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ABSTRACT Field Crops

This study investigates the effects of different mixture ratios of maize

and soybean on the fermentation profile and nutritional quality of silage Research Article

under Eastern Mediterranean conditions, as well as the relationship

between silage parameters. The 5 mixture rates (100M:0S, 75M:258S, Article History

50M:508, 25M:75S, and OM:100S) of Maize (M) and Soybean (S) were Received :15.05.2025
prepared for ensiling. After 60 days of fermentation, silages were opened Accepted 115.08.2025
and analyzed for fermentation profile and other quality characteristics.

The results showed that increasing the maize proportion in silage led to Keywords

an increase in lactic acid (LA) and a decrease in pH level. Propionic acid Maize

and acetic acid content were higher in sole soybean and 25M:75S silage Fermentation

than in sole maize silage and other mixture rations. Maize silage had Mixture ratio

considerably higher water-soluble carbohydrate (WSC) content than Protein content

soybean silage, while soybean had significantly higher protein content Silage quality

than that of maize. Maize-soybean mixture increased crude protein
content and reduced neutral detergent fibre (NDF), acid detergent fiber
(ADF), and acid detergent lignin (ADL) content in silage compared to sole
crop maize silage. The silage quality of maize+soybean mixture can be
improved with inclusion levels of soybean from 25% to 50%.

Misir ve Soya Fasulyesi Karigimlarimin Silaj Mikroorganizma Dinamigi, Fermentasyon Profili ve
Kalitesi Uzerindeki Etkileri

OZET Tarla Bitkileri
Bu calisma, Dogu Akdeniz kosullarinda misir ve soya fasulyesinin farklh }
karigim oranlarinin silajin fermentasyon profili ve besin degeri Aragtirma Makalesi

uzerindeki etkileri ve silaj parametreleri arasindaki iligkiyi inceleyen bir . .
arastirmadir. Misir (M) ve Soya (S) bitkileri, %100M:0S, %75M:%258S, Makale T.ar'lh(;e‘s1
%50M:%50S, %25M:%75S ve %O0M:%100S oranlarinda kangtinlarak ~ Gelis Tarihi - :15.05.2025
silolanmigtir. Fermentasyonun 60. giniiniin sonunda silajlar agilmis ve Kabul Tarihi :15.08.2025
fermentasyqn '6zellikleri ile kalite parametrfeleri 'analiz edi.lmistir. Anahtar Kelimeler
Sonuglar, silajda artan misir oranimmin laktik asit (LA) miktarim e

artirdigim1 ve pH seviyesini disliirdigini gostermistir. Propiyonik asit s g

ve asetik asit icerikleri, saf soya fasulyesi (%100S) ve %25M:%75S Misir

oranindaki karisim silajlarinda daha ylksek bulunmustur. Maisir
silajinin, yiiksek diizeyde suda ¢oziinebilir karbonhidrat (WSC) icerigine
sahipken; soya fasulyesi silajimin belirgin sekilde daha yiiksek ham
protein (HP) icerigine sahip oldugu tespit edilmistir. Misir—soya karigimi
silajlar, saf misir silajina kiyasla ham protein igerigini artirirken, notr
deterjan lifi (NDF), asit deterjan lif (ADF) ve asit deterjan lignin (ADL)
igeriklerini azaltmigtir. Soya fasulyesinin %25 ila %50 oranlarinda
karisima  dahil edilmesiyle silajlarinin = kalite  6zelliklerinin
iyilestirilebilecegi belirlenmistir.

