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THE FORAGE YIELD AND SILAGE QUALITY  
OF MAIZE-SORGHUM-SAINFOIN MIXTURES

ABSTRACT

The aim of the study was to determine forage yield and silage quality in ma-
ize/sorghum (M/S) with sainfoin (SA). The field trial was conducted in 2022 to 
study the effects of different binary sowing ratios (80%M-20%SA, 60%M-40%SA, 
30%M-70%SA; 80%S-20%SA, 60%S-40%SA, 30%S-70%SA, 100%M, 100%SA, 
100%S) in 3 replications. Prior to ensiling, the hay yield and fresh yield in the 
intercropping plots were measured. Parameters of dry matter ratio, pH, crude pro-
tein, ADF, NDF, mineral matters, and organic acid were defined in silages opened 
after fermentation. Before ensiling the highest yield was obtained from maize and 
yield decreased with an increase in sainfoin sowing density. After ensiling, all of 
the silage parameters were affected by mixing ratios. When the sainfoin ratio was 
decreased, dry matter, crude protein, and pH of mixture silages were dramatically 
reduced, but mineral matters were increased. The highest dry matter was determi-
ned in sole sainfoin silage. The best results of lactic acid and acetic acid contents 
were defined in 80%S-20%SA and 60%S-40%SA silage (except for sole treatments). 
Besides, it was seen that the addition of sorghum to sainfoin silage increases lactic 
acid content compared to maize. As a result, intercropping of sainfoin with maize 
and sorghum provided profitable feed production and improved silage quality. As 
a result, intercropping of sainfoin with maize and sorghum provided profitable 
feed production and improved silage quality.

Keywords: Fermentation, Forage Yield, Intercropping, Organic Acid, Protein.



MISIR-SORGHUM-KORUNGA KARIŞIMLARININ OT VERIMI  
VE SILAJ KALITESI

ÖZ

Bu çalışmada korunga (K) ile mısır ve sorgum (M/S) yalın ve karışık ekimleri-
nin ot verimi ve silaj kalitelerinin belirlenmesi amaçlanmıştır. Deneme 2022 yılın-
da 3 tekrar ve ikili karışım oranlarında (%80M-%20K %60M-%40K, %30M-%70K; 
%80S-%20K, %60S-%40K, %30S-%70K, %100M, %100K, %100S) yürütülmüştür 
yapılmıştır. İşlemlerin silolama öncesi kuru ot verimi ile yeşil ot verimleri belirlen-
miştir. Fermantasyon sonrası açılan silajlarda kuru madde oranı, pH, ham protein, 
ADF, NDF, mineral maddeler, organik asit parametreleri belirlenmiştir. En yüksek 
verim silolama öncesi mısırdan elde edilmiş olup, korunga oranının artmasıyla ve-
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rim azalmıştır. Silolama sonrasında tüm silaj parametreleri karışım oranlarından 
etkilenmiştir. Korunga oranı azalmasıyla karışım silajlarının kuru maddesi ve pH'ı 
önemli ölçüde azalırken, ham protein ve mineral maddeleri ise artmıştır. En yük-
sek kuru madde oranı yalın korunga silajında belirlenmiştir. En yüksek laktik asit 
ve asetik asit içerikleri sırasıyla %80S-%20K ve %60S-%40K silajlarında belirlen-
miştir. Ayrıca korunga silajına sorgum ilavesi mısıra göre laktik asit içeriğini arttır-
mıştır. Sonuç olarak korunga ile mısır ve sorgum karışık ekimi karlı yem üretimi 
sağlarken, silaj kalitesini de iyileştirmiştir.

Anahtar Kelimeler: Fermantasyon, Ot Verimi, Karışık Ekim, Organik Asit, 
Protein.



1. INTRODUCTION

With the increasing population in developing countries, the problem of food 
shortage is very important. The amount and quality of protein, which is the basis 
of healthy nutrition, plays a key role in solving the problem of food shortage. To 
be cheap, accessible and increasing animal products that provide quality proteins 
can be possible with the development of animal husbandry. The development of 
livestock enterprises in Turkey is related to the affordability of the animal forage 
supply, which constitutes a large part of the cost. In this context, one of the most 
important and valuable natural resources that can play a vital role in meeting the 
needs of people in terms of animal protein is rangelands. However, the yield of ran-
gelands in Turkey is quite low due to natural and human factors. For this reason, 
it is necessary to increase forage production in various ways (Afshar et al. 2014).

