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PREFACE 

One of the most important problems of the enterprises is to  provide the 

quality roughage required for livestock activities in a healthy way. Demand of 

Increasing the feed production required by the animals and on the other hand 

reducing the increasing costs push the producers to search for many 

alternatives. Their expertise in forage crop production and their access to the 

necessary tools to grow alternative forage crops suggest that many producers 

can implement the idea of diversifying their production. Legumes and grasses 

are generally used in the production of forage crops. However, many plant 

species from other families are also used as fodder plants. Many annual and 

perennial species, which are among these plants that can be used both as 

cultivated and as they are found in nature, and which we can define as 

alternative forage crops, will help livestock enterprises by supporting legumes 

and grasses used primarily in forage production. Alternative forage crops, on 

the one hand, provide diversity to the producers, on the other hand, they will 

also support the planting plans of the producers with different vegetation 

periods In this book, there is information such as climate and soil requirements 

of some other alternative forage crops that are not included in the 

ALTERNATIVE FORAGE CROPS- I, Cultivation and utilization areas of 

some alternative forage crop species. 

I would like to thank all the authors who have contributed to the 

preparation of the book and have made invaluable contributions for their efforts 

and support.  I would also like to thank my colleague Assoc. Prof. Dr. Seyithan 

SEYDOŞOĞLU and IKSAD Publishing House. 
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1. INTRODUCTION 

Livestock farming in Türkiye encounters economic, technical, and certain 

cultural constraints, impeding the progress of cultivating forage crops, a crucial 

source for fulfilling the high-quality forage needs of farm animals. Despite the 

acknowledged significance of advancing forage crop cultivation and the emphasis 

on new research for the future of national animal husbandry, desired advancements 

have not been realized due to a variety of challenges. Ensuring the supply of high-

quality forage stands as one of the most critical challenges for fostering healthy 

livestock activities within livestock operations. Given that approximately 70% of 

expenses in livestock farming are attributed to feed costs, coupled with the current 

state of meat prices in our country, the significance of producing high-quality forage 

becomes unmistakable. 

Although there exist numerous alternative forage crops that could be 

cultivated in our country, the cultivation of these crops remains limited. In contrast, 

many other countries, especially those with advanced animal husbandry practices, 

employ a variety of forage crops. In regions of our country characterized by the 

Mediterranean climate, successful cultivation of well-known and widely used plants 

worldwide is feasible. Sunn hemp (Crotalaria juncea L.), an annual summer legume, 

has been identified as having promising potential in our country due to its various 

usage opportunities. Therefore, experiments with Crotalaria juncea L. have been 

conducted since 2016 in the fields of the Department of Field Crops at Ege 

University, located in Bornova/Izmir, representing the typical Mediterranean 

climate. The results obtained indicate the successful cultivation of this plant in our 

country (Demiroglu Topcu and Ozkan, 2019; Demiroglu Topcu and Ozkan, 2021; 

Ozkan, 2022). 

2. SYSTEMATIC AND MORPHOLOGY 

The genus Crotalaria, a member of the Genisteae tribe within the Papilionoid 

Legumes (Papilionoideae), encompasses a diverse array of approximately 600 

species. The nomenclature “Crotalaria” derives from the evocative notion of “rattle” 

symbolizing the audible emanations produced by seeds within mature pods (White 

and Haun, 1965). These species exhibit a broad distribution, thriving in tropical, 

subtropical, and selectively temperate zones, with adaptability to regions 

maintaining elevations below 600 meters from sea level in temperate climates. 
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Crotalaria juncea L., belonging to the Fabaceae family, stands out as an 

annual plant with versatile applications and global cultivation. Noteworthy 

counterparts within the genus include Crotalaria striata, Crotalaria spectabilis, 

Crotalaria intermedia, and Crotalaria lanceolata. These species have been 

cultivated over extensive periods, particularly in the United States and various 

nations, serving dual roles in soil conservation and amelioration, alongside their 

utility as forage crops (Ahlgren, 1956). 

The paramount species within the Crotalaria genus, recognized as Crotalaria 

juncea L. or Bengal Hemp/Bombay Hemp, is commonly acknowledged as 

indigenous to India. Its deployment extends to soil reclamation, fiber production, 

and as a forage crop. Within tropical realms, notably in Indonesia, Malaysia, Taiwan, 

Thailand, and China, it finds prominence as a robust green manure crop. In South 

Asian territories, it has sustained historical significance as a pivotal fiber crop, 

contributing to the production of ropes and paper (Rotar and Joy, 1983). 

Systematic (Anonymous, 2023) 

Kingdom Plantae : Plants 

Subkingdom Tracheobionta : Vascular plants 

Superdivision Spermatophyta : Seed plants 

Division Magnoliophyta : Flowering plants 

Class Magnoliopsida : Dicotyledons 

Subclass : Rosidae 

Order : Fabales 

Family Fabaceae : Pea family 

Genus : Crotalaria L. (rattlebox) 

Species : Crotalaria juncea L. (sunn hemp) 

 

Crotalaria juncea L. is an herbaceous plant that typically thrives in tropical 

regions, exhibiting an upright growth habit with a potential height range of 2.5 to 4 

meters. Its lance-shaped leaves, arranged spirally along the stem, are structurally 

simple, featuring a width spanning from 0.5 to 3.0 cm and a length of 4 to 12 cm, 

displaying a vibrant green hue. 
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The plant is characterized by a robust taproot and well-developed lateral roots, 

while the stem can attain a diameter of up to 2 cm. When cultivated under conditions 

with a shorter daylight duration, the flowering process commences approximately 

eight weeks after the initial planting 

 

  

  
Figure 1: Leaves and flowers of Sunn hemp (original) 

 

The flowers form clusters, measuring 8-20 cm in length, featuring hairy sepals 

measuring 1.5 cm in length and petals measuring 2-5 cm in length, presenting a 

striking yellow color. The fruit takes the form of a cylindrical pod covered in short 

velvety hairs, enclosing 6-12 seeds. These curved, heart-shaped seeds have 

dimensions of 6-7 mm in length and may vary in color from dark brown to black. 

The weight of a thousand seeds is approximately 35-50 grams (Rotar and Joy, 1983; 

Chaudhury et al., 1997; Mosjidis and Wang, 2011; Al-Snafi, 2016; Demiroğlu 

Topçu and Özkan, 2018). 
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Figure 2. Illustration of sunn hemp (Crotalaria juncea L.) (Anonymous, 2023) 

3. ADAPTATION 

Crotalaria juncea L., commonly known as sunn hemp, is the fastest-growing 

species within the Crotalaria genus and exhibits high adaptability to both tropical 

and subtropical climates. Successful cultivation is feasible in regions with elevations 

below 600 meters from sea level, particularly in temperate zones (Rotar and Joy, 

1983). Moreover, it exhibits adaptability to diverse soil conditions, thriving in soils 

with an average annual temperature ranging between 15.0-37.5°C and a soil pH 

between 5.0-8.4. For fiber production, it is advisable to cultivate Crotalaria juncea 

L. in very light and well-drained soils with a sandy or loamy structure that retains 

sufficient moisture.  

For optimal seed germination, it is advised to sow in a well-prepared seedbed 

with soil moisture levels not falling below 30%. The timing of sowing significantly 

influences the vegetative growth and development of Crotalaria juncea L. Despite 
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being a short-day plant, vegetative growth is more advantageous during longer 

daylight periods, making April and May the optimal sowing months. Late sowings 

result in a shortened vegetative growth period, reduced plant height, decreased 

internode count, and narrowed stem diameter. 

Recommended practices include sowing Crotalaria juncea L. in rows, with 

seeds typically sown at a depth of 2-3 cm. Research indicates that narrow-row 

planting yields higher seed production compared to wide-row planting, with an ideal 

row spacing of 20-30 cm. The inter-row distance should be maintained between 5-

10 cm if necessary. Germination is epigeal, occurring within approximately three 

days. Plant growth is significantly affected by the sowing date and early-season 

rainfall.  

 

  
Figure 3: Seeds of Sunn hemp (original) 

 

The seeding rate depends on germination and soil moisture, with a minimum 

germination rate of 80%. For row planting, 20-30 kg per hectare of seeds is 

recommended, while for broadcast planting, 40-50 kg per hectare should be used  

(Chaudhury et al.,1997). As a leguminous plant, Crotalaria juncea L. does not 

necessitate nitrogen fertilization, but applying a small amount of nitrogen fertilizer 

at planting can enhance yield. For green manure purposes, planting can occur in any 

month, with subsequent burial of plants around the 30th or 45th day of the growing 

season. Weeds are generally left unmanaged, except for Ipomoea spp., which may 

grow concurrently with sunn hemp.  
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Figure 4: Sunn hemp epigeal germination and stem diameter(original) 

 

  

Figure 5: Pods of Sunn hemp (original) 

 

Harvest timing varies based on ecological conditions and cultivation goals. 

The recommended harvest time for fiber production is during flowering or when the 

seed pods are fully ripe. It is noteworthy that there is little discrepancy in strength 

and fiber quality during this period. Additionally, in certain regions, the upper part 

of the plant (approximately 30 cm) is initially mown and utilized for fodder. 

Following harvest, the plants are categorized based on their height and thickness, 

bundled into approximately 20-25 cm bundles, and left in the field for 2-3 days to 

facilitate leaf shedding. Subsequently, the leaves are manually removed, and the 

stems are directly sent for retting. In some parts of India, the plants are left on the 

ground for 10-15 days, and the separation of fibers takes place overnight with 

sufficient dew, which can be quite substantial (Duke, 1981). 
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For green forage or silage production, the optimum harvest period is around 

50% flowering and early pod stages. Harvesting can be performed at ground level 

using a sickle or a machine. Moreover, during this period, it is also utilized for 

grazing in some countries around the world. 

The seed yield of sunn hemp exhibits considerable variation, influenced by 

factors such as planting time, variety, and the impact of diseases and pests. Ideally, 

in the chosen region for seed production, the latitude should not exceed 24°N, 

temperatures should not drop below 10°C, ample sunlight should be available, and 

there should be no precipitation during the fruiting period. Cultivation areas in India 

typically range between 17-30°N. In Brazil, it is feasible to cultivate the plant in the 

equatorial zone up to 22.5°N, under conditions of moderate to heavy rainfall. Under 

optimal conditions, the average seed yield is in the range of 300-700 kg per hectare. 

4.YIELD AND QUALITY 

4.1. Nutritive value of forage 

Crotalaria juncea L. is recognized as the most aggressive species within its 

genus (Mosjidis and Wang, 2011). Furthermore, it can achieve a green forage yield 

of 27 t ha-1 in 60 days (Warren et al., 2012), and the rapidly growing plant attains a 

height of 1.2 meters 60 days after sowing and 1.8 meters after 90 days (Rotar and 

Joy, 1983; Mansoer et al., 1997). The leaves of the plant are known to contain 30% 

protein (Warren et al., 2012). Additionally, Mansoer et al. (1997) reported in their 

study that the ratios of lignin, cellulose, and hemicellulose in the leaves were lower 

at each harvest time than the ratios in the stem. Sheep and goats have been observed 

to prefer the leaves and upper parts of the plant (Burke et al., 2011). 
 

  

Figure 6: General appearance of the Sunn hemp (original) 
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Grazing can be initiated when the plants reach approximately 45-90 cm in 

length. Despite having high leaf quality (about 4-5% N equivalent, 25-30% protein, 

22-28% NDF, 22-27% ADF), the stem quality is low (about 1.3-1.7% N equivalent, 

8-10% protein, 74-76% NDF, 64-65% ADF). However, the stems can provide the 

roughage needed by ruminants. Intensive growth until flowering may lead to the loss 

of some lower leaves and a decrease in forage quality. When the plant is 80% 

flowered, approximately 35-40% of the biomass consists of leaves. Consequently, 

early harvest is preferable for forage use because the plants are less mature, leading 

to an increase in leaf proportion and improved forage quality. Additionally, 

Crotalaria juncea L. has demonstrated successful results in silage production 

(Coutinho et al., 2011; Demiroglu Topcu and Ozkan, 2021; Ozkan, 2022). In some 

regions of the world, such as South Africa, Brazil, and Hawaii, it is also cultivated 

as a green manure and cover crop (Romin and Fitt, 1938; National Academy of 

Science, 1979; Rotar and Joy, 1983; Stallings, 2015; Meagher et al., 2017). 

4.2. Green manure and crop rotation 

In animal production, leguminous forage crops serve as the primary source 

for providing the crucial input of feed, playing a vital role in enhancing feed quality. 

These plants not only contribute to animal nutrition but also, through the Rhizobium 

bacteria in their roots, fix atmospheric nitrogen into the soil. This process not only 

improves soil structure but also enhances the yield and quality of subsequent crops 

in crop rotation. The nitrogen fixed by leguminous forage crops becomes a 

significant nitrogen source for non-nitrogen-fixing plants in mixed plantings (Duke, 

1981; Lindemann and Glover, 2003). Research indicates that common vetch (Vicia 

sativa) can fix 180 kg ha-1 of nitrogen, and hairy vetch (Vicia villosa) can fix 110 kg 

ha-1 of nitrogen (Erkovan, 2007).  

Crotalaria juncea L. is widely grown as green manure worldwide (Diamond, 

2006). Under suitable soil conditions, Crotalaria juncea L. can provide sufficient 

fertilizer to meet the nutritional requirements of many plants for N, P, and K (Phatak 

et al., 2002). Crotalaria juncea L., known for its soil improvement capability and 

suitability as a summer crop, provides approximately 165 kg ha-1 of nitrogen to the 

soil (Rotar and Joy, 1983). This value is considered quite satisfactory for a rapidly 

developing summer crop. As most nitrogen and other macro-nutrients are present in 

its leaves, the early or mid-flowering period is the most suitable for incorporating 
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Crotalaria juncea L. into the soil as green manure or organic mulch (Marshall, 

2002).  

The organic matter of Crotalaria juncea L. decomposes rapidly in tropical 

climates (approximately 2 weeks), with the highest nitrogen mineralization rate 

occurring during this period (Wang et al., 2004). Therefore, producers should plan 

to seed and fertilization practices to ensure that nutrients are readily available in the 

soil within the first 2 weeks after incorporating Crotalaria juncea L. residues.  

Crotalaria juncea L. residues can be left on the soil surface as organic mulch. 

This mulch decomposes much more slowly over an extended period. The use of 

Crotalaria juncea L. plant residues as surface mulch in strip-tillage systems allows 

some residues to be incorporated into the soil, releasing nutrients immediately, while 

others remain on the soil surface, gradually releasing nutrients as mulch (Reeves et 

al., 1996). 

The most significant advantage of Crotalaria juncea L. in crop rotation 

systems is its ability, as a leguminous plant, to fix atmospheric nitrogen in its root 

nodules, thereby meeting its nitrogen needs and having a good potential for soil 

improvement. Additionally, it is beneficial in rotations for areas exposed to 

nematode infections (Wang et al., 2002; Kamil et al., 2009). Rotation trials have 

been conducted with crops such as sugar cane, rice, wheat, and jute (Barros Salgado 

et al., 1972). In Cuba, it is rotated with kenaf, and in the U.S., it is rotated with cotton. 

In Brazil, it is rotated with wheat, sorghum, sugar cane, and beans. It has been 

determined that planting Crotalaria juncea L. before beans increases yield by an 

average of 41%. In India, suitable cropping patterns include rotations such as sunn 

hemp-wheat, sunn hemp-potato, sunn hemp-rice-wheat, sunn hemp-mustard, and 

sunn hemp-mustard-wheat. Studies on various combinations have shown that 

planting sunn hemp as a preceding crop increases wheat yield by 10-15% 

(Chaudhury et al., 1997). 

4.3. Toxicity 

Research on Crotalaria juncea L. in the United States commenced in the 

1930s (Cook and White, 1996). Crotalaria juncea L., with its rapid growth potential, 

has been included in the breeding program by the National Academy of Science 

(1979) to increase its potential uses and benefits. Previous studies on this plant have 

frequently expressed concerns about potential toxic effects in animal nutrition, 
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particularly regarding its seeds or green tops used as fodder (National Academy of 

Science, 1979; Purseglove, 1981; Rotar and Joy, 1983; Williams and Molyneux, 

1987; Strickland et al., 1987; Hess and Mosjidis, 2008; Mosjidis et al., 2012). 

However, recent research and the development of new varieties have demonstrated 

the absence of toxic effects (National Academy of Science, 1979; Purseglove, 1981; 

Rotar and Joy, 1983; Williams and Molyneux, 1987; Strickland et al., 1987; Hess 

and Mosjidis, 2008; Mosjidis et al., 2012). However, some researchers have 

conclusively determined that only certain species within the same genus, such as 

Crotalaria spectabilis, Crotalaria retusa, and Crotalaria pallida, are toxic (Ritchey 

et al., 1941; Martin et al., 1976; Hooper and Scanlan, 1977; Williams and Molyneux, 

1987). 

Purseglove (1981) reported that the seeds of Crotalaria juncea L. can be 

utilized as feed for farm animals in certain countries without inducing toxic effects. 

Rotar and Joy (1983) determined that the seeds of the “Tropic Sun” variety, 

developed in Hawaii, were non-toxic to animals. In a study conducted by Williams 

and Molyneux (1987) to ascertain the toxic effects of seeds from various Crotalaria 

species on chicks, it was found that there were no toxic effects of Crotalaria juncea 

L. seeds in chickens fed with 10 mg g-1 body weight. Mosjidis et al. (2012) 

concluded, in their study investigating whether the seeds and forage of Crotalaria 

juncea L., a widely cultivated annual plant in tropical regions, exhibit toxic effects, 

that this plant serves as a valuable forage source (non-toxic). It was determined that 

the seeds do not cause acute toxicity in domestic animals, despite the detection of 

trace amounts of pyrrolizidine alkaloids. Therefore, it was reported that there is no 

issue in utilizing it as fodder. 

4.4. Biofuel and Bio-oil 

In global plant production, the emphasis is not only on food supply but also 

on energy production from plants, particularly focusing on the feasibility of 

cultivating crops in marginal areas. This approach aims to contribute to the economy 

by utilizing non-arable lands. Currently, there is a goal to increase forage crop 

farming to 30% and energy crop farming to 20% of total agricultural production 

(Eser et al., 2007). Clean biodiesel can be produced from biomass-based agricultural 

oils. Crotalaria juncea L., being a versatile plant belonging to the legume family 

and capable of being evaluated as a green manure or forage crop, can also be used 
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to produce biodiesel through transesterification using methanol and different 

catalysts (Sadhukhan and Sarkar, 2016). Although the energy content of Crotalaria 

juncea L. oil (34.128 MJ kg-1) is slightly lower than that of gasoline (47 MJ kg-1) 

and diesel fuel (44.8 MJ kg-1), its other characteristics indicate significant potential 

for use. This biological oil may have the possibility of being used as fuel for a diesel 

engine with some modifications (additives) (Demiroğlu Topçu et al., 2017). 
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1. INTRODUCTION 

For both animal health and high animal production, the roughage 

included in the rations must be cheap and of high quality. This also ensures that 

animal husbandry is profitable and sustainable. In fact, approximately 70% of 

the costs in animal production go to feed expenses, and 78% of this goes to 

roughage expenses (Demiroğlu Topçu and Özkan, 2017; Bıçakçı and Açıkbaş, 

2018; Harmanşah, 2018, ). On the other hand, in Turkey, as in the world, areas 

within meadow-pasture and field agriculture are one of the most important 

sources from which roughage is supply. However, the amount of quality forage 

provided from these areas is not at the desired levels due to unconscious cultural 

practices and inadequate management-breeding efforts along with unsuitable 

environmental conditions. As a result, the desired animal product performances 

cannot be obtained from farm animals that are exposed to inadequate and 

unbalanced nutrition, or animal husbandry becomes unprofitable due to 

additional feed costs. For this reason, in order to ensure sustainable animal 

production and increase the quantity and quality of animal products, a search 

was made for cheap and high-quality roughage that can be an alternative to 

conventional feed sources to meet the the roughage deficit. In this sense, 

halophyte and xerophyte species that grow naturally in marginal areas (salty 

and arid) that have lost their productivity and can adapt to the conditions of that 

region have been seen as an important advantage (Kuria et al., 2005; El-Amier 

and Abdullah, 2015; Temel, 2015, 2018; 2019a, 2019b; Temel et al., 2015a; 

Abdullah et al., 2017; Paydaş et al., 2018; Temel and Sürmen, 2018; Altay and 

öztürk, 2020; Iqbal et al., 2022; Pirasteh-Anosheh et al., 2021; Pirasteh-

Anosheh et al., 2023). In fact, thanks to their physiological and vegetative 

properties, xerophyte and halophyte species can grow in extreme environmental 

conditions and maintain their greenery throughout their vegetation period. As a 

result, these species, which can continue their productivity without suffering 

much loss of yield and quality, provide an important alternative forage material 

in the nutrition of ruminants. 

The genus Calligonum, a member of the Polygonaceae family, is mostly 

distributed in deserts in the arid and semi-arid climate regions of the world 

(North Africa, Western and Central Asia, Southern Europe) and contains 153 

species (Brandbyge, 1993; Kerven et al., 2004; Abdurahman et al., 2012; Vyas 

et al., 2012). One of these species is Calligonum polygonoides L. subsp. 
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comosum (L'Hér.). However, in Turkey as in the world, the pressure on this 

species (removal as fuel, overgrazing and extreme environmental conditions) is 

increasing day by day and as a result, the areas where it grows are narrowing 

and their density per unit area is decreasing (Tadevosyan, 2001; Altundağ, 

2009; Gültekin, 2011). Like other species in the same genus, this species, which 

forms a habitat only in the Iğdır-Aralık wind erosion area (13.542 ha) in 

Türkiye, offers important ecological and social benefits by developing in 

marginal areas where many cultivated plants cannot grow. For example, they 

play an important role in retaining sand dunes, increasing soil fertility and 

erosion control with their strong roots and wide-spreading canopies. The local 

community also uses its branches and thick roots as fuel (Tao, 2000; Gyssels et 

al., 2005; Altundağ, 2009; Gültekin, 2011; Oktay, 2014; Artan and Temel, 

2018; Afefe, 2020). However, it should be noted that these intensive removal 

and cutting practices increase the severity of erosion in the region. It also 

provides shelter and feeding habitat for wildlife.  

On the other hand, like other halophyte and xerophyte species growing 

in extreme environmental conditions, Ebucehil shrub produces secondary 

compounds (terpenoid, steroid, glycoside, alkaloid, flavonoid and phenolic) as 

a protective measure in order to survive and maintain its vital functions 

properly. As a result, leaves, flower buds, succulent fruit, seeds, bark and 

flowers rich in these compounds are an excellent natural source of estrogenic, 

antimicrobial, cardioprotective, lipoxygenase-inhibiting, anti-ulcer, anti-

inflammatory, hypoglycemic, cytotoxic and antioxidant. And these plant parts 

are widely preferred in the health and nutrition (food) sector (Singh et al., 1996; 

Samejo et al., 2011; Zouari et al., 2012; Samejo et al., 2013; Gomes et al.,, 

2015; Ahmed et al., 2020; Berwal et al., 2021; Iqba et al., 2022). Calligonum 

polygonoides, which can maintain its greenness and productivity throughout 

the vegetation period in arid, semi-arid and desert conditions, also provides an 

important feed source for grazing animals due to its desired chemical, 

nutritional and mineral content (Bhandari, 1990; Koocheki and Mohalati, 1994; 

Goyal and Sharma, 2008; Abdurahman et al., 2012; Abdullah et al., 2013; 

Oktay and Temel, 2015a, 2015b; Temel ve Temel, 2018; Temel, 2019c; 

Alzarah, 2022). 
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2. SYSTEMATIC AND MORPHOLOGY 

The genus Calligonum (Polygonaceae), which comes from the Greek 

words kalli "beautiful" and gony "knee joint", includes 153 species. One of 

these is Calligonum polygonoides L. subsp. comosum (L'He'r.). This species, 

known as "arta", "Phog", "Phogala" and "Phogaro" in the countries where it is 

distributed around the world, is known as Ebucehil shrub in Turkey. Ebucehil 

shrub is a perennial species with a slow growing and phanerophyte life form. It 

has a taproot system and sometimes an underground stem with a taproot system. 

Depending on the ecological conditions in which it grows and grazing pressure, 

its height varies between 0.85-3.0 m and the number of branches per tuft varies 

between 12-19 (Jussieu, 2001; Oktay, 2014; Temel and Temel, 2018) (Figure 

1). 

 

Kingdom :Plantae 

Phylum               :Tracheophyta 

Class  :Magnoliopsida 

Order  :Caryophyllales 

Family  :Polygonaceae 

Genus  :Calligonum sp. 

Species               :Calligonum polygonoides L. 

Subspecies :Calligonum polygonoides L. subsp. comosum L’ Her. 

Synonym :Calligonum comosum L'Hér. 

 

 
Figure 1: Habitat, Plant Height and Crown Diameter of Tufts of Ebu Cehil shrub 

(Original) 
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While the young branches (shoots) formed during the vegetation period 

(April-August) are green in color and soft in structure, the old branches are in 

a hard structure, white to grayish-white, and sometimes light brown. In 

addition, young and old branches (shoots) are hairless, fragile, with swollen 

nodes and long internodes. Since there is a lot of branching, the canopy 

diameter of each tuft can be 2.70-3.90 m (Oktay and Temel, 2015b), sometimes 

up to 10 m (Burdak, 1982). In the Ebucehil shrub, leaves are usually absent or 

very small (8-16 mm long), sessile, distinct or united with short membranous 

ochreae (Fifure 2). For this reason, photosynthesis is carried out by green shoots 

(young branches) and the photosynthetic pathway they follow is C4. 

 

 
Figure 2: Young and Old Shoots (Steam), Flower Buds, Flowers and Fruits 

(Original) 

Bisexual flowers pedicellate, pedicel 3-8 mm long, slightly accrescent in 

fruit, articulate in the centre or near the base, Perianth segments 3-4 mm long, 

2-3 mm broad, broadly oblong, white, reflexed in fruit. Pedicellate bisexual 

flowers, consisting of a 5-piece perianth 3-4 mm long and 2-3 mm broad, are 

mostly found in pairs or triplets (single or in loose clusters) in the axils where 

the leaf and branch joint. The flower pedicel is 3-8 mm long and hairless. Its 

white petals with green stripes are hairless. It has 10-18 stamens with filaments 
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that joint at the base and is dark red in color. The ovary is tetragonous. Flower 

buds form in mid-April. Flowering begins at the end of April and continues 

until the beginning of August (Table 1).  