Protein igerigi
Silaj kalitesi
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INTRODUCTION

Silage maize (Zea maysL.) cultivation is steadily expanding day by day by means of its several properties such as
high yield, suitable for mechanization, high quality fermentation properties and broad adaptation to various
environment. Maize silage is widely used in Total Mixed Ration (TMR) for livestock production due to its high
energy content (Ghanbarzadeh et al., 2010). In addition, maize is known an easily ensiled forage due to its low
buffering capacity, good palatability, high sugar content, and high epiphytic lactic acid bacteria count on standing
plant (Qu et al., 2013). Quality silage production is widely based on epiphytic microorganism composition (Muck,
2013) and their behavior in silo. However, maize silage possesses relatively lower crude protein content and cannot
meet the protein demand of ruminant animals in TMR (Sullivan and Hatfield, 2006; Yang et al., 2024). In some
cases, various chemical nitrogen sources have been used to overcome for this deficiency in maize silage production.
Microbial inoculation method also confronts in order to stimulate fermentation profile and reach a better quality
feed. On the other hand, these inoculants are expensive and difficult to access, limiting their use (Canbolat et al.,
2013). An indigenous method for increasing protein content of maize silage is mixing with legumes that have high
protein content (Batista et al., 2019). Soybean (Glycine max Merr., S) plant is rich in protein and vitamin content,
making it a quality source of feed for livestock (Jahanzad et al., 2016; Jin et al., 2024). However, their high
buffering capacity and low carbohydrate content limit pH decreases due to neutralizing acids produced in silo.
Therefore, sole soybean silage is not easily preferred by animals owing to its unpleasant scent and high butyric
acid level (Budakli Carpic1 2016; Ni et al., 2017).

It remains a fact that many studies have shown that good quality silage can be obtained by mixing maize and
legumes together (Smith 2000; Saricicek et al., 2002; Homan 2016; Ozaslan Parlak, and Alaca 2017). Geren et al.
(2008) and Kizilsimsek et al. (2020) have reported that intercropped maize+legume silage produces high-quality
silage feed with higher DM yield and balanced energy and protein content. In addition, Bolson et al. (2022) reported
that monocrop maize and intercrop maize-soybean silage showed similar fermentation profiles, in wvitro
digestibility, dry matter loss, gas loss, and aerobic stability. However, there is different information in the
literature about the appropriate amount of soybean added to silage. The convenient rate of soybean added to maize
silage should be determined for achieving high quality and digestibility of feed. Regarding this issue, Demirel et
al. (2009) informed that the effective results were obtained from a mixture of 20-30% soybean and 70-80% maizein
mixed silage. Zenq et al. (2020) established that mixed ensiling of maize with soybean silage improved fermentation
quality, but there were no statistical differences among sole crop and three different mixtures in terms of the
relative feed value of silages. Arslan et al. (2016) reported that %20 soybean addition to maize silage significantly
increased silage quality, and 60% soybean addition also provided significant increases. Tres et al. (2020) reported
that the addition of 20% raw soybean to rehydrated corn grit silage increased dry matter and organic matter
digestibility. On the other hand, Garay-Martinez et al. (2024) reported that among different soybean-corn blend
ratios, the combination of 40% soybean: 60% corn (S40C60) increased total digestible nutrients (TDN), net energy
for lactation (NEL), and live weight gain energy (NEG) to the highest levels. Similarly, Kizilsimsek et al. (2017)
showed that soybean addition above 60% decreased lactic acid production in silage and negatively affected
fermentation stability by increasing pH. However, the varieties used, mixture ratios, ecological conditions in which
the varieties are grown may cause differences in epiphytic microorganisms on plant material, which may alter
fermentation profile and quality of silage. Therefore, in this study, silage microorganisms affecting fermentation
profile and correlations among silage quality parameters were analyzed. In addition, in order to determine the
effects of the component crops on silage quality more clearly, the intervals among the mixture rations were applied
more widely than that of previous studies

As a summary, in the present experiment, the effects of different mixing ratios of maize and soybean grown under
Eastern Mediterranean conditions on silage fermentation profile and silage quality, as well as the correlations
among the studied parameters, were investigated.

