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1.

INTRODUCTION

Ihis discussion includes growth stages of wheat their functions, yield components, and the effect of on plant development. Growth stages and development oats and rye.

and barley, plant parts and certain environmental factors are similar for wheat, barley

II.

GERMINATION AND EMERGENCE

A kernel of wheat is shown in Figure 1. Seeds placed in soil germinate when temperatures are suitable and water and oxygen are sufficient. During germination, the embryo (germ), which was dormant in the dry seed, resumes growth. Germination proceeds in both light and dark.

Factors influencing germination:

1.

Water - Water absorption is the first step in germination. Water comes from the soil so the seed must be placed in close contact with moist soil to absorb sufficient water. The minimum water content of the seed that is required for active germination is 35 to 4070' In contrast, stored grain should have a water content of less than 13%.

2.

Oxygen - Oxygen must be present but ordinarily does not limit germination except in waterlogged soil.

3.

Temperatures - Seeds will not germinate if the temperatures are too low. Important soil temperatures for germination are:

Minimum Optimum Maximum

34 to 36°F 59 to 650F

95 to lO40F

Germination slows as the minimum and maximum temperatures are approached.

4.

Seed size - Each seed contains enough plant food to support growth for several days, However, the larger the seed, the more food and energy

it can supply to the young seedling. Large seeds germinate faster, emerge
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from greater seeding depths, and produce more vigorous seedlings than do smaller seeds. Early seedling vigor and rapid growth provide better competition against weeds and seedling diseases.

Freshly harvested wheat germinates poorly or not at all even under optimal conditions. This dormancy usually disappears after a few weeks of storage under dry conditions. Dormancy is attributed to the physiological condition of the embryo, the seed coats interfering with the absorption of oxygen, and the presence of inhibiting substances in the glumes. Dormancy is very useful in preventing undue sprouting of lodged mature grain or standing grain that cannot be harvested because of prolonged wet weather such as Montana experienced in 1965. Dormant wheat can be induced to germinate by 3 days of 4SoF temperatures. Another method of breaking dormancy is to remove a portion of the brush end of the kernel, permitting oxygen

to enter. This is too tedious except for small samples.

The wheat embryo and two stages of wheat germination are shown in Figure 2. The first embryo structure to enlarge is the radicle (first seminal root) which grows downward, provides anchorage and absorbs water and nutrients. Additional seminal roots, usually in pairs, develop above the radicle. Roothairs develop on these roots to greatly increase the absorbing area of the roots. Roots and root​hairs are functioning before the coleoptile emerges from the soil. Next, the coleoptile emerges from the soil surface and stops growth. The first foliage leaf breaks through the tip of the coleoptile to become the first functional leaf. All subsequent leaves and the growing point emerge through the coleoptile.


Soil crusting may prevent the coleoptile from reaching the soil surface.

When this happens, foliage leaves emerge from the coleoptile and grow beneath the soil surface, folded and wrinkled because they have no soil penetrating power. These plants never emerge, eventually die and a poor stand results.

Seeds need large amounts of energy to germinate. It has been estimated that the germination of a bushel of wheat requires as much energy as plowing an acre of land.

III.

VISIBLE GROWTH STAGES IN CEREALS

Growth stages for cereals are shown in Figure 3. After emergence, there

are [our eas11y recognizable stages of growth: tillering, stem extension, heading, and ripening. With close observation, these stages can be subdivided as shown in Figure 3 :md the accompanying key.

A.

Tillering

Tillering starts soon after the plant emerges and develops 3 foliage leaves. Under optimum conditions, tillering may start 7 days after emergence.

Winter wheat often tillers both in the fall and in the spring. Winter wheat normally tillers more than spring wheat. Some factors that tend to increase the number of tillers per plant are large seed size, high soil fertility, good physical condition of the soil, optimal temperature and water content of the soil, and a relatively low density of plants. The contribution of each of the foregoing to tillering is poorly defined.

Under field conditions, with heavy to light seeding rates, a variation from 2 to 6 stems per plant is common. With the seeding rates normally used
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THE WHEAT PLANT AND ITS MORPHOLOGICAL DEVELOPMENT

GROWTH STAGES AFTER GERMINATION

In the growth and development of the wheat plant after germination, the following six stages or phases of growth are easily recognized, on a morphological or physical basis, by observation: emergence, tillering, stem extension, heading, flowering, and ripening. Most of these can be sub​divided by observation. The stages and sub-stages are the same in spring​sown and autumn-sown wheats-except that, in the latter, the tillering (branching) stage is interrupted. In autumn-sown wheat the plants nor​mally emerge and tiller in the autumn; the growth is arrested or delayed during the winter, and tillering resumed in the spring.

