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HIGHLIGHTS

¢ The importance of mixed cropping and silage in forage crop production is understood in Turkey as well as all
over the world.

¢ The study integrated the mixed cropping system, which provides better quality feed in silage production and
more effective use of unit area.

¢ In this context, the silage quality of legume + triticale planting rates was determined and the 80:20 T/HV process
came to the fore.

Abstract

This study was conducted to determine silage quality in binary mixtures of forage pea (Pisum sativum ssp. arvense L. "FP")
and Hungarian vetch (Vicia pannonica C. "HV") and triticale (X triticosecale Wittmack. "T") in 2021-2022 vegetation period.
Hungarian vetch, forage pea, and triticale seeds were sown in 6 different mixture ratios (legume/triticale; 100%/0, 80/20%,
60/40%, 40/60%, 20/80%). The experiment was established according to a randomized blocks experimental design with 3
replications. In the study, dry matter content, pH, flieg score, quality class, crude protein, ADF, NDF, Ca, K, Mg, P, lactic
acid and acetic acid contents were analyzed for silage yield and quality. The dry matter of silages was between 23.83 and
36.49%, while the pH was between 4.57 and 5.18. The highest crude protein was determined in pure forage peas (22%) and
it was determined that it increased in parallel with the increase in the legume ratio in the mixture. Mineral contents were
found to be high in sole and intense legume silages, similar to crude protein. In terms of silage quality in the examined
parameters, mixed sowing gave better results than sole sowing. As a result of the study, 80:20 T/HV mixture ratio sowing
is recommended for Yozgat and regions with similar ecology in terms of silage yield and quality.
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1. Introduction

High forage costs in Turkey are a major problem for animal production enterprises. The insufficient level
of roughage produced is the main reason of forage cost increase significantly (Ceyhan and Karadas 2022).
Livestock production in Turkey depends on a large amount of pastures. Due to excessive and prolonged
grazing of pastures, these areas, which are a source of cheap forage, are insufficient for animal production.
Therefore, to meet the need for roughage in Turkey and increase animal production, it can be achieved by
increasing the production of forage crops.

The forage crops have characteristics such as quality forage source for animals, can leave fertile soil for the
plant, uses in the crop rotation, and can conserve water and soil (Ceyhan et al. 2012). Also, the essential energy
for animals to have a balanced and adequate nutrition should be provided from forage crops. For this purpose,
it is appropriate to plant legumes mixed with grasses. In Turkey, silage obtained from intercropping of
leguminous with grasses, which has become increasingly widespread in recent years, has become an
important source of roughage. Silage is deliciously consumed by animals because of its high water content
and fresh.

Forage peas and vetch, which have high protein content, together with cereals with high starch content,
provide an easy-to-digest and high quality feed for animals (El¢i 1975). By intercropping legumes with cereals,
diseases such as tympani and grass tetenosis that occur in animals can be reduced. Silage, which is one of the
most important quality forages, is widely used in many countries around the world due to its ability to reduce
losses in forages due to its high water content. With silage production, animals can access fresh quality
roughage throughout the year. Legume silages have a higher nutritional value for dairy cows compared to
cereals. However, due to their high protein content and high buffering capacity, it is more difficult to make
silage than cereal (Keles et al. 2013). Because the low protein content of cereals negatively affects the quality,
especially in silage production, while the lactic acid and pH amounts are not at the desired level with pure
legumes, so the increase in lactic acid, protein and pH amounts when cereals are sown together or mixed with
legumes is an essential factor.

This proposed study was planned to determine the silage yield and quality in the intercropping of
Hungarian vetch (Viciapannonica Crantz.) and forage pea (Pisum sativum ssp.arvense L.) and triticale
(Xtriticosecale Wittmack.) at different rates.

2. Materials and Methods

Hungarian vetch (HV; Vicia pannonica Crantz.) Altinova 2002, forage pea Ozkaynak (FP; Pisum sativum ssp.
arvense L.) and triticale (T; X triticosecale Wittmack.) Karma 2000 seeds were used as material in the study.

Soil samples taken from 3 different parts of the land and 30 cm depth were analyzed by Yozgat Chamber
of Agriculture. When the soil properties of the research site are analyzed, it is seen that it has a soil structure
with clay loam, slightly salty, medium calcareous, medium organic matter content and high phosphorus
content.

As seen in Table 1, the long-term rainfall average for the growing period in which the research was carried
out in Yozgat conditions was 544.6 mm. This data was realized as 562.4 mm in the year the study started, and
17.8 mm more rainfall was realized in the 2021-2022 growing period compared to the long-term average.