MATERIALS and METHODS

Maize and soybean plants were grown individually during the main crop season in 2019 at the Eastern
Mediterranean Agriculture Research Institute in Kahramanmaras province in Turkey. Soil samples were collected
from a depth of 30 cm at the experimental site. The soil was classified as silty loam, consisting of 40.1% sand,
56.93% silt, and 2.97% clay. The soil exhibited an electrical conductivity (EC) value of 0.023 dS m !, indicating no
salinity issues. Organic matter content was 1.03%, lime content was 19.85%, available phosphorus (P.0s) was 3.66
kg da, available potassium (K.0) was 62.00 kg da™*, and the soil pH was measured at 7.80. Average temperatures
in June, July, August, and September were 27.2°C, 27.4°C, 29.3°C, and 26.0°C respectively. Relative humidity was
50.1%, 49.8%, 50.5%, and 43.3%, respectively. Total precipitation was 5.2 mm in June, 0.2 mm in July, and 1.0 mm
in September.
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Maize (Zea mays L.) cultivar Colonia and silage-type soybean (Glycine max L.) cultivar Yesilsoy were used in this
study. During sowing, 30 kg per decare of compound fertilizer (20-20-0 N-P-K) was applied. Additionally, 20 kg per
decare of ammonium nitrate fertilizer (33% N) was applied as topdressing, and prior to the second hoeing, 30 kg
per decare of urea fertilizer (46% N) was applied. Maize was sown with a row spacing of 70 cm and an intra-row
spacing of 15 cm. Soybean was sown with a row spacing of 70 cm and an intra-row spacing of 5 cm. Drip irrigation
lines were installed during sowing, and irrigation was carried out every 10 days based on crop water requirements.
Necessary irrigation and hoeing operations were performed throughout the growing season.

Maize maturity was taken into consider for determining harvest time. Maize and soybean were harvested
simultaneously when the maize plant reached at the beginning of dough stage. Harvested forages were cut
individually by using a chopping machine to a theoretical 2-4 cm chopping length. Then, silage mixtures (100M:
0S, 75M: 258, 50M: 508, 25M: 75S, OM: 100S) were prepared on a fresh weight basis of individual forages.
Approximately 500450 g of the chopped and mixed forage samples were placed in plastic silage packages, and
oxygen was vacuumed and sealed automatically. Three silage packages were prepared for each application group
for replications. In the study, three replicates, a practice widely used in previous silage research, were preferred
considering practical applicability and resource optimisation.

In order to determine the initial dry matter content (DM To) and DM recovery (DMR), approximately 100 g of the
chopped sample before ensiling was taken and dried in an air-forced oven at 70 °C for 48 hours. Silages were opened
after 60 days and analyzed for pH, dry matter (DM), crude protein (CP), crude ash (CA), ether extract (EE), neutral
detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL). Approximately 100 g samples
were taken from each opened silage and kept in an oven at 70 °C for 48 hours to determine DM (Teo) of the resulting
silages. The dried forage samples were ground in a grinding machine with a 1 mm sieve and made ready for the
further analysis. Dry matter recovery (DMR) was calculated by dividing DM Teo by DM To and multiplying by 100.
The nitrogen content of the silages was determined using the Kjeldahl method, and then the CP content was
calculated by multiplying 6.25 (AOAC, 1990). Ash was determined by igniting the samples in a muffle furnace at
525 °C for 8 hours (AOAC, 1990). Ether extract (EE) was determined according to standard procedures detailed by
AOAC (1990). Neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent lignin (ADL) of the
silage samples were determined according to the method reported by Van Soest et al. (1991). Water-soluble
carbohydrate (WSC) was identified according to the method described by Deriaz (1961).

Silage filtrate was prepared by adding 180 ml of Ringer solution to 20 g samples, mixing with a blender at high
speed for one minute, and filtering through Whatman 54 filter paper. Microorganism counts and organic acid
content were determined by using that filtrate. Microorganism counts were made by making a ten-fold dilution
series. Lactic acid bacteria were determined by pour plating in MRS agar with double overlay for anaerobic
conditions, and plates were incubated at 36 °C for 48 to 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 - with a single overlay, and plates were
incubated at 32 °C for 48 h.

Statistical analysis

The statistical analyses were performed using JMP software (version 10; SAS Institute, Tokyo, Japan). The data
obtained from the study were analyzed in the randomized parcel experimental design, and the differences among
the applications were determined by the LSD test. The relationship between the characters is calculated by the
correlation analysis. The LSD (Least Significant Difference) test was employed to determine the differences among
treatment means due to its sensitivity and ease of interpretation, especially in studies with a limited number of
groups. While more conservative post-hoc tests such as Tukey adjust for multiple comparisons and reduce Type I
error, they may also overlook biologically meaningful differences in smaller sample sizes. Therefore, LSD was
chosen to provide a more flexible analysis and to ensure the detection of significant variations that could have
practical relevance in silage quality evaluation.

