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Cereal Crops
Why study the Grass Family
The grass family, Poaceae or Gramineae, has five subfamilies with approximately 10,000 species. Grass species can be found living in a wide range of altitudes (edge of the sea to 1000's of feet above sea level), temperatures (equatorial belt to arctic and Antarctic regions), moisture conditions, soil types and salinity concentrations. 
The grass family offers many important economic and ecological features including food, forage, cane sugar, fiber (paper and rope), renewable energy, habitat, development of ecologically disturbed areas (prevention of soil erosion, extraction of salt and bioremediation), timber, lawns, ornamentals, and aromatic oils. 
Cereals such as rice, wheat and maize are members of the grass family and they are particularly important to humans because of their role as staple food crops in many areas of the world. Cereals are also used to produce animal feed, oils, starch, flour, sugar, syrup, processed foods, malt, alcoholic beverages, gluten and renewable energy. Approximately 50% of the world's calories are provided by rice, wheat and maize, but in many parts of Africa and Asia, people rely mainly on grains such as sorghum or millet. Maize, sorghum and barley are important sources of livestock feed and barley and rice are used in the brewing industry. Grains of all kinds, oats in particular, have been shown to contain chemical compounds that help to reduce the chance of certain types of cancer and coronary heart disease. 
Grasses are believed to have evolved over 60-70 million years ago and the diverse members of this family vary widely in appearance, mating habit, zones of adaptation, physiology, number of chromosomes and genome size. Despite these apparent differences, most grasses have a similar set of genes and show relative conservation of gene order along the chromosomes. For this reason, the grass research community is able to consider these species as a single genetics system. Comparative genetics, therefore, has become an important tool for geneticists and plant breeders. A scientist who studies one species in depth can use this knowledge to predict the location and identity of genes in another, distantly related grass species. Researchers and breeders now have a greater range of genes and alleles to work with and are no longer confined to information gained from their own species
Insights gained from comparative genetics include how grass chromosomes have evolved, inferring the identity and composition of the ancestral grass genome and understanding how evolution has created new genotypes, phenotypes and species from the same set of genetic material. Comparative genomics is also providing new strategies for breeding crops with improved disease and insect resistance, stress tolerance (such as drought or high planting density) nutritional quality and yield, and also for improving the milling, brewing or oil quality of the grain, or for finding novel industrial applications. These comparative genomics approaches will also help with the research of "orphan" species such as oat or millet that are not as well studied as the major crops or do not have the same kind of genetic tools available. 
The sequencing of the rice genome provided the first reference genome for the grasses. Rice was selected for sequencing because of its small, diploid genome, its high gene density, the availability of high resolution genetic and physical maps, a large collection of ESTs and mutant stocks, and the large publicly available collection of rice germplasm. 
Today, good bioinformatics tools are necessary to manage and exploit the vast and rapidly expanding pool of data. The Gramineae database aims to help researchers and plant breeders identify and understand the relationship among genes, pathways and phenotypes in a wide range of grass species. 




Some important points of cereals:
1. Cereal grains feed most of the world. 
2. They are important in all cultures. 
3. They were harvested by "gatherers". 
4. Cooking improves edibility. Most parched or popped originally. 
5. They store easily, are nutritious, and "concentrated". 
6. They can be mechanically harvested. 
7. Steps of domestication:
· Populations are variable. 
· Selection pressure was exerted by man. 
· The method of harvesting was important. 
· Replanting was a key step. 

         Cereal crops are mostly grasses cultivated for their edible grains or seeds (actually a fruit called a caryopsis). Cereal grains are grown in greater quantities worldwide than any other type of crop and provide more food energy to the human race than any other crop. In some developing nations, cereal grains constitute practically the entire diet of common folk. In developed nations, cereal consumption is more moderate but still substantial. The word cereal derives from Ceres, the name of the Roman goddess of harvest and agriculture. Grains are traditionally called corn in the United Kingdom, though that word became specified for maize in the United States, Canada, New Zealand, and Australia.
 


