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Abstract

With its high protein content, forage soybean is an important legume roughage that should  
be included in animal rations. However, the traditional silage production of pure soybean  
as forage is limited by its high protein content. The aim of the study was to determine the effect 
of the duration of storage and soybean variety on some quality parameters and color change  
in pure soybeans silage. Two soybean forage varieties (Yemsoy and Yesilsoy) as the main factor 
were harvested in the appropriate harvesting period and with an appropriate technology, and 
after wilting the soybean plants were ensilaged without any additives in small bales of 40-50 kg. 
The bales were stored for 5 lengths of storage (20, 40, 60, 80, and 100 days), which was  
the second experimental factor. The silage samples as 3 replications were collected at the end  
of the storage period to evaluate dry matter (DM), pH, crude protein (CP), acid detergent fiber 
(ADF), neutral detergent fiber (NDF), relative feed value (RFV), digestible dry matter (DDM), 
dry matter intake (DMI), fleig score (FS) and CIELab color scale (L, a, b). The data from 2 years 
were processed statistically in randomized blocks according to a split plot design. No statistical 
difference between the duration of storage and varieties in terms of RFV was observed.  
However, it was determined that the pH value was statistically lower (p<0.01) in the soybean 
bale silage stored for 80 and 100 days. In addition, it was determined that silages stored for 100 
days were higher (p<0.01) in terms of the brightness value L. It is evident that high quality and 
bright colored roughage can be obtained in soybean silage stored for 80 and 100 days without 
any additives.
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INTRODUCTION

In recent years, it has been determined that protein-rich pure legume 
roughage made by using new roughage technologies has no negative effect  
on animals, and therefore their use in forage production has displayed  
an increasing trend (Dumlugül, Tan 2013). Although roughage made from 
corn plants is widely used today, this roughage is known for its low protein 
rate and high carbon emissions (Sezer 2014). The most important cost  
in rations of high-yielding ruminant farm animals is incurred by increasing 
the protein content. Increasing the protein content is an important strategy 
that raises the amount of sustainable quality products and also protects  
animal health (Spanghero et al. 2015). Therefore, examining the possibilities 
of using legumes as roughage continues to be an important issue for sustain-
able livestock breeding. While the amount of soluble protein in leguminous 
hays is 37.7% on average, this share rises to 55.8% in legume silages.  
In summary, the addition of silage and legume sources to rations is a pre- 
requisite for efficiency (Albrecht, Beauchemin 2003). When used alone,  
the high protein, organic acid and cation levels in the forage soybean, which 
is a good alternative for closing the quality roughage deficit, causes an increase 
in odor density, which is not preferred by animals, as well as the buffering 
capacity that prevents fermentation. This situation limits the possibility  
of using soybean as traditional silage, which is valid for all legumes (Ni et al. 
2017).

However, by using the haylage technique, which is one of the forage 
preparation technologies, roughage can be prepared from pure legumes, pure 
forage grasses or mixtures with better quality and are more affordable with 
a structure that is preferred by animals, and which is also practical to make, 
compared to traditional silage and hay (Vurarak 2016). Forage soybean  
is one of the important crops among leguminous feeds with its high nutri-
tional value and low production cost (less fertilizer, less water requirement), 
which is often emphasized by researchers in various studies (Vargas et al. 
2008, Drewnoski et al. 2012). It has been determined that legumes have low 
fiber and high digestion rates when harvested in the appropriate period. 
Therefore, legumes generate more animal yield compared to forage grasses 
(Steinshamn 2010). The harvest time, harvest type, withering time and pack-
aging are the most important stages in roughage quality. It was determined 
that the protein content and green grass yield of soybean increased when the 
soybean was harvested in the R6 period when the full seed stage formation 
period was the highest. (Sahar 2017). Dry matter content is the most import-
ant quality parameter between traditional silage and haylage. While the DM 
content is around 30-25% in traditional silage, this rate is increased to 40-
60% in haylage by wilting (Kutlu, Celik 2010). Thus, the buffering capacity 
can be reduced. The DM content of alfalfa which was 26.3% at harvest was 
increased to 44.1% by withering for 24 h, and it was reported that fermenta-
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tion could be achieved in the desired direction by reducing the buffering ca-
pacity with the withering process (Rangrab et al. 2000, Cavallarin et al. 
2005).