Statistical Limitations

Although appropriate statistical analyses were used in this study according to the data structure and study design,
the relatively small sample size may limit the robustness of some parametric tests, especially in terms of
assumptions such as normality and homogeneity of variance. In future research, the use of nonparametric tests or
generalised linear models may improve the reliability and interpretability of findings. The inclusion of such
approaches may be particularly useful in studies with limited replication or complex data distributions.

120



KSU Tarim ve Doga Derg 29 (1), 118-127, 2026 Arastirma Makalesi
KSU J. Agric Nat 29 (1), 118-127, 2026 Research Article

RESULTS

Significant differences were found among silage treatments with respect to DM content in initial silage (P < 0.01).
The highest DM content in fresh material (To) was obtained from sole maize (31.92%), while the lowest DM content
was found in pure soybean (28.15%). Generally, soybean has low DM content; however, increased DM content was
observed when mixed with maize in silage. It was determined that dry matter ratios decreased in silages opened
after 60 days (P<0.001), and the highest DM content was obtained from sole maize. There was no significant
difference in terms of DM content between the 50M:50S and 25M:75S mixtures, and the lowest DM content in the
resulting silage was from 100% soybean plant. The mixture ratio of maize-soybean had a significant effect on dry
matter recovery (DMR) in silage (P < 0.001). Sole maize gave a significantly higher dry matter recovery than the
maize-soybean mixture and soybean silage. It was determined that, when the amount of soybean added to the
mixture increased, the pH values increased in the resulting silage (P < 0.001) (Teo). In addition, it was determined
that the lowest pH values were from sole maize and 756M:25S, which are statistically in the same group. Significant
differences were found among silage types with respect to WSC content in the resulting silage (P < 0.05). The
highest WSC value was obtained from 75M:258 (2.88%) and sole maize (2.87%), while the lowest WSC value was
found in 75S:25M (1.30%) and sole soybean (1.50%).

Table 1. Dry matter in fresh material (DM To), dry matter (DM Teo), dry matter recovery (DMR), pH (T¢o), and
water-soluble carbohydrate (WSC) values of the resulting silage.

Cizelge 1. Taze materyalin kuru madde (KM Ty), silaj kuru madde (KM Teo), kuru madde geri kazanimi (KMR),
silaj pH (Tso) ve silaj suda ¢oziiniir karbonhidrat (WSC) degerleri,

DM (To) DM (Tso0) DMR pH (Te0) WSC
Sole Maize 31.922 31.772 99.582 3.91¢ 2.862
75M:258 30.392b 29.75b 97.91ab 3.96¢ 2.88a
50M:508 28.24¢ 27.18¢ 96.22ab 4.53b 2.28ab
25M:758 28.60bc 27.41¢ 95.85b 4.75P 1.30b
Sole Soybean 28.15¢ 24.944 88.59¢ 5.302 1.50P
Mean 29.46 27.65 93.91 4.49 2.17
P value 0.0048 0.0002 0.0009 0.0003 0.0174
LSD 1.80%* 1.82%%* 3.53%** 0.42%** 1.01*
CV(%) 3.24 3.41 1.96 4.96 24.69

*P <0.05; **P < 0.01; ***P < 0.001 2b.c Means within a row with different letters differ by LSD's test.
LSD: Least Significant Difference, CV (%): Coefficient of Variation, DM To: Dry matter in fresh material, DM (Te0):
dry matter in maturing silage, DMR: dry matter recovery, WSC: water-soluble carbohydrate

