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Fermentation and silage quality of sorghum (Sorghum bicolor 
L. Moench) grown with organic fertilise
Fatma Akbaya, Mustafa Kizilşimşekb and Adem Erolb

aDepartment of Field Crops, Faculty of Agriculture, Malatya Turgut Ozal University, Malatya, Türkiye; 
bDepartment of Field Crops, Faculty of Agriculture, Kahramanmaras Sutcu Imam University, 
Kahramanmaras, Türkiye

ABSTRACT  
Sustainable agriculture includes environmentally conscious 
production practices such as the use of organic fertilisers, green 
fertilisers, effective water usage techniques, crop rotation 
systems, and biological control of pests, diseases, and weeds. 
Organic fertilisers increase crop yields and soil fertility without 
endangering environmental health. On the other side, ensiling 
depends on epiphytic microorganism flora, such as lactic acid 
bacteria, enterobacteria, mold, and yeast. The source of LAB is the 
epiphytic flora on plant material, and its main source is soil. 
Therefore, introducing fertilisers to the soil might modify the 
microflora of silage, thereby altering both the soil and sillage 
qualiity. A study was done for a period of two years, from 2020 to 
2021, to evaluate organic fertilisers such as vermicompost, bovine 
dung, sheep manure, gyttja, and chicken manure with traditional 
systems. The results obtained for plant height, number of leaves, 
and fresh forage production demonstrated that chicken manure 
was similar to typical nitrogen application in terms of yield. 
Additionally, the effect of fertiliser on forage sorghum yield was 
different depending on plant cultivar. The findings indicated the 
beneficial application of chicken manure in sorghum cultivation, 
as it improved the production of sorghum plants relative to 
conventional nitrogen fertilisers.
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Introduction

The increased use of inorganic fertilisers has both positive and negative effects. While it 
contributes to food security, it also causes soil acidification and salinisation, water con
tamination, loss of soil fertility, nutrient imbalances, greenhouse gas emissions, and loss 
of beneficial soil organisms (Chen et al. 2001). Greenhouse gas emissions have also 
become an international concern as a result of the increasing use of chemical fertilisers 
(Islam et al. 2022). Continually high levels of chemical fertilisers are not sustainable, and 
ecological principles and regulations should be followed in agricultural activities. There
fore, applications such as ‘Ecological Agriculture’ and ‘Sustainable Agriculture’ have been 
developed to mitigate the adverse effects associated with conventional farming methods 
(Soyergin 2003).
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The production of food and other agricultural products at an environmental cost 
that does not compromise future generations’ access to food and general well-being 
is known as sustainable agriculture. It also incorporates environmentally friendly 
production models such as organic and green fertilisers, crop rotation systems, 
efficient water use techniques, and biological control of pests, diseases, and weeds 
(Robertson 2015). Organic waste contains mineral nutrients, water, and organic 
matter, and it’s used to increase plant production and prevent them from harmful 
pests without polluting the environment. Hui et al. (2017), defined that the appli
cation of organic fertilisers instead of chemical fertilisers was one of the most 
eco-friendly. There are many different sources of organic fertiliser. Their use is 
becoming increasingly widespread around the world. Saltalı (2015) reported that 
due to its high humic content, gyttja manure can be used in agricultural fields. 
Addition, Oagile and Namasiku (2010) impressed that chicken manure is preferred 
over other animal wastes due to its high concentration of macronutrients. Xu 
et al. (2016) expressed that vermicompost could improve plant growth and soil sal
inity. Khaliq et al. (2006) reported that the influence of organic fertilisers on plant 
yield is slow and changeable.

Silage sorghum (Sorghum bicolor L.) is a forage plant widely used for silage pro
duction due to its high biomass yield, allowing for multiple harvests during the 
summer months; suitability for mechanised agriculture; suitability for second crop
ping and rotation systems; suitability for livestock feed; and good nutritional compo
sition, such as carbohydrates, proteins, fibre, minerals, and vitamins (Sağlamtimur 
et al. 1998; Cothren et al. 2000). Addition, valued for its high energy content and 
digestibility, makes it a valuable feed source for ruminant animals such as cattle, 
sheep, and goats. Sorghum plants using the C4 photosynthetic pathway have an 
efficiency advantage, especially in hot and dry environments (Mullet et al. 2014; 
Tiryaki 2005; von Caemmerer and Furbank 2016). According to Newman et al. 
(2013), requiring less N fertilisation, the sorghum needs an average of 30% less 
water than maize to deliver good forage yield. Therefore, in most areas it is con
sidered an alternative to maize plants. Sorghum plants produce more biomass 
than other cereal plants, which provides and naturally exploits more nutrient 
elements in the soil. Therefore, excessive amounts of chemical fertilisers are 
applied to ensure a high yield rate in the query plant. However, adverse effects of 
chemical fertilisers on the soil and the environment, the use of organic fertiliser is 
increasingly widespread due to its eliminating effect on the beneficial microorgan
isms in the ground. On the other hand, ensiling is the important forage source 
obtained as a result of the natural lactic acid fermentation of rich, fresh forage 
under anaerobic conditions (Dunière et al. 2013). Ensiling depends on epiphytic 
microorganism flora, such as lactic acid bacteria (LAB), enterobacteria, mold and 
yeast. The desired microorganisms in the silage are primarily LABs. The source of 
LAB is the epiphytic flora on plant material, and its main source is soil (Kızılşimşek 
et al. 2016). Therefore, applications to the soil can also change the microflora of 
silage, as it can affect the yield of soil and plants.

The aim of this study was to evaluate the performance of the various fertilisers, such as 
vermicompost, cattle manure, sheep manure, gyytja, chicken manure, and traditional 
nitrogen application, on silage sorghum.
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Materials and methods

Experimental locations, climate and soil description

A field experiment was conducted during the period (May-September 2020 and 2021) in 
the Faculty of Agriculture Engineer, University of Kahramanmaras Sutcu Imam in Kah
ramanmaras, Türkiye. The influence of different fertiliser treatments (vermicompost, 
cattle manure, sheep manure, gyytja, chicken manure, and traditional nitrogen appli
cation) on the growth and forage yield of Nes and Jumbo cultivars. The soil was deter
mined to have a clay loam (70.4) texture, with a pH of 7.54, indicating a slightly alkaline 
condition. It was found to be non-saline, low in organic matter content, and had good 
levels of potassium and phosphorus.

Some climatic data in the region are given in Table 1. It has been concluded that the 
total amount of precipitation is insufficient for sorghum cultivation, and irrigation is 
necessary. Available relative humidity in 2020 was higher than in 2021. The average 
temperature was determined to be 27.11°C in 2020 and 27.08°C in 2021.

Experimental design and treatment

The trial plan was arranged in split plots in a completely randomised block design with 3 
replications. Organic fertiliser applications and sorghum cultivars were placed as the 
main plots and sub-plots, respectively. Each sub-plot consisted of 4 planting rows with 
a spacing of 70 cm between rows and a length of 5 m. A distance of 2 m was left 
between the blocks. The experimental area covered an area of 19 m x 37.1 m =  
704.9 m². Organic fertilisers applied for the sorghum mixture were applied as 1.6 ton 
da−1 gyttja, 0.8 ton da−1 vermicompost, 1.2 ton da−1 sheep manure, 1.4 ton da−1 cattle 
manure, and 1.0 ton da−1 chicken manure, which are corresponding to traditional nitro
gen application doses of 25 kg da−1.

Forage yield measurement
Plant height: Ten plants were randomly selected from the 2nd and 3rd ridges of each 
individual plot, and the plant was measured and recorded in (cm). The number of 
leaves: Ten plants were randomly selected from the 2nd and 3rd ridges of each individual 
plot, and the number of leaves was determined. Fresh forage yield: When the sorghum 
plant reached the pulp stage, an area of 5.6 m² was cut with a sickle and immediately 
weighed into da. Hay yield: The green forage of the 5.6 m² was left to dry in an oven 
until a constant weight was reached, then final dry matter yield was calculated in da. 
When the sorghum reaches the pulping period, all parcels are harvested.