The average temperature in Yozgat for many years (1929-2021) was 7.1°C. The average temperature in the
2021-2022 growing period in which the study was conducted was 6.9°C. This value is lower than the long-term
average. Relative humidity in Yozgat is 68.7% according to the long-term average and 67.5% in the 2021-2022
growing period.
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Table 1. The climate data for 2021-2022, the year of the study, and for many years (1929-2021) are presented in Table 1.

Total Average Average

Precipitation(mm) Temperature(°C) Relative Humidity (%)
Months 2021-2022 Long Years  2021-2022  Long Years 2021-2022 Long Years
November 65.4 53.7 6.6 51 72.8 71.9
December 771 75.9 1.9 0.6 74.7 77.7
January 121.1 67.9 10.1 -1.7 62.9 77.6
February 48.8 59.8 24 -0.6 76.6 75.3
Mart 83.3 68.2 0.2 3.0 77.1 70.9
April 16.4 58.3 -1.5 8.5 73.9 64.9
May 50.2 66.3 11.6 13.1 47.4 63.5
June 98.9 67.4 17.5 16.7 64.3 60.7
July 1.2 27.1 18.5 19.6 57.9 56.0
Total/Mean 562.4 544.6 6.9 7.1 67.5 68.7

Data of the General Directorate of Meteorology for Yozgat province for many years and the year of the research (Anonymous, 2023)

The experiment was conducted at the YOBU Research and Application Center during the 2021/2022
vegetation period. Sowing was carried out in November with four different ratios for each legume (80HV-
FP+20%T, 60%HV-FP+40%T, 40%HV-FP+60%T, 20%HV-FP+80%T) and lean. The experiment was established
according to the Randomized Block design with three replications. In the experiment, the plots were 6 meters
long with a row spacing of 20 cm, 6 rows were sown by hand, and one row was sown as wheat and one row
as legume. The amount of seed per decare was adjusted as 12 kg for Hungarian vetch and forage pea and 22
kg for triticale. The amount of seed to be included in the mixtures was calculated based on the amount used
in lean sowing and the mixture ratio (Onal and Egritag 2017). The experiment was irrigated 1 time.

Preparation and examination of silages

Harvesting time for silage was based on the developmental stage of triticale in the mixtures, triticale was
harvested at the dough stage and legumes were harvested when the lower pods started to form. Harvested
samples for silage were chopped into 2 cm pieces according to the mixture ratios (Alaca and Ozaslan Parlak,
2017) and filled into 1.0 kg plastic drums in 3 replicates. The silage samples were left for fermentation airless
and at 2542 °C. The fermented silages were opened after 45 days. Silage sampling was done by removing the
top 3-4 cm of the bins and the following parameters were analyzed.

The physical analyses determined after opening the silage samples are given in Table 2. For pH, 100 ml of
distilled water was added to 20 g of samples taken from the silages and mixed homogeneously with the help
of a blender and filtered through filter paper and filtered into 50ml sieve tubes (Basaran et al. 2018). The pH
of the obtained silage water was determined with a HANNA Edge digital pH meter. Flieg score which one of
the common methods used to determine silage quality is the relationship between dry matter content and pH
of the silage.

FP=[220+(2XsilageCMRatio-15)]-40XsilagePH (Anonymous, 1987).

The 100 g from the fermented silage samples were dried in an oven at 1050 C until reached constant weight
and dry matter content (%) was determined by the weighing. For chemical analysis, 100 g of silage sample
was dried at 60 0 C and ground Imm diameter. Afterwards, the total N values of these samples were
determined by the Kjehldahly method and crude protein ratios were calculated by multiplying these values
by a coefficient of 6.25 (Basaran et al. 2018). ADF, NDF and mineral matter contents (Ca, K, Mg and P) (%)
were determined using IC-0904-FE calibration program on FossNIRSystemsModel6500WinISIIIv1.5
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instrument. Lactic, acetic and butyric acid analyses in silage samples whose pH was determined were carried
out by HPLC (high performance liquid chromatography) device at YOBU, Science and Technology
Application and Research Center. Butyric acid was not found in silage samples.