Lactic acid bacteria (LAB), mold, yeast, and enterobacteria average values and statistical groups of maize-soybean
mixtures in the resulting silages are given in Table 2. The sole silage and the mixture treatment had a significant
effect on the resulting silage (Teo) microorganism characteristics, such as lactic acid bacteria, mold, and yeast
count. The maize (5.34 log10cfu silage?) and soybean (5.29 log10cfu silage!) combination ratio of 25M:75S (5.46
logio cfu silage) provided the most favorable LAB count (P < 0.01). The lowest LAB count was obtained from
75M:258 (3.67 logio cfu silage?) and 50M:50S (3.10 logio cfu silage?), which belonged to similar groups. Sole maize
produced a significantly higher yeast count than sole soybean grown in the mixture (P < 0.001), in which yeast
density is decreased in the mixture. In addition, it was found that as the amount of soybean added to the silage
increased, the mold count increased (P < 0.05). The lowest mold count (2.87 logio cfu silage!) was obtained from
75M:25S, while the highest content (4.33 logio cfu silage?) sole maize, (4.10 logio cfu silagel) sole soybean, (4.00
logiocfu silage?) 50M:50S and 25M:758S in resulting silage (Te0), which were statistically similar groups. According
to the results, enterobacteria count changed between 3.12 logio cfu silage® and 4.48 logio cfu silage, and there was
no statistically significant difference between the applications.

Fermentation end products such as lactic acid (LA) and acetic acid (AA) weren't affected by mixture treatments.
However, the lowest LA value and the highest AA value were obtained from the sole soybean. Propionic acid (PA)
of sole maize (0.10%), 75M: 258 (0.06%), and 50M:50S (0.08%) treatments were the best treatments defining a
high-quality silage fermentation (P < 0.01). Soybean and 25M:75S silage was in all cases higher than other
mixtures and maize silage. Butyric acid (BA) and ethanol (ETH) content were not detected in any of the silages, so
they could not be included in Table 3.
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Table 2. Lactic acid bacteria (LAB), yeast, mold, and enterobacteria count of silage (T6o)
Cizelge 2. Silajin laktik asit bakteri (LAB), maya, kiif ve enterobakteri sayisi (Tso)

Lactic Acid Bacteria Yeast Mold Enterobacteria
Sole Maize 5.34a 4.78a 4.33a 3.12
75M:25S 3.67b 3.60b 2.87b 4.48
50M:50S 3.10b 2.85bc 4.00a 4.02
25M:75S 5.46a 2.20c 4.00a 4.32
Sole Soybean 5.29a 3.49b 4.10a 4.12
Mean 4.57 3.38 3.86 4.01
P value 0.0062 0.0007 0.0412 0.2845
LSD 1.25%* 0.78*%* 0.91* ns
C.V (%) 14.57 12.24 12.58 18.64

*P< 0.05 **P< 0.01 abc Means within a row with different letters differ by LSD's test.
LSD: Least Significance Different, CV (%): Coefficient of Variation, ns: non-significance

Table 3. Fermentation end products in soybean-maize mixture silages
Cizelge 3. Soya-misir silaj karisimlarinin fermentasyon son itiriinleri

Lactic Acid (%) Acetic Acid (%) Propionic Acid (%)
Sole Maize 1.86 0.27 0.10b
75M:25S 1.49 0.32 0.06b
50M:50S 1.77 0.37 0.08b
25M:75S 1.31 0.88 0.24a
Sole Soybean 1.31 0.90 0.19a
Mean 1.55 0.55 0.13
P value 0.2214 0.0791 0.0017
LSD ns ns 0.07%*
C.V (%) 21.26 56.21 27.79

*P< 0.05 **P< 0.01 2b< Means within a row with different letters differ by LSD's test.
LSD: Least Significance Different, CV (%): Coefficient of Variation, ns: non-significance

The treatment of mixtures had a significant effect on CP, CA, NDF, and ADF concentrations of silage. According
to the results, CP content changed between 6.41% (maize) and 12.33% (soybean). It was determined that, as the
amount of soybean added to the mixture increased, the CP content increased in the resulting silage (Te0). EE values
non-differences were found among silage treatments, which varied between 3.56% (maize) and 3.86% (75M:25S).
Lowest CA content (7.82%) was obtained from 50M:50S, while the highest content (9.26%) was obtained from
25M:758 in the resulting silage (Teo). The CA results showed that the value was the highest for sole soybean, and
this decreased with increasing maize ratio in the mixtures. Moreover, 75M:25S and sole maize gave similar results
in terms of CA. The NDF content changed between 53.45% (maize) and 46.79% (soybean). ADF content changed
between 39.93% (maize) and 27.14% (soybean). It was found that the mature silage NDF and ADF concentration
dropped as more soybean was added to the combination (Teo). The ADL values varied between 4.67% (soybean) and
6.79% (maize), and no differences were found among silage treatments.

