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ABSTRACT

This study was carried out in Adana province for two years (2016, 2017) to determine the effect of wilting
times on soybean haylage. All of the harvests were made using the conditioner mower in the development
phase of soybean R6. The harvested soybean forage was allowed to wilt for 4 different wilting times under field
conditions. Small-scale haylage bales of 40-50 kg weight were prepared for each subject. These bales were
wrapping with 4 layers of polyethylene material without any additives and storage to ferment for 60 days. The
wilting time was based on crude protein, acid detergent fiber, neutral detergent fiber, digestible dry matter,
dry matter consumption and relative feed value was found to have an effective statistical significance at 1%
(p<0.01) significance level. Furthermore, it was determined that wilting time was effective at 1% (p <0.01)
significance level on haylage bales weight, dry matter content, pH and haylage bales density. As a result, it was
determined that the highest value in terms of relative feed value were obtained by wrapping the haylage after
18h - 22h of wilting. In addition, it was determined that in terms of crude protein, roughage quality was
reduced by 31.4% on average with 80h wilting compared with the other applications.
Keywords: Duration of wilted, Legume forages, Process, Relative feed value, Roughage

INTRODUCTION

In addition to human nutrition, the green parts and
seed of soybean, a member of the legume family, are
among valuable nutrients as animal feed. Roughage, the
importance of which increases in ruminant nutrition in
Turkey every day, is made in different ways and added to
rations. Soybean silage has started to be mixed with maize
silage albeit not extensively because of its high protein
content. However, the use of pure soybean is almost
negligible. One of the reasons for this is that because the
buffer capacities of forage legume like the soybean makes
it harder to silo compared with poaceae forage (Dewhurst
et al., 2003). It is recommended that forage legumes are
wilted before storage or that some additives are added to
resolve this problem (Uygur, 2018). Taylor et al. (2017)
use non additive soybean, soybean mixture and alfalfa
silages to test digestibility in heifer ratios and found that
the digestibility of non additive soybean silage was better
than the other roughage used. According to the
researchers, the potential for non additive soybean silage
as roughage is rather high. In their study of soybean silage
Rosal et al. (2018) compared soybean silage with and
without additives in terms of some parameters. As a result,
it was determined that the population of Lactic Acid (LA)
Bacteria from day 1 to day 56 of fermentation gradually
increased in subjects without additives. Some additives
must be mixed into traditional silages in certain amounts
to protect the quality of forage legumes. However, this
leads to an increase in unit costs. In recent years some

One of the main problems encountered in dairy cattle
breeding are the various difficulties experienced in
obtaining roughage producted from high-leguminous feed
crops. Rough feeds made from soybean (Glycine max L.
Merr.) have attracted attention in recent years as a
valuable protein source that can be used as an alternative
to very expensive protein sources in ruminant nutrition
(Mccandlish, 2017). Corn ensilage with traditional
methods is widely used as a source of roughage as is the
case in countries throughout the world. The basic reasons
for widely of corn for source silage purposes are the high
yield, the ease with which it can be ensiled and its high
energy value as a feed source (Carpıcı et al., 2010).
However, when the sources of carbon emission in
agriculture are examined, it has been determined that the
carbon emission generated during corn silage production
is high (Sezer, 2014). In addition, due to the low protein
content of maize silage, different rations of high protein
content are needed. Geren and Kavut (2015) emphasized
that any attempt to benefit from new forage crop
production alternatives are of vital importance the
Mediterranean conditions of west and south part of
Turkey
which represents many favorable factors for
crop growth. Soybean can be planting as second crops
after grain harvest in Mediterranean climate conditions
(Ilker, 2017).
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studies report that it is possible to maintain haylage, one
of the roughages the use of which has increased as an
alternative to traditional silage without using additives
with the legume or wheat forages (Yaman and Sonmezler,
2011; Franco et al., 2018).

quality of the haylage had superior qualities compared to
other subjects. In her study, Vurarak (2016) harvested two
different fodder crop mixtures with different harvesting
machines and storage them in three different ways
(traditional silage, haylage and dry hay). At the end of the
study, it was determined that coarse fodder which is
storage as haylage in both mixtures is higher compared to
the other Relative Feed Value (RFV) fodder production
methods.

