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Abstract 
The aim of this research was to determine the effect of different growth stages on ergocalciferol content, yield, some 
morphological characters and forage quality properties of six field pea genotypes (Töre, Ateş, Taşkent, 16-K, DYK and 
Kr). Genotypes were planted in two-factor factorial randomized block design with three replications. Some 
morphological characters (main stem length, number of branches per plant, number of leaves per main stem and leaf 
length), herbage and hay yields, ergocalciferol, crude protein, crude fiber, acid detergent fiber, acid detergent lignin 
and neutral detergent fiber contents were determined at the pre-bud, ¼ bloom and full-bloom stages. The maximum 
main stem length (127.35-130.07 cm), herbage yield (50.12-50.33 t ha-1) and hay yield (10.85-11.77 t ha-1) were 
observed from field pea genotypes 'Ateş' and 'Töre' at full-bloom stage. The lowest leaf length (22.08 cm) and number 
of leaves per main stem (20.09) were found in field pea genotype '16-K', whereas number of branches per plant (6.42) 
had its highest in same genotype. Full-bloom stage showed the highest ergocalciferol (9.33 µg kg-1 in fresh matter), 
crude fiber (20.63 %), neutral detergent fiber (41.46 %), acid detergent fiber (30.54 %) and acid detergent lignin (5.84 
%) contents between the other growth stages, whereas crude protein (18.37 %) had its lowest content at same growth 
stage. According to ergocalciferol content, forage yield and other quality properties, genotypes 'Ateş' and 'Töre' can be 
sown and cut at full-bloom stage in the Thrace and other regions of Turkey, and probably in similar subtropical 
conditions. 
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1. INTRODUCTION 
Field pea (Pisum arvense L.), often called “fodder pea, forage pea, winter pea, grey pea and 
Austrian winter pea”, is the most important forage legume in all over the world. It is a cool-season 
annual-forage legume species (Sayar and Han, 2016). Obvious traces of the use of pea were found 
in many vestiges. They were from 9-10 thousand years ago and they were located in Anatolia, Iran, 
Greece and Palestine. However, the origin of field pea is near the Mediterranean area and Central 
Asia, according to Servet and Ate (2004), Ates (2012). It is a common forage legume in semi-arid 
regions, where the rainfall ranges from 350 to 650 mm for the Anatolia and Mediterranean area. It 
performs best on fertile, well-drained soils with high moisture holding capacity. Optimum growth is 
obtained on loams, silt loam, and well-textured soils of pH 6.0-7.5 (Ates, 2012).  
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Field pea is used for grain, herbage, hay, pasture, green manure, silage (alone or with cereals); 
cover and rotational crop. Growing annual forage legumes such as field pea, Persian clover 
(Trifolium resupinatum L.), vetch (Vicia spp.) and lupine species (Lupinus spp.) in monoculture and 
field pea in mixture with cereals and other species provides, many benefits to forage grasses 
(Poaceae family)-based cropping systems: legumes biologically fix atmospheric nitrogen through 
symbiosis with Rhizobium bacteria, making it available to both the legumes and subsequent non-
legumes, thus reducing the need for inorganic nitrogen fertilizer inputs (Ates and Tekeli, 2005; 
Maćešic et al. 2007; Uher et al. 2008), decrease potential diseases, weeds and pest cycles 
established in continuous forage grasses and plant species of other families (Arslan et al. 2012). 
High forage production and quality for field pea depends on genotypes, environmental factors 
(rainfall, temperature etc.), sowing time, harvest stage, soil fertility and other cultivation techniques 
(Ates, 2016). It is rich in high quality protein. Although the levels of cell-wall components in field 
pea is lower than grasses, the cell walls of field pea is highly lignified and less available than 
grasses. It is also rich in phosphorus, calcium, potassium, magnesium and pro-vitamins and 
vitamins, especially pro-vitamin A and ergocalciferol (vitamin D2). They made of field pea one of 
the best feeds for livestock feeding (Servet and Ate, 2004). Over 60 % of the forage analysed had an 
ergocalciferol content of less than 600 IU (international unit) kg-1 dry matter (DM), resulting in a 
severe risk of deficiency in domestic animals (Ballet et al. 2000). Havemose et al. (2004), Mercier 
et al. (2004) mentioned that the content of pro-vitamins in forage crops are thus important for the 
vitamin content as well as the oxidative stability of animal-derived foods such as dairy and meat 
products. Muhonen (2018) emphasized that these plants are produce pro-vitamins and vitamins, 
which are antioxidants, and their function is largely to protect plant and animal cells from oxidation 
and harmful products from the oxidation process. 
The aim of this research was to determine the effect of different growth stages on ergocalciferol 
content, yield, some morphological characters and forage quality properties of six field pea 
genotypes. 
 
