(Figure 2). This different response of plant height to years
caused a year×genotype interaction. Except for Golyazi,
the genotypes did not indicate different responses to sowing
seasons concerning plant height but spring-sown Golyazi
had higher plant height than autumn sowing (Figure 3).
This different response to sowing seasons was responsible
for sowing season×genotype interaction. In the experiment,
three-way interaction was not significant for plant height.

Table 2. Yield performances of genotypes sown in different seasons and years

Plant height (cm)

Fresh forage yield (t ha-1)

Dry matter yield (t ha-1)

16,90 b
20,88 a

3,71 b
5,39 a

24,36 a
13,42 b

5,73 a
3,36 b

22,52 a
14,63 b
20,79 a
19,92 a
20,66 a
14,81 b
18,89
*
**
**
*
**
**
*

5,09 a
3,76 c
4,56 abc
5,04 a
4,80 ab
4,04 bc
4,55
*
**
**
*
*
ns
**

Year (Y)
2015
106,8
2016
102,6
Season (S)
Autumn-sowing
102,7
Spring-sowing
106,7
Genotype (G)
Ardahan pop.
110,8 a
Golyazi
98,2 bc
Ozkaynak
108,8 ab
Taskent
103,6 ab
Tore
111,3 a
Urunlu
95,6 c
Mean
104,7
Y
ns
S
ns
G
**
YxS
**
YxG
*
SxG
*
YxSxG
ns
*: P≤0,05 **: P≤0,01 ns: non-significant

Figure 1. Year x season interaction for plant height
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Figure 2. Year x genotype interaction for plant height

Figure 3. Season x genotype interaction for plant height

Fresh forage yield variation was significant between the
years (P≤0.05), sowing seasons (P≤0.01), and genotypes
(P≤0.01) and three-way interaction were also significant
(p<0.05). The average fresh forage yield was 18.89 t ha-1
and it was higher in 2016 (20.88 t ha-1) than in 2015 (16.90
t ha-1) (Table 2). Fresh forage yield in spring sowing was
quite lower (13.42 t ha-1) in comparison with autumn
sowing (24.36 t ha-1). Among genotypes, Golyazi and
Urunlu showed lower yield performances than the other
genotypes (Table 2). The yield performance of the
genotypes showed a different response to years and sowing
season. For example, in the first year, the Ardahan
population showed the best performance. The yield
performances of Ardahan, Ozkaynak, Taskent, and Tore
were stable and higher than the other genotypes in autumn
sowing in both years while Golyazi showed a great yield
performance variation between the years. Spring-sown
genotypes showed different fresh forage yield performance
in the first year but they have similar yield performance in
the second year. In both years, autumn sowing showed
higher yield performance than spring sowing but the

dimension of the yield performance difference between
sowing seasons was higher in the first year than that of the
second year. These different trends caused significant
three-way interaction (Figure 4).
The dry matter yield, as in fresh forage yield,
significantly varied between years (P≤0.05), sowing
seasons (P≤0.01), and genotypes (P≤0.01), and three-way
interaction was also significant (P≤0.01). The average dry
matter yield was 4.55 t ha-1 and it was higher in 2016 (5.39
t ha-1) than in 2015 (3.71 t ha-1). Autumn sowing provided
a higher dry matter yield than spring sowing (5.73 and 3.36
t ha-1 respectively). Although Tore and Ozkaynak
genotypes were included statistically in the high yield
group, Ardahan and Taskent genotypes showed a better dry
matter yield performance (5.09 and 5.04 t ha-1 respectively)
than the others. The response of dry matter yield
performance of genotypes to year and sowing season was
the same with fresh forage yield (Figure 5), and therefore,
three-way interaction was also significant (Table 2).
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Figure 4. Three-way interaction for fresh forage yield

Figure 5. Three-way interaction for dry matter yield

The difference of crude protein content between the
years was not significant while it was statistically
significant between the seasons and among the genotypes,
and the three-way interaction was also significant (P≤0.01).
The average crude protein content was 19.84 % and it was
higher at autumn sowing (21.17 %) than spring sowing
(18.53 %). Ozkaynak had the highest crude protein content
(21.53 %) but the difference between Ozkaynak and Urunlu
(20.98 %) was not statistically significant (Table 3). These
two cultivars had higher values for both autumn and spring
sowing of 2015. Nevertheless, in 2016, Taskent and Urunlu
had the highest CP content in autumn and Golyazi and
Ozkaynak had higher values in spring (Figure 6). Ardahan
population had the lowest crude protein content at 18.26 %
and this was due to very low value in spring sowing of 2016
as seen in Figure 6.