Haylage, which is one of the roughage techniques, is
prepared by compressing harvested fodder plants into
bales and then leaving them in an airless medium by
wrapping them in polyethylene plastic and the dry matter
content is desired to be 40-60%. It has been reported that
these roughages are more valuable feeds compared to dry
grass and traditional silage in terms of dry matter and
nutrient losses (Schroeder, 2004). In haylage tecniques,
the product is either wilted or allowed to complete its
development until it reaches the desired Dry matter (DM)
content level. However, it is known that during the time
that the content of DM is expected to reach the desired
level a decrease in the nutrient, digestibility and some
quality values incur with the aging of the plant (Buxton,
1986; Christen et al., 1990). Instead of this process, the
producer has the possibility of harvesting the highest
protein ratio of the plant in the period when the DM ratio
is low with the wilting process. The average increase in
the DM level is about 1% per hour per day during wilting.
Baling of fresh plants with 75-85% moisture content
without wilting causes abnormal low temperature
fermentation, which results in increased moisture content
and undesirable production of clostridial organisms
leading to ) increased Butyric Acid (BA) and the
degradation of silage. In their study O’Kiely et al. (2002)
harvested a lolium perenne with a conditioner harvesting
machine and storage it to wilt for 24, 48 and 72 hours. At
the end of 295 days of fermentation silage which had been
wilted at a minimum revealed Crude Protein (CP) and
digestible DM ratios of 171, 744 g kg-1 respectively, the
values for medium wilted silages was 172, 754 g kg-1
while the values for highly wilted silage were measured as
171, 733 g kg-1. Among all the values, those after 47 hours
of wilting gave the best results. Muller et al. (2007)
carried out a study in which they used and harvested three
different fodder plants mixed at different ratios and
harvested the product with a conditioned harvesting
machine. After harvesting, they were wilted until three
different DM contents (350, 550 and 700 g DM kg-1) were
obtained. The obtained silage and haylage was storaged to
ferment for 2 different periods (2 and 14 months). At the
end of the study, it was determined that the fermentation
of the subjects compared to traditional silage was limited.
The CP rates in DM were determined as 108, 104, 98 g
kg-1 in silage and low-high DM content, respectively. It
was determined that the CP rate in haylage decreased as
the content of DM increased. In traditional silage, the pH
levels were found to be 4.8 and 4.5 for 2 and 14 months
respectively and in the low DM content haylage the
contents were 5.62 and 5.48 for 2 and 14 months
respectively and they increased up to 6.84 and 6.59 in
high DM content haylage. In their study Yaman and
Sonmezler (2011) produced haylage silage with different
plant materials and compared them in terms of dry grass
roughage quality parameters and determined that the

The application of the haylage method in soybean
which is a legume plant is important in providing an
alternative to fill the gap in quality roughage. Touno et al.
(2014) carried out a study with soybeans and Italian
ryegrass without using any additives and compared the
separately manufactured silages in terms of protein,
digestibility and nitrogen balance of wheat bran. At the
end of the study, it was determined that soybean silage
was superior to other feeds in terms of protein content and
CP content insoluble in Acid Detergent Fiber (ADF).
Furthermore, it was determined that phytoestrogen
content, which would make soybean silage have a
negative affect on reproduction, was below the limit
value, ie it had no negative effect on reproduction. It has
been reported that soybean haylage has no negative effect
on the digestion and nitrogen balance in sheep nutrition
and therefore it could be used as an alternative protein
source to wheat bran in the diets of small ruminants. In
another study, it was reported that soybean feed could be
successfully used in ruminant feeding with energy and
digestible nutrients which can be used because of the
lesser effect of methane emissions on the environment
(Lima et al., 2013). In addition, it is emphasized by
researchers that forage soybean has an important place in
leguminous feeds with its high nutritional value and low
cost (Vargas et al., 2008; Chang et al., 2012; Drewnoski et
al., 2012; Mccandlish, 2017).
This study focuses on determining the effects of
wilting time on quality in non additives soybean haylage.
MATERIALS AND METHODS
Materials
The trials were carried out in the Eastern
Mediterranean Agricultural Research Institute (EMARI),
Dogankent location in Adana province located in the
Mediterranean Climate Zone. The trial location is
36°85’north latitude, 35°34’east longitude and the
elevation from sea level is 12 m. Some climate data are
given in Table 1 for the two years of trials conducted in
2016 and 2017.
Yesilsoy, soybean variety was used in the trial as plant
material. This variety has a long oval leaf and semiupright growth in the IV. maturity group. Plant height
average ranges between 110-150 cm, green grass yield
between 40 000-56 000 kg ha-1, dry hay yield between 12
000-20 000 kg ha-1 and seed yield between 3 500-4 000 kg
ha-1 (EMARI, 2018).