In this context, Sainfoin (Onobrychis sativa Scop.) is one of the most important 
legume forage crops favored by animals due to its high taste and nutritional value 
(Delgado et al., 2008). Sainfoin has been cultivated for hundreds of years in many 
parts of the world, including Asia, Europe, North America, and Turkey. However, 
the share of sainfoin in forage crop cultivation has decreased in Turkey in recent 
years. The sainfoin to Turkey origin has many features such as a large root surface, 
the ability to tolerate drought and severe weather conditions, the ability to grow in 
poor soils, abundant availability in natural rangelands, the ability in nitrogen fixa-
tion, and generally need very little fertilizer and maintenance. It also has the poten-
tial to increase protein utilization and reduce greenhouse gas emissions due to its 
unique tannin and polyphenol composition. However, sainfoin is not preferred by 
farmers because it is difficult to harvest, its regrowth is very slow, and its yield dec-
reases from year to year. Therefore, the use of sainfoin in mixed cropping systems 
and for silage purposes presents an alternative for assessing a quality forage source. 
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It has been known from the past that the grass and legume mixed cropping 
system is more advantageous than pure sowing and provides the best use of the 
unit area (Lu et al., 2000; Li et al., 2022). Because intercropping makes better use of 
light, water, and food sources while also inhibiting weed development, it produces 
a higher yield per acre than mono-cropping. (Rad et al., 2020; Eichler-Löbermann 
et al., 2021). Akdeniz (2019) and Dubbs (1971) reported that sainfoin was used in 
this system to increase yield and quality. In the study, the general reason for sowing 
intercropping to sainfoin, a high-quality perennial forage plant, is to obtain econo-
mic products in the planting year, to form rapid soil cover, and to combat weeds. In 
detail, since biomass yield is high and silage is the aim, companion plants that will 
form high-quality silage were selected. For thousands of years, forages have been 
preserved by ensiling raw plant material via silage, a fundamental biological pre-
servation technique based on spontaneous lactic acid fermentation under anaero-
bic conditions. Silage production is important in countries where winters are harsh 
and animals cannot obtain the energy or nutrients they need throughout the year 
without grazing, especially in Turkey. Epiphytic lactic acid bacteria use simple car-
bohydrates found in silage plants and metabolize them to lactic acid inhibiting the 
formation of acetic acid, preventing the deterioration of the silage, and allowing it 
to be stored for a long time. Thus, cereals such as maize and sorghum, which have 
higher amounts of water-soluble carbohydrates, provide better quality silage pro-
duction compared to legumes (Li et al., 2022). On the other hand, sainfoin, which 
is a legume, has a high dry matter yield and high nutritional value in the early 
period, making it suitable for silage production with a quality fermentation (Ca-
vallarin et al., 2005). Moreover, tannin-containing species such as sainfoin under-
go less protein degradation during ensiling than non-tannin-containing species. 
However, direct ensiling of legumes may be insufficient to initiate the production 
of lactic acid and prevents the pH decrease and causes the increase of acetic acid 
and undesirable microorganisms such as yeast and mold (Muck, 2013). It is also 
well known that when storing legumes as silage, severe protein degradation occurs 
due to the combined effect of both plant and microbial activity. This can reduce 
the nutritional value of silage, dry matter uptake by ruminants, and nitrogen uti-
lization efficiency. For this reason, it is more beneficial to ensilage sainfoin silage 
as a mixture of additives or grasses such as maize and sorghum. Moreover, mixed 
plantings for silage increase yield and quality, as well as ease of harvest and silage 
(Basaran et al., 2018).

In order to meet all of these needs, silages were made using four different 
mixing ratios for sainfoin, maize, and sorghum cultivation. The investigation of 
the impact of seeding rates on the yield and chemical composition of silages was a 
consequence of the study.
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2. MATERIAL AND METHODS

In the study, sainfoin (Onobrychis sativa Lam.; SA), maize (Zea mays L.; M), 
and sorghum (Sorghum bicolor L.; S) plants were grown in the vegetation peri-
od of 2022 with different mixing ratios. The mixture ratios were determined in 3 
ratios (80%M-20%SA, 60%M+-0%SA, 30%M-70%SA; 80%-+20%SA, 60%S-40%-
SA, 30%S-70%SA) binary mixtures for both grasses, and pure sowing (100%) as 
control. This experiment was established using a randomized blocks experiment 
design, with three replications in the research field of Yozgat Bozok University 
(with an average monthly minimum temperature of 11.6°C, an average 89 monthly 
maximum temperature of 22.7°C, and a total precipitation of 174 mm). The soil 
of the experimental area was clay-loam with medium lime content (10.95%), low 
salinity (0.21%), a saturation of 76.27%, and a high pH value (7.56). It also conta-
ined high organic matter (6.65%), medium phosphorus (11.50 kg da-1), and high 
potassium (485.90 kg da-1). The seed rate was calculated based on the sowing rate 
of each plant individually: 12.000 plant da1 for maize, 3 kg da-1 for sorghum, and 8 
kg da-1 sainfoin. Sowing was done in April on 6-meter-long plots with a distance of 
35 cm for sainfoin and 70 cm for maize and sorghum (sole sowing). The mixtures 
were made by sowing sainfoin seeds between rows of maize and sorghum (Figure 
1). Irrigation was done twice during the growing period. The plots were harvested 
on August 18, 2022, for silage, in account of the development period of maize and 
sorghum (at 65-70% humidity).
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Figure 1. Sole and intercropping system in an experiment

2.1. Fresh Yield, Hay Yield, and Silage Preparation

Weighing the plants in a 1 m2 area that was evenly distributed among the plots 
allowed us to calculate the fresh yield (kg da-1) (three repetitions). Hay yield (kg 
da-1) was determined by weighing the plants after 105 drying at 65 °C. Following 
the mixing ratios, the collected plants were cut into 2 cm pieces (Gulumser et al., 
2021b) and placed into 1.0 kg plastic cans with three replications. After being pac-
ked airtight, the silages were allowed to ferment for 45 days at 25±2 °C.
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2.2. Physical Analyses, Dry Matter Ratio, and pH