Since flowering continues for a long time during the vegetation period, 

it can provide an important nectar-pollen source to bees. The fruit, 12-17 mm 

long and 10-14 mm broad, is surrounded by numerous filiform bristles, 10-12 

mm long, 2-3 times or more bilaterally branched. The fruits are light pink when 

newly formed, then dark red and bright brown when mature. The fruits matured 

between June and August depending on the climatic conditions, and most of 

them fall between mid july and early September (Table 1). The germination 

rates of seeds with a weight of 27-34 g per 1000 grains are between 60-77%. 

Additionally, seeds or fruits can be stored in sealed containers at 1-4 0C 

conditions for at least 5 years (Gültekin, 2011; Oktay and Temel, 2015b; 

Purohit and Kumar, 2020). 

Table 1: The phenological Periods of Ebucehil Shrub (Oktay and Temel, 2015b) 

 Months 

 Emr Mmr Mre Ea Ma Ae Em Mm Me Ej Mj Je Ejl Mjl Jle Eag Mag Age Es Ms Se Eo Mo Oe 

Dp +                        

Sbb  +                       

Sbp   +                      

Sb    + +                    

Sp     + + + + + + + + + + + +         

Bfb     + + + + + + + + + + + +         

Fbp      + + + + + + + + + + +         

Bf       + + + + + + + + + +         

Fp        + + + + + + + + +         

Ef         + + + + + + + + +        

Fs          + + + + + + + +        

Bfr           + + + + + + + +       

Frp            + + + + + + +       

Ff              + + + + + +      

Esp                    + + +   

Tdp                        + 
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Dp: Dormant period                      Sbp: Shoot bud period               Sp: Shoot period        Esp: End of shoot period 

Bfb: Beginning of flower bud       Bf: Beginning of flowering   Ef: End of flower       Bfr: Beginning of fruit ripening 

Sbb: Shoot bud beginning             Sb: Beginning of shoot   Fs: Fruit stage            Frp: Fruit ripening period 

Fbp: Flower bud period               Fp: Flowering period   Ff: Fruit fall               Tdp: Transition to dormant period 

 

Emr: Early March Ea: Early April Em: Early May Ej: Early June 

Mmr: Mid-March Ma: Mid- April Mm: Mid-May Mj: Mid- June 

Mre: End of March Ae: End of April Me: End of May Je: End of June 

Ejl: Early July Eag: Early August Es: Early September Eo: Early October  

Mjl: Mid- July Mag: Mid- August Ms: Mid- September Mo: Mid- October  

Jle: End of July Age: End of August Se: End of September Oe: End of October 

 

3. ADAPTATION 

The genus Calligonum (Polygonaceae) is distributed mainly in China, 

Southern Europe, North Africa and Asia. Calligonum polygonoides L. subsp. 

comosum (L'He'r.), which is included in this genus, grows naturally on sandy, 

loamless, desert or semi-desert areas where arid climate prevails in Naxchivan, 

Syria, Iraq, Iran, Yemen, Azerbaijan, Mauritania, Palestine, Libya, Algeria, 

Bahrain, India, Tunisia, Egypt, Pakistan, Armenia and Kuwait in world, and is 

the dominant species of these areas (Koocheki and Mohalati, 1994; Khan, 1997; 

Abdurahman et al., 2012; Vyas et al., 2012; El-Amier and Abdullah, 2015; 

Kumar et al., 2015; Abdullah et al., 2017; Afefe, 2020; Dahiya, 2023). In 

Türkiye, it is distributed only in a narrow area (13,542 ha) on the slopes of 

Mount Ararat overlooking the Iğdır-Aralık plain, 30 km East-west and 4-5 km 

North-south (Davis, 1965-1985; Temel et al., 2017). This area is also the second 

largest wind erosion area in Turkey, and the wind speed can reach 102 km per 

hour. Its main distribution altitude is 800-1000 m. The average annual rainfall 

in the distribution area is between 100-300 mm. The average temperature is 

12.9 oC, the highest and lowest temperatures are +42 oC and -30 oC, 

respectively. Relative humidity in the region is low and the annual evaporation 

rate is 1094 mm. These data show that the plant is quite resistant to drought and 

frost. Since the plant follows the C4 photosynthetic pathway, it can grow in 

intense light and high temperature conditions and use soil water and nitrogen 

more efficiently. It also reduces shoot development as a tolerance mechanism 

in drought conditions and accelerates the aging of adult shoots (Dhief et al., 

2009). For this reason, their net photosynthetic production is higher and their 
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adaptation to arid and infertile areas is better compared to C3 plants (Pearcy 

and Ehleringer, 1984).  

Although the plant grows in clay and saline soils, it is mainly found on 

sandy and volcanic soils. Therefore, this species can easily grow in sandy areas 

where annual rainfall and soil fertility are low (because its water requirement 

is low). It also plays an important role in soil conservation by holding the dunes 

with its strong roots and branches that spread on a large area. As a matter of 

fact, in a study, the amount of soil accumulated by the Ebucehil shrub per tuft 

was determined as minimum 697.65 kg, maximum 5 082.53 kg and average 2 

383.19 kg (Oktay, 2014). Since the Ebucehil shrub accumulates the sand dunes 

carried by erosion in the canopy, it forms tuft and spreads in natural vegetation 

in tufts. This also causes the Ebucehil shrub to have a large crown diameter on 

the soil surface and to increase its density per unit area. 

In addition, it contributes significantly to the development and spread of 

other herbaceous and shrub species in the vegetation by positively improving 

the physical and chemical properties of the soil. Accordingly, it increases the 

species composition and density of the vegetation. As a matter of fact, in 

previous studies, it was reported that the Ebucehil shrub increased the water 

holding capacity, organic carbon, organic matter, lime, available nitrogen and 

phosphorus content of the soil under the canopy, and decreased the salinity 

content (Rathore et al., 2015; Artan and Temel, 2018; Mashizi and 

Sharafatmandrad, 2019; Abd-ElGawad vd., 2020; Ahmed et al., 2020b). For 

these reasons, it has been revealed that Ebucehil has a potential soil 

ameliorating factor and ecological importance. However, in the geographies 

where it grows, its density per unit area is decreasing day by day due to reasons 

such as intensive grazing of the plant by animals and its removal as fuel by local 

community. Similar pressure applies to other geographies where it grows, and 

it has been reported that this species is under threat (Dahiya, 2023). Considering 

that many species have no or low adaptation to such areas with extreme 

ecological conditions, it is of great importance to protect Calligonum 

polygonoides, which can adapt to these conditions, and to take propagation 

measures into consideration. In this way, marginal areas can be vegetated and 

natural vegetation can be developed. For propagation (planting), seeds, scions 

(branches/shoots), root shoots or dipping techniques can be preferred and used 

in planting sand dune areas. Although Ebucehil shrub is well adapted to desert 
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or semi-desert dune areas, measures such as windbreaks or shelterbelts that will 

stop or minimize dune movements must be taken into consideration for the 

formation of a healthy establishing in the first year (initially). 

 

4. YIELD AND QUALITY 

In order for a species to be recommended as an alternative feed material, 

the yield obtained per unit area must be high and the feed quality must be at the 

desired levels. A forage material with these properties can be provided with the 

known forage plant species and varieties under appropriate ecological 

conditions and correct agronomic practices. However, it is difficult or 

impossible to achieve this goal with known forage plant species in marginal 

areas where extreme ecological conditions prevail and the diversity of species 

that can be grown is limited. In this sense, species and varieties (especially 

shrub and tree formations) that grow in marginal areas and have the desired 

productivity and feed quality have been seen as an alternative solution to meet 

the required quality roughage needs (Gökkuş et al., 2011; Özaslan Parlak et al., 

2011; Temel and Tan 2011a, 2011b; Kökten at al., 2012; Tan and Temel, 2012; 

Dökülgen and Temel, 2015, 2019, 2020). As a matter of fact, thanks to their 

superior properties, these formation types can provide important forage 

material to animals, especially in periods when herbaceous species turn yellow 

and their nutritional value decreases or there is no feed material to graze in the 

environment (habitat). 

As in other geographies of the world with marginal ecological 

conditions, the extreme climate and soil conditions prevailing in the Iğdır-

Aralık wind erosion area significantly restrict the plant diversity and 

productivity of existing areas. Especially in summer and autumn, when 

herbaceous species are in dormant period, feed material cannot be produced in 

sufficient quantity and quality in the environment. This results in low animal 

products and unprofitable animal husbandry due to inadequate and unbalanced 

nutrition of grazed animals. For this reason, xrephyte and halophyte species that 

grow naturally in arid and infertile (dune) areas have been seen as an important 

advantage in closing the quality roughage gap and meeting the daily nutritional 

requirements of animals. (Temel et al., 2015; Keskin, 2018; Temel and Sürmen, 

2018; Temel, 2015; 2019a, 2019b; Temel and Keskin, 2019a, 2019b). In this 

sense, the Ebucehil shrub, which grows widely in the wind erosion area with 
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dune soil structure and arid climate, maintains its greenness and productivity 

for a long time and provides an important alternative forage source for grazing 

animals in the region (Oktay and Temel, 2015b). However, depending on the 

animal species, the grazing plant parts and densities of each species vary. These 

differences may arise from the development periods, size, palatability and feed 

quality of the species. As a matter of fact, since there are no leaves in the 

Ebucehil shrub, the parts that are used as fodder material or grazed by animals 

are the young shoots formed during the vegetation period. On the other hand, 

since the plant is not tall enough, all accessible parts of the plant, especially its 

shoots, are grazed by cattle, sheep and goat during the vegetation period (from 

April to October) (Figure 3) and it is in the frequently preferred group (more 

than 76%) (Temel and Temel, 2018). Similar results were also revealed by 

Abdullah et al. (2017). Researchers have stated that Ebucehil shrub, which 

grows naturally in the arid pastures of the Cholistan desert, is a palatable species 

moderately preferred by free-grazing mixed herds (sheep, goat, cattle and 

camel) and has a good feed potential for ruminants. In addition, its flower buds, 

flowers and fruits are moderately palatable and are grazed by camels, cattle and 

sheep. 

 

  
Figure 3: Ebucehil Shrub Being Grazed by Sheep and Cattle (Original) 

Since the soils in the wind erosion area have a sand dune and volcanic 

sediment structure, their water holding capacity and productivity are very low. 

In addition, the annual rainfall in the region is low and the evaporation rate is 

very high. Accordingly, since the number and density of species growing in the 

wind erosion area is low, grazing pressure is concentrated on the Ebucehil 

shrub. In addition, the local community occasionally remove the Ebucehil shrub 
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and use it as fuel. As a result of all these, the development, height, density and 

yield per unit area of the Ebucehil shrub vary. As a matter of fact, in a study 

conducted in the region, it was reported that the fresh shoot yield per tuft of 

Ebucehil shrub varied between 19.17-67.13 kg, and the fresh herbage yield per 

decare ranged between 345.06-1208.34 kg. The average fresh herbage and dry 

hay yields of the plant were determined as 697.14 kg and 184.14 kg, 

respectively (Temel and Temel, 2018; Table 2). However, it is thought that the 

forage yield to be obtained from unit area during the year is higher. Because 

these values belong to the results obtained from a single harvest period. As a 

matter of fact, the Ebucehil shrub is constantly grazed during its vegetation and 

forms new shoots following grazing (Oktay and Temel, 2015b; Table 1). 

 

Table 2: Some Yield Characteristics of Ebucehil Shrub (Oktay and Temel, 2015a) 

Characteristics Minimum Maximum Mean 

Fresh shoot yield per tuft (kg) 19.17 67.13 38.73 

Dry shoot yield per tuft (kg) 5.49 16.20 10.23 

Fresh shoot yield (kg da-1) 345.06 1208.34 697.14 

Dry shoot yield (kg da-1) 98.82 291.6 184.14 

Shoot length (cm) 45.10 68.25 58.65 

Plant height (m) 1.20 2.25 15.88 

Number of branches per tuft 

(number) 

12.0 19.0 15.65 

 

In order to obtain high quantity and quality animal products, it is of great 

importance to know the quality content as well as the amount of feed produced 

per unit area of the plants used as feed sources. Because animals provide the 

organic and inorganic nutrients that they need daily for survival and 

productivity through the feed they eat. Therefore, it is important that they obtain 

the nutrients needed for profitable livestock farming from the roughage they 

graze. In a study, some nutritional and chemical composition contents of 

Ebucehil shrub shoots were determined according to months during the 

vegetation period (Oktay and Temel, 2015a; Table 3). 
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Table 3: Nutrient and Chemical Composition of Ebucehil Shrub According to Months 

during Vegetation Period (Oktay and Temel, 2015) 

Month 
CP NDF ADF ADL DMD DMI DE ME RFV 

(%) (Mcal kg-1)  

April 25.29 38.48 20.90 8.31 76.98 3.12 3.56 2.92 186.09 

May 17.09 45.72 28.41 9.97 67.34 2.62 3.15 2.58 137.01 

June 16.40 47.86 30.95 10.10 64.96 2.51 3.04 2.50 126.26 

July 12.46 49.83 33.59 10.73 61.13 2.41 2.88 2.36 114.12 

August 11.87 51.53 34.50 11.19 60.13 2.33 2.84 2.33 108.55 

September 8.60 53.81 36.19 11.66 57.37 2.23 2.72 2.23 99.18 

October 7.54 59.97 39.32 12.78 54.35 2.00 2.59 2.13 84.31 

Mean 14.18 49.60 31.98 10.68 63.18 2.42 2.97 2.44 118.49 

CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, ADL: 

Acid detergent lignin, DMD: Dry matter digestibility, DMI: Dry matter intake, DE: 

Digestible energy, ME: Metabolic energy, RFV: Relative feed value 

It can be said that this feed value of Ebucehil shrub is higher than many 

cultivated forage plant species, especially straw, which is used as a roughage 

source. According to 7-month average data, it was observed that Ebucehil shrub 

produced a feed material of good quality in terms of crude protein, NDF, DMI 

and RFV, and high quality in terms of ADF and DMD (Table 4). Although there 

has been a decrease in forage quality values with maturation, especially after 

June, the Ebucehil shrub constantly produces new (young) shoots following 

grazing. Accordingly, grazing animals have the opportunity to consume higher 

quality feed material for a long time. As a matter of fact, it has been shown that 

the Ebucehil shrub produces the best quality forage material in April, when it 

produces young shoots intensively, and the high quality forage material in May 

(Table 3; Table 4). When these data were compared with NRC (2007) values, 

it was seen that Ebucehil shrub has chemical and nutritional potential that can 

provide daily live weight gain in addition to the survival requirement of grazing 

ruminates without the need for a supplementary feeding. In addition, it has been 

reported that samples consisting of a mixture of leaves, shoots and flowers 

collected in the spring of the Ebucehil shrub, which grows naturally in the arid 

rangelands of the Pakistan-Cholistan desert, produce a medium quality feed 

material (Abdullah et al., 2017). As a result of this research, the dry matter ratio, 

crude protein, crude fiber, total ash, NDF, ADF, hemicellulose and lignin 

contents of the plant were determined as 93.64%, 11.54%, 23.37%, 9.48%, 
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43.67%, 33.67%, 10.00% and 8.80%, respectively. In another study (on the 

Deltaic Mediterranean coast of Egypt), they reported that naturally growing 

Calligonum polygonoides shoots had a content of 6.12% ash, 7.02% fiber, 

1.88% fat, 18.94% protein, 4.58 mg/g glucose and 5.89 mg/g sucrose (El-Amier 

and Abdullah, 2015). 
 

Table 4: Roughage Quality Standards for Farm Animals (Rivera and Parish, 2010) 

Quality standard CP NDF ADF DMD DMI RFV 

The best quality >%19 <%40 <%31 >%65 >%3.0 ≥151 

High quality %17-19 %40-46 %31-35 %62-65 %3.0-2.6 125-151 

Good quality %14-16 %47-53 %36-40 %58-61 %2.5-2.3 103-124 

Medium quality %11-13 %54-60 %41-42 %56-57 %2.2-2.0 87-102 

Poor quality %8-10 %61-65 %43-45 %53-55 %1.9-1.8 75-86 

Very bad quality ≤%8 >%65 >%45 <%53 <%1.8 <75 

CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, DMD: 

Dry matter digestibility, DMI: Dry matter intake, RFV: Relative feed value 

 

In addition to the healthy nutrition of animals, although nutrients such as 

protein, fat, carbohydrates and vitamins are important in providing high 

quantity and quality animal products, mineral requirements must also be met. 

Because minerals (macro and micro) have an important role in supporting the 

rumen activities of ruminants, increasing feed utilization efficiency, stimulating 

the neuromuscular systems and metabolite activities of animals. (Kutlu et al., 

2005; Spears, 1994). However, mineral substances that play an important role 

in the metabolic activities of animals cannot be synthesized in the animal body 

(Kutlu et al., 2005) and the required minerals are mostly met by the plants that 

the animals graze (Gökkuş et al., 2013). Therefore, it is important to know the 

mineral composition contents of the plants that will be considered as feed 

sources and to have their mineral values at the desired levels. Mineral 

composition contents of plants may vary depending on the species of plants in 

the vegetation, their density, grazed plant parts, growing conditions and the 

grazing time of animals on these species. Depending on these, the mineral 

composition values that should be included in the daily rations of animals may 

be less or more than necessary. As a result, in case of deficiency or excess of 

minerals, it can have negative effects on the reproduction, development, 
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immune systems and productivity of animals (McDowell, 1992; Altıntaş, 

2013). 

As a matter of fact, it was reported that the mineral contents (P, K, Ca, 

Mg, Mn, Fe, Zn and Cu) of Calligonum comosum growing in the eastern 

province of Saudi Arabia varied according to months (January, February, 

March and April) and plant parts (whole plant, leaves, and stem) (Alzarah, 

2021). In the current study, while nitrogen, phosphorus and potassium contents 

were found to be highest in the whole plant part, calcium, magnesium, 

manganese, zinc and copper elements were determined to be higher in the 

leaves compared to other plant parts. According to months, the highest nitrogen, 

potassium and zinc contents were recorded in March, but phosphorus, calcium, 

iron and copper contents in February. The lowest magnesium and highest 

manganese were determined in April. However, the results obtained from this 

study showed that mineral contents (except Zn and Mn) according to both 

months and plant parts were above the maximum tolerable levels of the animals 

(NRC, 2005). In another study conducted in a different geography, only shoot 

mineral contents of Calligonum polygonoides were determined (El-Amier and 

Abdullah, 2015). As a result of the study, it was seen that the P, Na, Fe, Cu, Mn 

and Zn contents of the shoots were at the tolerable levels of the animals and the 

K, Ca and Mg contents were above (NRC, 2005). Mineral contents of especially 

halophyte and xerophyte species growing in arid and saltine conditions are 

generally high. This is due to the fact that they remove large amounts of salt 

ions from the environment in which they grow and store them in their bodies. 

On the other hand, although not as much as halophyte and xerophyte species, 

grass and legume species that grow naturally in meadow-pasture areas can 

generally have higher mineral content than most cultivated forage plant species. 

In a study on the subject, the mineral contents of 12 legume and 8 grass forage 

plant species growing naturally in meadow-pasture areas were determined 

(Gürsoy and Macit, 2017). When the results obtained from this study were 

compared with NRC (2005) values, it was shown that some mineral substances 

could not meet the daily requirements of animals and some mineral substances 

were above the maximum tolerable levels of animals. However, it has been 

determined that the Ebucehil shrub, which grows naturally in extreme climate 

and soil conditions, can easily meet the daily mineral requirements of animals 
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and its mineral contents are below the maximum tolerable level (except Mg) 

for animals (Table 5; Table 6). 

Table 5: Some Mineral Values of Ebucehil Shrub according to Months during the 

Vegetation Period (Temel, 2019) 

Month P K Ca Mg Na Fe Cu Zn Mn 

 (%) (ppm) 

April 0.33 1.68 1.81 0.99 0.30 190.43 2.31 26.20 37.97 

May 0.49 1.83 1.52 0.87 0.20 138.30 2.35 25.90 41.37 

June 0.54 2.03 1.49 0.82 0.21 125.66 2.47 29.33 34.16 

July 0.53 1.84 1.33 0.81 0.24 111.30 2.67 28.03 35.60 

August 0.63 1.93 1.37 0.79 0.22 115.16 2.43 31.83 34.63 

Septemb

er 
0.59 1.98 1.39 0.74 0.23 100.97 2.00 24.77 41.12 

October 0.47 1.45 1.32 0.65 0.25 99.73 2.70 28.60 45.56 

Mean 0.51 1.82 1.46 0.81 0.24 125.93 2.42 27.85 38.63 

 

In this study, during the 7-month vegetation period, it was reported that 

P, K, Ca, Mg, Na, Fe, Cu, Zn and Mn contents of Ebucehil shrub varied between 

0.33-0.63%, 1.45-2.03%, 1.32-1.82%, 0.65-0.99%, 0.20-0.30%, 99.73-190.43 

ppm, 2.00-2.70 ppm, 24.77-31.83 ppm and 34.16-45.56 ppm, respectively. In 

addition, it was determined that Ca, Na, Mg and Fe contents were relatively 

higher in the early development period, and P and K contents were relatively 

higher in the late development period (Temel, 2019c). 

Table 6: Maximum Tolerable Levels of Minerals in the Rations (% or mg/kg of the 

DM) of Animals according to İndexes Of Animal Health (NRC, 2005) 

 P K Ca Mg Na Mn Cu Zn Fe 

 (%) (ppm) 

Cattle 0.70 2.00 1.50 0.60 4.50 2000 40 500 500 

Sheep 0.60 2.00 1.50 0.60 4.00 2000 15 300 500 

 

In addition to having the desired nutritional, chemical and mineral 

content, Ebucehil shrub is also rich in secondary compounds such as 

carotenoids, tannins, terpenoids, steroids, glycosides, alkaloids, flavonoids and 

phenolics. These compounds have a great impact on the usefulness of other 
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feedstuffs eaten by animals, animal health, rumen microbial population, and the 

quantity and quality of animal products. As a matter of fact, studies have shown 

that these compounds have estrogenic (Ahmed et al., 2015), anticarcinogenic 

(Sak, 2014), antimicrobial (Riadh et al., 2011; Alkhalifah, 2013; Khan et al., 

2015; Al-Hammouri et al., 2018), cardioprotectiv (Abushouk et al., 2017), 

lipoxygenase-inhibiting (Yawer et al., 2007), antiosteoporotic (Sabry et al. 

2013), anti-ulcer, anti-inflammatory (Liu et al., 2001; Shalabi et al., 2015), 

hypoglycemic (El-Hawary and Kholief 1990; Abdo et al., 2015), antihelmentic 

(Degheidy et al. 2013), cytotoxic and antioxidant (Badria et al. 2007; Ahmed 

et al., 2020) activity. However, it should not be forgotten that when these 

compounds are included in high amounts in the diet of animals or when animals 

are fed with plants containing these compounds for a long time, these secondary 

compounds may inhibit the growth of the animal and disrupt its normal 

metabolism. 

As a result, it has been observed that the Ebucehil shrub growing in arid 

and infertile conditions to which most species cannot adapt is an important 

alternative forage source for grazing animals because it has the desired feed 

quality characteristics. Although feed quality values decrease with maturation, 

it is at a level that can meet the needs of ruminants without the need for 

supplementary feeding during the vegetation period. In addition, when most 

herbaceous species growing in marginal areas dried out or entered the dormant 

period, the Ebucehil bush can produce a significant amount of feed material, 

and this should be seen as an important advantage in terms of meeting the daily 

feed requirement of the animals grazing in the region. It is also thought that the 

Ebucehil shrub can make important contributions to the profitable and 

sustainable of the animal husbandry. 
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1. INTRODUCTION 

Brassica species are cultivated around the world as alternative forages to 

close feed deficits when forage production is limited. Forage turnips (Brassica 

rapa L.), forage rapes (Brassica napus ssp. oleifera) and fodder cabbages are 

some of the main Brassica species. An annual plant in the cruciferous group, 

forage turnip is a winter vegetable. Nutrients that are digestible and high in 

protein are found in it (Olmstead, 2006; Denen and Malayoğlu, 2022). 

In the Brassica genus, Brassica rapa is one of the most important 

species, cultivated across Europe for centuries and eventually spreading to 

Central and East Asia, but its origin is in the Mediterranean Basin (De Candolle 

1886; Del Carpio et al, 2011; Aissiou et al, 2018; Shankar et al 2019). Widely 

consumed crops from Brassica rapa include fodder turnip, heading and non-

heading leafy vegetables, oilseed crops, and vegetable turnips. These crops are 

produced through a combination of genetic and epigenetic variation (Cartea et 

al, 2011a;  Zhang et al, 2013; Zheng et al, 2015; Cheng et al, 2014, 2016b;). As 

a result, multiple phenotypically diverse morphotypes were produced, meaning 

that morphological variety (such as leafy, root, fodder, and oilseed types) within 

a species population corresponded to distinct groups or subspecies. 

The cultivation of this species is very old. It is estimated that it has been 

cultivated in Europe for 8000 years. Brassica species, which are native plants 

of the Mediterranean region, are used all over the world mainly for edible and 

industrial oil production, vegetables and spice crops (Al-Shehbaz et al, 2006). 

Among these, forage turnip is the most widely used species as a forage crop. 

Turnip contains significant amounts of vitamin C, dietary fiber and 

minerals such as calcium, magnesium, riboflavin and iron. It is also rich in 

glucosinolates and phenolic compounds, which are secondary metabolites 

found in plants. It has been reported that it can prevent the risk of developing 

high blood pressure, diabetes and various types of cancer due to these 

antioxidant substances (Li et al, 2018). But at the same time, their presence in 

the plant can also cause some diseases in livestock. 

2. SYSTEMATIC AND MORPHOLOGY 

The forage turnip, scientifically known as Brassica rapa subsp. rapa, 

belongs to the Brassicaceae family. Its place in systematics is indicated below 

(Paul et al., 2019). 
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Order: Brassicales 

Family: Brassicaceae (Cruciferae) 

Genus: Brassica 

Species: Brassica rapa 

Subspecies: Brassica rapa subsp. rapa 

The forage turnip is a subspecies of Brassica rapa and is specifically 

cultivated for use as forage for livestock. The plant is known for its fleshy 

taproot, which is commonly consumed by grazing animals. 