Table 1. Climatic data of Kahramanmaraş province for silage sorghum vegetation period.
Precipitation (mm) Temperature (°C) Relative humidity (%)

2020 2021 Long years 2020 2021 Long years 2020 2021 Long years

May 23.00 12.00 38.8 21.16 23.15 20.1 54.44 47.76 54.7
June 0.00 0.00 8.6 25.24 26.02 24.9 50.21 48.12 49.2
July 0.00 0.00 2.7 30.75 30.69 28.3 46.43 43.12 44.2
August 0.00 2.60 2.2 29.65 30.25 28.4 40.95 44.82 48.76
September 0.00 2.40 11 28.75 25.28 25 42.86 45.73 45.41
Total/Mean 23.00 17.00 63.3 27.11 27.08 25.34 46.98 45.91 48.45
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Silage fermentation and quality analysis
Plant samples of sorghum were cut separately in a silage chopping machine to approxi
mately 2–4 cm. Afterward, approximately 500 g of the treatment sorghum samples were 
placed in special plastic silage packages, and the mouth was compressed automatically. 
Three silage packages were prepared for each treatment. In order to determine the 
initial dry matter content (DM T0), approximately 100 g of the chopped sample was 
dried in an air-forced oven at 70 °C for 48 hours. Silages were opened after 60 days 
and analysed for pH, dry matter (DM), crude protein (CP), crude ash (CA), ether 
extract (EE), neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid deter
gent lignin (ADL). Approximately 100 g samples were taken from each opened silage 
package and kept in an oven at 70 °C for 48 hours, and DM (T60) was determined. 
The dried forage samples obtained were ground in a grinding machine with a 1 mm 
sieve and made ready for analysis. The nitrogen content of the silages was determined 
using the Kjeldahl method, and then CP content was calculated by multiplying it by 
6.25 times. Ash by igniting the samples in a muffle furnace at 525 °C for 8 hours 
(AOAC 1990). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) of the 
silages were determined by the method of Van Soest et al. (1991).

pH measurements 20 g samples were taken from the fresh material from T0 and T60 
forages, 180 ml of Ringer solution were added, and mixed with a blender at high speed for 
one minute. Silage extracts were filtered through Whatman 54 filter paper and microor
ganism counts were made by making ten-fold dilution series. Lactic acid bacteria 
numbers were determined by pour plating in MRS agar with double overlaying for 
anaerobic conditions, and plates were incubated at 36 °C for 48–72 h. Enterobacteria 
counts were enumerated by pour plating in VRBD agar with a single overlay, and 
plates were incubated at 36 °C for 18 h. Yeast and mold counts were enumerated by 
pour planting MEA acidified with lactic acid to pH 4 and with a single overlay, and 
plates were incubated at 32 °C for 48 h.

Statistical and correlation analysis
The statistical calculations for the data obtained in this study were performed using a 
split plot in a randomised complete design with the statistical programme JMP.

Results

Forage yield measurement
Sorghum plant length was significantly affected by year (p < 0.01), varieties (p < 0.01), 
fertiliser (p < 0.01), Y × C (p < 0.01), and F × C (p < 0.01) interactions, according to the 

Table 2. Statistical analysis results of investigated characteristics in the present study.
Plant length The number of leaves Fresh forage yield Hay yield

Years (Y) LSD (0.05) 5.21** 0.51** ns ns
Cultivars(C) LSD (0.05) 5.21** 0.51** 138.49** ns
Y × C LSD (0.05) 7.37** ns 195.86* ns
Fertilisers(F) LSD (0.05) 9.02** 0.87** 239.92** 76.03**
Y × F LSD (0.05) ns ns 339.25** 107.52**
F × C LSD (0.05) 12.79** ns 339.25** ns
Y × C × F LSD (0.05) ns ns 479.77** 152.06**

**P < 0.01;*P < 0.05; ns: non-significant.
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results of the statistical test (Table 2). Overall, the chicken fertilisation significantly 
influenced (p < 0.01) the plant length and increased this parameter by 16.60% compared 
to the traditional nitrogen application control. Chicken manure increased plant height 
from 232.05 cm (traditional application) to 242.57 cm, while sheep manure and vermi
compost had no effect on plant height. Sorghum plant length, the number of leaves, and 
fresh forage yield in Nes were lower than Jumbo (Table 3). According to the F × C inter
action, the plant height is reduced in varieties compared to the traditional nitrogen appli
cation when applying cattle manure and gyttja organic material as fertilisers. In parcels 
where chicken manure was applied compared to the traditional cultivation system, an 
increase of 8.7% in plant height was observed in the Jumbo cultivar, while the Nes culti
var showed a 0.8% increase in plant height (Figure 1A).

While the effect of Y × C, Y × F, F × C, and Y × F × C interactions on the number of 
leaves was not significant, the effects of year (p < 0.01), cultivars (p < 0.01), and fertilisers 
(p < 0.01) were significant (Table 3). The number of leaves of the sorghum forages varied 
between 10.67 and 12.84 according to fertiliser treatments (Table 3). The highest number 
of leaves was determined in the traditional nitrogen application (12.84) and chicken 
manure (12.51) treatment and the lowest in the cattle manure (10.67) treatment. The 
highest number of leaves was observed in the Jumbo (13.45) cultivar and the lowest in 
the Nes (10.09).

While the effect of year on fresh forage yield was not significant, the effects of cultivars 
(p < 0.01), fertiliser (p < 0.01), Y × C interaction (p < 0.05), Y × F, F × C, and Y × F × C 
interaction (p < 0.01) were significant (Table 2). Among the fertiliser treatments, the 
fresh forage yields varied between 2129.3 kg da−¹ and 3582.6 kg da−¹. The highest 
fresh forage yield was obtained from chicken manure and traditional nitrogen appli
cation. In addition, sheep manure, gyttja organic material, and vermicompost gave stat
istically similar results. The lowest fresh forage yield was determined in cattle manure 
application parcels (Table 3). According to the F × C interaction, the highest fresh 
forage yield was recorded in traditional nitrogen application in the Jumbo cultivar, 
while the lowest value was in cattle manure in the Nes cultivar (Figure 1B).

While the effect of year, cultivar, Y × C interaction, and F × C interaction on hay yield 
was not significant, the effects of fertiliser (p<0.01), Y × F interaction (p<0.05), and Y ×  

Table 3. Plant length, stem thickness, the number of leaves, the leaf ratio in fresh forage, the stalk 
ratio in fresh forage value of years, cultivar and fertilisers.

Plant length (cm) The number of leaves Fresh forage yield Hay yield

Years
2020 251.01a 12.75a 2914.09 758.69
2021 198.59b 10.79b 2756.85 709.31
Cultivars
Nes 195.46b 10.09b 2756.85b 750.61
Jumbo 254.14a 13.45a 2914.09a 717.39
Fertilisers
Traditional Nitrogen 232.05b 12.84a 3442.2a 898.03a
Cattle Manure 202.31d 10.67d 2129.3c 545.87c
Sheep Manure 229.66b 11.98ab 2723.0b 705.89b
Gyttja 215.64c 11.08cd 2581.6b 666.81b
Chicken Manure 242.57a 12.51a 3582.6a 940.35a
Vermicompost 226.60b 11.54bc 2554.2b 647.07b

Note: a–dMean values with different superscripts have significant differences.
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F × C interaction (p<0.01) were significant (Table 2). In the fertiliser treatment, the 
highest hay yield was obtained from chicken manure with 940.35 kg da−1 and from 
the traditional nitrogen application with 898.03 kg da−1, which were statistically con
sidered in the same group. Additionally, sheep manure, vermicompost manure, and 
gyttja organic fertiliser were statistically the same group. The lowest hay yield of 
545.87 kg da−¹ was obtained from cattle manure (Table 3). Fertiliser treatment among 
them showed that chicken manure showed related results to the traditional nitrogen 
application, while other organic fertilisers were statistically grouped among themselves. 
It was also observed that cattle manure resulted in the lowest hay yield.