There was not a statistically significant difference in
NDF content between the years, but it changed significantly
(P≤0.05) depending on the seasons and genotypes (Table
3). Interactions of year x genotype and season x genotype
were statically significant (P≤0.05). The average NDF
content was 35.92 % and it was higher at spring sowing
(Table 3). Taskent had the highest NDF content (37.60 %)
while Golyazi had the lowest value and the rest of the
genotypes did not vary significantly (Table 3). Tore had
quite higher NDF content in 2015 but in 2016, the highest
value was observed in Taskent (Figure 7). NDF content of
Taskent was also higher for autumn sowing but, Tore
contained relatively higher NDF in spring sowing (Figure
8).
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Table 3. Forage quality of genotypes sown in different seasons
and years

Year (Y)
2015
2016
Season (S)
Autumn-sowing
Spring-sowing
Genotype (G)
Ardahan pop.
Golyazi
Ozkaynak
Taskent
Tore
Urunlu
Mean
Y
S
G
YxS
YxG
SxG
YxSxG

the spring sowing of 2016, Golyazi and Urunlu had quite
lower values (Figure 9).

CP (%)

NDF (%)

ADF (%)

DISCUSSION

20,37
19,33

35,57
36,28

32,89
32,78

21,17 a
18,53 b

34,23 b
37,62 a

32,55
33,12

18,26 d
19,50 bc
21,53 a
19,55 bc
19,25 cd
20,98 ab
19,84
ns
**
**
**
**
**
**

36,02 ab
34,06 b
36,79 ab
37,60 a
35,37 ab
35,71 ab
35,92
ns
*
*
ns
*
*
ns

33,29 ab
31,62 b
33,23 ab
33,41 a
32,78 ab
32,69 ab
32,83
ns
ns
*
ns
ns
*
*

In the study, there was not any significant difference in
plant height between the years, but in 2015, spring-sown
plants were higher than autumn-sown (Figure 1). The
height of plants generally increases under favorable
environmental conditions and there is a positive linear
relationship between the height and yield of forage crops
(Sayar and Anlarsal, 2008; Karayel and Bozoglu, 2012).
Cool and moisty spring conditions extended the vegetative
period in 2015 (Table 1), therefore, forage pea plants,
which are typically cool-season plants (McMurray et al.,
2011; Liu et al., 2019), showed better growth performance.
Consequently, the plants sown in the spring in 2015 had
higher plant height. Plant height of genotypes varied
significantly among each other due to yearly climatic
variations as expected (Figure 2). Especially Urunlu was
quite short in 2016 and therefore it was possible to state that
yearly climatic variations may affect this cultivar more than
the others may. Apart from yearly variations, there was not
any significant difference in plant height of autumn and
spring-sown forage pea genotypes in the study, but Golyazi
was shorter than other genotypes in autumn sowing
conditions (Figure 3). Some forage pea cultivars could be
affected negatively by winter temperatures below -14,-15
ºC that causes plants to be shorter in response (Murray et
al., 1988; Acikgoz, 2001; Konuk and Tamkoc, 2018). This
might be a negative sign for the Golyazi to cultivate under
winter conditions of Central Anatolia.

ADF content was not significant between years and
seasons, but the variance among the genotypes and threeway interaction was significant (P≤0.05). ADF was 32.83
% on average and it was the highest in Taskent (33.41 %)
while it was the lowest in Golyazi (31.62 %). ADF
difference was generally low among the genotypes but at

Figure 6. Three-way interaction for crude protein content
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Figure 7. Year x genotype interaction for NDF content

Figure 8. Season x genotype interaction for NDF content

Figure 9. Three-way interaction for ADF content

Forage pea produces more biomass in the years that
receive higher precipitation and temperature rises gradually
in the spring (Uzun et al., 2005). Higher fresh forage and
dry matter yields in the second year of the study are
possibly related to higher precipitation, especially received
in the winter, which is stored in the soil after the growing

