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Introduction
This text provides a survey of main field crops grown in the Czech Republic, and minor crops. From the minor crops the ones have been chosen the importance of which has grown recently, either due to the enlargement of organic farming area or efforts to find alternatives to crops inducing food allergies or the use as substitutes for animal origin feedstuffs. Several crops are mentioned that are not grown in this country, but are significant for human or livestock nutrition.

Grains are divided into the following groups: cereals, legumes, oil crops, roots and tubers and forage crops. For each group, relevant characteristics are given. For each crop, the use, nutrient contents and possible antinutritional substances including their effects on the organism are described, and several data on agrotechnology are given.

The objective of this text in not to provide a detailed survey of all the crops grown, but to give information on those crops that are important for human or livestock nutrition under this country’s conditions.
Terms of reference
Crude fiber – is determined as a non-hydrolyzed residue after acid and alkaline hydrolysis of a sample. Crude fiber includes mainly cellulose, part of hemicellulose and lignin (hemicellulose is dissolved in acids, lignin in alkalis). Crude fibred does not define current amount of fibre in a sample. This is a classical method, therefore most data on fibre contents in feedstuffs or foodstuffs represent just crude fibre. 

Nitrogen-free extract – its content is determined by calculation consisting in subtracting all the other basic nutrients of a feedstuff or foodstuff (humidity, crude protein, fat, fibre, ash), determined by chemical analyses in g/kg from 1000 g. The above mentioned information implies that nitrogen-free extract is formed mainly by carbohydrates, a small part can be formed by organic acids or other substances, not detected in previous analyses.
GPS silages (Ganzpflanzenschrot) – are made from ensiled whole crushed plants (legumes, cereals) harvested at milk-wax to wax maturity stage. They have relatively high contents of crude protein and energy due to high contents of grains.
Divided harvest – a method of harvesting corn for ensiling. Corn cobs (with or without leaves) are harvested separately from straw.
CCM (Corn Cob Mix) – produced by divided harvesting. Ensiled crushed corn cobs without leaves

LKS (Lieschkolbenschrot) – a product of divided corn harvest; ensiled corn cobs with leaves
Cereals
This group includes plants from the family Poaceae and some other species from other families of similar traits and utilization. These species are also called pseudo cereals. The main cereal products are cereal grains, a by-product is straw (feeding straw, bedding straw, or straw to be ploughed in). Non-mature cereals also used as feed for livestock (“green feeding”), for making heylage and GPS silage. Cereals belong to annual crops, both spring and winter forms are grown.
Cereal grain is a dry, single seed fruit. It is either is enclosed in glumes or naked. The glumes consist of flowering glume  and small glume. Usually, barley, oats, rice, millet and some sorghum species have grains with glumes.
Nutrient contents in grain
Carbohydrates prevail, consisting mainly of starch (60 to 70%). Starch serves as an energy source during the grain germination and in human and animal nutrition. Crude protein content is low (6-12%), it depends on the weather, growth and level of nutrition. Protein contents influence the grain quality (both nutritional and technological). Requirements for different ways of using grains are different (food grade vs. feed grade grains). Cereals contain only small amounts of fat. Only maize and oats have higher fat contents. Vitamin content is low, only B vitamins and vitamin E are present at higher levels. The content of mineral substances is not constant, to a great extent it is influenced by mineral contents in the soil and by form of fertilization. In general, cereals contain only small amounts of minerals. From macroelements, only phosphorus and potassium are present at higher levels, from microelements zinc, manganese and iron are present.
Cereal grain structure:
Covering layers include the outer pericarp and the inner episperm that are grown together. The envelopes contain mainly fibre. Lower fibre contents are present in grains with a thin pericarp such as wheat, rye and corn. A higher content of fibre is present in barley, and oats because their pericarp is better developed. The covering layers also contain B vitamins, mainly thiamine, riboflavin, nicotine acid and pantothenic acid.
Endosperm consists of one layer of aleurone cells and a floury core.

Aleurone layer has the highest protein content, however, its physiological value is relatively low since it contains little lysine. There are two types of protein: protoplasmatic protein and reserve protein. Protoplasmatic protein includes albumins and globulins with favourable amino acid profiles. Their contents in cereals are low (an exception is oats in which they prevail). Reserve proteins prevail in cereals in general. They are also called the gluten fraction and consist of prolamin (30-50%) and glutenin (30-50%). They have unfavourable aminoacid profiles, contain a lot of proline and glutamine and little lysine. They are important for the bakery value of flour. The aleurone layer cells also contain fat.
Floury core contains mainly starch in the form of starch grains. Each cereal has a typical shape of starch grains.
Germ (acrospire) takes up the smallest portion of the grain, about 1.5-4%, in maize about 10 %. It contains structures a new plant. The germ contains protein and most of fat present in the whole grain, with vitamin E dissolved in it.
Longitudinal section of the wheat seed
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COMMON WHEAT (Triticum aestivum L.)

Wheat is one of the oldest cultural crops. Beginning of its cultivation is means the beginning of agriculture as such. The oldest archaeological findings are from 8 000 – 7 500 B.C. and are related to cultivation of one-grain or two-grain wheat.
Common wheat is one of the most wide-spread crops worldwide and in this country. From the botanical viewpoint, there are four common wheat varieties of different colour (white and red) and awnyness of the ear (awny and awnyless). The most wide-spread are white, awny-less varieties. Most wheat varieties grown in this country belong to this group
Importance and grain composition:

Wheat grains are used for production of bread, pastry, pasta, groats and in the confectionery. Wheat meal, flour, pressed grains and bran are used as feed for farm animals.

Wheat is mainly an energy source because of a high content (50 – 70%) of easily digestible starch. Crude fibre content is low (1.6 – 2.0%). Fibre is found in envelopes that are directed to bran product during the production of human nutrition products.

Protein content in the grain ranges from 8 to 13%. Contents of reserve protein can be influenced by agro technological interventions. Reserve proteins gliadin (prolamin) and glutenin form gluten when mixed with water. High gluten content favourably influences bakery traits of wheat, but in animals (particularly monogasters) it can cause digestive disorders. During the digestion, gluten changes into a viscous substance that may impair intestinal peristalsis and decrease the utilization of dietary nutrients. For feeding, wheat with lower reserve protein content is desirable.

Fat content is low (1.5 – 3%). Fat contains a lot of unsaturated fatty acids, oleic acid and linoleic acid. These render fat susceptible to oxidation that is also facilitated by phosphoric acid released from phospholipid cleavage. In wheat grains, mainly B vitamins and vitamin E are present, as well as beta-carotene at a lower level. Phosphorus is mineral with the highest content.
Cultivation requirements:

In this country, spring and winter wheats are grown.
Winter wheat has higher requirements for soil quality. It requires structural soil, coarse loam and clay-loam soils with neutral or weakly acid soil reaction, rich in nutrients. Flinty, acid and permanently waterlogged soils are not suitable. Winter wheat is sown in the autumn. If moisture level is sufficient and  temperature is about 15°C, it comes up in 7-9 days. Then it grows relatively quickly until the temperature drops down to 4-5 ºC, then the growth stops. If winter comes slowly wheat acquires freeze resistance down to -18 to -25 ºC. Blooms and fruits are formed after the wintering in the spring and summer of the following year. 

Of all the cereals, winter wheat is the most demanding for the previous crop. The best previous crops are legumes, clover, root crops, oil crops vegetables. It is not recommended to grow winter wheat after cereals because cereals deteriorate soil properties. Also the risk of weed, pest and disease infestation is increased.

Grain fields are considerably influenced by nitrogen fertilization. Recommended total amount of nitrogen used for fertilization ranges from 80 to 120 kg/ha. Organic fertilization is also recommended, particularly with straw and green manure.
Spring wheat is a supplementary form to winter wheat. It has similar requirements for soil, it does not suffer so much of stalk foot diseases and it can be used when there is a high occurrence of winter weeds. Suitable previous crops are the same as for winter wheat. Spring wheat is sown usually after late harvested root crops. It can be grown also after cereals. In that case, stubble intermediate crops used as green manure are recommended. Spring wheat is usually sown in March and it can sustain frost.
Other wheat varieties:

Pšenice tvrdá (Triticum durum Desf.) was developed from the cultural dvouzrnka wheat. Grains contain firm and hard gluten that is not suitable for baking bread and pastry because it does not create large volume. It is mainly utilized for making pasta. Durum wheat has both winter and spring forms. The spring forms prevail, their quality is higher.
Pšenice špalda (Triticum spelta L.) is a historical cultural variety with glumy grains. The grain has higher contents of protein, fat, minerals, vitamins and essential aminoacids than common wheat. Gluten content is also higher, but its quality is lower. Spalda is suitable for pasta and muesli production. Green immature grains can be roasted (grünkern) or used as “green caviar” (seasoning). There are both winter and spring forms of spalda, the winter forms prevail in Europe. Spalda is one of the least demanding cereals as regards cultivation. It is resistant against unfavourable climatic conditions, diseases and pests. Because of low requirement for fertilization and protection against harmful effects, it is suitable for organic farming.
COMMON RYE  (Secale cereale L.)

Importance and grain composition:

Rye contains only about 9% crude protein, mostly reserve proteins gliadin (prolamine) and glutelines. The main nutrient in the rye grain is starch, but there are also polysaccharides – xylans and arabinoxylans in the form of rye slimes. Crude fibre makes up 2%, fat 1.4 % and mineral substances about 1.8%.

Rye is used for the production of foodstuffs and feedstuffs, and technical and pharmaceutical purposes. In the food industry, rye is used for the production of some kinds of bread, spirit and coffee substitutes. In Canada and the U.S.A. rye whiskey is made.

For animal feeding, rye is used only to a limited extent since it has a lower nutritional value, bitter taste, unfavourable dietetic properties and contains antinutritional substances such as protease inhibitors and alkylresorcinol that probably do not influence the nutritional value of rye, and antinutritional polysaccharides - arabinoxylans. The latter ones increase intestinal content viscosity, thereby slowing down the mobility of substrates, digestive enzymes and emulsifying bile acids. The also compromise the contact of nutrients with the intestinal mucosa. Utilization of all the nutrients is decreased, this effect is the most pronounced in fats and liposoluble vitamins. Therefore the feeding of rye grains can lead to decreased performance in livestock. It is more common to feed green rye to animals early in the spring. For this purpose, mainly varieties with high yield of green forage and slow maturation (slower lignification) are used.

Rye is used also in pharmacology to obtain ergot alkaloids from stands that are artificially infected with ergot (ergot fungus).
Cultivation requirements:

In the world there are both in winter and spring forms of rye, in this country only the winter form is grown. Rye tolerates light sandy soils with acidic reaction. It can also be grown on poorer soils because its root system is well developed. It is not demanding for warm temperatures. Winter rye is the most resistant against low temperatures from all the winter crops.

Because it can tolerate unfavourable conditions, rye is often grown after other cereals. In comparison with other cereals it has better health and higher competitiveness against weeds. It is often grown after potatoes, too. 