27

Table 1. Climate data for the experiment area (2016 - 2017)

Months
April
May
June
July
August
September
October

Max.
2016 2017
33
35
33
33
41
37
39
43
39
43
36
38
35
32

Temperature °C
Ave.
Min.
2016 2017 2016 2017
19
23
6
12
21
21
11
11
26
25
17
14
29
29
20
19
29
29
20
21
26
26
11
16
23
22
12
12

Humidity %
2016 2017
61
63
69
70
64
68
65
63
68
66
60
64
51
51

Other climate data
Wind km h-1
Precipitation mm
2016 2017 2016
2017
10
11
30.22
38.87
10
10
20.56
109.7
9
9
4.57
28.96
9
10
0
0
9
9
9.91
0
10.5
9
17.27
1.05
10
10
1.02
28.95

Source: http://mobile.wunderground.com/history/airport/LTAG/2017/10/31/DailyHistory.html,
http://mobile.wunderground.com/history/airport/LTAG/2016/10/31/DailyHistory.html

Methods

(AOAC, 1990), ADF %, NDF % (Van Soest et al., 1991),
digestible DM %, dry matter consumption DMC % and
RFV (Mayouf and Arbounche, 2014) and calculated as
indicated in literature. The two-year data obtained from
the study was subjected to variance analysis by statistical
package program. Multiple comparisons according to
‘LSMeans student’s t’ test was carried out for parameters
with F values at a significance level of 5% significance
level of F-parameters.

The experiment was designed as a randomized plot
design with three replications. The trial subjects were
determined as 4 different wilting times, namely systems
(S1: 1h, S2: 18h, S3: 22h and S4: 80h). At the end of the
wilting time, the products were wrapped with 4 layers of
polyethylene (PE) wrapping material (the thickness of the
PE material was 0.025 mm, its width 25 cm, white in
color with 70% elasticity). During the two years of the
experiment, planting was done in the third week of June
under second crop conditions using 70 kg ha-1 seed. With
the planting, 30 kg ha-1 N, 70 kg ha-1 P2O5 and 100 kg ha-1
K2O fertilizer were used and the seeds were inoculated
with Bradyrhizobium japonicum bacteria before planting.
Individual plots consisted of 4 rows 50 m long and 70 cm
apart. The seed were sown in line pneumatic seed machine
on second week of june and with 70x5 cm distance in two
year. Two manual hoeings and one tractor aided hoeing
was carried out during the whole production season. After
planting, the experiments were irrigated with 4-times
furrow irrigation prior to flowering, full bloom and full
pod stage. Insecticide has been applied once against white
fly and thripe. Harvest time for the trials was second week
of August in first year and first week of August in second
year taking into account the maximum seed formation
period of R6 period reported by Sahar (2017). A
conditioner mower capable of a working width of 240 cm
(Kuhn), a baler (RB50) for haylage bales making, and a
bale wrapping machine (RS50M) for wrapping were used
for the harvests.

RESULTS AND DISCUSSION
According to the two-year combined variance analysis,
it was determined that wilting times (S) had a statistical
impact on haylage bales weight (p <0.01), haylage bales
density (p <0.01), pH (p <0.01) and DM (p <0.01) (Table
2). It has been determined that haylage bale weight
decreases at a rate of 49.4% as the wilting times
progressed from 1h to 80h after harvest. The loss in bale
weight with between 1h and 18h of wilting was
determined as 15%, while wilting between 1h and 22h
incurred a weight loss of 32.7%. This shows that there is
an average weight loss of 0.89% - 1.56% per hour. When
the subjects were examined in terms of bale density, it
turned out that the subjects changed in parallel with the
bale weight.
It was determined that the DM content was affected by
the test wilting times and the ratio of DM increased by
137.8% between 1h and 80h. This shows that the DM
content increased by 0.68%-1.75% on average every hour.
Likewise, Polak and Jancovo (2006) carried out a study in
which they harvested grass and mixed fodder crops and
left them to wilt and measured DM content for 2 days in
the morning and in the afternoon for a total of 4 times.
They reported that DM content increased with the increase
of wilting time. There are also drawbacks to over wilting.
The feed, which has less moisture than the recommended
moisture content, warms up and undergoes loss at harvest
and during storage and the digestible amounts are also
reduced (Sullivan and McKinlay, 1998)