Reducing contact with O2 in the environment is an extremely important 
step in terms of reducing the high moisture content of legumes harvested 
during the period when the withering and protein ratio is highest, and then 
reducing aerobic respiration (Rooke, Hatfield 2003). At this stage, the with-
ered product is made into bales in the desired dimensions by using specially 
made coating materials made from PE (polyethylene film) material and  
covered with 4, 6, 8 or more layers depending on the size of the bale. It has 
been determined empirically that depending on the average climate condi-
tions, 18-22 h of wilting should be applied for soybean haylage to reach the 
desired dry matter amount of 40-60% after the harvest is done with a condi-
tioning type mower in Mediterranean climate conditions (Sahar et al. 2020). 

The supply of affordable and high-quality roughage, which is one of the 
inputs of the livestock sector, is known as one of the most important  
problems in terms of animal and human health. Increasing the possibilities 
of using legumes as roughage is a priority study goal of many experts.  
In addition, it is known that soybean, which is an annual plant, has achieved 
important results in different study areas in terms of increasing the nitrogen 
fixing capacity of the soil on which it is planted as forage every year. 

Knowing the effects of the storage period, which is the last stage in the 
transformation of forage soybean into roughage with the haylage technology, 
in terms of quality is important in animal nutrition. The time from storage 
to unpacking is an important factor that affects the supply of quality feed 
and determines the amount of stock required according to the number  
of animals, and this can differ according to each product. 

This study was carried out for 2 years under the Mediterranean climate 
conditions. Silage bales made from two different forage soybean varieties 
were tested to determine the effects of 5 lengths of storage on some quality 
parameters and L, a, b color values. 

MATERIAL AND METHOD

The study was conducted during two trial periods covering the seasons 
in 2018-2019 and 2019-2020. The experiment was carried out at the Eastern 
Mediterranean Agricultural Research Institute (EMARI) Dogankent research 
area (Turkey, Southeast 36°85′ north latitude, 35°34′ east longitude and  
12 m above sea level). The experimental area presented slightly alkaline, 
calcareous clayey loamy soil with pH of 7.8, and the organic matter content 
of 1.07%. Some seasonal climatic data according to the trial years are given 
in Table 1.
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Two soybean forage varieties were used as plant material in the trials. 
The technical characteristics of Yemsoy and Yesilsoy forage soybean varieties 
are given in Table 2.

The dates of the agricultural activities and practices of the two periods 
in the trial are given in Table 3. 

Both varieties were planted over an area of 0.3 hectares each. During 
the two years of the study, the soybean seeds were planted in June. A plant-
ing machine was used, to plant the seeds at 70 cm row spacing, 4.5 cm  

Table 1
Periodic climate data for the 2018-2019 and 2019-2020 trial periods

Months
Temperature (°C) Hu-

midity 
(%)

Precipi-
tation
(mm)

Months
Temperature (°C) Hu-

midity 
(%)

Precipi-
tation
(mm)max averge min. Max Ave. Min.

May 18 31 23 16 72 76.3 May 19 33 23 15 63 6.9

June 18 32 25 19 79 14.0 June 19 37 26 20 77 17.5

July18 32 27 22 82 2.3 July 19 43 27 22 77 3.6

Aug 18 33 28 23 80 0.3 Aug 19 43 28 23 77 3.9

Sep 18 34 26 20 75 17.0 Sep 19 38 26 19 70 1.0

Oct 18 30 21 15 70 44.5 Oct 19 32 22 16 71 46.0

Nov 18 22 16 11 76 54.5 Nov 19 25 16 9 63 26.7

Dec 18 16 11 8 85 274.0 Dec 19 17 11 7 90 506.4

Jan 19 16 10 9 82 287.9 Jan 20 16 9 5 78 203.7

Table 2
Some technical characteristics of soybean forage varieties used in the trial (EMARİ, 2019)