TRITICALE (Triticale Müntzig)

Triticale is a man-made interspecific hybrid of common wheat and common rye. The aim of hybridization was to maintain yields and quality of wheat and strong root system and tolerance of worse cultivation conditions of rye.
Importance and grain composition:

Triticale is used for the production of special pastry, but mainly it is utilized for feeding purposes. Crude protein content in grains is higher than that of most cereals (15 – 17% on average). Proteins have a favourable aminoacid profile, high lysine content. Utilization of protein by animals is higher than that of wheat. Nitrogen-free extract content is 75 – 85%, fat content 1.5%, crude fibre content 2.5 %, content of minerals 2%. It can be used for all livestock species. Triticale can also be fed as green forage because it can create a larger amount of biomass with slower maturation than rye.
Cultivation requirements

Triticale has lower requirements for soil and climatic conditions than winter wheat, but higher than rye. It is more tolerant to low soil pH than winter wheat and less demanding for fertilizers. It is also more tolerant to a previous crop that winter wheat, but less than winter rye and winter barley.
BARLEY (Hordeum)

Barley, along with wheat, belongs to the oldest cereals. Its cultivation began as early as at the beginning of agriculture as such. Archaeological findings in Egypt and Babylonia from 5000 years B.C. document cultivation of six-rowed barley. In Central Europe barley had been grown since the 3rd century B.C.
Importance and grain composition:

Barley grain has a better developed pericarp, therefore it has a higher content of crude fiber (about 4%). The main nutrient is starch, but its content is lower than that of wheat. Mean content of crude protein is 8-15%, a limiting amino acid is lysine, although its content is higher than that of wheat. Reserve protein is hordein (prolamin). Barley grains contain about 2% fat and 2% mineral substances. Barley contains also antinutritional polysaccharides β-glucans (up to 8 %). They increase viscosity of intestinal contents, like arabinoxylans. Their effect is the most pronounced in poultry, causing decreased performance and water retention in droppings.
Applications:

Food grade barley is used for the production of hulls and dietetic food. Because of a favourable effect of dietary fibre on cholesterol level, decrease of colon cancer risk and prevention of obesity and diabetes, varieties with higher contents of β-glucan (over 5 %) and digestible fibre are used. These are mainly glumeless varieties. 

Malting barley is grown mainly as a spring crop in this country. There are quite high requirements for its quality. The main criterion is protein content (max. 11%), front grain proportion, β-glucan content (max. 1.5-2 %).

Feed grade barley is grown both as six-rowed and two-rowed forms, winter and spring forms, form with and without glumes. It has higher protein (about 15%) and lysine contents, and a lower content of β-glucans (1.5-2 %). It is suitable for feeding cattle, horses, rabbits and pigs, it can be included in feed for carnivores, too.
Fodder barley is harvested as whole plants (GPS system).
Industrial barley is used for the production of spirit, whisky, starch, detergents, cosmetic and pharmacological products
Cultivation requirements:

Spring barley has high requirements for soil because it has a shallow root system, and produces a large amount of biomass in a relatively short period of time. The most suitable soils for barley are brown earth and chernozem. Acid soils are not suitable, as well as consolidated soil, weeded fields and localities with frequent occurrence of fog and dew. In the crop pattern it usually falls in after fertilized cereals. The best previous crop is sugar beet. If the previous crop is to be a cereal, wheat is better than barley. 

Winter barley is not demanding for soil and climatic conditions and has lower requirements for nutrients. A disadvantage is a greater susceptibility to infestation with fungal diseases and little cold resistance. In the crop pattern it is usually put after a cereal or another early harvested crop (it is sown very early – second September decade).
OATS (Avena sativa, L.)

Oats is one of the youngest cultural cereals. There are two forms of oats – with glumes and without glumes. 

Importance and grain composition:

Oats is used for the production of oat flakes and healthy diet products. The most important, however, is the use for animal feeding. Oats is typical feed for horses and breeding animals. It stimulates the sexual instinct and has been reported to have a lactogenic effect in females. It is suitable feed for young animals (naked or husked oats) because it favourably influences the digestive tract mucosa. These favourable effects are attributed to mucous substance consisting of polysaccharides (mainly β-glucans). Oats can also be fed as green fodder or ensiled.

Oat grains contain 8-14% protein with high levels of lysine, methionine and threonine. Reserve proteins gliadin (prolamin) and avenin (glutenin) are present in small amounts only. Nitrogen-free extract is about 57%, consisting mainly of starch. Oats also contains a higher amount of fat (about 5%), mainly non-saturated fatty acids, oleic acid and linolenic acid. Fiber is contained mainly in the cells of the glumes and small glumes that are not removed during harvest. Crude fibre content is the highest of all the cereals (about 12%), which compromises the digestibility of oats. For young animals, husked or naked oats is better. Naked oats has only about 1.5% of crude fibre. Minerals are also present at higher levels, particularly potassium and phosphorus. Oats has a higher content of calcium than other cereals.
Cultivation requirements:

Oats with glumes has quite low requirements for soil and climatic conditions. Its root system is massive and has a high resorption capacity so it can obtain nutrients from poor soils, too. Medium to heavy soils give the highest yields of oats. It requires enough moisture. The best previous crops are root plants and clovers, but it is most commonly grown after cereals which are less suitable. It is not recommended to grow oats in the same field in two successive years because there is a risk of spreading stem eelworm (Ditilenchus dipsaci). A recommended interval is 4 years.

Naked oats requires medium soil with sufficient moisture supply, preferably in lower altitudes. It is more demanding for the previous crop, it should be grown after suitable crops such as root plants and clovers.
CORN (Zea mays)

Maize comes from Central and South America, where it was grown by the Aztecs, Mayas and Incas. Presumably, maize cultivation began 5,600 years ago. At present maize is spread around the globe. It is said that in this country it was imported by the Romes from Turkey and Romania in the 17th century. It was called Turkish wheat or Turkish rye and this name still survives in the Moravian dialect expression “turkyne”.
Importance and grain composition:

Corn is the most important annual fodder in this country. About 90% of maize is grown for silage that is the main energy component of roughage for cattle used at present. It is also used for so called divided harvest two-phase harvest (CCM and LKS silages and preserved high moisture grains).

The remaining 10 % is corn grains production. Corn grains are used in the food industry, for feeding farm animals and for industrial processing. Corn meal and grits are intended for human nutrition, they are used e.g. for production of corn flakes. Sweet corn is also popular. It is harvested between milk and wax maturity and eaten raw, cooked or preserved, either kernels of whole young cobs. A popular delicacy is pop corn. From corn kernels, alcohol, starch and invert sugar are made, and from corn germs oil is obtained. Corn grain is suitable feed for all farm animal species, particularly for fattening animals.

The corn grain has the highest energy value of all the cereals. It has a high content of nitrogen–free extract (about 70%), with a high proportion of starch. It also contains up to 5% fat. Fat consists mainly of unsaturated fatty acids, linoleic acid and oleic acid. There are small amounts of palmitic and stearic acid. A high content of unsaturated fatty acids renders fat prone to oxidation. Therefore corn meal in which fat is easily accessed by external influences, should not be stored for a longer period of time. The composition of fatty acids influences texture of body fat, making it softer. This does not matter in beef and sheep tallow and poultry fat, but it does in swine lard. Therefore it is recommended to withdraw corn in the end of fattening period in swine.

Corn has a low content of crude protein, about 9-9.5% only. Reserve protein zein (prolamin) and glutenins prevail that have a low biological value, low lysine and tryptophane contents. Crude fibre content is low, about 2%. Mineral content is also low (about 1.4%), compared with other cereals. Calcium content is very low. Yellow grain varieties have higher contents of (-carotene (provitamin A) and contain also other yellow pigments – xantophyl and zeaxanthin. These pigments cause yellow colour of fat (undesirable in lard) and egg yolk.
Cultivation requirements:

Corn is a thermophilic plant. An optimum temperature for growth and development of generative organs is 20-24 ˚C, the growth stops at 5-6 ˚C. In the period of intensive growth (springing to milk maturity) it has a high demand for moisture. Requirements for soil are much lower than those for warmth. Corn requires structural soils with neutral reaction, heavy and cool soils are not suitable. In the crop pattern corn is usually included after cereals that are relatively good previous crops for corn. Corn tolerates being grown in the same field for several successive years. However, it is not recommended to grow corn in one field for more than five years in the row because this can lead to weed infestation. For corn fertilizing usually organic fertilizers are used, it is one of the most suitable crops for slurry utilization.
SORGHUM (Sorghum vulgare)

Sorghum is an annual plant with an abundantly branched and deep root system. Sorghum stalks can be over 3 m high, with plenty of leaves. Sorghum produces a lot of green matter. Inflorescence is a panicle. Grains are with glumes, partially naked of completely naked. 

Importance and grain composition:

The sorghum grain has a high energy content, low contents of crude protein (about 10%), fat (about 2.8%) and fibre (about 3%). Seeds of some varieties have higher contents of tannins which cause lower nutrient utilization. Tannins react with dietary proteins, digestive enuzymes and proteins in the intestinal mucosa. Grain from such varieties should not be used for feeding young poultry, in which it can cause the growth retardation. Young plants contain cyanogenic glycoside durrhin in green matter. Therefore sorghum can be harvested for green matter only after it achieves a certain height at which durrhin content drops, and there is no more risk of intoxication. According to ways of utilization, sorghum varieties can be divided into four groups:
Common sorghum (S. vulgare var. eusorghum) is grown mainly for grains. These are usually smaller height varieties.
Industrial sorghum (S.vulgare var. technicum) has a very well developed panicle from which brooms and brushes are made. Grains are a side product.
Sweet sorghum (S. vulgare var. saccharatum) has a juicy pulp even in biological maturity of grain. It is used for feeding, mainly for ensiling. Sometimes, juice is pressed from stalks, from which spirit, syrop, etc. are made.
Sorghum Sudan (S. vulgare var. sudanense) has thin stalks, abundant foliage and produces a large amount of green matter. It is used as a fodder crop for farm animals.
Cultivation requirements:

Sorghum is a thermophilic plant. An optimum temperature for growth is 25-33˚C. It is not very soil quality intensive and is resistant against drought. As a fodder crop, it has a similar position in the crop pattern as corn. In this country is grown just a little, because it has been forced out by corn.
COMMON MILLET (Panicum miliaceum L.)

Millet belongs to the oldest cultural crops. In Africa it was the main source of food for people, and in Western and Central Europe it used to belong to basic foodstuffs. In modern times it was overruled by higher yielding crops.
Importance and grain composition:

In the food industry mainly husked grains are used. For feeding, rough whole grains are used in feed mixtures for exotic birds. However, millet can be included in compound feeds for farm animals and fish, too. It can be also used as an annual fodder crop.

The millet grain contains about 10-12 % crude protein, 60-70 % nitrogen-free extract (mainly starch), 4 % fat and 3 % minerals. Unhusked grain has a higher content of fibre, about 9.5%. In millet green matter there are some hepatotoxic and photosensitizing substances. Sheep without skin pigmentation are the most sensitive to them.
Cultivation requirements:
Millet is a thermophilic plant (to germinate it needs 9–10°C), it is sensitive to frost. It is not very moisture intensive. It has a lowered ability to receive nutrients from soil, therefore it requires soils with good nutrient supply. The vegetation period is very short (60 to 80 days), therefore it can be used as an intermediate crop for green feeding or as a covering crop for clovers. Suitable previous crops are root plants, legumes and clovers. Cereals are less suitable because they enable a higher infestation with weeds. Moreover, corn and sorghum have the same pests as millet. A disadvantage of millet is an uneven maturation of grain; the grain must be dried after the harvest.
COMMON RICE (Oryza sativa) 
In Asia, rice was grown already in the 5th – 3rd centuries B.C. In Europe it arrived much later, in the 8th century in Spain. In 1522 the first rice fields were established in Italy. The English name “rice” comes probably from the Italian “riso”. At present there are two main rice lines grown, water (lowland) rice and dry (mountain) rice.
Importance and grain composition grain:

Rice is grown mainly for human nutrition. Either husked rice is used or semi-husked (Natural).  It is also used as dietetic food because it has high nutrient digestibility and it is hypoallergenic as it does not contain gliadin type proteins that induce gluten allergy (celiac disease). From rice some alcoholic beverages are made. For feeding animals it is used just a little, mainly in dog and cat nutrition as a component of hypoallergenic diets or low-protein diets. From damaged and broken grains rice starch is manufactured. Rice straw is used for making mats, baskets and hats. In Japan edible mushrooms are grown on rice straw and in China fine paper is made from rice.

The rice grain has a low content of crude protein (about 8 to 10%), but in comparison with wheat it contains more lysine. Reserve protein is called oryzenin (glutenin). Non-husked rice contains about 60 to 70% nitrogen-free extract, most of which is starch, about 10% crude fibre, 2.5% fat, 5% minerals and B vitamins. During husking seed envelopes and the aleurone layer are removed. By husking fibre content is decreased bellow 1%, but along with fibre also B vitamins, most fat and minerals contained in the peeled layers, are removed too. 
Cultivation requirements:

For a certain period of time there were attempts to grow rice in this country. At present, however, rice is only imported.
COMMON BUCKWHEAT (Fagopyrum esculentum Moench.)