Figure 1. A, Plant height changes of Cultivar × Fertiliser interactions; B, Fresh forage yield changes of 
Cultivar × Fertiliser interactions.
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Silage fermentation and quality analysis
According to the results of the statistical test (Table 4), there were significant effects of 
cultivars and Y × C × F interactions on DM (T0) (p < 0.01). Among the cultivars, the 
highest DM (T0) value was obtained from Nes (%30.20). The DM (T60) value from 
2021 is higher than the 2020 value. In addition, significant differences were found 
among cultivars with respect to DM content in the resulting silage (T60).

The effects of year, cultivars, and the Y × C interaction on the pH of initial silages were sig
nificant (Table 4). Results showed that organic fertiliser applications do not affect the initial pH 
of silage, and the silages presented similar pH values. While the effect of Y × C, Y × F, F × C, 
and Y × C × F on pH (T60) is insignificant, the effects of year (p<0.01), cultivars (p<0.01), 
and fertilisers (p<0.01) were significant (Table 4). The highest pH was obtained from the 
Jumbo cultivar with 4.33, while the lowest was found from the Nes cultivar with 4.07.

The highest lactic acid bacteria count was obtained from the Jumbo cultivar with 4.71 
(log10 cfu/g resulting silage), while the lowest was found from the Nes cultivar with 3.52 
(log10 cfu/g resulting silage). The count of lactic acid bacteria was similar among organic fer
tiliser treatments in resulting silage. In addition, a higher number of LAB in 2021 may be 
associated with a higher DM content. In F × C interactions, the highest lactic acid bacteria 
count was recorded in traditional nitrogen, gyttja, and vermicompost in the Jumbo cultivar, 
while the lowest value was in vermicompost manure in the Nes cultivar (Figure 2A).

While the effect of year, cultivar, Y × C interaction, fertilisers, F × C, and Y × F × C 
interaction on enterobacteria count was significant, the effects of Y × F interaction 
were not significant (Table 4). In the fertiliser treatment, the highest enterobacteria 
count was obtained from chicken manure and traditional nitrogen application, which 
were statistically considered in the same group. The lowest enterobacteria count was 
obtained from cattle manure (Table 5). On the other hand, other organic fertilisers 
have been found to reduce the count of enterobacteria found in the natural flora of 
plants. Among the cultivars, the highest enterobacteria count (T0) was obtained from 
Jumbo (6.79 log10 cfu/g fresh material). In Y × C interaction, the highest enterobacteria 
count was obtained in Jumbo in 2020, and the lowest enterobacteria count was obtained 
in Nes in 2021 (Figure 2B). Enterobacteria were not detected in the end of fermentation.

It was determined to be 4.17 (log10 cfu/g fresh material) in the Nes variety and 4.27 
(log10 cfu/g fresh material) in the Jumbo variety. In the fertiliser treatment, the highest 
mold count was obtained from chicken manure, and the lowest count of mold was deter
mined in parcels used for cattle manure and sheep manure, which were statistically con
sidered in the same group. In the F × C interaction, the highest mold count was recorded 
in chicken manure in the Jumbo cultivar, while the lowest value was in cattle manure in 
the Nes cultivar (Figure 3A).

Mold were not detected in end of fermentation. While the effect of year and cultivar on 
yeast count were significant, the effects of fertilzers, Y × C, Y × F, F × C and Y × C × F 
interaction were not significant (Table 4). According to the varieties, the number of 
yeast in silages varied between 2.38 and 3.16 (log10 cfu/g resulting silage), and the 
highest number was obtained from the Jumbo variety. In Figure 3B, the highest yeast 
count was recorded in traditional nitrogen, cattle manure and vermicompost in Jumbo 
cultivar, while the lowest value was in chicken manure in Nes cultivar.

The chemical composition of the resulting silage are given in Table 6, Table 7. The 
percentage of CP increased (p < 0.05) with organic fertilisers, ranging from 4.15% to 
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6.55% (Table 7). This linearly increasing CP content in the silage is explained by the fact 
that chicken manure. In addition, was no difference between the CP values of the 
sorghum varieties, but there is a statistically significant difference between OM and 
ash content (Table 7).

The lowest NDF and ADF content has been detected in the Nes cultivar. While the 
effect of year, cultivar and Y × C × F interaction on CT content were significant, the 
effects of fertilisers, Y × C, Y × F and F × C were not significant (Table 6). According 
to the varieties, condense tannin content varied between 0.64% and 1.31%, and the 
highest CT content was obtained from the Nes variety.

Figure 2. A, Lactic acid bacteria (T60) count of Cultivar × Fertilisers interactions, B, Enterobacteria 
count of (T60) Cultivar ×Fertilisers interactions.
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Figure 3. A, Mold count (T0) of Cultivar × Fertilisers interactions, B, Yeast count of (T60) Cultivar ×Fer
tilisers interactions.

Table 6. Statistical analysis results of investigated forage nutrition composition in the present study.
CP OM Ash NDF ADF CT

Years (Y) LSD (0.05) ns 0.41** 0.40** 8.97 ** ns 8.97**
Cultivars (C) LSD (0.05) ns 0.41** 0.40** 63.05** 2.61** 63.05**
Y × C LSD (0.05) 0.77** ns ns 1.33** ns ns
Fertilisers (F) LSD (0.05) 0.63** ns ns ns ns ns
Y × F LSD (0.05) ns ns ns ns ns ns
F × C LSD (0.05) 1.09** ns ns ns ns ns
Y × C × F LSD (0.05) ns ns ns ns ns 3.07*

**P < 0.01. a,b,c Means within a row with different letters differ by LSD’s test. ns: non-significant CP: crude protein ratio, 
OM:organic matter ratio, Ash: crude ash ratio,NDF:neutral detergent fibre, ADF: acid detergent fibre, CT: condense 
tannin.
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Correlation relationship between character
The plant height variable has a direct, positive effect with the same correlation sign with 5 
different variables, such as the number of leaves, fresh forage yield, pH (T60), crude ash 
content, and enterobacteria count (T0). There was a positive and strong correlation 
between the number of leaves and fresh forage yield, hay yield, pH (T60), crude ash 
count, enterobacteria count, and lactic acid bacteria count (T60). In addition, there was 
a positive correlation between the number of leaves and NDF, ADF, crude protein 
ratio, yeast count (T60), and LAB count (T0). At the same time, there is a negative 
and strong relationship between the number of leaves and dry matter rates.

Explanatory variables are the main determinants of changes in the main variable. As a 
result, it is possible to estimate the efficiency of indirect selection. As a result, it is possible 
to estimate the efficiency of indirect selection. In this case, the number of leaves and the 
number of LAB with DM stand out as the most associated variables. These variables are 
of great importance when it is desired to get answers related to LAB. In other words, 
while there was a positive relationship between DM (T0) and lactic acid bacteria count 
(T0), a negative relationship was observed between enterobacteria count (T0), yeast 
count, and mold count. Therefore, increasing dry matter content will increase the 
number of desired microorganisms in silage and decrease the number of undesired 
microorganisms. There is a negative and strong relationship between the pH variable 
and DM; therefore, a decrease in pH value will be observed when the dry matter is 
high. It was determined that there was a negative relationship between the pH of fresh 
material and the number of microorganisms (Figure 4).