 

 
Figure 1. Global geographic distribution of different Brassica rapa L. accessions. A 

higher proportion of B. rapa accession from that nation is indicated by darker hues. The 

USDA GRIN-Global database identified the nation of origin (Bird et al, 2017) 

In Europe, Asia, and North Africa, turnip (Brassica rapa subsp.. rapa, 

2n = 2x = 20 AA), popularly referred to as white turnip, is one of the most 

widely grown winter taproot forage crops. Succulent store roots, expanded 

hypocotyls, and increased upper root and stem base tissues are its most typical 

growth characteristics (Lu et al, 2008; Solaiman et al, 2008). When autumn-

germinated seeds are exposed to vernalization throughout the following winter, 

the plants—which are normally biennial—can be grown as annuals (Heenan et 

al, 2004; Zhang et al, 2014a, b). Turnip is grown from true seed, much like 

sugar beet. Its above-ground storage organ, the hypocotyl, is formed from this 

stage, and the proportions of its stem and root tissues vary (Zhang et al, 2014a, 

b; Liu et al, 2019). Depending on the cultivar, turnips develop a long, 
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cylindrical root or a swelling, spherical, slightly fattened root as a reservoir 

organ. 

The morphology of forage turnips includes various features of the plant's 

structure and appearance. Leafy-type fodder turnip is a productive forage crop 

with large leaves and a height of up to 3-4 m. It can be used for hay and silage 

production (Açıkgöz, 2021).  

Forage turnips have a large, fleshy taproot, which is the edible part of the 

plant. This taproot can be white or purple depending on the variety. 

      
Figure 2. Leafy type and taproot type forage turnips (Missouri Southern Seeds, 2023; 

Johnny Seeds, 2023) 

The plant produces broad, lobed leaves that are typically green in color. 

The leaves are attached to the stem by petioles. 

 
Figure 3. Forage turnip leaves (Gardener’s Path, 2023). 
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The stem of forage turnips is usually smooth and can vary in height 

depending on the growth stage and specific cultivar. 

Forage turnips, like many members of the Brassicaceae family, produce 

small, four-petaled flowers. These flowers are typically white or yellow and 

form in clusters. 

 
Figure 4. Forage turnip flowers (Honey Plants, 2023). 

Fruits: After flowering, forage turnips develop seed pods containing 

small seeds. However, forage turnips are often grown as an annual crop for their 

roots and are not typically cultivated for seed production. 

 

Figure 5. Forage turnip seeds (Cotswold Seeds, 2023). 
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Habit: Forage turnips are herbaceous plants with an annual growth habit. 

They are commonly grown as cover crops, green manure, or as a forage crop 

for livestock. 

Lifecycle: Forage turnips complete their life cycle in one growing 

season. They are often planted in the late summer or early fall and harvested in 

the fall or early winter. 

Understanding the morphology of forage turnips is important for 

cultivation and management practices, especially when used as a forage crop 

for livestock or as part of a rotational cropping system.  

 
Figure 6.  Forage turnip types (USDA, 2003). 

3. ADAPTATION 

Brassica species grow well in humid and cool regions with regular 

rainfall. In regions with these climatic characteristics, they can be grown 

throughout the year and in regions with mild winters, they can be grown in 

winter. Plants that are sown in early fall and grow well into rosettes withstand 

winter well. Especially in regions with mild winters, they are not damaged by 

short-term frosts (Barnes and Miller, 1995). 

Widely grown in Europe, Asia and the Americas, turnip is a tuberous 

vegetable that can be found all year round. Brassicaceae, which includes 

approximately 338 genera and 3709 species, is spread all over the world except 

Antarctica. It grows naturally in a wide area extending from the Mediterranean 

region and the Middle East to Central Asia (Açıkgöz, 2021). The tuber is 
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usually white in color, spherical, with a fleshy reddish purple crown (Tindall, 

1983).  

Small, crisp varieties are used for human consumption, while larger 

varieties are used as feed. Turnip, one of the cultivated plants, has been 

consumed since prehistoric times (Haliloğlu et al, 2012). It is widely used in 

cold regions and especially in Europe. It can be stored for several months after 

harvest without spoiling and grows well in cold climates (Haliloğlu et al, 2012).  

Turnips need well-drained soil, and their ideal pH range is between 5.5 

and 6.8. Turnips that have been glyphosate-killed can be no-tilled into a sod. 

As a result, bug issues are decreased. Additionally, they can be sown into wheat 

stubble. Although clean till sowing is effective, there could be more insect 

pressure. Herbicide residues from herbicide carryover are a major concern for 

turnips when sowing following crop farming. Turnip establishment and growth 

can be impacted by certain frequently used herbicides for a maximum of 24 

months. Carry-over label instructions meant for sugar beets often apply to the 

majority of turnip types as well. For turnips, use 2 to 4 pounds of seed per acre. 

Turnips can be planted aerially, no-till, or conventionally. Because turnip seeds 

are tiny, they must be sown in a firm, fine seedbed that is sufficiently moist for 

them to germinate. Plant the seed at a depth of no more than ½ to ¼ inch, 

spacing the seeds 6 to 8 inches apart. Aerial seeding of turnips and small grain 

crops into standing maize in mid-August has proven successful for certain 

producers. Once more, before using this seeding technique, review your 

herbicide program for any potential carryover and grazing restrictions (USDA, 

2003). 

4. YIELD AND QUALITY 

Forage turnip yields can vary based on several factors, including 

environmental conditions, soil fertility, cultivation practices, and the specific 

cultivar planted. Generally, forage turnips are known for their rapid growth and 

can produce high biomass within a relatively short period, especially when 

planted in the late summer or early fall. Adequate spacing and appropriate soil 

moisture contribute to optimal yields. Harvesting at the right stage, typically 

before the plant bolts and the root becomes woody, ensures maximum yield. 

Forage turnip yields can vary based on several factors, including environmental 

conditions, soil fertility, cultivation practices, and the specific cultivar planted. 
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Generally, forage turnips are known for their rapid growth and can produce 

high biomass within a relatively short period, especially when planted in the 

late summer or early fall. Adequate and appropriate soil moisture contributes 

to optimal yields. Harvesting at the right stage, typically before the plant bolts 

and the root becomes woody, ensures maximum yield. 

Although Brassicas have low dry matter content, they can have higher 

herbage yields than many forage crops. Crude protein content levels are around 

15-20% in leaves and 6-15% in roots. They are delicious because they are juicy 

and sugary. However, when fed too much, it may cause diarrhea and sour milk. 

In crops with leafy stems such as collards and cabbage, the crude protein ratio 

is around 20-25% in the leaves and 10% in the stem. Forage turnip; It is stated 

that it has a ratio of 45% roots and 55% leaves, and the dry matter ratio is 8.5% 

in the roots and 5.5% in the leaves (Kır et al, 2007). Geren et al (2002) stated 

in their study that it is possible to cultivate fodder turnip as a winter second crop 

in the cotton-cotton or wheat-cotton cropping system in the Ödemiş Plain, 

which represents the Mediterranean climate zone, in the fields that remain 

empty after cotton until the spring of the following year, and that it is possible 

to obtain a total yield of over 12 tons/ha of wet matter and over 1 ton/ha of dry 

matter. They concluded that important feeding problems, especially in dairy 

cattle breeding, can be solved by providing a succulent feed source such as 

fodder turnip at a time when animals are fed dry. 

In the Black Sea Coastal Area, Albayrak ve Candaş (2006) assessed four 

forage turnip cultivars for root and leaf yields, as well as their yield components 

and the recovery of applied N under five different degrees of N fertilization. 

The amount of N administered had a direct impact on the yields of roots and 

leaves, with most cultivars exhibiting larger yields at higher N rates. The 

variation in cultivars and N application rates resulted in varying degrees of 

increase. The cultivar Volenda yielded the highest results across all application 

levels. All cultivars' crude protein content rose when nitrogen fertilizer was 

applied. Crude protein yields in the roots and leaves were highest for the 

Volenda cultivar.  

Ayan et al., (2006) examined the yield performance of some forage 

turnip varieties in the Central Black Sea Region.  They reported that the highest 

fresh leaf yield (3833.0 kg/da) was obtained from Polybra variety in Samsun 

and 4778.0 kg/da was obtained from Silogonova variety in Suluova. The 
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highest total protein yield was obtained from Polybra variety in Samsun (70.38 

kg/da) and Agressa variety in Suluova (191.03 kg/da). According to these 

results, they decided that this variety should be tried more in this ecology. 

Türk et al., (2009) investigated the effects of fertilization on foliage and 

root of fodder turnip in a Mediterranean climate in Isparta. Their study's 

findings demonstrated a strong correlation between the amount of N applied 

and the yields of roots and leaves. P treatments increased leaf yield, leaf DM 

yield, root CP content, and leaf CP yields. N doses increased root length, root 

diameter, root yield and DM yield, leaf yield and DM yield, root CP content 

and yield, and leaf CP content and yield. The amount of ADF and NDF in the 

forage turnip's root and leaf was reduced by nitrogen and phosphorus 

treatments. 

Tiryakioğlu and Türk (2012), investigated whether sowing and 

harvesting times affect forage turnip under Isparta conditions. They found that 

planting and harvesting times had different effects on yield and quality in forage 

turnip, which is used as a second crop. It is understood from the statements they 

wrote that the yield will increase and the quality will decrease with the harvest 

made at later times.  

Bilgili et al., (2003) examined the effects of seed rate and row spacing 

on seed performance under Bursa conditions. As a general result of their 

experiments, they obtained that fodder turnip can be grown successfully in fall 

sowing under Mediterranean climate rain-fed conditions. They stated that they 

were able to grow the highest seed yield in the combination of 35 cm row 

spacing and 200 seed m sowing rate without any serious lodging problems. 

Since leaves are more nutritious than roots, newly developed turnip 

varieties have a high leaf-to-stem ratio. For example, the Cyclon turnip variety 

has a leaf-to-stem ratio of 4:1 and the Tyfon turnip has a leaf-to-stem ratio of 

9:1. The highest root dry matter yield in turnip is reached 90-95 days after 

sowing in spring sowing and 80-85 days after sowing in fall sowing. It is a very 

suitable plant for the need for irrigated feed in the fall. Due to the short growing 

season, turnip is suitable for use as a main crop.  In some European countries, 

it can also be grown as a second crop (Altınok and Karakaya, 2003; Özaslan 

Parlak and Sevimay, 2005). 

Nutritional value is generally higher in the fall than in the spring. There 

are two reasons why plants sown in the fall retain their nutritional value. The 
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first one is that dry matter accumulation is low after reaching maximum yield. 

The second reason is that the weather is cool in the fall (Tan and Temel, 2012). 

Despite their high nutritional value, Brassicas contain anti-quality 

substances and mineral concentrations that negatively affect animal 

performance. Concentrations of Ca, Mg, K, Cu, Fe and Mn are higher in 

summer growing plants than in fall growing plants.  Ca:P ratios of herbages 

may be at risky values for ruminants. These values are slightly lower in roots 

but still carry a risk. Mg content and its usefulness to ruminants depends on K, 

N and Ca ratios. Generally, high levels of these elements in grasses can cause 

magnesium deficiency for ruminants.  The imbalance between these elements 

can often lead to tetanus. It is known that the K/MCa + Mg ratio (Tetani value) 

in turnip increases to 5.2 (Guillard and Allison, 1989; Tan and Temel, 2012). 

This situation affects the feed value. Feed value corresponds to the primary and 

secondary components of the plant and their benefits to ruminant animals. 

The definition of forage feeding value (FV) is the animal's response to 

grazing fodder when its availability does not limit its ability to function. In 

growing animals, it is commonly expressed as liveweight gain (LWG) or milk 

yield in lactating animals, frequently when the animals are grazing a single 

feed. This is the case for many sheep-based brassica grazing trials. The three 

components of feed value (FV) are apparent digestibility, efficient use of 

nutrients that have been digested, and voluntary feed intake (VFI). It is widely 

acknowledged that a high ratio of structural to rapidly fermentable 

carbohydrates (CHO) will result in faster rumen clearance, higher VFI, and 

higher FV when comparing FV among forages. This is accurate in situations 

when plant secondary chemicals do not pose a threat, which brassicas used as 

forage do not (Barry, 2013). The secondary chemicals found in pasture 

brassicas, their breakdown and metabolism in the ruminant digestive system, 

and the absorbed products that may have adverse effects on grazing animals are 

depicted in Figure.7. 
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Figure 7. Compounds formed from secondary compounds in brassica plants and their 

effects upon grazing ruminants (Barry, 2013). 

 



61 | ALTERNATIVE FORAGE CROPS- II 

 

 
Figure 8. Flowering stage of forage turnip (Original). 

Despite all the positive and negative characteristics of forage turnip, it is 

a plant that has the potential to contribute to closing the quality forage deficit. 

However, there is a lack of research on this subject. At the same time, it should 

not be ignored that there should be some approaches to expand this species in 

crop rotations in Türkiye. 
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1.INTRODUCTION 

Population growth, economic advancements, and dietary awareness all 

contribute to rising demand for animal products, which calls for more effective use 

of scarce production resources such as soil and water. The best methods for 

achieving decent fodder production with scarce natural resources in the face of 

climate change are proper forage selection and appropriate management techniques. 

Climate conditions have a significant impact on agriculture from sowing to 

harvest. Therefore, depending on the degree of warming, different levels of direct 

climate change influence on crop production systems are anticipated from region to 

region (Wheeler and Reynolds, 2013, Demiroğlu Topçu et al., 2019). As a result of 

all these modifications and dangers, people are looking for new ways to produce 

plants, especially alternative forage crops. 

On the other hand, in the search for new feed sources, in addition to efficiency, 

the quality of the source and its effects on animal health are also taken into 

consideration. Recent studies on the nutrition of ruminants have revealed that the 

secondary metabolites (such as flavonoids, isoflavonides, phenolic compounds, and 

tannins) contained in plants are very important for rumen health and animal 

productivity (Rochfort et al., 2008; Patra et al., 2006; Lee et al., 2017). Some 

researchers emphasize that these substances increase feed intake and efficiency in 

animals (Dohi et al., 1997; Robbins, 2003), and have antioxidant and antimicrobial 

effects (Santos Neto et al., 2009; Frozza et al., 2009). Flavonoids and phenolic 

compounds found in the plant control nutritional stresses such as rumen 

fermentation, bloating and acidosis (Seradj et al., 2014; Paula et al., 2016) and reduce 

mortality (Martin et al., 2016). Condensed tannins have an anthelmintic effect, 

reducing animal internal parasites and increasing productivity in animals. In 

addition, condensed tannins suppress organisms that cause methane release from the 

rumen and therefore reduce the greenhouse effect. It is estimated that 1/4 of global 

warming is caused by methane gas produced in the digestive systems of ruminants 

and released into nature (Lascano and Cardenas, 2010). 

Hop is also known as “yeastwort” or “beer flower” among the public. This 

plant is grown mainly for brewery as a bittering, flavouring, and stability agent in 

beer. However, its yield and nutritional properties offers opportunities to use its 

animal feeding. The plant is a perennial herb with climbing stems and belongs to the 

hemp family. The young shoots of the plant, whose general purpose is beer, yeast, 
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and bread, are also consumed as vegetables (Incekara, 1964). Besides, the hop is 

simple to digest and includes high amounts of polyphenols, crude protein, and crude 

ash. These characteristics help to improve the quality, yield, and health of the 

animals. Accordingly, the plant can also be grown as forage. However, even with its 

current production form, it is already a potential feed source. Brewers use only the 

cones of hops, therefore, after the hop harvest, a non-negligible amount of waste 

suitable for animal feeding is released. 

2. SYSTEMATIC AND MORPHOLOGY  

The hop (Humulus lupulus L.) is a dioecious, anemophilous, perennial 

climbing plant arising from a rhizome with large numbers of adventitious roots 

(Miller, 1958). Hops species are native in temperate climate zones, between a 

latitude of 35° N and 55° N. Hops have pistillate and staminate flowers on different 

plants, but are cultivated only for their mature unfertilized female inflorescence 

called cones (strobiles) (Kondić et al., 2021). 

Team: Urticales 

Family: Cannabaceae 

Genus: Humulus T. 

Species: Humulus lupulus L. (2n=20) 

Root: The perennial parts of the plant are the underground roots and rhizomes. 

Its underground parts can survive for up to 100 years. But its economic life is about 

15-25 years.   

 
Figure 2.1. Root of hop (Anoymous, 2023b; 2023c) 

Hops are a tap-rooted plant that can penetrate as far as 4 meters. The soil's 

composition directly affects how far down the roots can grow. There are numerous 
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side roots because the main root's thickness varies from 5 to 10 cm. Main root 

thickness is directly proportional to the age of the plant. Side roots connected to the 

main root extend horizontally underground. In addition, it shoots (rhizomes) develop 

from the main root and rise above the soil, and these form the above-ground body of 

the plant. These shoots, thanks to their hard hairs, form the trunk by wrapping 

themselves around a point from left to right (Anonymous, 2023a) (Figure 2.1). 

Hops is a dioecious plant. It is a group of female flowers (cones) resembling 

a pine cone or a large ear on female plants. There are between 20 and 60 flowers in 

each cone. Each flower consists of two bracts and four bracteole leaves. There are 

plenty of yellow lupulin glands in the bracteole leaves. It is a perennial plant and has 

a climber trunk structure that can grow 7-9 m. The above-ground organs die in 

winter, but many shoots, each 0.5–1 cm thick, 6-cornered, and covered with hairs, 

are formed from the perennial underground rhizomes. On the stems are arranged 

leaves that resemble vine leaves, usually with segmented, long stems and toothed 

edges. There are hairs on the petiole and underside of the leaf that make climbing 

easier. Fruit branches and branchlets emerging from the leaf axils end in cones 

formed by female flowers. When mature cones are crushed, dark yellow, gray, and 

black seeds fall out. In hop plantations established with only female plants, males 

are the pollen source. Since there are no seeds in cones, they rarely form seeds. The 

weight of seedless cones is 30% less than that of those with seeds. However, cones 

with seeds have low aroma and taste quality. For this reason, male plants are given 

little or no space in plantations (Anonymous, 2023a).  

Stem:Its wrapping stems, which can grow up to approximately 8-10 meters, 

die with their leaves in winter, and new stems grow from the underground parts the 

following year. Plants cling to a vertical support, and if there is no object to cling to, 

they grow by crawling on the ground. The main stem has a 6-cornered structure, is 

0.5–1.0 cm thick, and is covered with hard hairs. The trunk and branches have a 

gnarled structure. 
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Figure 2.2. Stem of hop (Anoymous, 2023d; 2023e; 2023f) 

Leaf: The stipule leaves, which are opposing leaves, grow at each node of the 

stem, whereas the main leaves develop from their axles. Stipulate leaves are 

small, thin, long, and pointed. New branches and fruit branches that form 

flowers develop from the main leaf axils.  

 
Figure 2.3. Leaf of hop (Anoymous, 2023g) 

The main leaves grow from the nodes opposite each other, and their edges are 

toothed. The main leaves grow from the nodes opposite each other, and their edges 

are toothed. The lower leaves have a 5-piece structure, a 3-piece structure in the 

middle parts of the plant, and a single heart-shaped structure at the top. The leaf is 

attached to the stem with a very long petiole and is covered with hard hairs. 

Flower: Hop is generally a dioecious plant, with male and female flowers on 

different plants. However, plants with monecian characteristics are also encountered 

in some cases. The flowers of the male plant are in a cluster and are not used to 

obtain lupulin. Each male flower has 5 sepals, 5 petals, and 5 stamens. The female 

flower state is called "cone," and each cone consists of the union of 20 to 60 flowers.  
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Figure 2.4. Flower of hop (Anoymous, 2023h) 

The cone is connected to the main stem with a stem. The female flowers that 

make up the cone are connected to the main axis of the cone with a short stem. The 

cone axis is actually an extension of the cone stem. On the contrary, it has a zigzag 

structure. The cone resembles an umbrella or a wide spike. The length of the cones 

varies between 2 and 6 cm, and the width varies between 1.5 and 3.5 cm. The 

arrangement of female flowers on the spike axis can be dense or loose.  

There are 4 bracteoles (perigon leaves), 4 ovaries, and 2 bracte leaves 

(covering leaves) at each bending point of the zigzag spike axis. This structure is 

called a spikelet or flower group. The ovary is located at the base of the bracteole 

leaf. Bracteole leaves contain yellow lupulin glands. These glands form the 

substance lupulin. Bracted leaves are very low in lupulin. The female flower group 

in hops is called the cone and is the most used part of the plant. The cones to be used 

in brewing must not be pollinated. Because the amount and quality of lupulin 

decrease significantly during seed formation. A male hop plant emits pollen powder 

for 15–20 days. When these pollens reach the pistil on the female plant, fertilization 

occurs and the seed is formed (Figure 2.4). 

Seed: Hop seeds are grayish-black in color, 3–4 mm long, 2.5 mm wide, and 

1.5 mm thick, and have a slightly angular structure. Hop seed does not require pre-

application for germination. However, seeds planted when the weather is still cool 

germinate faster. It is necessary to be patient, as its germination is irregular (30–90 

days). The soil should be kept moist throughout this process. 
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Figure 2.5. Seed of hop (Anoymous, 2023i; 2023j) 

3. ADAPTATION 

Propagation of hops is usually done vegetatively and new fields are also 

established this way. Generative units are used only for breeding purposes. For this 

reason, its production is usually done with claws and cuttings. Only female hops are 

cultivated. Males are not grown and are not allowed to grow near females. Because 

the quality of the cones deteriorates, female hops are unable to produce seeds. The 

winding branches grow every year, and their length is 8–10 m. Even though the 

flowers it blooms resemble the cones of cone-bearing plants, these are its flowers 

(İncekara, 1964). 

The hop plant is a pleasure plant. The hops grow naturally in the temperate 

regions of the Northern Hemisphere, and the cultivate is grown between 30 and 50 

latitudes in the Northern and Southern Hemispheres of the world. Its wild form can 

be seen in the natural flora of Bolu, Zonguldak, Adapazarı, Bilecik, Edirne, 

Kırklareli, and Istanbul, but it is cultivated only in Bilecik province in Turkey 

(İncekara, 1964; Öztürk et al., 2020)  

To get good yields from hop, the climatic conditions and soil properties of the 

place must be well known. Although annual average temperatures of 7.5–8.5 °C are 

ideal for hops, it can grow well at average temperatures of 13–14 °C. Hop is a plant 

that requires plenty of sun. On average, more than 15 hours of light are needed. It is 

resistant to freezing in the winter. It likes the hot weather at the end of March and 

the beginning of April (İbrik, 2020). 

Hops require 600–700 mm of rainfall during vegatation period. Water is 

essential, especially in May. May's chilly, rainy weather aids in the growth of the 
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hop plant. After mid-June, warm weather is optimal for growing hops. It is known 

to suffer harm at temperatures higher than 30 °C, though. Occasionally, in extremely 

hot and dry weather, flowers drop, which has a negative impact on the alpha acid 

characteristic. Between May and August, temperatures rise and precipitation falls, 

necessitating irrigation. Because of the plant's numerous leaves, which transpire a 

lot of water, it has a high water requirement (İbrik, 2020). 

Hop plants are sensitive to the physical and chemical properties of the soil, 

such as pH, salinity, body, lime, and organic matter (Çakıcı et al., 2005). Since the 

hop plant remains in the soil for many years, the soil must be rich in plant nutrients. 

Bottom and alluvial soils with a depth of around 2 meters and good drainage are 

ideal for hop cultivation. It is also important that the topography is smooth. Poor and 

shallow soils are not suitable for hops. The ideal soil for hops is deep-structured, 

well-drained, humus-containing, sandy-clayey, clayey, and sandy soil. Soil pH 

should be between 6.5 and 7.0. 

 
Figure 2.6. Growing of hop (İbrik, 2020) 

4. YILED AND QUALITY  

It is known that hops were used in ancient Egypt, Rome, and ancient Greece 

before Christ. However, it was first cultivated and produced around Bohemia in 

Europe in the 14th century. Later, hop cultivation spread in various ways to European 

countries such as England, Austria, Hungary, Poland, Ukraine, Switzerland, and 

different countries of the world in the 16th century. 
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Table 2.1. Distribution of world hop production by country (2009) (Başkaya, 2012) 

Countries Production 

(ton) 

Countries Production 

(ton) 

Countries Production 

(ton) 

ABD 42.945 Turkey  1.650 S. Africa 360 

Germany 42.00 Ukraine 1.330 Russia 330 

Ethiopia 30.281 Spain 900 Slovakia 249 

Chinese 10.000 Australia 890 Bulgaria 129 

Poland 3.924 N. Zeland  800 Other 12.938 

Slovenia 2.669 Argentina 450 Total  151.850 
 

The United States, Germany, Ethiopia, and China are the nations that produce 

the most hops worldwide. Among the top generating nations are the USA and 

Germany, whose combined output exceeds 40.000 tons. The USA produces 27.6% 

of the world's output, followed by Germany with 28.3%. Approximately 56% of 

global production is made up of the output quantities produced in these two nations. 

With 30,281 tons of output and 10.000 tons of production, respectively, Ethiopia and 

China come next to these nations. The nations that utilize hops the most are also 

those with high output levels. Turkey is one among the top ten producing nations. 

Regarding the species cultivated, 55% of the hop area in European nations is devoted 

to aromatic species, while the remaining 45% is devoted to bitter species. 

Türkiye started real hop production within the Ministry of Agriculture in 1955. 

The 24 hops brought from different countries were tested in 22 different locations 

during five years, and Late Cluster, Brewers Gold, and Tardif Janune de Bourgogne 

varieties gave good results in provinces of Bilecik and Edirne (Bağcı, 2005). Today, 

the hop cultivation is carried out only in the Pazaryeri district of Bilecik province.  

Studies conducted in Turkey since 1992 have resulted in the development of 

several hop varieties. Older cultivars like Late Cluster and Brewers Gold have been 

replaced with four new bitter and three aromatic kinds. Names including Aegean, 

Erciyas, Güney, Pazaryeri, Tarbes, and Anadolu were registered for these kinds. In 

actuality, super-alpha cultivars of Brewer's Gold and Northern Gold have begun to 

replace the more conventional bitter kinds in European nations. The varieties 

registered in Turkey are given in Table 2.2. The most cultivated varieties today are 

Brewers Gold and Efes Aroma. While Brewers Gold is a bitter-type variety, Efes 

Aroma is an aroma-type hop. 



75 | ALTERNATIVE FORAGE CROPS- II 

 

Table 2.2. Local hop varieties and characteristics (Başkaya, 2012). 

Variety Type Registration year Maturity 

Efes Aroma Aroma 1992 Middle-Late 

Ege Bitter 1997 Early 

Erciyas Bitter 1997 Late 

Güney Bitter 1997 Early 

Tarbes 99 Aroma 1999 Middle-Late 

Anadolu 99 Aroma 1999 Middle-Late 

Pazaryeri 2001 Bitter 2001 Middle-Late 

 

Figure 2.7. Bilecik provinces and districts (İbrik, 2020) 
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Figure 2.8.  Pazaryeri villages hops area distribution (%) (İbrik, 2020) 

The cultivation of the hop plant has spread over a wide area in Europe. In 

Turkey, it is cultivated only in the Pazaryeri district of Bilecik province. Bilecik is 

located at the intersection points of the Marmara, Black Sea, Central Anatolia, and 

Aegean Regions. Bilecik is one of the small provinces of Turkey, with an area of 

4.307 km2. It consists of 8 districts, 3 towns, and 245 villages, including the central 

district (Anonymous, 2018). Pazaryeri is among the smallest districts in the province. 