Buckwheat belongs to the knotweed or smartweed (Polygonaceae) family, and by its use it is ranked among pseudo-cereals. It is an old cultural crop, originating from the Hymalaya region. It arrived in Europe with the expansion of Mongolians and Tatars. In this country it was grown as early as in the 12th century. In the 16th century it belonged to the most popular foodstuffs. Nowadays it is a minor crop.
Importance and grain composition:

For human nutrition, flour and grits are made from buckwheat. It is suitable for gluten-free diets. It can be used for feeding, too, but in sensitive animals it may cause fagopyrism, because it contains the photosensitizing substance fagopyrin. In the pharmaceutical industry it is used as a source of rutin which increases permeability of blood vessels. It is also used as a honey-bearing plant.

The buckwheat fruit contains about 11% crude protein. About a half of protein is formed by albumines. Nitrogen-free extract forms about 52% (mainly starch), and there are higher contents of organic acids such as citric acid, malic acid and oxalic acid. Crude fibre content is about 11.5%, fat content 2.7%, mineral content 2.5%. From vitamins there is niacin at a higher content.
Cultivation requirements:

For growing buckwheat lighter to medium sandy to loamy sand soils are suitable, with good nutrient and moisture supply, non-compacted, with pH 5 (inhibition of the growth at pH 7-9). An optimum temperature for growth is 15°C. Buckwheat is sensitive to frost. In the period of blooming and achene development buckwheat requires enough moisture. The vegetation period is short, 80-120 days only. In the crop pattern it is usually placed after cereals. If it is grown as the second crop, the previous crops are usually green mixtures, early varieties of barley, or potatoes. A disadvantage is an uneven maturation of achenes. There are often high losses due to threshing.
 AMARANTH (Amaranthus sp.)
Amaranth belongs to the Amaranthaceae family, and it is a pseudo-cereal. The Amaranthus genus includes about 60 species, most of them being wild ones. For seed production the most important species are A. cruentus, A. hypochondriacus and A. caudatus. Amranth is an annual, broad-leaved plant. It has a deep root system, it forms the main tap root with many side branches. Stalks of cultural forms are 0.9 to 1.8 m high.

Amaranth was grown already by the Aztecs, Incas and Mayas. After the occupation of Mexico by the Spaniards in1519, all the amaranth growths were destroyed and its further cultivation was banned. Amaranth fell into desuetude and was conserved just in remote places in the central and South American mountains, and in tough conditions of mountainous regions of India, Nepal, Tibet and China where it had been introduced. Many decorative types were obtained by botanical gardens in Europe. Vegetable forms of amaranth were grown in Europe, Africa and Asia.
Importance and grain composition:

Amaranth is used for direct consumption and is part of main food products. It is also used for feeding animals. In some countries of Central and South America, Africa and Asia, young plants and leaves are eaten fresh or cooked with different seasonings. Amaranth seeds are used for the production of some pastries, pasta, baby food and instant drinks. For these purposes they are modified by grinding, roasting, puffing, extrusion, expanding, cooking under atmospheric or higher pressure, flaking, pregerminating, enzyme treatment, heat treatment with lime milk, rinsing in alcalic water and subsequent drying. Amaranth is suitable for the gluten-free diet. In animal nutrition it is one of potential substitutes for animal origin ingredients for monogastric farm animals. It can also be used as a fodder crop for ensiling.

Amaranth grain has a high content of crude protein, as compared with other cereals. Proteins have a high biological value, they contain a higher amount of lysine and sulphur aminoacids. Crude fibre is about 2.2%, nitrogen-free extract 57% (mainly starch), fat makes up about 6-9% and consists mainly of unsaturated fatty acids (linoleic, oleic, linolenic). Fat contains squalene that acts as an antioxidant. Compared with other cereals, amaranth has higher calcium and iron contents. From vitamins, the highest contents are those of riboflavin and vitamin E.
Cultivation requirements:

Amaranth is a thermophilic plant, the optimum temperature for growth is 20 to 25 °C. It requires light to medium, sandy-loam, loamy-sand to lighter loamy soils. It does not like waterlogged soils (even temporarily), and non-structural soils inclining to form crusts on the surface. In the early growth phase it does not tolerate shading, which may cause a considerable retardation of growth and even dying off of a plant, e.g. if there is a high weed infestation. It is not moisture intensive, it requires a sufficient supply of moisture after the sowing, during the springing up and initial growth. On the contrary, when seeds are maturing, dry and warm weather is necessary. Amaranth is not demanding for a previous crop, suitable ones are cereals, rape, legumes and potatoes. However, it is sensitive to weed infestation. A disadvantage is an uneven maturation of seeds. 

Legumes
Plants of the legume group belong to the family Fabaceae. Their fruit is a pod. Seeds are called pulses. They are grown mainly for feeding purposes, as food to a lower extent only. In animal nutrition dry seeds and whole plants are used (often in mixture with cereals) for green feeding, ensiling and drying. For human nutrition dry or immature seeds are used, or immature fruits (green beans). From the cultivation viewpoint they are appreciated for their high value as previous crops. 

Nutrient content in grain:

Legumes have a high content of crude protein (about 20-35%)

Biological value is higher than that of cereals, unlike cereals they contain more lysine, but less sulphur amino acids. Fat content is lower than in cereals (about 1.5%). An exception is soya that contains about 20% fat. Fat is used for food production purposes, therefore soya is also ranked among oil crops. Carbohydrate content is about 50%, it is mainly starch. Crude protein content is relatively low (5-7%). In legumes there are higher contents of minerals than in cereals, from macroelements, the highest contents are achieved by potassium, phosphorus and calcium. Also calcium to phosphorus ratio is more favourable that in cereals (Ca : P = 1 : 3-4). From microelements, there are higher contents of iron, zinc and manganese. From vitamins there is the highest content of B vitamins, and small amounts of vitamins C, D, and (-carotene.

Legumes have some antinutritional properties. Oligosaccharides contained in legumes are not digested by host digestive enzymes and proceed to the large gut where they are degraded by microorganisms forming large amounts of gas. Therefore they may cause bloating. These oligosaccharides disappear during seed germination. In legumes there are also other anitinutritional substances (tannins, protease inhibitors, lectins, antigenic proteins, saponins).
Tannins (“bitter substances“) belong to phenolic substances. They have a typical tart taste. They decrease feed palatability and feed intake. Their biological effect is based on the ability to react with proteins. They form complexes with food dietary proteins thereby decreasing their resorption. The greatest decrease in absorption is in essential amino acids methionine and lysine. Beside dietary proteins they also react with digestive enzymes. This leads to decreased digestibility of other digesta components, too. Tannins may also inhibit ruminal microflora. Tannins are not degraded in the digestive tract under normal conditions and they do not penetrate through the gut wall. When high amounts of tannins are ingested, however, the gut epithelium can be irritated because tannins react with the gut wall proteins. Under such circumstances tannins can be absorbed. If detoxification mechanisms of the host cannot cope with the absorbed phenols, the liver and kidneys may be impaired.
Tannins can also exert favourable effects. In ruminants they prevent bloating because they decrease the stability of foam formed in the rumen when feeding some kinds of feed. They may also increase protein utilization because protein complexes are protected against degradation by rumen microflora. In the acid environment of the abomasums, the complexes are broken and proteins can be digested.
Protease inhibitors are polypeptides and proteins forming stable complexes with proteolytic enzymes. These complexes have no more enzyme activity. In animals they cause growth retardation, due to decreased protein availability. There can also be hypertrophia or hyperplasia of the pancreas, due to an increased enzyme secretion. Young animals are very sensitive to protease inhibitors. Protease inhibitors are usually thermolabile, therefore they can be inactivated by heat.
Lectins are proteins of glycoproteins capable of binding to carbohyrates. Binding to the gut villas cells increases their turnover rate. Irritation of the gut wall may cause the gut hypertrophy. Lectins also decrease activity of many digestive enzymes, as a result of increased secretion the pancreas hypertrophy may develop. Mainly young animals are sensitive to lectins, their growth is slowed down and body reserves of lipids and glycogen may drop. Lectins are more thermostable than protease inhibitors, therefore higher temperatures are needed for their inactivation.
Antigenic proteins are resistant against breaking by digestive enzymes. They may penetrate the gut barrier uncleaved and induce the immune response. Their occurrence in feed causes a damage of the gut mucosa in sensitized individuals. This may lead to a decrease digestive and absorption function of the gut. Also the passage of digesta may speed up and diarrhea may occur. Young animals are sensitive to the effects of antigenic protein. Antigenic proteins are thermostable. Other technological treatments than a heat treatment can pose other risks, therefore the best measure to take is to exclude legumes from the diets for very young animals.
Saponins are glycosides that received their name due to the ability to form foam and their wetting effect. They have a bitter or tart taste and their effect consists in the formation of complexes with sterols present in cell in membranes, thereby increasing the membrane permeability. Thus they may damage the small intestine mucosal cells, but these are probably removed during normal gut epithelium exchange. An unfavourable effect is that through the impaired membranes some undesirable components of digesta may penetrate. With a high intake of saponin containing feed the growth is retarded and availability of basic nutrients is decreased, as well as other nutrients, e.g. of zinc. The mechanism of these phenomena is not known, however. Saponins are toxic for poikylothermic animals (fish, gastropods, insects). Saponines can also have favourable effects because they react with sterols in the digesta, particularly cholesterol, forming insoluble complexes that cannot be absorbed.
Seed structure: 

Seeds of most legumes have a similar anatomy. On the surface there is a skin-like episperm, in some legume species there is the endosperm underneath. Inside the seed there is a sperm consisting of two cotyledons and the germ. 
Episperm is covered with a thin cuticle on the surface. Underneath there is a layer of high column-like cells placed next to each other, so called palisade cells. These cells give hardness to the episperm and can contain pigments that give colour to seeds. Under those there is a layer of cup-shaped cells. The cup-shaped cells have both ends widened, so between their middle parts intracellular spaces are formed that enable the flexibility of episperm. Underneath there is a thin call wall parenchyma with conducting strands which changes into spongy parenchyma in deeper layers. 

Endosperm is under the parenchyma and is present only in proteinaceous legumes. It makes up only a small part of the seed and can be either fully developed , consisting of the outer layer of aleurone cells and the inner layer of mainly slime cells or there can be its remainder only. 

Cotyledons take up the biggest part of the seed. On the top they have a thin cuticle. According to their composition, legumes are divided into amylaceous and proteinaceous. In most legumes (e.g. green peas, lentils, horse bean, bean, vetch) they are filled with starch grains that are similar to each other and have an oval shape and an S- shaped, often branched, fissure in the middle. These legumes are amylaceous ones. The other ones are proteinaceous legumes. Their cotyledons are filled with protein and they contain only a few starch grains.
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Agronomic importance:

Legumes favourably influence soil fertility. Their positive properties include:
· The ability to bind atmospheric nitrogen by means of symbiosis with nodular bacteria. Nitrogen received in this way covers nearly all nitrogen requirement by the plant and enriches soil for subsequent crops.
· Improvement of soil structure by means of a massive root system
· Suitable composition of post harvest residues (N : C = 1 : 6-8), it is not necessary to apply inorganic nitrogen to support mineralization
· Suppression of light-requiring weeds, because legumes shade soil with their abundant foliage
· Ability to obtain nutrients from deeper layers of the soil profile that are not easily accessible for other plants, and their partial release to the soil
Legumes also have some negative cultivation properties, namely:

· Sensitivity to weather changes resulting in different yields between the years
· Sensitivity to low temperatures (particularly thermophilic species – soya, beans)

· Procumbency of some species
· Dehiscence of pods, which leads to higher harvest losses
· Susceptibility to mechanical damage of seeds during harvest

· Low competitiveness with weeds in early growth phases caused by their slow initial growth
· Intolerance to being grown in the same field for successive years
SOYBEAN (Glycine soja)

Soybean is one of the oldest cultural crops and it comes from Eastern Asia. In Europe it was brought in the 20th century only. At present, the largest producer and exporter is the U.S.A. 