Wheat - The primary cereal of temperate regions.
Triticum spp.:
common (Triticum aestivum)
durum (Triticum durum)
spelt (Triticum spelta)
Barley - Grown for malting and livestock on land too poor or too cold for wheat 
Sorghums - Important staple food in Asia and Africa and popular worldwide for  livestock.
Hordeum spp.: 
two-row barley         (Hordeum disticum)
six-row barley           (Hordeum hexasticum)
four-row barley         (Hordeum vulgare)

Maize - A staple food of peoples in North America, South America, and Africa and of livestock worldwide; called "corn" or "Indian corn" in North America and Australia, or "sweet corn" in the UK. 
Zea mays Corn, Indian corn,
POPCORN Zea mays var. everta

Rice - The primary cereal of tropical regions.
Oryza spp., mainly oryza sativa

Millets - A group of similar but distinct cereals that form an important staple food in Asia and Africa. 
Including inter alia:
barnyard or Japanese millet  (Echinocloa frumentacea); 
ragi, finger or African millet  (Eleusine coracana); 
teff  (Eragrostis abyssinica); 
common, golden or proso millet (Panicum miliaceum); 
koda or ditch millet (Paspalum scrobiculatum); 
pearl or cattail millet (Pennisetum glaucum);
foxtail millet (Setaria italica)
Oats - Formerly the staple food of Scotland and popular worldwide for livestock.
Avena spp., mainly Avena sativa

Rye - Important in cold climates.
Secale cereale

Triticale - Hybrid of wheat and rye, grown similarly to rye.
X Triticosecale rimpaui Wittmak.

Sorghum ;
Sorghum spp.:
guinea corn  (Sorghum guineense);
common, milo, feterita, kaffir corn  (Sorghum vulgare);
durra, jowar, kaoliang  (Sorghum dura)

Pseudo cereals
Pseudo cereals are plants that produce fruits or seeds which are used and consumed as grains, though botanically pseudo cereals are neither grasses nor true cereal grains. Pseudo cereals are typically high in protein and other nutrients, gluten-free, and are considered whole grains. Many so-called "ancient grains" are pseudo cereals.
Some pseudo cereals are important today; others have been extremely important in the past. Amaranthus was the second most important crop in Mexico when the Spanish arrived in the early 1500's. Because of its association with sacrifices and religion, the Spanish tried to put down its use, but cultivation of Amaranthus has survived until the present.
In recent times, many have advocated using this as a cultivated crop and it is nutritious and can be cultivated with most modern farm equipment with some modifications. The major problems are lack of an established market and public acceptance.
Several species of Chenopodium also have been cultivated in both Mexico and in Peru-Bolivia. In South America, these are called quinoa.

Examples of pseudocereals include:
· Quinoa
· Amaranth
· Buckwheat
· Chia seeds
· Wattle seed
· Kañiwa


Buckwheat - Used in Europe and Asia. Major uses include various pancakes and groats.
Fagopyrum esculentum (Polygonaceae)
Fonio - Digitaria spp.: fonio or findi (D. exilis); black fonio or hungry rice (D. iburua)  Several varieties of which are grown as food crops in Africa.
Quinoa - Chenopodium quinoa (Chenopodiaceae) Ancient pseudocereal, grown in the Andes.





Grains
Grains are a type of simple dry fruit called a caryopsis and are commonly called cereals. Cereals are mostly grasses which, typically, have hollow stems (plugged at intervals), leaves and florets.
Grains in the grass family (Poaceae or Gramineae). The one seeded fruit (a caryopsis) has a seed coat fused with the ovary wall.
All types of grain foods are excellent sources of complex carbohydrates. Whole grains are low in fat and have no cholesterol; they contain B-vitamins, soluble and insoluble fiber, folate, zinc, protein, iron, magnesium, phytonutrients, antioxidants, resistant starch, phytate and other substances.

What is a grain? 
A Grain is the fruit or seed of cereal grasses. The natural (unprocessed) kernel of grain consists of the germ which is surrounded by the endosperm and bran and covered by the hull. You won't find fields of wheat or corn in the wild as we know them because they never existed and cannot exist in the wild. 
The grains we use for food exist today, as we know them, because of a process called neoteny. Neoteny is the retention of juvenile characteristics in the adults of a species and is acquired through gene mutation/selection. 
As a result of human manipulation (selection for those grains that didn't mature) the grain doesn't drop it's seed (the whole grain) but instead retains it. Unable to reseed itself the grain would cease to exist without human intervention. 
Grains today are milled; bran and germ, which contains 90% of the nutrients of the kernel, are removed leaving only the endosperm (starch). The starch is ground further into different sizes for different products. The result is nutritionally deficient refined flour. 
In the U.S., products containing whole grains must indicate on the label that they contain: "WHOLE WHEAT FLOUR" OR "WHOLE GRAIN FLOUR". Products labeled "7 Grain", "12 Grain", Bran, Rye, etc. usually are made from "refined" and not "whole grain flour". 
      Since refined cereal products have had the bran removed, you need to eat whole- grain products if you want to reap the health benefits of bran. Grains can also provide protein; they provide almost half (47%) of the dietary protein needs of the world population. The percentage is much lower in the United States, where 90% of the edible plant protein is fed to animals. Although no individual grain provides the full complement of essential amino acids (protein building-blocks), the combination of grain foods with a reasonable variety of other foods such as beans can be a complete protein source. This is true even for people who don't eat meat or dairy foods. 