Discussion

Chicken manure increased plant height from 232.05 cm (traditional application) to 
242.57 cm, while sheep manure and vermicompost had no effect on plant height. Simi
larly, Khaliq et al. (2006) reported that the application of a mixture of chicken manure 
and urea showed the best performance of all treatments applied. Furthermore, Agbede 
et al. (2008) reported that the application of chicken manure significantly increased 
plant height. Through the utilisation of gyttja and cattle manure, a decrease in plant 

Table 7. CP, OM, Ash, NDF, ADF, CT (%) content of silage sorgum (T60).
CP OM Ash NDF ADF CT

Years
2020 5.08 90.25b 9.75a 60.43b 35.22 1.09a
2021 4.89 91.29b 8.71b 65.72a 37.24 0.85b
Cultivars
Nes 4.82 92.13a 7.87b 59.20b 32.67b 1.31a
Jumbo 5.19 89.41b 10.59a 66.94a 39.78a 0.64b
Fertilisers
Traditional Nitrogen 5.06b 91.02 8.99 63.72 35.69 1.08
Cattle Manure 4.53bc 90.84 9.17 63.96 36.26 1.14
Sheep Manure 4.55bc 90.36 9.64 62.40 34.97 0.83
Gyttja 5.06bc 90.72 9.28 62.76 36.36 1.15
Chicken Manure 6.55a 91.02 8.98 62.53 37.19 0.86
Vermicompost 4.15c 90.66 9.34 62.97 36.92 0.79

Notes: CP: crude protein ratio, OM: organic matter ratio, Ash: crude ash ratio, NDF: neutral detergent fibre, ADF: acid 
detergent fibre, CT: condense tannin.
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height has been observed. Particularly, the lowest plant height was attained through the 
application of cattle manure. Plant height is a significant trait that exerts an influential 
impact on yield in forage plants cultivated with the aim of achieving optimal productivity 
and facilitating silage production (Geren and Kavut 2009). It has been reported by some 
researchers that it may vary according to varieties (Güney et al. 2010; Karadağ and 
Özkurt 2014). Acar et al. (2002) determined the plant height of the Jumbo cultivar as 
231 cm in conditions of Konya. One of the main reasons for this difference may be 
the different sorghum plant varieties used in the study. Additionally, cultural and 
environmental factors such as ecological conditions, nitrogen doses, and irrigation 
factors can be associated with the variations observed between the studies.

In the study, it was found that chicken manure is more beneficial for sorghum and the 
sorghum-sudangrass hybrid, and it provides a similar yield in terms of leaf number com
pared to traditional nitrogen applications. Similarly, Amujoyegbe et al. (2007) and 
Agbede et al. (2008) reported that application of chicken manure increases the leaf 
area and improves morphological plant characteristics of forage sorghum. Although sig
nificant main effects of year, cultivar, and fertiliser application on leaf number were 
observed, their interactions were not statistically significant. This may be attributed to 
the inherent genetic stability of the sorghum cultivars (NES and Jumbo), which likely 

Figure 4. Correlation relationship between character. DM(T0): Dry matter of fresh material, DM(T60): 
dry matter of mature silages, Ash: ash ratio, CP: crude protein ratio, LAB: lactic acid bacteria count, 
Ento: enterobacteria count, NDF: neutral detergent fibre, ADF: acid detergent fibre, CT: condense 
tannin.
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limited their responsiveness to variations in environmental conditions and fertiliser 
treatments. Moreover, the relatively consistent environmental conditions during the 
study period may have further minimised interaction effects.

The highest fresh forage yield was obtained from the Jumbo cultivar and applied with 
chicken manure and traditional nitrogen fertilisers. Similarly, Delate and Combardella 
(2000) reported that the forage yield obtained from organic fertilisers grown maize 
plants is higher compared to the traditional nitrogen application. Khaliq et al. (2000) 
found that the application of chicken manure and urea mixture showed the best perform
ance among all fertiliser (cattle manure, chicken manure, and urea mixture) applications. 
Spargo et al. (2016) reported that the application of chicken litter fertilisers provides sig
nificant economic benefits. In the fertiliser treatment, the highest hay yield was obtained 
from chicken manure and from the traditional nitrogen application. Additionally, sheep 
manure, vermicompost manure, and gyttja organic fertiliser were statistically the same 
group. The reason for obtaining it from chicken manure can be attributed to the pellet 
structure of chicken manure, which requires a longer time for its dissolution compared 
to other organic fertilisers. The higher hay and forage yields observed under chicken 
manure application can be explained by the slow release of essential nutrients, notably 
nitrogen, throughout the growing season, supporting prolonged vegetative growth. Fur
thermore, the positive effects of chicken manure on soil structure, organic matter 
content, and microbial biomass likely enhanced nutrient availability and water retention, 
leading to improved biomass accumulation compared to conventional nitrogen fertiliser. 
Similarly, Nazlı (2011) reported that organic fertilisers are slow-release fertilisers, and 
approximately 50% of the nitrogen in the waste can become available to the plant in 
the first season. Therefore, it should be noted that the remaining portion will become 
suitable for the next crop and should not be overlooked. However, it has been determined 
that there is an approximate loss of 395 kg da−¹ in hay yield in the area where cattle 
manure is applied instead of chicken manure. This loss is significant both for livestock 
enterprises and operational costs. It was also observed that cattle manure resulted in 
the lowest hay yield. Similarly, Khan et al. (2008) noted that in maize cultivation, the 
use of three times more cattle manure yielded lower productivity compared to 10 t 
ha−1 poultry manure. Basso et al. (2017) stated that instead of NPK usage, pig 
compost and chicken manure can be used as alternative organic fertilisers. However, 
Lim et al. (2010) determined that the highest dry matter yield in sorghum × sudangrass 
plants was obtained through chemical fertiliser application. Arslan found that high yields 
cannot be achieved with organic fertilisers. The cultivar of plants, the sowing rate, the 
fertiliser dosage, and the fertiliser source can be associated with the differences observed 
among the findings.

The DM important value is for forage productivity. McDonald et al. (1991) reported 
that the high moisture content of fresh material is considered to increase fermentation 
of undesirable microorganisms, especially clostridium, which would result in the nutrition 
loss of effluent and spoilage during the ensiling process. Açıkgöz (1995) impressed that a 
high-quality silage should have a dry material ratio of 23.5%. Although the DM content of 
Nes silage sorghum was at the desired level, it was determined that the DM content of 
Jumbo silage x sudanotu hybrid was low. The DM content related to the vegetation 
period. When sorghum and maize plants are harvested in early periods of vegetation, it 
is known that the plants have a high water content, low carbohydrate and DM content, 
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and with the progress of harvest time, the rate of DM is also expected to increase (Şahan, 
2017). The highest DM (T0, T60) value was obtained from the Nes cultivator, which implies 
that silage can be made easier. Akbay et al. (2023) reported that the content of DM can 
affect the initial pH and resulting pH values of silages. Researchers impress that the 
initial pH increased with the increased content of DM, but high DM content contributed 
to the achievement of a lower pH value as a result of fermentation. On the other hand, 
maybe Nes cultivator has a high content of water-soluble carbohydrates (WSC), resulting 
in contributing to low pH. Results showed that organic fertiliser applications do not affect 
the initial pH of silage, and the silages presented similar pH values. However, the differ
ences between the pH values of the sorghum varieties are statistically significant. Similarly, 
it has been determined that the initial pH of the Nes (5.56) species with a high DM is higher 
compared to the Jumbo (5.53) variety (Akbay et al., 2023). The highest pH was obtained 
from the Jumbo cultivar with 4.33, while the lowest was found from the Nes cultivar 
with 4.07. The pH (T60) value differed between fertiliser treatments and was generally 
lower for manure treatment than for the sheep manure and inorganic fertiliser treatments; 
this may also have affected the microorganism count. The lactic acid bacteria (LAB) are 
responsible for lowering the pH in silages and preserving the nutrient content for a long 
time, so LAB sees its key task for silage (Ávila and Carvalho 2020). LAB is found in epi
phytic flora on plant material. However, its main source is soil (Kızılşimşek et al. 2016), 
so any application to the soil can change the density of the microorganism. This can 
also directly affect the direction of fermentation, the number of microorganisms, and 
microorganism variety. Pahlow et al. (2003) reported that the plant type of the amount 
of lactic acid bacteria and that the plant may change according to the state of maturity, 
and were determined corn and maize between 101 and 107 cfu/g fresh material. The 
count of lactic acid bacteria was similar among organic fertiliser treatments in resulting 
silage. In addition, a higher number of LAB in 2021 may be associated with a higher 
DM content. da Silva et al. (2017) reported that advancing crop maturity results in 
increases in DM, carbohydrates, and LAB populations, as well as microorganism 
numbers. Özdüven et al. (2009) found that the LAB count varied between 4.63 and 5.44 
log10 cfu/g, resulting in silage of different maize varieties. Kaya and Polat (2010) reported 
that the LAB density of the maize varieties varied between 2.9-4.1 log10 cfu/g resulting in 
silage. At the beginning of the silage period, the highest number of yeast in the Nes variety 
is noticed. This condition is a bonding of the species Nes, so that the content of WSC is 
higher and provides the environment for the formation of lactic acid bacteria. This 
reduces the number of undesirable microorganisms. In addition, Müller (2009) impressed 
that above 40% DM, reduction in water activity could reduce the growth of yeast. Yeasts 
convert sugars and lactic acid basically to ethanol, resulting in losses of DM and nutrients. 
Moreover, a smaller amount of yeasts lowers the risks of aerobic spoilage, because these 
microorganisms have been shown to be initiators of this process (McDonald et al. 
1991). Kızılşimşek et al. (2016) found that according to the opening time and isolations 
of silage, the number of yeast varied between 1.79-5.99 log10 cfu/g. Koç et al. (2018) 
informed us that the number of yeasts in corn silages varied between 4.29 and 5.60 log10 
cfu/g. The difference between the results of silage construction, technique, and the plant 
used from their species.