Importance and grain composition:

Soybeans are used in food industry as well as for feed production. For human nutrition purposes, oil, flour, sauces, milk, tofu cheese and soy meat are produced from soybeans. In the feed industry, whole soybeans are used, but more often by-products from fat processing, soybean cake or soybean meal are used. Whole full fat soybeans are used mainly in the diets for high–producing dairy cows. They markedly increase energy value of the diet. Soybean cake and extracted meal are used as protein sources in compound feeds for all the farm animals and partly they replace animal origin feeds even in some complete feeds for carnivores.

Whole soybeans have, due to a high fat content (15-20%), the highest energy value of all the legumes. Fat contains a lot of unsaturated fatty acids, the essential linoleic acid makes up about 50%. Soybean also has a high content of crude protein (35-40%). Proteins have high biological value, high content of essential aminoacids, they contain most lysine of all the legumes. Therefore they are used for the production of structural protein that can be wowen to form soya meat. Nitrogen-free extract is about 25%, crude fibre 4-7% and mineral substances about 3%.

Soybeans also contain antinutritional substances. These include antigenic proteins that may induce food allergies, and trypsin inhibitors that block digestive enzymes, thereby decreasing protein availability. Trypsin inhibitors are thermolabile, that is why soybeans is treated by toasting or extrusion.
Cultivation requirements:

Soya is a thermophilic crop, and it is moisture intensive. In the period of blooming and seed swelling, rainfall is very important. Soya requires deep, biologically active soil, warm and well supplied with nutrients. It does not tolerate heavy, waterlogged and acid soils. It is not demanding as regards a previous crop. Suitable previous crops are root plants, cereals are all right. In this country mainly early Canadian soybean varieties are grown.
HORSE BEAN (Vicia faba L.)

Importance and grain composition:

Horse bean (Vicia faba var. equina) is grown for feeding purposes. It is used mainly as a compound feed component and may also serve for green fodder production, often in legume-cereal mixtures for GPS silages. Fava bean (Vicia faba var. major) also serves as food. Either dry of green seeds or pods are used.

Horse bean contains 26-29 % crude protein with relatively high lysine content, therefore it is a good source of protein for compound feed. Nitrogen-free extract content is about 50%, crude fibre 4-7%, fat about 1.5% and minerals about 2.7%.

Horse bean also contains some antinutirtional substances. These include tannins, found mainly in varieties with coloured blossoms, at levels up to 10%. In white blooming varieties their content is low or zero. Other antinutritional substances are glycosides vicine and convicine. These glycosides can be absorbed into blood where they are broken at presence of oxygen and free radicals are formed. If free radicals are not bound, they can damage cells. In the case of red blood cells such a damage may lead to hemolytic anemia. In humans a condition called “favism” has been described induced by fava bean consumption that can be fatal. It is a hemolytic anemia in people with  hereditary deficiency of glucose-6-phosphate dehydrogenase in erythrocytes. In layers, vicine and convicine cause a decrease in egg size and at higher doses also an egg production drop and decrease in egg yolk firmness, or presence of blood in yolk. Consumption of higher amounts of horse bean causes lower utilization of iron and zinc. Therefore when horse bean is included in the diet, levels of both the microelements must be monitored. Heat treatment improves dietetic properties.

Cultivation requirements:

Horse bean is a plant with long vegetation period, therefore it must be sown early in the spring. It requires heavier loamy to loamy-sand soils, well supplied with nutrients. Soil should not be compacted because this may lead to development of root diseases. Horse bean has a high requirement for moisture, particularly in the period of blooming and seed formation. Horse bean is a good previous crop. Usually it is placed between two cereals. It can also be used as a cover crop for perennial fodder crops, caraway or poppy seed. It is not recommended to be grown in one field at shorter intervals than 4 years. 
PEA ( Pisum sativum L. )

In Europe it was grown as early as in the Neolithic Age and its origin is unclear, it maybe comes from the Mediterranean and Asia Minor. First pea with small seeds was grown, later large seed varieties emerged. Around the beginning of AD, Romans spread peas during their military expeditions even to the area north of the Alps. The Dutch were the first ones to eat sweet immature seeds, and this habit spread over Europe soon. Mainly in the 17th and 18th centuries peas were available only for higher classes, as a treat for gourmets. Only in the 19th century peas became a cheap legume and vegetable. In this country, a sprouted and roasted peas were popular that were eaten mainly on Good Wednesday before the Easter.
Importance and seed composition:

For human nutrition both mature dry seeds and canned or frozen immature seeds (green peas) are used. Of sugar peas, whole pods are eaten. Peas are suitable feed for all farm animal species. The inclusion of peas in lactating cow diets increases milk production and protein and fat percentages in milk. Whole seeds are included in feed for birds. Pulp peas is used for starch production.

Peas contain about 20-25% crude protein. Biological value of protein is average, but there is a high lysine content. Nitrogen-free extract is about 60%, it is mainly starch. Crude fibre content is about 5-7%, fat content 1% and mineral content is about 2-3%. From vitamins, B vitamins are highest, in immature seeds there is also vitamin C.
Cultivation requirements:

The best are loamy, loamy-sand and sandy-loam soils. Extreme soils such as sandy, too heavy, waterlogged, acid, rocky and weedy soils are not suitable. In the crop pattern it is usually put between two cereals. The best yields are obtained when included after a fertilized root crop- The interval of growing peas in one field should be at least four years due to the risk of pest and disease transmission.
Field pea (Pisum sativum var. Arvense) is used for feeding animals or as green manure. As feed, seeds are used that have similar nutrient composition as pea but contain also bitter substances that decrease palatability. Inclusion of field pea in the diets is lowered than that of pea. It can be also used as a fodder crop, often in legume-cereal mixtures.
COMMON BEAN (Phaseolus vulgaris L.)
There are over 200 bean species. Most of them come from America, some from Asia. Beans were brought to Europe in the 16th century. Nowadays they are grown all around the world. In this country the most important variety is common bean.
Importance and grain composition:

Beans are used for human nutrition. Either dry seeds or green pods are used. For green pods those varieties are grown that do not have the inner pergameneous layer in the pericarp and sclerenchymatic fibres in the comissures of pods.

Bean seeds contain about 19-25% crude protein, 60 % nitrogen-free extract (mainly starch), 5% crude fibre, 1.5% fat and 2-3% minerals. The seeds also contain some antinutritional substances. There is quite a high content of lectin with a high oral toxicity for humans. Cases of mass poisoning after eating raw beans have been described. For the suppression of harmful effect, 15-20 minute cooking of swollen seeds is necessary.
Cultivation requirements:

The common bean has two types of variety with different stalks, i.e. bush varieties and vines. The root system of the bean is small as compared with other legumes and this implicates higher requirements for soil and agrotechnology. The common bean is a thermophilic crop, rather sensitive to sub-zero temperatures. It is not demanding as regards the position in the crop pattern, but the best previous crops are fertilized root crops. It is sown later than other spring crops, approximately in the middle of May (favourable soil temperature is important.
LENTIL (Lens culinaris Med.)

The lentil originated in the Near East and India. It is grown in areas with warm climate, in this country it is a minor crop.
Importance and grain composition:

The lentil is used in food industry, dry seeds are used as part of the human diet. Lentil seeds contain about 25% crude protein, 45% nitrogen-free extract, most of which is starch, 4% crude fibre, 1.5% fat and 2-3% minerals. Content of antinutritional substances is low.
Cultivation requirements:

The lentil is not warmth intensive unlike other legumes, especially in the end of the vegetation period. It requires lighter loamy-sand or sandy-loam permeable soils with a sufficient calcium supply. It is not demanding for a previous crop, however, those previous crops are not suitable that allow an increased weed infestation of soil.
Vetch (Vicia L.)

Importance and grain composition:

The vetch belongs to feed legumes, but it is used mainly for fodder. Seeds are high in antinutritional substances, and have a bitter taste so animals do not like to eat them. When amounts of vetch higher than 1 kg are fed to lactating cows, milk taste can be compromised.

Vetch seeds contain 28-35% crude protein, about 60% nitrogen-free extract, 7% crude fibre, 1.5% fat and 2-3% minerals. They contain antinutritional substances vicine and convicine (the same as the horse bean) that cause favism (also called vicism). The seeds also contain cyanogenic glycoside vicianine, lathyrogens and small amounts of tannins. Lathyrogens are toxic non-protein aminoacids and their derivatives that are present in seeds of the genera Vicia and Lathyrus. They cause a condition lathyrism in animals and humans. From farm animals, poultry is the most sensitive to lathyrogen effect. The disease affects the central nervous system and its clinical signs include muscle stiffening and weakness, mainly of legs. Because of their negative dietetic properties, vetch seeds are not suitable for late pregnancy and lactating females and young animals. 

Cultivation requirements:

In this country two winter vetch species are grown, the hairy vetch (Vicia villosa Roth.) and Pannonian vetch (Vicia pannonica Grantz.), and one spring species, the common vetch (Vicia sativa L.). They are usually grown in mixtures with cereals that serve as supporting plants for procumbent vetch stalks. It is not demanding for cultivation conditions, it tolerates even lighter sandy soils, except the Pannonian vetch that requires heavier soils.
LUPIN (Lupinus L.)

Importance and grain composition:

The lupin is cultivated mainly for livestock feed. Not only dry seeds are used, but also the whole plant as fodder. Some species are utilized in the food industry such as the white lupine whose seeds can be made the same use as other legumes, and Lupinus mutabilis used for oil production (Vernacular names include tarwi, tarhui, chocho, altramuz, Andean lupin, South American lupin, or pearl lupin.).

Lupin seeds are high in crude protein (30-40%), high in lysine, and low in nitrogen-free extract (15-20%), because lupine is a proteinaceous legume. Crude fibre (14%) and fat (5-7%) contents are higher than those in other legumes. The seeds contain 2-3% minerals.

The lupin contains antinutritional substances, the most important being chinolizidine alkaloids. The garden lupine, growing as wild species in this country, contains a very poisonous substance lupanin. Poisoning causes impaired limb motility, cramps and can lead to death. Lupanin poisoning occurs mainly in the autumn when the garden lupin matures. Another alkaloid is anagyrin whose teratogenic effects have been demonstrated in lactating cows between the 40th and the 70th day of pregnancy. So called “bitter”, wild varieties are not suitable for feeding due to a high content of alkaloids. A marked decrease in alkaloid level can be achieved by selection, therefore “sweet” varieties have been developed. Seed toxicity can be decreased by various technological procedures such as toasting, cooking, extraction. Also fertilizing with cobaltous salt can decrease alkaloid contents in seeds. Neither sweet varieties are recommended for livestock nutrition at higher inclusion levels because they may worsen the taste of eggs and milk.
Cultivation requirements:

The lupin has a massive root system and tolerates less fertile soils. They like mainly acid soils, although white lupine requires more neutral soils. Cultivation of sweet varieties, however, is difficult because they are more susceptible to diseases. The vegetation period is relatively long which can be a problem at higher altitudes. Cultural species require enough moisture. The lupin is a nitrogen fixing plant, and under conditions favourable for nodular bacteria it can cover its own nitrogen requirement. It is not demanding as regards a  previous crop, the most suitable previous crops are fertilized root plants, but usually it is grown after cereals.
Chickpea  Cicer arietinum L. )

chickpea, chick pea, garbanzo bean, ceci bean, bengal gram, chana or channa

The chickpea is an annual thermophilic legume. It received its  specific name according to its seeds that have irregular acanthoid shape with a characteristic small beek. Seeds are deposited in a folliculate pod by one or two. There are two different types of chickenpea. The one has dark and smaller seeds (desi), the other forms larger seeds of cream colour (kabuli).