Bran: Wheat bran has water-insoluble fibers (not easily dissolved) which, studies suggest, contributes to regularity, helps prevent diverticular disease and contributes to a decreased risk for bowel cancer.

      Oat bran and barley contain water-soluble fibers that have been shown to lower blood cholesterol and blood glucose levels, which helps in the prevention and management of cardiovascular disease and diabetes. 




Grains are of two types: true cereals (grasses) or pseudo cereals (nongrasses).
	True cereals:               
· Wheat (Triticum spp.). Wheat and Maize are the largest cultivated cereal crops worldwide. 
· Maize, corn (Zea mays sp. mays) Native to the Americas. 
· Rice (genus Oryza). The third largest cereal crop 
· Barley (Hordeum vulgare). The fourth largest cereal crop. A unique grain in that the fiber is found in both the bran layer and the endosperm. Barley is high in fiber and may reduce cholesterol. 
· Sorghum (Sorghum vulgare). The fifth largest cereal crop. 
· Millet (Pennesetum glaucum). 
· Rye (Secale cereale). The heartiest of the cereals. 
· Oats (genus Avena). Native to Eurasia and low in gluten ¹. 
· Triticale (X Triticosecale). An artificial hybrid (not from nature) of rye and wheat. 
· Teff (Eragrostis tef.). Native to N. Africa (gluten free). 
· Wild rice (Zizania). 
· Spelt (Triticum spelta). A sub species of wheat.
	Pseudo cereals: 
· Buckwheat (Fagopyrum esculentum). 
· * Amaranth (Amaranthaceae) 
· Quinoa (Chenopodium quinoa). 
· Cockscomb (genus Celosia) 
· Kaniwa (Chenopodium pallidicaule) 
· Kiwichae (Amaranthus Caudatus). 

	
	      Other: 
· Bulgar / Cracked Wheat -- Different in that Bulgar requires the whole kernal be cooked prior to crushing whereas Cracked Wheat is crushed prior to cooking. 
· Kamut (U.S.D.A. 'QK-77') (Triticum turgidum). A type of wheat. 
· Graham flour -- Made by grinding the entire wheat berry including the bran. 
· Kasha -- Made from crushed buckwheat (buckwheat groats ). 
· Hominy -- Dried corn (source of grits ). 
· Pearled Barley -- Hard outer layers of the grain are removed (dehulled). 
· Semolina -- The heart of the durum kernel; used mainly in pasta. 
· Couscous -- finely cracked wheat steamed, dried and popular in North Africa and Middle Eastern countries. 


Factors affecting vegetative growth
1. Photosynthesis and Respiration: 
Plants get their energy to grow from sunlight captured by the leaves. Photosynthesis is the process by which plants use this energy to convert carbon dioxide to sugars. The sugars are converted to cell wall-forming substances that make up leaves, stems, roots and other plant parts. Excess sugars are stored as water soluble carbohydrates. Equation for photosynthesis and respiration: 

Respiration equation:   C6H12O6  + 6O2 →→ 6CO2 + 6H2O  
                          ( carbohydrate + oxygen →→ carbon dioxide + water + energy) 

Photosynthesis equation:   6CO2 + 6H2O (light) →→ C6H12O6 + 6O2 
                                     ( carbon dioxide + water →→ carbohydrate + oxygen) 

When energy can’t be obtained from sunlight, such as at night, the plant draws on its reserves of starch and sucrose. This process is called respiration. 

The rate at which the plant grows is closely linked to the amount of sunlight being captured by the leaves. Temperature influences the rate at which the chemical reactions of photosynthesis occur. The ideal temperature range for wheat plants is from 15° to 30°C. 

