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Cornell Field Crops and
Soils Handbook

(second edition, 1987)

For the past 38 vears, Cornell Recon-
mends for Field Crops has provided
New York farmers with a single, eas-
ily obtained compilation of informa-
tion about producing field crops. The
new edition each year has also pre-
sented the latest recommendations
based upon Cornell’s experimental
research. This has helped producers
and business people associated with
agriculture to keep abreast of the
rapid changes in crop production
technology.

Cornell Recommends has served
its purpose well and will continue to
provide up-to-date information to
growers in the future. Because of ad-
vances in agricultural research, how-
ever, there is a need to provide more
information than can be published in
Cornell Recommends for Field Crops.
The Field Crops and Soils Handbook
was created to serve as a resource
reference and contains expanded
background information, recent re-
search findings, and the reasoning
behind the recommendations in
Cornell Recommends,

As with the earlier edition, the
Field Crops and Soils Handbook is
designed to serve as a companion
publication to Cornell Recommends.
The handbook will be revised peri-
odically, depending on the amount of
additional information that needs to
be included. Cornell Recommends
will continue to be produced each
year. We hope the two publications
will have an even larger impact on
improving New York crop-produc-
tion efficiency than what Cornell Rec-
ommends alone has had over the past
third of a century:

The following persons prepared
the various sections of the Cornell
Field Crops and Soils Handbook, sec-
ond edition, revised 1987:

G. C. Bergstrom, Department of
Plant Pathology, crop diseases.

W. J. Cox, Department of Agronomy,
corn, small grains, miscellaneous
crops, and their cultural practices.

Meteorology Staff, Department of
Agronomy, New York climate.

G. A. Ferguson, Department of
Agronomy, soil testing.

R. R. Hahn, Department of Agronomy,
weeds and weed control.

S. D. Klausner, Department of Agron-
omy, manure management.

W. D. Pardee, Department of Plant
Breeding, crop variety selection and
certified seed.

W.S. Reid, Department of Agronomy,
New York soils, soil fertility, liming
and fertilizers, soil and water man-
agement and conservation, drainage,
crop fertilization.

R. R. Seaney, Department of Agron-
omy, forage crops and cultural prac-
tices.

E. J. Shields, Department of Entomol-
0gy, crop insects.

J. K. Waldron, IPM Support Group,
Dairy/Field Crops Integrated Pest
Management Coordinator.

M. J. Wright, Department of Agron-
omy, soybean and sunflower produc-
tion.

W J. Coxand S. D. Klausner served as
editors.

Appreciation is expressed to Susan
Clark and Pamela Kline for their help
in preparing this handbook.




General Information for
Crop Production

NEW YORK STATE'S CLIMATE

AVERAGE DATES OF LAST SPRING ANDI FIRST FALL OCCURRENCE OF 32°F

Avarage datas of lagt occurrence
of 32°F In spring

€71 Before Apr. 10 [ may 10-20
{21 apr. 10-20 O may 20-30
3 Apr. 20-30 [ After May 30

4 Apr. 30-May 10

v, of Armoupheric Sclances
el of Agrovceny

Average dates of first scourrance
of 32°F in fall

L getore sept. 10 B qet. 10.20
Sept. 10-20 Oct. 20-30
[ sept. 20-30 [ oct. 30-Nov. 10
I Sept. 30-Get. 10 After Nov, 19

Apr. 30 ¢

" L Sept. 30

Div. of Avmospbecic Seiences
Exrpt. o} Ageonomy

Average dates of last occurrence of 32°F
in spring

Average dates of irst occurrence of 32°F
in fall

These two maps show the average
last date in spring and average first
date in £l on which a teraperature of
32°F ur cooler will oecur. Such fae-
tors as higher elevation, more north-
erly fatitude, and increased distance
from the Great Lakes or Atlantic
Ocean will tead w cause freezing

temperatures {32°F or cooler} o oc-
cur larer in the spring and earlier in
the fall.

Topography and terrain features
have an important infleence on the
accurrence of freeve temperatures
in the spring and fall. Changes in de-
gree and aspect (direction) of sfope

as well as in elevation can cause sig-
aificant differences in temperature
conditions within a refatively short
distance. Caution, therefore, should
he exercised in using these muaps in
areas of hilly terrain, such as the
Southern Tier, the Cawskill Region,
and the Northern Plareau.

GENERAL INFORMATION
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AVERAGE LENGTH (DAYS) OF THE FREEZE-FREE SEASON

Fewer than 110
110-130
130-150

Div. of Atmospheric Sciences
Dept. of Agronomy

~1170-190
1 190-210
More than 210

R SN S

Average length {days) freeze-free season

The map depicts the average number
of consecutive days during which the
temperature continues warmer than
A2°E The frost-free season for the
production of crops thus extends
from the average date of the fast
spring freeze to the average date of
the first fal freeze. Near Lake On-
tario, for example, the kst spring
freeze pccurs on the average abour
April 30, and the first fall freeze,
around October 20. This results ina
frost-free season with an average
length of about T70 davs. This section
woulkd be considered 1o be a reason-
ably safe one for the production of a
crop that matures in less than 170
days; but on the other hand, it might

be regarded as too risky for the grow-
ing of another kind of crop that re-
quires 200 frost-free days for
maturity

Because topography, terrain fea-
tures, and elevation are important
factors in the occurrence of freezing
temperatures, caution is recom-
mended in the use of this map in hilly
areas of New York Suee. Higher ¢le-
vaiions, northerly facing slopes, deep
valleys, and areas of poor air drain.
age are subiect 1o late spring and
early fall frosts and, hence, will have
a shorter freeze-free season.



AVERAGE, TOTAL PRECIPITATION—MAY TO SEPTEMBER

[ Less than 16"
16" to 18"
18" to 20"
More than 20"

Div. of Atmespheric Sciences
Dept. of Agronomy

General Information 7

Average totad precipitation (inches)
May-September

The average total precipitation
(inches) for the period of May 1
through Seprember 30 is presented
in this map.

For the principal farming areas of
New York State the wotal May—-Sep-
tember rainfali varies on the average
from about 14 inches near Lake On-
eario up to slightly more than 20
inches in the lower Hudson River
valley.

in any given year the toral May-
September precipitation may de-
viate by as much as several inches et
ther above or below the average
value shown on the map. Much of
New York's warm season rainfall is
produced by intermittent or rela-

tively brief showers and thunder.
showers. In occasional years south-
eastern parts of the state are exposed
o very heavy rainfall from off-shore
hurricanes and tropical storms in late
surpmer or early autuma.

Localized showers and thunder-
storms often produce rather wide
differences in amounts of precipita-
tion within areas the size of one or
bW counties. In any given growing
season there may be rather consid-
erable differences among regions of
the state {6 the total May-September
rainfatl.
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ACCIHMULATIVE GROWING DEGREE DAYS

Biv. of Atmospheric Beimncas
Dept, of Agronomy

Accumulative growing degree days
freezedree season, base SG°F Growing
degree days relate plant growth to air
temperature, This map is for use with
warm season crops such as corn and
soybeans,

The use of growing degree days is 4
means by which plant growth can be
related to air temperature, In general
the rate of plant growth increases as
seasonal temperatures increase or
Warm.

On each day of the growing season
the air temperature normally in-
creages during the davlight hours to
a maximum in the afternoon and
cools during the night hours 10 a
minimum value near sunrise. For
each 24-hour day, there is & maxi-
mum (high) and a minimum (low)
temperature. The arithmetical aver-
age of these two vajues is designated
as the mean remperature for the day,
or the daily mean temperature.

it has been observed that so-calied
cool-season crops grow when the
daily mean temperature in the spring
has warmed to 2 level of 40° EOn the
other hand, warm-season Crops,
such as corn and soybeans, requirea
daily mean temperature of at least
50° F before growth will occur Such
temperature levels are referred 0 as
3 base or threshold semperature,

The concept of the growing de-
gree day involves determination of
the number of degrees ¥ by which
the daily mean temperatures on a
given day exceeds an appropriage
base temperature. Each degreein ex-
cess is called a growing degree day,
The greater the daily excess, or num-
ber of growing degree days, the



warmer was the day's weather; and
presumably, the greater was the rae
of crop growth, The growing degree
days are determined in this manner
for cach day and accamulated from
the beginning to the conclusion of
the growing period of a given crop.
The result is the accumuiative grow-
ing degree days for a specific grow.
ing season., Such data for a Jarge num-
ber of growing seasons are
summarized to obtain the average ac-
cumulative growing degree days that
may be expected.

Ia New York Siate growing degree
days have been applied mostly to the
production of warm-season crops,
such as corn and soybeans, Hence, a
daily mean temperature of 50° F is
used as the base for calculating the
daily quota of growing degree days.
The calculation is made as follows:
First, note the maximum (high} and
minimum {low) temperatures for the
24-hour calendar day; then average
the two sumbers to obtain the daily
mean emperature. For instance, a2
maximuem of 80° Fand a minimum of
62° ¥ would vield an average (daily
mean) temperature of 71° E Finally,
subtract the base temperature of 50°
F 1o get an excess of 21 degrees, or 21
growing degree days for thac day

{Daily max, temp. {°F} +
Daily min. temp. (°F)]
2

- 50

= Phaily growing degree days
(GDD),

The temperature extremes (high
and low) are recorded for each day of
the growing season from the initial
date after the last 32° in the spring 1o
the date before the first 32° in the fail.
By adding together the growing de-
gree days for each day in this period

the accumuiative, or toral, for the
frost-free growing season is ob-
mined. On days when the daily mean
emperature is S0° F or colder, there
is no excess of degrees, and the num-
ber of growing degree days s taken
45 ZBTO OF NONE.

The average accumulative growing
degree days, determined in this
manner for a base temperagure of 50°
£ are shown on the map. A similar
procedure is followed for calculating
and mapping growing degree days
when & base iemperature of 40° F (or
any other hase emperature) is
adopred.

The midwestern states, embracing
the Corn Belt, have adopted a siightly
different procedure for calculniing
growing degree days on a daily basis.
This procedure considers the fact
that plants develop, grow, and pro-
duce best within a certain range of
remperature. For corn the range i8
apparently from 50° 10 86° E Each de-
gree of temperature within this
range is assumed to contribute to
crop development in the amount of |
growing degree day

In this so-called Corn Beli method,
the daily maximum and minimum
temperatures are averaged and the
buse temperature of 56° F subtracted
to obtain the daily growing degree
days, the same procedure as that
used in the method for New York
State. The difference, however, is that
the Corn Belt method mathemati-
cally courts any datly minimum tem-
perature below S0° F as equal 1 50°
and any daily maximum temperature
greater than 86° F as equal to 86°.
Thus, a daily minimum of 42° § for
exzmple, is transposed to the for-
muig as 50°, and 4 maximum temper-
amure of 90° F is transposed as 80

To Farther iliustrate, let us com-
pare the daily growing degree days
ohtained from a daify set of tempera-
ture extremes hy {13 the Corn Belt
method and (2) the straight average

Gevent] Informaton 8

method used in New York State. We
assume 2 daily minimum tempera-
ture of 40° and a daily maximum of
70° The laster method uses a straight
arithmetical average of 59, subtracts
the base of 54, and gives 5 growing
degree days for the day in question,
In the Corn Belt method, the 40 min-
imum is immediaely rransposed ioa
value of 5¢; then the arithmetical av-
erage is determined 10 be 60° {70°
plus 50° divided by 2); and finaily the
subtraction of the 50° base wempera-
ture viekds 1 growing degree days,
or 5 more than obtained by the other
method for the same day As this ex-
ample illustrates, computation by the
Corn Belt method witl normatiy vield
not only a greater daily total {from
the same wemperature data) but also
a greater accumulative wial of grow-
ing degree days on a seasonal basis
in New York,

The foregoing discussion may help
to explain why a certain corn hybrid
from an agronomist in the Corn Beklt
may be listed 45 having a growing de-
gree day rating of say 3000, whereas
the very same corn hybrid is cited by
a New York State agronomist as hav-
ing a raring of 2700, The reason for
the discrepancy is that the growing
degree day total has been deter-
mined by two different methods,
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5018 AND SOIL MANAGEMENT GROUPS OF NEW YORK

GROUP | SOILS

Fine-textured soils developed from
clayvey lake sediments. Examples:
Vergennes, Kingsbury, Livingston,

Medium- to firpdexiured soils devel
oped from lake sediments. Examples:
Hudson, Odessa. Rhinebeck. and
Schoharie

GROUP IT SOILS

Medium- io fine-texiured soils devel-

oped from galcareous glacial till. Ex-
amples, Cazenavia, Hilton, Hongoye,
Lima, Ontario.

Medium- io moderately fine texiured
s0ifs deveioped from slightly calcae-
eous glacial il mixed with shale. Ex-
amples: Burdett, Conesus, Darien,
Manbeim, Mohawk, and Nunda,

Medium-textured soils deveioped in
recent alluvium. Examples: Chagrin,
Test, anct Waytand.

GROUP I SOILS

Moderately coarse textured soils de-
veloped from recent alluvium, Exam-
ples: Barbour, Chenango, Moward,
Tiega, ang Tunkhannock.

Madiuem-textured acid soifs usually
with fragipans developed on glacial
Hil. Examples: Carnroden, Erie, Lang-
ford, Lordstown, Marcy, Mardin,
{quaga, Valols, and Volusia,

GROUP iV 80O1LS

Coarse- to medium-textured soils
formed from glacial i or glackat out-
wash, bxamples: Broadsibin, Bom-
bay, Copake, Grenville, Hoosic, Ma-
crid, Moira, Parishville, Sodus, and
Worth.

GROUP V SOILS

Coarse- 1o vary coarse ledired soils
formed from gravelly or sandy glacial
cutwashof gtacial lake beach ridges
or doltas. Exarnples: Alton, Colonie,
Colosse, Coiton, Juniug, Swanton, and
Windsor.

OTHER ARFAS
. Crganic o rmuck lands.

Urban areas, Adirontack Mountams,
Tug HHE, and primarty rock land,

SCALE
10 0 10 20 30 40 MILES
—r—r 14

Five soll managemen: groups are
presently being used for fertility and
management recommendations in
New York. The five groups are classi-
fied according to the texture of the
surface and the subsoil. The groups
are then subdivided on the basis of
the parent material. See the map for
the general locations of the groups.

Soil Management Group |
The soils of management group Lare
medium- to fine-textured and were
developed from lake sediments,
They are heavy-textured, generally
wet soils formed from lake or marine
sediments deposited in glacial fakes.
They are characterized by a very
stowly permeable subsurface of silty
clavto clay This group is divided into
two subgroups:

Subgroup IA. Fine-textured soils
developed from clayey lake sedi.
merts. These are the heavy, generally




p—l

wet soils formed from lake or marine
sediments with silty clay loam to clay
surfaces over heavier silty clay to clay
subsoils. They contain little or no
sand or gravel. The slope is generally
level or nearly level, and the topogra-
phy is level to undulating. The very
slowly permeable profile and nearly
level slopes make soil drainage and
water management difficult, but very
important. Land smoothing and open
ditches with good outlets are recom-
mended. Rotations containing sod
crops, cultural practices such as fall
plowing, the incorporation of organic

The soil pH ranges from 5.4 to 7.0;
thus lime may or may not be needed.
If the pH is low, large quantities of
lime are required.

Magnesium on these soils is usu-
ally adequate to high.

The organic matter contents are
generally high, but the release of ni-
trogen is slow, especially in the
spring because of the cold, wet na-
ture of these soils.

The nitrogen-supplying power of
these soils usually exceeds 80
pounds per acre per year. The effi-
ciency of applied nitrogen is often

New York's variable topography and nu-
merous soil types call for specific man-
agement to fit each field.

residues, and timely fitting opera-
tions at proper moisture conditions
should be used to maintain good soil
tilth and to obtain near-optimum
crop yields.

The water-holding capacity of
these soils is high; but because of
limited rooting in the clayey sub-
soils, crops suffer from drought
more frequently than when grown
on group I or I soils.

low, especially if applied preplant.
These heavy-textured soils are often
waterlogged, and the nitrogen is lost
by denitrification. Side-dressing the
nitrogen increases the efficiency of
the applied nitrogen.

Phosphorus is usually low, and the
placement of phosphorus in the band
near the seed at planting is critical.
The heavy soil texture and wet and
cold spring conditions slow root
growth. Thus the roots cannot ex-
tract nutrients from a large volume of
soil. This reduces phosphorus up-
take and increases the probability of
a response from phosphorus placed
in the fertilizer band.

General Information 11

The potassium-supplying power is
high, but restricted root growth de-
creases the ability of the plant to ex-
tract the potassium; therefore, some
potassium-containing fertilizers are
needed.

The corn yields of this subgroup
are generally below 100 bushels per
acre (17 tons per acre of silage), ex-
cept for the moderately well drained
Vergennes and Wilpoint soils. The
yield potential for perennial forages
ranges from 2.5 to 4.5 tons per acre.
Birdsfoot trefoil and grass are usually
the mostappropriate species to grow.

Examples of group IA clayey soils
are the moderately well drained Ver-
gennes, the somewhat poorly
drained Kingsbury, and the poorly
drained Livingston soils. Large
acreages of group IA soils occur in
northern New York with limited
acres (not shown on map) in eastern
New York and the Hudson Valley.