Parameters* Yemsoy Yesilsoy
Fresh fodder yield (t ha-1) 45-60 40-56
Dry biomass yield (t ha-1) 14-20 12-16
Plant height (cm) 150-180 140-150
Growing period medium late medium late

Hay

CP (%) 14-16 15-17
ADF (%) 36-38 33-35
NDF (%) 44-53 42-48
RFV 103-122 120-139

Silage

CP (%) 16-18 18-20
ADF (%) 36-38 33-38
NDF (%) 44-53 46-55
RFV 103-122 110-128

* CP – crude protein, ADF – acid detergent fiber, NDF – neutral detergent fiber, RFV – relative 
feed value
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intrarow spacing and 60-80 kg ha-1 of seeds, the exact amount depending  
on the size of the seeds and according to the 1000 seed weight differences 
between the varieties. 30 kg ha-1 N, 70 kg ha-1 P2O5 and 100 kg ha-1 K2O  
fertilizers were applied to the soil when sowing. Soybean seeds were inocu-
lated with the Bradyrhizobium japonicum bacteria just before planting. 
During both years of the experiment, the trial area was irrigated three 
times, at the beginning of the pre-blooming period of the soybeans, during 
the full flowering stage and the pod development phase. All the harvesting 
was done using a conditioner-type mower at the R6 (full seed stage) develop-
ment stage of the soybeans. The harvested products were left to wither un-
der field conditions for 18-22 h, and then small bales weighing 40-50 kg bale-1 
on average were formed for each treatment (Sahar et al. 2019). These bales 
were covered with 4 layers of 25 cm wide and 25 µm thick polyethylene film 
without adding any additives, and left to storage. The duration of storage 
was applied as 5 in trials with 20-day intervals. Date were evaluated in ran-
domized blocks with three replications according to the experimental design 
of the split plots. The main plot was two varieties (Yesilsoy, and Yemsoy), 
and the sub-plot were five lengths of storage (20, 40, 60, 80 and 100 days). 

DM, pH, FS, CP, NDF, ADF, DDM, DMI, RFV and color scale (L, a, b) 
values formed the data in the study. FS (Uygur 2015), pH (Chen 1997), 
DM% (AOAC 1990) and the crude protein (CP) content (calculated  
as Nx6.25) was determined on soybean and haylage samples by the standard 
Kjeldahl procedure (AOAC 1996) and expressed on the dry matter basis. Acid 
detergent fiber (ADF) and neutral detergent fiber (NDF) were determined 
according to the procedure of Van Soest et al. (1991). 

The DDM%, the DMI% and RFV were calculated using methods and 
formulas reported by Mayouf and Arbounche (2014). The CIELAB color scale 
(L, a, b) was used in the color analysis of the samples collected at the end of 
the fermentation period and evaluations were made according to each color 
scale in the trials (Mc Guire 1992). 

Table 3
Application dates of agricultural activities 

Applications 2018-2019 period 2019-2020 period

Seeding 16 June 2018 20 June 2019
Harvesting 2 October 2018 27 September 2019
Bale making and wrapping 3 October 2018 28 September 2019

Opening haylage bales and sampling dates 
1. Sampling date 23 October 2018 18 October 2019
2. Sampling date 12 November 2018 6 November 2019
3. Sampling date 3 December 2018 26 December 2019
4. Sampling date 24 December 2018 17 December 2019
5. Sampling date 14 January 2019 9 January 2020
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The two-year data obtained in the study were subjected to the analysis 
of variance carried out with the Jump 7.0 statistical package program.  
Multiple comparisons were made according to the ‘LSMeans student’s t’ test 
at a significance level of 5% for the parameters with significant F values. 

RESULTS AND DISCUSSION

The statistical results of the years are given in Tables 4, 5, 6 and 7, and 
the combined variance analysis results of the two years are given in Table 8. 