As mentioned by Alçiçek and Özkan (1997), physical analyses (smell, struc-
ture, and color) were performed after the cans were opened during fermentation, 
with the top 3–4 cm being eliminated. Weighting a 100 g dried sample from each 
silage at 105 0C allowed us to compute the dry matter ratio. 20 g of sample was 
homogeneously combined with 100 ml of distilled water in a blender to measure 
the pH of the silages, and the mixture was then filtered using filter paper into 50 
ml Eppendorf tubes (Basaran et al., 2018). HANNA Edge, a digital pH meter, was 
used to measure pH. 

2.3. Crude Protein, ADF, NDF, and Mineral Matters Ratios Analyzes

After drying the 100 g silage sample at 65 °C until it reached a constant weight 
and grinding it to less than 1 mm, various quality features were determined. Crude 
protein, Ca, Mg, K, and P ratios, as well as ADF (acid detergent fiber) and NDF 
(neutral detergent fiber), were measured using the IC-0904-FE calibration softwa-
re on a Foss NIR Systems Model 6500 Win ISI II v1.5 instrument. 

2.4. Organic Acid Analyzes

The HPLC (Shimadzu, Kyoto, Japan) auto sampler system model LC - 20AT, 
equipped with four pumps and an SPDM20A diode array detector (DAD), was 
used to quantify the organic acids (lactic, acetic, and butyric acids). HPLC analysis 
revealed that butyric acid was not present in every silage sample.

2.5. Statistical Analyzes

The SPSS 20.0 program was used to analyze all of the data according to the ran-
domized blocks experiment design. To identify and find the significant differences 
between treatments, the Duncan test was used; a p-value less than 0.05 was deemed 
to indicate a significant difference.

3. RESULT AND DISCUSSION

The analysis results (Figure 2, 3 and Table 1, 2) showed that the effect of dif-
ferent mixture ratios on all the examined features was significant (p < 0.01). The 
results of the main effects of the binary mixture ratios of sainfoin with maize and 
sorghum showed that the highest fresh yield was found in the 80%M-20%SA and 
pure maize plots while the lowest yield was measured in the control SA treatment 
(Figure 2). The hay yield results showed that the highest value was obtained from 
80%M-20%SA treatment, while the lowest value was obtained from the pure SA 
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plot (Figure 2). The results of the comparison mean of different plant and mix-
ture ratios showed that the highest and lowest yields were related to the ratio of 
high biomass maize and sorghum, and maize mixtures are better than sorghum. 
Intercropping of leguminous forage crops with high biomass plants such as maize 
and sorghum generally results in an inversely proportional relationship between 
139 the proportion of legumes and yield (Basaran et al., 2017). However, the most 
important effect of legumes in the mixture is to provide nutritional balance in nut-
rition. In contrast, Akdeniz (2019) cultivated blue split and bromine, which have 
a smaller biomass than sainfoin, in different locations and reported a decrease in 
fresh and dry grass yields with the decrease in the ratio of sainfoin in the mix-
tures. Basaran et al. (2018) have declared that alfalfa-sorghum intercropped at a 
100%:60% seed ratio produced the highest hay yield. 

Table 1. Crude protein ratio, pH and dry matter (DM) ratio of silages 

Treatments      DM (%) **   pH**   Crude Protein**

Sainfoin 41.01 a 6.28 a 24.94 a

Maize 29.57 g 4.18 e 12.09 f

Sorghum 37.67 d 4.93 bc 13.66 e

80%M-20%SA 31.52 f 4.17 f 13.96 e

60%M-40%SA 36.08 e 4.55 d 20.43 c

30%M-70%SA 39.11 bc 4.52 de 21.33 c

80%S-20%SA 38.08 cd 4.50 de 14.93 d

60%S-40%SA 38.30 cd 4.67 cd 20.46 c

30%S-70%SA 39.69 b 5.23 b 22.47 b

Mean 36.78 4.78 18.25

Standard error (SE) 1.27 0.21 1.53

There is no difference between the means shown in same letter (p<0.05). **:p<0.01

The DM content of sole silages showed significant differences, and the highest 
was in sainfoin (41.01%) and the lowest in maize silage (29.57%). Similarly, the hi-
ghest pH was determined in sole sainfoin (6.28), while the lowest was determined 
in 80%M-20%SA (4.17). When the sainfoin ratio was lowered, the combination 
silages’ DM and pH significantly fell. As expected, the highest CP was found in sole 
sainfoin (24.94%), and CP increased when the ratio of sainfoin in the mixture was 
raised.  The lower CP was determined in sole maize (12.09%) (Table 1).
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There is no difference between the means shown in the same letter (p<0.05). **:p<0.01.