Hops were produced in an area of 3.230 decares in 1994; it is believed that 

until the 2000s, both the size of the production area and the number of hops produced 

were at good levels (Table 2.3). There has been a notable decline in hop growing 

regions since the 2000s. Hop output has declined as a result of factors like rising 

production costs, unfavorable weather patterns, and a rise in emigration from rural 

areas. Because there were more producers in the province in 2015, there was a rise 

in the quantity of cones produced. Because of the good climatic circumstances, there 

was no substantial decline in the volume of output in 2016 despite the fall in the 

number of producers. In comparison to prior years, it was noted that in 2018, 

productivity in 3.300 decare areas with 547 producers remained low. Hailstorms, 
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which have been common in our city, have had a detrimental effect on hop output, 

particularly in recent years (Anonoymousi 2023k) (Table 2.3). 

On the other hand, relative to the cost of manufacturing, hops are expensive 

to buy. Hop cultivation brought in a healthy income for many growers and improved 

their social life in rural regions.  A well-manicured hops crop may offer an average 

output of 500 kg per decare, earning a producer up to 6.000 TL if the projected 

climatic conditions are met during the production season. 

Table 2.3. Hop production by year in the Pazaryeri district (İbrik, 2020) 

Year Number of producers Planting area (da) Cone yield (ton) 
Yield  

(kg da-1) 

1995 - 3.230 1.308 404,95 

1996 - 3.330 1.280 384,38 

1997 - 3.330 1.309 393,09 

1998 - 3.330 840 252,25 

1999 - 3.330 743 223,12 

2000 - 3.180 554 174,21 

2001 - 2.120 709 334,43 

2002 - 2.120 933 440,09 

2003 - 2.140 965 451,03 

2004 - 2.130 1.000 469,00 

2005 469 2.250 1.140 507,00 

2006 500 2.397 1.244 519,00 

2007 482 2.410 1.253 520,00 

2008 442 2.415 1.385 573,00 

2009 479 2.835 1.474 520,00 

2010 505 3.050 1.617 530,00 

2011 510 3.050 1.525 500,00 

2012 505 3.100 1.581 510,00 

2013 708 3.200 1.680 525,00 

2014 722 3.180 1.685 530,00 

2015 733 3.150 1.732 550,00 

2016 397 3.100 1.783 575,00 

2017 359 3.000 1.725 575,00 

2018 547 3.000 1.725 575,00 

2019 595 3.050 1.750 573,00 

 

Hop is useful against internal restlessness and insomnia in addition to being a 

sedative, sleep aid, and treatment for some issues relating to the genital system. 
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Additionally, it is a useful herb for treating minor depression, cardiac rhythm 

abnormalities, and nervous heart diseases. The plant's female cone is mostly used to 

make beer, but in recent years, it has also begun to be employed in the cosmetic and 

pharmaceutical sectors. In tiny amounts, it has sedative, urinary-enhancing, and 

appetizing properties (Akpınar Borazan and Andoğlu, 2012). 

Numerous illnesses affecting humans, including cancer, diabetes, 

osteoporosis, inflammation of the bones and surrounding joints, and cardiovascular 

disorders, can be prevented or treated with hops. According to Cleemput et al. 

(2009), the α- and β-acids are linked to inflammation and cancer, while the iso-α-

acids, dihydro-iso-α-acids, tetrahydro-iso-α-acids, and hexahydro-iso-α-acids can 

effectively prevent fat and sugar metabolism as well as inflammatory illnesses. Hops' 

impact on the central nervous system (CNS) and its potential advantages for treating 

sleep problems have been investigated in lab animals; however, the findings are not 

always consistent and need more testing (Zanoli and Zavatti, 2008). 

The unused parts of hops, such as stems and leaves, are much more numerous 

than the cones used in beer production. There are 5.000 hops in one hectare. The 

average weight of a hop is 2.5 kg. While the 20% of the plant is used in beer-making, 

the remaining 80% is not used. Therefore, 10 tons of fresh yield and 3 tons of hay 

yield are obtained from one hectare of land. This figure shows how important the 

plant is in terms of being used as roughage and filling the gap. 

Hops were first used for their antimicrobial properties, possibly due to the fact 

that injured animals rub their wounds on the plant. It has been observed that animals 

whose birth is approaching are calmer after eating the plant, their birth is easier, and 

milk yield is increased. In addition, it has been determined that hops have 

anticonvulsant and hypnotic effects, and therefore animals that eat hops are less 

restless than other animals. This situation reveals that the plant has an estrogenic and 

calming effect. Additionally, hops attract attention because they contain ionophore 

antibiotics, which are important in terms of their potential to reduce ammonia 

production (Flythe, 2009; Narvaez et al., 2013). 

Hops is one of the many plants that have therapeutic qualities. Therapeutic 

plants are crucial for animal production, health, and product quality. Recent research 

on ruminant nutrition has concentrated on the secondary metabolites found in these 

plants and how they affect animals (Rochfort et al., 2008; Patra et al., 2016; Lee et 

al., 2017). These components, which include tannin, flavonoids, and phenol, are the 
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most significant. When animals are fed plants containing these compounds, their 

feed intake and, therefore, their live weight rise (Dohi et al., 1997). These chemicals 

possess antioxidant and antibacterial characteristics, as shown by Santos Neto et al. 

(2009) and Frozza et al. (2013). As a result, nutritional problems in animals, such as 

bloating and acidosis, can be managed (Paula et al., 2016; Seradj et al., 2014). Hops' 

total phenolic content was found to be 33.93 mg GAE g
−1

, its flavonoid content was 

54.47 mg QE g
−1

, and its DPPH content ranged from 15.6 to 81.7% by Aline et al. 

(2020) and Vitalini et al. (2023). However, certain plants prevent protozoa that make 

hydrogen in the rumen and methane-producing organisms that use the condensed 

tannins in them directly to produce hydrogen, which helps lower the quantity of 

greenhouse gasses derived by animals. Öztürk and Gülümser (2023) found that the 

condensed tannin content of hops ranged between 1.38% and 5.42%. Hops' feed 

quality is also crucial for the health, productivity, and quality of animals. Gülümser 

et al. (2022) reported that the crude protein, ADF, NDF, K, P, Ca, and Mg ratios of 

the hop ranged between 15.76-20.8%, 35.76-44.09%, 48.63-59.80%, 2.12-2.20%, 

0.30-0.37%, 15.76-20.8%, 0.87-1.16% and 0.46-0.54%, respectively. 

After the harvest, hops are taken to the factory to separate the cones. The 

remaining parts of the plant, whose cones are separated in the factory, are thrown 

out of the cone separation machine as very small particles. The remaining parts of 

the plant are more suitable to store by making silage than hay, especially since it 

breaks into small pieces. In this way, animals can consume the plant easily, and the 

compression process of the plant can be done more easily. By using the plant as 

silage, fresh grass will be offered to the animals during the winter period when the 

green feed chain is broken. In addition, hops promote fermentation in silage thanks 

to the phenolic compounds they contain, while giving it an aromatic taste and 

increasing its palatability (Al-Mamun et al., 2011). Kaymaz (2023) reported that 

silage of hops lactic, acetic, oxalic, succunic and citric acid contens ranged between 

1.69-4.10%, 0.037-0.371%, 0.054-0.067%, 0.072-0.122%, and 0.066-0.204%, 

respectively. Kaymaz (2023) reported that silage of hops lactic, acetic, oxalic, 

succunic, and citric acid contents ranged between 1.69–4.10%, 0.037–0.371%, 

0.054-0.067%, 0.072-0.122%, and 0.066-0.204%, respectively. It is possible to use 

the plant as silage by mixing it with different species. In the study carried out to 

determine the silage quality of hops, maize, and forage soybean mixtures of 75+25%, 
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50+50%, and 25+75%, respectively, it was found that hops improve silage quality 

(Öztürk et al., 2020). 

 
Figure 2.9. Processing of hops (İbrik, 2020). 

Hops have numerous portions that are not used in beer making, such as stems 

and leaves. It has a high crude protein, crude ash, and polyphenol content. Because 

it inhibits the synthesis of ammonia. This highly digestible plant helps minimize 

greenhouse gas emissions coming from animal sources while also promoting animal 

development through the extracts of lupulone and b-acid. Hops have hypnotic and 

anticonvulsant properties that help animals become calmer. Also, it is an excellent 

feed source thanks to its high nutritional content. Accordingly, utilizing the 

remaining parts of hops from the brewery and/or growing it mainly as forage may 

have an important role in closing the forage gap. 
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1- INTRODUCTION 

Atraphaxis spinosa L. is one of the 48 species in the Atraphaxis genus in 

the Polygonaceae family. This species is a perennial shrub-shaped plant that 

has a strong root system, is resistant to salty and arid soils, and can grow in 

nutrient-poor soils (Bentham and Hooker, 1880; Pavlov, 1970; Lovelius, 1979; 

Tavakkoli et al., 2013; Yurtseva et al., 2016; Temel et al., 2017; RBG, 2023). 

The plant sheds its leaves in winter and forms shoots and leaves again in spring 

(Karakuş and Keskin, 2018). Shoots and leaves of Atraphaxis spinosa are 

grazed by camels, sheep and goats (Shahriary et al., 2012; Rakhimova and 

Rakhimova, 2022). It also serves as a shelter for wild animals (Zadeh and 

Kharasmi, 2013). 

In geographies where extreme ecological conditions are experienced, 

there is an intense forage deficit, especially in the summer and autumn seasons. 

However, halophyte and xerophyte species, especially shrubs, that can adapt to 

these conditions and maintain their greenness and productivity for a long time, 

have an important alternative feed potential. One of these shrub species is 

Atraphaxis spinosa. The nutritional content of Atraphaxis spinosa significantly 

meets the needs of animals. Crude protein ratio varies between 5.9% and 12.7% 

depending on the development periods throughout the year. Neutral detergent 

fiber varies between 44.4% and 68.2%, and acid detergent fiber varies between 

27.1% and 47.1% (Karakuş and Keskin, 2018). Although the macro and micro 

(nitrogen, potassium, calcium, phosphorus, sodium, copper, magnesium, 

manganese, iron, zinc) nutritional contents of Atraphaxis spinosa vary 

significantly according to the development periods of the plant, it significantly 

meets the needs of animals (Keskin, 2018). However, Atraphaxis spinosa can 

accumulate high amounts of Cr and Pb (Sakizadeh et al., 2018). Atraphaxis 

spinosa lowers the pH of the soil where it grows and causes more calcium, 

potassium and magnesium accumulation (Karakuş and Keskin, 2018). Since 

Atraphaxis spinosa seeds collected in natural environments have a high rate of 

dormancy, when the plant is grown with seeds, dormancy breaking (Giberallic 

acid or cold and warm stratification) processes must be done on the seeds and 

sown (Temel et al., 2023). 

The roots of Atraphaxis contain flavonoids, above soil parts of plant 

contain alkaloids, and the leaves contain tannins. Compounds found in the 

Atraphaxis spinosa plant are afzelin, N-trans-p-coumaroyldopamine, N-trans-
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p-coumaroyl-3',4'-dihydroxyphenylethylamine, N-trans-feruloyldopamine, N-

trans-feruloyl-3',4'-dihydroxyphenylethylamine, (-)-catechin, quercetin, 

quercetin-3-methyl ether, (-)-fisetinidol, 5-deoxykaempferol, butine, β-

sitosterol glucoside,3-O-b-D-glucuronide-600-methyl ester, myricitrin, 

quercetin-3- O-b-D-glucuronide, 2-(b-D-glucopyranosyloxy, 200-galloyl-

quercetin-3-O-b-D-glucuronide, methyl gallate, -4-hydroxy-6-

methoxyacetophenone, a-linolenic acid, lucidulactone A, gallic acid, loliolide, 

luteolin 7-methyl ester, 4' -α-D-glucofuranoside 7-luteolin 7-methyl ester, 4'-β-

D-glucofuranosyl-6-β-D-glucopyranoside 7-O-luteolin methyl ester, 3-β-L- 

rhamnopyranoside 3,8,3', 3,8,3', 4'-tetrahydroxyflavone and 4'-

tetrahydroxyflavone (El-Gamal et al., 1994; Wang et al., 2018; Umbetova et 

al., 2020). With these determined features, it seems that the plant is suitable for 

use as medicinal raw material.  

It is an important plant in preventing erosion and protecting natural 

resources (soil and water) because it covers a large area on the soil surface and 

has a strong root system (Karakuş and Keskin, 2017). 

2. SYSTEMATIC AND MORPHOLOGY 

Atraphaxis is a genus of flowering plants (Angiosperms) in the family 

Polygonaceae, containing approximately 48 species (Table 1).  

The genus Atraphaxis is widespread in parts of Southwest Asia, Southern 

Siberia, Southeastern Europe, North Africa, Mongolia, and China. Atraphaxis 

spinosa species are found in countries such as Afghanistan, Russia, China, 

Egypt, Greece, Mongolia, Iran, Iraq, Kazakhstan, Turkmenistan, Kyrgyzstan, 

Lebanon, Syria, Saudi Arabia, Manchuria, Mongolia, Pakistan, Palestine, 

Turkey, Tajikistan, Ukraine and Uzbekistan (Bentham and Hooker, 1880; 

Pavlov, 1970; Lovelius, 1979; Cullen, 1967; Brandbyge, 1993; Webb, 1993; 

Rechinger and Schiman-Czeika, 1968; Bao and Grabovskaya-Borodina, 2003; 

Schuster et al., 2011; Yurtseva ve ark., 2016; Temel et al., 2017; Baasanmunkh 

et al. 2022; RBG, 2023). Atraphaxis spinosa has 3 synonyms (Atraphaxis 

afghanica Meisn., Atraphaxis calvertii Boiss. and Tragopyrum spinosum (L.) 

C.Presl). 

 

The Atraphaxis spinosa plant, which is found in the form of a dwarf 

shrub, sheds its leaves in winter and its branches are usually thorny. Atraphaxis 
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spinosa has a plant height between 1.05 and 1.45 m and covers an area of 2.95 

to 5.55 m in length and 2.80 to 4.46 m in width (Figure 1). Wood branches are 

hairless and whitish. The leaves are oval or rounded and have a length of 0.6 to 

1.3 cm. The flowers are white and pink, 0.8 mm in diameter. Its fruit is 

triangular or flat. It is a hermaphrodite plant with female and male organs in the 

same flower (Güven, 1997; Tavakkoli et al., 2015; Karakuş, 2016; Wang et al., 

2018; Erşen Bak and Cesur, 2021; IDS, 2023). The fruit is in the form of achene 

and there is one seed in each fruit (Dammer, 1893; Roth 1977; Ronse De Craene 

et al., 2000). Atraphaxis spinosa is annual shoots diameter 1.5-3.0 mm, annual 

shoots lignified and spiny, surface of annual shoot glabrous, petiole length 1-2 

mm, perianth surface glabrous, achene surface smooth or smooth-pitted 

(Yurtseva et al., 2017).  

Table 1: Species in the genus Atraphaxis (Tavakkoli et al., 2015; Yurtseva et al., 2017; 

Anonymous, 2023) 

A. angustifolia A. ariana A. spinosa 

A. intricata A. avenia A. decipiens 

A. arida A. atraphaxiformis A. teretifolia 

A. irtyschensis A. billardierei A. selengensis 

A. aucheri A. salicornioides A. pyrifolia 

A. kamelinii A. kermanica A. manshurica 

A. badghysi A. bracteata A. rodinii 

A. karataviensis A. caucasica A. grandiflora 

A. binaludensis A. ledebourii A. popovii 

A. botuliformis A. khajeh-jamali A. frutescens 

A. radkanensis A. daghestanica A. dumosa 

A. canescens A. kuvaevii A. pungens 

A. kopetdagensis A. laetevirens A. suaedifolia 

A. compacta A. laetevirens A. seravschanica 

A. schischkinii A. muschketowii A. toktogulica 

A. davurica A. macrocarpa A. virgata 

 

Atraphaxis spinosa remains dormant for 120 days from mid-November 

to mid-March in regions with cold winters. It begins to develop shoots in mid-
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March and completes all phenological observations by mid-November. The 

plant's leaf formation continues for 240 days between mid-March and early 

November (Table 2) (Temel and Keskin, 2019). Atraphaxis spinosa can 

produce flowers and fruits twice a year during its development period. The first 

flowering occurs in April-May and the second flowering occurs in August. 

Parallel to the flowering state, the fruit period also occurs twice a year (Li et al. 

2010, 2011; Temel and Keskin, 2019; Kostina and Yurtseva, 2021). Figures of 

the Atraphaxis spinosa plant showing the dormant, shoot and leaf periods, 

flowering period and fruit periods are given in Figures 1, 2, 3 and 4, respectively 

(Temel and Keskin, 2019). 

 

 

 
Figure 1. Plant height, length and width measurements of Atraphaxis spinosa 

(Karakuş, 2016) 
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Table 2. Phenological observations of Atraphaxis spinosa (Temel and Keskin, 2019) 

 Phenological Observations Examined 

Months Dp Sb Sp Lb Lp Bb Bp Pb Pp Pm Dp 

Early March +           

Mid March  + + + +       

End of March   +  +       

Early April   +  +       

Mid April   +  +       

End of April   +  + + +     

Early May   +  +  +     

Mid May   +  +  +     

End of May   +  +  +     

Early June   +  +  +     

Mid June   +  +  + + + +  

End of June   +  +    + +  

Early July   +  +    + +  

Mid July   +  +    + +  

End of July   +  +    + +  

Early August   +  +       

Mid August   +  +       

End of August   +  + + +     

Early September   +  +  +     

Mid September   +  +  +     

End of September   +  +  + + + +  

Early October   +  +  +  + +  

Mid October     +  +  + +  

End of October     +  +  + +  

Early November     +    + +  

Mid November           + 

 

Fenolojik Dönem Kısaltmaları 

Dp: Dormant period Dp: Dormant period Dp: Dormant period 

Sb: Shoot beginning Sb: Shoot beginning Sb: Shoot beginning 

Sp: Shoot perion Sp: Shoot perion Sp: Shoot perion 

Lb: leaf beginning Lb: leaf beginning Lb: leaf beginning 
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Figure 1. Dormant period ((Temel and 

Keskin, 2019) 

Figure 2. Shoot and leaf period ((Temel and 

Keskin, 2019) 

 

  
Figure 3. Flowering period (Temel and 

Keskin, 2019) 

Figure 4. Fruit period (Temel and Keskin, 

2019) 

 

3. ADAPTATION 

Many shrub and woody species growing under natural conditions have 

high tolerance to drought, thanks to their deep and strong root systems, and can 

grow in areas where cultivated plants cannot grow. Atraphaxis spinosa is a 

xeromorphic shrub that grows in desert steppes, mountain shrub communities, 

salty, gravelly and stony surfaces, sand dunes, calcareous soils, nutrient-poor 
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soils, at altitudes up to 1600 m (Lovelius, 1978; Perevolotsky et al., 1989; 

Kapustina, 2001; Bondarenko et al., 2009; Wang et al., 2018). 

Species with thick exocarps are common mainly in the mountainous 

regions of Central Asia, and species with thin exocarps are common in semi-

deserts and steppes of Eurasia. Fruit color associated with amount of phenolics 

in exocarp cells may be related to differences in the timing of seed germination. 

Species with light brown fruits are common, while those with dark or black 

fruits are mostly local endemics (Yurtseva et al., 2022). 

Vein elements and number of veins are important features in resistance 

to arid areas (Baas et al., 1983; Carlquist 1988). Atraphaxis spinosa's short 

wood branches, narrow fibers, and high number of veins increase its resistance 

to arid areas compared to other Atraphaxis species and many plants (Erşen Bak 

and Cesur, 2021). In places where the annual rainfall is low, the Atraphaxis 

spinosa plant continues to develop (Rakhimova and Rakhimova, 2022). The 

layer on the outer surface of atraphaxis seeds protects the seeds against 

mechanical damage, accelerates the germination of seeds by retaining water, 

and protects the seeds against pathogens (Lattanzio et al., 2006, 2008). 

There is a significant amount of dormancy in Atraphaxis spinosa seeds 

collected in natural environments. Germination rates of Atraphaxis spinosa 

seeds subjected to different temperatures (10, 15, 20, 25, 20/10, 20/15, 25/10, 

25/15 °C) vary between 0.0-22.6%. While the seeds do not germinate at 10 °C, 

22.6% of the seeds germinate when the germination test is performed at a 

variable temperature of 25/15 °C. Atraphaxis spinosa seeds have 77.4% 

dormancy. If the Atraphaxis spinosa seeds collected in the natural environment 

are sown and used to create new areas, the seeds should be sown considering 

that only one out of 5 seeds will germinate. Dormancy breaking studies were 

also carried out on Atraphaxis spinosa seeds, where dormancy is very high. In 

order to eliminate dormancy in Atraphaxis spinosa seeds, 12 dormancy 

breaking applications (Hydro-priming, matrix priming, potassium nitrate, 

gibberellic acid, mechanical scarification, Chemical (sulphuric acid) 

scarification, cold stratification, warm stratification, cold + warm stratification, 

warm + cold stratification, soaking in hot water and soaking in cold water) were 

made. When 250 ppm gibberallic acid was applied to the seeds, 77% of the 

seeds germinated. When Atraphaxis spinosa seeds were cold stratified at +5 °C 

for only 4 weeks or cold stratified at +5 °C for 4 weeks followed by warm 
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stratified at 20 °C for 2 weeks, it was observed that the dormancy in the seeds 

was completely removed and 100% of the seeds germinated (Temel et al., 

2023). If the seeds obtained in the early stages are kept in high temperature and 

dry conditions for a while, it is seen that the seeds germinate immediately (Li 

et al., 2010, 2011). 

Atraphaxis spinosa affects many properties of the soil in which it grows. 

Examining the soil samples taken from the inner and outer crown parts of the 

plant, it was seen that the soil inside the crown was more acidic. At the same 

time, the calcium, potassium and magnesium content of the soil inside the 

crown is high. It also has an effect on the mineral contents of the different 

depths of the soil where the plant grows. For example, calcium and potassium 

accumulate in abundance at a soil depth of 20-40 cm, while phosphorus and 

sodium accumulate in excess at a depth of 40-60 cm (Karakuş and Keskin, 

2017). This species contributes significantly to the development of other 

species in the environment due to its positive contribution to the structure of 

the soil. 

4. YIELD AND QUALITY 

In regions with dry summers, plants in meadows areas cannot continue 

to grow in summer and autumn and dry out, and the roughage available per unit 

meadows area decreases significantly. Drought-resistant shrub species are a 

source of fodder for animals in the summer and autumn periods when 

herbaceous species dry out and their nutritional value decreases (Temel and 

Tan, 2011; Tan and Temel, 2012). Shrub plants can produce forage rich in 

energy, minerals, vitamins and nutrients for animals (Ghazanfar et al., 2011; 

Tan and Temel, 2012). In cases where there are no palatable species in the 

environment, Atraphaxis spinosa, a thorny species, is grazed by animals 

(Shahriary et al., 2012). Young shoots of Atraphaxis spinosa are consumed by 

camels in spring and partly in summer. Sheep and goats eat the leaves 

(Rakhimova and Rakhimova, 2022). Since the growth rate of the plant is low, 

feed efficiency is low, especially in the spring season (Rakhimova and 

Rakhimova, 2022). 

Atraphaxis spinosa is a perennial shrub plant that grows up to 1.45 m 

tall, covers a large area up to 5.55 m length and up to 4.46 m wide (Karakuş, 

2016). In regions with cold winters, it continues to develop leaves and shoots 



95 | ALTERNATIVE FORAGE CROPS- II 

 

for 240 days, from mid-March to early November (Temel and Keskin, 2019). 

Due to this feature of the Atraphaxis spinosa species, grazing animals in areas 

where this plant is commonly found can provide feed for a long time. 

In a study in which the changes in the monthly nutritional content of the 

Atraphaxis spinosa shrub were determined according to its development 

periods throughout the year; acid detergent fiber, crude protein, neutral 

detergent fiber, dry matter digestibility, acid detergent lignin, digestible energy, 

dry matter intake, dry matter rate and relative feed value values were 

determined in the range 27.13-47.13%, 5.93-12.79%, 44.41-68.28%, 52.18-

67.75%, 3.62-14.46%, 2.50-3.17 Mcal kg-1, 1.75-2.71%, 27.33-70.66% and 

71.46-142.32, respectively. Although the feed quality of the plant decreased 

significantly due to increased maturation, the lowest crude protein content was 

observed to be 5.93%. While feed values are high between mid-March and July, 

when the plant begins to develop, there are decreases in feed values from July 

until mid-November, when the plant enters the dormant period (Karakuş and 

Keskin, 2018). There are significant decreases in feed value with the 

advancement of development in many other shrub plants (Parissi et al., 2005; 

Gonzalez-Andres and Ceresuela, 1998; Papachristou et al., 2005; Kamalak, 

2006; Ataşoğlu et al., 2010; Oktay and Temel, 2015; Temel, 2019; Dökülgen 

and Temel, 2019). 

The shoot + leaf parts of the Atraphaxis spinosa plant are consumed by 

animals. Although the macro and micro mineral contents of shoots + leaves 

vary significantly according to their development periods, they significantly 

meet the mineral needs of animals. According to the development periods 

during the year, phosphorus, nitrogen, potassium, magnesium, calcium, 

sodium, copper, iron, zinc and manganese contents of Atraphaxis spinosa vary 

between 0.43-0.98%, 0.98-1.27%, 1.08-1.46%, 0.27-0.46%, 0.86-1.17%, 0.12-

0.99%, 0.86-2.66 ppm, 112.0-344.7 ppm, 25.3-42,4 ppm and 44.1-64.9 ppm.  

The nitrogen content of the plant is high in May and October. As maturity 

progresses, phosphorus, potassium, sodium and zinc contents decrease, while 

manganese and iron contents increase. There is no significant change in the 

calcium and magnesium contents of the shoots and leaves of the plant 

depending on the development periods (Keskin, 2018). Atraphaxis spinosa 

plant is a species with a high potential to accumulate Cr and Pb (Sakizadeh et 

al., 2018). 
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1. INTRODUCTION 

Fodder beet (Beta vulgaris var. rapacea Koch.) is widely cultivated in 

many countries around the world. The roots have been used for animal feed 

for many years. Fodder beet originated in the Middle East. It was used to feed 

cattle in Greece around 500 BC. It has been cultivated in northern European 

countries since the Middle Ages (Açıkgöz, 2021). 