Table 4 indicates that no statistical effect had incurred on the DM and 
CP of the first year cultivars and the CP of the subjects and the DM and pH 
of the second year cultivars and the pH and CP of the subjects. All the other 
components were statistically effective on the DM, pH and CP at a signifi-
cance level of 1% and 5%. The average of the first-year cultivars indicated 
that the haylages with the storage length of 80 days had the lowest pH level. 

Table 4
Variance analysis results and groups of DM, CP (%DM) content and pH value  

for the 1st and 2nd years 

Variation sources
(%) DM pH (%) CP 

1st year 2nd year 1st year 2nd year 1st year 2nd year
Varieties

Yesilsoy 47.11 48.67 6.09a 6.26 13.47 13.34a

Yemsoy 41.62 53.07 5.94b 6.48 12.71 11.99b

LSD.05 - - 0.13 - - 0.73
Storage lenght

20. day 45.77ab 54.09a 6.08b 6.34 13.32 12.69
40. day 47.62a 49.54b 6.33a 6.29 12.77 12.69
60. day 41.05b 50.75b 6.07b 6.42 12.65 12.81
80. day 44.86ab 49.11b 5.71c 6.49 12.95 12.91
100. day 42.52b 50.85b 5.91bc 6.31 13.77 12.23
LSD.05 4.78 3.05 0.20 - - -
CV (%) 8.8 4.9 2.7 2.2 10.5 13.9

P value
Variety 0.08ns 0.063ns 0.04* 0.136ns 0.191ns 0.0169*

Subject 0.07* 0.028* 0.0001** 0.129ns 0.634ns 0.968ns

Variety x Storage 
length 0.04* 0.296ns 0.168ns 0.025* 0.007** 0.787ns

1st year – 2018-2019 period, 2nd year – 2019-2020 period, DM – dry matter, pH – acidity level, 
CP – crude protein in %DM; * P<0.05, ** P<0.01 significant, ns – not significant. The difference 
between the same letters in the same row and column is negligible.
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The evaluations made according to the years showed that the DM value  
was affected by the varieties and length of storage, while the CP value was 
affected by the factors at the same statistical level during both years. 

When ADF, NDF and RFV data were analyzed according to the years 
(Table 5), it was determined that first- and second-year cultivars had no sta-

tistical effect on ADF and RFV. The RFV value, on the other hand, was not 
statistically affected by the factors during both trial years. 

When the DDM, DMI, and FS values were analyzed according to the 
years, it was determined that the cultivar factor did not have a statistically 
significant effect on any of the three values during both trial years (Table 6). 
While the factors did not have a statistically significant effect on DMI during 
the two years, it was determined that they had a statistically significant  
effect on FS at the 1% and 5% significance level during both trial years. 

In Table 7, it was determined that the varieties had a 5% significance 
level effect on the a color value of the haylages during the two years, but no 
statistical effect on the L and b color values. On the other hand, it was deter-
mined that the fermentation period was effective on the L color value at an 

Table 5
ADF, NDF and RFV 1st and 2nd year variance analysis results and groups

Variation sources
(%) ADF (%) NDF RFV

1st year 2nd year 1st year 2nd year 1st year 2nd year
Varieties

Yesilsoy 36.97 37.55 47.80 45.79b 116.5 121.9
Yemsoy 36.25 38.14 47.49 48.06a 119.4 115.6
LSD.05 - - - 1.8 - -

Storage length
20. day 36.96 ab 39.14 49.86 46.40 112.4 118.5
40. day 34.88c 38.70 45.13 47.25 124.2 116.7
60. day 38.33 a 37.02 47.35 46.60 116.7 120.4
80. day 37.35a 37.72 47.07 48.24 118.9 115.9
100. day 35.53bc 36.66 48.83 46.16 117.6 122.2
LSD.05 1.68 - - - - -
CV (%) 3.7 8.5 7.1 6.9 7.5 11.2

P value
Variety 0.304ns 0.304ns 0.840ns 0.033* 0.463ns 0.103ns

Subject 0.0035** 0.635ns 0.208ns 0.814ns 0.289ns 0.918ns

Variety x Storage 
length 0.108ns 0.05ns 0.083ns 0.031* 0.103ns 0.052ns

1st year – 2018-2019 period, 2nd year – 2019-2020 period, ADF – acid detergent fiber, NDF – neu-
tral detergent fiber, RFV – relative feed value; * P<0.05, ** P<0.01 significant, ns – not signifi-
cant. The difference between the same letters in the same row and column is negligible.
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importance level of 1% during both years, and this factor had no statistical 
effect on the a color value during those years. 