This linearly increasing CP content in the silage is explained by the fact that chicken 
manure. In addition, there was no difference between the CP values of the sorghum 
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varieties, but there is a statistically significant difference between OM and ash content. 
Jumbo cultivars presented higher ash content, probably because of the higher ratio of 
leaf to stem. Akbay et al. (2020) reported that changes in ash content may also be due 
to the change in proportion of leaf to stem ratio. Researchers also reported that ash 
content decreased with increasing maturity. Therefore, the decrease in the amount of 
ash in 2021 can be associated with the DM content. The lowest NDF and ADF 
content has been detected in the Nes cultivar. DM has a significant effect on the digest
ibility of silage nutrients, especially non-volatile nitrogen compounds and raw fibre (Pod
kówka 1995). In fact, increased DM content has also been shown in many studies to 
reduce digestibility. Podkówka et al. (2001) found that the highest digestibility in the 
plant occurs when the percentage of DM reaches 30%, and the digestibility decreases 
due to the delay in harvesting. Despite the fact that the DM content of the Nes is 
higher than that of the Jumbo, it has been determined that the NDF and ADF content 
is lower than the Nes. Decreasing NDF and ADF in the Nes sorghum variety can be 
associated with swing bonding. Similarly, Filya (2004) reported that NDF content 
decreased with maturity in the whole crop maize, which was associated with an increase 
in ADL and a decrease in CP contents. Filya (2001) showed that lower NDF led to higher 
DM and OM degradability. Because of these characteristics, it can be said that the Nes 
variety is advantageous.

According to the varieties, condensed tannin content varied between 0.64% and 
1.31%, and the highest CT content was obtained from the Nes variety. Tannins might 
be associated with adverse effects as an anti-nutritional factor, causing lower dry 
matter intake and reduced digestion of protein and fibre. The low amount of tannins 
has an inhibitory effect on swelling in animals, so feed sources containing condensed 
tannins and tannins can be prevented from the economic losses caused by parasites by 
participating in the diet in certain proportions. Therefore, it is stated that the TMR to 
be included in the ration should be known as the contents (Kamalak et al. 2005). It is 
known that between 2% and 3% of the CT in the forage prevents swelling in ruminant 
animals, while the level of CT above 5% has a toxic effect, which reduces the consumption 
of feed and, consequently, the digestibility of protein (Barry and Blaney 1987). Nes and 
Jumbo silage sorghum varieties can be said to have CT content within acceptable limits 
and can be used in ruminant animal nutrition.

Conclusions

According to the research results, the highest plant height, fresh forage yield, and hay 
yield were obtained from the application of chicken manure. Similar results were 
obtained between organic fertilisers and traditional nitrogen application (NPK) in 
terms of stem ratio. However, when it comes to leaf ratio, lower values were obtained 
with the use of organic fertilisers compared to the traditional nitrogen application 
(NPK). It has been determined that chicken manure stands out more than other 
organic fertiliser treatments for silage sorghum cultivation, but it cannot provide 
sufficient nitrogen for the cluster ratio of the plant. It has been determined that there 
are significant differences in the varieties in terms of microflora numbers, fermentation 
properties, and silage quality, and the Nes variety stands out with its high dry matter 
content and low pH value. Additionally, it was determined that there was no difference 
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between the CP values of the varieties, but the Nes variety had lower NDF and ADF 
values. For this reason, it was determined that the Nes variety was more prominent in 
terms of silage fermentation and silage quality.

In this context, increasing doses of chicken manure should be investigated for silage 
sorghum plants. Additionally, a combination of chicken manure and chemical fertiliser 
can be applied, or chicken manure doses can be split and applied according to the growth 
stages of the plant. According to the obtained results, it has been determined that the 
Jumbo cultivar is more productive than the Nes cultivar. The Jumbo cultivar is rec
ommended for Kahramanmaras province and similar ecological conditions. Future 
studies should be conducted under varying climatic and soil conditions, including econ
omic feasibility assessments, to validate and expand upon the current findings and 
support region-specific fertiliser recommendations for sorghum cultivation.
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Introduction

Silage is an important method of preserving 
highmoisture forage crops, significantly reducing 
quality and nutrient losses compared to haymaking. 
Silage quality largely depends on the flora of 
epiphytic microorganisms present on the forage, 
such as lactic acid bacteria, enterobacteria, moulds, 

and yeasts. Lactic acid bacteria convert water-
soluble carbohydrates (WSC) into lactic acid, which  
facilitates a rapid decrease in silage pH. Fodder pea 
(Pisum sativum L.) is valued as a forage legume for 
its high protein content compared to many other 
forage crops (Blagojević et al., 2017). However, it 
is difficult to ensile due to its relatively low WSC 
content (Canpolat et  al., 2019), high buffering  

ABSTRACT. One of the efficient techniques for preserving high moisture 
forages is ensiling. However, the successful ensiling progress of legumes 
largely depends on the epiphytic microbial flora, buffering capacity, and the 
water soluble carbohydrate content of the ensiled forage. In this study, three 
selected strains of lactic acid bacteria (LAB), were used as microbial additives 
(at 106 CFU/g fresh matter) to fodder pea (Pisum sativum L.). These strains 
included Lactobacillus bifermentans (LS-65-2-2) and Lactobacillus plantarum 
(LS-72-2), both isolated from rangelands in Turkiye, along with Bacillus subtilis, 
which is already applied for these purposes. The aim was to assess the effects 
of these strains on microbial composition and the quality of the resulting 
silage. Silage opening was conducted at five time points (on days 0, 2, 5, 7 
and 45) with three replicates. The effects of LAB inoculations were determined 
to be statistically different (P < 0.001). The study results demonstrated the 
following values of the parameters tested: pH (4.52–4.86), lactic acid bacteria 
(5.51–8.46 log10 CFU/g silage), enterobacteria (2.24–3.61 log10 CFU/g silage), 
yeasts (6.20–7.03 log10 CFU/g silage), neutral detergent fibre (38.85–41.93%), 
acid detergent fibre (ADF, 32.91–35.75%), and relative feed value (RFV,  
135.90–151.73). LAB inoculations caused a significant decrease in pH and an 
increase in dry matter (DM) recovery (P < 0.001) in fodder pea silage compared to 
the control. The abundance of LAB in the silages increased significantly (P < 0.001), 
while the content of enterobacteria (P < 0.001), pH, NH3-N (P < 0.01) and ADF  
(P < 0.05) in inoculated silages decreased. The RFV significantly improved 
following inoculation with the L. bifermentans strain. Overall, the addition of 
LAB strains improved the fermentation process and silage quality compared to  
B. subtilis, as well as enhanced DM recovery and reduced silage pH.
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capacity (Fraser et al., 2001), and low DM content 
at harvest. The use of microbial inoculants has the 
potential to improve silage quality prepared from 
fodder pea plant. These inoculants can alter many 
silage quality parameters, although the magnitude of 
their effects on fermentation profiles depends heavily 
on the characteristics of the strains used (Ertekin and 
Kizilsimsek, 2020; Günaydın et  al., 2023; Akbay 
et  al., 2023a,b). Lactic acid bacteria (LAB) strains 
have been classified into homofermentative and 
heterofermentative based on their physiological 
characteristics. Homo-LAB strains, such as 
Lactobacillus, Enterococcus and Pediococcus are 
widely used as silage inoculants due to their rapid 
and efficient production of lactic acid (2 mol) from 
glucose (1 mol) (Weinberg and Muck, 1996; Muck, 
2010; Ellis et al., 2016). Bacillus subtilis, traditionally 
used as a direct feed supplement (Zhang et al., 2016), 
or as a  bacterial inoculant in biological feeds for 
ruminants, has been classified as a fourth-generation 
strain silage inoculant (Bai et  al., 2022) due to its 
potential to enhance animal performance (Zhang 
et al., 2016) and improve fermentation quality (Bai 
et al., 2021). The aim of this study was to determine 
the impact of selected LAB strains – Lactobacillus 
bifermentans and Lactobacillus plantarum, isolated 
from grassland flora – on the fermentation process 
and silage quality of high-moisture fodder pea and 
compare them to the currently utilised B. subtilis.