Subgroup IB. Medium- to fine-
textured soils developed from lake
sediments. These soils are formed
from glacial lake or marine deposits
and have a permeable, very fine
sandy loam, silt loam, or silty clay
loam surface over a more slowly
permeable, heavier silty clay loam to
clay subsurface. They differ from
subgroup IA because of the more
sandy surface and usually a more
permeable subsoil. They generally
occur on nearly level to gently slop-
ing or rolling landscapes of the lower
elevations near the lakes and along
the Hudson River. The more rolling
landscape makes surface water con-
trol and drainage easier than on the
nearly level areas, but it increases the
erosion hazard. Water and erosion
control are important in managing
these soils for crop production.

The pH of these soils ranges from
5.2 10 74, but most often the pH is 5.8
or above. Most subgroup IB soils
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need some lime for alfalfa produc-
tion. The magnesium supply is usu-
ally adequate.

The organic matter content is gen-
erally medium, and the nitrogen re-
lease is good on the well-drained to
moderately well drained soils. The
nitrogen-supplying power generally

exceeds 80 pounds per acre per year,
but nitrogen loss is a problem as with
the subgroup IA soils.

Original phosphorus levels are
low, but the addition of fertilizer
phosphorus to cultivated areas has
increased phosphorus contents to
high levels. Band placement of phos-

The silty clay loam soils such as Rhinebeck of group IB often need surface water con-
trol to improve the crop production potential,

07 Al By
j LA
;if .4‘“\39{ A
N PLLMERA

Typical landscape cross section of Honeoye —Lima soil association (group 11A)
formed on gently sloping or rolling high-lime glacial till.

phorus is important for establish-
ment of all crops.

The potash-supplying power is
high, but continuous cropping with-
out adequate fertilizer can reduce
the potassium levels.

The vield potentials for these soils
vary from 75 to 120 bushels of corn
per acre (13 to 20 tons of silage) de-
pending on the soil drainage. The
potential yields of perennial forage
range from 2.5 to 5.5 tons per acre,
but only the well-drained and mod-
erately well drained soils are suited
for alfalfa production.

The Hudson, Odessa, and Scho-
harie series are examples of the well-
drained and moderately well drained
soils of the subgroup IB. Other ex-
amples are the somewhat poorly and
poorly drained Caneadea, Canadice,
and Rhinebeck soils and the very
poorly drained Lakemont soils.

Soil Management Group Il
The soils of group Il are medium-
textured to moderately fine textured
soils developed from calcareous gla-
cial till, calcareous glacial till mixed
with shale, or recent alluvium. There
are three subgroups, separated ac-
cording to the parent material. The
yield potentials of these soils vary
from 75 to 150 bushels per acre of
corn (13 to 26 tons per acre of corn
silage)and from 2.5 to 6 tons per acre
of forage, depending primarily upon
the soil drainage characteristics.
Subgroup IA. Medium- to fine-
textured soils developed from calcar-
eous glacial till. These soils are
found in areas of undulating to gently
rolling topography in the central
plains of New York. They are formed
from strongly calcareous glacial till.
The soil profile is slightly acid to
slightly alkaline in the surface and
slightly alkaline or strongly alkaline
in the subsoil.




The surface texture may be a very
fine sandy loam, loam, or silt loam
with silt loam to silty clay loam sub-
soils. The water-holding capacity of
these soils is high. Lime is usually not
required, but surface soil pH's are
occasionally low. The nitrogen and
potassium supplies are generally
high, but the native phosphorus sup-
ply is low. Additions of fertilizer phos-
phorus have increased the phospho-
rus content to high levels in some
soils.

Soil water management is a prob-
lem on most of these soils. Erosion
control and adequate soil drainage
are critical problems. Subsurface
drainage is effective in removing ex-
cess soil water. Strip-cropping, diver-
sion ditches, sod waterways, and
subdrain outlet terraces have suc-
cessfully provided both erosion con-
trol and drainage. Once the water
management problems have been
solved, these are among the most
productive soils of the state.

Some examples are the well-
drained to moderately well drained
Cazenovia, Hilton, Honeoye, Lima,
and Ontario series; the somewhat
poorly drained Appleton, Kendaia,
and Ovid series; and the poorly
drained Lyons and Romulus series.

Subgroup IB. Medium-textured
to moderately fine textured soils de-
veloped from slightly calcareous gla-
cial till mixed with shale. These soils
generally have a very fine sandy loam
or silt loam surface over a heavy silt
loam or silty clay loam subsurface.
These soils occur on nearly level or
slightly undulating to rolling land-
scapes and are generally located in
the transition zone to the higher lime
soils. The sloping landscapes often
show signs of erosion, and erosion
control practices are generally nec-
essary. On the more level or concave
topography and finer-textured soils,
drainage is a problem.

The better-drained soils of this
group are well suited for the produc-

* tion of almost all field crops and veg-

etables. Almost all soils of this group
require lime for legumes, and many
must be limed for optimum produc-
tion of other field crops. In general,
the organic matter and nitrogen in
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level, first bottomlands and are sub-
ject to spring floods. The better-
drained soils are intensively used
and highly productive for a wide va-
riety of crops. They have a water-
holding capacity of 5 to 9 inches of
available water. These are among the
most fertile soils in New York. Crops

Typical drumlin landscape of the Ontario—Hilton soil association (group I1A). This
landscape scene shows soils ranging from the well-drained Ontario in the area con-
taining the strip crops on the drumlin to the very black organic soils formed in the
very poorly drained lowland area between drumlins,

these soils are medium. The original
phosphorus supply was low, but
phosphorus additions have increased
itto high levels in some soils. The po-
tassium supply in these soils is high.

Some examples are the well-
drained to moderately well drained
Conesus, Lansing, Mohawk, and
Nunda series. The somewhat poorly
or poorly drained members include
the generally finer textured Burdett,
Darien, Kendaia, and Manheim se-
ries.

Subgroup IIC. Medium-textured
soils developed in recent alluvium.
These soils have developed on nearly

grown on these soils respond to
practices that improve soil tilth and
minimize soil compaction. Examples
are the well-drained Hamblin or
Genesee, moderately well drained
Teel, and somewhat poorly drained
Wayland.

Soil Management Group lll

Soil management group 111 has two
subdivisions. They are similar in
most of their management require-
ments, but can differ in parent mate-
rial, slope, tillage, and erosion con-
trol practices. The soil management
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Hill—valley landscape cross section of the southern ter with the low-lime Langford—
Erie soii association {grovp B} and the Howard - Phelps outwash soils {group

HIA)

group I soils are medium in potas-
stium-supplying power and are a me-
dium-textured siit loam in both the
surface and the subsoil {see map and
key for general locations).

Subgroup IHA. Moderately
coarse textured soil developed from
the recentt alluritem. These soils gen-
erally have a sandy loam, gravelly
loam, oy gravelly silt loam surface
and gravelly loam, loam, sand, or
gravel subsurfaces. They occur on
gravelly outwash plains in the valleys
or on glacial kames or eskers. The
majority are level 10 nearly level and
are well sulted 0 a variety of crops.
Erosion and soil structure are gener-
ally not problems. These soils con-
tain about 4 to 7 inches of available
water in the soil profile. Irrigation
may be required for vegetable pro-
duction or during dry vears for field
CrOps.

The soils located near the high-
itme glacial tills are usually higher in
pH than the soils in the southern part
of the state, but lime must be added
10 most of these soils for optimum

crop production. Nitrogen, phospho-
rus, and potassium are needed un-
der intensive cropping. Yield poten-
tials for this group are very high with
corn yields generally between 10
and 130 bushels per acre on the well-
drained and moderarely well drained
areas. Perenmnial forage yields range
from 2.5 t0 5.8 tons per acre depend-
ing on soil drainage.

Examples are the well-drained to
moderately well drained Barbour,
Braceville, Chenango, Howard, Kars,
Palmyrz, Pheips, and Tioga serles.
The somewhat poorly drained soils
include the Fredon, Holly, and Red
Hook series.

Subgroup 1IIB. Medium-tex-
tured acid soils with fragipans devel-
aped on glacial Bl These soils con-
ain shale, sandswone, slate, or schisg-
type rocks with listle or no lime. They
have a silt loam surface and a more
dense or compacted silt loam subsoil
with fragipan or hardpan at various
depths below the surface. The depth
to the fragipan determines the
soil drainage characteristicg—the

deeper the pan, the better drained
the soil. The entire profife conmins
few to manv angular and {or) flat
stones of various sizes.

The well-drained and moderaely
well drained soils usually contain 4
te 7 inches of available water; the
somewhat poorly drained sobls con-
tain 3 10 4 Inches. Erosion is a prob-
lem on all soils within this group.
These sioping soils must be pro-
tected 1o reduce erasion by using
combinations of cover Crops, strip-
croppiag, crop rotations, and diver-
sion ditches.

The pattern of soils within a feld is
usually complex because of the vari-
able slopes. Most Belds will contain
two or more soils with different
drainage characteristics; that is, the
majority of a field may be moderately
wett drained soii such a5 Mardin, but
in the low places a poorly drained
50il such as Chippews will occur.
This type of soil pattern requires di-
version terraces to intercept runoff
from higher elevations and random
suhdrainage to eliminate wet $pots.
Such practices permit more g#mely,
efficient farm operations.

Yield potentials for the subgroup
HIB soils are generally lower than for
subgroup 1A because water is often
aproblem.

The well-drained and moderaely
well drained soils generalivoccuron
the convex slopes near the top of the
hiils, on the knoils, or on sloping
greas where there is no water seep-
age, These include the Mardin, Va-
iois, Langford, and Tunkhannock
soils, The well-drained Lordstown
and Oquaga soils occur on steeper
slopes and are shabiow 16 bedrock.
The somewhat poorly and poorly
drained soils such as Camroden, El-
lery, Erig, Marcy, Morris, and Volusia
occur on the longer slopes of the hill-
sides, on concave slopes, and near
the bases of hills where waier 1ends
to coliect or seep from above,



Soil Management Group IV
There is no subdivision of the soil
management group IV. The soil man-
agement group IV soils are low in po-
tassium-supplying power, and are
coarse-textured to moderately
coarse textured soils (see map and
key for general locations).

Coarse- o medium-textured soils
Jormed from glacial till or glacial
outwash. The soil texture is sandy
loam or silt loam in the surface, with
or without gravel. The subsurface
ranges from gravelly loams to clays.
The slopes vary from level to strongly
undulating. The somewhat poorly to
poorly drained soils of this group
can usually be drained effectively
with widely spaced tile lines.

These soil profiles usually have an
available water capacity of 3 to 5
inches. Crops grown on these soils
suffer from insufficient water during
extended dry periods, especially if
the water table is more than 2 to 3 feet
in depth.

The soil tilth is excellent, and the
soils can be worked over a wide
range of moisture conditions without
injury. Erosion from wind and water
may be a problem in some areas.

Most of these soils require regular
additions of lime for crop growth.
Crops respond well to fertilizers
when moisture is adequate.

Examples of the well-drained to
moderately well drained soils of this
group are Bombay, Broadalbin, Co-
pake, Empeyville, Gloucester, Gren-
ville, Hogansburg, Hoosic, Ira, Ma-
drid, Moira, Parishville, Sodus, and
Worth.

Some somewhat poorly to poorly
drained examples are Brayton, Fre-
don, Massena, Scriba, and Westbury.

Soil Management Group V

Coarse-textured to very codrse tex-
tured soils formed from gravelly or
sandy glacial outwash or glacial
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Typical hill-valley landscape of the southern tier showing the outwash soils (group
HIA) in the valley and the low-lime glacial till soils (group 1IB), many containing
fragipans on the hillsides.

Sandy soils (group V) on old beach ridges, sand dunes, and the like occur around the
edges of old glacial lakes. These soils have a very low native-fertility status and very
low water-holding capacities.
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lake beach ridyes or deltas. The par-
ent material for these soils has been
reworked by wind or water either as
glacial ourwash or by wave action
from the glacial kakes, removing al-
most all the silt and clay and leaving
usually deep deposits of sand and
{or) gravel. The solls that form have
coarse textures usually with Hiade or-
ganic maiter. The topography is
nearly level to undulating,

Most of these solls are excessively
drained. The avatlable water capacity
is very low, 2 to 3 inches. Supplemen-
tal irrkgation is essentigl for consist-
ent crop production. The tilth of
these soils is generally good 10 loose.
They can be worked ar almost any
time following 2 rain and are com-
monly used for producing fresh mar-
ket vegetable crops.

They require smail, but regular,
additions of lime. The fertility needs
are great. The soils usually supply
less than 50 pounds per acre of avail-
able nitrogen or potassium, Leaching
of fertilizer nitrogen and potassium
is & problem, and additional fertilizers
nitragen and potash should be added
w0 the irrigated soils. The nitrogen

should be applied as sidedress appli-
cations and potassivm as spring or
summer applications to reduce
leaching losses.

Without irrigation these soils have
fow vields, generally less than 90
bushels per acre of corn and 4.5 tons
of alfalfa

Examples of the excessively
drained to well-drained soils include
alton, Colosse, Calton, Hinckley, and
Windsor,

The somewhar poorly and poorly
drained soils include Claverack, Col-
onie, Blmwood, Granby, Junius, and
Swankon.

Other Areas
1. Organdc or muck lands. Muck
fands are formed by deposits of de-
caving organic matter in bogs, They
must be drained before they can be
used for agriculture, Water manage-
ment is very important, not only for
drainage for crop production, but
also for irrigation and controt of the
rate of decay of the organic maner
Muck soils are usually high in ni-
rogen, but low in phosphorus, po-

tassium, copper, and magnesium,
The deep mucks may be very acid,
hut shallow mucks may have maril
mixed with, or very close 1o, the sur-
face. This complicates the fertility
program, especially for zinc and
MANGANESIE,

The muck soils are generally used
for the production of vegetabie
crops, but field crops are sometrimes
grown. When used for field crops,
thev should be fertilized with phos-
phoras and potassivm as indicated in
the section for soil managemem
group V; but nitrogen application
rates should be reduced 0 one-third
to one-half of the rates recom-
mended for mineral soils,

2. Nonagricultural land. These
areas incluede the urbhan arcas, lakes,
Adirondack Mountains, rock land,
and Tug Hill. A small percentage of
agricuitural lands are located within
these areas. Such lands are 100 small
and o diverse to make general rec-
ormmendations. Persons desiring in-
formation for agricuitural operations
in these areas should contact their ko-
cal Cooperative Extension or Soii
Conservation office,

SOIL CHARACTERISTICS AND
YIELDS

Field-grown crops depead upon the
soil o provide water, nutrients, and
support 10 sthe plart and to permit 2ir
to freely move to the roots. The abil-
#y to provide these plant-growth fac.
tors, along with ease of tillage, ero-
sion potential, and the land
wpography, determines a good agri-
cultural soil. Some physical proper-
ties of soils are important in deter-
mining 4 good agriceiiural soil.

Soil Brainage

The relative ahility of 2 soil 10 permit
drainage of excess water from the en-
tire sotl profile is known as soil

drainage. Soils are classified into
drainage groups by thelr moisture
status during the growing season.
The motsture status during the grow-
ing season is determined either by
ohserving the sail moeisture condi-
tions over a period of vears or by
measuring the sot depth to soil color
mottiing. Mottling is the soif color
change in response 10 s0il drainage.
Soils that are well drained have uni-
formiy bright colors such as brown,
yetlow, red, or combinations of these
colors. The surface s6ils may have
these bright colors, yet be darkencd
by organic matter. Surface and sub-
surface soils may also inherit darker
colors from gray black or black shales
present in the parent material, Uni-

form light gray colors in the profile
indicate prolonged saturation with
water, [f the surface soil is Hight gray,
water stands on or near the surface
for prolonged periods during the
summer. H there are alternating pe-
rinds when the soil is satarated and
Aot saturated with water at 4 particu-
lar depth, some of the bright brown
or yvellow colors change to gray spots
or moeitles. The depth to this color
change determines the soil drainage
group or class. The classes and some
of their characteristics are iHustraed
and described as follows:
Excessively drained. These soils
are dry after only moderate periods
of dry weather during the summer.
They are usually sandy or shaliow 10



bedrock with a low water-holding ca-
pacity (kess than 3 in, of plant-avail-
able water ). The soif colors are hrighs
throughout the profile. In New York
these soils are often used for irsi-
gated fruit and vegetable crops, es-
pecially early short-season fresh-
market vegesable crops. Corn grown
on these soils often suffers from lack
of water, and without irrigation the
crop may fail,

Well-drained soils, These soils
have the least problems associated
with wetness and dryness. The ex-
cess water drains from the profile
rapidly enough w0 prevent extended
periods of saturation. After heavy
midsummer rains the water will aot
remain on the surface of the usually
moist s0ils fonger than 3 or 2 days,
and they will remain wet for only 310
% days. Even though the excess water
drains rapidly, these soils hold suffi-
cient water for normal plant growth
during moderately dry periods. Nor-
mai rooting depth in these soils iy
bevond 24 inches. Color mottling
does not occur closer than about 24
inches (usually at least 30 in) to the
surface, The well-drained soils gen-
eratly occur on the concave land sur-
faces such as knolis, hititops, and up-
per hiflsides, but may also cocur on
level areas. These land surfaces do
not receive surface-water runoff or
subsurface water seepage from sur-
rounding areas and have sufficient
stope or sufficiently rapid soil
permeability 10 prevent surface-wa-
ter accumulation. On most farms
well-drained soils are the most val-
ued fields because they can be tilled
firstin the spring and have a high-
yield capaciry.