The resulting haylage bales were storaged to ferment
for 60 days and subsequently opened according to the
subjects and sampled these samples were dried in the oven
at 78 ° C for 48 hours and ground (≤ 0.2 mm). Bales
weight and density of haylage according to subjects
(Vurarak, 2016), DM % (AOAC, 1990), pH (Chen, 1997),
nitrogen content was determined by the Kjeldahl method
and the determined nitrogen was multiplied by 6.25% CP
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Table 2. Changes in the DM, pH, bale weight and density in soybean haylage according to the duration of wilting
Varianc
e source
S1
S2
S3
S4
LSD.05
CV(%)

Bales weight (kg bale-1)
2016
2017
Ave.
46.72a
43.00a
44.86a
46.18a
30.08b
38.13b
31.47b
28.89b
30.18c
21.58c
23.88b
22.73d
1.31
7.83
5.55
13.4
12.4
13.0

2016
27.63c
31.26bc
36.80b
68.26a
6.92
8.4

DM (%)
2017
26.91c
29.53c
38.25b
61.48a
7.12
9.1

0.0170*

Y
S

Ave.
27.27c
30.39c
37.52b
64.87a
4.42
8.7
p value

pH
2017
5.02c
5.44b
5.18bc
5.90a
0.38
3.5

2016
4.02b
3.38b
3.69b
4.99a
0.81
10.1

Ave.
4.52b
4.41b
4.43b
5.44a
0.40
6.8

Density (kg m-3)
2016
2017
Ave.
401.84a
369.82a
385.83a
397.14a
258.71b
327.93b
270.67b
248.48b
259.57c
185.64c
205.42b
195.53d
84.05
67.36
47.89
13.4
12.4
13.0

<0.0001*

0.2015ns

0.0179*

*

0.0019*

0.005*

<0.0001*

<.0001*

<.0001*

<0.0001*

0.0136

0.0065*

*

*

*

*

*

*

*

*

0.0003**

0.0019*

0.0005*

<0.0001*

*

*

*

YxS
0.0222*
0.2730ns
0.0323*
0.0220*
* p˂ 0.05; ** p˂ 0.01 Significant within error limits; ns: Not significant; S: Wilting time; S1:1h, S2:18h, S3:22h, S4:80h; KM: Dry matter; Y: year

In terms of pH value in soybean haylage it was
reported that 1h, 18h and 22h wilting times were in the
same statistical group, the lowest pH value was found to
be 4.41 with 18h wilting. It was determined that the
average pH value increased up to 5.44 and DM content up
to 64.87% with 80h of wilting. The content of DM is
thought to show a parallel change with the pH value.
Orosz et al. (2008) obtained a similar result in a study of
clover after harvesting and wilting clover for 4h and 12h
and determined that the pH values of haylage wilted for
4h were less than the values of the other subject. The
researchers reported that pH values increased with the
wilting time.

statistically affected with 1h, 18h and 22h wilting times
and they were in the same group but the highest CP value
was obtained with 1h of wilting. While the average CP
rate obtained with 1h, 18h and 22h of wilting was 12.54%,
it was determined that this value decreased by 31.42% and
decreased down to 8.6% with 80h of wilting. It is believed
that with the increase in the amount of DM and increased
leaf losses reduce the amount of CP during baling.
Similarly, in their study Muller et al. (2007) reported that
CP content decreased with the increase of wilting time in
three different fodder crops. Furthermore, in their study,
they reported that albeit different, the ratio of pH
increased to 5.48 - 6.84 in each of the three fodder crops,
as the amount of DM increased. In their study, Franco et
al. (2018) cut and wilted alfalfa and meadow grass for 4h
and 24h and examined the CP contents of the obtained
silage liquid. It was reported that the CP content of the
liquid from the silages wilted for 4h were almost 2 times
more than the other subject and 4h of wilting was
recommended for traditional silage in Finnish conditions.

According to variance analysis, it was determined that
the CP, ADF and neutral detergent fiber (NDF) values of
the subjects were affected with a 1% (p <0.01)
significance level by the wilting times (Table 3). When
the CP values of haylage was examined according to the
subjects, it was determined that the CP rate was

Table 3. Change of CP, ADF and NDF values of soybean haylage according to the duration of wilting (%)