Figure 2. Effects of the binary mixture ratios of sainfoin with maize and sorghum 
on fresh** and hay yield**

Table 2 shows the chemical composition dynamics of silages. The ADF content 
of the silages varied between 19.12 (30%S-70%SA) and 35.74% (sole sorghum), 
while NDF ranged from 40.06% (sole sainfoin) to 66.28% (sole sorghum). The sila-
ges’ increases in calcium and magnesium occurred concurrently with the mixture’s 
higher sainfoin content. Mg content in silages of 30%M-70%SA and 30%S-70%SA 
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were found to be high, respectively 0.45 and 0.44%. The highest potassium content 
(3.69%) was obtained from sole sorghum. The phosphor content of 80S-20SA was 
higher (0.35%) than that of others. 

Table 2. Chemical composition (%) of silages 

Treatments ADF** NDF** Ca** Mg** K** P**

Sainfoin 23.74 cd 40.06 f 2.18 a 0.45 a 2.52 d 0.34 b

Maize 35.35 a 65.59 a 0.79 g 0.37 e 3.01 bc 0.34 b

Sorghum 35.74 a 66.28 a 1.08 f 0.39 d 3.69 a 0.33 c

80%M-20%SA 33.09 ab 60.84 b 1.07 f 0.37 e 2.80 cd 0.30 e

60%M-40%SA 27.89 a-d 47.95 d 1.87 cd 0.44 b 2.70 d 0.30 e

30%M-70%SA 25.64 bcd 45.75 e 1.10 b 0.45 ab 2.73 d 0.34 b

80%S-20%SA 33.61 ab 60.16 b 1.32 e 0.42 c 3.25 b 0.35 a

60%S-40%SA 29.34 abc 51.72 c 1.79 d 0.44 b 3.02 bc 0.32 d

30%S-70%SA 19.12 d 48.67 d 1.93 bc 0.44 ab 2.74 d 0.34 bc

Mean 29.28 54.11 1.56 0.42 2.93 0.33

Standard error (SE) 1.90 3.12 0.16 0.010 0.11 0.005
There is no difference between the means shown in the same letter (p<0.05). **:p<0.01

Organic acids content in sainfoin with maize and sorghum binary mixtures 
were given in Figure 2. The highest lactic acid was found in sole maize (2.75%), sole 
sorghum (2.69%), 80%S-20%SA (2.58%), and 60%S-40%SA (2.49%). The acetic 
acid of silages ranged from 0.50 to 0.25%. Due to the low water-soluble carbo-
hydrates of legumes, the lactic acid level has increased according to the maize and 
sorghum ratio, but the acetic acid level decreased. Compared to maize, the highest 
LA and AA contents were observed in mixtures with higher ratios of sorghum 
(80S-20SA and 60S-40SA silage). In addition, it was seen that the addition of sorg-
hum to sainfoin silage increases lactic acid content compared to maize (Figure 3).

A mixed cropping system effectively improves the utilization rate of resources 
on the same land, increasing yields and quality. According to Jeroch et al. (1999), 
before ensiling, the fresh mass and dry matter accumulated by the silage plants 
should be adequate to provide the highest-quality, most profitable silage. In this 
study, sainfoin and silage plants were cultivated both alone and in combination. 
The production of fresh and hay from the 80M-20SA mixed plant was higher than 
that of the other cultivars. However, the decrease in the rate of maize and sorghum 
with high biomass in the mixtures caused a decrease in yield. Many researchers 
support these results (Gianoli et al., 2006; Basaran et al., 2017; Lienhard et al., 2020; 
Igbal et al., 2021).
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A common practice in forage conservation is ensiling, which is based on spon-
taneous fermentation caused by epiphytic lactic acid bacteria (LAB) that produce 
lactic acid (LA) from water-soluble carbohydrates (WSC) in the absence of oxygen. 
Consequently, the forage is maintained, and the pH drops (Weinberg et al., 2001). 
Legumes have low WSC, which results in lower silage quality, but they have high 
DM and protein content. On the other hand, in maize and sorghum silages, the 
reverse of this situation is present. Maize is the most widely used type in silage 
production, but due to problems such as groundwater scarcity, plant attacks by 
certain parasites, and mycotoxin contamination in its cultivation, it is necessary to 
consider alternative crops. For these reasons, many researchers have used legume/
grass mixtures in silages and have increased the quality and nutritional content of 
the silage (Lima et al., 2010; Amado et al., 2012; Gulumser et al., 2021a). Experi-
ments on lactating cows have proven that replacing maize silage completely with 
sorghum silage does not affect milk yield and is an alternative product (Oliver et 
al., 2004; Colombini et al., 2012). In this study, it was determined that the quality 
of silage mixed with sainfoin was higher and sorghum was an alternative to maize.