Moderately well drained soils.
These soils remain wet several days
longer in the spring than the well-
drained soils. After heavy midsum-
mer rains, water may remain on the
surface for 2 or more days. Likewise,
they wil remain wet for severad days.

Lang
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Configuration

Depth
Inches
i
12
24 -
36 ; ., Substratum
Wall Moderately Somewhat Pooriy
drained wel drained peorly drained
drained

The pattern of soil water dratnage affects rooting of uptand plants

Mottling of colors will occur o
within o 24 inches of the soi] sur-
fuce. Plants will not normally root
deeper than 18 10 24 inches.

The moderately well drained soils
usualy occur on areas either with
less stope for surface runoff or down
the slope from well-drained s0ils
where they receive some surface
runoff and subsurface water seep-
age. The moderately well deained
soifs usuzlly bave 2 heavier-exwred
subsurface horizon or a moderaely
dense fragipan 10 resirict water
drainage through the soil profile.
Crops such as corn that are more tol-
erarg o short periods of excess water
produce very good vields when
grown on these soils, Crops such as
alfaifa with less wilerance to excess
water, even for short periods, are
siightly 0 moderately injured when
grown op the moderately well
drained soils, and the yields or stands
are reduced.

Somewhat poorly drained soils,
Wetness is a serious problem for most
uses of these soils. They remain wet
until laze in the spring and often can-

not be titled until mid-June or early
July They remain wet fong enough to
severely damage crops afier heavy
midsummer rains. Surface water on
the somewhat poorly drained soils is
also a problem. These soils may o¢-
cur either on very flat areas where
surface drainage is slow or down the
stope where they receive the surface
water runoff from other areas. These
s0ils often: occur as small to large wet
areas within well-drained © moders
ately well drained soil areas, their
presence hindering spring plowing
operations. Many of the wetter soils
have fragipans or other dense layers,
at 12 10 18 inches below the soil sur-
face, which restrict water drainage
and root growth. Mottling of the seil
colors occurs within 8 10 18 inches of
the surface, Rooting depth is limited
1 18 inches or less; therefore, crops
may suffer not only from excess wa-
wer after heavy rains but also from
drought during moderately dry sum-
mer periods.

Poorly drained soils. Withowt ar-
tificial drainage these soils remain
wer and may have water standing on
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or near the soil surface until mid-
surnmer. They usually remain wet for
exterided periods after heavy mid-
summer rains. The usually wet soils
occur as depressions within areas of
better drained soils or as seep spots
near the base of long slopes. Large
areas of poorly drained soils are not
normally tilled without extensive ar-
tificial drainage systems. Small areas
within a better drained field are usu-
ally tiled to improve the drainage.
The color of the usually wet soils is
gray even in the soil surface, but the
surface may be very dark gray to
black because of organic matter ac-
cumulations. A dark surface with an
abrupt change to a uniformly gray
subsurface is a good indication of a
usuafly wer soil,

Very poorly drained soils. These
are the soils of swamps and marshes
that have water standing at or near
the seil surface at all times except
during very long dry periods. Except
for the muck soils, these soils are not
commonly used for agricultural pur-

poses,

Soil Texture

Soil texture refers 1o relative quanti-
ties of the individual particles of dif-
ferent sizes within the soil. The par-
ticles larger than 2 mm, rock
fragments, gravel, and stones, are not
considered in the soil wextural classi-
fication. The larger than 2-mm size
are included as modifiers wo the wex-
tural class, for example, Chenango
gravelly sttt loam. The sand fraction
is the coarsest particles considered
in soil texture. Sand can be seen with
the naked eye and feels gritty. Sand
particles will settle out of water very
rapidiy. Sift is the inermediate size of
particles. Individual Ane silt particies
cannot be seen with the anaked eve,
but can be seen with the aid of a mi-
croscope. The feel of pure siltis
smooth like cornstarch. Sils particies

100

&
& o/
é,} clay @0
40
clay loam siiigaﬂay ,\0

silt loam

> %

\ percent sand

oc,\.«
e
o
ok

5 %

\

Soif textural trizngle is used 1o determine soi textural clags from the percentages of

sand, silt, or clay inthe soil

settie out of water siowly. Clay, the
smaliest of the parricles, are w0
small to be seen even with an ordi-
nary microscope. Individual clay
particles can be obtained only by dis-
persing the clay in water because of
their tendency to stick together. Once
the clay is suspended in water, the in-
dividual clay particles will stay sus-
pended until the partickes join to-
gether o make larger particles. Then
they will settle out. The fine clay par-
ticles are responsible for muddy
ponds several days or weeks after a
rain,

Soil textural class is the range in
seil-particie-size distributions with
similar physical properties. These
are defined according o the sil tex-
taral triangle shown, The wexiurgl
chartis read by finding where two
lines represeating the percesirages
by weight of sand, silt, and/or clay in-
tersect (cross) by reading the per-
centage of sand, silt, or clay across
the triangle in the directions shown
by the arrows for each wexural com-
ponent. Notice for example that a clay

loam can have a clay content that
ranges from 27 10 40%, silt content
from 2t to 53%, and sand content
from 20 to 45%. A corresponding in-
crease in one component must result
in a decrease in one or both of the
other two components. If the soil ex-
ture is to remain a clay loam, the re-
sulting values for the other two com-
ponents must fall in the area
representing a clay loam, or the soil
rextural class must change.

In gardening discussions the most
commonly referred to soil class is
loam. As shown in the exiural trian-
gle, loam is not inthe center of the tri-
angle, as one might expect. Thus clay
has more influence on the extural
classes and soil physical properties
than does sand or silt. This is be-
cause of the very smali particle size.
The clay also contributes more to soil
properties of water-holding capacity,
cation exchange capacity, lime re-
quirement, and potassium-suppiving
power than does the silt or sand-
sized parzicies,



Organic matter conent is not con-
sidered when making a textural class
determination. The organic matter
corsent has an extremely large influ-
ence on soil tilth—the ease with
which a soil tills.

Texlare 1§ an impormant property
of soils because it influences, either
directly or indirecily, many of the
other attributes such as water-hold-
ing capacity, nutrient-holding capac-
ity (cation exchange ), organic muatter
content, and soil tilth. These attri-
butes along with climate and man-
agement determine yields.

Soil texture is among the proper-
ties needed in the soif test program
for the estimation of sotl type when
the soil name is not known, The gen-
erat textural classes used within the
soil test program are sandy, loamy,
silty, and clayey soils. These textures
can be determined in the field by
physical inspection as follows:

Sanndy soil. A sandy soil is loose
and single grained (several individ-
ual particles are not jovined together
in an aggregate}. The individual
grains can readily be seen or feli. If
squeezed in the hand when dry, it
will fall apart when the pressure is
refeased. If squeezed when moist, it
will form a fragile ball or cast that
will crumble when touched.

Loamy soil. A loamy soil has a rel-
atively even mixiure of sand, silg, and
clay. When dry, it is mellow with a
somewhat gritty feel, When moist, it
is fairly smooth and somewhar plas-
tic. I squeezed when dry, it wili form
a cast or ball that, when handied
carefully, will not break. If squeezed
when wet, the cast or ball can be han-
dled freely without breaking, but is
still easy to destrov by pressing on
the cast.

Siley soil. A silty soil has asmalt o
moderate amount of sand and clay
Most of the particles are sikt. When
dry, it may appear cloddy, but the
lumps can be readily broken. When
the lumps are pulverized, it feels soft
and floury When wet, the soil readily
runs together and puddies. If worked
when wet, these soils readily form
clods, especially if the soil is low in
organic matter. A stlty sot! ow in or-
ganic matter is often mistaken for a
clayey s0il. Either moist or dry; it will
form casts or balis that can be freely
handled without breaking. When
moistened and squeezed between
the thumb and finger, it wil not £ib-
bon, but will give a broken appear
ance,

Clayey soil. A clayey soil is very
fine rexrured and contains a large
amount of clay It usually forms hard
lumps or clods as it dries. These dry
clads are difficult 10 ¢crush, When
wet, it is plastic and usually sticky a
clayey soil is worked when wet, it
forms many clods, which are difficult
1o eliminate. Repeated disking or
harrowing usually only breaks the
clods o more smaller ones. A single
rain may or may not soften the clods.

When dry, these soils require a
large amount of tractor power o
plow. Upon drying, they often pro-
duce cracks of 2 inches or more in
width, When the moist 50il is pinched
berween the thumb and fingers, &
will form a lang, flexible ribbon.
Clayey soils are commondy found on
relatively flar o stghedy rofling wpog-
raphy in northern New York and the
Hudson Vallev. They alse may occur
in central New York, but seldom are
found in the southern ter

Soil Topography

A specific soil is usually associated
with a certain type of landscape.
Fhus, the topography, or the land-
scape, i used along with the soil
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drainage and texware within the soil
testing system 1o determine an esti-
mated s0if sype. The landscapes
given are the hilhop, hillside, valiey
floor, and the plains. These land-
scapes refer to the total fand surface
and not 1o the minor variations of a
smail wet spot or mound.

The hilltop b 10 be considered as
all of the area above the crest of the
hill. It would, in general, have a gen-
tle concave slope where water would
drain from the surface, The hiliside
would refer to the lacd surface from
the base of the hiil 10 the hill top, If
there is a small mound focated on the
side of the farger hili, it would stillbe
considerad as part of the hiliside,

The valley floor is the flatter areas
between two hills and is generally
composed of soils vastly different
from those on the hillsides or hill-
tops. in somewhat hilly areas it is
fairly easy o distinguish the valley
floor. When the valley floor is farge,
such as the Genesee Valley, one must
think about the total landscape.

The plains refersto aliareas within
the ceniral piains of New York,
whether on top of a drumiin or
mound or between the mounds, Only
areas within the central New York
areaare designated as plains, butrval-
ley fivors can occur within the plains,

Soil Water

Water is retained within the soil pore
spaces (voids between the soil parti-
cles )y with varving degrees of energy.
Shortdy after a large rain the soil is of-
ten referred to as saturted, that is, all
the pore spaces are flled with water.
Fart of this water will drain with time
from the soil through the large soi
pores that are continuous in some
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fashion through the soil profile. The
warer content of the soi after this wa-
ter has drained is called field capac-
ity

The rawe at which water ensers the
soil surface is called sod permeabil-
ity. Some of the water is held within
the soil so tightly that the plant roots
cannot remove i1 When the soil dries
10 this moisture content, the plants
wilt, This moisture content is re-
ferred o as the wilting point. Plart-
avatlable water is that wazer held by
the soil berween the wilting point
and field capacity,

The plant-gvailable water can be
expressed either as a percentage of
the dry weight of the soil or oa a vol-
wme basis such as fraction of inch of
water per inch of soil depth, inches of
water per foot of soil depth, orinches
of scil warer in the soii rooting zone.

This kind of situation can often be
avoided by installing a drainage sysem.
One incident like this can cost more in
time foss, crop loss, labor, and replace-
ment paris than the cost of a subsurface
drain, which shonid continue wo funetion,
at littke or no additiorad cost, for 40 vears
Of NOre.

Sandy soils have the lowest plant-
available water; and available water
generatly increases with soil exture
up to clay loam, then decreasesasthe

clay content is increased. The reason
for the decrease for clay soils is that
the water content of the wilting point
is usually increased more than is the
field capacity. Increasing the organic
matter content usually increases
plant-available water

The higher the soil water content,
the slower the soi will warm up in
the spring. The higher the plant-
available water content of the soil in
the rooting zone, the less likely the
crop will suffer from droughy, The
best batance between these two con
ditions is usually obtained in a well-
drained loamy soi that is high in or-
ganic matter, Under these conditions
the soii would Hkely contain 2.0-2.5
inches of water per foor of rooting
depth or approximately 4-6 inches of
plant available water in the rooting
xone.

LAND DRAINAGE
Benefits of Drainage

* Removes excess water from the
soil.

& Permits more-efficient machine
operations.

» Eraproves “earliness” of fields.

* Increases soil air supply for good
root growth.

* Increases the uprake of nuirients
by crop plants.

s Permits use of heavy harvesting
equipment.

s Promotes more-uniform ¢rops
within a field.

» Reduces root damage from soil
heaving,.

* Alows use of more-profitable
crops.

¢ Increases production ar relatively
low cost.

» Increases the farm property value,

Drainage technigues are used (o
remove excess water from the soil.

Precipitation in New York ranges
generally berween 35 and 40 inches
per year and is uniformiy distributed
among the seasons, 1o most years,
summer rainfail is about equalled by
the combined effects of evaporation
from the soil and plant use so that
SUMMET Wetness is ot & common
problem on maay soils. During the
fail, the soil is rewetted by the precip-
itation, and less evaporation and
piant use occur. During the winter,
precigitazion collects on the surface
of the wetted soil as variable amounts
of snow, In late winter and early
spring, the combined effect of mek-
ing snow and normal rainfali resulis
in an excess of water in the soil. As
the season progresses, the increas-
ing temperatures and plant growth
begin again to evaporate and extract
the soil water,

The critical tHNes 1o remOve eXcess
water from the soll are in the spring,
to facilitate tillage and planting, and
in the fall, o facilitate harvesting. In

some years drainage may remove
some excess water during the sum-
mer, and better plant growth results.
Aproperiy designed drainage svstem
removes only axcess water, which is
detrimental 1o plant growth, It will
not result i bncreased sol suscepti-
bility o drought,

Causes of Soll Wethess

There are three causes of soil wet-
ness: too much precipitation {a wet
year}; the accumulation of runcft wa-
ter in low-lying areas of the field; and
the lack of an outlet for the excess wa-
ter, due 1o ropography or internal soil
properties. Lirtle can be done about
the first cause; the second can be cor-
rected by installing cutoff ditches
{diversion ditches) to keep the run-
off from accumulating in low-lying
areas. Drainage practices can be
used to alleviate the problems
caused by topography or unfavorable
soil properties,



Drainage Systems

The most efficient and economical
way to perform land drainage is ina
systematic manner. A drainage sys-
tem requires planning. Such plan-
ning and systematic instaliation will
save time and money inthe long run,
Dirainage systems are often part of
the soil and water conservation plan
{see p. 26). Information about in-
stalling drainage systems can be ob-
tained from vour county Soil and Wa-
ter Conservation District or vour
local professional fand improvement
CONTTACIOR.

Kinds of Drainage

Sarface drainage removes surface
water. This is accomplished by dig-
ging shallow (suzrface} ditches that
carry the surface water from the field.
The soil removed to form the ditches
is used 10 fill Iow spots in the feld,
The areas between the ditches are
then smoothed to remove the re-
maining low areas where water
might accumulate. Surface drainage
is used on soils that are 100 fine w©x-
tured {“tight”") for water (¢ move
through the soif or where the avail-
able outlets are not deep enough to
use tile drainage.

Subsurface drainage (tile drain-
age) consists of placing 2 line of tile
(or plastic tubing) beneath the sur-
face. This subsurface channei is con-
structed to provide a4 continuous
grade from the upper end w the out-
let. Excess soil water seeps into the

drain and fows 1o the ouler.

Open ditches are not usually real
drainage systems. They often act only
as outlets for other types of systems.
They waste land, interfere with ma-
chinery, encourage weed growth,
and are difficult to maintain. They
are often necessary and are the most
economical way to move arge vol-
Lmes of water,

Outlet Development

Though it is commonly recognized
that surface water flows downhill
only, this fact is sometimes obscured
in drainage instatlations. To be effec-
tive, the drainage system must have
an adequate cutlet. Because 4 tile
drainage system is usually instailed
24 10 30 inches below the fand sur-
face, it must discharge into an outler
where the water level is even lower. If
the end of the tile drain is sub-
merged, it cannot function efficiently
A drainage system is never better
than ks outlet.

Crop Yields
improved soil drainage, combined
with good management, will result
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in hetter crop yields. Studies in Que-
bec indicate that tile-drained fields
are ready for spring seedhed prepa-
ragion 8 1o 21 days earlier than aon-
drained fields. Recent studies have
shown that late planting of cors can
reduce yields by 1 bushei per day and
an equivalent onnage of silage. Add-
ing 81021 daystothe growing season
can improve vields.

Asgsgistance

Information abous installing drain-
age systems can be obtained from
the jocal Soiland Water Conservation
District, Cooperative Extension of-
fice, or professionat, land-improving
contractor. Such local scurces can
provide current information about
drainage materials, systems, and
COSt,

Corn yields—Ohio

Yield
Drainage bulacre
Nondrained 82
Surface drained 81
Tite drained 104
Tie & surface drained 110
Crop yields—Miner Institute, Chazy, N.Y.
Poorly drained

Crop

Sudangrass, ib/acre, dry matter
Corn, hu/acre
Com silage, tons/acre

Well  Without tile  With tife
grained  drainage  drainage
6,400 1,400 6,700
130 55 140
24 8 22

SOIL AND WATER
MANAGEMENT

Soil Erosion

Soit erosion is the movement of soil
particles by wind, ice, water, gravigy,
or combinations of these. Most sail
erosion in New York is caused by wa-

ter falling as rain or flowing over the
land surface.