Table 4. Crude protein (CP), ether extract (EE), crude ash (CA), cell wall components (NDF, ADF, ADL) and relative feed
value (RFV) of silage

Cizelge 4. Silajin ham protein (HP), ham yag (HY), ham kiil (HK), hiicre duvari bilesenleri (NDF, ADF, ADL) ve nispi
yem degeri (NYD)

CP EE CA NDF ADF ADL RFV
Sole Maize 6.41¢ 3.56 6.85¢ 53.452 39.932 6.79 100.54¢
75M:258 7.99¢ 3.86 6.69¢ 52.71be 35.332 6.65 108.40P¢
50M:50S 8.56b¢ 3.60 7.82b 52.29ab 33.49abe 5.79 111.87b¢
25M:75S 11.062P 3.68 9.262 49.59bc 29.83be 4.90 123.202b
Sole Soybean 12.332 3.61 8.982 46.79¢ 27.14¢ 4.67 135.792
Mean 9.27 3.66 7.92 50.97 33.14 5.76 115.96
P value 0.0088 0.9980 <.0001 0.0131 0.0228 0.4016 0.0143
LSD 2.88*%* ns 0.53%** 3.55%* 7.06* ns 18.03**
C.V (%) 16.54 3.06 3.52 17.35 11.31 27.38 8.25

*P< 0.05 **P< 0.01***P< 0.001 2b< Means within a row with different letters differ by LSD's test.

LSD: Least Significance Different, CV (%): Coefficient of Variation, ns: non-significance

CP: Crude protein, EE: eter extract, CA: crude ash, NDF: neutral detergent fiber, ADF: acid detergent fiber, ADL: acid detergent lignin, RFV:
relative feed value
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The dry matter ratio of the silage affected the quality parameters of DMR (r =0.5575), NDF (r =0.5337), ADF (r
=0.5231), WSC (r=0.5724), and LA (r =0.3111) positively and significantly. In other words, the increase in the dry
matter content increases the WSC content and dry matter recovery, which positively affects the silage quality,
while at the same time itmakes the digestion of the forage difficult (NDF, ADF, ADL, and RFV). Moreover, a
negative correlation was determined between DM content and pH value (r = -0.7282) (P < 0.01). This shows that
increasing DM content contributes to the decrease in pH and positively affects silage quality. When the correlation
analysis was examined, no positive or negative correlation could be detected between EE production and other
parameters. A significant and negative relationship was observed between WSC and AA (r = -7735) (P<0.001) and
PA (r = -0.7601) (P < 0.001). In other words, it can be said that the production of WSC has a positive effect on
lowering the pH (r= -0.7473) of the silage (P < 0.01). Additionally, an increase in AA (r = -02777) and PA (r = -
0.2467) production has an inhibitory effect on the decrease in silage pH value. It is desirable that the CP content
of silages be high. Increasing CP content decreased NDF (r=-0.7033) (P < 0.01) and ADF (r =-0.7767) (P < 0.001)
values, but increased the RFV (r =0.7762) (P < 0.001) value. Moreover, there is a positive relationship between CP
content and LAB count, and a negative (r = -0.5125) and significant relationship with yeast count (P < 0.05).
Therefore, it can be said that increasing CP content has positive effects on silage fermentation quality (Figure 1).
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Figure 1. Correlation analysis between silage quality parameters
Sekil 1. Silaj kalite parametreleri arasindaki korelasyon analizi

