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Alfalfa
Seed Germination
Seedling Growth
Vegetative Development
R-648, (Revised), January 1999
Dwain Meyer, Professor of Plant Sciences, Agricultural Experiment Station

Alfalfa is a dicotyledonous plant. That is, the seed (Figure 1) is composed of two
embryonic or seed leaves called cotyledons. In addition, the seed contains the primary root
or radicle, the or epicotyl located above the cotyledons, and the
endosperm or food storage area. Externally the seed has several visible structures — the
, the lens or a weak point in the seed coat, and
the micropyle, which is a remnant of the tiny opening the pollen tube grew through during
the process of fertilizing the female ovary.

Figure 1. Alfalfa seed structure

Alfalfa Seed Structure
Germination is the resumption of growth by the embryo within the seed leading to the

development of a new plant.
. The process is influenced by available soil moisture, soil

temperature, and the nature of the soil surrounding the seed (i.e., salty vs. normal soil) or

Figure 2. Germination and seedling root growth

Alfalfa Germination Process

Seedling growth is the developmental period of the young plant from the time germination
is completed until it can manufacture enough food through photosynthesis to sustain
growth.

. It penetrates the soil very rapidly, forming a slender, usually unbranched
taproot, which may penetrate 5 to 6 feet (each foot=30.48 centimers) into the soil during the
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first growing season. Once the seedling root is anchored firmly in the soil, the seedling axis
below the cotyledons elongates in an arch (hypocotyl arch) pulling the cotyledons upward
to the soil surface (Figure 3). Seed germination and seedling emergence occur in about
three to seven days. Fewer days may be required for seedling emergence under ideal soil
moisture and temperature conditions. As the hypocotyl arch emerges from the soil, growth
stops on the side exposed to light and continues on the underside until the seedling is in an
upright position. This raises the cotyledons above the soil surface where they expand. The
growing point (epicotyl) of the seedling is now exposed. The first true leaf is unifoliolate
and emerges from a bud at the first stem node above the cotyledons. Seedling growth is
complete. Under good growing conditions, the seedling is developed fully 10 to 15 days
after planting.

Figure 3. Seedling emergence through unifoliolate leaf stage
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Alfalfa Seedling Growth

A fully developed alfalfa seedling does not assure plant establishment. It must continue to
develop deeper roots and grow more leaves to survive and become an established stand.
Vegetative growth continues through cell division and expansion in the epicotyl or growing
point of the young plant. The second leaf of the alfalfa plant is usually trifoliolate (three
leaflets) and originates from the second primary stem node (Figure 4). All subsequent
leaves are trifoliolates except in new multifoliolate varieties that have 5, 7, or 9 leaflets per
leaf. The unifoliolate leaf and all subsequent trifoliolate/multifoliolate leaves are useful
characters to distinguish alfalfa from weed seedlings in stand evaluation.

Figure 4. Unifoliolate through fourth trifoliolate leaf stage
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2nd Leaf
Trifcdiclala

Axillary buds develop in the axils of all leaves (Figure 4). After three or more
trifoliolate/multifoliolate leaves have appeared on the primary stem, new secondary stem
growth may occur from any of the axillary buds, but frequently only one axillary bud stem
(usually the unifoliolate) develops early, especially if seedlings are shaded in a companion
crop or under competition from weed growth or other alfalfa plants.

Alfalfa First Trifoliolate Leaf and Buds
The primary and secondary stem(s) of the young plant increase in length by cell division
and internode elongation from the first stem node upwards. The second and subsequent
leaves (Figure 5) are trifoliolate/multifoliolate and develop alternately at each stem node as
growth continues. Once the first true trifoliolate leaf develops, further growth and
development is best described by the number of trifoliolate/multifoliolate leaves that
develop on the main shoot as the plant continues to grow. Any axillary buds in axils of
leaves can develop new stem tissue and generally do in less competitive conditions.

Figure 5. First-year vegetative growth and development
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Alfalfa First-Year Vegetative Development

Growth and development of new shoots from axillary buds gives the young plant a

branched appearance, especially if light is adequate and the stand is not too thick.