Importance and seed composition:

Chickenpea is utilized in food industry (kabuli) and in animal nutrition (desi and kabuli). It belongs to crops in which consumers have been increasingly interested recently. Mainly whole grains are consumed, dehusked grains (dhal) or chickenpea flour (besan). There are also other way of chickenpea processing applied – fermentation, steaming, frying of roasting seed. It was also used as coffee substitute. Roast chickenpeas has been well-known as "Café de France" since the 18th century, especially in the Dijon area. In the Balkans it was almost a tradition that in real coffee a small amount of roasted and ground chickenpea was added which helped to maintain desired froth on the drink.

Chickenpea seeds contain 15-30% of crude protein with a high lysine content, 50-60% nitrogen-free extract, mainly starch. Crude fibre content ranges between 5 and 19% which is due to a thicker episperm. Varieties with fair seeds have less fibre because their episperm is thinner. Fat makes up 6-7% and there is a high proportion of linoleic acid. Seeds contain 2-3% of minerals. It is often  reported that chickenpea is a good source of pangamic acid. This substance is sometimes celled vitamin B15, although its effects and required dose are not known. It has a lipotropic and probably also antioxidative effects. 

Cultivation requirements:

Chickenpea is grown mainly in drier and warmer parts of Asia (India, China), in this country its cultivation is limited. Its requirements for warmth and light are high, the requirements for moisture and soil are low (wet and heavy soils are not suitable).
Oil crops
Oil crops accumulate fats in their fruits, seeds or other parts is such amounts that it is economic to use them in the industry. Oil crops belong to various families and include both perennial and annual species , and winter and spring forms. The perennial species include the olive which is an important oil crop in the Mediterranean are, oleic palm and coconut palm in the subtropical area. In the temperate zone annual species are grown. From the Brassicaceae family it is mainly rape, řepice, field mustard, and some less known species such as common ředkev olejná, lnička seta, roketa seta and krambe. From the hvězdnicovité family, the most important species is common sunflower, much less is grown safflower. Oil crops also include plants for spinning such as cultivated flax, Indian hemp and cotton plant. Poppy seed, corn sprouts, tobacco seed and castor bean are used, too. The most important oil plant worldwide is soya.

Most oil crops are used for oil production for food or technical purposes. As feed component , oil industry by products are used such as oil cake or extracted meals that serve as protein components of the diets. The use of whole seed is not very common. Oil crops may also be used as fodder or green manure.
RAPE (Brassica napus L.)

Importance and grain composition:

Rape is raw material for food production, namely edible oil. For animal feeding extracted meals and cake are used for compound feed manufacturing. It can also be used as fodder. Green matter is used as green manure. Rape oil us used as raw material in the chemical industry and it may serve as a renewable energy source, instead of fossil fuels. Rape is also utilized as honey-bearing plant.

Rape seed contains 35-40% fat, crude protein content is relatively high (about 20%). Biological value of protein is relatively good. Nitrogen free extract is low (only about 5%) crude fibre content is 7-12= and content of minerals 2-3%a- rape seed contains a considerable amount antinutritional substances, The most significant ones are glucosinolates, sinapines, erucic acid, and other substances such as antinutritional polysaccharides.

Glucosinolates are glycosides and their molecules contain sulphur. In the rate seed there are about 110 kinds of glucosinolates, gluconapine andprogoitrine prevail. Glucosinolates alone are not toxic, but toxic products are formed by their hydrolysis. The main hydrolysis products are thiocyanates, isothiocyanates and goitrin. Some of these compounds cause stinging, pungent and bitter taste perceptions and decrease feed palatability. They can also be transferred to animal origin product and influence the taste of milk and eggs. The effect on meat taste  has not been reported. They can also have strumigenous effect in birds and mammals. With an increased glukosinolate intake percentage of iodine captured by the thyroid decreases. Levels of triiodtyronine and tyroxine drop which causes a higher stimulation of the thyroid leading to thyroidism (hypertrophia). Administration of dietary iodine supplements cannot mitigate this effect. Another serious consequence is the liver damage manifested by liver hemorrhages. In particular poultry is susceptible , an increased intake of glucosinolates may even lead to death. Also fertility disorders may be caused in livestock, the mode of action, however, is not known. In man, a favourable effect of some glucosinolate hydrolysis products has been observed that activate enzymes detoxifying dietary carcinogenic compounds thereby decreasing the risk of colon cancer.
Sinapines are esters of choline and sinapic acid and other related phenolic acids. Their contents vary depending on variety and environmental conditions, an increases with seed maturing. They are not contained in leaves. Sinapines, and to a certain extent sinapic acid as well, cause bitter or tart taste of rape seed, oil and extracted meal which may decrease feed intake in animals. Phenolic acids form indigestible complexes with essential aminoacids and proteins thereby decreasing their digestibility. In some breeds of brown egg layer (e.g. Rhode Island Red) they cause a fish-like odour of yolk. This is caused by a genetic defect leading to insufficient activity of trimethylaminooxidase. The odour carrier is trimethylamine formed from choline that is under normal circumstances oxidized by trimethylaminoooxidase to odourless trimethylamine oxide. Thy enzyme is inhibited by goitrin formed from the glucosinolate progoitrine present in seeds. Nowadays, sinapines are removed by sequential extraction with alcalic diluents.

Erucic acid (22:1) is unsaturated fatty acid with various adverse effects on the organism such as myocardium damage, impairment of oxidative phosphorylation, negative effects on the growth in young animals.

In order to decrease contents of antinutritional substances, genetic improvement has been carried out. First, varieties with decreased erucic acid content (0) were grown, later varieties with decreased contents of both erucic acid and glucosinolates (00) that prevail nowadays.
Cultivation requirements:

Both winter and spring forms are grown; in the Czech Republic winter rape prevails being the most important oil crop in this country. Rape does the best on deep loamy soils, with sufficient supply of humus, calcium and magnesium, pH 6-6.5. Light soils can be used only with good agrotechnology, shallow soils only when sufficiently fertilized. Winter rape does not tolerate heavy soils inclined to lumping. It is sown in August. Suitable previous crops are winter barley, spring mixtures, clover. All the crops that do not enable sowing in August are not suitable. Usually, rape is grown between two cereals because it mitigates the negative biological effect of high proportion of cereals on the arable soil.

Spring rape is grown mainly in the areas with tough winter (Canada), where the winter rape would not survive winter, and, on the contrary, in warm areas (Australia, India, China) where the cool season is missing. In this country, spring form is used only as a supplementary crop. As compared with the winter rape, the spring rape gives lower yields, lower oil content the protection against pests is more difficult. 
COMMON SUNFLOWER (Heoianthus annuus L.)

Importance and seed composition:

The following forms of sunflower have been gradually bred:: 

1. seed forms
- oil type – medium-sized achenes and thin hulls, two subtypes:
- traditional – high content of essential linoleic acid (75-80 % of oil)

- oleic – high content of oleic acid (about 80 % of oil)

- confectionery type – large achens, thick hull, lower amount of oil, higher amounts of carbohydrates and protein
2. silage form – the significance of sunflower as fodder crop is not great in this country. Silage digestibility is low and cattle do not like to eat it. Therefore it is better to include sunflower in mixtures with corn or legumes
3. ornamental forms
- ornamental types
- double-flowered types
Seeds of oil type sunflower that is the most common in this country, contain 30-45% fat. Crude protein content is relatively high (16-20%), crude fibre is also high (about 24%). Nitrogen-free extract is low (only 7-10%). Mineral content is 2-3%, the highest contents are those of phosphorus, potassium and magnesium; calcium content is low.
Except the main product, oil, also oil cake and extracted meals are used for the manufacturing of compound feeds. Cake from unhusked sunflower is not suitable for monogastric animals and young animals due to a high fibre content. Husked sunflower cake is a valuable protein feed with an excellent digestibility of crude protein, but due to a high cost of husking it is expensive.
Cultivation requirements:

Sunflower belongs to thermophilic and drought resistant crops. It requires deep, humous, structural loamy sand and sandy loam soils, preferably of chernozem type. There are no special requirements for the position if crop patter, it is usually placed between two cereals. Sunflower is not a good previous crop because it exhausts soil considerably. The interval between two sunflower cultivations in one field should not be less than 5-7 years for the reason of possible fungal disease transfer.
CULTIVATED FLAX (Linum usitatissimum L.)

Flax is an old cultural crop. In Mesopotamia it was grown as early as 6 thousand years B.B. Also ancient Egyptians could grow and spin flax; mummies of pharaohs were wrapped in about 200m log stripe of flax fabric that persisted to this day.
Importance and seed composition:
There are two basic types of flax according to utilization:
Len přadný has longer, thinner and very little branched stalks. The main raw material obtained are stalks which are processed to produce long fibres and tow (short fibres). Products such as fabric, bags, cotton strings, cigarette papers are manufactured from flax raw materials. Seeds are only a by-product, and are used for the manufacture of technical oil (paints, varnishes, lacquers, linoleum, artificial leather), flax extracted meal and cake can be used for livestock feeding. In this country přadný len prevails.

Len olejný has shorter and thicker stalks with branched flowers and a higher number of seed bolls. Flax seeds are used for foodstuff production and for technical purposes. Stalks are by-product. Fibres are coarser than in přadný flax and it is more difficult to weave. It can be processed to produce tow or used in the paper. In the world, this flay type prevails.

For human consumption, whole seeds or cake flour are used as an additive to pastry and other foodstuffs to increase their nutritional value and improve physical properties (vláčnost, slowing retardation of pastry drying off) as well as table oil. For animal nutrition, whole seeds and meal or oil cake are used. Seed husks are high in slimy polysaccharides that are released from scaled seeds are favourably influence the digestive tract.  They are suitable for young animals, females in late pregnancy and animals with digestive tract diseases. Linseed decoction can be used, too. Besides, linseed has lactogenic effects, increases hair luster and accelerates molting. 

Linseed contains 30-36 % fat with high linolenic acid proportion, 20-23 % crude protein, 6-10 % crude fibre, 7-10 % nitrogen-free extract and 2-3 % minerals. It contains some undesirable substances, the most important being cyanogenic glycosides. From glycosides, there are the highest contents of linustatin, neolinustatin and linamarin. These are not toxic, but due to the influence of flax glucosidase or non-specific glucosidases from other feed components and due to the rumen microflora activity, kyanovodík is released from them. HCN content must not exceed 250 mg/kg, if so, the seed is damaging to health. The main effect of kyanovodík is cytochromoxidase inhibition, but it also effects other enzymes. Central nervous system and the heart are the most affected. The signs of intoxication are panting, insensibilization of peripheric organs, later there is laboured breathing, titanic cramps, paralysis and death. For seed detoxification for feeding purposes, a two step extraction first with hexane and then with methanol with added alkali is recommended. 

Cultivation requirements:

Optimum cultivation conditions for the flax are an altitude up to 450 m, light, sandy-loam soils with pH 5.5-7 and generally dryer climate. Flax is sown from the end of March to the end of April. In the cultivation-technological procedures and protection are similar to those of předný len. Harvest, however, is completely different because the product is not fibre but seed. Flax is harvested in full maturity by picker-shellers. Yields of stalk and seed are higher than in len přadný.

WHITE MUSTARD
 (Sinapis alba L.)

The mustard as stimulant was known in the ancient Greece and Rome. Traditions of mustard production in the Czech countries dates back to the beginning of the 19th century.

Importance and seed composition:

The white mustard is the main mustard kind cultivated in this country. It is grown for the food industry, for livestock fodder, green manure and seed is also exported abroad. It is also a hone-bearing plant. In medicine, mustard seed has been used from away back to make mustard flour from which dough is made used as mustard poultice to soothen rheumatic pain.