DM(To): Dry matter of fresh material, DM(Teo): dry matter of mature silages, Ash: ash ratio, CP: crude protein
ratio, DMR: dry matter recovery, EE: ether extract, LAB: lactic acid bacteria count, NDF: neutral detergent fiber:,
ADF: acid detergent fiber, ADL: acid detergent lignin, RFV: relative feed value, WSC: Water-soluble carbohydrate,
LA lactic acid ratio, AA: asetic acid ratio, PA: Propionic acid ratio

DISCUSSION

The DM content decreased in the initial mixture of silage (To) when the proportion of soybean in the mixture
increased by 50%. Due to the late maturation of the soybean crop compared to the maize crop, the DM (To) content
of soybean silage was 3.77% lower than that of maize silage. The DM content in the mixtures positively impacted
silage quality, particularly after the inclusion of high-ratio maize. Similarly, Stoltz and Nadeau (2014) emphasized
that DM content of maize is substantially higher than that of faba beans. Moreover, Kizilsimsek et al (2020),
informed us that dry material loss occurs as a result of undesired fermentation in the silage of leguminous forage,
which is produced by spending a great deal of time, effort, and money. Although it is expressed in small numerical
values, it corresponds to a high added value in economic terms. In addition, Muck et al. (2018) informed that the
DMR value determines the increase in silage quality for ruminants by intercropping with several legumes.
Therefore, DMR is known as an extremely important parameter. Similarly, it was determined that dry matter loss
was high in sole soybean silage, and dry matter recovery increased with the additive of maize at different rates.
However, Soe Htet et al. (2022) reported that the highest DMR content was found in the 25:75 maize-common bean
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ratio (100.76%). On the other hand, negative correlation between DM and pH is affected, which is positive for the
quality of silage. It is desired that the pH value of good silage fermentation varies between 3.8 and 4.2, but this is
quite difficult for legume silages. As a matter of fact, the pH value of sole soybean has decreased considerably in a
mixture with different ratios of maize and quality silage has been obtained. De Moura Zanine et al. (2020), stressed
that the pH of silage decreased significantly with the addition of sugarcane (50%, 75%) to the soybean plant, which
was due to an increase in levels of WSC content of sugarcane. Soe Htet et al. (2022) reported that the pH value of
common bean is high and that the lowest pH (4.09) in maize-common bean mixtures is obtained from the 756M:25CB
treatment.

It is well established that maize silage contains a considerable amount of fermentable water-soluble carbohydrates
(WSC), which facilitate the ensiling process by supporting the rapid growth of lactic acid bacteria (Quo et al., 2013).
A high WSC content in maize contributes to a faster drop in maize-legume mixture silage pH. Likely, the high
buffer capacity and low WSC concentration in soybeans compared to maize caused the fermentation to take longer.
Similarly, Jahanzad et al. (2014) and Baghdadi et al. (2016) reported higher pH and lower WSC content in soybean
crops. Zeng et al. (2020) established that maize-soybean mixture improved silage fermentation quality. Moreover,
enterobacteria engage in competition with LAB for the use of WSC, leading to an increase in the number of
enterobacteria and a preventive effect on pH decrease in sole soybeans. McDonald P et al. (1991), reported that if
the silage pH is lower than 4.20, the formation of harmful bacteria in the silage can be prevented. In other words,
during the fermentation process, lactic acid bacteria grow in an anaerobic environment and increase with LA. The
study observed that lactic acid (LA) increased depending on the ratio of maize to soybean, a finding that seems
consistent with the general expectation that a higher LA concentration would suppress AA production due to the
dominance of homofermentative lactic acid bacteria. Consistent with the results of this study, Ciftci et al. (2023)
reported that WSC and lactic acid decreased, while butyric acid, pH, butyric acid, and ethanol contents increased
due to increasing rates of string bean addition to sorghum silage. Baghdadi et al. (2016) reported that when the
ratio of maize to soybean was changed as 3:1%, 1:1% and 1:3%, the lactic acid ratio increased significantly as the
soybean ratio increased. Soe Htet et al (2021), reported that higher LA production was achieved from 1M:3S silage
(1 row of maize to 3 rows of soybean). This situation can probably be associated with intercropped maize with
legumes producing a higher DM yield than sole maize. Meanwhile, mold, yeast, and enterobacteria grow in an
aerobic environment and rapidly increase the formation of acetic acid (AA) and propionic acid (PA). Therefore, this
situation negatively affects the silage pH. In addition, the highest LA and lowest AA and PA values were obtained
in monoculture maize. In this case, the lowest pH was obtained from monoculture maize, and high-quality silage
was obtained. The acetic acid content in silages generally ranges from 1% to 3% of the DM. When consumed by
ruminants, it can be absorbed by the rumen and used as energy. Moderate acetic acid content in silage can be
beneficial because it increases silage stability by releasing yeasts that are stored (Kung et al., 2018). In the study,
an increase in the amount of acetic acid was observed as the proportion of soybeans increased. Similarly Parra et
al (2019), reported that increasing the proportion of soybean increased silage acetic acid and propionic acid. Bolson
et al. (2022), found that low DM content silages have high pH and high concentrations of acetic acid and propionic
acid and low concentrations of lactic acid, as observed in our study. Butyric acid is usually produced by clostridia,
which causes poor fermentation and an unpleasant odor. Butyric acid was not detected in any of our study samples.
This result is similar to Zeng et al. (2022).