   
There is no difference between the means shown in the same letter (p<0.05). **:P<0.01

Figure 3. Effects of the binary mixture ratios of sainfoin with maize and sorghum 
on lactic** and acetic acid** ratio of silages

Panyasak and Tumwasorn (2013) reported that 25-40% of dry matter should 
be in quality silage. Otherwise, if the DM content is more than 60% or less than 
25%, deterioration occurs. In this case, Clostridium spp. anaerobic bacteria begin 
to grow, resulting in the decomposition of sucrose and protein into butyric acid 
and ammonium. This situation raises up to 5.0 the pH, which should be between 
3.7 with 4.8 (Fiyla, 2001), and it reduces silage quality. In addition, low DM silage 
causes an increase in acetic acid content and unwanted epiphytic microorganisms, 
thus reducing the fermentation process and quality of the silage (Jeroch et. al., 
1999). In the study, DM results were suitable for all processes except for sole sain-
foin, while the pH content was found in others except for sole sainfoin, sorghum, 
and 30%S-70%SA treatments. Moreover, the pH values decreased with an increa-
sed percentage of maize silage in the mixtures, possibly due to pure maize having a 
high WSC content suitable for lactic acid production. Ke et al. (2017, 2018) showed 
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a pH value even higher than 5.0 in alfalfa and grass silage, and such inconsistency 
can be attributed to different application rates and species. As a result of the physi-
cal evaluation of the silages, sole sorghum, 80%M-20%SA, and 80%S-20%SA were 
found to be successful. 

The amount of ADF and NDF in silages influences the amount of energy dairy 
cows obtain from silage-based diets and consequently, milk production (Ferraretto 
et al. 2015; Tharangani et al. 2020). NRC (2001) states that silages of a high caliber 
should normally have 25–35% ADF and 40–50% NDF. Except for 30%S-70%SA in 
ADF content and sole treatments in NDF, other treatments were found suitable. 
Similar results were found in like studies (Baležentienė and Mikulionienė, 2006; 
Seydosoglu, 2019; Mut et al., 2020; Gulumser et al., 2021a,b). The plant type, the 
harvest time, and the competition from a high mixed planting density might all be 
contributing factors to the decline in these contents.  Moriri et al. (2010) showed 
that flowering and maturity of plants were delayed by intensification of interspeci-
fic competition, which may be the reason for the affected NDF content.

Well-fermented silage generally has a higher nutrient content (Kung et al. 
2018). In the present study, CP content increased with increasing sainfoin sowing 
density. Zeng et al. (2020) announced that soybean effectively compensated for 
the low CP content in maize silage in its study. Baghdadi et al. (2016), reported 
that as the proportion of soybeans in the mixed silage decreased, the CP content 
also decreased significantly, and our study found similar results, with maize having 
the lowest CP content. The elements that must be obtained from the feed for the 
animals to carry out their tasks in a healthy manner are the mineral substances 
that are studied in silages (Yogeshpriya and Selvara, 2018; Trailokya et al., 2017; 
Arnoud, 2008). According to Kidambi et al. (1993) and Tekeli and Ateş (2005), 
forage must have a minimum of 0.8% K, 0.21 P, 0.3 Ca, and 0.1 Mg in order to 
provide animals with a balanced diet. Furthermore, compared to grass, legumes 
have a higher nutritious value. The silages in this study were all higher than these 
mineral content levels. Additionally, solitary sainfoin had a substantially greater Ca 
concentration than the other components, but not of the other.

The main fermentation product in silage is lactic acid, which is also a crucial 
indicator of silage quality. Ruminant performance is impacted by the organic acids 
found in properly fermented silage, which serve as energy sources (Daniel et al. 
2013). Lactic acid bacteria (LAB), which is found naturally in plants, is the source 
of lactic acids, the most significant of these organic acids. Crop LAB counts vary 
greatly by species, ranging from 1 × 107 CFU/g (colony-forming units) in sorg-
hum and maize to the lowest detection limit of 10 CFU/g in alfalfa (Broberg et al., 
2007; Comino et al., 2014). Acetic and butyric acid levels rise in proportion to the 
amount and rate of lactic acid formation (Guo et al., 2018). The primary metabolite 
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of Acetobacter, acetic acid, is constantly present in large concentrations and raises 
pH, which is favorable to the growth of undesirable bacteria such as Clostridia 
(Zheng et al., 2017). This results in a drop in the protein level and nutritional value 
of silage, which lowers its quality. According to Alçiçek and Özkan (1997), lac-
tic acid in high-quality silage should be greater than 2% and acetic acid less than 
0.8%. Our results fell within these ranges. Better-quality silage was produced in 
comparison to lean ones by increasing lactic acid production, decreasing pH and 
acetic acid in silages, and altering the mixing ratios. It was shown that compared 
to maize, the combination made with sorghum had more lactic acid and less acetic 
acid. Therefore, the optimal choice was 80%S-20%SA and 60%S-40%SA from the 
perspective of chemical composition and fermentation quality in the conditions of 
the experiment. While Basaran et al. (2018) revealed that levels of different ratios 
of mixed had variable effects, Gulumser et al. (2021a) said that can enhance lactic 
acid content with mixes. This conclusion was consistent with prior findings (Li et 
al., 2022). Different effects have been observed in other studies, as well (Li et al., 
2016; König et al., 2019). The plant species, culture, climate, soil fertility, growing 
season, and harvest timing may all contribute to these variations in silage quality.