Table 2. Physical evaluation key of silages developed by the German Agricultural Organization (DLG).
1. Odor Score
No buttery acidic odor, slightly sour, fruity and aromatic odor 14

Small amounts of butter acid, strong odor of heat and mild frying
Moderate odor of butter-oil acid, strong smell of fumes

Strong odor of butter-acid or ammonia, very light odor

Strong smell of rot, ammonia and mold

SN B~ ®

2.Appearance (Structure)

Leaves and petiole structure intact

The structure of the leaves is slightly deformed

Leaves and leaves are decomposed, moldy and dirty
Leaves and stalks rotten

3.Color

Retains its color when siloed (brown in withered silage)
Color slightly changed (yellow to brown)

Color completely changed (musty-green)

S = N B

S =N

Statistical analyzes

The results obtained were subjected to analysis using SPSS 20.0 statistical package program according to
randomized blocks experiment design. The averages of the treatments between which differences were
determined were evaluated according to the Duncan multiple comparison test and grouped.

3. Result and Discussion

The averages of the physical and chemical parameters of the silages prepared from different mixture ratios
of Hungarian vetch, forage pea and triticale and their Duncan grouping are shown in Table 3. The difference
between the mean values of all the characteristics was found to be statistically very significant (p<0.01). Table
3 shows that the silage dry matter ratio was between 23.83 and 36.49, while the pH was between 4.57 and 5.18.
The highest silage dry matter ratio was 100% T (36.49) and the lowest silage dry matter ratio (23.83) was 100%
HV. The highest silage pH value was obtained from 100% triticale and the lowest value was obtained from
60:40 T/HV (4.57). As the legume (forage pea and Hungarian vetch) ratios decreased in the mixtures, an
increase in dry matter ratio was observed. One of the most important factors determining the quality of silage
is the dry matter content of silage. It has been proved by most studies that the increase or decrease in the dry
matter content increases the quality of forage (Mut et al. 2020). The highest (89.24) fleig score calculated in
silage samples was observed in 80:20T/HV mixture and the lowest (52.94) was observed in 100% HV. Also,
while 40:60T/HV, 60:40T/HV and 80:20T/HV were in the same group, 20:80T/HV was in a different group. The
highest quality class was 80:20T/HV (89.24) and 60:40T/HV (82.34) and the quality class were 'very good'.

In previous studies, Akgiil (2010) reported that the dry matter content of green forage to be silage should
be (25-30%). Glimiistas and Turan (2022) found the most high dry matter content was in 75% forage peas +
25% cereal silage. Yavuz (2022) found that the highest dry matter rate (32.08%) and pH (4.65) were determined
from pure barley. In similar studies, Ashbell (1997) found the highest dry matter content (38%), Arslan and
Cakmakgi (2011) found the highest dry matter content (31.38%) and Dumlu et al. found the highest (31.36%).
Abeidy (2022) reported that the pH values of oat + legume silages were varied between to 4.72-6.56. Gomes et
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al. (2019) investigated the addition of heterofermentative lactic acid bacteria in lightly wilted or directly
harvested oat silage and reported that pH values were (3.90-4.61), (4.05- 4.59), respectively. Romero et al, (2017)
pH values of silages prepared in polyethylene bags and plastic drums in control and inoculant groups were
(6.10-6.04), (6.13-6.16), respectively. Erbil (2012) investigated the effects of heterofermentative and/or
homofermentative lactic acid bacteria in Hungarian vetch + wheat grain mixture silages, pH values were (4.59,
4.42, 4.40 and 4.37) on the 2nd, 4th, 8th and 45th days, respectively; Markovic et al, (2018) reported that the pH
values were between (4.13-4.89), (4.17-4.61), respectively (4.13-4.89) in their study investigating the addition
of bacterial inoculant to mixtures of common vetch and oat at different ratios. Polat (2022) reported that the
highest silage dry matter rate was determined from pure oat (31.49), the highest silage pH value was between
4.57 and 5.52 and the highest pH value was determined from pure forage pea (5.52). Yavuz (2022) reported in
his study that the highest values in flieg score and quality criteria were obtained from pure barley in both (16-
90) and were classified as very good. Polat (2022) reported that the average values of flieg score varied between
30 and 80 and the highest value was obtained from oat + faba bean (75:25) and was classified as good. Mut et
al., (2020) concluded that when the flieg scores and crude protein ratios of the silages were evaluated together,
it was concluded that the quality of the silages made with alfalfa and forage turnip in all the ratios considered
and with oat at a ratio of 75+25% were higher. Karadeniz et al. (2020) obtained the highest flieg score from
triticale silage in their study.

Table 3. Dry matter content (DM;%), pH, flieg score and quality class in silages of triticale with legumes silages mixtures.