How efficiently a leaf photosynthesizes is determined by factors such as variety and nutrition. For example, wheat plants that are nitrogen deficient have yellow stunted leaves. Small leaves simply catch less light, and yellow leaves have less chlorophyll, the pigment responsible for capturing the sunlight energy. 
2. Transpiration 
Plant water use or the evaporation of water from within a leaf is called transpiration. During transpiration, water evaporated from the wet cell walls within the leaf moves into the leaf airspaces and out through the leaf stomata. Stomata are tiny pores on the leaves that allow gas exchange. 
Transpiration and photosynthesis are related. Leaf stomata need to be open to allow water vapor to move out and to allow carbon dioxide for photosynthesis to move in. When plants are transpiring, water is drawn up from the soil all the way to the leaves to replace the water lost to the atmosphere. 
Transpiration is slower in cool conditions with high humidity, and faster in windy, hot conditions with low humidity. These hot conditions are unfavorable when combined with low soil moisture because as the soil moisture drops, the stomata close to conserve moisture and photosynthetic productivity is lost. 

3. Leaf Area 
The photosynthetic capacity of the crop is related to the total leaf area and the length of time this area is maintained. Maintenance of the leaf area is essential for the production of the carbohydrates used during grain filling. Leaf area is influenced by the rates of leaf appearance, tiller production and leaf expansion. 
Leaf area is measured by the leaf area index (LAI), the amount of leaf area in a crop canopy. The LAI of a crop determines water use. The higher the LAI the more water used during the vegetative growth stage. In dryland crops, a large area of leaf in early vegetative growth may use water needed for flowering and grain fill. So a balance needs to be reached between a large leaf area to maximize photosynthesis and the production of carbohydrate, and maintaining sufficient soil moisture for grain fill.
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4. Moisture
Availability of soil moisture affects the rate of transpiration and photosynthesis. 
Moisture stress: Moisture stress slows photosynthesis and leaf area expansion, reducing dry matter production. It also limits root growth, thus reducing nutrient uptake. This is significant for areas with low rainfall. The period of crop growth is restricted at the start of the season by lack of rainfall and at the end of the season by water deficits and high temperatures. There is little scope in the low rainfall areas of the wheat belt to lengthen the period of crop growth to increase dry matter production and yields. 

5. Waterlogging
Wheat is sensitive to waterlogging. It causes low soil oxygen concentrations, which limit root function and survival. The availability of nitrogen and other nutrients may be reduced by waterlogging, slowing the rate of leaf growth and accelerating leaf death. Tiller initiation also slows, reducing the growth and survival of tillers. This reduces yield, with the amount depending on the growth stage at which waterlogging occurs.  As waterlogging typically occurs in winter, it is an issue in southern New South Wales, where most of the rainfall is received in winter. 

6. Nutrition
Nutrition affects the rate of plant growth. Nutrients need to be supplied within an optimum range from germination on wards to maximize plant growth. Nutrients are divided into two main groups: macronutrients required in large amounts by the plant, and micronutrients required in small amounts.
Most nutrient uptake is through the root system. Intake of nutrients through the leaves is usually insignificant, apart from a few minor nutrients such as copper, zinc, manganese and molybdenum. Using these nutrients as foliar sprays before flowering can increase yields where crops are deficient.
The mobility of nutrients in the soil determines the way plants take them up. This has implications for the use of fertilizers and their placement in the soil. Nutrients that are soluble and therefore mobile are transported through the root system by mass flow from transpiration. These nutrients include nitrate, calcium, magnesium and sulfate. 
Less mobile nutrients such as potassium move to plant roots along a concentration gradient by a process called diffusion. The nutrients move from a high concentration area in the soil to a low concentration area around the plant roots. For plants to take up nutrients that have low mobility in the soil solution, such as phosphorus, copper and zinc, the roots need to grow through the soil in contact with the nutrients.

Factors affecting plant development
The main stem of the wheat plant determines the timing of plant development. The rate at which a wheat plant develops or moves from one growth stage to the next sets the limit for canopy growth and ultimately yield. The major factors affecting the length of each growth stage are vernalisation, photoperiod, thermal time and plant maturity. The significance of these factors depends on whether the wheat is a spring or winter type.
Leaf and tiller appearance, senescence (the aging and drying of leaves and non-productive tillers) and plant height are components of the canopy structure that, under non-limiting water and nutrient conditions, are determined by genotype and sowing date.

1. Vernalisation
Winter wheat have a vernalisation requirement that needs to be met before they switch to the reproductive phase. The length of the vernalisation requirement varies with variety. For example, winter wheat varieties have a low vernalisation requirement so are grown in shorter season environments. Varieties that require a longer vernalisation period are grown in longer season environments.
Sowing date has less effect on flowering date in varieties that require vernalisation. These varieties are safer to use for early sowing than spring wheat (which do not have a vernalisation requirement) as they do not go to head until their cold requirement has been met. This reduces the risk of frost damage at flowering and grain fill. 
The growing point of winter wheat remains in the crown or below the soil level until the vernalisation requirement has been reached, which is why they are used as grazing wheat. Tiller death is minimal provided grazing is stopped once the vernalisation requirement has been met. 