Erosion consists of three pro-
cesses: detachment, transportaiton,
and deposition. 1n a typical situation
raindrops falling on bare or thinly
vegetated soils detach soil particles
from the soil mass. These detached
soil particles are transported by wa-

ter flowing over the soil surface. As
the runoff water acowmuiates, both
the depth of flow and its speed in-
crease. As the speed and volume of
flow increase, more soil particles are
detached from the soil mass, both by
the impact of the raindrops and by
the abrasive action of the detached
particles carried in the renoff flow,
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Because the soil surface s practi-
cally never uniform in slope, the run-
off water accumutates in the refa-
tively lower areas; there the depth of
flow and its erosive action are in-
creased. This increased erosive ac-
tion detaches more soil particles, and
rills or gullies in the soif surface are
formed. The detached soil particles
are rransported by the fowing runoff
water. When the speed of the runoff
water is slowed, the eroded soil par-
ticles are deposited in helds, road-
side ditches, streams, or lakes.

Types of erosion. Raindrop ero-
sion is the detachment of soil parti-
cles by the impact of raindrops.

Sheet erosion is the uniform re-
movaf of 2 thin layer of soil particles
by raindrop impact and the flow of a
Soil erosion results i the loss of topsatl, which 5 often high in fertilitg This marerial thin sheet of water across the surface,

is H00 V&iuiibi‘ﬁ? o be used for f}]!ang rosdsicde ditches. _C(_mst:rv:mr.}n practices will help Rill erosion is the removal of soil
10 keep this Hmited resource in the crop beld, where it s most useful. .
materiat from areas of water accu-

mutation. These small channels are
visual evidence of erosion. They are
refatively shallow (less than 12 in.

Table 1. Estimated annual erosion in New York deep) and can be filled in with tillage
— implements.
Annual lotal Gully erosion. Gullies are deep
Land use Extent erosion erosion rifls— usually deeper than 12 inches.
acres onsfacre million tons  1DeY may be deep enough to inter-
fere with the use of farm machinery
VCVoodEaﬂd 17 miflion 0.4 7 Streambank erosion. Streams are
roptand, adequately treated 3 mifiion 13 4 apents of erosion. The abrasive action
Cropiand, inadequately treated 2 miittion 7.5 15 & T L
Urban 1.5 mittion 07 1 can remove large quantities of soil
Construction 50 thousand 20 1 from streambanks. This is especially
mites tonsimite  miliontons  true when the stream flow is high
and the banks are saturated with wa-
Roadbanks 154 thousand 29 5 tor
Streambarks 132 thousand 73 10 '
Source: SCS data. Erosion in New York

The Soil Conservation Service
(USDA} has published the results of
its Erosion and Sediment inventory,
which gives estimates of the erosion
problem in the state. These estimates
are shown intable 1,

An estimated 45 million tons of
soif are eroded in the state each year




About 10% of this amount (4 2 mil-
lion tons) is estimated 1o reach, and
be transported by, identifable
streams. This erosion resulss in the
loss of topsol! and plant nutrients ©
the fandowner. The deposited mate-
rial may cause additional problems
for individual landowners or for the
puhlic.

The inventory estimated that crop-
land that needs better congervation
treatment {“cropland inadeqguately
treated” in table 1) accounts for 15
mition tonswone-third OF the sl
estimated annual soil erosion.

Erosion on New York’s farms.
The fargest source of soil erosion is
cropland that needs better conserva-
tion treatment. Two million acres of
such croptand are losing an esti-
mated 7 Y2 tons of soil per acre per
year—a total of 15 million tons per
year! Adequately treated cropland
loses about 1 ¥4 wons of soil per acre
annually; pastures are estimated to
lose Jess than 1 ton per acre annually

{Can erosion be eliminated? NO!
Erosion is a aatural process and can-
not be completely eliminated. Even
woaodlands produce some erosion,
estimated to be about ¥ ton per acre
annuaily But it can be reduced. Note
{1able 1) thar adequate conservation
trearments can reduce the averape
annuai soil erosion from cropiand by
about 6 V4 tons per acre (from 7 1o
down {0 } Va4 tons per acre).

Why is soil erosion important?
Since the plowed layer of an acre of
cropland weighs 1,000 tons, it is ob-
vious that even at the rate of 7 V2 tons
per year, it would take a long time ©
erode away ai the opsoll,

But soil erosion on cropland in
New York is seldom confined 1o sheet
erosion. And if the 6 ¥4 or 7 Y2 wons
per acre come from smaller areas, it
Ay not take long to affect the pro-
ductive capacity of some part of the
field.

Soil erosion is a selective process:
the finer soil particles {silt and clay
particles) are eroded readily; the
coarser particles (sand and stones)
are less likely 1o erode. The silt aad
clay-sized particles are the ones that
usually contain plast nutrients, or-
ganic matter, and pesticides. Keeping
these particies in place on the crop-
land helps to maintain soil productiv-
ity

Eroded soif materials are eventu-
ally deposited somewhere: in the
feld, a roadside ditch, a stream, or a
lake {see illustration . 22). Though
there is no general agreement about
how gmuch of the eroded soil endsup
inastream, itis generally agreed that
reducing soi erosion from cropland
should reduce the amount of eraded
soil reaching the streams and fakes.

What is adequate conservation
treatment? As defined by the Soil
Conservation Service, cropland isad-
equately treated when the caiculared
average annual erosion rare s less
than a specified value {usually 2w 4
tons per acre, depending upon the
so0if type). Adequate tregtment may
consist of changed management
practices, the instaliation of conser-
vation devices, or hoth. Information
and assistance in planning can be 0b-
tained from your county Soii and Wa-
ter COnservaion DIsIrict

Conservation Practices

Soil conservation practices are de-
signed (a4} to protect the soil surface
from the erosive force of raindrops,
{ b} 1o slow down the rate of runoff,
(cy 1o grow crops that hold the soil
particles in place, and (&) to provide
areas where eroded particles can be
deposited.

Surface protection. 7o protecl
the soil from raindrop impact, clase
growing crops {small grain or hay)
should be grown. The dense canopy
of vegetation protects the soif surface
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from raindrops; the dense growth of
roots holds soif particles against ero-
sive forces. Sod crops also improve
soil structure,

Soil fertility. Proper soil fertility
practices will help 1o ensure the es-
wablishment of healthy and profitable
crops, which wit also protect the soil
surface. Soll fertility information is
on pages 27 to 50,

$oil pH control. The adjustment
and maintenance of soil pH by the ad-
dition of ground limestone are im-
portant 1o the establishment and
growth of good crops and to efficient
use of fertilizer nutrients. Informa-
tion about pH control can be found
on pages 27 to 43.

Cross-slope culture. Tillage and
planting across the slope of the land
reduces runoff and erosion. Cross-
slope culture, with proper manage-
ment, has resulted in crop yields 20%
higher than those from up-and-
down-hill methods in New York.
Many felds still require the removal
of hedgerows or fences o facilitae
cross-siope culture. Water control
measures are an essential part of
such a soil management system.

Strip-cropping. I all sloping land
could be kept permanently in close-
growing crops, the rawe of soil ero-
sion could be greatly reduced, Be-
cause it is often impractical to pro-
duce only close-growing crops, a
compromise solution is the use of
strip-cropping. The alternating strips
of cultivated crop and close-growing
crop atlow the production of culti-
vated crops on sloping land; the
close-growing strips provide surface
protection, slow down any runoff wa-
ter, and filter out some of the eroded
s0i] particles.

Field strip-cropping. Paralicl, ¢ven-
width, alternate strips planted to row
crops and close-growing crops can
be instatled across the general sfope
of the fand. This Is an effective and
casily applied conservation practice,
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Contouy strip-cropping. Contoy
strips resemble freld strips, but both
the upper and lower boundaries of
each strip are kept on the contour
They are hest adapted o smooth, sin-
ale slopes, which allow the strips 1o
be uniform in width.

Graded strips are designed with o
9 or 2% slope. They are often used
on stoping soils that are moderasely
o somewhat poorly drained. Graded
strips are often used with diversion
rerraces 1o provide erosion control
and safe removal of excess watet

Crop rotations. A planned se.
quence of crops provides several ad-
vantages: itpermits the development
of a long-term pesticide plan; it re-
sults in improved soil structure; and
it mav lessen the need for some pes-
ticides. A planned program of pest-
cide application is important with
some of the residual-acting herbi-
cides. The production of sod crops in
a planned rotation will improve soil
structure and result in reduced run-
off and erosion and improved soil
tilth for growing other crops. Rota-
tions commonly consist of cora,
small grains, and hay and must be
planned to meet vour production
goals,

Cover crops. After a culiivated
crop is harvested, a cover crop ¢an
be pianted 0 protect the soil from
erosion during the nongrowing ses-
500 A cover crop can also provide
some organic matter when it ks incor-
porated into the soil in preparation
for the succeeding crop.

Rye¢ is often used 4s a cover crop
and would be especially beipful after
acrop of corn silage is removed. Rye
will continue to grow through the fall
months and thus increase the amouns
of overwinter soil protection.

_Qats can be used as a cover crop.
Beczuse oats will winter-kill, there is
nex danger that they will be wo tall 1o
handle the next spring. But a cover
crop of oats should be planted early

enough 10 adequately cover the soil
before the oats are killed by freezing,
Information on cover crop seeding is
given in table 21.

Cropland terraces are broad,
shallow channels constructed across
the slope of the Beld, They are effec-
tive on long, smooth, single slopes of
up to 8%. Cropland rerraces reduce
soit losses and conserve rainfall for
higher vields of row crops. They offer
minimal interference to farm ma-
chineryv. They can be constructed
with tile outlets and made parallel 0
reduce the problems of upeven sirip
widths and point rows in the field
Thus, a method of controfiing runoff
and erosion and of disposing of the
water without using sod waterwavs is
provided. The outlet tile can also
help to drain troublesome wet spots.

Diversion terraces. These are of-
ten called “diversion disches™ in New
York. There are about 3,000 miles of
these terraces in New York. Constrac-
tion is proceeding at about 30 miles
per year, They have a slighs grade in
the channel and can be used on
slopes up to 12%. They should be
kept in permanent grass-legume sod.
Because they often have high dikes,
deep channels, and steep cross sec-
tions, they should be located 10 mind-
mize interference with machinery
operations. Tile outlets can some-
times be used with diversion ter-
races toeliminate the usual problems
of maintaining adeguate, noneroding
outless. I several tersaces are needed
in a system, they can sometimes be
constructed parallel 1o one another
1o eliminate the problems of point
rows.

Subsurface drainage. Either ran.
dom lines or complete systems for
subsurface drainage can be installed
to increase the efficiency of crop pro-
duction. Subdrained soils ofien out-
vield adjacent nondrained soils and
can be cropped intensively Subsur-
face drainage enabies the farmer 10

keep sloping areas in long-term sod
Crops Or iR conservative crop roul-
tions.

Surface drainage or “land
smoothing” is usetul for farmers
who have nearly level, wet, fine-tex-
tured {clayey) soils, This kind of
drainage svstem involves farming
wide, smoothed ands with wide,
shallow, open ditches, it facilitates
high yvields of corn and forages on
formerly unproductive soils,

No-titl systems. Establishing
crops without plowing or otherwise
disturhing the soil susface greatbyre-
duces soil erosion on sloping soils,
Planting directly inte a killed sod or
cover Crop retains the soil protection
features of the surface cover. No-till
corn pianters can aiso be vsed in
conventional seedbeds and offer a
greuter degree of flexibility in corn
production.

Tillage Systems

Soil resource. The soil resource is
one of the most important considera-
tions in choosing a tillage svstem.
Caonventional tijlage systems may be
adapted to a wide range of soil con-
ditions. No-till systems are generally
most successful on the better.
drained, coarse- 10 medium-tex-
tured soils, Other tillage systems are
between these two extremes, de-
pending upon the amount of tillage
performed.

Soil drainage. Conventional til-
lage is adapted 10 2 wide range of
drainage conditions hecause the air
water relations are vsually improved
with tilage. No-ill systerns should
usually be restricied 1o the well-
drained and moderately wel drained
soils, Improving the drainage of im-
perfectly drained soils improves the
vields with both systems, bus is es-
sential if no-4ill systems are to be
used. The amount of improvement is
soil and slope dependent.



Fextare, Coarser soils are suited
for & diversity of tiliage methods,
whereas finer-iextured sois usually
benefit from titling and aerating the
root zone, No-sill systems are better
adapted wo the coarser-extured soils
and are well suited to the silty clay
foams to clayey soils.

Erosion, The increase in crop res-
idue on the soil surface, associated
with reducedtillage, significantly de-
creases soil erosion. Large amounts
of sot! cover, however, reduce soil
temperature and, as a result, delay
emergence and early crop growtl,
Where soil erosion is a problem, the
tillage system and other management
factors should be modified 1o reduce
ErOsion,

Topography. Conservation tillage
often improves both erosion control
and soil management of a complex wo-
pography. Care must be taken w
maintain proper seed and fertilizer
placement in a conservation-tillage
SYSIEm On a4 Compiex Wopography

Stones, No-till systems help keep
stone movement 10 the surface w a
minimum, Excessive stoniness, how-
ever, makes it more difficult to main-
sain proper seed and fertilizer place-
menz in a no-till sysiem.

Nutrients, Arcas with fow lime
and fertility levels will benefit from
conventional tillage methods that in-
corporate soil amendments. Manure
management and nutrient conserva-
tion become more difficuly as tillage
is reduced.

Equipment. Reduced tillage re-
duces the amount of equipment and
fuel required to produce a crop, but
the equipment must be well fitted
and calibrated. With a no-till system
particularky, planiers and sprayers
must be properly equipped, ad-
justed, and operated if the planting is
to be successtul,

Energy. Reduced tllage, particu-
larly a no-till system, decreases farm
consumption of gasoline or diesel

fuel. The greatwr reliance on chemi-
catl pesticides with no-till causes woral
energy requirements 1o be very sim-
ilar for all tillage systems,

fabor and labor distribution,
Reduced tillage results in less labor
and more timely heki operations in
the spring because fewer field opera-
tions are required. Reduced tillage
can also improve field trafficabitity
so that fall harvests are less affecred
by wet weather On the other hand, a
no-tili system requires more time ex-
pended during the growing season
to monitor the crop for potential
problems. Weeds, for example, can
be more prevalent in no-till felds.
Consequently no-tiH felds should be
more closely monitored because of a
greater potential for weeds and other
pest problems.

Insects and diseases. Reduced
tillage does not appear o greatly al-
ter most pest problems. Because -
lage is a fundamental pest control
method, however, existing pest prob-
lems can become more troublesome
under reduced tiflage. For example,
no-tili planting of corn info residue
infected with diseases such as an-
thracnose or eyespot can intensify
those diseases. Stugs are alsoa much
greater problem in reduced tillage
fields, particolarly where plant resi-
due is heavy.

Weed control. No-tili cropping
systems preclude the use of mechan-
ical weed control measures such as
tillage and cultivation for the prepa-
ration and maintenance of 3 weed-
free seedbed. No-till plasging can
also limit the use of herbicides thas
can be applied preplant incorpo-
rated as well as those chiemical con-
trof programs that benefit from me-
chanicaily mixing the herbicide in
the soil. These Hmitations pluace an
added burden on cultural (manage-
rial}y and chemical contrel measures
and, in some situations, may mean
that additiona! herhicides are
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needed. Growers who opt for no-ill
crop production should avoid weed
situations that require tillage or the
use of preplant-incorporated herbi-
cides. in addition, they must manage
the crop to the very best of their abil-
ity in every way, including proper
herbicide choice and application.

Yields, various riliage systems
have about equal potential yvields if
they are properly managed on sail
types adapted for the respective til-
lage system. On marginal feld con-
ditions or if overalt crop manage-
ment is variable, conventional titlage
offers the greawst potential for suc-
cessful resulis, To be successful in a
reduced- or noill system, good crop
management on recommended soil
types is essential.

Economics. Which tiflage sysiem
10 use will depend on the yields ob-
tained as well as the sol, climare, la-
bor, and management resources on
particolar farm. Eliminating some of
the tillage operations will reduce
machinery operating costs for fuel,
oil, repairs, and spring 1shor  may
also reduce long-term machinery
costs i some machinery can be elim-
inated. For some types of tillage sys-
tems the maximum tracior size may
also be reduced.