The combined variance analysis results of the years are given in Table 8. 
According to the final results of this analysis, it was determined that the 
cultivars made a statistical difference on HP at a 5% importance level and 
on the a color value at a 1% importance level. It was determined that there 
was a statistically significant difference between the storage lengths on DM 
at a 5% significance level and on pH, FS, L and a color values at a 1% signifi- 
cance level. In addition, in terms of Variety x storage length interaction,  
DM, CP, DMI, RFV and a color values were observed to differ statistically  
at a significance level of 1%, and pH and NDF values – at a significance  
level of 1%. 

According to the results of the combined analysis of variance, it can  
be said that the DDM rate does not differ statistically between the  
storage lengths, although the DDM rate from each storage length is high 

Table 6
Variance analysis results and groups of % DDM, % DMI and FS values  

for the 1st and 2nd years

Variation sources
(%) DDM (%) DMI  

(% of body mass) FS

1st year 2nd year 1st year 2nd year 1st year 2nd year
Varieties

Yesilsoy 60.09 59.64 2.50 2.63 55.38 51.59
Yemsoy 60.65 59.18 2.54 2.51 50.27 51.86
LSD.05 - - - - - -

Storage length
20. day 60.10bc 58.40 2.41 2.60 53.28b 59.39a

40. day 61.72a 58.74 2.59 2.55 46.78bc 52.28ab

60. day 59.03c 60.05 2.54 2.58 44.10 c 49.56bc

80. day 59.80c 59.51 2.56 2.50 66.33a 43.28c

100. day 61.21ab 60.33 2.47 2.61 53.63b 54.11ab

LSD.05 1.31 - - - 7.87 7.21
CV (%) 1.7 4.2 6.7 7.4 12.23 11.4

P value
Variety 0.304ns 0.304ns 0.646ns 0.057ns 0.36ns 0.949ns

Subject 0.0035** 0.635ns 0.409ns 0.871ns 0.0002** 0.0038**

Variety x Storage 
length 0.108ns 0.056ns 0.153ns 0.034* 0.051* 0.336ns

1st year – 2018-2019 period, 2nd year – 2019-2020 period, DDM – digestible dry matter,  
DMI – dry matter intake, FS – Fleig score; * P<0.05, ** P<0.01 significant, ns – not significant. 
The difference between the same letters in the same row and column is negligible.
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(60.77% - 59.25%). Taylor et al. (2017) used pure soybean, soybean-millet 
mixture and pure alfalfa silage in their study to test the digestibility of their 
heifer feed rations, and determined that the digestibility of pure soybean  
silage was better than that of the other roughages. 

The pH value varies between 6.10 and 6.24 in our study. This is sup-
posed to be due to the increase in DM with the withering process in haylages 
as soybean roughages. Similar results were found by Huhnkle et al. (1997), 
and it is reported that the pH value of haylage roughage can be even higher 
than 6.5, depending on the climate conditions in a given country. 

RFV constitutes the most important data in terms of feed quality. It has 
been determined that RFV is not statistically affected by the experimental 
factors, and it can be said that all storage lengths have the same characte- 
ristics statistically. According to the RFV scale developed by Mayouf and 
Arbounche (2014), it has been determined that all silage samples achieved 
the second quality class value (115.49-120.20). It is necessary to choose  
the silage with the lowest statistical pH value to determine the best variant. 
In this case, the silages with the statistically lowest pH values were sub- 

Table 7
Variance analysis results and groups of L, a, b values for the 1st and 2nd years

Variation sources
L a b

1st year 2nd year 1st year 2nd year 1st year 2nd year
Varieties

Yesilsoy 34.24 31.91 4.69a 3.54a 15.74 14.00
Yemsoy 31.63 32.90 2.44b 1.96b 15.15 14.25
LSD.05 - - 1.1 0.87 - -