Material and methods 

Silage raw material and LAB strains
The Taskent fodder pea (Pisum sativum L.) cul-

tivar was grown in 2022 at the Experimental Farm 
of the University of Kahramanmaraş Sutcu Imam 
University in Southern Turkiye under rainfed grow-
ing conditions. The plants were harvested in the 
early morning hours on 25 May during the bottom 
pod formation stage. The B. subtilis KUEN 1581 
inoculant, with a density of 2 × 109 CFU/g, was ob-
tained from SIM Silage (Kahramanmaraş, Turkiye).  
L. bifermentans and L. plantarum isolated from 
Turkiye grassland flora under a project supported 
by the Turkiye Scientific and Technical Research 
Organization (TUBITAK) were used as micro-
bial inoculants. L. bifermentans (LS-65-2-2) and  
L. plantarum (LS-72-2) were regenerated in MRS 
(De Man, Rogosa ve Sharpe) broth in 400 ml bot-
tles by incubation at 37 °C for 48 h. Cell densities 
were determined by cultivation on MRS agar me-
dium.

Silage preparation and microbial and 
chemical analyses

Each Lactobacillus strains was added to 4000 g 
of fresh fodder pea plant material at a  theoretical 
concentration of 106 CFU/g ensuring thorough mix-
ing by hand in sterile gloves. All inoculants were di-
luted with 10 ml of distilled water, and for the control 
silages, 10 ml of deionised water was used in place 
of inoculants. The plant material was chopped into  
2–4 cm fragments and ensiled in vacuum-sealed 
plastic bags. Approximately 400  g of fresh forage 
material was placed into each bag. A total of 60 vacu-
umed silage packages were prepared, representing 
four treatment groups (Control, L. bifermentans,  
L. plantarum and B. subtilis), five silage opening 
time points (T0day, T2day, T5day, T7day and T45day), and 
three replicates. The silages were maintained in  
a cool, shaded area under laboratory conditions.  
Homogenised samples (20  g) were collected from 
the silage material at each opening time point (T0, 
T2, T5, T7 and T45). The samples were mixed with 
180  ml of Ringer solution and blended at high 
speed for one minute. The pH of the silage extracts 
was immediately measured after filtration through 
Whatman 54 filter paper (Whatman, Florham, NJ). 
Microbial counts were conducted using ten-fold se-
rial dilutions. The number of lactic acid bacteria 
was determined by pour-plating on MRS agar with 
a double overlay for anaerobic conditions, followed 
by incubation at 36 ℃ for 48 to 72 h. The number 
of enterobacteria was determined by pour-plating 
on violet red bile glucose agar (VRBD) with a sin-
gle overlay, and the plates were incubated at 36 ℃ 
for 18 h. Yeast and mould counts were enumerated 
by pourplanting on malt extract agar (MEA) acidi-
fied with lactic acid to pH 4, with a single overlay, 
and the plates were incubated at 32 ℃ for 48 h. The 
DM content of the fresh forage (T0) and the result-
ing silage (T45) was determined by drying samples at 
70 ℃ in a forced-air oven for 48 h. The silages were 
opened after 45 days of ensiling and analysed for pH,  
NH3-N, neutral detergent fibre (NDF), acid detergent 
fibre (ADF), crude protein (CP), and crude ash (CA) 
contents. Ash content was determined by incinerat-
ing the dry samples in a  muffle furnace at 525  °C 
for 8  h. Nitrogen (N) content was measured using 
the Kjeldhal method, and crude protein content was 
calculated as N × 6.25. Ether extract were analysed 
using the method of AOAC (1990). Cell wall fibre 
components, including NDF and ADF were analysed 
according to the method described by Van Soest et al. 
(1991). To assess feed quality, the relative feed value 
(RFV) was calculated using the following formula:
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DDM = 88.9 − (0.779 × ADF%); 
DMI = 120/(NDF%); 
RFV = (DDM × DMI)/1.29;

where: DDM – digestible dry matter; ADF – acid 
detergent fibre; DMI – dry matter intake; NDF – 
neutral detergent fibre; RFV – relative feed value.

Dry matter recovery (DMR), which indicates 
how much DM was retained in the silage compared 
to its initial content, was calculated using the for-
mula:

DMR (%) = DM of T60 silage/ DM of T0 silage  
× 100.

Statistical analysis of the data was performed 
using JMP statistical software (SAS Institute, Cary, 
NC), and treatment groups were compared using the 
least significant difference (LSD) test. 

Results
The pH of the control treatment was statisti-

cally higher compared to all inoculated treatments, 
reaching a value of 4.86. The pH values of samples 
inoculated with L.  plantarum and B.  subtilis were 
comparable. The L. bifermentans strain was particu-
larly effective in sharply reducing pH (P < 0.001) of 
the silage from the beginning of fermentation com-
pared to other microbial inoculants. This rapid and 
pronounced reduction in pH provides a  significant 
advantage by preventing proteolysis in legume si-
lages (Table 1). Interactions between opening time 
points and LAB strains is presented in Figure  1, 
where it is evident that the pH of fresh material (T0) 
was higher compared to silage samples taken at 
subsequent time points (T2, T5, T7 and T45). After 7 
days, the pH in the L. bifermentansinoculated silage  

decreased to 4.14 (P  <  0.001), i.e. it was signifi-
cantly lower than in the untreated silage. The pH 
values of both L.  plantarum and L.  bifermentans-
inoculated silages decreased rapidly during the first 
2 days of ensiling; however, after this period, the pH 
in the L.  plantarum-inoculated silage stabilised at 
this level (P < 0.001), while it continued to decrease 
in L. bifermentans-inoculated silage throughout the 
fermentation process.