2. Photoperiod
Photoperiod or day length is the number of hours of daylight. Wheat is a long‑day plant, meaning that it responds to increasing photoperiod. This sensitivity determines whether the plant continues to produce leaves or changes to reproductive development. 
Photoperiod can affect the development of wheat by: causing changes in the rate of leaf area expansion and dry matter production providing a cue for the start of reproductive development changing the rate of reproductive development.

3. Thermal time 
Thermal time is a calculation of accumulated temperature. It helps to explain the relationship between plant development and temperature. It is calculated as the mean daily temperature minus a base temperature and is recorded as degree-days (°Cd). The base temperature is the minimum temperature at which the plant grows, and this varies for each crop. For wheat, the base temperature is 0°C during vegetative growth and 3°C in the reproductive phase. 

4. Plant maturity 
The maturity, or length of time taken for a variety to reach flowering, depends on vernalisation, photoperiod and thermal time requirements. Recommended sowing times are arrived at by assessing the maturity of varieties in different environments and with different sowing times. 



Definitions: 
Gluten: a protein found mainly in wheat that is responsible for kneaded dough's elasticity which allows it to be leavened. 

Groats: Dehulled (removal of the husk, shell, or outer covering of the grain or seed). 

Grits: Coarsely ground corn (boiled).

Zodoks Scale
   The following will provide a description of the main stages of development for cereals (Zodoks, 1974). This can be used to identify the main stages of development for wheat (including spring and winter), oats, barley and rye.

0. Sprouting/Germination 
     For most applications it is not important to identify stages 00 to 08, as these occur when the plant is below the soil surface. At stage 09 the coleoptile penetrates the soil. It is a rigid feature of the plant that contains the tissue of the first leaves. 
1. Seedling growth
     Penetration of the surface by the coleoptile (sprouting), the first leaf of the plant emerges where the first leaf has started to unroll. A new leaf is counted as fully emerged when 50% of the leaf blade has unfolded. Leaves are counted on the main stem of the plant.
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2. Tillering 
Development of primary tillers usually begins when the fourth leaf emerges from the stem, followed by the second primary tiller when the fifth leaf emerges… 
The structure of tillers is similar to the main stem, but these can be differentiated based on the fact that tillers typically have fewer leaves, and are shorter. In most cases you should only count primary tillers that form at the crown, as opposed to secondary and tertiary tillers that develop off of primary and secondary tillers, respectively
 Throughout tillering the seed heads or inflorescence start to develop in both tillers and the main stem. Initially the head is microscopic in size, but when the head is completely formed the plant will move in to stem elongation or jointing. At that time most plants will have five fully developed leaves. 

           [image: C:\Users\s\Desktop\Capture a.JPG]

3. Stem Elongation 
Again, by the time stem elongation begins plants typically have five fully developed leaves. Stem elongation is the process by which internodes lengthen in both the main stem and tillers. This process starts with the upper five or six internodes, which brings nodes above the soil surface. These joints are harder, larger in diameter than the main stem or internodes and solid, compared to the hollow inter-node in most cases.
.                    [image: C:\Users\s\Desktop\Capture b.JPG]
4. Booting 
At the beginning of booting the flag leaf starts extending. This is when the flag leaf starts to swell. The leaf sheath starts to open, exposing the inflorescence within. Finally the booting stage ends when the awns are visible (in awned varieties) at the top of the boot.
                                [image: C:\Users\s\Desktop\Capture c.JPG]

5. Inflorescence Emergence, Heading 
Heading is the process whereby the seed head emerges from the sheath of the flag leaf, which once contained it. For both wheat and barley the shape of type of head or inflorescence is a spikelet. For oats, the inflorescence is known as a panicle. It should be noted that generally heading occurs a few days later in tillers. At about half of the inflorescence should be visible, or emerged from the flag leaf sheath. In order to see how much of the inflorescence has emerged it will be necessary to split the flag leaf sheath.
      [image: C:\Users\s\Desktop\Capture d.JPG] [image: C:\Users\s\Desktop\Capture f.JPG]

6. Flowering/Anthesis 
Flowering begins only a few days (2-4) after the inflorescence has emerged unless it is very hot, which causes the heads to remain in the boot at the time of flowering. In most cases it is possible to identify flowering by presence of the anthers. A few anthers on the plant represent the beginning of flowering, where the entire inflorescence should contain anthers. Anthers are used to hold the plants pollen.                                
7. Milk development
In the early milk stage grains are still be green, and you should be able to squeeze a clear liquid from kernels. Into the late milk stage, this liquid will become a milky colour and will also appear thicker.
                                [image: C:\Users\s\Desktop\Capture i.JPG] 