Treatments DM** pH** Flieg score** Quality Class
Triticale(T) 36.49 a 5.18 a 72.02c¢ Good
Hungarian vetch (HV) 2383 g 498b 52.94 £ Middle
Forage pea (FP) 2275 ¢g 478 c 59.90 e Middle
20:80T/HV 2750 e 4.63e 74.86 bc Good
40:60T/ HV 31.10 cd 4.72d 77.64b Good
60:40T/ HV 31.36 cd 457 f 82.34 ab Very good
80:20T/ HV 32.66 b 458 f 89.24 a Very good
20:80T/FP 25.62 f 476 ¢ 65.46 d Good
40:60T/ FP 2776 e 4.65e 77.16 b Good
60:40T/ FP 30.59d 4.69 d 79.76 b Good
80:20T/ FP 32.14 bc 4.71d 79.68 b Good
Mean 29.25 4.75 73.72 Good

**:p<0.01; there is no difference between means indicated with the same letter (p<0.05).

The highest (22.82%) crude protein in silage samples was in 100% FP and the lowest (6.34%) crude protein
content was in 100% T. As the legumes ratios in the mixtures decreased, the crude protein ratios also decreased
linearly as expected. Also, the average CP of the samples was (13.89%). The highest ADF and NDF contents
were in sole triticale (40.16%) and (69.0%), respectively. The lowest ADF and NDF contents were (22.82%) and
(39.8%) in sole forage pea (Table 4).

Similarly, Yavuz (2022) and Karadeniz et al. (2020) determined that legume silages had higher protein
content. However, Gorii and Seydosoglu (2021) reported that the highest CP ratio was found to be 75% in the
mixture of common vetch. Kaymak et al., (2021) reported that the highest CP was obtained from a mixture of
80%B+20%WW (15.58%) and 80%B+20%WW (15.58%) mix silages. In their study, Mut et al. (2020) found that
the quality of the silages made with alfalfa and forage turnip and oats at a ratio of 75+25% were higher in terms
of their crude protein ratios.
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Table 4. Crude protein content (CP; %), ADF (%) and NDF (%) contents in silages of triticale with legumes silages mixtures.

Treatments cp** ADF** NDEF**
Triticale(T) 6.34 f 40.16 a 69.0 a
Hungarian vetch (HV) 18.81b 33.46 cd 46.8d
Forage pea (FP) 22.82a 22.82 f 39.8e

20:80T/HV 14.28 c 35.64 bc 55.8 ¢

40:60T/ HV 11.41e 39.07 a 61.7b
60:40T/ HV 10.85e 37.16 ab 62.1b
80:20T/ HV 11.28e 36.93 ab 63.4b
20:80T/FP 17.78 b 29.82e 51.0d
40:60T/ FP 14.80 c 30.73 de 55.8 ¢
60:40T/ FP 12.72d 32.61 cde 58.6 bc
80:20T/ FP 11.72 e 33.35cd 59.7 bc
Mean 13.89 33.80 56.71

**:p<0.01; there is no difference between means indicated with the same letter (p<0.05).

Kaymak et al. (2021) reported that the ADF content of silages varied between (25.87%-30.24%), Karadeniz
et al., (2020) obtained the highest ADF rate from 100% damson silage. In Paydas's (2018) study, the highest
ADF rate was found in vetch silage with (44.46%) in May harvest period and the lowest ADF value was found
in vetch silage with (31.76%) in May harvest period. Jung et al. (2015) found ADF values between (30.4% and
34.8%) by using a mixture of vetch and barley in their study on silage yield. Balabanl et al, (2010) in their
experiment on the quality of silages obtained from a mixture of common vetch and oat, the lowest NDF
(50.11%) and ADF (31.92%) ratios were found in the mixture of common vetch + oat. Jung et al. (2015), found
NDF ratios between 50.2% and 55% in their silage research with barley and vetch mixture.

Table 5. Mineral matter contents (%) in silages of triticale with legumes silages mixtures.

Treatments Ca** K** Mg** p**
Triticale(T) 0.33e 3.47d 0.18e 0.32e
Hungarian vetch (HV) 1.55a 4.56a 0.35a 0.34d
Forage pea (FP) 1.45a 3.58cd 0.36a 0.39a
20:80T/HV 1.20b 3.99b 0.32b 0.32e
40:60T/ HV 0.90cd 3.72c 0.28d 0.29f
60:40T/ HV 0.85d 3.53cd 0.29cd 0.31e
80:20T/ HV 0.79d 3.49d 0.28d 0.31e
20:80T/FP 1.07b 3.57cd 0.31bc 0.36bc
40:60T/ FP 1.04bc 3.50d 0.32b 0.36b
60:40T/ FP 0.86d 3.50d 0.27d 0.35cd
80:20T/ FP 0.86d 3.54cd 0.28d 0.36bcd
Mean 0.99 3.68 0.29 0.34