Table 2 presents the variation in the abundance 
of LAB, enterobacteria, yeasts, and moulds at indi-
vidual silage opening time points. Silage inoculated 
with L.  plantarum showed higher counts of LAB 
compared to the untreated silage and other inocula-
tions. The number of LAB in the fresh material was 
determined at 4.00  log10 CFU/g, which increased 
during the early fermentation period, reaching 11.98 
log10 CFU/g at time point T7. However, this count 
dropped to 3.16 log10 CFU/g by the end of the fer-
mentation process, indicating that the silage had 
stabilised and fermentation was almost complete. 
During the fermentation period, the count of LAB 
in both treated and untreated silages exhibited sig-
nificant variability across opening time points, 
which suggested the presence of an interaction 
between opening time and the abundance of LAB 
(Figure 2a). For example, the number of L. planta-
rum was lower than B.  subtilis at T2, equal at T5, 
and higher at T7 and T45. Similarly, L. bifermentans 
counts were higher at T2, T5, and T45 in comparison 
to B.  subtilis abundance, but the values were op-
posite at T7. After day 7, both L. bifermentans and 
B. subtilis counts decreased, falling below the levels 
observed in the fresh material (T0), indicating that 
these strains were particularly aggressive during  
fermentation. By day 45 of fermentation, LAB 
counts decreased by 92.93% for B.  subtilis com-
pared to T7, while these values for the control silage, 

Table 1. Effects of different bacterial inoculants on the pH of silages at 
different opening time points

Bacteria 
inoculant T0 T2 T5 T7 T45 Mean

Control 5.92b 4.84e 4.65e 4.63e 4.27hı 4.86A

Lactobacillus 
bifermentans

5.86c 4.21jk 4.20k 4.14l 4.18kl 4.52C

Lactobacillus 
plantarum

6.13a 4.41g 4.26ıj 4.26ıj 4.26ıj 4.66B

Commercial 
(Bacillus subtilis)

5.85c 4.55s 4.32h 4.28hı 4.26ıj 4.65B

Mean 5.94A 4.50B 4.36C 4.33D 4.24E

P-value  T:0.0001 LAB:0.0001 TXLAB:0.0001
LSD T:0.03** LAB:0.25** TXLAB: 0.06**
CV 0.73
T – silage opening time points (T0, T2, T5, T7, T45 – openings at days 0, 2, 
5, 7, 45, respectively), LSD – least significant difference, CV – coefficient 
of variation, LAB – lactic acid bacteria, TXLAB – effect of interaction 
between silage opening time points and LAB **P  <  0.001; a-k, ABC –  
different letters indicate significant differences between mean values

Figure 1. Effect of interaction between lactic acid bacteria strains and 
silage opening time points on pH value; 
T – silage opening time points (T0, T2, T5, T7, T45 – openings at days 0, 
2, 5, 7, 45, respectively)
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Table 2. Effects of different bacterial inoculants on the number of lactic acid bacteria, enterobacteria and yeasts in silages at different opening 
time points

Bacteria inoculant T0 T2 T5 T7 T45 Mean
Lactic acid bacteria
Control 2.91l 7.26fgh 7.13fgh 8.91d 1.32m 5.51D

Lactobacillus bifermentans 4.17j 7.62ef 8.70d 11.31c 3.59k 7.08B

Lactobacillus plantarum 5.75ı 7.05gh 8.00e 14.69a 6.82h 8.46A

Bacillus subtilis 3.19kl 7.50efg 8.00e 13.02b 0.92m 6.53C

Mean 4.00D 7.36C 7.96B 11.98A 3.16E

P-value  T:0.0001   LAB:0.0001   TXLAB:0.0001
LSD T:0.27**    LAB:0.24**    TXLAB: 0.53**

CV, % 4.67
Enterobacteria

Control 5.55bc 5.83b 3.37f 1.61gh 1.68g 3.61A

Lactobacillus bifermentans 5.33cd 3.54f 1.10ıjk nd l 1.22hıj 2.24D

Lactobacillus plantarum 7.89a 4.71e 1.40ghı 0.85jk 1.32ghı 3.23B

Bacillus subtilis 5.00de 4.82e 1.69gh 0.66k 1.72g 2.78C

Mean 5.94A 4.72B 1.89C 0.78E 1.48D

P-value  nd      T:0.0001 LAB:0.0001 TXLAB:0.0001
LSD T:0.23*** LAB:0.21*** TXLAB: 0.46***
CV, % 9.43

Yeast
Control 3.59h 7.20cde 6.72ef 8.21ab 7.62c 6.67B

Lactobacillus bifermentans 4.36g 7.52cd 8.41a 8.43a 4.47g 6.64B

Lactobacillus plantarum 6.79ef 6.77ef 7.48cd 7.49cd 6.59f 7.03A

Bacillus subtilis 3.10h 7.01def 8.54a 7.66bc 4.70g 6.20C

Mean 4.46D 7.13B 7.79A 7.95A 5.84C

P value T:0.0001 LAB:0.0001 TXLAB:0.0001
LSD T:0.28** LAB:0.25** TXLAB: 0.56**
CV, % 5.32

T – silage opening time points (T0, T2, T5, T7, T45 – openings at days 0, 2, 5, 7, 45, respectively), LSD – least significant difference,  
CV – coefficient of variation, LAB – lactic acid bacteria, TXLAB – effect of interaction between silage opening time points and LAB; ns – non-significant,  
**P < 0.001; a-k, ABC –  different letters indicate significant differences between mean values
 

Figure 2. A. Effect of interaction between lactic acid bacteria strains and silage opening time points on the count of lactic acid bacteria; B. Effect 
of interaction between lactic acid bacteria strains and silage opening times points on the count of enterobacteria; C. Effect of interaction between 
lactic acid bacteria strains and silage opening time points on the count on yeast count  
T – silage opening time points (T0, T2, T5, T7, T45 – openings at days 0, 2, 5, 7, 45, respectively)
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and silages supplemented with L. bifermantans, and 
L. plantarum strains were 85.19, 68.26 and 53.57%, 
respectively. 

The count of enterobacteria in the untreated si-
lages was 3.61 log10 CFU/g silage, while this value 
in silages inoculated with L.  bifermentans signifi-
cantly decreased to 2.24 log10 CFU/g, showing that 
this strain was more effective than L. plantarum and 
B. subtilis (P < 0.001). The abundance of enterobac-
teria decreased during the fermentation period and 
a slight increase was observed on day 45 of ensil-
ing (P  <  0.001). However, even at this stage, en-
terobacteria levels remained much lower than those 
recorded at T0, T2 and T5 (Table 2). Figure 2b shows 
that the number of enterobacteria was low in silages 
inoculated with L. bifermentans (0.00 log10 CFU/g 
fresh material) at T7 (P  <  0.001). At all sampling 
points, untreated silages had consistently higher en-
terobacteria counts compared to inoculated silages. 

The yeast count (Figure 2c) increased from the 
beginning of the ensiling process to day 7 but then 
decreased by day 45. The yeast count in untreated 
silages was 6.67 log10 CFU/g silage, while this value 
significantly decreased to 6.20 log10 CFU/g in silag-
es treated with B. subtilis, showing that B. subtilis 
was more effective at restricting yeast growth than 
both L. plantarum and L. bifermentans (P < 0.001). 
Although the highest number of yeasts in the early 
fermentation period was found in L.  bifermentan-
sinoculated silages, their abundance decreased at the 
end of ensiling (T45) in all treated silages compared 
to the control treatment. 

Treatment with LAB strains did not statistically 
alter the DM content of the fresh material (T0). 
However, a statistically significant difference in DM 
content was observed in the resulting silage (T45), 
indicating that the DMR of the silage was improved 
by inoculation. Fodder pea silages inoculated with 

both L.  plantarum (25.81%) and L.  bifermentans 
(24.76%) had higher DM values compared to the 
untreated silages (24.15%) and those treated with 
B.  subtilis (23.36%) (P  <  0.05). Although LAB 
inoculation did not significantly affect the overall 
DMR, the highest recovery values were found in 
silages treated with L. plantarum (99.05%), followed 
by L. bifermentans (98.85%), B. subtilis (96.23%), 
and the control (92.03%) (Table 3).

The mean values of NH3-N, CP, CA, NDF, ADF, 
and RFV content of fodder pea silages at T45 are 
given in Table  4. The NH3-N concentration in the 
mature silage, which reflects the extent of proteolysis 
in the silage, was significantly lower in the silage 
treated with LAB, with L.  bifermentans showing 
the greatest effect (15.25 g/50 ml) (P < 0.01). The 
CP content ranged from 16.32 to 17.84%, with 
L.  plantarum yielding the highest protein levels. 