Vigorously growing alfalfa plants quite often have three and sometimes four secondary

shoots in addition to the primary or central stem, which forms the characteristic first-year
\:



crown (Figure 6). The branches from the unifoliolate leaf bud appears first, followed by
branches from the cotyledonary and first trifoliolate leaf buds. Fewer branches may form
the crown with late seedings, under severe companion crop competition, or with high
seeding rates. Under these conditions the cotyledonary, unifoliolate, and first trifoliolate
leaf buds may remain dormant or may give rise to a branch rhizome or underground stem in
the fall.

Figure 6. Crown development showing contractile growth
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The young alfalfa plant, at about 8 to 10 weeks of age, undergoes a growth phase known as
contractile growth (Figure 6). This process in alfalfa and sweetclover involves a change in
the shape of cells in the hypocotyl or seedling axis below the cotyledons and upper portion
of the primary root from long and narrow to short and wide as a result of carbohydrate or
food storage. This shift pulls the lower stem nodes beneath the soil surface. Most winter
hardy alfalfa varieties have several nodes pulled well below the soil surface (1 to 3 inches)
in the seeding year. Contractile growth greatly aids winter survival of alfalfa by providing
soil insulation for the perennial over-wintering crown structures.

Crown Development

The lower internodes or nodes of the primary or secondary stems may produce adventitious
or crown buds. Crown buds or dominant axillary buds produce the vegetative regrowth
following harvest the seedling year, or these buds may give rise to branch rhizomes in the
fall. The branch rhizome is the structure from which new growth will initiate in the spring
unless winter injury occurs. The branch rhizome must be developed adequately in the fall
by the first killing frost or the seeding will fail, even under the most ideal growing
conditions. In most years, alfalfa seeded later than about August 15 under good moisture
(irrigation) conditions in North Dakota will not have adequate time to initiate branch
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rhizomes before the first killing frost. A dryland seeding after the first week of August is
not recommended because of the increased risk of stand loss.

A crown of a perennial can be described best as the young overwintering stem tissue. The
crown in the fall of the first year may be as small as the lower portion of the main stem and
dormant cotyledonary node buds, or as large as the lower portion of the main stem (i.e.,
colytedonary, unifoliolate, and first trifoliolate leaf nodes), the secondary stems from these
nodes, and the branch rhizomes that develop. Spring growth will occur from the
rudimentary leaves on the branch rhizome if winter injury hasn't "burnt™ them off. If winter
injury has occurred, spring growth will initiate from adventitious buds on the branch
rhizome or from a dormant crown bud. But, spring growth is much slower in this case. All
subsequent growth in the first-harvest year occurs from adventitious or dormant crown
buds.

The crown of the alfalfa plant increases in size during the second year. Branch rhizomes
develop on last year's branch rhizome. These grow outward and upward increasing the
circumference of the plant. After two to four years, the typical multibranched crown of
alfalfa develops (Figure 7).

Figure 7. Fully developed alfalfa crown

Alfalfa Wintering Structures

The crown and associated root tissue are the storage center for carbohydrates (food)
produced through the process of photosynthesis. The carbohydrates are used to develop
cold resistance or winter hardiness, for plant respiration during winter, and to provide the
energy source for the initiation of the new growth in the spring and following each harvest.
First-year management influences subsequent growth. Alfalfa management is discussed in
R-571, Alfalfa Management in North Dakota.
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Nutrient Deficiences in Alfalfa for Forage
April 2008

Nutrient Deficiencies in Alfalfa

All plants require a number of macronutrients (nutrients required in relatively large amounts)
and micronutrients (nutrients required in small or trace amounts) to survive and provide
adequate production. Examples of macronutrients include nitrogen (N), phosphorous (P),
potassium (K), and sulfur (S). Examples of micronutrients include calcium (Ca), magnesium
(Mn), and iron (Fe). Plants need a balance of these nutrients for optimum growth. Often
nutrient deficiency symptoms are confused with those of diseases. Visual identification of
nutrient deficiencies symptoms can be verified by using tissue analysis combined with soil
testing. Illustrated below are common nutrient deficiencies observed in alfalfa grown in
Saskatchewan.