2. MATERIALS AND METHODS  
A field experiment was conducted during 2013-2015 (November-May) at one location (Kirklareli) 
in Thrace, Turkey. The experimental area was on ustalf soil, (phosphorus content of 58.7 kg ha-1, 
potassium content of 487.2 kg ha-1, organic matter of 1.12 % and pH 6.7) at the Karamesutlu village 
(41.25 °N, 27.05 °E) at 100 m a.s.l. with a total precipitation of 561.3 mm on average and an annual 
overall temperature of 13.2 °C.  
Six field pea genotypes (Töre, Ateş, Taşkent, 16-K, DYK and Kr) were planted in two-factor 
factorial Randomized Block Design with three replications. At each experiment, a basal fertilizer 
containing N and P (45 kg ha-1) was incorporated into the soil at the time of land preparation. At 
both years, each field pea genotypes was sown in plots of fifty rows, with a spacing of 26 cm and 40 
m in length. The seeds were sown at a rate of 120 kg ha-1 on November 11th, 2013 and November 
01st, 2014. The plots were not irrigated after sown and harvest. In each year, main stem length (cm), 
number of branches per plant, number of leaves per main stem and leaf length (cm) were 
determined on twenty randomly selected plants at the pre-bud, ¼ bloom and full-bloom stages. Leaf 
length was determined on the leaf at third node of twenty plants. The central 10.1 square meter 
sections of plots were cut at 3 cm height from ground level for each genotypes at the three growth 
stages for herbage yield (t ha-1), and calculated. One cut was made in each year at the three growth 
stages such as pre-bud (first year: April 18, second year: April 15), ¼ bloom (first year: April 30, 
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second year: May 2) and full-bloom (first year: May 14, second year: May 16). Hay yield (t ha-1) for 
those samples were calculated by drying approximately 500 g samples at 55 °C for 48 hour 
followed by storage for a further day at room temperature (Ates and Tekeli, 2007; Ateş and Seren, 
2020).  
Besides, 600 g fresh herbage samples (Lindqvist et al. 2013) of the field pea genotypes were taken 
from each plot at all growth stages at 3 cm height from ground level before ergocalciferol analyses. 
Then, samples were sterilized in 2 % sodium hypochlorite solution for 15 minute and washed in 
distilled water three times (Bajji et al. 2002; Tenikecier and Ates, 2018). The samples in sterile 
plastic bag for ergocalciferol analyses were frozen (-20 °C) immediately after sterilized (Lindqvist 
et al. 2013). The ergocalciferol contents (µg kg-1 in fresh matter (FM) basis) of freeze-dried samples 
were determined according to the methods described by Jäpelt et al. (2011). Hay samples were 
ground to small (≤1 mm) pieces and used for the other analyses. The samples were analyzed for N 
using procedures of the Association of Official Analytical Chemists (AOAC, 2019). Crude protein 
(CP) content (%) of the samples were calculated by multiplying N contents by a coefficient of 6.25. 
The crude fiber (CF), acid detergent lignin (ADL), acid detergent fiber (ADF) and neutral detergent 
fiber (NDF) contents (%) were determined by Weende and Van Soest methods (AOAC, 2019; Van 
Soest et al., 1991). All samples were analyzed in duplicate.  
All data were analyzed statistically by analysis of variance using MSTAT-C software. The 
percentages were arcsine transformed before statistical analysis to ensure homogeneity of variance. 
Means of two years for treatments were compared using an ANOVA protected least significant 
difference (LSD) test.  
 