Although fodder beet is poor in protein, vitamins and minerals, it is a 

delicious plant with high water content preferred by animals. It strengthens 

the digestive system of animals and ensures its regular functioning. It is 

especially used in cattle feeding. Fodder beet has abundant and high quality 

herbage and root yield in periods when the yield of pastures is reduced or 

insufficient. It is very high yielding especially in irrigated conditions (Özaslan 

Parlak and Ekiz, 2008). 

Since it has a high water content and is soft, it can be used in animal 

feeding as a whole or chopped and mixed with other feeds. It is one of the 

forages that can be used in the fall, winter and early spring, especially in 

enterprises that are not large enough to make silage (Martin et al., 1975). Since 

it has a positive effect on the amount of milk and milk fat, it provides an 

increase in milk protein in animal feeding with fodder beet. Its rich 

carbohydrate content increases its importance in horse nutrition (Ergül, 1997). 

Low dry matter content is balanced by high yield. Its leaves are rich in Ca, 

Mg, Na, K, Cl, Fe and Mn (Akyıldız, 1969). Compared to other fodder crops, 

fodder beet provides the most nutrients and energy per unit area. Due to its 

high sugar content, it is delicious and has high energy value. It has a high 

digestibility rate of 80-90%. It is easy to harvest since its "thickened root" 

(rapum) develops mostly on the soil surface (Soya et al., 2009). Fodder beet 

is a suitable fodder plant for dairy cattle (Akyıldız, 1969). Birkenmaier et al. 

(1996) reported that increasing the amount of beetroot in dairy cattle feed 

decreased milk yield, but increased milk fat content. Özen et al. (1981) stated 

that fodder beet can be harvested when needed and fed fresh as long as the 

weather conditions are favorable. In addition, it has the effect of increasing 

milk yield due to its high water level (87%) and the fact that nearly 70% of its 

dry matter is composed of sugars as in sugar beet. They also stated that it is a 
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very suitable feed especially for dairy cows and that in European countries it 

can be chopped and fed to cattle as well as mixed with hay. 

The roots can be used for feeding cows immediately after harvest or stored 

and used as fresh feed during the winter. In recent years, it has been used in 

biofuel production. It is a plant suitable for use in biogas plants and biofuel 

production with its high yield and digestion rate (Açıkgöz, 2021). 

2. SYSTEMATIC AND MORPHOLOGY 

The genus Beta L. is nested in the tribe Beteae, subfamily Betoideae, 

and family Chenopodiaceae Vent. (Wiersema, 2019). Chromosome numbers 

for fodder beet are 2n =2x= 18. Varieties can be diploid, triploid and 

tetraploid. Triploid and tetraploid varieties are generally more productive. 

Feed beet, which is included in the Beta L. genus, is called Beta vulgaris 

subsp. vulgaris var. crassa Mansf. or Beta vulgaris var. rapacea (Koch) Döll. 

in different sources (Soya et. al., 2009, Açıkgöz, 2021).  

Fodder beet is a biennial plant. The vegetative part develops mainly 

during the first year of growth (Figure 1). If the roots of the plants are not 

harvested, in the second year generative organs develop after exposure to cold. 

Flower stalks develop from the head of the roots. The flower stalk carrying 

bisexual flowers is 50-80 cm tall (Al-Jbawi, 2020, Açıkgöz, 2021). 

 
Figure 1: Fodder Beet Plants (Anonymous, 2023a) 
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Root is fleshy and swollen. The size, shape and colour of the root are 

extremely variable and depend on the variety.  The dark green, heart-shaped 

leaves are borne in a rosette (Figure 1) (Al-Jbawi, 2020, Soya et. al., 2009). 

All of the roots of some varieties grow in the soil, while most of the roots of 

some varieties grow above the soil (up to 2/3 above ground) (Figure 2a, 2b, 

and 2c).  

          
          Figure 2a                                  Figure 2b                             Figure 2c 

Figure 2 a, b, c: Root Forms at Different Levels Above Ground                                

(2a: Anonymous, 2023b; 2b: , 2023c; 2c: Anonymous, 2023d) 

Fodder beet occur in four different shapes (flat globe, globe, spindle, or 

cylinder) (Al-Jbawi, 2020) . Root color varies from light yellow to red purple 

(Figure 3 a and 3b). Often irregularly shaped, conical, cylindrical roots can be 

seen (Açıkgöz, 2021).  

            
               Figure 3a                                                        Figure  3b 

Figure 3 a and b: Different Color Fodder Beet Root                                                   

(3a: Anonymous, 2023e; 3b: Anonymous, 2023f) 

about:blank
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Flowers are 3 to 5 together. Each flower has 5 male organs and 3-5 

female organs. There is cross pollination in fodder beet. It has dirty yellow 

seeds (Figure 4a and 4b). The thousand seed weight is 35-40 grams (Soya et 

al., 2009). Traditional fodder beet had multigerm seeds resulting in clusters of 

2 or 3 plants, which required manual separation (thinning) of the young plants.  

The development of monogerm varieties allowed higher yields in fodder beet 

(Al-Jbawi, 2020). 

                    
              

                        Figure 4a                                                   Figure 4b  

Figure 4 a and b: Fodder Beet Seeds (Original) 

 

                 

3. ADAPTATION 

Fodder beet likes mild climate and has high moisture demand. It prefers 

less hot but humid climate than sugar beet (Gençkan, 1983, Soya et. al., 2009). 

It likes sandy, loamy and deep soils with enough lime. It does not grow 

well in heavy clay or gravelly soils. Heavy soils can be made suitable by 

applying farm manure. High yields are achieved when fodder beet is grown in 

loose and light structured alluvial soils. It cannot tolerate too much salt. Any 

pH below 5.7 will require liming. The ground water should not be higher than 

1.20 m (Gençkan, 1983, Geren and Avcıoğlu, 1997, Soya et. al., 2009, Al-

Jbawi, 2020, Açıkgöz, 2021). 
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4. YIELD AND QUALITY 

Planting 

Crop rotation should be applied in the field where fodder beet will be 

planted, and fodder beet should not be planted in the same field for several 

years. Legumes or cereals should be planted before fodder beet. While it is 

planted in the fall in places with a Mediterranean climate, it is preferred to be 

planted in the spring where the climate is cold. The sowing time of fodder beet 

is best in the Aegean, Mediterranean and Southeastern Anatolia regions of 

Türkiye in October-November and in the other regions in April-May. Geren 

et al. (1997) reported that in the Aegean region of Türkiye, sowing of fodder 

beet between September 1 and 15 is suitable. In a study conducted under the 

same ecological conditions, a tendency to decrease in yield was observed as 

the sowing time was delayed and plant density decreased (Avcıoğlu et al. 

1999). Manga et al. (1997) reported that sowing should be done in March 

under Samsun conditions in Türkiye. 

 
Figure 5: Fodder beet field (Anonymous, 2023g) 

When preparing the soil for planting, good and deep tillage is required. 

It should be plowed several times in the fall at a depth of 30 cm. It is useful to 

apply animal manure with this plowing (Gençkan, 1983). 

It is sufficient to use 1-3 kg/da seed in fodder beet planting. It is planted 

45-50 cm between rows and 5-20 cm above rows. Sowing depth should be 2-

https://www.yara.co.uk/crop-nutrition/forage-crops/fodder-beet-programme/
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4 cm (Açıkgöz, 2021; Soya et. al., 2009). Row spacing of 30 cm under wet 

conditions and 60 cm under dry conditions gives good results. In different 

studies, it is stated that the most suitable row spacing is 40-60 cm (Manga et 

al., 1997).  Avcıoğlu et al. (1999) determined the highest leaf (2675 kg/ha) 

and root yields (3183 kg/ha) of Rota variety at 40x40 cm spacing. 

Seeds emerge on the soil in 10-12 days under optimum conditions. 

However, in heavy soils, there may be a problem of soil crusting after 

irrigation. This problem is solved by hoeing or irrigation (Soya et al., 2009). 

Krousky (1991) reported a 55.6% yield loss in non-irrigated areas and 

a 36% yield loss in irrigated areas with 14 days delay in sowing time of fodder 

beet. In a study conducted in İzmir ecological conditions, a tendency to 

decrease in yield was observed as the sowing time was delayed and plant 

density decreased (Avcıoğlu et al. 1999). Acar (2000) determined the highest 

root yield when 8500 plants per decare were planted on April 5 in Konya 

conditions. 

Fertilizer 

In fodder beet cultivation, it is possible to obtain high yields if water 

and nutrients are sufficient. Fertilizer requirement of fodder beet is quite high. 

Nitrogen and potassium requirements are quite high. Fodder beet needs 13-15 

kg/da nitrogen (N), 6 k/da phosphorus (P2O5) and 28-36 kg/da potassium 

(K2O) (Gençkan, 1983). Fertilizer applications significantly affect the yield 

and quality of fodder beet. Before planting, soil analyzes should be made and 

the amounts of plant nutrients in the soil should be determined. For fodder 

beet, 15-16 kg/da of nitrogen and 9-10 kg/da of phosphorus fertilizer should 

be applied. All phosphorus fertilizer should be applied with planting (Soya et 

al., 2009). 

Especially, in soils with low organic matter, nitrogen application to 

fodder beet is important. Albayrak and Yüksel (2010) determined that 

nitrogen applications increased root yield, dry matter yield, crude protein 

content, crude protein yield, root diameter and root length but decreased ADF 

and NDF contents of roots. The researchers recommend applying 15 kg of 

nitrogen per decare due to the high crude protein yield in fodder beet. In 

Tekirdağ conditions, 20 kg/da N application is recommended due to high yield 
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and protein content in leaves and roots (Altın et al., 2005). Half of the nitrogen 

fertilizer should be applied at planting, and the remaining half of the nitrogen 

should be applied when the plants have 3-4 leaves (Soya et al., 2009). 

Farm manure and mineral fertilizers significantly increase root, leaf and 

crude protein yields in fodder beet. If farm manure was not applied in the 

autumn, additional mineral fertilizer should be applied even if it is applied in 

the spring. (Manga et al., 1997).  

Weed Control 

The most important maintenance process after emergence is weed 

control. For weed control, the first hoeing should be done when the plants are 

fully emerged and the second hoeing should be done when they have 2-3 

leaves.  Hoeing should be continued according to the density of weeds (Soya 

et. al., 2009). Producers should avoid planting fodder beet in poor fields with 

insufficient nutrients and high weed load. Also, as the seedling stage may be 

sensitive to residual chemicals, attention should be paid to field history of 

herbicide use (Al-Jbawi, 2020). 

Irrigation 

Irrigation is very important in arid regions. It may be necessary to 

irrigate 4-5 times during fodder beet cultivation (Gençkan, 1983). The first 

irrigation is important in fodder beet. Manga et al. (1997) reported that 

irrigation increased root, leaf and protein yield. In dry conditions with 

insufficient rainfall, especially root development is negatively affected. In 

order to achieve high efficiency, adequate irrigation must be provided. If there 

is no rain after planting, it must be irrigation. Other irrigations are adjusted 

according to the development status of the beet, soil structure and the number 

of hoeing (Soya et al., 2009).  

Yield  

Harvesting should be done when the root growth stops, the leaves dry 

up and curl down, and the middle leaves start to turn yellow (Figure 6). 

Harvesting is carried out between September and November in spring sowings 

before the onset of cold weather in the fall. If the weather is sunny in late fall, 

high yields are obtained. Since it is sensitive to cold, harvesting should be 
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completed before the onset of severe cold. In autumn sowing, it should be 

harvested in March-April (Gençkan, 1983, Soya et al.2009, Al-Jbawi, 2020). 

Altın et al. (2005) stated that the harvest time should be at the end of October 

in Tekirdağ conditions. Harvesting is done manually or with uprooting tools. 

 
Figure 6: Harvesting Fodder Feed (Anonymous, 2023h) 

Root yield is 10-15 tons/da from fodder beets whose roots grow above 

the soil and 7-10 tons/da from those growing in the soil (Soya et al., 2009). 

Root yield was reported as 1866.25 kg/da under Adana conditions 

(Sağlamtimur and Tansı, 1989), 4490 kg/da under İzmir conditions (Geren et 

al., 1997), 5886.67 kg/da under Ankara conditions (Özaslan Parlak and Ekiz, 

2008) and 14515.8 kg/da under Konya conditions (Acar, 2000). Acar and 

Mülayim (2001) reported root yield of fodder beet as 11407.3 kg/da. 

Leaf yield is lower than sugar beet and is 1/8 - 1/10 of the root weight 

(Soya et al., 2009). Green leaves can be fed directly to animals or silage can 

be made with pure or different plants (Kılıç, 2010). Leaf yield varies between 

1000 - 2000 kg/da. Sometimes leaf yield can be as high as 3000 kg/da 

(Açıkgöz, 2021). Leaf yield was 1559.83 kg/da under Adana conditions 

(Sağlamtimur and Tansı, 1989) and 3941 kg/da under İzmir conditions (Geren 

et al., 1997). Acar and Mülayim (2001) reported leaf yield of fodder beet as 

2552.7 kg/da. 

https://www.feedipedia.org/node/534
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The roots or leaves of fodder beet are fed to animals immediately after 

harvest and can be easily stored.  The storage should not be exposed to light 

and should have a temperature between 1-5 oC. Stack height should not exceed 

1.5 m. The longer the storage period, the higher the wet weight loss (Soya et 

al., 2009). 

Quality 

Fodder beet has a lower sugar content than sugar beet. Most of the sugar 

it contains is in the form of sucrose. In the roots, sugar content varied between 

3-9 %, crude protein between 13-14 %, digestibility rate was found to be 68 

%, ADF 26 %, NDF 43 % depending on the region, growing conditions and 

varieties (Kılıç, 2010). In fodder beet, digestible protein is 8.6 % and total 

digestible nutrients are 63.7 % (Gökkuş, 1994, Özen et al., 1993). Özdemir 

and Kökten (2020) reported that crude ash rate varied between 1.48-1.95 %, 

crude protein rate 4.87-6.03 %, crude protein yield 50.35-65.29 kg/da, ADF  

8.85-9.95 %, NDF 13.88-15.80 % under Bingöl conditions. In a study 

conducted under Tokat conditions, crude protein rate in leaves and roots 

varied between 13.05-13.13.62 % and 8.90-10.32 %, respectively (Karadağ 

et. al., 2014). 

Due to the high water content, the use of additives that increase the dry 

matter content provides ease of storage (Kılıç, 2010). 
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1. INTRODUCTION 

In order to survive in our globalising world and to take our place as a 

country in all sectors, rapid developments in world agriculture have started to 

make the use of intensive agricultural techniques compulsory. Recently, 

especially chemical-containing agricultural pesticides such as pesticides, 

insecticides and herbicides have brought negative effects on honey bees 

(Kumova et al., 2003). Honey bees and other insects are needed as pollinators 

in the production of many plants in nature (Free, 1970). Insects and bees are 

directly or indirectly involved in the production of about 1/3 of the food 

consumed by humans worldwide (McGregor, 1971). Bee-plant relationship is 

the most effective way to increase the quality and quantity in agricultural 

production. 

Beekeeping is widely practised in the world for both mass production 

and hobby purposes without the need for land. Beekeeping is an important 

farming activity and bee products are a valuable food item for balanced and 

healthy human care. In addition, bees are of vital importance in the production, 

pollination and maintenance of ecological balance and management of their 

products. Beekeeping development provides jobs, income and healthy 

nutrition services to the rural population. With all these features, it has a 

privileged place in beekeeping management (Burucu and Gülse Bal, 2017). 

Honey production has started to be done more scientifically in our country. 

Thanks to the geographical location of our country, there are flowering plants 

in almost every period of the year (Demiroğlu Topçu and Özkan, 2020).  

However, due to the extreme temperatures in the summer period, nomadic 

beekeeping comes to the fore and hives are moved to places with higher 

altitude in the summer months.  

When the number of hives in the world is analysed, it is seen that Asia 

is the leading continent. In parallel with this, approximately half of the world 

honey production is provided from Asia. 

Beekeeping, which is important for both developed and developing 

countries, is one of the agricultural activities that are widely carried out today. 

The number of hives in the world was 102 million in 2021. Türkiye ranks 3rd 

after India and China in terms of the number of hives (Table1.) 
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Table 1. World Hive Existence housand Units)  

Countries 2017 2018 2019 2020 2021 

India 12.166 12.124 12.348 12.589 12.848 

China 9.096 9.158 9.165 9.192 9.217 

Türkiye 7.991 8.108 8.128 8.179 8.733 

Iran 6.951 7.466 7.247 7.333 7.527 

Ethiopia 6.524 7.075 6.958 6.986 7.106 

Tanzania 2.968 3.005 3.012 3.031 3.051 

Argentina 2.923 2.966 2.959 2.962 2.965 

Spain 2.905 2.966 3.034 2.967 2.953 

Russian Fed. 3.317 3.182 3.094 2.982 2.890 

USA 2.684 2.828 2.812 2.706 2.696 

Other 35.529 38.375 39.290 40.542 41.638 

World 93.054 97.253 98.047 99.469 101.624 

Source: TEPGE, 2023 

In 2021, while 1,771,944 tonnes of honey will be produced in the world, 

Türkiye ranks 2nd after China with 96,334 tonnes. According to FAO data, 

while the average honey yield per hive is 17.4 kg, it is 11.3 kg in Türkiye (Table 

2). 

Table 2. World Honey Production (Tons) 

Countries 2017 2018 2019 2020 2021 

China 542.544 446.879 444.054 458.100 472.700 

Türkiye 114.471 107.920 109.330 104.077 96.344 

Iran 72.206 72.796 72.851 74.293 77.152 

Argentina 76.379 79.468 78.909 72.441 71.318 

Ukraine 66.231 71.279 69.937 68.028 68.558 

India 62.810 63.826 64.514 65.250 66.278 

Russia 65.167 65.006 63.526 66.368 64.533 

Mexico 51.066 64.253 61.986 54.165 62.080 

USA 67.596 69.857 71.179 66.948 57.364 

Brazil 41.696 42.268 45.801 51.508 55.828 

Other 718.142 754.957 675.037 693.299 679.789 

World 1.878.308 1.838.509 1.757.124 1.774.477 1.771.944 

Source: TEPGE, 2023 
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In 2022, as in world honey production, China ranked first in terms of 

export amount, while Türkiye, which ranked second in terms of production 

amount, ranked 7th (Table 3). 

Table 3. World Honey Export (Tons) 

Countries 2018 2019 2020 2021 2022 

Çin 123.477 120.845 132.469 145.886 156.002 

Arjantin 68.787 63.522 68.985 63.934 67.380 

Brezilya 28.524 29.812 45.728 47.190 36.886 

Belçika 19.835 17.654 22.353 25.740 31.975 

Almanya 22.789 25.350 29.740 29.758 30.350 

İspanya 23.090 22.471 28.263 28.442 28.370 

Türkiye 6.413 5.548 6.038 9.994 17.248 

Polonya 14.646 17.014 24.815 19.277 15.036 

Macaristan 22.018 21.003 23.063 18.329 14.483 

Bulgaristan 10.719 12.950 12.834 12.137 12.738 

Other 308.308 290.119 326.489 329.645 122.213 

World 648.606 626.288 720.777 730.332 532.681 

Source: TEPGE, 2023 

Although Türkiye consumes most of its honey production within the 

country, it exported 17.248 tons of honey in 2022, generating an income 

approximately 50 million USD. 

In addition to the richness of natural plant resources, the diversity of 

cultivated plants is also important for the development of honey bee colonies 

at the desired level and the increase in honey yield. Among the most important 

food sources of bees are citrus gardens, fruit orchards, forage crops and 

pastures (Doyduk, 2014). If bee colonies are not provided with sufficient nectar 

and pollen sources, it becomes difficult for bees to survive. For this reason, 

arranging the plant pattern suitable for regional conditions or transporting bee 

colonies to natural or cultivated plant resources throughout the year reveals the 

dimensions of ecological agriculture in obtaining bee products for human 

health and food (Kumova et al., 2003). 

Intercalarily, the agricultural structure of the our country is changing 

every year and unsustainable agricultural practices are becoming widespread. 

Incorrect practices such as widespread monocultural agriculture, soil 

cultivation and stubble burning restrict the habitats of honey bee and other 
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fertilising insects and significantly reduce their efficiency in plant production. 

In terms of beekeeping, especially in the early spring period, it is important to 

spread new and different plants that can be a source of nectar and pollen, and 

to establish bee pastures with plant mixtures including these plants (Kumova 

and Korkmaz, 2003). 

In addition to all these developments, the use of new production 

techniques in beekeeping in our country and the cultivation of plants that have 

economic value and are successfully produced in countries with similar 

climates in our country are on the agenda (Kumova and Korkmaz, 2000). 
 

 
Figure 1. Phacelia bud and flowers (Original) 

Phacelia, which is not only used in honey production, can increase fruit 

set thanks to pollinating insects, especially when planted between trees in 

orchards. When it is evaluated as a cover plant; it protects these areas against 

water and wind erosion by covering the soil surface to the desired extent. In 

addition, Phacelia can also be used as a green fertiliser by mixing with the soil 

towards the end of the flowering period in the region where it is grown. Thus, 

it is important in terms of returning the plant nutrients removed from the soil 

back to the soil and strengthening the soil structure. Due to the fact that its 

flowers attract many insect species, it also allows harmful insects to be caught 

and removed from the environment en masse by biological warfare method 

(Kahl, 1996). 
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2. SYSTEMATIC AND MORPHOLOGY      

Systematic 

Kingdom: Plantae, 

Phylum: Tracheophyta, 

Class: Magnoliopsida  

Order: Boraginales, 

Family: Hydrophyllaceae,  

Genus: Phacelia, 

Species: Phacelia tanacetifolia Benth. (GBIF, 2023). 

Phacelia is an annual plant that does not belong to the wheatgrass and 

legume families. It originates from North America. There are 13 species in the 

world but 4 species (Phacelia distani, P. ramosissima, P. hispida, P. 

tanacetifolia) are valuable for beekeeping (Everet, 1963).  

Phacelia is a plant that grows up to 100-120 cm tall and grows upright, 

depending on the region, planting date and climatic conditions. The leaves of 

the Phacelia plant are alternate and covered with thorn- like hairs. When there 

is cold damage in the first seedling period, red colour can be seen on the plant. 

Depending on the vegetation period, it branches from the stem parts 

close to the soil and completes the plant development horizontally (Korkmaz, 

2009). Inflorescences are mostly located on the upper parts of the plant stem 

(Ozkan, 2014). At least one inflorescence is formed on almost every branch. 

Lilac, light purple-blue, pink or white flowers (Kumova and Korkmaz, 2002) 

are an important source of pollen and nectar (Howes, 1979; Bilgen and Özyiğit, 

2005). 

Flowering in an inflorescence starts from the lower part of the panicle 

and lasts about a week. It has diploid 2n=22 chromosomes. Phacelia plant has 

5 petalled flowers, 5 anthers and 2 female organs. Depending on the climatic 

characteristics of the region where it is grown, the flowering period for a plant 

is 1 month (Geren and Kaymakkavak, 2007), while this period can be 1.5 to 

2.5 months on a field basis (Kumova and Korkmaz, 2002). In fact, this length 

of flowering period is not common in many cultivated plants (Karadağ and 

Büyükburç, 1999).  

 

 

https://www.gbif.org/species/152545481/verbatim
https://www.gbif.org/species/152545481/verbatim
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Figure 2 and 3. Phacelia Flowers Structure (Original) 

 

  
Figure 4 and 5. Phacelia seedling and leaves (Original) 

In a field of Phacelia that has completed its normal development, there 

are 4733-9250 pcs/m2 flowers depending on different sowing times in winter 

sowing (Tansı et al., 1996). Phacelia plant, which can produce both pollen and 

nectar in its flowers, is recognised as one of the world's leading honey plants. 

With a dry matter content of 15.90-18.43%, Phacelia can produce 0.30-0.66 

mg/flower/day nectar and 0.45-0.56 mg/flower/day pollen. At the end of the 

flowering period in the same area, it was found to have a nectar production 

potential of 7.81-14.45 kg/da and pollen production potential of 11.72-12.26 

kg/da (Kumova et al., 2003). 
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Figure 6,7, and 8. Before flowering, at the beginning of flowering and after 

flowering of Phacelia inflorescences (Original) 

3.   ADAPTATION 

Phacelia can be grown in almost all soil types (Doyduk, 2014). It attracts 

attention in regions up to 500 m above sea level and mostly in rocky and stony 

lands. It was first cultivated in the European continent in Germany in 1832. 

Afterwards, it spread all over Europe from England to Russia. At first, it was 

used as erosion control, dry and green grass, but later it started to be used 

effectively as bee pasture. Phacelia is recognised as one of the top 20 nectar 

plants in the world in terms of providing pollen and nectar to honey bees 

(Craine, 1975). In our country, studies were started for the first time in 1978 

at Çukurova University, Faculty of Agriculture, Department of Field Crops. It 

has been determined that it can be successfully cultivated as a winter 

intermediate crop for bee pasture formation after its adaptation in Çukurova 

Region. 

Phacelia is a plant that can be grown as a winter intercrop in the 

Mediterranean, Aegean and other coastal regions except Çukurova region. In 

the Aegean and Mediterranean regions, it can be grown as a winter intercrop 

before planting summer main crops such as tobacco, corn, cotton, sunflower 

and soya. It develops well during the winter months and reaches harvest 

maturity in early spring. However, Phacelia should be used as bee pasture 

rather than forage production. It is intensively visited by many beneficial 

insects, especially honey bees, because it has abundant flowers, stays flowering 

for a long time, and its flowers contain abundant pollen and honeydew. In 
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honey bee colonies that are wounded in the bee pasture, offspring productivity 

increases considerably, so honey yield can increase 3-6 times in each colony.  

Honey obtained from Phacelia is extremely high quality. 

 
Figure 9. Phacelia Flowers (Original) 

The cultivation of Phacelia is similar to the cultivation of other winter 

intermediate crops. However, as the seeds are slightly smaller, a more careful 

seedbed preparation is required. Sowing can be done in rows 20-70 cm apart. 

Seed amount should be kept between 1.0-2.0 kg/da and sowing depth between 

1.0-2.0 cm in machine sowing. In sprinkle sowing, the amount of seed should 

be slightly increased. Another point to be considered is to cover the seeds with 

soil. Because the seeds that are outside and exposed to sunlight cannot 

germinate. In sowing too deep, new seedlings that cannot reach the soil surface 

cannot survive. It is recommended to apply 7.5-12 kg of pure nitrogen and 

phosphorus fertiliser per decare and to spray the seed before sowing, especially 

against ants.  Since Phacelia is a highly tolerant plant against diseases and 

pests, it does not need to be sprayed in any way during the growing season. 