4. CONCLUSIONS

The primary objective of this study was to maximize land use efficiency in an 
intercropping system by preparing silages with mixed legume and grass. This ap-
proach aims to minimize dry matter loss, promote lactic acid production, suppress 
undesired microorganisms, and increase nutritional quality. As a result, sainfoin 
and maize/sorghum silage complement each other well, and intercropping these 
combinations resulted in high-quality silage and fodder output. Before ensiling, 
the combined forage yields exceeded those of pure. Notably, the 80%S-20%SA 
combination yielded the highest. It is confirmed that using sainfoin alone for silage 
is less advantageous, as indicated by positive indices such as high hay yield, lactic 
acid contents, and chemical composition specified before ensiling within maize 
and sorghum sainfoin mixes. We have found that all of the studied parameters 
had mixed ratios of beneficial impacts. However, 80%S-20%SA and 60%S-40%SA 
mixed silage outperformed the others, suggesting that sorghum could be a viable 
substitute for maize.

Conflict of Interest

The authors declare that there is no conflict of interest. 

Ethics 

This study does not require ethics committee approval. 



481Medine ÇOPUR DOĞRUSÖZ, Uğur BAŞARAN, Erdem GÜLÜMSER, Hanife MUT

https://doi.org/10.7161/omuanajas.1404413

Author Contribution Rates 

Design of Study: MÇD (%50), UB (%50) 

Data Acquisition: MÇD (%30), UB (%30) EG (%20), HM (%20)

Data Analysis: MÇD (%40), UB (%30) EG (%30)

Writing up: MÇD (%30), UB (%30) EG (%30), HM (%10)

Submission and Revision: MÇD (%50), EG (%50) 

REFERENCES
Afshar, I., Haghighi, A.R., Shirazi, M., 2014. Comparison the effects of spraying different amounts of nano zinc oxide 

and zinc oxide on, wheat. International J. Plant Animal Env. Sci., 4(3): 688.
Akdeniz, H., 2019. The influences of different sowing methods of sainfoin, smooth bromegrass and wheatgrass 

mixtures on yield traits and quality characteristics. Journal of Agriculture, 2(1):1-15.
Alçiçek, A., Özkan, K., 1997. Determination of silage quality for silo feed. First Turkish Silage Conference, 241-246. 

16-19 September, Bursa, Turkey.
Amado, I.R., Fuciños, C., Fajardo, P., Guerra, N.P., Pastrana, L., 2012. Evaluation of two bacteriocin-producing probi-

otic lactic acid bacteria as inoculants for controlling Listeria monocytogenes in grass and maize silages. 
Anim. Feed Sci. Technol., 175:137-149.

Arnoud, M..J., 2008. Update on the assessment of magnesium status. Br. J. Nutr., 99(3):24-36. 
Baghdadi, A., Halim, R.A., Radziah, O., Martin, M.Y., 2016. Ebrahimi, M. Fermentation characteristics and nutritive 

value of corn silage intercropped with soybean under different crop combination ratios. J. Anim. Plant 
Sci., 26:1710–1717. 

Baležentienė, L., Mikulionienė, S., 2006. Chemical composition of galega mixtures silages. Agron. Res., 4(2):483–492. 
Basaran, U., Çopur Doğrusöz, M., Gülümser, E., Mut, H., 2017. Hay yield and quality of intercropped sorghum-sudan 

grass hybrid and legumes with different seed ratio. Turk J. Field Crops., 22(1):47-53. http://doi.org/10.17557/
tjfc.301834. 

Basaran, U., Gülümser, E., Mut, H., Çopur Doğrusöz, M., 2018. Determination of silage yield and quality of grasspea 
+ cereal intercrops. TURJAF, 6 (9):1237-1242. http://doi.org/10.24925/turjaf. Doi:v6i9.1237-1242.2022. 

Broberg, A., Jacobsson, K., Ström, K., Schnürer, J., 2007. Metabolite profiles of lactic acid bacteria in grass silage. 
Appl. Environ. Microbiol., 73:5547–5552. https://doi.org/10.1128/AEM.02939-06. 

Cavallarin, L., Antoniazzi, S., Borreani, G., Tabacco, E., 2005. Effects of wilting and mechanical conditioning on 
proteolysis in sainfoin (Onobrychis viciifolia Scop) wilted herbage and silage. J. Sci. Food Agric., 85(5): 
831-838. 

Colombini, S., Galassi, G., Crovetto, G.M., Rapetti, L., 2012. Milk production, nitrogen balance, and fiber digestibility 
prediction of corn, whole plant grain sorghum, and forage sorghum silages in the dairy cow. J Dairy Sci., 
95(8): 4457–67.

Comino, L., Tabacco, E., Righi, F., Revello-Chion, A., Quarantelli, A., Borreani, G., 2014. Effects of an inoculant con-
taining a Lactobacillus buchneri that produces ferulate-esterase on fermentation products, aerobic sta-
bility, and fibre digestibility of maize silage harvested at different stages of maturity. Anim. Feed Sci. 
Technol., 198: 94–106. https://doi.org/10.1016/j.anifeedsci.2014.10.001.

Daniel, J.L.P., Weiß, K., Custódio, L,, Sá Neto, A., Santos, M.C., Zopollatto, M., Nussio, L.G., 2013. Occurrence of volatile 
organic compounds in sugarcane silages. Anim. Feed Sci. Technol., 185: 101–105.

Delgado, I., Salvia, J., Andrés, C. 2008. The agronomic variability of a collection of sainfoin accessions. In: Span J. 
Agric. Res., 6(3): 401-407.