Offserting these reduced costs are
higher fertilizer, insecticide, herbi-
cide, and seed costs, The added
chemical and seed costs usuatly off-
set the decreases in costs for fuel and
machinery. If the vields are equal on
two comparable tillage systems, the
ecopomics of the two systems are
also about the same. Reduced tillage
can reduce s0il erosion, allow for
more zcres of tilled crops, and pro-
vide for more-timely operations and
hetter maintenance of soif productiv-
ity than would otherwise be possible.
If a reduced-tillage system will pro-
vide one or more of these advantages
with simitar vields and economics, it
should be given close consideration.
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Soll and Water Conservation
Plans

New York State faws. The Soil and
Water Conservation District Law,
which provides for the formation and
direction of SWCDs, emphasizes the
importance of soif and water conser-
vation pians as does the 1985 farm
bifl. The kaw requires that (g} every
owner or occupier of agricultural
fand shali apply to the SWCD for asotl
and water conservation plan; (&) the
SWCD shall provide a soil and water
conservation plan; {¢) all soil and
water conservation plans made for
owners or occupiers of agricultural
fand shail be reviewed at least once
inevery S years.

YAgricultural land” is any land
holding larger than 25 acres used for
the ratsing of any agriculral or for-
estry products. This includes con-
centrated agricultural operations on
fand holdings less than 2% acres.
“Concentrated agricultural opera-
tions” are any form of agricubiurai
operation that produces large
amounts of animal and related wastes
in a limied area (feedlots, poultry
operations, eic. ).

Conservation plans. A soil and
water conservarion plan begins with
an analysis of your farming opera-
tion, particularly with regard o the
prevention of soil erosion. Such a
plan must be a comprehensive one,
because the decisions made about
any fiekd or group of fields normally
affect the management of most of the
other fields in the farming operation.

A farm plan considers your man-
agement goals and incorporates
these, as much as possible, into a
long-range plan for your farm. The
plan consists of a number of useful
items: a soils and land capability
map; a farm plan, drawn on an aerial
photograph; a field numbering sys-
tem; and recommendations for soil
and water conservation pracrices. In
addition, farm plans usually specify

appropriate rotations for each field
and suggestions for implementing
the plan.

How to obtain a plan. Apply 1o
vour local SWCD for a plan. 7o apply,
vou fiil out a standard request form,
available from the local SWCD.

Cost of plare. There is no charge for
the preparation of a conservation
plan. But you should plan o spend
some time with the SWCD represens
tative who prepares the plan to indi-
cate your goals and to help locate the
farm on an aerial photograph.

Reguired practices. A soil and wa-
ter conservation plan is not a con-
eract, Landowners are not required
by the New York law w insall conser-
vation practices. The plan is 4 service
to assist you in reducing soil erosion
on your farm. The 1985 Narional Food
and Security Act changes the re-
quirements for using the farm plan,
especially for highly erodible farm
land (see next section ),

CONSERVATION PROVISIONS IN THE
1985 FARM BilLL

The Food and Security Act of 1985
(signed into law December 23, 1985)
contained more "necessary’ soil
conservation measures than any pre-
vious national legisiation. There are
four major provisions of the 1985
farm bill that may apply 10 2 land
ke

1. The Conservation Reserve Pro-
gram—ic remove highly erodible
crop lands from agriculiural produc-
tion under a 18-year annual rental
contract and thus reduce erosion,

2. Sodbuster—1to discourage con-
version of highly erodible grassiands
or woodiands o agriculiural produc-
tion and thus prevent erosion,

3. Swampbuster-to discourage
conversion of wetlands to agricul-
tural production and thus save envi-
ronmentaHy important wetiands.

4. Conservation compliancg—10 dis-
courage production of annual rilled
crops on lands aot adequartely pro-
tected from soil erosion and thus re-
duce and prevent soil erosion.

‘The bill gives the Agricultural Sia-
bilization and Conservation Service
{ASCS) the major administrative re-
sponsibilities for the programs, the
Sotl Conservation Service (SC8} the
myjor technical responsibilities (i.e
determining highly erodible fields,
identification of wetlands, eic.}, the
local Soil and Water Conservation
Districts (SWCD) the responsibility
for approving Conservation Plans,
and Cooperative Extension {CE) the
requirement (0 assist with the edu-
cational programs.

If a land user does not comply with
the provisions of the 1985 farm bili,
the land user and landowner become
ineligible for certain USDA farm pro-
grams——namely price and income
Supporis, crop insurance, Farmers
Home Administration (FHA)Y loans,
Commuodity Credi Corporation stor-
age payments, Farm Storage Faciliy
kxang, Gonservation Reserve Pros
gram anaual payments, and other
USDA commiodity-related payments.
Generaly, the fand user must certify
that he/she is in compliance with the
regulations at the time of application
for one of the USDA programs. Thus,
the fand user showld nor wair wuntil
application time to contact ASCS and/
or 8C8 about eligibility and/or com-
pliance.

Conservation Reserve Program
(CRP). To place highly erodible crop
land under a 10-year contract for the
conservation reserve, the land user
or owner must (1) determine if the
feld is eligible (contact 8C8),{2)sub-
mit a bid for the annual rental agree-
ment to ASCS during one of the sign-
up periods, {3} sign the contracy, and
{4) have an acceptable bid price as
determined by ASCS. The terms of



the contract include establishing (if
necessary} and maintaining a per-
manent vegetative cover of grasses,
fegumes, trees, windbreaks, or wild-
life plantings on the highly erodible
cropiand. A S0% USDA cost share is
available 10 esmblish the vegetative
cover. A current Cornel soil test is re-
quired, The vegetation may not be
harvested or grazed or planted to
Christmas trees during the period of
the contract. Acrezge going into the
conservation reserve reduces the
crop acresge base for the farm, An-
nual payment meay be either in com-
modity certificates or by check as de-
sermined by USDA.

Sodbuster. Any land that was nof
inan anaual crop at least 2 vears dur-
ing the period 1981 -1985 and is clas-
sified as highly erodible land (a po-
tential to erode #t § times, 8F) must
be tiled and/or planted o a0 agricul-
tural commodity under a locally ap-
proved conservation plaa. If the
highly erodible area is planted to an
agricultural commodisy and not un-
der a conservation plan, the entire
farm becomes ineligible for USDA
program benefits, To regain eligibil-

ity the next crop must be planted un-
der an approved plan, For those who
are not sure if the fand s in the sod-
buster category, contact ASCS or SCS,
For a field to be considered as highly
erodible, one-third or more of ¢t
must be highly erodible or the highly
erodible area must be 50 acres or
more.

Swampbuster. Conversion of wet-
lands for agricultural production
may result in loss of eligibiliy for
certain USDA program benefits as
discussed previously. Wetlands con-
sist of soils that are covered with
starding water or are saturated most
of the year and thar support mostly
water-loving plants. The Soil Conser-
vation Service maintains lists of the
kinds and combinations of soils and
plants that define wetlands, Likewise,
S5CS employees can determine if
fands you plan to drain are wetlands
by either consuling maps or visiting
the site. Wetlands drained before De-
cember 23, 1985, do not result in koss
of program ¢ligiblity

Conservation compliance. The
conservation compiiance provision
of the 1985 farm bill currently applies
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to fand where annually tilled crops
were grown at least once during the
period 198185, It will apply to a/f
highly erodibie fand in annual crop
production by 1996, If vou produce
crops on highly erodibie land with-
cut an approved conservation sys-
tem, you may lose your eligibility for
ceriain USDA hbenefits as previously-
described. Highly erodible land has
the potential 0 erode at 8 times (8T)
the rate a1 which the soil can main-
tain continued productivity. For a
field to be highly erodible, one-third
of the area must be highly erodible
or the highly erodible area must be
50 acres or more. SCS employees de-
termine if the field &8 highly erodible
by consulting maps or by visiting the
sie.

You have until Januvary 1, 1990, 10
develop and begin actively applying a
conservation plan on highly erodible
cropiand and until January 1, 1995, 10
have the conservation plan fully op-
erational. If soil maps of the farm are
not availabie, you have vntil 2 vears
after the soil mapping to develop and
begin actively applving a locally ap-
proved conservation plan.

SOIL FERTILITY MANAGEMENT

Cornell Soil Testing Program

The New York State Coliege of Agri-
culeure and Life Sciences at Cornell
University provides a research-based
soil testing service This program is
designed as a soil management tool
for New York State farmers. The stan-
dard analyses package for the soil
sample is pH (acidity), lime require-
ment, and available phosphorus, po-
tassium, calcium, maganesium, zing,
manganese, iron, aluminum, nitage-
nitrogen, and organic matier. Many
additional tests are also available,
The faboratory results and the infor-
mation provided by the grower on

the soils and crops are subjected o
computer analysis, and recommen.
dations are prepared. The final re-
port includes, in addition to the soil
chemical analysis, lime and fertilizer
recommendations to meet the needs
of your particular crops/rotation,
usually for a 3-year period.

Soil testing provides & means to
predict the soil nutrient status even
before a crop is planted, thereby per-
mitting more-efficient use of fertil-
izer, lime, and manures. A complete
s0if test, with the appropriate inter-
pretation of the results, s the best
method of determining adequate
Hime and fertilizer requirements

without excessive use. Adding lime
and fertilizer for crop production
without a current so# test is ecopom-
icatly and environmenially irrespon-
sible.

The Cornell Soil Testing Program
has five distinct parts: (1) sampile col-
lection, {2} gathering sample back.
ground information, €3) chemical
analysis of the sample, (4} interpreta-
tion of the chemical rest resulis and
sampie background information pro-
vided, and (5)lime and fertlizer rec-
ommendations for the crops to be
grown.
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SOIL SAMPLING

A good soil sample is the first crite-
rion for a reliable soil test, Unfortu-
nately, many poor sail samples are
taken because of ignorance, failure
to follow instructions, ack of time, or
jaziness. The cost of fabor makes col-
lecting samples expensive; hence,
there is a tendency 1o shortcut ace
cepted sampling procedures. The
following eightsteps are for correctly
cotlecting and submitting a soif sam-
ple. When obiaining 3 sample, keep
in mind that accurate feridlizer rec-
ommendations interpresed from the
analvsis depend on a represemative
soil sample.

L Get a s0il mail kit and fulf informa-
tion.

Cornell soif sampling kirs can be
obtained from local county offices of
Cooperative Extension, from some
commercial firms that stock the kits
for the convenience of their custom-
ers, or by coatacting the Cornell Nu-
trient Analysis Laboratory, 804 Brad-
field Hall, Cornell University, Ithaca,
NY 14853, (607)255-4540. Each kit
includes a sample background infor-
mation sheet to be compieted by the
grower, a mailing hag with a plastic
liner and an attached envelope for
sending in the s0il sample, and an in-
structions sheet.

2. Use the proper sampling tools.
There are two iImportant require-
merits of a sampling took: first, 2 uni-
form stice must be taken from the
surface to the depth of insertion of
the 100l (usuaily the plow layer), and
second, the same depth and volume
of s0il should be taken from each
spot sampled. Asoil probe or auger is
hest: if not available, use a garden
spade or shovel. The technique for
using a spade is to imitate the action
of a core tube by digging a V-shaped
hole o plow depth, cutging a Ye-inch-
thick slice of soif from the face of the

hole, and trimming both vertical
sides of the slice s0 as 10 Jeave a strip
of sotl about 1 inch wide in the mid-
dle of the spade.

3. Sample uniform areas.

Each sampie should be from a rel-
atively homogeneous unit of soil, w
minimize any large-scale geographic
variation. K is unrealistic w assume
that a field enclosed hy a fence makes
a homogeneous unit Areas that dif-
fer in soil series type, appearance,
stope, crop growth, seil color, or past
management {liming, manuring, fer-
tilizing, or cropping) should be sam-
pled separately, The size of the ares
represented by a samiple should not
exceed about 15 acres.

4. Tuke sgbsamples from many spots
in each area, and send a composite of
these subsamples 1o the laboratory
for analysis.

Each soil sample sent 1o the labo-
ratory should be & composite consist-
ing of the soit from cores aken ran-
domby at several places across the
field. The purpose of this sampling
procedure is to minimize the effects
of any local nonuniformity in the soil.
Subsamples at about 15 to 20 loca-
tions over the ares should be taken
for each composite sample. The soil
subsamples shoukl be mised well in
d plastic bag or plastic bucket. Metal
containers, especially galvanized
metal, will contaminate the sampie.
About 1 pint of the compaosite sample
is placed within the plastic bag; the
bag is tied, and enclosed in the cloth
bag w be sent 10 the laboratory for
analysis.

3. Keep out of unusual areas or sam-
ple separately.

For row crops where fertilizer has
been banded, the subsamples should
be izken between the visible rows 10
avoid sampling residualfertilizer Ad-
ditionally, sampling immediately af-
ter broadcast application of fertilizer

is not recommended, unless the soil
has since been tilled.

Small or unusuat areas should be
avoided when the intert is o estimate
the mean fertility level of the areu,
Areas that should be avoided include
dead furrows, back furrows, wind-
breaks, snow fences, old fence lines,
sites of old manure and lime plts, wet
spots, and areas near Hme rock
roads, trees, or the boundary be-
tween slopes and bostomland. On the
other hand, if the intentis to trouble.
shoot & small spot in the field where
there has been poor crop growth, a
separate sample of the unusual area
is usually necessary.

6. Sample 1o the proper depth,

Cultivated agronomic crops. Soil
samples are ordinarily taken to the
tillage depth. This depth is usually 6
w 9 inches, but may be deeper. The
operations of land preparation tend
10 mix previous applications of lime
and fertilizer through the entire
tilled laver; hence, the lime arxd fertil-
izer recommendations must con-
sider the tillage depth.

No-till or minirmem il Wih no-
il or minimum till ivis best two take a
smatt sample from the surface 1 inch
in depth and another sample from 1
0 6 inches in depth. The surface and
the normal-depth samples shouk! he
placed in separate labeled plastic
bags and sent 10 the laboratory inthe
same outer cloth bag with one infor-
mation sheet. The plastic bags should
be labeled clearly as Surface (-3
inch and Normal Depth 16 inches.
7 Establish a regular sampling time.

For most field crops, the soil
should be sampled every 210 3 years.
For soils under intensive use, 25 in
high-value-per-acre vegetable crops,
soil should be tested before planting
each crop.

Soii samples may be taken at any
time during the vear when the soil is
not frozen and moisture conditions



permit. $oil should not be sumpled
when extremely wet uniess abso-
futely necessary, It is suggested thas
any given field be sampled at about
the same time of the vear,

8. Prepare the sample for submission
to the laboratory:

Avold sampling when itis very wet,
F it should become necessary to sam-
ple wet soil, spread the sample ina
thin laver on a clean sheer of wrap-
ping paper or waxed paper and allow
to dry out at room temperature he-
fore sending it to the laboratory, Do
not nse heat to hasten drying. Do not
send wet samples o the laboratory.
They may leak inthe mail and will be
detaved in the lab until they dry But
more imporiant, rapid biokogical
transformations of the amounts and
forms of soil puirierss (particularly
forms Of iNOFRARIC BHIVEEN ) Can oc-
cur in 2 wet sample. Drying is an ef-
fective means of preserving the freld
chemical characteristics of the soil
sample.

Place the plastic bag in the cloth
outer bag. The plastic bag should
comtain sufficient soif 10 Gl the cloth
bag to the line, Tie the cloth bag se-
curely with the drawstring. Inchude
only one sampic in each bag {except
no-till samples; see 6},

BACKGROUNT INFORMATION

the information sheet £see p. 31} &3
designed to gather data necessary 0
make specific recommendations
based on the grower’s field history
and cropping patterns. The more
complete the information provided,
the better wili be the fertilizer re¢-
ommendation interpreted from the
soif analysis. Incomplete or inaccur-
ate information may fead to delays or
inaccuraie recommendations. Im-
portant parts of the information sheet
fobiow:

o identification. Proper ientifica-
ton allows keying the laboratory

resules to the ares sampled, Make
the test results part of your permil-
nent field records, Then yvou'll
know when soil ferrifity levels rise
and fail,

* Scil Soil properties influence viekd
angl crop fertilizer needs; hence,
specific recommendations can be
made only if the name of the major
soil in the feld being sampled is
provided. The soil name, in con-
juncrion with soil survey informa-
tion, can be used 1o determine the
s0ii's management properties,
surface and subsurface exiure,
drainage characteristics, nitrogen-
supplying power, fertilizer-nitro-
gen-use efficiency, and potassium-
supplying powes. The soil name
and experimental yield data from
across the state are used collee-
tively 10 estimate the crop vigkd po-
tential.

& Soil estimation. 1f the soil name is
unknown, the soil association sym-
bol, which can be ohtained from
the local extension office, can be
usexd for making an estimate of the
soil type. The questions relating to
soil drainage, texure, and wpog-
raphy assist in making an estimate
of the soil type from the sotl asso-
ciation code.

¢ Crops. The principal oblective of
any cropping practice or soil man-
agement program is sustained
crop production. i is not surpris-
ing that the entire crop rotation
must be considered 10 make the
most economical and efficient use
of lime and fertilizer. Recommen-
dations are made for 3 years of the
rotation if crops 10 be grown dur-
ing the nexi 3 years are provided. If
an extended recommendation is
not desired, omil crop codes for
the second and third crop years.

* Manures. The value of animul and
green manures is determined not
ondy by the organic master they fur-
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nish but especially in the quantity
of nitrogen they supply to the crop.
Unfortanately, we do not have a soil
test that can refiably measure crop-
available nitrogen in soil. Manure
source, rate of application, time of
application, soil type, and crop-
piag system dam, however, allow
estimating rates of decay and recy-
cling of nitrogen contained in ank-
mal wastes and green manures.