Therefore, the honey obtained due to its suitability for biological honey 

production can be sold at high prices in the markets. 
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Sowing is done in October-December in the coastal belt and in the 

transition regions where winters are not harsh. At altitudes above 500 m or in 

regions where snow falls in winter, it is considered appropriate to sow in early 

spring. It is possible to benefit from Phacelia planted at different altitudes 

throughout the year. In the coastal and Çukurova regions, it develops 

throughout the winter months and starts flowering at the end of March and 

beginning of April. However, in coastal regions, red colour can be seen in the 

plant during short-term frosts. Exposure to frost for periods that do not prevent 

the development of the plant is not very effective. 
 

 
Figure 10. Phacelia cold damage (Original) 

4. YIELD AND QUALITY 

At the beginning of flowering, it can be harvested for silage production. 

However, it is recommended to leave it and utilize it as bee pasture for 1.5-2 

months and harvest it when the flowers are well reduced. Dry fodder can be 

easily consumed especially by small ruminants. Green herbage is suitable for 

silage production provided that additives such as barley crush, corn extract and 

molasses are added. Green herbage of 25400-60470 kg-1 and dry fodder of 

5340-9870 kg-1 can be obtained from Phacelia harvested at different growth 
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periods and after fertilisation at different doses (İnal, 1997, Geren and 

Kaymakkavak, 2007, Ateş et al., 2010, Yılmaz, 2014, Ateş et al., 2014). When 

the feed quality values of Phacelia are examined, it has been revealed that ADF 

ranges between 37-42%, NDF between 45-46.5% and crude protein ratio 

between 10-13% (Ateş et al., 2010, Amet, 2017). 

The ripening of the seeds in the Phacelia plant occurs from the bottom 

of the inflorescences upwards. Therefore, it is very important to determine the 

harvest time. When the seeds in the lower part of the panicle ripen and turn 

brown, the flowers can still be seen in the upper part. If these flowers are 

expected to turn into seeds, the first seeds are shed. In order not to lose the first 

ripened seeds, harvest when almost half of the seeds in the cluster turn brown, 

while the plant stem is still wet. It is dried by heaping on a flat and hard ground. 

In practice, it is separated from the stalk and straw by beating or travelling on 

it with a tractor. It is cleaned by blowing in light wind. If harvesting with a 

combine harvester, harvesting before dew will minimise seed loss. Seed 

should be kept in clean and cool places. The seeds obtained after harvesting 

do not lose their germination power for several years and can be used as seed. 

Seed yields vary between 38-86 kg/ha depending on the region and sowing 

dates (Uçar and Tansı, 1996, Kızılşimşek and Ateş, 2004). 

             

 
Figure 11. Phacelia seeds (Original) 
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1.INTRODUCTION 

Fenugreek is a plant species that is generally native to the Mediterranean 

climate and has played an important role in cuisine and traditional medicine 

throughout history. This plant, whose Latin name is Trigonella foenum-

graecum, is utilized for a variety of cultural and health purposes, using both its 

leaves and seeds. Fenugreek has a distinctive odor and flavor profile, which is 

why it is frequently used as a spice in many culinary cultures. In addition, 

fenugreek is attributed to a variety of health benefits in traditional medicine, 

and is particularly important for digestive health, blood sugar regulation and 

increased energy. The herb's rich cultural and health history are just some of 

the factors that make fenugreek popular around the world. 

Fenugreek is a member of the Fabaceae family. Because of its yellowish-

white, triangular blossoms, it was given the Latin name Trigonella, which 

translates to "little triangle" (Flammang et al,  2004). It is called Hulba (Arabic), 

Uluva (Malayalam), Moshoseitaro (Greek), Methi (Hindi, Urdu, Punjabi, and 

Marathi), Shoot (Hebrew), Dari (Persian),  heyseed (English) and çemen 

(Turkish). One of the first Fabaceae family medicinal herbs, fenugreek 

(Trigonella foenum-graecum L.) evolved in central Asia at approximately 4000 

BC (Ahmad et al, 2016). 

A common annual forage legume grown primarily in the ancient world, 

fenugreek is both a significant spice crop and a therapeutic herb. Related sectors 

are currently screening and investigating it extensively for its many medical, 

pharmacological, and nutraceutical characteristics. Numerous significant 

phytochemicals, including complex carbohydrates (galactomannan), steroidal 

sapogenins (diosgenin), and amino acids (hydroxyisoleucine) are abundant in 

fenugreek seed. It also possesses a good number of physico-chemical properties 

that have therapeutic value for both humans and animals (Zandi et al, 2015). 

Many functional elements are present in fenugreek seeds, including 

choline, vitamin A, B1, B2, C, nicotinic acid, niacin (Leela and Shafeekh, 

2008), phospholipids, glycolipids, oleic acid, linolenic acid, linoleic acid 

(Sulieman et al, 2000), and a significant amount of fiber (Montgomery, 2009; 

Meghwal and Goswami, 2012). Rarely any research has been conducted on its 

genetic modifications and the creation of production agronomy, despite its 

remarkable nutritional and therapeutic qualities. Throughout this review, we 

have covered the morphology, adaptability, nutritional components, connected 
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functionality, and therapeutic relevance of fenugreek; we have also covered its 

ethnohistorical usage and pharmacological presumptions. Improved output and 

flexibility can be achieved by researching these areas. 

Recent studies on fenugreek have revealed a host of health benefits, 

including anti-inflammatory, antibacterial, antifungal, anti-carcinogenic, anti-

thiurigenic, anti-cholesterolemic, antioxidant, hepatoprotective, 

neuroprotective, and antidiabetic effects in both experimental animals and 

human clinical trials (Yadav and Baquer, 2014; Nathiya et al., 2014; Adedapo 

et al., 2014). For ruminant animals, fenugreek has the capacity to yield high-

quality feed. Foenum graecum, the species name for fenugreek, literally 

translates to "greek hay," and it was historically grown as a forage crop in the 

Mediterranean region (Acharya et al, 2006; Petropoulos, 2002). 

In international trade, the seeds, fresh and dried leaves are used to flavor 

and flavor curries. In the food industry, it is also used as a flavor enhancer, to 

prevent bacterial contamination and to extend shelf life. The primary use of 

fenugreek seeds is in processed meat products. Fresh fenugreek leaves are also 

consumed as vegetables and spices in India, Italy and some other countries. 

Fenugreek seeds are also present in the composition of some local hot sauces 

prepared in southeastern Türkiye and are also used medicinally and in pickling 

in rural areas in India (Gupta, 1996). 

 

  
Figure 1. Fenugreek leaves (Britannica, 2023; Flora Encounters; 2023).  
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2. SYSTEMATIC AND MORPHOLOGY 

Family: Fabaceae 

Genus: Trigonella 

Species: T. foenum graecum L. 

Fenugreek is in the genus Trigonella of the Fabaceae (Legumes) family 

of the Fabales order. This plant, popularly known as "buy grass", has a wide 

distribution in the world. The genus Trigonella includes about 50 species 

mostly distributed around the Mediterranean and 45 of these species are 

cultivated naturally in Türkiye. Trigonella foenum graecum L. is cultivated in 

Türkiye (Arslan et al, 1989; Davis 1970). Fenugreek is an annual species and 

self-fertilizing. It has a diploid chromosome number of 2n=16 (Martin et al, 

2011; Açıkgöz, 2021). 

Fenugreek is an annual leguminous forage crop growing 30-60 cm tall. 

The round stems grow upright and are hollow inside. Leaves have three leaflets. 

the stalk of the middle leaflet is long. The leaflets on the side are sessile. 

Flowers arise singly or in pairs from the leaf axils. The petals are yellowish-

white in the sessile flowers. Pods are 5-15 cm long, slightly curved and pointed. 

Each pod contains between 5-20 seeds. Seeds are 3-5 mm long, hard, angular, 

bright yellow in color. Sometimes dull yellow or brown seeds are also seen. 

Thousand grain weight varies between 20-30 gr. Seeds have a typical odor 

caused by the chemical substance sotolone. This odor is stronger in ground 

seeds (Açıkgöz, 2021).  

In all three leaflets, the base is straight-edged and the upper parts are 

toothed. However, unlike clover, the mid-vein extension is not prominent. The 

auricle is quite large and triangular, ranging from lanceolate to egg-shaped. 

Flowers are 10-18 mm long, single or in pairs, arising from the leaf axils and 

sessile. Petals are yellowish white, sometimes slightly pink. The petals are 

twice as long as the sepals and consist of a flag on the outside and two winglets 

and boatlets on the inside. The winglets are half the length of the flagella. The 

globule is blunt or rounded and only as long as the sepal. The sepal tube is 

leathery. The petals are surrounded at the base by a six-part sepal. The sepals 

are conspicuously hairy. Fruit setting was observed within 10 days after 

flowering (Beyza et al, 2010). 

Fenugreek seeds contain 27% protein, 7-10% fixed oil, nitrogenous 

compounds, alkaloids (trigonelline) 1%, flavonoids (Akgül 1993; Gruenwald 
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et al, 2004). Fenugreek seeds also contain phosphorus compounds, phytin, 

choline, essential oil and nicotine amide (Kızıl and Arslan 2003). 

 

  
Figure 2. Fenugreek seeds (Feedipedia, 2023; WeberSeeds, 2023). 

3. ADAPTATION 

Fenugreek is a cultivated plant originating from Anatolia. It has a wide 

adaptation ability. The fact that it is especially abstemious in terms of soil 

requirements and has a wide range of uses has made fenugreek an important 

cultural plant in this ecology for centuries. In recent years, as in other semi-arid 

region crops, fenugreek cultivation areas have been shrinking. The lack of full 

utilization of the genetic richness existing in Anatolia also plays a role in this 

decline. The breeding of productive and high-quality varieties by utilizing this 

wealth of genetic material has not been worked on (Sade et al, 1996). 

 
Figure 3. Cultivation of Trigonella foenum-graecum L. in the world; in green, 

countries where fenugreek is cultivated (Chaudhary et al, 2018). 



141 | ALTERNATIVE FORAGE CROPS- II 

 

 
Figure 4. Distribution of fenugreek in Türkiye (Anonymous, 2023). 

Fenugreek is a plant that grows well in temperate climates and can be 

cultivated as a winter crop, resistant to drought and high temperatures. In 

Türkiye, it is cultivated in winter or early spring in warm regions and in summer 

in cold regions (Kevseroğlu and Özyazıcı, 1997). 

Apart from Türkiye, fenugreek is cultivated in countries such as India, 

Egypt, Morocco, Algeria, Italy, Spain, France and Greece. In Türkiye, it is 

cultivated in provinces such as Konya, Kayseri, Çankırı, Ankara, Gaziantep, 

Kahramanmaraş (Figure 4.). Afyon, Urfa, Hatay and Tokat. Although it varies 

from year to year in our country, it has an annual average production of 2,000 

tons in an area of 2,000 ha. Fenugreek cultivation is carried out at a higher rate 

in Konya province compared to other provinces. Almost half of country's 

production belongs to Konya province. In recent years (1998-2005), the 

cultivation area of Konya province has averaged 8200 ha per year and the yield 

has averaged 110 kg/ha. Fenugreek seeds are also one of our pharmaceutical 

and spice plants that are exported, albeit in small amounts (Kan et al, 2007). 

Fenugreek accessions are found in the genebanks and research facilities 

of numerous nations in Europe, East and Southern Africa, West Asia, South 

East Asia, North Africa, and Australia (Figure 3.). Globally, there are 1074 

registered varieties, far fewer than what genebank currently has because the 

majority of accessions are not registered. Zandi et al, (2017) reported that there 

are three registered varieties in the United States, but the USDA repository 

contains 192 accessions. India, Ethiopia, Canada, and Oman have the next-
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largest germplasm collections. The highest-yielding fenugreek accessions are 

from West Asia, North Africa, and India, indicating the availability of the 

diversity needed to develop cultivars suitable for various agroecologies. Studies 

on 207 fenugreek accessions from 13 countries showed high variability to days 

to flowering (98–147 days) and yield (0.6–2.5 t/ha) (Malhotra, 2011). 

4. YIELD AND QUALITY 

Since fenugreek is a legume plant, its seed contains significant amounts 

of protein, mineral substances and vitamins. Rhizobium meliloti inoculation in 

fenugreek causes significant increases in the protein, oil and fiber content of the 

seed and improves the composition and quality of the seed (Abdelgani et al, 

1999; Elsheikh, 2001). In many studies on Rh. meliloti inoculation in fenugreek 

(Chaudhary, 1999; Parakhia et al. 2000; Kumawat et al, 2003; Bhunia et al, 

2006; Mathur et al, 2006; Purbey and Sen 2007; Tunçtürk et al, 2016) 

inoculation has been shown to increase increases in the yield of fenugreek. 

Number of branches, number of pods, directly affect the yield of fenugreek, 

yield traits such as number of grains in pods and pod length were also improved 

by bacterial inoculation practices. (Chaudhary, 1999; Kumawat et al, 2003). 

Fenugreek is mainly grown for seed production. After the pods are 

formed in the self-fertilized plant and the plant turns yellow, it is separated from 

the seeds directly with a combine harvester or with harvesting machines after 

being mowed with a scythe. Seed yield is generally not very high. In the USA 

and Canada, the maximum seed yield reached 125-150 kg/ha. Irrigation does 

not affect seed yield (Acharya et al, 2007; Basu et al, 2009) 

Özyazıcı et al (2022), in their study, examined the quality characteristics 

of the mixtures of straw with oat and rye. It is stated that better silage was 

obtained in the mixtures compared to plain species silages. In the study stating 

that fenugreek, which is a legume, can form a good silage with grasses, silage 

quality was superior to the mixture of 25% oats + 75% fenugreek  

Çakmakçı and Çeçen (1999) compared different annual forage crops in 

terms of dry matter yield. They found the dry matter yield of forage to be 317.5 

kg/da. 

Uğur and Kan (2016) found the average seed yield to be 86.67 kg/ha and 

crude oil yield to be 6.24% under Ankara (Türkiye) conditions. Some of the 

average values of fenugreek, which is quite remarkable in terms of the 
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components in the seed and leaf, are given in Table 1.  According to the results 

of the study conducted by Srinivasan (2006), it was observed that the amount 

of calcium in the leaves was higher than in the seed, while a high protein content 

was detected in the seed. 

Table 1. Composition of fresh fenugreek leaves and mature fenugreek seeds (derived 

from Srinivasan (2006)). 

 
The most valuable portion of the plant is its seeds, or biological 

endosperm. The raw seeds taste bitter, yet they have a golden tint and a maple 
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flavor. Roasting, though, might lessen this bitterness. According to Jani et al. 

(2009), the seeds are naturally fibrous, sticky, and gummy. Seeds that contain 

alkaloids and saponins are thought to be anti-nutritional. But defatted seeds 

don't contain these substances, thus those who struggle with their weight may 

consume them (Altuntaş et al, 2005). 

Fiber content in fenugreek seeds is high (50–65g/100g), mostly in the 

form of non-starch polysaccharides. Fenugreek fiber has the potential to 

moderate human glucose metabolism when used medicinally. Additionally, bile 

salt absorption in the colon is inhibited by mucilage, tannins, pectin, and 

hemicellulose, which helps lower blood levels of low-density lipoprotein 

cholesterol (LDL). It binds food pollutants and indiscriminately shields the gut 

epithelial membrane from the development of cancer. Additionally, it aids in 

regulating blood sugar levels and lowering blood glucose absorption, which 

promotes the action of insulin. The primary component of seeds' soluble fiber, 

galactomannans, reduces the body's absorption of glucose (Meghwal and 

Goswami, 2012). 

Proteins such as globulin, lecithin, and albumin are abundant in 

fenugreek endosperm (43.8 g/100 g) (Mathur and Choudhry, 2009; Naidu et al, 

2011). It contains a high percentage (20–30%) of free amino acids, especially 

histidine and 4-hydroxyisoleucine, which may increase insulin activity (Işıklı 

and Karababa, 2005). The proteins found in fenugreek are sufficiently stable 

and unaffected by booking (Srinivasan, 2006). Furthermore, the contents of 

debitterized fenugreek seeds are high in lysine and protein. 

Because of its natural ability to fix nitrogen, fenugreek is 

environmentally friendly and can reduce the need for synthetic fertilizers. It can 

also be used to enrich soil nitrogen in organic farming (Acharya et al, 2006; 

Basu et al, 2008a,b; 2009; Basu & Prasad, 2011; Zandi et al, 2011a,b). It 

reduces irrigation costs because it is appropriate for short-term rotations 

(Acharya et al, 2008; Basu et al, 2008a, b; 2009; Zandi et al, 2013). It is also 

suitable for dry land and rainfed conditions that are appropriate for semi-arid 

regions (Acharya et al, 2006; Basu et al, 2007a,b; Zandi et al, 2010).  Fenugreek 

has been discovered to have higher crude protein levels and in vitro dry matter 

disappearance than alfalfa; on the other hand, in vitro gas generation and 

volatile fatty acid content are nearly the same. Mature fenugreek has forage 

quality (protein and fiber content) that is similar to prime-cut alfalfa, making it 
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easy to use at any stage of growth (Acharya et al, 2006; Zandi et al, 2010; Basu 

& Prasad, 2011). Semi-arid locations are known to generate a fairly high yield 

of fenugreek for forage (Acharya et al, 2008). In contrast to alfalfa, the crop is 

reported to be bloat-free (Zandi et al, 2010; Acharya et al, 2011; Basu and 

Prasad, 2011). 

Flavonoids, alkaloids, amino acids, coumarins, vitamins, saponins, and 

other antioxidants can be found in fenugreek. With two major steroidal 

sapogenin compounds, diosgenin and yamogenin, accounting for 4.8% of 

seeds, saponins are a class of glycosylated triterpenes that have been shown to 

exhibit antifertility activity and trigger teratogenicity through their androgenic 

and estrogenic properties (Dande and Patil, 2012; Al-Yahya, 2013). As stated 

by Zhou et al (2012), fenugreek comprises 35% alkaloids, essentially 

trigonelline, which has low toxicity and beneficial therapeutic potential. The 

flavor of the seed is caused by triphenylline, which is converted during roasting 

into nicotinic acid and related pyridines (Naidu et al, 2011). Additionally, 

fenugreek seed's volatiles and alkaloids produce an unpleasant taste and odor, 

which makes people try to avoid consuming fenugreek seed and its products. 
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1. INTRODUCTION 

One of a forage plant receiving interest recently in the agricultural and 

animal sectors is maralfalfa (Penissetum sp.). Limited cultivation lands and the 

impact of global warming have both contributed to the increasing attention on 

alternative feeds. The amount and quality of roughage, particularly in ruminant 

animal diet, are critical for the rumen microbiota. Good and inexpensive forages 

allow for more cost-effective ration preparation by lowering the requirement 

for concentrated feed. Maralfalfa is a simple to maintain perennial hybrid plant 

with a high biomass production. Furthermore, according to Boğa et al. (2023), 

it has a nutritional value that is comparable to corn silage and have a high yield 

of silage, making it suitable for use as a roughage source in animal nutrition. 

Türkiye is home to 73 million farm animals in total, of which about 17 

million are cattle and 56 million are sheep (TUIK, 2022). To feed these animals, 

the country needs 86 million tonnes of high-quality fodder. Natural meadow-

pasture regions and the production of forage plants in field agriculture are two 

ways that the roughage demands of the animals are attempted to be satisfied. 

But there is still a 56 million tonne quality roughage shortfall in the country, 

given that pasture and forage crop cultivation regions produce about 30 million 

tonnes of quality roughage annually (Turan and Altuner, 2014; Turan et al., 

2015). Plants like elephant grass (Miscanthus giganteus), giant king grass 

(Pennisetum hybridum), maralfalfa (Pennisetum sp.), and sweet sorghum 

(Sorghum bicolor (L.) Moench) are vital for minimising or eliminating the 

fodder shortages, which is a significant issue in Türkiye. 

Feed costs account for about half of all operational costs in an 

agricultural firm that breeds animals. As a result, lower feed prices have a direct 

and favourable impact on company profitability. Perennial forage crops have a 

significant influence in lowering feed costs as well (Budaklı Carpici et al., 

2010; Demiroğlu Topçu and Özkan, 2017; Hazar and Velibeyoğlu, 2018). 

According to Atis et al. (2019), perennial fodder crops are planted only once 

and have the potential to remain productive for five to six years, provided that 

the required maintenance operations like fertilisation, watering, shape, and so 

forth, are performed. 

Roughage is the feed raw material that ruminant animals must consume 

in order for their rumens to be healthy and productive. Because it provides the 

fibre required to maximise rumen function, roughage is an essential part of 
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ruminant diets. Efforts are being undertaken to replace the shortage of roughage 

in the world and in Türkiye with alternative roughage. As a substitute forage, 

maralfalfa (Pennisetum sp.), is favoured because of its perennial nature and 

high output (300-600 tonnes per hectare). It is thought that with the use of this 

plant in animal feeding, the roughage deficit in the sector can be closed, the 

cost of feed will be reduced, and land will be saved by obtaining high efficiency 

from the unit area (Cerdas Ramírez, 2015, Turan, 2020). In recent years, 

Maralfalfa grass has attracted attention in ruminant animal breeding due to its 

high biomass yield, lower structural carbohydrate concentration and higher 

non-structural carbohydrate concentration compared to other species of the 

same genus (Villegas González, 2020). 

2. SYSTEMATIC AND MORPHOLOGY 

2.1. Plant characteristics of maralfalfa (Pennisetum sp.) 

Maralfalfa, "Pennisetum sp." It is a species of hybrid (sterile) plant 

known as. Since maralfalfa grows only vegetatively, it can grow, leaf, and tiller 

in a relatively short amount of time. It also generally has the traits of the plants 

with which it is hybridised. 

No plant known as maralfalfa grows naturally on its own. The plant 

variety that is commonly referred to as Maralfalfa, Napier, Capiaçu, Giant King 

Grass, or Elephant Grass is the result of crossing two distinct species. It is 

impossible to generate Mischantus x giganteus, also referred to as "elephant 

grass," by seed. Miscanthus sacchariflorus and Miscanthus sinensis, a sterile 

(sterile) hybrid plant, emerged via natural fertilisation of the Maralfalfa plant. 

Alternatively, the root region which we refer to as the shoot or rhizome may be 

used to propagate it (Greef and Deuter, 1993). 
 

 
Figure 1. Production from Maralfalfa cuttings 

(Anonymous, 2023-a) 

Figure 2.  Height of Maralfalfa plant 

(Anonymous, 2023-b.) 
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Animal feed, decorative plants, and bedding have historically been made 

from the low-cost, perennial hybrid maralfalfa plant, which may reach heights 

of up to six metres. Despite being distinct species that proliferate by seed, napier 

grass (Pennisetum purpureum), gigantic reed (Arundo donax), and tall bunch 

grass (Saccharum ravenae) are also referred to as "elephant grass." Perennial 

maralfalfa is a plant that can be economically left in the field for 15 to 30 years. 

It can produce grass for as long as it is left there if it is properly maintained. 

2.2. Utilisation in animal nutrition 

The incapacity of our nation's animal husbandry to produce enough high-

quality fodder is one of the biggest issues. Two major sources of high-quality 

roughage are forage crop agriculture and natural meadow and pasture habitats. 

It is a known fact that the best livestock farming method is based on natural 

pasture. However, our pasture areas have become unable to produce sufficient 

grass because they are overgrazed beyond their capacity. For this reason, there 

is a need for quality forage plants that can provide high yield per unit area and 

have nutritious properties (Turan et al., 2015; Turan, 2019; Eliş and Özyazı, 

2019; Özyazıcı and Açıkbaş, 2023). 

Because it contains minerals like calcium (Ca), phosphorus (P), 

potassium (K), magnesium (Mg), and other elements, maralfalfa is a good 

option for maintaining an animal's bones, muscles, and overall health. 

Maralfalfa herb, which contains vitamins such as A, C, E and K, is important 

in that it significantly supports animals in meeting their vitamin needs. 

Although it varies depending on climate, soil properties and planting 

conditions, when the Maralfalfa plant reaches maturity, it has approximately 

35% dry matter, 16% digestible crude protein, 12% carbohydrate and 

approximately 3% crude fat content in terms of nutritional values. 

The perennial maralfalfa plant has a maximum height of 4 to 6 metres. 

Maralfalfa plant, whose leaves and stems have high nutritional value for cattle 

and sheep, can be used as green grass, hay and silage in animal feeding, and 

can also be used by grazing animals when it is short. Maralfalfa grass, which 

contains sufficient sugar, completes fermentation 2 weeks after it is harvested 

and ensiled, and the pH is approximately 4.2 and the silage dry matter is around 

40%. 
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Figure 3.  Utilisation for green grass 

(Anonymous, 2023-c) 

Figure 4.  Making silage from Maralfalfa 

(Anonymous, 2023-d) 

 

In times when the season is unsuitable (green fodder is unavailable), 

silage is produced to make up for the roughage shortfall and to guarantee feed 

preservation.  It is possible to produce dairy and livestock farming using only 

the silage of Maralfalfa (Pennisetum sp.), which is known as an alternative plant 

to silage corn. Maza et al. (2011) reported that adding fresh cassava root to 

Maralfalfa silage had a positive effect on the nutritional quality and sensory 

(taste, odor, color and appearance) properties of the silage. Vargas Naranjo et 

al. (2015) added sugar cane syrup to Maralfalfa silage and reported that this 

addition increased the soluble fraction, potentially degradable fraction 

degradability and DM degradability by approximately 9.4%. 

 

  
Figure 5.  Cattle feeding (Anonymous, 

2023-e) 

   Figure 6.  Sheep feeding 

(Anonymous, 2023-f) 
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3. ADAPTATION 

3.1. Climatic requirements 

The maralfalfa plant is a versatile plant that can grow in a variety of 

climates. Turkey's several locations, particularly Ankara, Aksaray, Sivas, and 

Muş, are where it is farmed. Maralfalfa belongs to the same family as plants 

like corn, sugar sorghum, and sudan grass, and it can be produced with ease in 

any climate where these plants are grown, according to Fradj et al. (2020). It is 

known that the Maralfalfa plant, which spends the winter dormant like a reed, 

can grow up to 2,700 altitudes in high places such as Peru, Bolivia and Paraguay 

in South America, reaches its highest yield in the climates of Thailand and 

Brazil, yielding 70-80 tons of dry grass per hectare per year. This corresponds 

to a green grass yield of approximately 150-200 tons/ha. Although it is resistant 

to adverse weather conditions, the fastest growing period is spring and summer. 