**:p<0.01; there is no difference between means indicated with the same letter (p<0.05).

Generally, Ca, K, Mg and P contents were found to be higher in legume silages than in mixtures (1.55, 4.56,
0.36 and 0.39%, respectively). Table 5 shows that the addition of legumes to silages provides significant
increases in mineral content. Similar a study, Turan (2018) found that the average Ca, P, Mg, and K ratios of
the silages obtained from different blends of Hungarian vetch and barley (1.31, 0.56, 0.20 and 3.01%,
respectively). Kidambi et al. (1989) reported that the content of (0.31%) Ca, (0.65%) K, (0.1%) Mg and (0.21%)
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P in the ration for regular feeding of animals. When the minerals in the silages obtained are compared with
the findings of the researchers, it can be said that they are above the amount that should be present in the
animal feed and this will not pose any nutritional problem for the minerals mentioned.
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Figure 1. Lactic acid content in silages of triticale with legumes silages mixtures

The LA contents of the species in the study are given in Figure 1 and the results of the analysis were found
to be very significant (p<0.01).The highest LA (3.41%) was in 80:20T/HV while the lowest LA (2.08%) was in
80:20T/HV and forage pea. In addition, the proportion of legumes in the mixtures (HV and FP) generally
decreased while the LA content increased inversely. In other studies, Yildirim (2020) found that the lactic acid
rate in legumes varied between (1.80-2.03%), with the highest lactic acid rate (2.03%) in forage pea. However,
in the study conducted by Paydas (2018), the highest lactic acid value (29.08 g/kg) was obtained in barley silage
with the highest KM ratio. In another study, Jung et al. (2015) reported that the highest lactic acid rate (3.27
g/kg) was obtained from barley and vetch mixture silage. Kavut et al. (2012) and Aykan and Saruhan (2018)
obtained in the highest LA from sole grass silages. Acikbas (2022) reported that the highest LA ratio (1.56%)
in branched millet silages was found in Cave in Rock variety.
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Figure 2. Acetic acid content in silages of triticale with legumes silages mixtures

The acetic acid (AA) contents of the treatments under investigation are illustrated in Figure 2, revealing
highly significant results (p <0.01). Among the different compositions, pure triticale exhibited the highest AA
content at 0.60%, while the 80:20T/HV mixture had the lowest acetic acid content at 0.35%, resulting in an
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average AA content of 0.47% across all species. Notably, the 80:20T/HV mixture (0.47%) clustered with the
20:80T/HV (0.48%) mixture, demonstrating similar AA levels. Additionally, the linear increase in legume ratios
in the mixtures (HV to FP) was associated with a general rise in AA content.

In a study by Jung et al. (2015) involving a barley and vetch mixture, the highest acetic acid content was
observed in the 70% barley-30% vetch combination (0.20 g/kg), whereas the lowest acetic acid content (0.11%)
was found in the barley-vetch silage. Kavut et al. (2012), investigating silage yield and characteristics of various
triticale varieties, reported silage acetic acid ratios ranging from 0.40% to 0.60%.

Quality silage parameters were considered in accordance with established standards. Panyasak and
Tumwasorn (2013) suggested that 25-40% of dry matter is essential for quality silage. Algicek and Ozkan (1997)
also highlighted the importance of lactic acid exceeding 2% and acetic acid being below 0.8%. Otherwise,
deviations from these values can lead to deterioration, as the growth of Clostridium spp. anaerobic bacteria
may occur, causing the breakdown of sucrose and protein into butyric acid and ammonium. This can elevate
the pH up to 5.0, beyond the recommended range of (3.7 to 4.8) Filya (2002), compromising silage quality.
Considering the nutritional needs outlined by Kidambi et al. (1993) and Tekeli and Ates (2005), where forage
should contain a minimum of 0.8% potassium, 0.21% phosphorus, 0.3% calcium, and 0.1% magnesium to
provide a balanced diet for animals, it was determined that all mixed silages in our study met these quality
criteria. Consequently, there was no indication of deterioration, and these silages are deemed suitable for
healthy animal consumption.

4. Conclusion

When the quality parameters of the silage samples were evaluated together, it was determined that pure
legumes/triticale silages were inadequate compared to the mixtures, and Hungarian vetch and triticale
mixtures gave better results than forage peas. In addition, it was concluded that 80:20T/HV mixture produced
better quality silage among the mixtures grown for silage in Yozgat conditions, especially in terms of LA and
AA content when all examined parameters are evaluated together.
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