NDF, ADF, and ADL values vary depending on factors such as plant variety, maturity stage, mixed crops, mixture
ratio, planting method, and harvest time. When ADL values were examined, it was observed that the ADL value
of soybean was lower than that of maize. In this context, it was determined that the ADL content decreased when
soybean was added to maize at different rates. Soe Htet et al. (2021), indicated that to produce the lowest NDF
and ADF levels, maize and soybeans grown for silage should be picked during the milk stage. In addition, ADF
and NDF dramatically decrease when the proportion of soybeans in the combination is increased. Generally, grains
have higher NDF concentrations than legumes (Hassen et al., 2017). Baghdadi et al. (2016), stressed that
increasing the amount of maize in a maize-soybean mixture had a negative impact on forage NDF and ADF, and
that forage ADF decreases as the amount of soybean plants rises. RFV is an important character that is used to
forecast the consumption of forage and energy value, which is calculated from DMI and DDM. Higher RFVs have
been reported for maize silaged with legumes at different rates compared to sole crop maize silage (Kizilsimsek et
al., 2020; Zeng et al., 2022). On the contrary, the increase in soybean ratios caused an increase in CP contents for
the maize-legume mixtures. Other studies have reported that the legume plant increases the CP value in a mixture
with maize silage (Dahmardeh et al., 2009; Batista et al., 2019; Parra et al., 2019).

According to the correlation analysis results, quality silage depends on high DM and high CP content. It was
determined that high CP content decreased the NDF, ADF, and ADL values of the silage and increased the RFV
value. In addition, high DM content has positive effects on low pH value and increases in WSC and DMR. A mixture
of maize and soybean is very advantageous for silage. Due to the low proportion of soybean plants, low NDF, ADF,
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and ADL content, and especially high CP concentrations, maize can improve silage quality.

As a result of the research, it was determined that DM, pH, PA, and WSC contents did not change, and the quality
of the maize silage was preserved when 25% soybean was mixed into the maize silage. Conversely, it was
established that the contents of CP, CA, and RFV increased, while the contents of NDF and ADL decreased with
the addition of 75% soybean to maize silage. Therefore, a mixture of 25M:75S can be recommended if the goal is to
obtain silage with a high-quality crude protein content. However, considering all quality values, a mixture of
75M:25S or 50M:50S is recommended for a good quality silage. Based on the study findings, farmers are
recommended to use a mixture of maize and soybean at 75M:25S or 50M:50S ratios to enhance silage quality
without compromising lactic acid fermentation. For regions with limited protein-rich feed availability, the inclusion
of soybean up to 50% can be considered to boost crude protein levels, provided proper wilting and compaction are
ensured to prevent undesirable fermentation. These ratios offer a balance between nutritional enhancement and
silage stability under field conditions. This study was conducted in a single growing season and location; further
research is needed to confirm the results in different ecological conditions.
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