Dubbs, A.L., 1971. Competition between grassand legume species on dryland. J. Agron., 63(3): 359-362. 
Eichler-Löbermann, B., Zicker, T., Kavka, M., Busch, S., Brandt, C., Stahn, P., Miegel, K., 2021. Mixed cropping of maize 

or sorghum with legumes as affected by long-term phosphorus management. Field Crops Res., 265: 
108120. https://doi.org/10.1016/j.fcr.2021.108120. 

Ferraretto, L.F., Fonseca, A.C., Sniffen, C.J., Formigoni, A., Shaver, R.D., 2015. Effect of corn silage hybrids differing in 
starch and neutral detergent fiber digestibility on lactation performance and total-tract nutrient digesti-
bility by dairy cows. J. Dairy Sci., 98: 395-405. 



482 The Forage Yield and Silage Quality of Maize-Sorghum-Sainfoin Mixtures

ANAJAS, 2024, Cilt 39, Sayı 3, Sayfa 469-483

Filya, I., 2001. Silage technology. Hakan Ofset Press, İzmir.  
Gianoli, E., Ramos, I., Alfaro-Tapia, A., Valdéz, Y., Echegaray, E.R., Yábar, E., 2006. Benefits of a maize–bean–weeds 

mixed cropping system in Urubamba Valley, Peruvian Andes. Int. J. Pest Manag., 52(4):283-289, https://doi.
org/10.1080/09670870600796722. 

Gülümser, E., Mut, H., Başaran, U., Doğrusöz, M.C., 2021a. An assessment of ensiling potential in maize x legume 
(soybean and cowpea) binary mixtures for yield and feeding quality. Turkish J. Vet. Anim. Sci., 45(3): 547-
555. https://doi.org/10.3906/vet-2006-43. 

Gülümser, E., Mut, H., Başaran, U., Doğrusöz, M.C., 2021b. Determination of quality traits of silages obtained of 
forage pea and oats in different ratios. JIST, 11(1): 763-770.

Guo, X.S., Ke, W.C., Ding, W.R., Ding, L.M., Xu, D.M., Wang, W.W., 2018. Profiling of metabolome and bacterial com-
munity dynamics in ensiled Medicago sativa inoculated without or with Lactobacillus plantarum or Lac-
tobacillus buchneri. Sci. Rep., 8: 357. 

Iqbal, M.A., Iqbal, A., Ahmad, Z., Raza, A., Rahim, J., Imran, M., Sheikh, U.A.A., Maqsood, Q., Soufang, W., Sahloulh, 
N.M.A., Sorourh, S., El Sabag, A., 2021. Cowpea [Vigna unguiculata (L.) Walp] herbage yield and nutritional 
quality in cowpea-sorghum mixed strip intercropping systems. Rev Mex Cienc Pecu., 12(2): 402-418. htt-
ps://doi.org/10.22319/rmcp.v12i2.4918.

Jeroch, D., Drochner, W., Simon, O., 1999. Ernährung landwirtschaflichen Nutztiere. Berlin, Springer 544 pp, Verlag.
Ke, W.C., Ding, W.R., Xu, D.M., Ding, L.M., Zhang, P., Li, F.D., 2017. Effect of addition of malic or citric acids on fer-

mentation quality and chemical characteristics of alfalfa silage. J. Dairy Sci., 100: 8958–8966. https://doi.
org/10.3168/jds.2017-12875. 

Ke, W., Ding, W., Xu, D., Shah, M.N., Zhang, P., Guo, X., 2018. Influences of addition of malic acid or citric acid, Lacto-
bacillus plantarum and their mixtures on fermentation quality, proteolysis and fatty acid composition of 
ensiled alfalfa. Arch. Anim. Nutr., 6: 492–502. https://doi.org/10.1080/1745039x.2018.1510156. 

Kidambi, S.P., Matches, A.G., Karnezos, T.P., Keeling, J.W., 1993. Mineral concentrations in forage sorghum grown 
under two harvest management systems. J. Agron., 85:826-833. 

Kilic A (1986). Silo feed (Instruction, Education and Application Proposals). Bilgehan Press, Izmir. 
König, W., König, E., Elo, K., Vanhatalo, A., Jaakkola, S., 2019. Effects of sodium nitrite treatment on the fermentation 

quality of red clover - grass silage harvested at two dry matter concentrations and inoculated with 
clostridia. Agric. Food Sci., 28: 155-164. https://doi.org/10.23986/afsci.85114.

Kung, L.Jr., Shaver, R.D., Grant, R.J., Schmidt, R.J., 2018. Silage review: Interpretation of chemical, microbial, and 
organoleptic components of silages. J. Dairy Sci., 101:4020–4033. 

Li, P., Ji, S., Hou, C., Tang, H., Wang, Q., Shen, Y., 2016. Effects of chemical additives on the fermentation quality and 
N distribution of alfalfa silage in south of China. Anim. Sci. J., 87:1472–1479. https://doi.org/ 10.1111/asj.12600. 