3. RESULTS AND DISCUSSIONS 
The results for the ergocalciferol content and some agronomic characters (some morphological 
characters and forage quality traits, herbage and hay yields) are given in Tables 1 to 3. There were 
no significant differences at P>0.05 in the means of year, year x genotype and year x growth stage 
interactions when comparing between the years of investigation neither between the growth stages 
and field pea genotypes. Main stem length, herbage and hay yields of field pea were influenced 
significantly by genotype, growth stages and interaction effect of field pea genotype x growth stage. 
The maximum main stem length (127.35-130.07 cm), herbage yield (50.12-50.33 t ha-1) and hay 
yield (10.85-11.77 t ha-1) were observed for field pea genotypes 'Ateş' and 'Töre' at full-bloom stage 
(P>0.05). The means of the number of branches per plant, leaf length and number of leaves per 
main stem from field pea genotypes are significantly different by a LSD test at the P=0.05 level of 
probability. The lowest leaf length (22.08 cm) and number of leaves per main stem (20.09) were 
found in field pea genotype '16-K', whereas number of branches per plant (6.42) had its highest in 
this same genotype. Plant height, number of branches per plant, main stem diameter, number of 
leaves per main stem, leaf length and number of leaflets per leaf are important traits that are used to 
determine herbage and hay yield (Tekeli and Ates, 2003). According to Murray and Swensen 
(1985), Tan et al. (2012), Sayar and Han (2016) emphasized that unfavorable ecological conditions 
led to the lower plant heights in field pea genotypes, since field pea is a typical cool season plant 
and its height increases under favorable, cool and moist conditions. Başbağ et al. (2001) reported 
yields of 17.11 t ha-1 and values of 3.59 t ha-1 in dry matter yields for field pea. Tekeli and Ates 
(2003); Servet and Ate (2004) obtained that the main stem length, number of branches per plant, 
leaf length, number of leaves per main stem and herbage yield ranged from 100.57-124.38 cm, 
3.48-6.23, 19.87-24.83 cm, 19.50-23.03 and 14.17 to 28.23 t ha-1, respectively in field pea 
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genotypes at full-bloom stage. Bilgili et al. (2010) reported forage yield produced by field pea 
genotypes ranged from 16070 to 35970 kg ha-1 with an average protein concentration of 15.3 % in 
field pea genotypes at full-bloom stage.  
 

Table 1. Some morphological characters of six field pea genotypes (FPG) at different growth 
stages (GS) (means of two years) 

Growth Stages  
Pre-bud ¼ bloom Full-bloom 

 
Field pea 
Genotypes  Main stem length (cm) 

 
 

Means¥ 
Ateş 118.25c 120.53b 127.35a 122.04a 
Töre 119.65b 122.37b 130.07a 124.03a 
Taşkent 109.78d 111.48d 119.70b 113.65b 
Kr 107.44e 110.98d 117.25c 111.89b 
DYK 102.41f 108.12d 117.15c 109.23b 
16-K 98.75g 106.00e 115.00c 106.58c 
Means† 109.38c 113.25b 121.09a 114.57 
LSD FPG: 4.785*        GS: 3.777*        FPG x GS: 3.455* 
 Number of branches per plant  
Ateş 4.28 4.30 4.33 4.30b 
Töre 4.20 4.20 4.22 4.21c 
Taşkent 4.33 4.40 4.45 4.39b 
Kr 3.20 3.22 3.25 3.22e 
DYK 3.51 3.55 3.55 3.54d 
16-K 6.41 6.40 6.45 6.42a 
Means 4.32 4.35 4.38 4.35 
LSD FPG: 0.111*        GS: NS        FPG x GS: NS 
                           Leaf length (cm) 
Ateş 25.10 25.07 25.11 25.09a 
Töre 25.00 25.02 25.09 25.04a 
Taşkent 24.00 24.10 24.12 24.07a 
Kr 23.49 23.50 23.56 23.52b 
DYK 23.79 23.88 24.00 23.89a 
16-K 22.00 22.13 22.12 22.08c 
Means 23.90 23.95 24.00 23.95 
LSD FPG: 1.232*        GS: NS        FPG x GS: NS 
              Number of leaves per main stem 
Ateş 22.98 23.10 23.07 23.05a 
Töre 22.97 23.10 23.00 23.02a 
Taşkent 23.05 23.15 23.10 23.10a 
Kr 22.10 22.08 22.12 22.10b 
DYK 22.45 22.56 22.75 22.59a 
16-K 20.12 19.97 20.17 20.09c 
Means 22.28 22.33 22.37 22.33 
LSD FPG: 0.551*        GS: NS        FPG x GS: NS 