CHEMICAL ANALYSES OF THE SAMPLE

A chemical soil west is a method for
estimating the ability of a soil w sup-
ply nurrients to crops. This is asccom-
plished by treating a soil sample with
a mixture of chemicals in a con-
trofled manner for a fixed period of
time and determining the nutrients
extracted by using various chemical
and instrumental procedures. The
quantity of autrient extracted isanin-
dex of the plant availability of that nu-
trient. The gquantity of the nutriens ex-
rracted is of listle value antif the soi
test has been calibrared with plant
growth and production under feld
conditions,

There is no universal soil gest, and
considerable variation in methodol-
ogy exists. The variance in fertility
test methodology introdeces differ-
ences in test resuits, which give rise
to confusion. There are even various
ways of expressing results, Moreover,
soil tests that work in one state or re-
gion may be completely useless inan.
other, depending on soil, climate,
crop, and economic factors. Causes
for success or faflure of soi ests are
generally related 10 the amount and
qguality of research data available ©
define the relationship between the
guantity of nutrient extracted from
soit by a particular solvent and the
vield of the crop in the fiekd.
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INTERPREFATION OF THE CHEMICAL
SOML TEST
The Cornell laboratory is the only or-
ganization that offers a correlated
soil test based on held and 1shoratory
research data for New York Seate con-
digions. The recommendation con-
cept emploved in interpreting the
test resuits and supplied background
information is sufficiency levels of
available nutrients (SLANY. The SLAN
concept ks based on a mathematical
expression of the law of diminishing
returns wherehy increases in yiekd of
a crop per unit of available nuirient
decrease as the level of avaitable nu-
trient approaches sufficiency,
Although nearly alf university lab.
oratories use the SLAN concept, es-
sentiglly all commercial and indus-
trial  iaboratories use ather
recommendation methods, The rea-
son for the split is simple, Proper ap-
plication of the SLAN concept re-
quires an enormous amount of
background research, which is pro-
hibitively expensive for commercial
and industrial laboratories 10 con-
duct. The background research must
determine, among other things, the
significant chemical forms of avail-
able nutrients in the soils of the area,
the extractants most suitable for ac-
curately measuring the available
forms, the relative productive capac-
ity for the soils for the various crops,
the differential response of the vasr-
ious rates and methods of fertilizer
application for the different crops,
Aeid-sumpling techniques, test pro-
cedures, methodology, and jocal eco-
snomic conditions. The soundness of
the required inerpretive judgments
depends almost entirely on the thor-
oughness and quality of these back-
ground studies. | i perhaps no ex-
aggeraiion o say that the success of a
soil testing program is directly pro-
portional to its research backing,
Without local Aeld calibration of
the s0il test. the rationale often used

is to apply fertitizers at a rawe 1o en-
sure maximum vield with little re-
gard for the costs o possibilities of
ecenomic return. Research has
shown the SLAN concept 1o be supe-
rior to other conceprs as a practical
basis for applying fertilizer. In one
experiment conducted at five foca-
tions for 3 vears, it was found that the
average cost of feriilizers recom-
mended by a laboratory using the
SLAN concept was $25.71 per acre,
whereas the average cost of fertitiz-
ers recommended by laboratories
using other concepts was $57.35 per
acre. Yet the vields were the same for
all fertilizer treatments at each loca-
tion and in each year. In an indepen-
dent S-year study, the advice of sev-
eral laboratories using fertilizer
recommendation rationales other
than the SLAN concept was followed,
and the crops did manage to turn a
profit. But the returns were as much
as §178 per acre greater when SLAN
based recommendations were fol-
lowed.

LIME AND FERTILIZER
RECOMMENDATIONS

The results of the soif test as well as
the lime and fertilizer recommends-
tions are printed on amultipartform,
A copy will be sent to {1) the grower,
(2) the industry representative if the
name and address are given, (3) the
Cooperative Extension agent for the
designated county, and (4) the local
ASCS office if the sample was taken
for a conservation practice sup-
ported by ASCS.

An esample of the results and rec-
ommendations for a soil sample are
shown on page 33, For ease of inter-
pretation, a section of the results
sheet is reserved for an abbreviated
listing of the pertinert information
given when the sample was submit-
ted. This area covers such iems as
field location and identification, soil

type, soil characteristics, yield of last
erop in bushels or in hundredweight,
and crop managemens praciices, If
the soil assoctation symbol was used
to estimate the soil name, the esti-
mated soit type will be printed.

The section dealing with the labo-
ratory results of the sofl sample lists
the values for pH, phosphorus, potas-
sium, magnesium, and calcium. The
horizontal bar graph gives avisual as-
sessment of the pH and nutrient lev-
els in the soil. The nutrient levels are
based on the particular soil in ques-
tion and are for the first crop to be
grown, For pH, the eatire rotational
sequence is considered. Micronu-
rrient soif tests are recorded on the
next line with the indicated units of
measure.

The jast half of the soil test report
is partitioned into two sections. The
first deals with the lime and fertilizer
recommendations for up to three
crops that appear on the information
sheet, A range is usually given for the
nitrogen recommendation. The sec-
ond section includes comments rela-
tive to lime and fertilizer manage-
ment. Where micronutrients or other
tests are made, specific recommen-
dations for these tests are printed
ordy if a potential problem exists, No
cotaments are made when additional
tests are in the normal or adequate
range.

ifthe information sheetistitled owt
properly, your recommendations will
be returned from the Cornell Nu.
trient Analysis Laboratory, 804 Brad-
field Hall, Cornell University, Jthaca,
New York 14853. If several samples
are submitted at one time, they will
usually, but not necessarily, be re-
wrned together. When insufficient
information is given, such as missing
soil information or omission of the
crop to be grown, the sofl test results
witl be returned to the local Cooper-
ative Extension agent for recommen-
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Cornell Nutrient Analysis Laboratories

&3

GGt Bradfield Halt, Cornell University, thaca, NY. 14853

(607) 255-4540
CLIENT COMMERCIAL REPRESENTATIVE LOCATION OF OPERATION
John Doe Joe Smith DUTCHESS
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1 AGO VEAR 19 7
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INFORMATION SHEET FOR AGRONCOMIC, COMMERCIAL FRUIT. AND COMMERCIAL VEGETABLE CROPS
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(continued)
TOME GABDEN AND LANDSCAPE

SO0k, LO0E Long, LERIE
PP A FLA Flowarng Arraudis. PER Py MEF Senur £l
AEF ASSE Ml GHA L B Phym BFE Bpeeng Fiowrng o
BB BB s TR i &0 Poteto STB Suawtemes.
B b Hachberan MTF Maed Trae Frn Lo LT KL Sommer Fiownong BEn
CHE Sreray M Mo Yo PROE Ay

—_TURF

TR GOOE CODE
ATE amwane Foare GRE {iaan ROD Roadsoe
CEM Cametity LW |t ROU Rough
FhS prmiy PAR Parc i

ORNAMENTALS
—_—
ADAPTED TO pH 4.510 6.0 ADAPTED TOpH6 01080

CODE_ GOOE L00E COODE_ CODE
L B SAG Abela SN G Cobtiy uth SAG Oax. Turkey SAG Tupsio (Gum)
ALL Bagterry SAG Almong SAG Cypress SAG Honey Locust SAG Pea Shub SAG Va Cresper
AL G Chrwarery BRG Ard SAG Daptre SAG R SAG Pine SAG Vibrunum
AL Fipnking, SAG Asturtie SAG Smulre SAG roEAR SAG Pium Fiowsnng SAG Vinca
ALG Hazy Gag Ase SAG Dogwoad SAG Mypercum SAG Privet SAG Walnut
ALG bbicy Bl Bttarhy SAG B SAG bry 584 Charet Sads WaTwng Tray
ALG Lstattor LAG Beduhytgth S Ergrprgn SAG JDoa SAG Redbud SAG Wergnia
AL Liar SAG FrlB Wit S Festhoen Shia Jyrese SAG Fhoteangne Hals Wrom
LG O, AL Dttt Al b SAG Lasch SAG Pase ot Sharon. SAG Wisteen
LG Pacrestutie ST Hhn et HAG Forbye SAG Las Sl Secnprasy SAL Woch HAEE
ALG Var SAG Chavemae A0 gy Trae SAG Liden SAS Spoes SAG Yeigw-wiid
AL G S L SAG Thedstut SAG Garvpntir TAG Matinels SAG Spruce SAG Yew
AL SHOWESt Hyckannan SAG Clemats SAG Ginko SAG Maple SAG Sweet Gum
P 2 e Sl Loy i g Sl LML Mok aennd SAG Sweet Shrud
A G Bt dn S Lararmeper SAG Mpwragen SAG Oax Engiish SAG Sycamore
ALT Weasteiry Holy SnG Diatapate SAl Warmoeh, SAG Oax. Scarlet SAG Tuip Tree

MISCELLANEOUS

CODE, LO0E

10L ke Lang OTH Orrer Crops-Not Listes
Wnte OTHER CROP name on front
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D AGRONOMY SOIL TESTING SERVICE REPORT @
"0 BACKGROUND INFORMATION pas No.|_999-1 | **'!
®
29 10 | 1224 DUTQ DUTC 2 | f=8-87
» . FIELD NAME OR NO. acae | Sae | g5 counry | SETio [RECD US ] oAy ®
PITTEFIELD 4 N {7~5] NONE |83 25I I COW
[ ) SOk AR o | P S0 DawniaGE | i [ LAEbnow | gy L] S T oyl i ol Lo fesd @
SCIE TEST kOR: GROWER DL TRY REPRESERTA TIVE COUNTY AGENT
[ ] DOE, JOHN JOE EMITH COOPERATIVE EXTENSION | @
RD AG. INDUSTRY 'ARM AND HOME CENTER
ANYTOWN RD RT
. NY 12485 ANYTOWN Ry 10940 | ANYTOWN NY 12545 &
SOIL TEST RESULTS
NUTRIENT LEVEL
. VERYLOW + —  MEDIUM  * - HIGH ) EXCESS ®
. ; B
' PHOSPHORUS éfl[:] ARk ARk KRk kR kk kA
. A !
B POTASSIUNS .‘e:]n@ TN ®
URGRESIVN EEQJ@ :‘*.******i*****l*****f.
, A ®
’ St Iﬁ“im del ke koK ko k
. I l 2 Fi ] ] | ] 4 I L) I NOq-N  NH N S0L SaLT .
Ne)e0g ’ POUNDS PER ACRE ’ ‘ ikt | B L- 10°
i LIME AND FERTILIZER RECOMMENDATIONS ®
CROP-1987 (COS) CROP-1988 {ALE) CROP-198% {ALT) 1111
CORN SILAGE ESTAB. ALFALFA TOPDR. ALFALFA
» @
0 50 50 0 15 90
. LM N P20 o 1o LN - H Pat byl .
YA ] WBS/A 1 wes/a | WBS/A | 18S/A 1ra [LEV LBSsA LBSIA LB3sA TAA 163 | B4 LBSA 155,
[ ] GROWER'S COMMENT: @
SAMPLE BACKGROUND INFORMATION SHEET.
CROP 1987 - CORN SILAGE
» 1. LIME RATE I$ FOR 100% EFFECTIVE NEUTRALIZING VALUE-INCREASE ®
RATE BY E.N.V. SCORE OF LIMESTONE 10 8E USED,
2. SPLIT LIME RATE-PLOW IN HALF, WORK REST IN SEED ZONE BEFORE
] PLANTING. o
3. BAND MOST IF ROT ALL PHOSPHORUS AT PLANYTING.
4. DO NOT BAND MORE THAN 80~100 LBS OF NITROGEN + POTASSIUM AT
» PLANTING. ®
p CROF 1988 - ESTAB. ALFALPFA "o
5, ALSO SEE COMMENT NUMBER(S), 3.
® @
»@ s
B Ed
L’ PLEASE READ MATERIAL PRINTED ON BACK OF SHEET Q
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EXT E N SI 0 N U.S. Department of Agriculture Ithaca, New York 14853 ‘

CORNELL UNIVERSITY B0 TESTING SEAVICE
Phone BO7-286-45840

INTERPRETATION OF THE SOIL TEST REPORT .

BACKGROUND INFORMATION

This section includes the inforesation given of The time the soil somple'wos submitted,” A review of your receigt copy will assist you in making
interpravations. If difficulty arises contact your Coaperative Extention Agent ot the oddress listed on previgus page.

SQOEL TEST RESUETS

The soil rest results for plant autrients are diven in the baxed orens os pounds per oere. The stondard tests ore olso shown graphicolly, The
pH, nutgent lewels and soils information submitted with the somple (e used o colcufote the fime ond fertilizer recommendetions.

MIFTRIENY STATES — Genercl axplonotion of the nutrient levels are os foliows:

¥IRY LOW — The nuirient level ar pH is wfficien?ly low to require exiro inputs of Fme or fertilizer. This is shown by & higher thon normal

fime ond fertiizer rate in-the recommendation section. For example, if the pH s in the very low ronge ime should be added of lewst | yewY .

betore ollaia i seedad. 1 soil test phosphorus (P) is very low the fertilizer must contsin o higher than normal amount of phasphorus (2,0, )
ta sugply the phosphorus needs.  Most of the phosphorus should be opplied in o band of seeding. if soil Test potassiom (K} is very low foifly
lorge guontitied of potossiom £K 0} should be applied.  This is usually best ppplied 15 & broadeost application before seading. Thess additional
mputs ore inclyded in the recommendotion section. Soil samples should be token yeorly and recommendations followed corefully.

LOW — “The nytrient level or pH is below normal Migher thon normal fartilizer rates are required for moximum aconomic vields. A low oM
should be corrected with split applications of fime ot lenst & months before seeding o lagume, When soil test P is fow most, if not off, of the
phosphoras {Py0s ) showld be anpiied near the seed in o fersilizer bond,  Soil samples should be token yeorly for annual crops ond every Two
years for hay crops.

MEDIUM. — The nutrient levet or pH is sufficient for normod fertifizer ond lime rates 1o produce moximum economic yiglds. Most soif tests will
prsbably ocour within the medium or the high ronge f o welt monoged cropaing program hos been followed in previous years. Solf somples
should be roken every fwo or three yeors, .

HIBH — The nutrient lavel or pH is odequate for maximum economic yields. Only « Tow rate of starter fertilizer ot seeding is neede
somples should be token every Three yeors.”

ENCESS — bliunlly the mutrient fevel or oM is foo high and may either couse plant injury or interfare with the avoilobility or uptake of other
nutsients. For some putrients on excess will increase the probabiiity thet the autrient witk con’ bure unnecessarily to polfution.

The exchunge acidity ond pH are used $o cofevlote the lime recommendotions. bron (Fe), Aluminum {Al) ond Mangonese [Mn) gre seldom
deficient for crop growth in New York sofls. Fxcesses of thase elements ton couse poor plont growth, reduced phosphorus ovailability ond o
high Time requirement on ocid soils. Zinc {Zn} is considerad odequate of @ {high) level of 1.0 pound per ere o greater. Boron {B} is odequote
when sol test reading is gregter thon 0.75 ond low when the reoding is below 0.35 pounds per acre. Soluble salts are usually ne problem when
the reading is 100 or less but crap infiry maoy result when the volue 15 greoter thon 200,

LIME AND FERTILIZER RECOMMENDATIONS

The recommended quantities of ime in tons/acre ond N, M0, and K20 in pounds per gcra are shown in the boxed areas far the crop to be
grown. ¥ setond ondéor third year ¢rop codes were submitted, o recommengintion for these creps i also given. For custom blended fertifizar,
use the actugl recommended quontities of KOs and KO, Additionet information obout soif testing, bme ond fertilizers con be found in the
Cornell Recomvaends for Figld Crops and in the Cornell Fiefd Crops Hondbook,

COMMENTS

The comment section includes suggested quontities of the mare common fertiizer grodes thot may De used. in eddition, timing of applications
nezessory to moximize hoth nutrient utilizotion and profit ore given. Whers micronutrients or ather tests were mode, specifit recom-
mendations for these nutrients ore printed only if o posentiol problem exists. No comments are moede when the micronutrient levels are in the
norintd o sdeguate range,

The fertilizer recommendstions mode for the first veor moy differ from the second ond third years for the some crop. This is becouse of ex-
pected chonges i the soil nutrient levels from the recommended fertilizer opplications. For example, o broadcast application of K0 may be

racommended in the first yetr 16 reduce the K»O needad in following years, Undess specificolly stofed this broodeost recommendation will
nat be neaded in the following twoe crop years, Other trop monogement informarion may from fime to time clse be given s port of the com-

ments section. .

Far additional information comtaet Cooperative Eatension Agent Hisled on previous poge.