Maralfalfa plant loves hot and humid regions and its cold tolerance level varies 

between -3 and -8. Some researchers, Jones and Walsh (2007), state that the 

Maralfalfa plant, which originates from Japan, likes temperate climates, and its 

underground rhizomes maintain its vitality in cold climates, and that it develops 

by sprouting shoots from the rhizomes in the spring. Calsin et al. (2011) stated 

that cold resistance is low at first planting and that plants may die in cold 

temperatures below -3°C, especially if spring frosts occur early. Friesen et al. 

(2015) state that if the underground rhizomes develop well when root 

development is achieved in the following years, more resistance to subzero 

temperatures in winter will be provided, but 90% of the rhizomes die at 

temperatures below -8 °C. Thus, based on the researchers' statements, it is 

believed that temperatures below zero are dangerous for maralfalfa plants, 

which is why areas near the sea and with warm winters are more suited for their 

climate. 
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Figure 7. Maralfalfa flood irrigation  

(Anonymous, 2023-g) 

Figure 8. Drip irrigation 

(Anonymous, 2023-h) 

 

The water requirement of maralfalfa, a plant good for irrigated 

agriculture, is half that of maize. But while its height persists, it has been seen 

that in soils with an abundance of water, ponding, and accumulation, its 

development slows down and its tillering performance declines. According to 

studies done by several researchers in European circumstances, the dry matter 

yield drops to 4000-5000 kg/ha in dry conditions from 34000–44000 kg/ha in 

irrigated conditions (Arundale et al. 2014). If watering is necessary, water 

conservation can be achieved by using a drip irrigation system. 

3.2. Soil requirements 

The maralfalfa plant can survive in any soil where plants of the same 

family, including sorghum and corn, are grown since it can adapt to nearly any 

kind of soil condition. Nonetheless, fertile soils that are loose and damp are 

ideal for maralfalfa plant growth. The maralfalfa plant, which grows in nutrient-

poor soils and needs little water, makes effective use of arid areas. 

As a hybrid plant, maralfalfa reaches its peak yield three years after 

planting, yields more dry matter (DM) than conventional crops, has rhizome 

roots, produces a large amount of biomass, and adapts to a variety of soil types 

and weather patterns with less tillage (Heaton et al., 2008; Geren et al., 2016). 
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Figure 9.  The soil in which Maralfalfa plant is grown (Anonymous, 2023–i) 

 

Animals love the fodder plant maralfalfa because it is high in nutrients 

including magnesium (Mg), calcium (Ca), cobalt (Co), selenium (Se), and 

potassium (K), and it has a high rate of digestion. Water and animal fertiliser 

are the two things that the maralfalfa plant most needs because it takes a lot of 

minerals out of the soil each year in order to grow and flourish. It is not 

necessary to apply additional chemical fertiliser if an adequate amount of 

animal fertiliser is provided. An additional application of chemical fertiliser 

(NPK) is advised for any deficiencies in nutrients identified by soil analysis. 

3.3. Production of marafalfa plant 

The maralfafa plant is a perennial fodder that is hybrid. Its economic life 

can extend to about 25-30 years with proper maintenance. It is grown 

extensively in South American countries, Southern Europe and different 

regions. Nakajima et al. (2018) states that the maralfalfa plant, which is a sterile 

hybrid plant, cannot be propagated by seeds and can instead be propagated by 

using the root area, which we call shoots or rhizomes. 

Cuttings of maralfalfa can be planted in virtually any season, with the 

exception of areas that have extremely harsh winters. Nonetheless, it is advised 

to sow in the autumn to guarantee the first crop in the early spring. In the milder-

climated regions of the Southeast, the Mediterranean, and the Aegean, planting 

can be done until the end of November; in the colder regions, it can be done 

until the end of October. 
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Figure 10. The growth of maralfalfa based on the timing of sowing (Anonymous, 

2023-j) 

 

An average of 4000 to 6000 kg cuttings of the maralfalfa plant generated 

from cuttings can be planted every decare. However, if planting is done with 

70 cm between rows and 50 cm between rows, 2,700 cuttings are sufficient. 

The number of plants per square meter should be between 1 and 5. Each cutting 

should be cut into four eyes and planted. Even if planting more cuttings per unit 

area provides an increase in yield in the first place, it may cause problems and 

lead to loss of yield from the second year onwards due to high tillering capacity. 

The plant has an intense tillering feature; approximately 25-30 siblings can be 

produced from each root. For this reason, planting in accordance with certain 

row spacing and row distances is important to ensure long-lasting and 

uninterrupted yield (Anonymous, 2). 
 

   
Figure 11. Maralfalfa stick  

(Anonymous, 2023-l) 

   Figure 12.  Maralfalfa stick planting 

(Anonymous, 2023-m) 
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Maralfalfa is a plant that can withstand a variety of environmental 

conditions, once planted with cuttings. It should not be ignored that maralfalfa, 

which is a perennial plant, has an economic life of up to 20-30 years, and since 

it is produced only from roots and shoots, not seeds, there may be serious 

problems in steel supply. The plant is easy to care for after planting and grows 

and develops very quickly due to its invasive character. For this reason, it does 

not harbour weeds easily. The plant has no known diseases or pests. Therefore, 

there is no need for any chemical control in maralfalfa cultivation (Anonymous, 

2). 

4. YIELD AND QUALITY 

4.1. Harvest  

Every 45-60 days, or three cuttings a year, are possible under Turkish 

conditions, yielding 15-20 tonnes of fresh grass output each time. Some 

researchers have suggested that the cutting time should not be postponed 

beyond the 50th day (Márquez et al., 2007; Palacios-Díaz et al., 2013). As the 

cutting time is delayed, the protein ratio decreases and the sap ratio increases, 

thus the cellulose ratio increases. The digestibility of feed with high cellulose 

content decreases. Indeed, Ventura Ríos et al. (2019) reported that the 

maralfalfa plant, which has a high tillering number, had the highest HP content 

on the 30th day (9.3%), and that the HP content decreased as the harvest time 

was delayed, while some other researchers (Ventura Ríos et al., 2019; Álvarez-

Vázquez et al., 2021) states that by delaying the harvest time of maralfalfa 

grass, there is a decrease in protein content and therefore in nutritional quality 

(Table 1). 

The maximum in vitro dry matter digestibility values of 62.45% were 

recorded after three weeks of growth in certain research examining the impact 

of harvest time on maralfalfa quality, and subsequently this value declined. 

Dead material accumulated in the plant profile and cell walls, and structural 

carbohydrate concentrations rose as the harvest period grew longer. Maralfalfa 

grass should be collected after around six weeks of growth to maximise its 

nutritional content because it has been documented that lignification develops 

and that the quality of the grass deteriorates when the cutting time is postponed 

(Ramos Santana et al., 2014). 
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Figure 13. Maralfalfa harvest for silage  

(Anonymous, 2023-n) 

Figure 14. Maralfalfa fresh grass 

production  

(Anonymous, 2023-ö) 
 

The maralfalfa plant cuttings can be harvested for ten years or more after 

they are planted. The maralfalfa plant grows to a height of around 3 m in 60 

days and 5 m in 90 days. When maralfalfa reaches this maturity, its nutritional 

contents are estimated to be 35% dry matter, 16% digestible crude protein, 12% 

carbs, and around 3% crude fat. Although maralfalfa has a higher nutritional 

value than other forage crops overall, Sosa (2006) claimed that it is only 

superior to alfalfa in terms of energy content. Cerdas Ramírez (2015), on the 

other hand, stated that the plant's crude protein content ranges from 8-16% and 

its digestibility from 55-70%. 

Table 1. Chemical composition of Maralfalfa plant harvested at different times 

(Ventura et al., 2019) 

 Harvest Time (Day) 

30  60  90  120 

HP % 9.3  6.1  5.4  4.0 

NDF % 59.7 64.6 62.4 66.7 

ADF % 42.1  50.0  46.2  49.9 

ADL % 4.7  4.6  4.0  4.4 

Cellulose % 37.4  45.4  42.2  45.4 

HS % 17.6  14.6  16.2  16.7 

Ash  % 11.7  10.2  8.5  7.4 

Humidity % 8.48  7.57  729  6.94 

Energy (M) kg- 1MS 15.7  16.1  16.1  16.3 

EE % 0.91 1 .35  1.87  1.24 

 

Correa (2006) determined the effect of harvest time on the nutritional 

value of maralfalfa grass (Pennisetum sp.), three samples of this grass were 
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randomly collected on the 56th and 105th days of regrowth. In each of these 

samples, crude protein (HP), neutral detergent fiber (NDF), lignin (Lig), ash 

content and oil rates were examined. The content of non-structural 

carbohydrates and total digestible nutrients and net lactation energy were 

calculated (Table 2). Likewise, calcium (Ca), phosphorus (P), magnesium (Mg) 

and potassium (K) contents in the collected samples were examined. It has been 

reported that by delaying the harvest time, the concentration of HP, fat and non-

structural carbohydrates decreases, while there is no change in the content of 

lignin, ash, Ca, P, Mg and K, and the content of total digestible nutrients and 

net lactation energy decreases with the advancement of harvest time. 

Table 2. Nutrient content of Maralfalfa (g/kg KM) (Criscioni  et al., 2016) 

g/kg KM  Maralfalfa (Pennisetum sp.) 

DM                  934 

OM                  908 

HP                144 

EE                   9 

NDF                  610 

ADF                  365 

ADL                  36 

NFC                  144 

Nitrogen                  23 

Carbon                444 

C:N Ratio                    19 

 

In a two year study, the yield of green grass ranged from 9 tonnes in the 

first year to 14 tonnes in the second year, the yield of hay was between 1.5 and 

2.5 tonnes, the pH of the silage was between 3.79 and 3.66, and the yield of raw 

grass was between 9 tonnes in the first year and 14 tonnes in the second year in 

Izmir, Turkey's Aegean area. According to reports, the protein ratio ranges from 

5.71 to 5.53 (Yuksel, 2019). 
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Table 3. Degradability and fatty acids of Maralfalfa plant harvested at different times 

by in vitro gas production technique (Ventura et al., 2019) 

 Harvest time (day) 

30 60 90 120 

Digestibility (%) 55.69 50.57 46.96 42.49 

CH4(%) 11.90 11.65 10.75 10.28 

CO2(%) 88.1 88.3 89.2 89.7 

Acetic acid (mmol) 77.85 76.01 70.40 68.73 

Propionic acid (mmol) 29.41 28.71 26.44 25.84 

Butyric acid (mmol) 12.65 116.10 9.78 9.54 

Total VFA (mmol) 119.16  106.63 104.12 

 

Although feed expenses constitute the most important share in the total 

cost of ruminant breeding, roughage has a greater impact on this ratio. 

Therefore, the importance of quality forage is increasing day by day. When it 

comes to quality forage sources, meadows and pastures, forage crops and silage 

feed come to mind first. The most basic problems in animal nutrition in Turkey 

are; Rather than the inability to supply feed raw materials, it is the inability to 

feed the animals in a way that they can get the maximum efficiency allowed by 

their genetic capacity. The role of cellulose in animal nutrition, provided by the 

roughage required for rumen function in the diet, is not fully understood. High 

quality forage is about being able to harvest it at the right time when it contains 

the most protein and the lowest NDF and ADF levels. The amount of NDF 

(neutral detergent cellulose) is an indicator of how much feed an animal will 

consume in 24 hours. 75% of NDF is provided by roughage. To target high 

performance in dairy cattle, the NDF rate in the ration should be below 30%. It 

is desirable that the ADF needed in the ration be obtained from roughage. ADF 

(acid detergent cellulose) is the least digestible fiber component and its rate is 

not desired to be more than 19% in the ration. Animals consume more roughage 

when its quality rises, which has a good impact on the animals' production and 

performance (Budak and Budak, 2014). 

Since the use of Maralfalfa grass is ineffective on the milk composition 

and reduces the release of methane CH4, it can be used in feeding ruminant 

animals as a roughage source, and the feed consumption in the ration prepared 

in two different ways, consisting of alfalfa (Medicago sativa) and Maralfalfa 

(Pennisetum sp.) grass, as roughage for lactating goats, is reduced by dry milk. 

substance intake and live weight gain were found to be higher in the alfalfa fed 
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group, and this was due to the high fiber (NDF and ADF) and low NFC (fiber 

free carbohydrate content) and ADL (acid detergent lignin) content of 

maralfalfa, but the DM, OM, It was reported that the digestibility of HP, EE, 

NDF and ADF was higher, as well as acetic acid (62.19-62.94) and propionic 

acid (15.59-17.52) in the maralfalfa group (Criscioni et al., 2016). Some other 

researchers state that when the maralfalfa plant is used as the sole raw material 

of the ration, the first factor limiting milk yield is metabolic energy (ME), so it 

should be used in animal feeding with different feeds in most studies (Turano 

et al., 2016; Criscioni et al., 2016; Guerra Medina et al., 2015; Özyazıcı and 

Açıkbaş, 2020). 

Silage plus 16% crude protein (HP) supplement was utilised after 

weaning in the study to assess the responsiveness of calves fed corn silage (Zea 

mays L.) and without corn to Maralfalfa (Pennisetum sp.), as grasses typically 

have higher HP content than legumes. According to their report (Guerra Medina 

et al., 2015), calves should be fed without maize in the future. 

While milk production was higher in the group fed alfalfa, dry matter 

intake was found to be equivalent in the study where two different rations 

consisting of alfalfa (Medicago sativa) and alfalfa + maralfalfa (Pennisetum 

sp.) grass were provided as roughage for nursing goats. However, milk fat and 

lactose content are unaffected by ration variations; instead, animals fed a 

lucerne + maralfalfa group exhibit higher levels of long chain and 

monounsaturated fatty acids, which in turn improves the quality of fatty acids 

like conjugated linoleic acid. Research has demonstrated that using maralfalfa 

has positive effects on human health and nutrition. A beneficial impact on the 

profile has been documented (Castillo Mitre et al., 2016). 

4.2. Maralfalfa as an energy plant 

The maralfalfa plant has gained attention recently as a possible energy 

source because of its large yield of biomass, or the portion of the plant above 

ground (Nakajima et al., 2018; Ussiri et al., 2019). 

4.3. Conclusions 

Maralfalfa belongs to the same taxonomic class as corn and sorghum, so 

it can be said to be one of the important and promising feed plants. Its high 

starch content, low acid detergent lignin, and high fibre content make it suitable 
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for use in ruminant animal nutrition. However, since the use of only maralfalfa 

grass cannot meet the needs of the animal in terms of vegetative propagation 

and nutritional value of maralfalfa, it is recommended to use it in the ration with 

different raw materials such as cassava root, alfalfa and corn. The high yield of 

this plant, which is an important factor as well as its high nutritional value, has 

enabled it to be used as silage. However, to enhance their nutritional and 

fermentation qualities, grass silages like maralfalfa must be ensiled with 

various raw ingredients (Boğa et al., 2023). 

Because of this, maralfalfa is a useful feed and energy plant that produces 

large yields per unit of land. Years of experience in the field might pay off in 

terms of annual sowing costs and soil tillage. It may, however, be challenging 

for the producer in the early years due to its susceptibility to low temperatures, 

the high initial investment costs, the difficulties of competing with other fodder 

crops in terms of grass and silage content value, and issues in the market as a 

forage crop. To help our farmers make better use of their resources, it will be 

crucial to do a productivity analysis with a minimum of a 10- to 15-year 

programme and take climate and regional aspects into account before beginning 

maralfalfa production (Boğa et al., 2023). 
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1. INTRODUCTION  

Sanguisorba minor Scop., a perennial forage plant, is a native species of 

Turkiye's rangelands. The vegetation period of the plant begins in early spring 

and may sustain its greenery through the initial few days of winter. It is of great 

value since it grows in the early seasons when animals have a feeding shortage 

after the winter, especially when they require green fodder. Its crude protein 

content is almost the same in alfalfa and sainfoin (Ipek and Sevimay, 2002). 

The plant took its nomenclature as ' Sanguisorba minor Scop.' after Johannes 

Antonius Scopoli (Giovanni Antonio) (1723-1788), who discovered this 

species (Tocai (Motoc) et al., 2023). The plant is also referred to in English as 

sheep's burnet, salad burnet, small burnet, and lesser burnet (Nelson, 2013). 

However, it is referred to by various other names in some provinces of Turkiye. 

For instance, it is typically called 'Amelotu' in Isparta-Gelendost, 'kelekotu' in 

Antalya-Elmalı, and 'Kara Gündürme' in the vicinity of Silifke (Gullap et al., 

2021). Sanguisorba minor Scop. species is resistant to drought, winter, and fire 

(Fryer, 2008; Ogle et al., 2012; Nelson, 2013). In pasture improvement studies 

in Turkey, this species is typically found in bottom rangelands (Bayraktar, 

2012). 

'Sanguisorba minor Scop.' is a plant species with versatile applications. 

It is possible to use this plant as a source of high-quality roughage. Its 

vegetation begins in early spring, and its florescence usually emerges between 

May-June period. The plant grows slowly; hence, it should at least remain 

ungrazed until the second growing season. The plant species persist in western 

rangelands for over 20 years (Ogle et al., 2012). The beginning and ending 

period for grazing is when the plants are 30 cm tall and 15 cm tall, respectively. 

The ideal duration between two grazing should be approximately 35 days (Ogle 

et al., 2012). Farm animals, cattle and sheep, enjoy this plant species since it 

retains similar crude protein content with clover and sainfoin. Its digestion rate 

also varies around 60-65% due to its fiber content (Gullap et al., 2021). In 

addition, the leaf ratio of the plant is substantially higher and varies between 

44-55% depending on ecotypes and varieties (Kendir, 1999). Cattle and sheep 

enjoy this plant species since it induces no swelling problem, such as alfalfa 

(Sevimay 1997). It is viable to add this plant into silage mixtures with sufficient 

carbohydrates but low protein content to compensate for its protein deficiency 

(Arslan et al., 2016). Apart from farm animals, it is considered a highly 
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desirable forage as grass or seed for deer, antelope, and birds (Ogle et al., 2012). 

This plant may also be grown for weed control. For instance, Trifolium 

alexandrinum var. Carmen, T. alexandrinum var. Tabur, Vicia sativa, and 

Poterium sanguisorba L. species yielded the lowest weed propagation area, 

respectively, according to Koloren and Uygur (2003), which studies the most 

effective species controlling weeds in citrus orchards. Hancerli (2017) 

identified that small burnet is among the species that most reduce the weed 

coverage area in corn cultivation in Cukurova conditions. This plant species is 

also considered a moderate feeding source for honey bees in New Zealand 

(Ogle et al., 2012). Furthermore, small burnet is a household remedy in Europe 

and the Middle East. Its roots and leaves are astringent and are used to stop 

bleeding. It is also possible to utilize this plant to treat gout and rheumatism 

(Fryer, 2008). The medical studies conducted on subspecies of 'Sanguisorba 

minor Scop.' in Europe, Türkiye, and Iran revealed that these plants potentially 

retain anti-HIV activity, reduce blood sugar levels, provide protection against 

ulcers (in mice), and have fungicidal activity (Fryer, 2008). For instance, 

extracts isolated from samples collected during the florescence period of 

Sanguisorba minor magnolii in Spain indicated anti-HIV activity (Bedoya et 

al., 2001). In addition to being used as a hedge plant, ornamental plant, and 

medicinal plant, this plant species also serves several opportunities as a forage 

plant, including soil formation, reclamation, conservation, and as a protective 

plant against fire in cover crop and rangeland areas (Mulayim et al., 2009). 

Additionally, this plant is ideal for salads and can be consumed raw or cooked 

(Tocai (Motoc) et al., 2023). 

2. SYSTEMATIC and MORPHOLOGY 

2.1. Systematic 

Sanguisorba is a member of the genus Sanguisorba, tribe Sanguisorbae, 

subfamily Rosideae, and family Rosaceae. Tetramerous or trimerous, small 

flowers without petals, and elongated, imparipinnate leaves set this genus apart 

from others (Tocai (Motoc) et al., 2023). Accordingly, this genus includes over 

148 species and subspecies spread throughout East Asia and Southern Europe 

(Zhou et al., 2021). The Latin term "sanguis" refers to 'blood,' and "sorbet" 

denotes 'to soak up' and was typically used to stop bleeding. The most 

commonly known species within this genus are Sanguisorba officinalis L. and 
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'Sanguisorba minor Scop.,' and several recent studies focused, in particular, on 

'Sanguisorba minor Scop.' since it retains numerous active compounds 

beneficial to human health (Tocai (Motoc) et al., 2023). Sanguisorba species 

are rich in secondary metabolites with significant bioactive properties 

(Karkanis et al., 2019). Over 120 chemical compounds have been identified and 

isolated from these plants up until today, especially S. officinalis and S. minor 

(Zhao et al., 2017). Table 1 lists the systematics of the 'Sanguisorba minor 

Scop.' species within the plant kingdom.  

Table 1. Taxonomic classification of Sanguisorba minor Scop.  (Mulayim et al., 2009). 

Class : Magnoliopsida 

Order : Rosales 

Family : Rosaceae 

Subfamily : Rosoideae 

Tribe : Sanguisorbeae 

Subtribe : Sanguisorbinae 

Genus : Sanguisorba L. 

Species : Sanguisorba minor Scop. 
 

Considering other burnet species, 'Sanguisorba minor Scop.' takes its 

name from its size (minor) as it is much smaller compared to others (Tocai 

(Motoc) et al., 2023). There are three common subspecies -Sanguisorba minor 

ssp. magnolii (Spach) Briq., Sanguisorba minor ssp. Minor, and Sanguisorba 

minor Scop. ssp. muricata- under ‘Sanguisorba minor Scop.' species (Fryer, 

2008). On the other hand, six 'Sanguisorba minor Scop. subspecies are listed 

by World Flora Online (Table 2, Tocai (Motoc) et al., 2023). Its chromosome 

number is x = 14 (Cronquist et al., 1997) and has synonyms such as Poterium 

sanguisorba L., Poterium dictyocarpum (Spach.), and Poterium polygamum 

(Mulayim et al., 2009). 
 

Table 2. Subspecies of Sanguisorba minor Scop. (Tocai (Motoc) et al., 2023) 

Sanguisorba minor subsp. balearica 

Sanguisorba minor subsp. lasiocarpa 

Sanguisorba minor subsp. magnolii 

Sanguisorba minor subsp. mauritanica 

Sanguisorba minor subsp. muricata 

Sanguisorba minor subsp. verrucosa 
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2.2. Morphology 

Root: The plant has strong roots that can reach great depths and survive 

for many years (Figure 1, Mulayim et al., 2009). While the plant root length in 

southern England is about 40 cm long, it extends up to 1 m deep in New 

Zealand. Small burnet occasionally retains short rhizomes (Fryer, 2008).  

Stem: The plant stem grows vertically (Figure 2). Plant height varies 

based on regional conditions, whereas it typically ranges from 25 to 105 cm 

(Lackschewitz, 1991; Karadag and Iptas, 2007; Mulayim et al., 2009; Yavuz, 

2011; Andrabi et al., 2012; Ogle et al., 2012). The stem is simple or has upward 

branches (Ogle et al., 2012), and branches protrude from the root crown. Its 

cross-section is angular and its interior is full of essence. (Mulayim et al., 2009). 

  
Figure 1. Roots of the Sanguisorba minor Scop. (original) 

 

  
Figure 2. General appearance of the Sanguisorba minor Scop. 

(original) 
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Leave: The plant has pinnate leaves, and petioles are short. The leaf 

rachis (axis) terminates with a leaflet. The number of leaflets in the leaf is 

between 9-25, and they are arranged opposite or alternatively and are 1-1.5 cm 

or 0.5-2.0 cm long (Figure 3). It is a plant species with myriad foliar, and the 

edges of the leaflets are deeply toothed. In the center of the plant is the crown, 

from which young leaves emerge. (Mulayim et al., 2009; Zhou et al., 2021). 

The stipules are attached to the petioles, are large and toothed (Mulayim et al., 

2009; Ogle et al., 2012), and are 6-9 mm long (Andrabi et al., 2012). The leaves 

are green throughout the year. Sanguisorba minor Scop. has pores on both the 

abaxial and adaxial sides, and its guard cell and stomata rim are not entirely 

wax-covered. Sanguisorba minor Scop is amphistomatic due to its distribution 

on both sides of the stomata (Tocai (Motoc) et al., 2023). 

   
Figure 3. Leaves of Sanguisorba minor Scop. (original) 

 

Flower: Inflorescences are at the end of the stems (Figure 4, Fryer, 2008; 

Kew Botanical Garden, 2023). The flowers are small (Mulayim et al., 2009). 

The flower retains only four sepals and no petals (Zhou et al., 2021), and the 

inflorescences are a thick head or spike, 10 to 25 mm long, at the end of a long, 

bare stem. Each flower possesses a papery bracteal leaf with around 12 stamens 

at the bottom. The sepals are wide, 4-5 mm long, and greenish or white to red 

or purple colored (Ogle et al., 2012). Small burnet is pollinated by bees (Fryer, 

2008) and has brown-colored, indented, and four-cornered fruits.  
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Figure 4. Flowers of Sanguisorba minor Scop. (Fryer, 2008; Kew Botanical Garden, 

2023). 

 

Fruit and seed: The fruit thickness is about 1.4-2.3 mm, and its length is 

approximately 4-5 mm (Figure 5). Each fruit contains 1-2 seeds (Mulayim et 

al., 2009). The weight of 1000 burnet seeds varies between 3.6 and 10.0 g 

(Kendir, 1999; Karkanis et al., 2014). It is also referred to as a 'permanent soil 

seed bank' since its seeds survive in the soil for at least 30 years, according to 

studies conducted in Northwest Europe (Fryer, 2008). Burnet is a plant species 

propagated from its fruit-similar to sainfoin (Ozaslan Parlak and Ekiz, 2006). 

While it yields 20-25 kg/da seed in dry conditions, this rate increases by 50-

70% in irrigated soil conditions (Gullap et al., 2021). 
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Figure 5. Fruits and seeds of Sanguisorba minor Scop. (Gullap et al., 2021) 

 

3. ADAPTATION 

Small burnet is a perennial species resistant to cold, frost, and drought 

(Fryer, 2008; Mulayim et al., 2009; Ogle et al., 2012; Calone et al., 2021). It 

may also grow in mildly saline soils (Duf, 2006; Fryer, 2008). Calone et al. 