Storage length
20. day 26.83c 26.83b 2.89 2.89 18.30 18.30a

40. day 32.64b 33.31a 3.57 3.10 12.02 14.66b

60. day 33.48b 33.61a 3.65 2.49 16.54 12.94bc

80. day 34.49ab 33.18a 3.69 2.67 13.09 11.37c

100. day 37.24a 35.10a 4.05 2.60 17.27 13.35bc

LSD.05 3.43 3.52 - - - 2.34
CV (%) 8.5 8.9 35.8 31.27 27.9 13.6

P value
Variety 0.07ns 0.152ns 0.012* 0.032* 0.652ns 0.739ns

Subject 0.0002** 0.0014** 0.638ns 0.75ns 0.093ns 0.0002**

Variety x Storage 
length 0.123ns 0.252ns 0.164ns 0.102ns 0.699ns 0.062ns

1st year – 2018-2019 period, 2nd year – 2019-2020 period, L – brightness, a – redness, b – yellow-
ness; * P<0.05, ** P<0.0 significant 1; ns – not significant. The difference between the same 
letters in the same row and column is negligible.
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jected to the 6,10 and 80 days and 6,11 and 100 days lengths of storage.  
Furthermore, the fact that the calculated FS value during this period was 
statistically the highest brings these two variants to the fore. According  
to these results, in terms of quality, practitioners can be recommended to use 
roughage left to ferment for 80 or 100 days in soybean haylage. Since there 
is no statistical difference between cultivars, both cultivars are considered  
to be suitable for haylage technology.

The R2 test was performed in the study to determine the relationship 
between color values and some quality parameters, and no significant rela-
tionship could be found between the parameters (Table 9). 

An examination of the color parameters after 80 and 100 days of fermen-
tation revealed that the the L brightness value of 36.17 of the haylage which 
had been left for storage for 100 days was statistically the best. It is thought 
that the high brightness value could be an effective factor in animal prefer-
ences. It was determined that the brightness L and yellowness b values did 
not change statistically according to the cultivars, but the L and b color  
values were affected by the fermentation time at a significance level of 1%. 

Table 9
The level of relationship between some quality parameters and L, a, b values

x-axis y axis Equation R2

RFV

L y = -0.0016x + 32.870 2E-05

a y = -0.0185x + 5.3588 0.023

b y = -0.0376x + 19.249 0.015

(%)NDF

L y = 0.0084x + 32.278 6E-05

a y = 0.0375x + 1.3891 0.009

b y = 0.1132x + 9.4366 0.013

(%)ADF

L y = 0.0646x + 35.082 0.001

a y = 0.0424x + 1.5861 0.006

b y = 0.1413x + 9.5265 0.011

(%)CP

L y = -0.375x + 37.506 0.022

a y = 0.2675x + 0.2819 0.090

b y = -0.125x + 16.4 0.003

pH

L y = -0.7702x + 37.45 0.002

a y = -0.7931x + 8.0808 0.025

b y = -2.7686x + 31.952 0.047

(%)DM

L y = -0.0074x + 33.026 0.0001

a y = -0.0008x + 3.206 1E-5

b y = 0.0024x + 14.674 1E-5
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In a study conducted by Ince and Vurarak (2019) on a similar subject, it was 
found that the color change in roughage could be determined by following the 
L and b values and that NYD also decreased with the haylages prepared as 
legume + wheatgrass mixtures in response to the 50% decrease in L, b color 
values at the end of 55 days of fermentation. 

CONCLUSION

Soybean haylage as bale silage made by using two different forage  
soybean varieties, Yesilsoy and Yemsoy, was stored for 20, 40, 60, 80, and 
100 days. As a result of the examinations and analyses of samples at the  
end of the storage, it was determined that the silages stored for 80 and 100 
days stood out statistically in terms of pH, RFV and L brightness values 
compared to the other treatments. At the end of the study, it was observed 
that the RFV value increased by increasing the brightness value.
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