A very useful scale for indicating the stages of development of wheat was devised by W. Feekes (1941) in the Netherlands. This scale was amplified by F. Earnshaw, of the National Institute of Agricultural Botany, Cambridge, England, and adapted for oats, barley, and rye, as well as wheat. E. C. Large, of the Plant Pathology Laboratory, Harpenden, England, published detailed illustrations of the new scale, prepared from plants in the field, and indicated some of the uses of the scale as follows:

Key to Fig. 3

Stage

1 One shoot (number of leaves can be added) = 'brairding'

2 Beginning of tillering

3 Tillers formed, leaves often twisted spirally. In some varieties of winter wheats, plants may be 'creeping' or pros​trate

4 Beginning of the erection of the pseudo-stem, leaf-sheaths


beginning to lengthen

5 Pseudo-stem (formed by' sheaths of leaves) strongly


erected


First node of stem visible at base of shoot

}

Second node of stem formed, next-to-last leaf just visible


Last leaf visible, but still rolled up; ear beginning to swell
STEM


Ligule of last leaf just visible
EXTENSION

Sheath of last leaf completely grown out, ear swollen but

not yet visible

10.1 First ears just visible (awns just showing in barley, ear

}

escaping through split of sheath in wheat or oats)


10.2 Quarter of heading process completed
HEADING

10.3 Half of heading process completed


10.4 Three-quarters of heading process completed

10.5 All ears out of sheath

10.5.1 Beginning of flowering (wheat)

10.5.2 Flowering complete to top of ear

10.5.3 Flowering over at base of ear

10.5.4 Flowering over, kernel watery-ripe

11.1 Milky-ripe

11.2 Mealy-ripe, contents of kernel soft but dry

11.3 Kernel hard (difficult to divide by thumb-nail)

11.4 Ripe for cutting. Straw dead

TILLERING

6

7 8 9

10

} RIPENING
FLOWERING (WHEAT)
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ill Montana, most wheat plants develop 3 stems which bear heads. Widely spaced plants grown under good conditions sometimes develop more than a hundred stems. The tillering stage is about 4 weeks for spring wheat, Spring tillering for winter wheat resumes with the initiation of spring growth and continues from

4 to 6 weeks.

During the tillering stage, young heads are formed below the soil surface and can be seen with magnification at first or by the naked eye later. As long as the head remains below the soil surface, it is well protected. As

soon as it emerges above the soil surface it is less well protected and can be damaged or killed by freezing.

B.

Stem Extension

Following the tillering stage, wheat plants enter into a rapid growth period known as stem extension, shooting or jointing. Both the stems and leaf sheaths elongate rapidly. Each internode of a stem has a region at its base that is capable of very active growth, and it is this region of each internode that elongates. The leaf covering each internode has a corresponding growing region at its base. The lowest internode begins to lengthen first, followed in turn by the internodes above it. At the same time the head is developing and increasing in size.

The upper inter-node is the last one to lengthen.  Like the other inter-nodes, it has a growing region at its base; but it differs from the others in that it bears the head.  As the head grows, it enlarges the sheath of the flag leaf.  This is the “boot” stage.
c.

Heading

Emergence of the head from the boot is known as "heading". The head of the main stem emerges first, followed in turn by heads of the tillers in the order of their origin. After emergence, the uppermost inter-node continues to lengthen until the head is raised several inches above the flag leaf. After heading, individual spikelets are easily visible. Flowering commences a few days after the head emerges from the boot. Flowering commences in the head of the main stem followed by the tillers in the order of their origin. Within

a head, the first spikelet to flower is located about two-thirds of the way up from the base of the head, and flowering proceeds upward and downward from this point until all fertile spikelets have flowered. It usually requires 3 to 5 days for a head of wheat to complete flowering.

D.

Ripening

Ripening is a gradual process with a number of recognizable stages.  The time between flowering and ripening us usually about 25 to 40 days under Montana conditions.