In the food industry seeds are used for mustard production. There are three basic kinds of mustard: White mustard, also called yellow mustard, is finer and less hot. Mustards with milder taste are produced from it such as full-fat mustard, typically used in this country. Black mustard seeds have sharper, almost stingy taste and are used for the production of Kremser mustard. The sharpest taste is the sarept mustard from which savoury French type mustards are made, known as Dijon mustard, oriental mustards and Kremser mustard (blended with white mustard). Whole seeds are used for pickling vegetables, mushrooms, fish. Ground seeds are sometimes used in spice blends for wines. Leaves of young plants can be used added in vegetable salads.

For animal feeding, mustard is used only as fodder till flowering time, seeds are not used because of high contents of antinutritional substances. The most important are sinapines and glucosinolates sinalbin and sinigrin that are present in green matter, too. Splitting products of sinigrin, allylkyanid and allylisothiocyanate could be the cause of health disorders, and can be a cause of health disorder when feeding large amounts of brassicaceae fodders. These disorders are manifested by inappetence, poor performance, fertility disorders and liver and kidney lesions. In very sensitive species such as roe deer even emaciation and CNS damage may occur that can lead to behavioral changes. These disorders are probably caused by combined effects of all the harmful substances.

In human nutrition a slight irritating effect of low levels of antinutritional substances in the digestive tract is favourable. Due to the irritation, blood supply to mucosa is increased as well as secretion of gastric juice and bile, thus improving digestion and appetite. They also support heart activity and increase blood pressure.

Cultivation requirements:

Fro the mustard cultivation, loamy soils are the best. An optimum previous crop is sugar beet, but most often it is grown after winter wheat. Because of its very fast growth, massive root system and favourable effect on soil it is an important intermediate crop. Seeds have high requirements for post-harvest treatment because they get moldy very easily. Therefore they must be dried to 10% moisture after the harvest.
OPIUM POPPY (Papaver somniferum L.)

The opium poppy is an old cultural plant that was grown in the Mediterranean as early as in the 6th millennium B.C. Ever effects of poppy alkaloids were known. For instance in the ancient Greece, poppy heads were an attribute of the god of sleep Hypnos and his son, god of dreams Morpheus, his brother god of death Thanatos and their mother, goddess of the night Nyx. Effects of opium on human organism were also described by Roman court physician Scribonius Largus at the beginning of the Christian Era.

Importance and seed composition:

There are two types of the opium poppy with different utilization properties:

Opium poppy has a very branched network of lactiferous cells in the poppy head walls. By their tapping and collecting of dry latex opium is obtained. The most important opium poppy cultivation areas are the Golden Triangle countries (Burma, Thailand, Laos), and Golden Crescent countries (Iran, Afghanistan, Pakistan).

Oil poppy is grown in this country as well as in many other European countries. This type is mainly used in households, and the food and oil industry. Only a small part of Czech poppy production is processed in the oil industry, a larger part is used in households or confectionery production, majority is exported. Seeds contain 40-55 % fat. Table oil is obtained by cold pressing and it becomes solid at the solidification point of 18 °C. Poppy seed butter is used a lot in some parts of France and Germany. By warm pressing or extraction semi-drying oil is obtained, used for the production of lacquers, varnishes, paints and soaps. 

Poppy cake and extracted meal, by-products of oil extraction, can be used as livestock feed. They are relatively high in crude protein content (30-35 %), but low in mineral and vitamin content. Moreover, they contain alkaloids that may cause health disorders when fed at higher amounts (over 1-1.5 kg) and impair milk taste in lactating cows. In breeding males they exert adverse effect on sexual appetite.

Threshed poppy head with stalk 15 cm long at the most, called makovina, are used in the pharmaceutical industry to obtain alkaloids. Presence of alkaloids depends on poppy variety and a method and site of cultivation. About 60 different alkaloids have been gradually isolated. The highest are contents of codeine, tebain, noskapin also called narkotin and papaverin. Alkaloids are not present as free compounds but as salts of different acids. Morfin is a strong analgetic and inhibits the respiratory centre. It causes euphoria and is addictive. Kodein has similar effects as morfin, but it does not act on the respiratory centre and its euphorising effects are smaller. It smoothens cough by acting on the cough centre in the medulla oblongata. Noskapin (narkotin) influences cough in a similar way as codeine. Papaverin had no narcotic effects and do not act on the respiratory centre. It causes the relaxation of smooth muscle, therefore it is used as spasmolytic in colics and intestinal spasm associated with diarrhea. 

Cultivation requirements:

Poppy has no special requirements for cultivation conditions, it only does not tolerate extremely light or heavy soils. However, it is very demanding for nutrients, including trace elements. The best previous crop are root crops fertilized with farmyard manure, legumes and clovers. The most commonly it is included after cereals. Poppy is regarded as “initial raw material – source“ of addictive (narcotic) drugs, therefore it is covered by the Act No. 167/98 Col. On addictive drugs, as amended, which stipulates the notification duty for persons cultivation poppy seed on an area over 100 m2 and notification duty at the export and import of poppy heads. 

OIL MARROW (Cucurbita pepo, var. oleifera)

Hulless-seeded pumpkin, Naked-seeded pumpkin, Oil pumpkins, Oil squash, Oil marrow, Oil-bearing gourd, Styrian pumpkin 
The oil marrow developed from marrow /squash/pumpkin (Cucurbita pepo L.) by a spontaneous mutation. Unlike the marrow, pericarp cells of the oil marrow do not lignify so the seeds are called husk-free. In the breeding of oil marrows, the Viennese professor of Czech origin Erich Cermak played an important role.  

Importance and seed composition:

Marrow seed is used in the food and pharmaceutical industries. By-products of oil extraction, cake and meal can be used as protein feed for livestock. For human consumption both whole seeds (for direct consumption or ingredients to various pastry kinds) and oil. Cold-pressed oil is regarded as one of the healthiest oils. It has a favourable effect on blood circulation and endocrine glands, therefore it is used for various pharmaceutical products.

Seeds contain 45-50 % oil, 32-38 % crude protein, 3-5 % carbohydrates, 2-4 % crude fibre, and 4-6 % minerals. It is high in potassium, phosphorus, magnesium and some microelements, particularly zinc, copper, manganese and selenium. It contains vitamins E, B1, B2, B6, A and D.

Cultivation requirements:

Marrow is a demanding thermophilic plant with a short vegetation period. It requires a high nutrient and  water supply. For marrow cultivation, unshaded plot is suitable, without waterlogged parts, weed infestation and with deep humous soil. In the crop pattern it is included after cereals, alfalfa or corn. It is a good previous crop for wheat and corn. It is sown only in the middle of May to avoid damage of coming up plants by frost. Harvest takes place in the end of September to the beginning of October. During machine harvesting, the machine squashes fruits (pumpkins) and collects only seeds. Remainders of fruits can be used for livestock feeding or ploughed in soil as organic fertilizer. After the harvest, seeds must be rinsed to remove pulp residues and dried to avoid moulding. It is also necessary to avoid seed damage because this causes fat rancidity and deterioration.

SAFFLOWER (Carthamus tinctorius)

The safflower belongs to the family Asteraceae, and resembles thistle. It is an old cultural crop originating in the steppe and semi-steppe regions of Eastern India. From its flowers, red and yellow dyes were obtained in the Near East as early as in the Old Age.
Importance and seed composition:

The safflower is cultivated mainly for obtaining oil form seeds. Oil is used for human consumption, and for the production of soap, paints, cosmetics, etc. It can also be used as livestock fodder, but only at the beginning of blooming, later the leaves become prickly. It is palatable for the animals because the green matter is high in soluble carbohydrates. It is also grown as green manure. It is suitable for bee-keepers because it blooms in late summer when it is one of few blooming plants, and gives a large amount of nectar. In the blooming period, petals can be collected to be used as a cheaper substitute for saffron. However, they do not contain saffron’s active substances and provide only pigments.

Fruits are achenes with a very thick and hard pericarp therefore crude fibre content in unhusked seed is very high (about 27 %). Fat content in achenes is 25-37 %, in husked seeds it is 45-55 %. Oil contains up to 80 % linoleic acid, and only about 0.2 % linolenic acid. Crude protein content is 17-35 %, mineral content 2 %.

Cultivation requirements:

The safflower cultivation requires dry and warm climate. It is not demanding for soil, chalky soils are suitable. Acid and waterlogged soils are not suitable. It does not tolerate fresh manure. If grown for seeds, safflower is sown from the middle of March, and it is frost resistant. It grows up to 110 cm, the roots can reach 2.5m deep. Therefore it can obtain nutrients flushed to deep soil layers. It is drought resistant.

Some other oil crops
These species are mentioned mainly because, although not grown in this country, there is an interest in extracted meals or cakes from them to be used as feed ingredients for livestock compound feed. 

SeSAME (Sesamum indicum)

The sesame is an annual tropical herb in the family Pedaliaceae. It is grown mainly in India, China, Sudan, Burma and Mexico.

Importance and seed composition:

The sesame is used in the food and feed industry, and in other industries. For human consumption, seeds and cold-pressed oil are used. Seeds are used for seasoning, and pastry and confectionery production. Ground seeds mixed with sugar of honey are an oriental delicacy called chalva. Oil is used for direct consumption, for manufacture of confectionery, food preservation, manufacture of solidified edible fats and in the medicine. Warm-pressed oil and extracted oil are used for soap production. For animal nutrition, cakes and extracted meals are used that are very palatable for animals. Traditionally, sesame cakes and meals are part of game feed. From flowers, essential oil is obtained that is used for perfume manufacturing.

Seeds contain 35-57 % fat, about 20 % crude protein, 14 % carbohydrates, 5 % crude fibre and about 2 % minerals. Macroelements are represented mainly by phosphorus, potassium, magnesium and calcium, microelements by iron, copper and manganese.

Cultivation requirements:
Sesame is not grown in this country.

PEANUT (Arachis hypogaea)

The peanut or groundnut is an annul plant in the legume family Fabaceae, native to South America. Nowadays it is grown mainly in Asia, Africa and the U.S.A. The peanut forms legumes in a special way. After pollination the fruit develops into an indehiscent legume containing 1 to 3seeds, which forces its way underground to mature. This phenomenon is called geocarpia and the Latin name of the plant is derived form it.

Importance and seed composition:

The peanut is used in the food and feed industry, and other industries. For human nutrition, seeds and oil are used. Seeds are eaten directly or added in various meals, often are used as filling for sweets. Beside food production, oil is used for the manufacture of soaps, shampoos, cosmetics, paints and drugs, etc. For livestock feeding , cakes and meals are used, obtained form husked, partly husked or unhusked seeds. They are palatable for animals. Cakes and meals from unhusked seeds are not suitable for monogasters and young animals because of a high fibre content.

Seeds contain up to 50 % fat high in oleic and linoleic acids. They are also rich in protein; protein content is about 30 %. Crude fibre content is only about 5 %, but that of unhusked seeds is more than double. Carbohydrate content is about 12 % and mineral content about 2 %. 

Seeds contain some antinutritional substances. These include antigenic proteins that can induce food allergies, and probably show cross-reactivity with soy protein. Another risk is a frequent infestation of seeds, meals and cakes with the fungus Aspergillus flavus. It develops mainly in seeds stored under bad conditions (high moisture, high ambient temperature). This fungus produces highly toxic carcinogenic mycotoxines - aflatoxines. Aflatoxines damage the liver and kidneys, impair fat metabolism of the liver and can also cause liver cirrhosis and tumours. High-producing lactating cows and young animals are particularly sensitive to aflatoxin effects. In piglets, the ingestion of high amounts o aflatoxin may lead to death. Alflatoxins may also pass into animal products and pose a risk to human health.

Cultivation requirements:

The peanut is not grown in this country.

COTTON (Gossypium sp.)

Cotton plants are tropical or subtropical half-shrubs or herbs in the family Malvaceae. Each cotton seed is surrounded by downy white unicellular fibers called lint. The fibres on episperm provide cotton. The cotton has been known since the Old Age. The Chinese cultivated it as early as 2500 years B.C. It was also grown by the Aztecs who developed the cotton processing technology which is used in some parts of Mexico to this day. Modern enslavement in North America is associated with cotton cultivation.