Silages treated with L. bifermentans and B. subtilis 
contained similar protein levels, while the lowest 
protein content was determined in the untreated 
silages (P < 0.01). The CA content ranged from 6.99 
to 8.02%, and differences between the treatments 
were not statistically significant. The NDF content 
varied between 38.85 and 41.93%, and the 
differences in NDF values were also not statistically 
significant. ADF values ranged from 32.79% in 
L.  plantarum-inoculated silages to 35.75% in the 
control silages. L.  bifermentans and B.  subtilis 
were more effective in reducing the ADF value than  
L. plantarum (P  <  0.05). LAB inoculation 
significantly increased (P < 0.05) the RFV content, 
with the highest RFV value obtained in the 
L. bifermentansinoculated silage (151.73), and the 
lowest (153.90) in the control treatment. 

Table 3. Effects of different bacterial inoculants on the number of dry 
matter ratio of silages at different opening time points

Bacteria inoculant DM (T0) DM (T45) DMR
Control 26.39 24.15B 92.03
Lactobacillus bifermentans 25.04 24.76AB 98.85
Lactobacillus plantarum 26.06 25.81A 99.05
Bacillus subtilis 24.03 23.36B 96.23
Mean 25.10 24.52 97.94
P-value   0.3807   0.0256   0.3775
LSD ns   1.40* ns
CV, %   5.89   2.86   5.28
DM – dry matter, DMR – dry matter recovery, T – silage opening time  
points (T0, T45 – openings at days 0, 45, respectively), LSD – least  
significant difference, CV – coefficient of variation; *P < 0.05; ns – non-
significant;  AB –  different letters indicate significant differences between 
mean values

Table 4. Chemical compositions of Pisum sativum L. silages at day 
45 (T45)

Bacteria  
inoculant NH3-N CP CA NDF ADF RFV

Control 20.55a 16.32c   7.43 41.83 35.75a 135.90b

Lactobacillus 
bifermentans

15.25c 17.01b   8.02 38.85 32.91b 151.73a

Lactobacillus 
plantarum

18.53b 17.84a   7.37 41.93 35.53a 136.13b

Bacillus subtilis 19.88ab 16.95b   6.99 40.00 32.79b 147.30ab

Mean 18.55 17.03   7.45 40.65 34.24 142.77
P-value   0.0026   0.0017   0.6251   0.0764   0.0183     0.0502
LSD   1.99**   0.49** ns ns   2.03*   12.70*
CV   5.39   1.41 12.54   3.25   2.97     4.45
LSD – least significant difference, CV – coefficient of variation,  
CP – crude protein, CA – crude ash, NDF – neutral detergent fibre, 
ADF – acid detergent fibre, RFV – relative feed value, **P  <  0.01; 
*P < 0.05; ns – non-significant; abc–  different letters indicate significant 
differences between mean values
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Discussion

The number of epiphytic LAB in the microbial 
composition of the ensiling material is one of the 
important factors determining the direction of silage 
fermentation. Silage is generally well preserved if 
the number of epiphytic LAB exceeds the value 
of 105 CFU/g fresh material (Cai et  al., 1999). 
According to our results, the number of LAB in 
the fresh material of Pisum sativum L. was very 
low, and their abundance increased following 
LAB inoculations before ensiling. The inoculants 
improved the microbial profile, notably increasing 
lactic acid bacteria and reducing yeast and mould 
counts in the resulting fodder pea silage. Muck 
(1988) has observed that silage fermentation is 
largely influenced by the number and type of 
epiphytic microorganisms on the plants, and a higher 
ratio of LAB in the silage can lead to more efficient 
fermentation, resulting in a  lower pH and the 
inhibition of growth of undesirable microorganisms. 
Higher yeast counts were detected in the forage 
pea plants inoculated with L. plantarum compared 
to the control, both in the fresh material and at the 
end of fermentation. LAB-inoculated silages had 
a  lower pH than the untreated (control) silages, 
and L.  bifermentans strain (a  homofermentative 
LAB) was the most effective strain in reducing the 
pH value. L.  bifermentans sharply lowered silage 
pH from the beginning of fermentation compared 
to B.  subtilis and L.  plantarum inoculants. These 
results are consistent with those of Fraser et  al. 
(2001), who obtained a  relatively low pH at the 
end of fermentation using homofermentative LAB 
strains. Moreover, under anaerobic conditions, 
LAB were shown to cause a  rapid drop in the pH 
during ensiling (Muck, 2013). Similarly, in the 
present study, the fastest pH reduction throughout 
fermentation was observed in the silage treated with 
L. bifermentans. It is well established that the final 
pH of silage is a key indicator of fermentation quality 
(Wang et al., 2019; Peng et al., 2021). Silage with 
a pH value of 4.20 or lower is typically considered 
to be well-fermented (Kung et  al., 2018). The pH 
of the ensiled mixture is affected by various factors, 
such as anaerobic conditions, WSC concentration, 
microorganisms in the epiphytic flora, DM content, 
and the buffering capacity of forage crops (Muck, 
1988). In legume plants, it is particularly difficult 
to obtain a  pH of 4.20 or below due to their high 
buffering capacity, low WSC content, and lower 
DM at harvest. On the other hand, Scherer et  al. 
(2019) suggested that amino acid deamination and 

decarboxylation, indicated by NH3-N levels, could 
decrease the nutritional quality of silage. In the 
current study, the control silage showed signs of 
deterioration, including an increase in pH and NH3-N 
concentration, as well as a reduction in DM by day 
45. However, inoculation with L. bifermentans helped 
prevent spoilage to some extent, as indicated by 
relatively lower pH and NH3-N levels. This suggested 
that a lower silage pH could inhibit the hydrolysis of 
protein fractions in fodder pea silage. Similar findings 
were reported in highmoisture alfalfa silage by Yang 
et  al. (2020). The present results demonstrated that 
the NH3-N concentrations in all inoculant treatments 
were significantly lower compared to the control, 
suggesting that the inoculants were effective in 
preserving protein. In particular, L.  plantarum was 
the most effective strain, as evidenced by the highest 
CP content in the resulting silage. 

In this experiment, LAB inoculants had no sig-
nificant effect on the NDF content of the fodder pea 
silage; however, in some studies, the addition of 
these bacteria caused a decrease in the ADF content 
of silage (Okuyucu et al., 2018). Additionally, some 
studies, such as those by Koç et al. (2017), reported a 
reduction in the NDF content following LAB inocu-
lation. These discrepancies observed between stud-
ies may be primarily attributed to differences in the 
DM content of the plants. In the present study, the 
DM content was initially determined to be 25.10%, 
and during the fermentation process, it decreased to 
24.52%, indicating some DM losses. DM recovery 
was low in the control silages compared to those 
treated with inoculants. Our results align with the 
findings of Kizilsimsek et al. (2020) and Ren et al. 
(2021). In addition, DM content may be better pre-
served through inoculation with homofermentative 
LAB, as Bai et al. (2021) noted that such inoculants 
are particularly advantageous for legume silages. Ho-
mofermentative LAB can produce higher levels of 
lactic acid, thereby minimising DM losses. Reduced 
DM is undesirable because it signifies the depletion 
of valuable nutrients that could otherwise be utilised 
by animals (Robinson et al., 2016). Inoculant applica-
tion appears to have a significant inhibitory effect on 
the growth and activity of unwanted microorganisms, 
which helps minimise nutrient losses during silage 
fermentation.

Conclusions
Pisum sativum L. is a valuable legume forage 

for ruminants and is widely cultivated worldwide. 
However, lower concentrations of water-soluble 
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carbohydrates, reduced dry matter content at har-
vest, and high buffering capacity in legumes pres-
ent challenges in producing high-quality silage. The 
inoculation of lactic acid bacteria (LAB) can have 
a significant impact on the composition of microbial 
communities during the ensiling process of Pisum 
sativum L. The present study demonstrated that the 
use of LAB inoculants could improve silage fer-
mentation, preserve forage nutrients, and enhance 
animal performance. Notably, inoculations with 
Lactobacillus bifermentans reduced pH and NH3-H 
levels while inhibiting the growth of enterobacteria. 
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