Water ripe Milky ripe Soft dough

Medium dough

Hard dough Mealy ripe Kernel hard

Dead ripe

E.
General Growth Stage Information


The following table shows the approximate time interval between growth stages of spring wheat in Montana:
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Period

No. of days between phases

Sowing to Emergence 
Emergence to Tillering Tillering to Heading 
Heading to Blooming 
Blooming to Milky ripe 
Milky ripe to Mealy ripe Mealy ripe to Dead ripe

12 12 42

5

20 10

4

Entire growing period

105

Growth stages shown in Figure 3 apply generally to all cereals. At first glance, this seems to be a simple figure but some of the stages are difficult to recognize. Stages 4, 5 and 6 are not easily recognized. In stage 6, the node is present above ground but not visible because it is enclosed in the leaf sheath.  The best way to determine stages 6 and 7 is to cut the stem longitudinally.  When cut in this manner, the nodes are easily seen.

A good Way to become acquainted with the various growth stages is to start examining wheat plants soon after emergence and continue until the head ripens. This can be done in the field, but an easier procedure is to plant a few wheat seeds in a coffee can or pot and make daily observations. An inexpensive hand lens is useful in examining the tiny heads when they are first formed. A razor blade can be used to cut the stem longitudinally to locate the head.

A knowledge of growth stages has many uses:

1.

Determines the growth progress of cereal crops in relation to seasonal conditions.

2.

Defines the time when herbicides can be applied with a minimum of damage to the crop.

3.
Indicates the growth stage when rust, root rot and other diseases develop. Effective corrective measures can sometimes be taken at certain growth stages.

4.

Permits accurate comparisons of crop development in different years at widely separated locations.

5.

Determines the growth stage when nutrient and water deficiencies are evident. Fertilizers such as N can be added during early growth stages to correct deficiencies and increase yields.  With irrigation, water can be added.

IV.

PLANT PARTS AND THEIR FUNCTION

A.

Roots

Roots anchor the plant and absorb water and nutrients from the soil.  There are two types of cereal roots; seminal (primary) and crown (secondary).  The root system and the young wheat plant are shown in Figure 4.
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Seminal roots develop first. They originate and grow downward from the embryo when the seed germinates. The radicle develops first, followed by 2, 4 or 5 additional seminal roots. The maximum number of true

seminal roots is 6, but it is more usual to find 3, 4 or 5. Seminal roots may function throughout the life of the plant.

Crown roots are also called secondary roots or adventitious roots. They originate from the lower node of the main stem and its tillers. Crown roots usually develop about one inch below the soil surface even though the seed was planted deeper. The number of crown roots varies but they usually form definite whorls. They usually grow horizontally before turning abruptly downward. Each whorl tends to have a wider horizontal spread than the preceding one. Each new tiller gives rise to additional crown roots. Crown roots are thicker, harder and stronger than the seminal roots.

With ample space, the roots of a single wheat plant may have a horizontal spread of 4 feet. Under average field conditions, the spread is usually limited to the width of the row spacing.

B.

Stems

Stems (culms) hold the leaves and heads up to sunlight and air. Cereals have a single main culm and tillers, each divided into a series of nodes (joints) and internodes.

Tillers stems usually are slightly shorter and produce shorter spikes or panicles than does the main stem; they also produce fewer and smaller kernels. There may be more sterile florets in a tiller spike than in the main stem spike. The ability of small grains to produce or lose tillers in response to growing season conditions is an important yield factor.

C.

Leaves

Leaves carryon photosynthesis, which is the manufacture of food from raw material obtained from the soil and air using light energy from the sun. Leaves of cereals arise from stem nodes. Each node produces one leaf.

The leaf has two parts, the sheath which is wrapped around the stem and the blade, see Figure 5. Thickened tissue at the junction of the sheath and blade is called the collar. The ligule is located at this junction of the

inner margin of the sheath. The ligule is a protective structure preventing rain, dust, insects, etc. from entering and accumulating within the sheath. At the base of the leaf blades are appendages called auricles which may vary in length and may be partly wrapped around the stem. The size and shape of the ligule and auricle are often used in crop identification.


The flag leaf is the top leaf. The lower leaves die first owing to shading,

drouth, disease or old age. The flag leaf stays green longest and may account for 80% of the filling of the grain.

D.

Heads

Seed is produced in a head (spike). Each head has several spikelets.