8. Dough development 
As kernels continue to develop they reach the soft dough stage. If you press your fingernail against a kernel the impression will not hold. Finally when fully ripe it will be difficult to make any impression into kernels.
                                    [image: C:\Users\s\Desktop\Capture e.JPG]
9. Ripening
When a crop is harvest ripe, you will not be able to dent kernels at all.
                                     [image: C:\Users\s\Desktop\Capture t.JPG]

Decimal code used to quantify the growth stages in cereals
	Code
	Description
	Code
	Description

	0
	Germination
	
	

	0.0
	Dry seed
	38
	Flag leaf ligule just visible

	0.1
	Start of imbibitions
	39
	Flag leaf ligule just visible

	0.2
	Imbibition complete
	4.0
	Booting

	0.3
	Radicle emerged from seed
	41
	Flag leaf sheath extending

	0.4
	Coleoptile emerged from seed
	43
	Boots just visible and swollen

	0.5
	Leaf just at coleoptile tip
	45
	Boots swollen

	1.0
	Seedling growth
	47
	Flag leaf sheath opening

	10
	First leaf through coleoptiles
	49
	First awns visible

	11
	1 leaf unfolded
	5.0
	Ear emergence

	12
	2 leaves unfolded
	51
	First spikelet of ear just visible

	13
	3 leaves unfolded
	53
	One-fourth of ear visible

	14
	4 leaves unfolded
	55
	One-half of ear emerged

	15
	5 leaves unfolded
	57
	Three-fourths of ear emerged

	16
	6 leaves unfolded
	59
	Emergence of ear complete

	17
	7 leaves unfolded
	6.0
	Flowering

	18
	8 leaves unfolded
	61
	Beginning of flowering

	19
	9 leaves or more unfolded
	65
	Flowering half-way complete

	2.0
	Tillering
	69
	Flowering complete

	20
	Main shoot only
	7.0
	Milk development

	21
	Main shoot and 1 tiller
	71
	Seed water ripe

	22
	Main shoot and 2 tillers
	73
	Early milkb

	23
	Main shoot and 3 tillers
	75
	Medium milk

	24
	Main shoot and 4 tillers
	77
	Late milk

	25
	Main shoot and 5 tillers
	8.0
	Dough development

	26
	Main shoot and 6 tillers
	83
	Early dough (fingernail impression not held)

	27
	Main shoot and 7 tillers
	85
	Soft doughc

	28
	Main shoot and 8 tillers
	87
	Hard dough

	29
	Main shoot and 9 or more tillers
	9.0
	Ripening

	3.0
	Stem elongation
	91
	Seed hard (difficult to divide with thumbnail)

	30
	Pseudo-stem erectiona
	92
	Seed hard (cannot dent with thumbnail)

	31
	1st node detectable
	93
	Seed loosening in daytime

	32
	2nd node detectable
	94
	Seed over-ripe; straw dead and collapsing

	33
	3rd node detectable
	95
	Seed dormant

	34
	4* node detectable
	96
	Viable seed giving 50% germination

	35
	5th node detectable
	97
	Seed not dormant

	36
	6th node detectable
	98
	Secondary dormancy induced

	37
	Flag leaf just visible
	99
	Secondary dormancy lost
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BARLEY
Growth & Development

Growing barley 
Barley (Hordeum vulgare) is a widely grown and highly adaptable winter cereal crop that is used mainly for stock feed and the production of malt for the brewing industry. 
Barley is an annual plant that has been selected from wild grasses. It is thought to have been an important food crop from as early as 8000 BC in the Mediterranean/ Middle East region. 
Because of barley’s tolerance of salinity, by 1800 BC it had become the dominant crop in irrigated regions of southern Mesopotamia, and it was not until the early AD period that wheat became more widely grown. 
Barley can grow in almost all areas of the State where cropping is possible. Barley is more salt-tolerant than wheat and therefore can be more suited to saline soils. However, it is sensitive to soil aluminium. 
The level of production of barley is sensitive to seasonal conditions and to the price of barley relative to that of wheat, sorghum and other grain crops.

Barley types 
There are two forms of barley, determined by the number of rows of grain along the head. 
Two-row barley types have only one fertile spikelet per side of the head. Two-row types are the most commonly grown. The two-row barleys can be used for malting, human food or stock food, with the quality required and the price varying for each end-use.
In six-row barley, all three spikelets per side of the head are fertile. 
The only current use of the grain of six-row barley is for stock feed. It is generally sown for grazing only.