W. SHAW REID STUART D. KLAUSNER

ABSGCIATE PROFERSOR EXYENSION ARSCTEATE

SO SCIENCE EXHENSICN SO STIENCE TXMENSION
Conp gred Tumaybie v Hew ek $one mlowadies bgoos Fragrom and $mpitemen: Cigoruanel S Tok Som Coilage of Agnogiore end Life Soences, Hew Jurk Srate Zdlnie of Hamap Ecaltkgy, ol
Mea Tark Siote Toliege ot v Mhad: o Cieaeil {ni Ay OGN on Terenpnn Angahes, County Garamang Jaduas. omd nded Sioses Ty parment'sl Aghiceiie, saneentig,
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dations. This delays the return of the
results,

initially, all inquiries about soil
test samples and recommendations
should be addressed w your local
Cooperative Extension agent. Fur.
ther inquiries concerning the {abo-
ratory methods, anzlyses, and pro-
jected completion date of samples
should be directed o the Cornell Nu-
trient Analysis Laboratory, 607-255-
4540. Inquiries abowt fertilizer rec-
ommendations for field crops are di-
rected to Agronomy Extension, 155
Emerson Hall, fthacs, NY 148583, 607
288.2177 Please indicate grower's
name, address, and couryy, sample
bzg number, and date mailed. Hin-
quiring about recommendations
frorm a soil test report, include the fah
nuember.

Evaluation of Agricultural
Limestones

Limestones differ in their ability to
neutralize soil acidity, in the time re-
quired to react with soil acidity, in
their magnesium content, and in
their cost per ton. The effective neu-
tralizing value (ENV} method de-
scribed here is one means of com-
paring the effectiveness of different
sources of limesione for increasing
the soil pH. It does not provide an
economic evaluation for supplying
magnesium beyond the pH effects.
The magnesium reguirement, as de-
termined by s0il test, must be evalu-
ated from the percentage of magne-
sium (% Mg) expressed in the
guarantee shown on the label or or-
der slip. The information on the lime
label may differ slightly from com-
pany o company through about 1990,
but should contain most of the infor-
mation discussed in this section. A
new uniform time label is being pro-
posed for several northeastern states;
therefore, the material within this
publication assurnes that a new label
will be adopted in New York by 1990

Even if it s not adopted, there isn’t
much difference in the requirements
of the current law, and the principles
discussed stitl apply,

The information necessary 1o eval-
uate the limestone is reguired by law
to be on the label for bagged material
or on the delivery slips that must ac-
company bulk-spread materials,
Lime distributors shouid supply the
necessary information on the materi-
alsthey sell. In the future the seller of
limestone will be required to supply
at least the following information to
the huyer:

1. Fhe name and address of the
company registering the mate-
rizf with the state.

2. The brand name of the product.

3. The wype of material heing used
(limesone, mart, hydrate, oxide,
shetls, industrial by-product).

4. The class of fineness of the parti-
cles (fine, medium, coarse}ifthe
material is limestone or shelis.

5. Total neutralizing value is the
percentage of the total material
that is capable of neutralizing an
acid, expressed as if all the new-
tralizing material were equiva-
lent to calcium carbonare (CCE).

6. The particle sizes of the material
based on dry weight for ground
limestones or shells expressed
as {a) the percentage passing 4
W0-mesh screen {openings
0.0058 in., or 0,15 mm), (&) the
percentage passing a 60-mesh
screen (openings (.0097 in., of
0.25 mm), and {¢) the percent-
age passing a 20-mesh screen
{(openings 0.0328 in., or .84
mm)

7. The calcium and magnesium
content expressed in elememal
form as a percentage of the total
dry weight {% Caand % Mg).
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8. The effective neutralizing value
of the material and the relative
amounts of the lime required ©
be equal 10 100% ENV.

9. The moisture content of the ma-
terial if it exceeds $.0%.

10. The net weight of the product
being sold.

The seller may supply additional
information. The information that
might be given on the delivery slip of
two limestones is iHustrated on the
following page.

Total neutralizing value. The
first component of limestone evalua-
von is the wotal neuwralizing value ex-
pressed as the calcium carbonate
equivalence as shown. The calcium
carbonate equivalence, or total neu-
wralizing value, varies considerably
armong fimestones and liming mate-
rials because of the following factors:

* Most limes contain some inert im-
purities that do nor react with acid
and, hence, reduce the total neu-
tralizing value.

* Some limestones may comnain ap-
preciable amounts of Mg€o,. Per
unit weight, MgC0, neutralizes 1.2
times more acidity than CaCo,; and
hence, limestones with large
amounts of MpC0, are likely w0
have higher neutralizing values
than those with low amounts of
MgCO,,

* Hydrated lime and slaked lime
have been heated to high temper-
atures to drive off CO,and, per unit
weight, may neutralize more acid-
ity than CaCo, or MgC0,. Thus their
CCE often exceeds 100%.

The total neutralizing value is the
relative ability of the lime o neutral-
ize strong acid in ferms of an equiva-
lent amount of pure calcium carbon-
awe (CCE); that is, it is the percentage
of pure cafcium carbonate that the
limestone can replace, expressed as
a percentage of the total dry weight,
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Limestone #1

Calcium Carbonate Equivalence (CCE)
Calcium{%Ca)........ ..o,
Magnesium{® Mg} ...................

Particle Sizes

98% passing 20-mesh sieve
90% passing 60-mesh sieve
0% passing 00-mesh sieve

Effective Neutralizing Value (ENV) w703
Weight required for 100% effectiveness-—— 1.4

Limestone #2
.......... 78.8%  Calcium Carbonate Equivalence {CCE).......... 104.3%
........... 208% Calcium{%GCa) .. o e 208%
........... 8.0% Magnestium{BMg). ... 8%
Pavticle Sizes

O8% passing 20-mesh sieve
BO% passing 60-mesh sieve
5% passing 100-mesh sieve

Effective Neutralizing Vakie (ENV)-.89.9
Weight required for 100% effectiveness—12

for example, 78% calcium carbonate
equivalence megns that 100 pounds
of the Hmestone will neutralize the
sarme amount of acidity as 78 pounds
of pure calcium carbonate; 110% cal-
cium carbonate equivalence means
that 160 pounds of the limestone will
neutralize the same amount of acidity
as 116 pounds of pure calcium car-
bonate (the latter example would be
typical of a nearly pure dolomitic-
type limestone contzining large
amounts of MgCo,}. Currently, the
fime is required 1o have a 60% cal-
cium carhonate equivalence to be
registered for sale in New York.

Fineness or particle size. The 1o-
tal nestralizing vaiue of a mestone
is determined by reaction with a
strong acid in 9 well-stirred solution.
Conditions in the soil are very differ-
ent: s0ils conzains weak acids, and the
fme i often not well mixed with the
soif. Agriculiural limestones must
first dissolve into the seil water be-
fore neutralization of the soil acidity
can occur. The rate of the Himestone
dissolution is controlled by the sur-
face area exposed to the soil solution,
and the surface arex per unit weight
increases as the particie size de-
creases. Thus, one can evaluate the
rate at which a limestone will react
with an acid soif from the amount of
various particle sizes in the iime-
stone.

The particle sixe is measured by
determining the relative percentages
of the limestone that will pass
through standard sieves of various
stzes. The proposed uniform lime la-
bel will reguire the fineness to be ex-
pressed in terms of 3 sieves: 20
mesh, 60-mesh, and 106-mesh. The
New York lime law required at least
80% of the Hme 1o pass a 20-mesh
sieve and at least 30% o pass a DO
mesh sieve for the lime w0 be regis-
rered for sale, These minimum val-
ues are Hkely 10 remain about the
same ungder the uniform label.

The smaller limestone particles
that pass a 100-mesh sieve react with
an acid soil within a relatively short
period of time, usually less than 6
months after application. Soil pli
reaches the maximum pH in about &
months after the 106-mesh limestone
has heen added {see illustration).
The coarser particles react more
siowly as evidenced in the graph bva
lower soil pHat any given time. At the
end of a 12-month period, particles
smaiier than 69 mesh have reacted to
give a4 pH about as high as that ob-
tained from the 100-mesh size. The
larger than 40-mesh particles have
not compietely reacted at the end of
18 months. The 20-30-mesh and
farger material is definiely inferior
to the smaller particle sizes, The ma-

4-8

~——___| NOLIME

9 12 15 18
Months after liming

Influence of particle size and time after
application of liming muerials on soit
ph. Values are the average of a dolomitic
and 1 calcitic Hmestone applied at 3 tons
per acre o a Canfield siftloam. T A,
Mever and G. L Volk, 1952, Soif Sei., 73
3792,

terial larger than 20-mesh has not re-
acted rapidly encugh to maintain the
initial soil pH.

In evaluating the reaction of the
limestones by particle sizes, one con-
chudes that the material karger than
20-mesh is of little or no vaklue, the
materials smaller than 100-mesh
react quickly About 80% of the lime
in particles between 60- and 100-
mesh sizes have reacied, whereas
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Tabie 2. Conversion of 100% efiective neutralizing values of limes recommended by soil tes! to rates of
limestone o be applied for various lime scores

Recommended rates of 100% effective neutralizing value fimes

Lirmne

Seore 5 0 15 20 285 30 35 40 45 50 85 6.0

QENV) Lime rates to be applied fo obtain 100% ENV (tons/acre)
50 1.0 20 30 40 50 84 YO 80 90 100 #1140 120
55 8 t8 27 36 45 85 64 73 8.2 81 100 109
80 8 17 28 33 42 50 58 &7 75 83 892 100
65 B 15 23 31 38 486 54 862 6.9 77 B85 g2
70 J 1.4 21 29 38 43 50 57 6.4 7.1 739 8.6
75 g 13 20 27 33 40 47 53 66 87 7.3 8.0
80 8 1.2 1.4 25 3.1 3.7 4.4 5.0 56 8.2 69 7.5
85 6 t2 18 24 28 35 41 4.7 53 59 85 7.1
90 6 11 1.7 2.2 2.8 3.3 39 4.4 5.6 3.6 6.1 6.7
85 5 1.1 6 241 25 32 37 42 477 53 5.8 8.3

100 5 1.0 1.5 20 25 3.8 35 4.0 45 50 55 6.0

only about 40% of the material in
particles between 20- and 60-mesh
sizes have reacted with the soil
within the first year afier application,
Calculation of effective neutral-
izing value (ENV). The effective
neutralizing value is a combinmtion
of the totad neutratizing value and the
rate of reaction of the various particle
sizes 1o obtain an estimate of the
quantity of limestone that is likely 1©
react with an acid soll within the first
vear after application. This estimate
assumes that all the fimestone parti-
cles finer than 10G-mesh, 80% of the
narticles hetween 60- and 100-mesh,
and 40% of the particles between 20-
and 60-mesh sieve size will react
with an acid soil within the first year
after application. The coarser than
20-mesh muterial requires much
longer periods of time 10 reace as
shown in the graph and is given no
effective value in this calculation.
Some long-term value is probably as-
sociated with these coarser particles,
but their long reaction time makes
them uneconomical, becasuse the in-
terest accumulates on their coss
faster than they react with the soil.
The effective neutralizing values
(ENV) of the two limestones given on

page 36 are on the effective neutral-
izing vilue score card. These two ma-
terials have similar fineness values,
but limestone #1 has a much lower
total neutratizing value (78.79% vs.
104.3% CaC0,} and thus a considera-
bly lower percentage for effective
neutralizing value (70% vs. 90%).
The lowest effective neutralizing
value obtained for a imestone that
meets the minimum specifications of
the New York State lime law would be
about 37%, whereas the highest pos-
sihle for a dolomitic limestone would
be 1310%, and for a caleitic Himeswone,
00%. The usual range of effective
neutralizing valves for limestones
being sold in New York is 50% to
95%. The high calcium limestones
have values usually slightly lower
than do the high magnesium ime-
stontes as 2 result of the higher neu-
tralizing value of magnesium car-
bonates,

Lime recommendations asing
ENV. The effective neutralizing value
is the fraction of the limestone, ex-
pressed as pure calcium carbonate,
that is expected to react within the
first year after application. It is useful
for calculating the quantity of lime
required w increase the soil pHioa

desired level. When the Cornell soif
1est recommendations report 4 tons
per acre of lime required o increase
the soil pit w a desired level, this
means 4 wons per acre of 100% effec-
tive neutralizing value material, To
calcuiate the actual rate of Limestone
required to increase the pH 1o the
desired level, the recommended 4-
ton-per-acre rate is divided by the ef-
fective neutralizing value of the lime-
stone 10 be used. For the two lime-
stones given in the example,
limestone #1 would require {4 toas
lime divided by 0.70 ENV) 5.7 tons
per acre of imestone, Limestone #2
would require (4 tons lime divided
by (1.9} 4.4 tons per acre,

The conversion for the weight of
the lime required to equat 100% ENV
is also fernished on the label or fnta-
ble 2. This value is calculated as 1 +
ENV. Thus the lime recommendation
for 4 tons of 100% ENV can be ob-
tained by muliiplying the recom-
mended lime rate by this value; thas
is, for limessone #1 this would be 4
tons % 1.4 = 5.0 tons or the samg
within rounding errors as that ob-
tained hefore.

&> read this table, determine the
effective neutralizing value of the
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Instructions

Line 1. Enter % limestone passing
100-mesh.

Line 2a. Enter % passing 20-mesh

sieve.

b. Enter % passing 60-mesh
sieve,

<. Subtract values on line 2b
from 2a and enter here.

& Multiply value on line 2c by
0.40 and erter resuls

Lire 3a. Eater % passing 60-mesh

sieve {same as line 2h).

b.-Enter % passing 100-mesh
sieve (sameasline 1)

€. Subiract 38 from 3a and en-
ter here,

4 Multiply value on fine 3¢ by
0.80 and enter here.

Line 4. Sum lines 1, 24 and 34 and
epteron line 4,

Line 5. Enter calcium carbonate
equivalence (CCE) in
decimal form, i.e., CCE =+
00,

Line 6. Muitiply line 4 by line 5 and
enter on fine G, This is the
effective  neutralizing
value,

Line 7. Divide 100 by the ENV {line
6} and enter on tine 7 This
is the quantity of this lime
required 10 equal 1 unit
{i.e, 1 onor pound) of
180% ENV

Line 8. Enter the cost of 1 ton of lime
on line 8.

Line $. Multiply amount on line 8 by
tine 7 This is the cost of 1
tonr of 100% ENV lime and
provides the cost compari-
son of each materiai for the
quantity of material that
will react with the soil
within the first year after
application.

Limestone effectiveness value score card

The information needed for the calculations of the limestone effectiveness
value (ENV) is shown on the label or on the delivery sheet. Two examples of

the caiculations for the Himestones lisied on page 36 follow:

Score Card
1. Passing 100-mesh

2a. Passing 20-mesh
b. Passing 60-mesh
¢. 20-to 60-mesh
d. 20- to 60-mesh reac-
tion value
3a. Passing 60-mesh
b. Passing 100-mesh
¢. 60-to 100-mesh
d. 60- to 100-mesh reac-
tion value

4. Fineness score

5. % Calcium Carbonate
Equivalence + 100

6. Effective Neutralizing
Value

7. Weight equivalent to
100% ENV

Cost Effectiveness
8. Cost perton
9. Cost perton of W00%

Effective Neutralizing
Value

Limestone #1

70
»
Jo
8

x .40 _ 3%
Yo
70
20

x080 %0

89.2

.768

70-3

/42

Z5.00

3s’s0

Limpestone #2
75
98
80
/8
x 040 __7Z&
80
7
-~
x080 __¥0
86.2
L0923
599
¥/
3o0.00

FI 30




Himestone 10 be vsed (example of
0.20) and locate the value on the left
side of the chart, At the top of the ta-
ble, locate the recommended lime
rate given by soil test or from the pH
tables. Move down the ¢olumn until
you come to the line containing the
effective neutralizing value of the
lime to be used. The value of the
limestone rate to be used is given at
the intersection of your desired rate
and effective neutralizing value of
Hime.

For lime scores not inciuded
within the table, divide the lime rate
by the effective neutralizing value of
the limestone; for example, 21ons per
acre lime recommended divided by
150 score equals 1.3 tons per acre (o
be used,

Cost effectiveness of lime-
stones. Cost per ton of effective neu-
tralizing value limestone can alse be
derermined by dividing the cost per
ton of the limesione by the effective
neutralizing value. For example, if
Himestone #1 from page 36 sells for
$25.00 per ton with an ENV of 70 and
Hmestone #2 sells for $306.00 per wn
with an ENV of 90, then costs of effec-
tive neutralizing material would be
$35.71 and $33.33 per ton, respec-
tively. To supply a 4-ton ENV lime re-
quirernent, it would require $142.76
to purchase fimestone #1 and
$133.33 o purchase limestone #2.
The refative cost effectivencss con-
siders onty the ENV and not other fac-
tors such as the magnesium content
of the Himestone, the soil magnesium
needs, the availabitity of the mareri-
als at the time when the lime can he
spread, and other costs. There may
ke other reasons to purchase a par-
ticular limestone even though the
relative cost effectiveness may be
slightly higher.

Comparing other sources, The
sources of limes such as quick lime
{Cad), slack lime [Ca(0H )}, ], and marl
usuably react with the soll rapidiy

enough for the particle sizes notiobe
as critical as with agricultural lime-
stores. When these sources are used,
the evaluation of the limestone is cal-
calated by using only the calcium
carbonate equivalence (CCE) value
as if it were the ENV

Other sources of Hime such as ovs-
ter shells should be compared for
their effective neutralizing values by
using the particle sizes as with lime-
stones. Industrial by-products are an
extremely variable group of chemical
possibifities. Some can be usetul as
liming materials, but care should be
exercised before purchase o ensure
that they are properly evaluated.