Importance and grain composition:

Cotton seeds are a by-product of cotton manufacture. They are high in fat, though. Cotton oils is used in the food industry and for technical purposes. From cotton oil soaps, cosmetics, etc. are made, it is also used for drug production. Cotton cake and meal is used for livestock production because they are high in crude protein (40-45 % husked, 20-25 % unhusked). Protein is obtained from partly husked or unhusked seeds. Cotton cake and meals are not suitable for monogastric animals because it is difficult to separate seeds form fibres so they have a high fibre content even when husked. (25 % unhusked, 12 % husked). Cotton cake contains about 7 % residual fat, 30-35 % carbohydrates and about 2 % minerals.

Cotton seeds contain antinutritional substances. The most significant is polyphenolic yellow pigment gossypol. There are several modes of toxic action. It binds iron thereby causing anemia, reacts with free amino groups of dietary and tissue aminoacids. Thus, it lowers availability of dietary nutrients, and by reacting with different enzymes it interferes with other biochemical processes. It decreases fertility in male animals, as well as in men. In monogastric animals, its deleterious effect is reflected in decreased feed intake, weight loss, scours, hair discoloration, hemolytic anemia, heart and lung edema, degenerative changes in the liver and spleen, liver, small intestine and gastric hemorrhages. In ruminants, the harmful effect is not so great, but still levels of cake and meal should not exceed 15 % of the diet, and higher levels of dietary minerals should be provided because these bid gossypol forming insoluble compounds. After three to four months of use, cotton meal or cake should be excluded from the diet, to enable the slow excretion of accumulated gossypol from the body. 

Cultivation requirements:

Cotton is not grown in this country.

Roots and tubers

= produces of fields – they provide products with low dry matter content (10 – 30 %) → it influences cultivation processes, harvests, post-harvest treatment, and storages with their morphological and biological qualities together

· They are very productive crops, they are able to provide higher production yields than other crops

· They are usually makers of energy matter (carbohydrates), they store them as storage matters at pulpy plant organs (stalks, stools, and roots)

· They are improving products in rotation of crops, manures are used for them, they leave the soil in good state

· First they grow slowly, they have wide leave cover  ( they have special requirements for cropping, they have to be placed on an even keel and they require intensive treatment (inter-row soil processing during the vegetation) from planting or arising to full growth connection. It was done by hand earlier.

· Because of low dry matter content ( they are easy damaged by mechanization during the harvest and post-harvest manipulation ( they are susceptible to infections, diseases, and decay

· Storage – they are stored in special buildings (potato houses, cellars) or we use the clamping because they are sensitive to frost temperatures but they germinate with higher temperatures. It is possible to preserve them by drying, we can ensilage some of them.

Content of nutrients
· High carbohydrate content – sugar, starch, inulin

· Low nitrogenous matter content – mainly not albuminious (nitrates)

· Low fibrous material and lipid content

· Low macronutrient and micronutrient content (only excess of potassium)

Meaning

Root and tubers are used for straight nutrition (potatoes) or various products are made from them (sugar, treated potato products, starch, dextrins, coffee substitutes – chicory, etc.). There the methods for some tubers are elaborated presently (sugar beet – alcohol-petrol mixtures, etc.). Roots and tubers are used for livestock feeds, they are used directly, are ensiled, are smoked, are dried eventually. There the residues after industrial processes are utilized at livestock production (crushes, chippings, molasses, etc.) Roots and tubers have major meaning at farming system on the soil.

Roots and Tubers

· Fodder beet

· Sugar beet

· Salad beet

· Carrot

· Chicory

· Potato

· Sweet potato

· Topinambour

· Swede turnip

· Navew

· Kale

· Fodder turnip-cabbage

· Vegetable marrow

· Sugar melon

· Watermelon

Roots and tubers can be divided by various aspects, for example:

· By the reproduction way:

· Generative

· Beet, carrot, kale, fodder turnip-cabbage, marrow

· They form store organs at the first year, after overwintering they form generative organs at the second year

· Vegetative

· Potato, topinambour

· The reproductive cycle takes one year, the generative reproduction is used for breeding

· By the useful parts of grown crops:

· Root (beet, chicory, carrot, navew, kale, fodder turnip-cabbage)

· Tuber (potato, topinambour)

· Marrow (vegetable marrow, melon)

· By the object of consumption:

· Table (potato)

· Industrial (sugar beet, chicory, potato)

· Fodder (the others)

SUGAR BEET (Beta vulgaris, ssp. Esculenta, var. altissima)

Sugar beet is biennial plant. It forms the bulb and leaf rose at the first year of vegetation. The leaves of sugar beet have strong stems, very curly lamina, the leaves are put together at leaf rose on the head of beetroot. The main stem and side stems grow at the second year of vegetation, and the generative organs on them. The flower has 2 – 5 flowerets together, so they form glomerule. The glomerule is set of false growths (globular achenes), they are closed at sclerotic dry corolla. The seeds are big 1 – 2 mm, brown colored, flat.

The beetroot of sugar beet is part of plant without the leaves (sometimes named as the root). The beetroot is formed by:

· Head (epicotyl) – upper part of the beetroot, there the leaf rose grows up, the lowest ring of leaf eyes forms the border

· Neck (hypocotyl) – part of beetroot between the head and the main root, it does not hold leaves and roots

· Main root (radix) – lower and the biggest part of beetroot, there the side roots grow up

Meaning and content

The sugar beet is grown mainly as a technical crop, it is raw material for sugar production (there the mean consumption is between 36 and 40 kg / 1 person / 1 year in the Czech Republic). The sugar beet is used as a feed less commonly (beetroots, tops and side products from sugar production, cuttings and molasses). There the possibilities to use the sugar beet for alcohol production are observed at present, or more precisely ETBE, the ingredients used in fuels. There the other possibilities of use the sugar beet are tested at chemistry, for feeding yeast production, etc.

The matters of beetroot are divided into the marrow and beet juice by the technological aspect. The complex of water insoluble matters forms the marrow. The marrow is formed by fibre (pentoses, pectic matters, cellulose, lignin), plant proteins, trace amount of organic matters, circa 4 % water insoluble organic acids. The rest is formed by beet juice, it is water and dissolved matter in the water (sucrose forms 87 %). The beetroot contains circa 76 % of water and 24 % of dry matter. It is possible to get 12,5 % of white sugar, 5,5 % of cuttings and 4,5 % of molasses by the sugar beet processing at sugar beet factory. The most important for quality valuation of sugar beet is the content sucrose and matters which form the molasses. The sucrose gets with concentration between 15 and 18 %, maximally 20 – 22 %.

Grower requirements

The winter cereals are the most suitable foregoing crops for sugar beet, in most cases winter wheat. It is not good to grow the sugar beet after sugar beet earlier than after 4 or 5 years. The utilization of manures is essential for fertilization of sugar beet. It is very important to carry out soil analysis by the reason of the amount of nutrients, the sugar beet is very sensitive to high amounts of nitrogen, it causes drop in sugar content, sometimes drop in yield. The growths of sugar beet are founded by punctual seeding amounts by final distance (technology without hand working). There the sugar beet is founded by the final distance of 18 – 21 cm at present. There punctual seeding machineries are used for seeding of sugar beet. There the sugar beet is sown from 15th March to 20th April in the Czech Republic. The line weeding is used for growth of sugar beet in the period of seedling emergence (less recently), when it is important for the growth (weedy inter-row, formed soil crust, etc.). The sugar beet is first harvested toward the end of September, or more precisely at the first ten days of October, there is a presumption of high technological quality of beetroots, the harvest should be finished to 15th November. The sugar beet is harvested by mechanization. Basic alternates of sugar beet harvest are single-phase harvest, there the tops and beetroots are harvested together by one type of machine. The other alternate is double-phase harvest. There two separate machines work. These are top cutter and self-loading beetroot digger or trimming digger of beetroots (beetroots are trimmed, turned up and placed on the row) and beetroot loader which picks the beetroots. At present the crushing of the tops is used, its spreading on the field and it is ploughed under the soil as a green manure. 

FODDER BEET (Beta vulgaris, ssp. Esculenta, var. crassa)

The fodder beet has smaller amount of leaves than sugar beet, it has shorter and thinner footstalks. The fodder beet has different shapes and color of beetroots (from yellow to dark red-purple) than sugar beet. The beetroot usually grows up over the soil surface in comparison with the sugar beet.

Meaning and content

The fodder beet is mainly used for livestock feeding (mainly for cattle). Main requirement in fodder beet feeding is that the pollution cannot exceed 5 %. It is important to crush the fodder beet before the seeding and mix it with other bulk feed. There is a risk of the callosity of gums at the feeding, and there is a risk of maw acidosis at high rations of feed. It is not good to crush the fodder beet for reserve because of feed devaluation. There the maximum time is 6 hours from mixing to feeding.

Grower requirements

The cultivation technology of fodder beet appears from the similar principles like a cultivation of sugar beet. The cultivation territory of fodder beet is wide, there are the best results of cultivation at the area situated at the foot of mountains with the precipitations 600 mm. There the fodder beet is placed after winter cereals at crop rotation, the fodder beet if good foregoing crop for spring cereals. It is not good to grow the fodder beet after fodder beet earlier than four years. The manures are the principle of fertilization. The fodder beet is used as a green manure ploughed under with smaller amount of dung in autumn. The main principle of harvest is to damage the beetroot least, it is important to storage it in the long term, without bigger wastes. The beetroots are not whittled down.

KALE (Brassica oleracea L., conv. acephala (DC.) Alef. var. viridis)
The kale is biennial plant, it provides high yields of forage at the first year of vegetation, and it provides the harvest of seeds at the second year of vegetation. The kale tolerates low temperatures without suffering of feed value. Stem of the kale is strong, 1 – 2 m long, with big juicy leaves. The main root grows into the depth 1,5 m. The kale is used as the source of forage, it is harvested by the needs from September to the end of November, sometimes longer. It is possible to ensilage the kale with straw or with maize. The feed value of the kale is similar to slices of the beet. Marrow varieties have pulpy stem, 30 % of leaves, they provide higher content of saccharides. Leaf varieties have 70 % of leaves, sometimes they are named as stalk kale, they have thin and branched stem. Leaf varieties provide higher content of nitrogenous matter.

Grower requirements

The kale tolerates frosts to -15°C. It is suitable for rougher climatic conditions, but it is not important to grow it only at worse areas. It is not good to grow the kale after kale or other turnip crops earlier than after 6 years (danger of root tumor diseases). The kale is grown mainly as a main crop after harvested winter mixtures, potatoes, perennial forages, etc. Good involved growths of the kale without weeds are good foregoing crops. The kale is nutrition-intensive, firstly nitrogen, it is largely exacting. The manure fertilization is very suitable. The kale is harvested gradually by the need of green forage from September to the end of November, sometimes longer.

FODDER CAROT (Daucus carota, ssp. Sativus)
The growth areas of fodder carrot felt in last years, it is grown sporadically, around on the area 100 – 200 ha. It forms pulpy conical or cylindrical conical root and ground leaf rose. The color of root is white, yellow or orange.

Meaning and content

The fodder carrot is used as additional dietetic feed. The roots of fodder beet contain high content of sucrase and fructose, they are good for typical good taste. The fodder carrot has higher content of proteins in comparison with other root crops. The roots contain 14 – 15 % of dry matter and 0,7 – 0, 8 % of proteins. The fodder carrot contains many vitamins, mainly C, B1, B2, A and PP. It has higher content of nitrates too. It is suitable for all the livestock at smaller amounts.

Grower requirements

The fodder carrot is suitable for drier climate than fodder beet. It is as a main crop in crop rotation, usually after cereals. It hates the fertilization by fresh manure. The fresh manures maintenance crushing and decay of roots their bitter taste. It is not good to grow the fodder carrot after fodder carrot, there the four-year pause should be. 