*P<0.05, NS: P>0.05, †The means different growth stages of with different letter for the same row 
are significantly different. ¥Field pea genotypes means with different letter of the column are 
significantly different. 
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Table 2. The ergocalciferol and crude protein contents, herbage and hay yields of six 
field pea genotypes (FPG) at different growth stages (GS) (means of two years) 

Growth Stages 
Pre-bud ¼ bloom Full-bloom 

 
Field pea 
Genotypes Herbage yield (t ha-1) 

 
 

Means¥ 
Ateş 38.75c 46.41b 50.33a 45.16a 
Töre 38.41c 44.88b 50.12a 44.47a 
Taşkent 35.20d 40.68c 44.56b 40.15b 
Kr 34.89d 40.21c 40.23 38.44b 
DYK 32.85d 37.74c 38.59c 36.39b 
16-K 29.77e 35.22d 35.66d 33.55c 
Means† 34.98c 40.86b 43.25a 39.69 
LSD FPG: 4.313*        GS: 2.711*        FPG x GS: 3.612* 
 Hay yield (t ha-1)  
Ateş 7.88c 9.71b 10.85a 9.48a 
Töre 7.85c 9.88b 11.77a 9.83a 
Taşkent 7.13d 8.43c 9.55b 8.37b 
Kr 6.58d 8.00c 8.78b 7.79b 
DYK 5.69e 7.05d 7.85c 6.86c 
16-K 4.85e 5.89e 6.45d 5.73c 
Means 6.66c 8.16b 9.21a 8.01 
LSD FPG: 1.398*        GS: 1.042*        FPG x GS:1.223* 
                                   CP (%) 
Ateş 19.98 19.00 18.67 19.22 
Töre 20.22 19.07 18.56 19.28 
Taşkent 20.05 19.10 18.57 19.24 
Kr 20.12 19.33 18.45 19.30 
DYK 19.89 18.88 17.95 18.91 
16-K 18.57 19.07 18.00 18.55 
Means 19.81a 19.08a 18.37b 19.08 
LSD FPG: NS             GS: 1.031*         FPG x GS: NS 
          Ergocalciferol (µg kg-1 in FM) 
Ateş 8.50 8.67 9.70 8.96 
Töre 8.00 8.42 9.55 8.66 
Taşkent 8.12 8.21 9.60 8.64 
Kr 7.90 7.95 9.12 8.32 
DYK 8.33 8.78 9.00 8.70 
16-K 7.45 7.68 9.00 8.04 
Means 8.05b 8.29b 9.33a 8.55 
LSD FPG: NS             GS: 0.889**       FPG x GS: NS 

*P<0.05, ** P<0.01, NS: P>0.01 and 0.05, †The means different growth stages of with different letter for 
the same row are significantly different. ¥Field pea genotypes means with different letter of the 
column are significantly different. 

 
Tekeli and Ateş (2011) mentioned that field pea grew to a height of 400 cm under the suitable 
ecological and cultivation conditions, whereas Kosev et al. (2013) reported this value to be only 
30.72-76.10 cm in spring field pea. Kavut et al. (2016) determined that the dry matter yields of the 
forage pea varieties varied between 7.27 and 8.90 t ha-1 in 20 cm row spacing in the Aegean region. 
The present results were similar to those reported by these researchers. 
Considering the chemical composition of dried forage samples, growth stages changed 
ergocalciferol content and other some quality traits of forage in field pea genotypes. There are no 
reports on the ergocalciferol content of field pea herbage. Full-bloom stage showed the highest 
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ergocalciferol (9.33 µg kg-1 in FM), CF (20.63 %), NDF (41.46 %), ADF (30.54 %) and ADL (5.84 
%) contents between the other growth stages (P<0.01), whereas CP (18.37 %) had its lowest 
content at this same growth stage (P<0.05) (Table 2 and 3).  