period, and gradual temperature rise in the spring of the
year (Table 1). Autumn-sown plants have a prolonged
vegetation period concerning spring-sown, and therefore,
they could produce more biomass (Hakyemez, 2006;
Peksen and Gulumser, 2007; Turan and Sakman, 2019).
Thus, fresh forage and dry matter yield were higher at
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autumn sowing in the research (Table 2). Another reason
might be the rapid increment of spring temperatures in 2015
(Table 1) that negatively affected the growth of forage pea
because of the cool season characteristics of the plant
(Acikgoz, 2001). The unexpected increase in the spring
temperatures (Table 1) could be the reason for prominent
yearly variations in spring sowing (Figure 4). Yearly fresh
forage and dry matter yield variations were lower at
Golyazi and Urunlu (Figure 4, 5). Moreover, the spring
performance of Urunlu was higher especially in 2015
(Figure 4, 5), therefore, this cultivar could be used for
spring sowing in Central Anatolia and similar conditions.
Various responses to the genotypes under changing
environmental conditions result from genetic differences
(Konuk and Tamkoc, 2018). Even there was not a
significant fresh forage and dry matter yield difference
among Ozkaynak, Taskent, Tore (cvs.), and Ardahan
(pop.), the yearly yield variance of Ozkaynak was lower
especially in autumn sowing (Figure 4). Additionally, it
was observed that the Ardahan population could produce
more forage under favorable environmental conditions.
In the research, the non-significant crude protein
variation between the years might be related to the same
maturity levels of the plant during the harvest of both years.
Because the harvesting stage significantly affects the crude
protein content of forage pea (Uzun et al., 2012). Besides
the harvesting stage, differences in temperature,
precipitation, and vegetation period, which occur especially
between the different growing seasons, could significantly
affect the yield and quality parameters as crude protein
content (Hakyemez, 2006; Tas, 2011; Konuk and Tamkoc,
2018). In our research, higher crude protein content in
autumn sowing was a result of higher precipitation and
longer vegetation period (Table 1). It was reported that
nitrogen fixation and crude protein content of forage
legumes could show a decreasing trend under stress
conditions such as drought (Krawutschke et al., 2013).
Rapidly increasing temperatures might be caused by
drought stress, which results in a lower crude protein
content of the plants that are sown in spring, especially due
to less nitrogen fixation. Autumn-sown genotypes had
higher crude protein content especially in the second year
of the study (Figure 6). In 2015, there were not significant
crude protein differences between the autumn and spring
sowing of some cultivars (Ozkaynak, Tore, Urunlu).
Moreover, Ardahan (pop.) and Golyazi (cv.) had higher
values in spring sowing of 2015 but in 2016, all genotypes
except Golyazi and Ozkaynak had quite lower crude
protein content in spring sowing (Figure 6). These various
responses of the genotypes should be used to select proper
cultivars for autumn or spring sowing in the region.
Plant NDF content is composed of structural
carbohydrates like cellulose, hemicellulose, lignin, cutin,
silica, and it is an important forage quality characteristic
that affects the quantity of the animal product, dry matter
consumption, and welfare of animals (Beauchemin, 1996;
Collins and Fritz, 2003; Tekce and Gul, 2014). The NDF
content of forage pea was reported as 38.27% (Kocaer and
Albayrak, 2012), 41.70% (Ates, 2012), 37.17% (Tan et al.,

2013) in the previous studies. Our results were slightly
lower than the above-mentioned researches. In the study,
NDF contents of the genotypes were not significantly
different between the experimental years, but spring-sown
plants had higher NDF content (Table 3). The NDF content
of legumes, as is the other plants, also shows an increasing
trend linearly with the increasing temperature and advanced
maturity (Buxton, 1996). This increment is mostly because
of the decreasing leaf/stem ratio and becomes more severe
especially in spring (Buxton, 1996; Collins and Fritz,
2003). In the research, spring-sown plants were exposed to
rapid temperature increment for a longer time than autumnsown plants and therefore, NDF content was higher but
Golyazi and Taskent genotypes did not show a great
variation between the sowing seasons in terms of NDF
content (Figure 8). This may indicate that these cultivars
could tolerate rapidly increasing spring temperatures.
The ADF content of the plant which composed of
cellulose, lignin, and silica, is stated as the indigestible part
of the cell wall and increases with the maturation (Collins
and Fritz, 2003; Ozyigit and Bilgen, 2006; Erkovan et al.,
2009; Balabanli et al., 2010). The variation of ADF content
was not significant between years and sowing seasons
(Table 3) possibly due to the samples taken in similar
harvesting stage but the genotypes showed a significant
variation. The ADF variation of the genotypes was quite
similar to the NDF (Table 3) but the response of the
genotypes in different years and seasons was highly
variable (Figure 9). Therefore, it should be stated that the
digestibility of the genotypes was also variable in terms of
different years and sowing seasons.
CONCLUSION
Forage pea could produce higher forage yield in autumn
sowing conditions of Eskisehir and similar semi-arid
ecologies but year-to-year climatic variations significantly
affect the production and quality. According to our results,
Ozkaynak, Taskent and Tore (cvs.) are proper to cultivate
in the region in terms of forage yield and quality. Ardahan
population has a great potential for breeding new cultivars
because of the high yield of the genotype.
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