Nitrogen deficiency can occur on poorly nodulated alfalfa, older stands, or on soils very low in
nitrogen. Symptoms include yellowing of leaves, usually occurring in the oldest leaves initially
and eventually spreading to younger growth. Diseased leaves eventually drop. Nitrogen
deficiency also causes reduced branching and stunted growth.
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Phosphorus deficient plants are stunted and unthrifty. Purple colouration of leaves and

stems may develop as the severity of the deficiency increases. Root development is impeded
and they develop a light brown colour. Growth is abnormally stiff and upright. Yellowing
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Potassium deficiencies are not common in Saskatchewan, but can occur on grey-wooded

and light textured soils. Potassium deficient alfalfa develops small white spots on the older

leaves, often on leaf margins. Leaf tissue between the spots yellows and dies. Often

symptoms are more pronounced on regrowth after first or second cutting. Potassium deficient
plants are more susceptible to winter injury.
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Sulfur deficiencies in Saskatchewan usually occur on coarse-textured or peaty soils, but are becoming
more common on other soil types, so it is good management to check the sulfur status of alfalfa fields
regardless of the soil type. Symptoms of sulfur deficiency include stunting of plants and yellowing of
youngest Ieaves and veins A

Stunting and yellowing of new growth caused by sulfur deficency. Photo courtesy of Montana State
University.
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Copper This micronutrient is most often deficient on sandy, grey-wooded or peat soils.
Symptoms of copper deficiency include wilting and downward curling of the youngest
leaves, faded gray-green coloured foliage and short, bushy plants.
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courtesy of Montana State University.
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Boron Boron deficiency symptoms are similar to sulfur deficiency, with yellowing of the youngest leaves occurring
in deficient plants.
BORON Q{_OOMPLETE
DEFICIENCY "\

Boron deficient alfalfa exhibiting leaf yellowing and terminal bud damage. Photo courtesy of Montana State
University.

Other micronutrients, such as iron, manganese, and molybdenum can become
deficient in alfalfa, causing visible symptoms and yield reductions. However,
deficiencies of these elements are not common in Saskatchewan. Because some
micronutrient symptoms can easily be confused with other nutrient deficiency
symptoms, and over-application of micronutrients can create toxic levels in the soil, a
tissue test is recommended to confirm and quantify micronutrient deficiencies.
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Family - Fabaceae
Stems - No info. yet.
Lower stem.
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pper stem.
Leaves - No info. yet.
Inflorescence - No info. yet.

Flowers - No info. yet.
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Flowers close-up.
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Plate 19 WHITE OR DUTCH CLOVER (TriFolium repens

Read more: http://chestofbooks.com/flora-plants/weeds/Fodder-Pasture-Plants/\White-Clover-Trifolium-
Repens-L.html#ixzz23y2MPR39
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http://chestofbooks.com/flora-plants/weeds/Fodder-Pasture-Plants/White-Clover-Trifolium-Repens-L.html#ixzz23y2MPR39
http://chestofbooks.com/flora-plants/weeds/Fodder-Pasture-Plants/White-Clover-Trifolium-Repens-L.html#ixzz23y2MPR39
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Wlld Sorghum

Sorghum is a member of the grass family and originally a wild plant in Africa.

The evolution of sorghum under the pressures of drought and high temperatures imparted the
ability to tolerate drought, soil toxicities, and extremes of temperature more effectively to
cultivated sorghum plants than other cereals.

Varieties of sorghums are classified into 4 groups:
Y. grain sorghums

Y. grass sorghums or forage Sorghum

Y. Sweet sorghums

¢, Broomcorns

AY



Gain Sorghu

Grain sorghums are grown for the grain - round, starchy seeds used as human food or cattle
feed

fa w5
Grass Sorghu
Grass sorghums are grown for green feed (forage) and making silage or hay (dried fodder).