CHICORY (Cichorium intybus L. ssp. Radicosum Schicht)
The chicory is used at coffee substitute industry for its colored ability, high content of inulin, and agreeable bitter taste. The polysaccharide inulin is changed into the toffee during the roasting. The chicory contains oil, rosin – they implicate the taste qualities of roasted chicory. There the chicory is used for inulin production in the world, the inulin is suitable sweet for diabetics. Low energetic products of food industry are produced from the chicory too. The inulin is polysaccharide consisted from the molecules of fructose bonded ß 1-2 glycosidic bond. It is source of diethery fibre, with optimal impacts on activity of digestive tract. The energy value of the inulin is very low, circa 4 kJ for 1 g. The inulin participates on reduction of cholesterol content in the blood. The neutral to feint taste, neutral color, and aroma, water solubility, texture forming, forming of gel qualities, and stabilization of foams are the main qualities of the inulin. The inulin is used for fructose syrup production for fruit conservation too. At present the chicory is used as a vegetable, for salad production before the spring period. The most important growers of the chicory in Europe are Belgium (5000 ha), France, Germany, Netherlands, Hungary, Poland, and Austria.

Grower requirements

The chicory is modest in moisture requirements, it is suitable for drier conditions and the weather. The neutral to low alkaline soils are suitable for the chicory. It has the same requirements for cropping, fertilization, and soil preparation as a sugar beet. The covered seeds are seeded by direct seed machineries. The growth of chicory is line weeding during the vegetation. The chicory is harvested by the end of October or by the beginning of November. The chicory is organic fertilized root crop at crop rotation, often between two cereals.

POTATO (Solanum tuberosum)

The potatoes can be breed by vegetative and generative way. There the potatoes are breed only by vegetative way (by the tubers) in our country and in almost all the countries even if it demands a large number of seed potatoes, and higher planting storage costs. The generative reproduction is used at breeding.
Meaning and content

The potato tuber contains high amount of water. Other matters containing in the tuber are subject to meaningful variability which depends on the species of the potato, and on the growth environment. The potatoes contain 23 – 24 % of dry matter on average with minimal value about 13 % and maximal value about 38 %. The rest is formed by water. The content of starch is from 8 to 29,5 % (usually but 13 – 24 %), whereas the early species and very early species have the lowest content of starch. The potatoes contain more other polysaccharides except the starch – fibrous material, hemicellulose, pectine, hexose, and pentose. There is the content of monosaccharides and oligosaccharides is small in the healthy and mature tubers: sucrose 0,10 – 0,40 %, glucose 0,05 – 0,20 % a fructose 0,10 – 0, 40 % at the original matter. The nitrogenous matters are proteins, amino-acids, amides, and inorganic compounds. The proteins form 1/3 – 1/2. The nitrates are significant content of nitrogenous complex. By the Food Act, N. 110/1997 (Collection of Law), the highest acceptable amount of nitrates is 500 mg/kg of original matter for early potatoes (to 15. 7.) and it is only 300 mg/kg after 15. 7. There is mixture of glycoalkaloids in the potato tubers, they are expressed as solanine. The solanine excites the mucous membrane of gastro-intestinal tract, and it takes bad effect on nervous system. The effects of solanine are destroyed by heat correction, the ruminants are more resistant – the crude potatoes are used, the potatoes are boiled or smoked for other animals.

Useful ways of potatoes

	USEFUL WAY


	CHARACTERISTIC

	SEED POTATOES


	There is a tendency to grow healthy plantation. There is put the accent on hygiene stage at growing technology (growth protection), premature finishing of vegetation, tubers at seed size.

	FOOD POTATOES
	TABLE EARLY


	They are harvested before the time of full maturity, we can remove the jacket easily, they are supplied after the harvest (in June, July), as new potatoes. 

	
	TABLE LATE


	They are determined for direct consumption during all the year, harvested tubers have good mature and solid jacket.

	
	FOR FOOD PRODUCTS


	There is technology with special qualitative requirements on the quality of tubers by the final products (frozen, fried, dried, sterilized products).

	INDUSTRIAL POTATOES


	The technology is surveyed on higher starch and alcohol production. There are the varieties with high starch content (17 %), with big starch granules, and high yield.

	FEED POTATOES


	The tubers are grown for animal feeding. There the tubers are usually without size and quality standards and during the over crop in the Czech Republic.


The industrial potatoes are important base material mainly for starch production. There the production of ethanol dropped to minimum in the Czech Republic because of easier, cheaper and more ecological production of cereals, maize, and molasses displace it.

There the potatoes for livestock feeding are not grown in the Czech Republic at present. There only the residues of food, seed, and industrial potatoes, eventually over-harvest are used for these purposes.

Grower requirements

It is possible to grow the potatoes at all the growing regions in the Czech Republic, the potato growing region is typical for potato production, there are annual precipitation 650 – 800 mm, and there the potatoes amount to the stationary yields at the potato growing region. The potatoes are improving and weed crops at the crop rotation, the are not preceding crop-intensive. The potatoes are placed between two cereals at the crop rotation, they are fertilized by manures. It is not good to grow potatoes after potatoes by the reason of higher appearance of diseases and pests. There should be minimally three-year intervals for food and industrial potatoes at the crop rotation. The light and middle heavy soils with good pervious sediment, with lightly acid soil reaction pH 5,5 to 6,5, with good level of old soil power (the areas which are fertilized regularly by manures), are optimal for potato cropping. Very wet and very light soils are not suitable for potato cropping. The stony areas are not suitable for mechanized harvest, there tuber injuries and cranky mechanizations happen during the harvest. The potatoes are moisture demanding crop. Low temperature resistance is small, the potatoes are frozen when the temperatures from -1,5 to -2°C  take longer.

Forage crops
Annual forage crops

Set sided and warm-requiring cereals

· the most significant is maize, there 90 % of grown maize is used for silage in the Czech Republic. Maize is harvested by cutters like a green maize or at wax ripeness, the cutters are able to crush grains. Deficiently crushed grains are passed through the digestive tract of animals without the usage. There the separated harvest is used too (LKS, CCM), and there the conservation of wet grain is used in recent years. It is not used by green way practically. It presents energy feed with low nitrogenous matter content.

· other warm-requiring cereals – sorghum, soudanese grass, millet – only little significant, additional

Thick-sown cereals

· wheat, barley, oats, rye, triticale are used

· they are used by green way, for making hay or GPS (crushed whole plants) – they are harvested by cutters at mealy ripe stage, the cutters are able to crush the grains well

· semi-proteinous feeds, saccharide at higher maturity

Legumes

· horse bean, peas, vetch, marginally lupin and soybean too, are used

· they are used by green way, GPS, for hot-flue mass production too little

· proteinous feeds

The others – Brassicaceae, oil crops

· advantages – short growing season, low temperature resistance

· disadvantages – nitrogen fertilization exacting, risk of nitrate accumulation, anti-nutritional matters at forage, low dry matter – it is not possible to conserve them

· rapeseed, mustard, kale, sunflower are used

Annual forage mixtures

· winter crops – legume-cereal mixtures

· spring crops - legume-cereal mixtures, maize with legume, they are sown early in spring or after winter inter-crops

· summer crops – they are grown after early harvested crops

· undersowing crops – they are mostly grounded on the cereal at damper areas with shorter growing period, there they compensate for forage mixtures

Perennial forage crops

Perennial clovers

· main kinds – lucerne, trefoil, bird´s-foot trefoil, snail-clover, sainfoin

· meaning – nitrogen fixation, fruitful effect – they leave high amount of roots with high nutient content (N, Ca) in the soil, they weed-out effect – great ability at phytocoenose, they are deep-rooted – nutrients are yielded up from lower soil layers

· feed with high nitrogenous matter content, high biological value of proteins, high mineral matter content (Ca)

· disadvantages and risks:

· there the lignin content raises markedly in the stalks of older growths

· young growth – flatulence, diarrhoea

· inclinable to souring

· estrogen matter content (it increases after fertilization by phosphate fertilisers)

Grasses

· there circa 200 kinds of grasses occur in the Czech Republic, there 50 – 80 kinds are represented at natural grass growths, there 12 – 15 kinds are used intensely at farms

· dividing:

· by the offshoot way:

· clumpy grasses

· thickly = uncultured, weedy kinds, they are not site soil conditions demanding, worse digestible forage of poor quality in term of nutrition, they form exactly bounded, hilly clumps, the clumps are not suitable for pasture usage and for cutting way usage

Hair-grass (Deschampsia cespitosa), Fescue (Festuca ovina)

· freely = they have fast evolution (there high yields are already at 1st -2nd useful year), good competitive ability, easy seed management, good quality and yields, but limited persistence (they last 4 – 7 years at growth), quality dense connected growths

Cocksfoot (Dactylis glomerata), Timothy grass (Phleum pratense), Rye-grass (Lolium perenne)

· stolonate grasses – cultured kinds are involved, weeds are involved too, they have slow evolution (there quality production is after 3rd – 4th useful year), more difficult seed management, they are persistent (10 – 12 years), they are used for permanent pasture and meadows founding, they form elastic, resistant clump, the clump is resistant to downtrodden stage

Foxtail (Alopecurus pratensis), Meadow grass (Poa pratensis),  Red fescue (Festuca rubra)

· by the practical (forage) aspect:

· basic kinds : Timothy grass (Phleum pratense), Cocksfoot (Dactylis glomerata), Meadow fuscue (Festuca pratensis), Rye-grass (Lolium multiflorum), Rye-grass (Lolium perenne)
· complementary kinds: they have special requirements on climatic and soil conditions, they are gown in mixtures with other kinds for forage usage.

Cynosurus crystatus, Arrhenatherum elatius, Trisetum flavescens
· by other aspects: for example by the high, by the demands to water, by the demands to nutrients, ...

Clover-grasses

· phytocoenose of one or more kinds of clovers with one or more kinds of grasses, eventually herbs

· factors which decide about clover-grasses evolution:

· ecological conditions – production type, soil kind, soil type, moisture conditions (precipitation, snow cover, hard frost, saturation line), slopes

· duration of cultivation use

· short period, intensely exploited 1 – 3 years (eventually 3 – 4)

· temporary 5 – 6 years

· permanent over 6 years = permanent grass covers

· way of production use – mowing (meadows)

· grazing (pastures)

· varied way

· outside of produce usage (playgrounds, highway embankments)

· common principles of clover-grasses composition:

· the longer usage period, the higher amount of kinds, the lower clover part, the lower clumpy grass part, the higher stolonate grass part

· higher high grass part on meadows

· higher stolonate grass part on pastures than meadows

· it is important to know permanent specification, reaction to usage way, competition, etc.
Permanent grass covers

→ they present various phytocoenose which is formed by grasses (dominant), Fabaceae, and herbs, the phytocoenose is formed by site conditions or by man activity

According to what condition predominates on grass cover forming, the grass covers divide:

· natural – with original autonomic species composition,  the composition is formed by the influence of site conditions (alpine meadows, steppes)

· semi-natural – they are influenced by direct man activity (grazing, drainage, fertilization)

· artificial  - they are founded after previous land reclamation

Permanent grass cover usage

Outside of produce usage

· it provides the soil against the effects of water and air erosion, it forms connected surface, which covers the soil, and prevents from soil erosion of the highest quality

· it forms biological filter at protected areas of water-supply reservoirs and watercourses, they have heavily formed root system from very fine roots – they are able to catch high amount of nutrients and prevent from water contamination

· countryside created, recreational

· ecological – conservation of valuable phytocoenose and zoocoenosis

Produce usage

3 kinds, every kind influences growth structure by some way:

1. cutting way – expansion of higher crops at the expense of lower crops, lower clover part (influence of longer durative shading), clump is less dense, good species diversity

2. grazing way – change of soil conditions by reason of downtrodden surface, high grasses decline at the expanse of lower grasses, higher clover part, clump is denser, the downtrodden surface favors the grass offshoot and compensates limited suitability of generative reproduction (grass seed), preferential grazing of more delicious kinds, lower species diversity

3. combined way – is the most optimal for grasses, pasture usage after the second felling (improvement of growth foundation, soil downtrodden) or spring over-grazing – it puts down the development of persistent weeds
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