 
Table 3. Some plant cell walls fiber fractions (% in DM) of six field pea genotypes (FPG ) 

at different growth  stages (GS) (means of two years) 
Growth Stages 

Pre-bud ¼ bloom Full-bloom 
 
Field pea 
Genotypes CF 

 
 

Means 
Ateş 18.88 20.74 21.45 20.36 
Töre 17.89 19.87 20.31 19.36 
Taşkent 18.33 19.55 19.97 19.28 
Kr 17.95 19.32 20.56 19.28 
DYK 17.77 18.89 21.00 19.22 
16-K 18.05 19.66 20.49 19.40 
Means† 18.15c 19.67b 20.63a 19.48 
LSD FPG: NS             GS: 0.951**       FPG x GS: NS 
 NDF  
Ateş 38.66 40.05 41.33 40.01 
Töre 37.98 40.00 41.28 39.75 
Taşkent 38.12 40.56 41.31 40.00 
Kr 38.22 40.38 41.87 40.16 
DYK 38.61 40.11 41.68 40.13 
16-K 37.91 39.95 41.31 39.72 
Means 38.25c 40.18b 41.46a 39.96 
LSD FPG: NS             GS: 0.933**       FPG x GS: NS 
                                   ADF 
Ateş 28.77 29.56 30.66 29.66 
Töre 27.97 28.97 30.13 29.02 
Taşkent 27.98 29.00 30.55 29.18 
Kr 28.22 29.17 30.45 29.28 
DYK 28.00 29.33 30.44 29.26 
16-K 28.64 29.44 31.00 29.69 
Means 28.26c 29.25b 30.54a 29.35 
LSD FPG: NS             GS: 0.888**       FPG x GS: NS 
                                  ADL 
Ateş 4.86 5.10 5.84 5.27 
Töre 4.77 5.05 5.88 5.23 
Taşkent 4.76 4.98 5.80 5.18 
Kr 4.81 5.00 5.82 5.21 
DYK 4.86 4.99 5.85 5.23 
16-K 4.83 5.04 5.84 5.24  
Means 4.82b 5.03b 5.84a 5.23 
LSD FPG: NS             GS: 0.800**       FPG x GS: NS 
** P<0.01, NS: P>0.01 and 0.05, †The means different growth stages of with different letter for the 
same row are significantly different.  
 

Ergocalciferol can be found in plants contaminated with fungi. Conversion to vitamin D2 occurs by 
sun-exposure of the plant material during growth and in the curing process (Jäpelt and Jakobsen, 
2013). Many factors that influence the ergocalciferol content of forage crops during growth, 
development, harvesting and storage include: growth stage, leaf/stem ratio; climatic and edaphic 
factors, such as geographic location and topographic properties, seasonal and yearly variation, 
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illuminance-associated diurnal variation, soil traits; biotic damage; conservation methods of 
herbage/hay (dehydration, ensiling, drying and etc.) and storage conditions of forage. Besides, 
mineral and protein values in forage crops depends on soil traits and available amounts of elements 
in it, fertilization and other cultivation applies, climatic conditions as well as plant growth stages 
and different morphological parts of crops. On the other hand, fiber content of forage crop species 
are affected above-mentioned many factors (Tenikecier and Ates, 2018). Young plant cells have the 
primary cell wall, but also the secondary cell wall occurs with maturing. This causes mature plants 
to be the more fibrous (Bajji at al. 2004). ADF, NDF and ADL contents increased with advancing 
plant growth. This could be explained by the decrease in the proportion of leaves and increase of the 
proportion of stems with advanced maturity. The trend in ADL, ADF and NDF contents with 
increasing maturity is normally the reverse of protein (Rebole at al. 2004; Yuksel and Turk, 2019). 
Forage grasses are higher in NDF, ADF and ADL at a given stage of growth than forage legumes. 
The quality of forage crops is best estimated by their potential dry matter intake and dry matter 
digestibility, which are determined by the NDF and ADF fractions, respectively. Both NDF and 
ADF increase as the plant matures causing a decline in the quality of the forage (Linn and Kuehn, 
1997; Ates and Tenikecier, 2019). Horst et al. (1984) researched that the isolation and identification 
of ergocalciferol and cholecalciferol (vitamin D3) from alfalfa (Medicago sativa L.). They examined 
sun-cured field grown alfalfa and determined 48 µg kg-1 ergocalciferol. Jakobsen and Saxholt 