Malting barley 
The malting process involves germinating the grain, so grain quality is very important. Because each variety of barley has different malt characteristics, only some varieties of two-row barley are used in the domestic malting industry.

· Maltsters require large, plump grains with high carbohydrate content and high germination capacity. 

· The maltster uses the grain protein level to estimate the amount of potential soluble carbohydrates. The higher the protein, the lower the potential soluble carbohydrate level, and the less acceptable the grain is for malting.
 
· Any grain that is affected by conditions that might contribute to poor germination will not be accepted by maltsters. Such grains include pinched or small grain, black-tipped grain, cracked grain, over-dried grain, skinned grain and weevil-damaged grain, as well as grain that have already started to germinate (rain-damaged grain).
 
· Maltsters and brewers require bright-coloured barley for the production of malt and brewed products. Poorly coloured or stained barley will be bought only as a last resort, as it presents specific problems to end users. For example, weather-stained barley will sometimes carry its poor colour through to the end product. 

· Moisture content is also important in malting barley, particularly when it is being stored for long periods of time. Moisture levels above 12.5% will promote fungal growth and cause problems.




Spring barleys
Spring barleys grow and develop in response to increasing temperature and photoperiod (daily hours of light). They do not have a vernalisation requirement to initiate flowering. It is very important to sow spring-type barleys at the recommended time to minimize the risk of frost damage during flowering. 

Winter barleys
Winter barleys are used in the mixed farming zones. They need to experience a period of cold temperatures, between 0 and 10°C, to trigger a switch from vegetative growth to reproductive growth. This cold requirement is known as vernalisation. Varieties need different periods of vernalisation, so it is important to take this into consideration when selecting a variety. The cold requirement allows winter barley varieties to be sown earlier than spring types – from February to early April for grazing.
Factors affecting germination, emergence and establishment 
Oxygen 
Oxygen is essential to the germination process. Seeds absorb oxygen rapidly during germination and will die without sufficient oxygen. Germination is slowed when the soil oxygen concentration is below 20%. During germination, water softens the seed coat to make it permeable to oxygen, so dry seeds absorb almost no oxygen. 
Seeds planted in waterlogged soils will imbibe and swell but cannot germinate because of a lack of oxygen. 

Dormancy 
In a barley seed, germination begins after a very short period of dormancy. Some level of seed dormancy is necessary to help prevent ripe grain from germinating in the head before harvest. 

Moisture 
Soil moisture influences the rate of germination. Germination is rapid if the soil is moist. When the soil dries to near the wilting point, the speed of germination slows. When the soil reaches the permanent wilting point, germination will take 10 days at 7°C instead of taking 5 days at 7°C when there is adequate moisture. A germinating seed has the ability to stop and start the process in response to the availability of moisture. 

Temperature 
Effect on germination 
Germination rate depends on temperature. The ideal temperature for barley germination is between 12°C and 25°C, but germination will occur between 4°C and 37°C. 
The speed of germination is driven by accumulated temperature, or ‘degree-days’. A degree-day is the average of the daily maximum and minimum temperature on a particular day compared with a base temperature (for barley, 0°C during vegetative growth and 3°C in the reproductive phase). Barley requires 35 degree-days for visible germination to occur. At an average temperature of 7°C it takes 5 days before visible germination. At 10°C it takes 3.5 days. 

Effect on emergence and establishment 
High temperatures during establishment cause seedling mortality, reducing the number of plants that establish. In hot environments, the maximum temperature in the surface soil can be 10°C to 15°C higher than the maximum air temperature, especially with a dry, bare soil surface and high radiation intensity. In these conditions, soil temperature can reach 40°C to 45°C, which seriously inhibits seedling survival and emergence. Brief exposure to extreme soil temperatures can also restrict root growth and tiller initiation. 
The overall impact of temperature during emergence and establishment varies between varieties. Soil temperature was measured in the field at a depth of 50 mm.

Measuring crop performance 
Yield 
There are two main components of yield: 
· number of grains per unit area 
· average grain weight. 
Grain number is set at about flowering time, with average grain weight being set afterwards. Recent improvements in barley yield have come about as a result of increases in grain number rather than increased average grain weight. 
Given the importance of grain number to yield it is important to prevent unnecessary stress on the crop prior to flowering. The importance of grain number to yield also means that an approximation of yield can be made during the grain filling period.
 