“Sweet Sorghum
Sweet sorghums have sweet juicy stems and are grown for making sorghum syrup. Sweet

sorghums can also be used for animal feed or for making silage.
At



Broomcorn Sorghum
Broomcorn is grown for the branches of the seed cluster, which are used to make brooms.

Germination

At optimum temperature (25 to 30 C) and moisture, the sorghum seed germinates in 3 to 5
days. When sorghum seed is sown in moist soil, the seed swells due to moisture absorption.
The seed coat breaks a small shoot (coleoptile) and a primary root (radicle) emerge. Initially the
young seedlings take nutrients from the endosperm of the seed.

Y

Stage 1 of Sorghum Germination

Seedling Development

The shoot (coleoptile) emerge from the ground and first leaf breaks through the tip. The
mesocotyle grows during this period and a node is formed at the base of the coleoptile just
below ground level. Secondary roots begin to grow from this node, 3 to 7 days after the plant
emerges from the soil. Seedlings get the nutrients through these roots.




Stage 2 of Sorghum Germination

The cultivated sorghums mature in 100 to 140 days depending on the variety. The right time to

harvest sorghum is at the physiological stage of the plants or when the seed moisture content is
below 25%.

The sorghum root system consists of 3 types of roots:
V. Primary roots
Y. Secondary or Adventitious roots
Y. Brace or Buttress roots.

Primary roots:
These roots develop from the radicle and die subsequently.
4'.'

Primary Root

Secondary or Adventitious roots:

Secondary roots of sorghum
These roots develop from the first node from the mesocotyle.

These rots occupy 5 to 15 cm area in the soil around the base of the stem.
Adventitious roots are small, uniform, and form a small portion of the root system.

=

I

Permanent adventitious
roots of sorghum

AT



Another type of permanent adventitious roots develop from the second internode and above.
These roots are branched laterally (about 1 sq.m) interlacing the soil vertically. These roots
mainly supply nutrients to the plant.

Br

7Y

oo i o
race roots of sorghum
These roots develop from the root primordia of the basal nodes above the ground level. They
are stunted, thick, and above ground level.

These roots provide anchorage to the plant.

Sorghum shoot
Sorghum shoot system consists of stem, leaves, nodes, and internodes during the vegetative
stage. Leaves nodes develop @ of one in 3 to 6 days.
The plant remains in vegetative stage for 30 to 40 days during which all leaves (12 to 18) are

formed.

Sorghum stem
The stem of sorghum consists of many alternating nodes and internodes. It ranges from slender
to very strong, 0.5 to 5 cm in diameter near the base.

The length of stem varies between 0.5 to 4 m depending on the variety.

A bud is formed at each node. At time, these buds develop tillers.

AV



Boot leaf stage
About 6 to 10 days before flowering, the boot forms a bulge in the sheath of the flag leaf
(uppermost leaf). This stage is called boot leaf stage. Sorghum usually flowers 55 to 70 days.

Panicle initiation

The flowering structure (inflorescence) in sorghum is called as panicle or head.

In cultivated sorghums, the panicle starts developing from 30 to 40 days after germination.
The tiny panicle can be observed by carefully cutting the stem of a 30 t0 40 days plant.

Flowering in sorghum
Two days after the emergence of the inflorescence from the boot, the flowers begin to open.
The flowering can be observed from the yellow pollen from the anthers on the panicle
(sorghum head). The maximum flowering takes place on 3rd or 4th day. It takes 6 days for the
whole inflorescence to complete flowering.
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Shum se ‘
The sorghum seed is called grain. The grain matures in 30 to 35 days after fertilization.
Sorghum seeds are spherical in shape but some what flat on one side. The seeds vary in color -

Physiological maturity:

Maximum total dry weight of the plant reaches at the physiological maturity. Uptake of
nutrients also mostly cease at this stage. So, if there are problems like bird damage etc. it is
advantageous to harvest the crop at this stage. As the seed moisture at this stage will be around
25 to 35%, proper drying of the seeds is important. Physiological maturity can be determined
by the dark spot on the seed. The seed on the left is physiologically mature; the one on the right
IS not.
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Spring Triticale for Silage

Spring triticale for silage is competitive with other silage options in Western
Canada and in other countries, both for quality and for yield. Under stress,
including drought and high temperatures, excess moisture, acid soils or excess
of soil nutrients, triticale will maintain its yield potential and straw strength
compared to barley or oats. Barley or oats may have less drought tolerance and
weaker straw than triticale.