Li, Q., Zeng, T., Hu, Y., Du, Z., Liu, Y., Jin, M., Tahir, M., Wang, X., Yang, W., Yan, Y., 2022. Effects of Soybean Density and 
Sowing Time on the Yield and the Quality of Mixed Silage in Corn-Soybean Strip Intercropping System. 
Fermentation, 8:140. https://doi.org/10.3390/fermentation8040140. 

Lienhard, P., Lestrelin, G., Phanthanivong, I., Kiewvongphachan, X., Leudphanane, B., Lairez, J., Quoc, H.T., Castella, 
J.C., 2020. Opportunities and constraints for adoption of maize-legume mixed cropping systems in Laos. 
Int. J. Agric Sustain., 18(5):427-443, https://doi.org/10.1080/14735903.2020.1792680. 

Lima R, Lourenço M, Díaz RF, Castro, A., Fievez, V., 2010. Effect of combined ensiling of sorghum and soybean with 
or without molasses and lactobacilli on silage quality and in vitro rumen fermentation. Anim. Feed Sci. 
Technol., 155:122-131. https://doi.org/10.1016/j.anifeedsci.2009.10.008.

Lu, Y., Sun, Y., Foo, Y., McNabb, W.C., 2000. Phenolic glycosides of forage legume Onobrychis viciifolia. Phytochem., 
55: 67-75.

Moriri, S., Owoeye, L., Mariga, I., 2010. Influence of component crop densities and planting patterns on maize 
production in dry land maize/cowpea intercropping systems. Afr. J. Agric. Res., 5:1200–1207. 

Muck, R.E., 2013. Recent advances in silage microbiology. Agric. Food. Sci., 22(1): 3–15. https://doi.org/10.23986/
afsci.6718. 

Mut, H., Gülümser, E., Doğrusöz, M., Başaran, U., 2020. Determination of silage quality of narbon vetch (Vicia 
narbonensis L.) and ryegrass (Lolium multiflorum L.) mixtures. ÇOMÜ Journal of Agriculture Faculty 8 
(2):391-396. 

NRC, 2001. Nutrient Requirements of Dairy Cattle. (7th rev ed), Natl. Acad. Sci., Washington DC. 
Oliver, A.L., Grant, R.J., Pendersen, J.F., O’Rear, J., 2004. Comparison of brown midrib-6 and -18 forage sorghum with 

conventional sorghum and corn silage in diets of lactating dairy cows. J. Dairy. Sci. 87(3): 637–44. 
Panyasak, A., Tumwasorn, S., 2013. Effect of Moisture Content and Storage Time on Sweet. Walailak J. Sci. Technol., 

12 (3): 237-243. 



483Medine ÇOPUR DOĞRUSÖZ, Uğur BAŞARAN, Erdem GÜLÜMSER, Hanife MUT

https://doi.org/10.7161/omuanajas.1404413

Rad, S.V., Valadabadi, S.A.R., Pouryousef, M., Saifzadeh, S., Zakrin, H.R., Mastinu, A., 2020. Quantitative and qua-
litative evaluation of Sorghum bicolor L. under intercropping with legumes and di erent weed control 
methods. Horticulturae, 6:78. https://doi.org/10.3390/horticulturae6040078. 

Seydoşoğlu, S., 2019. Investigation of the effect of fodder Pea (Pisum sativum L.) and barley (Hordeum vulgare L.) 
Herbages Mixed at Different Rates on Silage and Feed Quality, Ege. Univ. Jour. Agri. Fac., 56(3): 297-302. 
https://doi.org/10.20289/zfdergi.485698. 

Tekeli, A., Ates, S., 2005. Yield potential and mineral composition of white clover (Trifolium repens L.) – tall fescue 
(Festuca arundinacea Schreb.) mixtures. J. Cent. Eur. Agric., 6:27-34.

Tharangani, H., Lu, C., Zhao, L., Ma, L., Guo, X., Weiss, W.P., Bu, D., 2020. Estimation of between-cow variability in nut-
rient digestion of lactating dairy cows fed corn-based diets Animals, https://doi.org/10.3390/ani10081363. 

Trailokya, A., Srivastava, A., Bhole, M., Zalte, N., 2017. Calcium and Calcium Salts. Assoc Physicians India, 100-102. 
Weinberg, Z.G., Szakacs, G., Ashbell, G., Hen, Y., 2001. The effect of temperature on the ensiling process of corn and 

wheat. J. Appl. Microbiol., 90: 561–6. 
Yogeshpriya, S., Selvara, P., 2018. Mastery of Potassium Status and Their Consequences of Hypokalemia in Dairy 

Cattle. Shanlax Int. J. Vet. Sci., 5(3):1-5. 
Zeng, T., Li, X., Guan, H., Yang, W., Liu, W., Liu, J., Yan, Y., 2020. Dynamic microbial diversity and fermentation quality 

of the mixed silage of corn and soybean grown in strip intercropping system. Bioresour. Technol., 313: 
123655. 

Zheng, M.L., Niu, D.Z., Jiang, D., Zuo, S.S., Xu, C.C., 2017. Dynamics of microbial community during ensiling direct-cut 
alfalfa with and without LAB inoculant and sugar. J. Appl. Microbiol., 122:1456–1470. https://doi.org/10.1111/
jam.13456.



484

ANAJAS, 2024, Cilt 39, Sayı 3