Number of heads 
Head number is the first yield component and is set by tiller number/m2. Tiller number depends on initial plant population, the variety, and the environmental conditions (particularly nutrition). In most barley crops, the plant produces more tillers than will survive to produce heads. Stress and competition for nutrients cause tiller death. 

Weight per grain 
The weight per grain is commonly expressed as 1000-grain weight. Factors that affect the 1000-grain weight include: 
- variety 
- nitrogen 
- plant density 
- post-flowering environmental conditions 
- grain position within the head 
- root and foliar diseases. 
Gluten 
Gluten is the main storage protein of wheat grains. Gluten is a complex mixture of hundreds of related but distinct proteins, mainly gliadin and glutenin. Similar storage proteins exist as secalin in rye, hordein in barley, and avenins in oats and are collectively referred to as “gluten.” 
Gluten is classically defined as the largely proteinaceous mass which remains when dough made from wheat flour and water is gently washed in an excess of water or dilute salt solution to remove most of the starch and soluble material. The remaining material, which has been described as “rubbery,” comprises about 75–80% protein on a dry matter basis, depending on how well the material is washed. Hence “gluten proteins” are defined as those present in this mass and, because similar material cannot be isolated from doughs made with flours from other cereals, gluten proteins are restricted to the grain of wheat (species of the genus Triticum). However, related proteins are present in other cereals (as discussed below) and these are frequently referred to as gluten in the non-specialist literature and the wider popular media.
Gluten is a protein naturally found in some grains including wheat, barley, and rye. It acts like a binder, holding food together and adding a “stretchy” quality—think of a pizza maker tossing and stretching out a ball of dough.
Wheat gluten has an immense impact on human nutrition as it largely determines the processing properties of wheat flour, and in particular the ability to make leavened breads, other baked products, pasta and noodles.
The wheat kernel contains 8%–15% of protein, from which 10%–15% is albumin/globulin and 85%–90% is gluten. The gluten proteins can be classified into subgroups dependent on key differences including sulfur content and molecular weight and then further classified according to their different primary structures into alpha, beta, gamma, and omega (α, β, γ, and ω) gliadins.2 Individual gluten proteins are bound by strong covalent and non-covalent forces, which, together with the structure and interaction of these proteins, contribute to the unique properties of gluten.

Gluten properties and sources
The gluten matrix and its resulting functions are essential to determining the dough quality of bread and other baked products such as pasta, cakes, pastries, and biscuits. Gluten is heat stable and has the capacity to act as a binding and extending agent and is commonly used as an additive in processed foods for improved texture, flavor, and moisture retention. Therefore, less obvious sources of gluten include processed meat, reconstituted seafood, and vegetarian meat substitutes; and as thickeners, emulsifiers, or gelling agents in candies, ice cream, butter, seasonings, stuffing’s, marinades and dressings; and as fillers and coatings used in medications or confectionary. In addition, gluten is increasingly separated from wheat (known as “vital wheat gluten”) or modified for specific uses (known as “isolated wheat proteins”) to improve the structural integrity of industrial bakery products and to fortify low-protein flours.
The unusual rheological and functional properties of gluten are dependent upon the ratio of glutenins to gliadins, and the interactions of these structures. Each component has slightly different functions crucial in determining the viscoelastic properties (entrapment of carbon dioxide released during bread leavening) and quality of the end product. For example, purified hydrated gliadins contribute more to the viscosity and extensibility of the dough, whereas hydrated glutenins are cohesive and contribute to dough strength and elasticity.1 Much work has focused on improving dough strength, for example, increasing the high molecular weight subunit gene copy number to improve glutenin elasticity.
Similar proteins to the gliadin found in wheat exist as secalin in rye, hordein in barley, and avenins in oats and are collectively referred to as “gluten.” Derivatives of these grains such as triticale and malt and other ancient wheat varieties such as spelt and kamut also contain gluten. The gluten found in all of these grains has been identified as the component capable of triggering the immune-mediated disorder, coeliac disease.

Structure
Gluten is a very complex compound, characterized by high allelic polymorphism encoding its specific proteins, glutenin, and gliadin. Furthermore, each wheat genotype produces unique types and quantities of these compounds, which can also differ by varied growing conditions and technological processes. The protein (and also carbohydrate) expression of one genotype can change depending on the environment where it was grown, for example, the ω-5 gliadin content increases with fertilization and temperature during maturity.3 Some of the α gliadins located in the sub aleurone of the wheat kernel can be partially removed by roller milling.
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Figure 1 Approximate breakdown of wheat components.