(2009) stated that milk from dairy cows contains a significant although low amount of 
ergocalciferol, which is expected to derive from grass and hay. Jäpelt et al. (2011) also found an 
effect of forage maturity on the ergocalciferol content, and further described an effect of humidity, 
precipitation, and UVB radiation on the ergocalciferol content of forage. They stated that the 
ergocalciferol content was maximum 2‰ of the ergosterol content, which might indicate that not 
ultraviolet B, but rather ergosterol concentration is the limiting factor in ergocalciferol production in 
plants. Kohler et al. (2013) determined that the ergocalciferol content was greater in the lowland 
pasture grass compared to the alpine pasture grass. They found that ergocalciferol contents of 
forage samples in alpine pasture grass at early summer, alpine pasture grass at late summer, lowland 
pasture grass at early summer and lowland pasture grass at late summer ranging from 20.6 µg kg-1 
DM, 32.0 µg kg-1 DM, 52.4 µg kg-1 DM and 73.6 µg kg-1 DM, respectively. Our results for 
ergocalciferol content are significantly lower to those reported by these researchers. This may be 
because ergocalciferol content was analyzed in fresh matter. Tenikecier and Ates (2019) mentioned 
that the total protein content is inversely related to growth stages of the forage crops, nevertheless, 
protein of forage crops could be quite variable among species and their genotypes. Yuksel and Turk 
(2019) reported that the dry matter yield, CP, NDF and ADF contents ranged from 5.91-8.58 t ha-1, 
17.36-19.05 %, 35.80-39.98 % and 27.00 to 29.20 %, respectively in field pea at different 
harvesting stages. They emphasized that the maturity stage at harvest is the most important factor 
determining forage quality. Ates et al. (2020) obtained that the highest α-tocopherol content were 
obtained in the field pea variety ‘Ateş’ (29.7 mg kg-1) and variety ‘Töre’ (29.0 mg kg-1) at pre-bud 
stage. They found that the lowest β-carotene content (29.7-29.9 mg kg-1) in field pea at ½ bloom 
and full bloom stages.  
 
4. CONCLUSIONS 
It was concluded that ergocalciferol (vitamin D2), CP, CF, ADF, NDF and ADL contents of field 
pea genotypes were affected by growth stages. Main stem length, herbage and hay yields of field 
pea were influenced significantly by genotype, growth stages and interaction effect of field pea 



 
Current Trends in Natural Sciences 

Vol. 9, Issue 17, pp. 06-14, 2020 
https://doi.org/10.47068/ctns.2020.v9i17.001  

 

Current Trends in Natural Sciences (on-line)                             Current Trends in Natural Sciences (CD-Rom)  
ISSN: 2284-953X                                                   ISSN: 2284-9521 
ISSN-L: 2284-9521                                                                                        ISSN-L: 2284-9521 

 
 

 
http://www.natsci.upit.ro  
*Corresponding author, E-mail address: ertan_ates@hotmail.com  

13 

genotype x growth stage. The means of the number of branches per plant, leaf length and number of 
leaves per main stem from field pea genotypes are significantly different. According to 
ergocalciferol content, forage yield and other quality properties, genotypes 'Ateş' and 'Töre' can be 
sown and cut at full-bloom stage in the Thrace and other regions of Turkey, and probably in similar 
subtropical conditions. 
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