Best management practices for growing and harvesting spring triticale silage are
different than for barley silage. The two crops develop very differently and have
very different straw characteristics, with triticale stems being more lodging
resistant.

When harvested after heading, spring triticale generally ranks between oats and
barley for quality. As with other cereals, earlier silage harvest (optimum soft
dough) improves quality and protein content but at the price of potential yield.
Depending on conditions, spring triticale intercropped with peas may yield as
well as triticale does by itself. However, the pea content in the silage usually
results in a significant increase in the protein content as compared to that found
when triticale is grown alone.

Winter Triticale for Silage

Fall-planted winter cereals such as triticale and rye provide a valuable source of
forage when spring grazed prior to being harvested for silage or seed. Rotating
winter cereals with barley silage crops offers breaks for disease and pest control.
When winter triticale is grown in a spring seeded inter-crop with spring oats or
barley, the silage yield may sometimes decrease. However, if the crop is left for
late summer and fall re-growth, the silage plus pasture yield usually exceeds the
yield of either mixture component grown separately. It also provides fall
grazing.

If using oat inter-cropped with spring-seeded winter triticale, the expected
forage yield performance is mixture = oat > winter mono-crop. This is especially
true when seeding early.

Triticale Silage Quality and Yield

In Alberta, overall protein expectation for protein content in annual silage crops
Yot



is described as: oats (9 percent) < barley, spring rye and triticale (10 percent) <
sunflower (12 percent) < field peas (18 percent) < fababean (20 percent +).

o Canadian feedlots occasionally report reduced intake and/or gain from triticale
silage as compared to barley. These probably relate either to change of feed, or
to samples being harvested at non-optimal stages, or to samples being
inadequately chopped or packed. Further research is needed on this topic.

o Compared to other silage, reduced intake is often reported as an issue in feeding
triticale. This does not always translate into reduced animal productivity or
quality. Improved triticale silage management and processing (a short chop
length) can reduce this problem. Varieties with rough awns should be avoided
for green-feed or haylage, or should be cut earlier before awns become hard and
thick. The winter triticale ‘Bobcat’ is the first semi-awnless variety specifically
bred to reduce this problem.

Reduced awn triticale

The reduced-awn characteristic of the winter triticale Bobcat is a very desirable trait. The lack
of awns may reduce mouth irritation and sores if the crop is harvested after the optimum
maturity date for good quality silage.

A study on barley by Karren et al (1994) advised against using rough-awned semi-dwarf barley
in cattle silage because it can cause mouth lesions if silage is harvested at mature stages or
moisture content is too low. The semi-awnless variety Bobcat was released to address any
potential problems with awns. Harvesting silage at the recommended stage will eliminate this
problem.

Reduced awns will be a feature found in future triticale varieties bred for forage use. It is
anticipated that more reduced awn spring triticale varieties will be registered in 2005.

Triticale silage yield
In Alberta trials, triticale silage productivity is usually rated as being better than barley.
Extension information from Manitoba does not support this superior rating.

In silage yield comparisons between 20 registered barley and triticale varieties and
experimental lines grown at Lacombe, Alberta between 1998-2000, researchers found that:

e The dry silage yield of triticale averaged 14,324 kg/ha (minimum 12,812 kg/ha;
maximum 16,137 kg/ha.

e This converts to 12,758 Ibs/ac (min. 11,411 Ibs/ac to max. 14,373 Ibs/ac).

e The barley silage yield averaged 13,346 kg/ha (minimum 10,903 kg/ha;
maximum 14,675 kg/ha).

e This converts to 11,887 Ibs/ac (min. 9,711 Ibs/ac to max. 13,070 Ibs/ac.
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