Variance source
S1
S2
S3
S4
LSD.05
CV(%)
Y
S
YxS

2016
14.19a
12.83ab
11.15b
6,78c
2.25
10.0

0.0009

**

CP
2017
11.67
13.25
12.15
10.42
11.6

0.194

ns

Ave.
12.93a
12.20a
12.49a
8.60b
1.58
10.8
0.245ns
0.0002**
0.0053**

2016
40.47a
37.64ab
35.22b
40.55a
4.27
3.3
p value
0.063

*

ADF
2017
43.68a
40.78b
39.85b
39.27b
2.02
2.5

0.0075

**

Ave.
42.07a
38.00b
38.74b
39.91b
2.11
4.2
0.0042**
0.0067**
0.0286*

2016
58.70a
48.94c
50.89bc
55.46ab
4.57
4.2

0.0074

**

NDF
2017
54.22a
46.78b
47.71b
50.53ab
6.29
6.3

0.097

*

Ave.
56.46a
47.86b
49.30b
53.00a
3.45
5.3
0.0068**
0.0007**
0.8183ns

* p˂ 0.05; ** p˂ 0.01 Significant within error limits; ns: Not significant; S: Wilting time; S1:1h, S2:18h, S3:22h, S4:80h; Y: year; CP:
Crude protein; ADF: Acid detergent fiber; NDF: Neuntral detergent fiber

It was determined that the subjects of 18h, 22h and
80h wilting duration in soybean haylage were statistically
in the same group in terms of ADF value and that ADF
value decreased compared to the 1h wilting period. In
NDF value, 1h and 80h wilting times were in the same
group and reached the highest value compared to the other
subjects. Generally, dry matter intake is reduced when the
percentage of NDF increases (Joachim and Jung, 1997).

Table 3 shows that subjects with low ADF and NDF
values were obtained with 18h and 22h wilting times. In
their study, Keles et al. (2009) wilted British turf for 24,
48 and 72 hours and left the resulting product to ferment
for 295 days as bale silage. It was determined that the
effect of wilting time on DM, digestible DM ratios and
Raw Ash had a 1% significance level.
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According to variance analysis, it was determined that
the significance level that wilting time subjects had on
Digestible DM, DMC and RFV values was 1% (p <0.01).
Statistically it was found that 18h, 22h and 80h wilting
times were in the same group and they had higher
Digestible DM than 1h wilting. However, Table 4 shows
that the subject with the highest proportion of Digestible

DM is 59.9% with 18h. Statistically, it was determined
that the wilting times from 1h to 80h and 18h to 22h were
in the same group but the highest DMC values were
obtained from 18h and 22h wilting period. Depending on
the feed quality, the feeding behavior of animals, feed
consumption, feed digestibility and its conversion into
animal products varies (Van Soest, 1994).

Table 4. Changes in Digestible DM, DMC and RFV of soybean haylages according to wilting times

Variance source
S1
S2
S3
S4
LSD.05
CV(%)
Y
S
YxS

(%)Digestible DM
2016
2017
Ave.
57.37
54.86b
56.12b
61.46
57.12a
59.29a
a
59.57
57.12
58.71a
a
57.30
58.30
57.80a
1.58
1.62
2.8
1.38
2.2

0.063ns

0.0075**

0.0042**
0.0067**
0.0286*

2016
2.04b
2.45a
2.35a
2.16b
0.18
4.0
p value
0.0067**

(%)DMC
2017
2.21
2.56
2.52
2.38
6.1

0.1ns

Ave.
2.13b
2.51a
2.44a
2.27b
0.15
5.1

2016
90.94b
116.81a
108.98a
96.38b
10.56
5.1

RFV
2017
94.23b
113.83a
113.11a
107.59a
12.39
5.8

0.0073**
0.0009**
0.9322ns

0.0035**

0.027*

Ave.
92.58c
115.32a
111.04a
101.98b
7.19
7.2
0.1235ns
<0.0001**
0.2619ns

* p˂ 0.05; ** p˂ 0. Significant within error limits; ns: Not significant; S1:1h, S2:18h, S3:22h, S4:80h; Y: Year; S: wilting time;
Digestible DM: Digestible dry matter; DMC: Dry matter consumption; RFV: Relative feed value;
%Digestible DM=
88,9-(0,779*%ADF); %DMC=120/%NDF; RFV= ((88.9 - (0.779x%ADF))x(120/%NDF)/1.29)

According to the evaluations made for RFV, it was
determined that the haylage obtained from a 1h wilting
period were the lowest in RFV and the highest RFV was
found in the 18h and 22h wilting period. It was
determined that on average, product wilted for 18h or 22h
had a 22.26% higher RFV than the product wilted for 1h.
The feed quality decreases as the relative feed value falls
below 100 and increases when it rises (Redfearn et al.,
2006).

products in terms of RFV which is the ultimate target of
harvesting plants in the R6 phase for soybean haylage and
wilting them for 18h - 22h without the use of any
additives and storing them. Trying similar studies also in
large-scale haylage bales is important in terms of
confirming the same results.
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