Each spikelet contains 2 to 6 florets. Usually only 2 or 3 florets produce seeds. Usually 1 to 3 spikelets at the base of the head produce no seed.  Enlarged drawings of a spikelet and floret are shown in Figure 6. The number of spikelets per head is determined before stem elongation. The number of kernels per spikelet is determined after heading.
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Figure 5 -EXTERNAL LEAF STRUCTURE
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V.

SPECIFIC CROP PRODUCTION ITEMS

A.

Growth Processes in Cereals

The length of the vegetative period of any cereal is determined largely by temperature, plant-available water, photoperiod, plant nutrition, growth hormones and genetic factors that affect reactions to these conditions. Each cereal species has an approximate minimum, optimum and maximum temperature range for growth although varieties within a species may differ. When the average temperature is l8oF below the optimum, the time required to grow a crop to maturity is approximately doubled.  Temperature largely determines the length of time a cereal plant takes to reach flowering and to mature after the floral structure has formed.

The long day cereals, wheat, barley, oats and rye, flower earlier when nights are short and days long.

A soil rich in nitrogen will delay flowering in the nitro-negative cereals - wheat, barley, oats, and rye. Excessive nitrogen prolongs vetetative growth of these crops. Adequate phosphorus and potassium often promote earlier flower​ing. Water shortage may cause small grain crops to flower abnormally early.

B.

High Temperatures Reduce Grain Yields


Temperatures higher than S5~equently reduce wheat yields even under

favorable soil water conditions.

C.

Lodging in Cereals

The most important plant characteristics related to lodging resistance are length of straw; leaf area and resistance to bending.  Short heavy stems with thick cell walls resist lodging.

Abundant soil nitrogen often produces lush growth that leads to increased lodging. Thick stands reduce the sunlight reaching the base of the stems and shade causes the cell walls of the stems to be thin and weak. Lodging may be decreased in small grains by application of phosphorus and potash on deficient soils because these nutrients promote root development.

When a cereal stem lodges before maturity, it will usually straighten up later. The node contains a gravity-sensitive hormone which induces cell growth on the lower side, causing the stem to become erect again.

Chief external factors responsible for lodging are:

1.

Shading - causes weak straw.

2.

Nutrition - heavy application of nitrogen and excess water may cause lodging. Potassium deficiency causes weakness in mechanical tissues.

3.

Temperature - warm temperatures promote weak, lush vegetative growth.

4.

Disease - several fungus diseases may induce stem weakness.
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Figure 6 -STRUCTURE OF FLORET AND SPIKELET
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VI.

YIELD COMPONENTS

Grain yield is the combined effect of (1) heads per acre, (2) kernels per head and (3) kernel weight. Any factor which limits one or more of the yield components reduces yield.

Each crop variety has a genetically determined yield potential. Growing conditions determine how closely actual yield approaches genetic potential. Full yield potential is seldom, if ever, achieved because at some time during the growing season one or more of the environmental factors are limiting.

VII.

BARLEY NOTES

A.

Roots

-​

The radicle, which is the first seminal root, grows downward and may penetrate to a depth of 5 to 6 feet. It is branched throughout. Other seminal roots tend to spread horizontally and later slope downward. They ultimately reach a length of 2 to 16 inches and a depth of 2 to 12 inches. Seminal roots remain active throughout the growing season.

Crown roots originate from nodes near the soil surface. They appear just before tillering. At first, many of these roots are short, un-branched and comparatively thick. They are white and have root hairs throughout their length. A few of the crown roots penetrate to a depth of 4 to 5 feet, at times exceeding the depth reached by the seminal roots. The remainder either spread horizontally or grow downward at an angle. They fill the upper layers of soil with a dense mass of roots. Barley roots are similar to those of spring wheat and oats.

B.

Tillers


Tillers develop in the same manner as wheat tillers but usually are greater in number.
Co

Inflorescence

The inflorescence is a cylindrical spike with alternating spike lets, strongly compressed on a zigzag rachis. At each joint of the rachis there are 3 spike lets, each containing one floret. In 6-row barley, all 3 spikelets are fertile and develop kernels. The center floret produces a straight kernel while the two outside florets produce slightly twisted kernels. In 2-row barley, on1y the central spikelet contains a fertile floret. Side spikelets are sterile. Six-row varieties have 25 to 60 kernels; 2-row varieties have 15 to 30 kernels per spike.
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