(2021) reported that fresh weight lessened by 81% compared to the control in 

saline soils, and relative water content was comparable to the control up to 300 

mM NaCl level; however, it considerably declined at 600 mM NaCl level. For 

small burnet, calcareous soil conditions are ideal; however, it may also grow 

well in sandy, light clay, loamy, and well-drained soils. After six months of dry 

storage at four (4) °C, 'Sanguisorba spp.' seeds readily germinate at constant 

temperatures of 24-25 °C (Karkanis et al., 2014). Azimi et al. (2016) identified 

the highest and lowest seed germination rates of small burnet as 30-35 °C and 

5-10 °C, respectively. Yet, the light and dark conditions were insignificant to 

the germination rate (Hollaway and Matheke, 2003; Karkanis et al., 2014; 

Hasanovi´c et al., 2022). The species is found naturally in all regions of Turkiye 

and spreads up to 2,000 m above sea level (Mulayim et al., 2008). However, it 

fails to survive in shady or poorly drained soils for a long time. Although the 

meadow button is normally distributed in the Mediterranean Basin, it is most 

concentrated in Central and Southern Europe. The subspecies of the plant have 
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shown a wide distribution area from Turkey to Afghanistan (Gullap et al., 

2021). The distribution areas of the Sanguisorba minor Scop. in the world are 

given in Table 3. 
 

Table 3. Distribution of Sanguisorba minor Scop. in the world (Kew Botanical Garden, 

2023). 

Doubtfully 

present in 

 

Norway 

Native to 

 

Afghanistan, Albania, Algeria, Austria, Baleares, 

Belgium, Bulgaria, Central European Rus, Corse, Cyprus, 

Czechoslovakia, Denmark, East Aegean Is., Finland, 

France, Germany, Great Britain, Greece, Hungary, Iran, 

Iraq, Ireland, Italy, Kriti, Krym, Libya, Morocco, 

Netherlands, Northwest European R, Palestine, Poland, 

Portugal, Romania, Sardegna, Sicilia, Spain, Switzerland, 

Transcaucasus, Tunisia, Turkey, Turkey-in-Europe, 

Turkmenistan, Ukraine, Yugoslavia 

Introduced into 

 

Argentina Northeast, Argentina Northwest, Baltic States, 

Belarus, Bolivia, Chile Central, Colorado, Illinois, Korea, 

New South Wales, North European Russi, Queensland, 

South Australia, Sweden, Western Australia, Wisconsin 

 

The planting process should not involve deep seed-sowing while 

cultivating. For instance, a planting depth of 0.6 to 1.9 cm is suitable. The plant 

showed the best planting results in late autumn and early spring on heavy and 

medium textured soils and in late autumn on medium and light textured soils. 

Planting at the end of summer (mid-August-September) in areas where 

irrigation is unfeasible is generally not recommended (Ogle et al., 21012). The 

quantity of seeds required per decare is 2-2.5 kg. Row spacing for planting 

should be 70 cm in dry conditions and 35-40 cm in irrigated conditions 

(Mulayim et al., 2008). 

 

It is possible to apply numerous herbicides during plant cultivation, 

including clethodim, metribuzin, quinclorac, clopyralid, dimethenamid-P, 
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bromoxynil, and pendimethalin. Although these herbicides may initially harm 

the plant, their adverse effects are temporary, and the plant may recover quickly 

(Nelson, 2013). The most suitable mowing time for its fodder is the 50% 

inflorescence stage (Mulayim et al., 2009). Sanguisorba minor Scop., which 

has a higher yield than many forage plants in adverse environmental conditions, 

boosts its yield in irrigated and fertilized conditions. İpek and Sevimay (2002) 

reported that 8 kg/da of nitrogen application resulted in 1951-2394 kg/da of 

green fodder and 438-504 kg/da of dry fodder. According to Acar et al. (1999), 

it is possible to harvest fresh fodder twice a year under non-irrigated conditions, 

and the application of 12 kg of nitrogen per decare increased the green fodder 

yield approximately two times, albeit it varied between years. The plant's 

disease problems are minimal. It may be necessary to control damage caused 

by rats and wild animals (Ogle et al., 2012). 

4. FORAGE YIELD and QUALITY 

In a study analyzing the effects of alternative mowing stages (60% 

budding, 10% inflorescence, and 60% inflorescence) on forage grass yield and 

quality in three different burnet species under Ankara conditions, Erol (1998) 

reported the following data for the selected parameters: natural plant height was 

58.20-78.98 cm, green forage grass yield was 904.9-1333.6 kg/da, dry matter 

yield was 257.1-368.5 kg/da, and crude protein rate and yield were 10.53-

13.18% and 28.50-42.72 kg/da, respectively. Similarly, Kuluoglu (2004) 

indicated that under the conditions of the Harran Plain, the fourth mowing stage 

with 20 cm row spacing generated the highest dry matter yield (368.86 kg/da), 

whereas the fourth mowing stage with 50 cm row spacing resulted in the highest 

crude protein rate (15.62%). Ozaslan Parlak and Ekiz (2006) discovered that 

planting methods and the 'seed mixture x planting method' had a significant 

effect on the seedling emergence rate of burnet in the arid conditions of Central 

Anatolia; however, these methods were ineffective on the number of seedlings 

per m2. Mulayim (2009) reported that Sanguisorba minor Scop. is a quality 

forage crop, it is richer in crude protein than grasses and has a ratio closer to 

legumes. In addition, the crude cellulose rate of the plant is lower than other 

forage plants (Table 4). Sahin Demirbag et al. (2014) harvested 3 different 

varieties of Sanguisorba minor Scop. (Altinova, Bunyan and Gozlu) in 6 

different phenological periods under Ankara conditions in 2007 and 2008. 
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Researchers found that the highest crude protein rates (16.3 % and 16.2 %, 

respectively) were obtained from the 1. cutting in both years. In the research, 

the highest crude protein ratio was obtained from the Altinova variety. 

Additionally, researchers have reported that the crude cellulose rate varies 

significantly depending on the harvest period, with the lowest crude cellulose 

rate (24.9 %) being determined in the 1. cutting period and the highest (35.7 %) 

in the 6. cutting period. Yavuz and Karadag (2016) reported that, in general, 

the crude protein yields of pure sown legumes and all mixtures including 

Sanguisorba minor Scop. were higher than that of pure sown grasses. 

Muhammed Salih (2017) reported that dry matter was 23.32 %, crude ash was 

7.98 %, crude protein was 17.78 %, NDF was 20.78 %, ADF was 14.72 % and 

eter extract was 3.82 % in Kahramanmaras conditons. In a study on 46 different 

burnet genotypes, Doron (2020) reported that green fodder yield was 403.68-

1961.92 kg/da, dry fodder yield was 179.26-591.37 kg/da, ADF rates were 

25.62-41.04%, NDF rates were 34.69-55.42%, and condensed tannin content 

was 1.1-4.19%. He also identified that crude oil, ash, and protein rates varied 

between 0.42-2.73%, 5.69-11.63%, and 9.48-15.44%, respectively. On the 

other hand, Ozdogan Cavdar et al. (2021) documented a 14% crude protein, 

2.25% N, 0.26% P, 2.24% K, 1.68% Ca, and 0.66% Mg content among burnet 

plants irrigated at field condition. Ceccanti et al. (2023) reported that wild and 

cultivated 'Sanguisorba minor Scop.' plants contained 18.80 g/100 g and 23.10 

g/100 g proteins, respectively. Finally, the harvest period is one of the most 

critical factors affecting the plant fodder quality. Accordingly, Kaplan et al. 

(2014) discovered that burnet grass harvested during the inflorescence period 

retained 24.9% dry matter, 13.7% crude protein, 7.5% crude ash, 49.2% NDF, 

and 29.8% ADF.  
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Table 4. Crude protein and crude fiber values of some forage crops and Sanguisorba 

minor Scop. (Mulayim et al., 2009) 

Crop Crude protein (%) Crude cellulose (%) 

Sanguisorba minor Scop. 14.0 17.5 

Medicago sativa L. 19.4 28.5 

Onobrychis sativa L. 17.0 28.0 

Trifolium 14.9 30.1 

Dactylis glomerata L. 9.7 34.0 

Avena sativa L. 9.2 31.0 

Vicia sativa L.  20.0 28.5 

Beta vulgaris (leaves) 10.0 20.9 

Hordeum vulgare L. 8.9 26.4 

Sorghum bicolor L. 6.9 27.5 

Lotus corniculatus L. 15.6 29.6 
 

Kapp-Bitter et al. (2023) reported in their study to examine the effects of 

dietary Sanguisorba minor, Lolium perenne and Lotus corniculatus on the 

urinary N excretion of dairy cows that the characteristics of the plants were as 

shown in Table 5. Researchers have reported that meadow button may have 

potential as a feed additive for dairy cows in terms of N use efficiency and 

lower emissions to the environment. 

Table 5. Some characteristics of Lolium perenne, Lotus corniculatus and Sanguisorba 

minor (Kapp-Bitter et al., 2023). 

Characteristics Lolium  

perenne 

Lotus  

corniculatus 

Sanguisorba minor 

Dry matter (gkg-1 wet weight) 940 901 848 

Nitrogen (gkg-1 dry weight) 7.5 34.4 9.4 

NDF (gkg-1 dry weight) 744 347 441 

ADF (gkg-1 dry weight) 482 277 246 

Crude fibre (gkg-1 dry weight) 375 242 256 
 

It is possible to grow the small burnet directly in the field and use it 

successfully, particularly in dry rangelands. For instance, in a study to find 

artificial rangeland seed mixtures suitable for arid regions of the Transition 

Climate Zone within the Black Sea Region, Yavuz (2011) identified the highest 
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dry matter yield as 1166.0 kg/da by the mixture of Medicago sativa L. (30%) + 

Sanguisorba minor Scop. (10%) + Bromus inermis Leyss. (30%) + Dactylis 

glomerata L. (30%). The researcher further reported that, in addition to 15.43%, 

34.16%, 10.05%, and 45.82% crude protein, ADF, ADL, and NDF rates, 

respectively, the 'Sanguisorba minor Scop.' species' dry matter yield was 601.7 

kg/da and crude protein yield 93.2 kg/da under these conditions. In the artificial 

rangeland facility in Van province, where six different mixtures generated by 

Agropyron cristatum L., Festuca ovina L., Onobrychis sativa L., and 

‘Sanguisorba minor Scop.’ species, there were the highest dry fodder and crude 

protein yield with 25% Agropyron cristatum L., 25% Festuca ovina L., 30% 

Sanguisorba minor Scop., and 20% Onobrychis sativa L. mixture. As a result, 

this mixture can be used in artificial rangelands to be established in arid areas 

(Terzioglu and Yildirim, 2008). Similarly, Geze (2013) reported 667.2 kg/da of 

dry matter yield, 18.3% crude protein, 122.4 kg/da crude protein yield, 26.8% 

ADF, and 49.3% NDF using the mixture of Medicago sativa L. + Poterium 

sanguisorba L. + Bromus inermis Leyss + Agropyron cristatum L. species 

under Yozgat conditions, further documenting that the relative feed value of 

this mixture's fodder was 128.5. Turk et al. (2014) reported that in the artificial 

pasture they made using 2 different mixtures (M1: Medicago sativa L. (20%) + 

Bromus inermis L. (40%) + Agropyron cristatum L. (30%) + Poterium 

sanguisorba (10%), M2: Medicago sativa L. (15%) + Onobrychis sativa Lam. 

(15%) + Agropyron cristatum L. (35%) + Bromus inermis L. (35%)) under 

Isparta conditions, the highest N , K and Mg content was obtained from the 

mixture of Medicago sativa L. (15%) + Onobrychis sativa Lam. (15%) + 

Agropyron cristatum L. (35%) + Bromus inermis L. (35%). 
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1.INTRODUCTION 

The world's carrot (Daucus carota L.) germplasm can be 

separated into two significant groups: Eastern and Western. The Eastern 

group includes the first domesticated carrots, which were purple or 

yellow and originated in the region spanning Asia Minor and Central 

Asia (Coe et al., 2023). Forage carrot [Daucus carota L. 

subsp. sativus (Hoffm.)], of which wild species are found in Türkiye, is 

thought to be native to Afghanistan and neighboring countries and is 

cultivated in some countries of Europe, Asia, and North Africa 

(Sağlamtimur et al., 1989; Sarı, 1999). In Konya province (Türkiye), 

edible carrots are cultivated in large areas, and cultivation techniques 

are developed. When this situation is considered, it should be 

investigated that there may be the possibility of feeding carrot varieties 

and cultivating them that can be used in animal feeding.  

Carrots are fragile vegetables, and their production can be 

wasteful. For instance, more than half of the carrots produced for 

canning are discarded in France. Forage carrots are usually grade-out 

or surplus carrots obtained during periods of overproduction. Also, 

using grade-out and surplus carrots in animal feeding may reduce the 

environmental cost associated with their clearance. However, in 

temperate climates, they can be used as winter feed. 

 Carrots are palatable and readily consumed by cattle. It is 

typically fed fresh and is available whole or chopped, unwashed, or 

washed to livestock. Also forage carrots can also be ensiled. 

Dehydrated carrots are popular treats for horses and pets. Other carrot 

products occasionally fed to livestock include the tops from harvesting 

and various by-products of carrot processing, such as juice aromas 

(Tran, 2016). 
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2. SYSTEMATIC AND MORPHOLOGY 

Carrot is a biennial plant from the Apiaceae (formerly Umbelliferae) 

family. It forms vegetative organs, leaves, and fleshy roots in the first year. In 

the second year, the plant passes into the generative phase, flowering and 

dying after forming seeds. 

With the seed germination, a plant develops into two grass leaves, a root 

shoulder (stem), and a thin taproot. The shoulder, which is not visible on the 

soil at first, is then pulled into the soil with increased leaves. Carrot varieties 

with shoulders outside the soil are not preferred for eating in production. 

Because the upper part of the root is colored green or purple due to the 

accumulation of anthocyanin, it has been stated that the root color of carrots 

varies from white to yellow, orange, red, and purple; color is essential in 

determining the variety, and particular fodder carrot varieties are used in 

cultivation for feed production (Popov et al., 1957; Günay, 1984). 

In carrots, the main root has a taproot structure. There are thin, white-

colored capillary roots on it. When the leaves reach a specific size, the 

shoulder and taproot begin to develop transversely, and with the storage of 

nutrients, the fleshy root, the edible part of the carrot, begins to form. When 

looking at the transverse or longitudinal section of the taproot, two regions, 

namely, the xylem and phloem, are distinguished. The cambium tissues 

between the xylem and phloem develop into a circle and produce a secondary 

xylem towards the center of the root and a secondary phloem towards the 

outside. When looking at the longitudinal section of a mature carrot, the outer 

shell (periderm) can be seen at the outermost part. The outer shell contains 

suberin and wax-like substances and protects the root from external factors by 

performing cuticle functions on the leaves. Under the outer shell is a dark-

colored shell (Phloem) and a light-colored pith (Xylem), which form the 

fleshy part of the carrot. 

Flowering carrots require 6-8 weeks below 10°C (Figure 1). Long days 

after this requirement is completed, accelerate flowering. Carrot seedlings 

with cylindrical tips are less sensitive to low temperatures than those with 

blunt tips. Red-colored carrots flower on long days, regardless of temperature. 

Flowering plants develop a main shoot with a flower cluster at its tip. 

Secondary flower clusters are formed from the shoots of the leading flower 



199 | ALTERNATIVE FORAGE CROPS- II 

 

cluster, and tertiary flower clusters are formed from the shoots of the 

secondary flower clusters (Yanmaz, 1988). 

 

Figure 1.  Root, above-ground organs, and flower appearance in forage carrot 

 (Acar et al., 2000) 

3. ADAPTATION 

A carrot is a plant that likes cool climates. For this reason, it shows the 

best development where the temperature is relatively warm and soil moisture 

is sufficient. The most important climatic factor affecting carrot cultivation is 

temperature. Temperature influences the color and shape of the root and plant 

growth. The optimum temperature limits for carrot cultivation are 15-20℃. 

When the air temperature rises above 28°C during cultivation, leaf growth 

decreases, root length shortens, and the root tip becomes blunt. When the 

temperature drops below optimum during the early developmental stages, 

early flowering occurs; the most undesirable situation in carrot cultivation is 

that plants at low temperatures cannot grow large roots as they enter the 

flowering phase. In addition to the variety and the age of the roots, the 

temperature of the growing environment is also effective in the formation of 

color substances that give color to carrots. The color darkens with the 

progression of ripening. Color lightening occurs at temperatures above and 
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below optimum temperatures. For this reason, the colors of carrots grown in 

spring are brighter and darker than those produced in winter and autumn. 

Soil structure has a vital role in the quality of carrot roots. Light-

textured, deep, sandy, loamy, and sandy soils should be preferred in carrot 

cultivation. Carrots grown in heavy textured soils have short and thick roots. 

Shrinkage and secondary root formation are observed on the roots. 

Bifurcations occur at the root tip in blunt-tipped varieties. The shape of the 

root also changes due to the variety's characteristics. 

Carrots are grown by direct seed sowing. For this reason, the soil to 

grow carrots should have good drainage and be free of stones and plant parts. 

The soil for carrot cultivation should be deeply plowed before planting, and 

then the soil should be broken up using a disc harrow. In sandy and loamy 

soils, passing a rotavator after deep plowing is sufficient. After deep plowing 

and disking on heavy soils, the soil should be watered, and a second plowing 

and disking should be done. In soils that tend to clod, clods should be broken 

up immediately. Clayey soils prevent root development and cause malformed 

roots. 

In carrot cultivation, seeds can be sown from February to the end of 

June and from September to November, depending on the ecological 

conditions of the region. Practically, it is possible to sow from spring, the 

earliest time the soil can be cultivated, until the end of the fall season. Where 

commercial cultivation is practiced, growers sow seeds at 2–3 week intervals 

to harvest continuously. 

Seed sowing is done by sprinkling or in rows. Nowadays, 500-1000 

g/ha of seed is used when sowing by hand or machine, considering the number 

of plants per square meter. Some producers sow the seeds by mixing them 

with sand to prevent frequent sowing of the seed and to eliminate the thinning 

process to be done in the future because the carrot seeds are small and thorny 

(Sarı, 1999). The sowing depth is 0.5-1 cm (Haase, 1964). Sowing spacing in 

carrot cultivation is adequate on the shape and size of carrot roots. Carrots 

cannot reach their average diameters in frequent spacing, and young roots fuse 

and cause the formation of misshapen roots. Spacing between and above the 

rows varies according to carrot size, variety, and growing conditions. 
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Carrots like high soil moisture. In addition, soil moisture should be 

uniform throughout the soil. Water stress during cultivation slows plant 

growth and causes the formation of woody tissues with thickened walls. This 

results in roots that are not friable, and carrots become bitter or do not taste 

like carrots grown under normal conditions. During prolonged droughts, root 

splitting is joint. The total water requirement is between 450-600 mm. This 

amount is higher in arid areas and light soils (Yanmaz, 1988). 

The soil planted in carrot cultivation should also be rich in nutrients. 

Especially in winter and late varieties, it is necessary to pay more attention to 

fertilization as the vegetation period is extended. Carrots are like high organic 

matter. Organic matter given just before planting accelerates plant growth, but 

organic matter that is not thoroughly burned prevents the roots from being 

properly shaped and causes bifurcation. If barnyard manure is used as organic 

fertilizer, care should be taken to ensure that the manure is mature 

(decomposed), and immature manure should not be given. Immature 

fertilizers accelerate the development of the carrot fly and cause the quality of 

the roots to decrease. Considering the organic matter in the soil, 2-4 tons da-1 

of well-matured organic fertilizer should be given. 

Fertilizers should be applied as sprinkling before the disc harrow is 

passed or as a band if used with the planting; in soils to be irrigated with 

furrow irrigation, fertilizers to be given as sprinkling are given before the 

rollers are made. If the fertilizers are to be applied as a band, they should be 

used 2.5-7.5 cm away from the seed and in the gap between the irrigation 

channel and the seed. 

Carrots prefer nitrogen (N) and phosphorus (P2O5) from commercial 

fertilizers. Nitrogen influences the color of carrots and accelerates the color 

change from red to yellow. Too much nitrogen fertilization causes root 

splitting, increases leaf area, and reduces root yield. It increases the water 

content in the roots and reduces the storage life. Phosphorus has a direct effect 

on yield. Conversely, potassium is more effective in carrots' quality 

characteristics and storage life (Sarı, 1999). 

Since carrots are grown in different types of soil, fertilizer rates vary. 

In determining the amount of commercial fertilizer used in carrot cultivation, 

it is necessary to know the amount of nutrients consumed according to the 
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yield obtained from the unit area. Based on yield, for getting 5 tons/da of root 

yield, 11.5 kg N, 3.5 kg P2O5, 10.5 kg K2O is used from the soil, while the 

plant and leaf parts remove 12.5 kg N, 1.3 kg P2O5, 25 kg K2O from the soil. 

Accordingly, considering soil analysis, it is helpful to give 15-20 kg N, 10-12 

kg P2O5, and 10-30 kg K2O da-1. 

Carrots prefer N fertilizers in the form of ammonium. Nitrogen 

fertilizers should be given with irrigation water. Because they dissolve 

quickly, 50% of nitrogen fertilizers can be provided with planting, and 50% 

can be presented at the time of root development, when the roots reach the 

thickness of a pencil. Boron and rarely manganese deficiency can be found in 

some soils. Deficiencies should be checked by soil and leaf tests. In case of 

deficiency, it is sufficient to give 25-35 kg da-1 boron every three years (Sarı, 

1999). 

One of the most important problems encountered in carrot cultivation 

is poor emergence after planting. The soil clotting layer, temperature, and 

moisture affect the emergence rate. In addition, the vigor rate and size of the 

seed used are also effective. After sowing, 1.5 cm of the soil should not be 

dry. Also, water uptake by the seed should be slow. In this way, the 

distribution of germination-inhibiting substances given out of the seed during 

germination into the soil is prevented, and as a result, a proper emergence is 

ensured. Adequate soil moisture also reduces soil cracking and, in some cases, 

soil temperature. Coating carrot seeds with different suitable materials can 

increase the emergence rate. 

Since carrot seeds are tiny and have a long germination time, they must 

compete with weeds after sowing. Weed seeds germinate earlier than carrot 

seeds, and if not controlled, they negatively affect the yield and quality of 

carrots. For this reason, pre-sowing and pre-emergence weed killers are 

effective. Successful results can be obtained from the use of trifluralin (2 L/ha) 

before sowing or prometryn (2 L/ha) and diflufenican (0.05 kg/ha) before 

emergence. Post-emergence pesticides should be used before the plants reach 

pencil thickness (7.5 cm length) (Sarı, 1999). 

Carrot plant is more resistant to diseases and pests than other cultivated 

plants. Carrot cultivation does not have as many essential disease problems as 

other crops, but some diseases and pests are found in the field and during 
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storage. It can be examined periodically as diseases seen in carrots in the field 

and diseases seen both in the field and in storage. Diseases seen both in the 

field and in the warehouse are Rhizoctonia (in the roots), Scelerotinia (Soft 

Rot), Rhizoctonia violeceae (Purple Rot or Ink Disease). Diseases seen in the 

warehouse: Botrytis sp, Rhizoctonia carotae Carrot Pests; Agrotis sp. 

(Grizzlies), Agroites sp. (Wireworms), Dung beetle, Carrot 

fly (Psibrasae sp.) (Yerli, 1995). 

Carrots can be harvested 75-85 days after planting. The average yield 

in Türkiye is between 2.5-3 tons (Yanmaz, 1995). Also, carrots should be 

topped before storage, but washing them is unnecessary to enhance storability. 

Topped carrots can be stored for 7-9 months at 0℃ and 99% humidity 

(Benedict et al., 2012).  

 It was reported that the dry matter rate in the root of fodder carrot varies 

between 10% and 20% (Akyıldız, 1983); the xylem in the root of carrot has a 

woody and complex structure, especially in edible varieties. This issue was 

tried to be reduced, and breeding studies changed its properties, and successful 

results were obtained (Günay, 1984). It was also stated that water stress during 

cultivation slows down plant growth and causes the formation of woody 

tissues with thickened walls (Sarı, 1999). Yellow Austrian Lobberericher is 

an example of a fodder carrot variety (Benedict et al., 2012), and new varieties 

should be developed. 

4. YIELD AND QUALITY 

The root yield of forage carrots varies between 2-6 tons da-1 

(Sağlamtimur et al., 1989; Popov et al., 1957). It is stated that it is possible to 

obtain root yield between 4-10 tons da-1 depending on the variety used, 

planting time, planting intervals, and maintenance conditions. However, it is 

stated that the biological power of the seed influences quality and yield 

(Günay, 1984). Studies conducted in our country reported that the inter-row 

and over-row spacing of Beypazarı carrot was 10-20 x 6-8 cm (Sarı, 1999). In 

the experiment shown in Konya in 1992-1996, four nitrogen dosages and four 

phosphorus fertilizer doses were tried in carrots planted in 12 cm fixed row 

spacing. The highest root yield was obtained as 12177.1 kg da-1 (18 kg N da-

1) and 12028.3 kg da-1 (12 kg P da-1) with the same row (Işık, 1998). 
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 Forage carrots as a root are essential in livestock nutrition; their leaves 

are protein-rich at 11.7% (Tran, 2016). It has been stated that forage carrot can 

be fed mixed with feeds such as corn, and its leaf yield is 20-40% of carrot 

yield (Haase, 1964; Sağlamtimur et al., 1989). In a study conducted in Konya, 

8-10 tons of root yield was obtained from fodder carrots with light yellow root 

color originating from Turkmenistan (Acar et al., 2000). It was stated that the 

root length of the carrot is required to be between 10-20 cm (Günay, 1984), 

the root shape, size, and color of the carrot varying according to the varieties, 

the root length varies between 5-25 cm and can grow up to 30 cm, but long-

rooted carrots are difficult to remove from the soil and are not suitable for 

machine harvesting because they will cause breakage, which increases labor 

costs, and the core part of the roots hardens and turns into a woody texture 

(Günay, 1984; Sarı, 1999). 

 Forage carrot is superior to fodder beetroot and turnip in terms of feed 

value and is especially rich in vitamins, carotene, phosphorus, nitrogen-free 

substances, and trace elements (Gençkan, 1983; Günay, 1984; Sağlamtimur et 

al., 1989). Forage carrot, which has a high digestibility of nutrients for 

ruminants at 87.5% OM digestibility, is very tasty and is eaten by animals 

(Akyıldız,.1983; Özgen, 1993; Venkataramanan et al., 2015; Tran, 2016). 

It has been stated that it increases milk yield and quality and the quality 

of dairy products and improves the meat quality and flavor of the animals it is 

fed to. It is also recommended to be given to racehorses in small amounts but 

regularly (Haase, 1964; Coşkun et al., 1993). 

It is recommended to add carrots to the rations of poultry for the egg 

yolk to have the desired color (Haase, 1964; Özen et al., 1981; Akyıldız, 1983; 

Coşkun et al., 1993; Siti and Bidura, 2021). It is also partially used in rabbit 

nutrition. 
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