Calcium and magnesiom con-
tent of limestones. The limestones
sold in New York vary from less than
0.2% o over 12% magnesium con-
tent. Limestone is the most economi-
cal method for providiag magnesium
to acid soifs needing additional mag-
nesium,

For all field crops except birdsfoot
trefoit and soybeans, the fimestone
should contain at least 5.0% magne-
sium when the soil st magnesium is
below 50 pounds per acre, The lime
comntert should be 110 2.5% or more
when the soil test magnesion is be-
tween 90 and 100 pounds per acre.
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Likewise, the mapnesium content
should he greater than 0.5% when
the s0il test magnesism is between
B0 and 200 pounds per acre.

Birdsfoot trefolf and soybeans re-
quire higher quantities of soil mag-
nesium than other field ¢rops do. For
birdsfoot trefoil and sovbeans, the
magnesium content should be
greater than 2.5% when the soil test
magnestum is below 100 pounds per
acre. The content should be 1% 1o
2.5% or more when the soll test is 100
to 200 pounds per acre and shouldbe
greater than 0.5% for between 200
and 400 pounds per acre of 5ol test
magnesium.

These recommendations are
based upon adding major quantities,
grearer than 2 ons per acre, of lime
to acid soils. If the pH is near 70 and
the magnesium is low, smaller quan-
tities of Hime coniniag 10% or more
magnesium can also be used 1 cor
rect low magnesium fevels,

fthe piH i5 6.0 or above for cornor
6.5 or above for trefoit and the mag-
nesium is fow, a limestone high
{abour 10% Mg) in magnesium is still
the most economical method for cor-
recting low soll magaesium levels. It
will require some time for the lime
10 react when the soil pH is near or

Lime is requidred on about two-thirds of the cronacres i New York. Fortueaely, ade-
quate supplies of ggricuitural mestone and spreading services are available in all
areas of the state.
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shightly above 70; therefore, for very
low magnesium values (50 1B/A),
some magnesium in the fertilizer
may be desirable,

Research on the Mg in New York
soils indicates that for most crops Ca/
Mg ratios between 1:2 and 106:1 pro-
duce no more than a 0% vield varia-
tion for Bekd crops; therefore, ex-
treme Cost measures 1o correct a Ca/
Mg ratio problem are not economi-
cal, bur some modification can be
made at a low cost as part of the usual
liming program.

The researchinformation available
indicates that there is no problem
with excess magnesium until soil
magnesivm exceeds soif calcium,
Magnesium can only exceed calcium
in New York soiis when large quanti-
ties of rmagnesium from other than
Himestone sources have been used.
One cannot obtain a magnesivm
fevel higher than the calcium level by

adding Hmestone because the high.
est-magnesium Hmestones contain
fess magnesium than calcium, There
s no advantage 1o applying a high-
calcium limestone fust w fower the
magnesivm values, If the soil test

Table 3. Rarnge and recommended soil
pH for optimum growth of vasious
species of field crops

Normal Recom-
growth mended
Crop species  pHrange pHvalus
Alfalfa 65075 66070
Barley 6.3to7.0 6.3to6.5
Birdsfoot
trefoil 60to7.0 631065
Clovers 58t07.0 58t06.2
Com 58t07.0 58to6.2
Grasses 58t07.0 58t06.2
Qals 58to7.0 58to6.2
Sovbeans 65075 661070
Wheat 6.3to7.0 6.3to65

magnestum level ks high and a high-
calcium limestone is the most eco-
nomical source of fime, then the
high-calctum lime should be used
because of the cost, not because of
the high soil magnesium levels,

Lime Recommendations

For optimum crop production on the
acid soils of New York State, soil pH
must he adjusted with lime 1o match
the crop needs. The lime needs are
as crisical as commercial fertilizer or
proper varieties, As a matter of fact,
one cannot make use of the in-
creased vield potential in the newer
varigties or more than minimuem
guantities of fertilizer if the desirable
ot s not maintained.

The critical nature of maintaining
the proper pl and the increased cost
of Hmestone over the past few years
mean greater care is needed in mak-
ing lime recommendations, Thus, the

‘Table 4. Lime recommendations to increase the soil pHio 7.0 for alfalfa and soybeans

Exchanges acidity {(mel 100 grams soif)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 ‘25
pH Tons of 100% ENVY limestone per acre’
44 27 32 38 43 48 54 59 64 70 75 80 86 91 96 102 107 112 118 123 128 134
45 27 32 38 43 48 54 59 64 69 75 80 85 91 96 10.1 107 11.2 11.7 123 12.8 13.3
45 27 32 37 43 48 53 59 64 69 74 80 85 90 96 10.1 106 111 11.7 122 127 13.3
47 27 32 37 43 48 53 58 64 69 74 79 85 90 95 100 106 11.1 11.6 122 12.7 13.2
48 27 32 37 42 48 53 58 63 68 74 79 84 89 95 100 105 110 116 121 126 131
49 26 32 37 42 47 52 58 63 68 73 78 83 89 94 99 104 109 115 120 125 13.0
50 26 31 36 42 47 52 57 62 67 72 7.7 83 88 93 98 103 108 11.3 118 124 129
51 26 31 36 41 46 51 56 61 66 71 76 81 86 92 97 102 107 11.2 11.7 122 12.7
52 25 30 35 40 45 50 55 60 65 70 75 80 B84 89 94 99 104 109 114 119 124
53 24 29 33 38 43 48 52 57 62 66 71 76 80 .85 90 95 99 104 109 113 118
54 22 27 31 35 40 44 49 53 57 62 66 70 75 79 83 88 92 97 101 105 11.0
556 21 25 29 33 37 42 46 50 54 58 62 66 70 74 78 83 87 91 95 99 103
56 20 24 28 32 36 40 44 48 51 55 59 63 67 71 75 79 83 87 91 95 98
57 19 23 27 31 34 38 42 46 49 53 657V 61 65 68 72 76 80 83 87 91 95
58 18 22 25 29 33 36 40 43 47 50 54 58 6.1 65 68 72 75 79 83 86 90
59 1.7 20 24 27 30 34 37 40 44 47 50 54 57 60 64 67 70 74 77 80 84
60 16 19 23 26 29 32 35 38 42 45 48 51 54 57 60 64 67 70 73 76 79

NOTE: Lime recommendations are based on plow depth of 8.0 inches. Correct rate i plowing a different depth.

*The recommendations are for 100% effective neutralizing value (ENV) limestone and shouwld be corrected for the ENV score
(see fimestone score card} for the brand of lime 1o be used. Once they are corrected for the iime score, the linal apphication
rate shoutd usually be rounded to the nearest 0.5 fon.



lime recommendations are based
upon the effective neutralizing value
{see previous discussion ).

It requires about 500 pounds of
lime per acre per year to maintain
the soil pH between 6.0 and 70 ina
corn-affalfa rotation. The higher the
yield potential of the soil, the more
Hirhe that is required.

Lime rate tables. The soil pH
range required for normat growth of
crops and the pH range used for the
lisning recommendations are shown
in table 3. Lime is 10 be added when
the pH is below the recommended
value, The rate added is sufficient to
increase the soil pH to the higher pH
value.

The lime recommendations are
made for the crop requiring the high-
est pH within the rotation. When al-
falfa or soybeans are in the rotation,
the minimum pH shouid be 6.7; and
after Hming, the soil pH should be in-

creased to 70 by using the lime rec-
ommendations from table 4. For har.
ley, birdsfoot trefoil, and wheat the
minimum soil pH should be 6.3, and
the soil isto be limedtopH 6.5 0r
above by using the lime recommen-
dations from wble 5. Other crops
such as grasses, cora, sorghum, and
oas grow hest when the soll pH 8 6.0
or above, The liming recommenda-
tions for these crops are sufficient 1o
increase the soil pH 10 6.2 by using
the time recommendations from ta.
bie 6. For soil tests the lime recom.
mendations are made by determin-
ing the maximum {ime requirements
for the 6 crop years shown on the soil
est information sheet.

The general lime recommenda-
tions in table 7 are o increase the soil
pht for an 8-inch-deep plow layer
70, They are o be used only when
compiete 501l rests are not availabie
or when the soil pH is above 6.0, Ex-
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change acidity s not normally deter-
mined by soil test when the soil pH is
above 6.0,

The lime rates given inthese tables
are based upon an 8-inch plow
depth. If the plow depth is greater
than & inches, increase the lime rae
by multiplying the rate given by 12%
for each inch of depth greater than 8
inches. I the plow depth is fess than
8 inches, decrease the rate given by
12% for each inchof depthless than 8
inches. For example, a plow depth of
1% inches and a lime rate of 4 wons
would require 24% more lime than
given in the fable, or 4 1ons x 0.24 =
0.96 ron more Hime than given in the
table. Thus, the lime rate 1o be ap-
plied would be approximately 5 tons.

The sofl test system currently uses
oo depehs of 6, 8, and 10 inches for
the 1-7, 7-%, and 9+ -inch boxes
checked on the soil west information
sheet. The depth used for no-till is 0-

Table 5. Lime recommendations (o increase the soil pH 1o 6.5 for barley, birdsfoot trefoll, and wheat

Exchange acidity mel/ 100 grams 501f)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
pH Tons of 100% ENV limestone per acre’
44 24 29 34 38 43 48 52 57 62 67 71 78 81 85 90 95 100 104 109 114 18
45 24 29 33 38 43 47 B2 57 61 66 71 16 B0 85 90 84 99 104 108 113 118
48 24 28 33 38 42 47 52 56 61 66 70 75 BL 84 89 94 08 103 108 112 117
47 24 28 33 38 42 47 51 56 61 65 70 75 7% 84 88 93 98 102 07 M2 118
48 23 28 33 37 42 46 51 55 60 65 63 74 78 83 88 92 97 101 106 110 118
48 23 28 32 37 41 46 50 55 58 €4 68 73 77 82 86 91 95 1080 04 108 1.3
50 23 27 32 36 40 45 49 54 58 63 67 71 76 BG 85 8% 94 88 10.2 107 1A
51 22 27 31 35 40 44 48 83 B7 81 68 70 74 795 $858 87 92 98 100 105 0%
52 21 25 30 34 38 42 46 50 55 69 63 67 71 75 80 84 8B 92 96 100 1058
53 20 23 27 31 35 39 43 46 50 54 58 62 65 69 73 7 81 B5 88 82 96
54 17 20 24 27 30 34 37 40 44 47 50 b4 57 80 64 67 FT0 74 77 80 B4
55 15 1.8 21 24 27 30 33 36 3% 42 45 48 51 54 57 59 62 85 68 71 74
56 14 1.7 1.8 22 25 27 30 33 235 38 41 43 486 49 51 54 57 59 62 85 868
57 13 15 18 20 23 25 28 30 33 35 37 40 42 45 47 B3 52 B5 80 82 82
58 11 14 16 18 20 22 24 2% 28 31 33 35 37 40 42 44 46 48 5O 53 58
58 18 +1 13 156 17 19 21 22 24 28 28 3.0 32 33 35 3.7 38 41 43 44 4%
60 08 10 12 1.3 158 1.6 1.8 19 21 23 24 26 27 28 30 32 34 35 37 38 40

NOTE: Lima recornmendations are based on plow depith of 8.0 inches. Correct rate if plowing a different depth.

*The recommendations are for 100% effective neutralizing value (ENV} imesione and should be corrected for the ENV score
{see limestone score card} for the brand of fime to be used, Onee they are corrected for the fime score, the final application
rate should usually be rounded fo the nearest 0.5 ton,
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Table 6. Lime recommendations to increase the soil pH to 6.2 for clover, com, grasses, and oats

Exchange acidity (mel100 grams soil}

5 6 7 & 9 1 t1 12 13 14 15 16 17 18 1§ 20 21 22 23 24 25
pH Tons of 160% ENV limestone per acre®
44 22 27 31 36 40 44 49 53 57 62 66 71 75 79 84 88 92 97 101 106 11.0
45 22 27 31 35 40 44 48 53 57 61 66 70 74 79 83 88 92 96 101 105 109
46 22 26 31 35 39 44 48 52 57 61 65 70 74 78 83 87 91 95 10.0 104 108
47 22 26 30 35 39 43 48 52 56 60 65 69 73 78 82 86 90 95 99 103 108
48 22 26 30 34 38 43 47 51 55 60 64 68 72 76 81 85 89 93 98 102 106
49 21 25 29 34 38 42 46 50 54 58 63 67 71 75 79 83 87 92 96 100 104
50 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 90 94 98 102
51 20 24 28 32 36 40 44 48 52 56 59 63 67 71 75 79 83 87 91 95 99
52 19 23 27 30 34 38 42 45 49 53 56 60 64 68 71 75 79 83 86 90 94
53 1.7 20 24 27 30 34 37 40 44 47 50 54 57 60 64 67 70 74 77 80 84
54 1.4 1.7 20 23 25 28 31 34 36 89 42 45 47 50 53 56 58 61 64 67 69
55 1.2 14 1.7 19 21 24 26 28 30 33 35 37 40 42 44 47 49 51 54 56 58
56 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
57 09 1.1 13 14 16 18 20 21 283 25 27 28 30 32 34 35 87 B39 40 42 44
58 07 09 10 12 1.3 14 16 1.7 19 20 21 2383 24 26 27 28 30 31 33 34 35
59 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
60 04 05 05 06 07 08 08 09 10 10 11 12 12 13 14 15 15 16 1.7 1.7 1.8

NOTE: Lime recommendations are based on plow depth of 8.0 inches. Correct rate if plowing a different depth.

*The recommendations are for 100% effective neulralizing value (ENV Hirmestone and should be corrected for the ENV score
(frnestone score card) for the brand of firne {0 be used. Once they are corrected for the fime score, the final appifcation rate
showuld usually be rounded o the nearest 0.5 fon.

Table 2. General ime recommendalions

Loams Sity
Sandy &sitt oy

Initial soilpH  Sandds loarns foams loarns
tons/acre
4.5 40 70 11.0 150
46t04.7 35 65 100 13.0
481049 3.0 6.0 90 125
50t05.1 25 55 85 120
521053 20 45 65 80
541055 15 30 40 60
56105.7 1.0 20 30 55
581059 08 18 25 35
6.0t06.1 06 15 20 30
6.2t106.3 05 10 15 25
6.4106.5 03 08 13 20
6.6t06.7 02 07 10 15

1 inch for the surface and 1.6 inches

for the primary nutrient supply zone.

Points to remember when using
lime recosmmendations

1. lfthe original pH is greater than
6.0 or 3 complete soil test is not
available, use rable 7

Rates are based on an 8-inch plow
depth. Reduce or increase recom-
mendations by 12% for each inch
that differs from 8 inches. De-
crease the lime rate by one-third
if the soil is quire gravelly

. The lime rates in the ables as-
surne 100% effective neutralizing
value, The rate must be changed
to account for the difference in
ENV of the limestone to be used.
For example, a 4-ton raie of a lime
with an .80 ENV would require 4
= (L8O = S wons/acre.

Lime applications. If the soil phl
is below 6.6, the lime should be ap-
plied long enough before a legume
seeding for the lime 1o react with the
entire plow layer. If there i insuffi-
cient time for an adequate reaction
with the entire plow layer (at least 2
plowings), at least one-half of the rec.
ommended lime rate shouid be
added to the surface and disked in
before the seeding o provide a favor-
able pH in the soil zone near the seed
to encourage good establishment,

Split the lime application on soils
that require more than 4 ons per
acre by plowing one-half down and
disking the remainder imo the sur-
face. Smakler iime applications that
are necessary to maintain the pH
above 6.5 can be made at any time be-
fore seeding and can be either ap-
piied o the surface or plowed down,



The Cornetl pE kit can be used o deter
mine the soil pH and whether Hime i3
aeeded. B does aot determine the
armenent of lime needed. A complete soi
test should be used o determine the
Quarstity of lime to be applied,

If the pH is 5.5 or below, lime
should be applied at least a year be-
fore a pH-sensitive crop such as al-
faifa or barley is planted. It is usuatly
recommended that a splitapplication
of lime be applied and a less-sensi-
tive crop such as corn or clover be
planted for at least 1 year before
planting aifalfa.

The last summer or fall thar a hekd
is insod isa good time to apply small
maintenance additions of lime. Az
that time the soif is firm, and lime can
be applied with less likelihood that
the spreader trucks will getstuck, rut
the fields, or compact the soil.

Manufacture of Fertilizers

Tiwe manufacture of fertliver uses
large quantities of energy as well as
raw materials. Likewise, it requires
energy to transport these materials
o the point of use, A combination of
availability of raw materials, energy,
and transportation facilisies and
quantity of fertilizer used deter-
mines the location of the fertitizer
plants.

Nitrogen, Anbydrous ammortica
(NVH 3 Anhydrous ammonia is made
by reducing natural gas {methane ) 10
carbon dioxide and hydrogen. The
hydrogen is reacted with nitrogen
from the air to produce anhydrous
Ammonia.

N, + 34, o= ZNH,

fHtToRen hvdrogen wnhydrous

from air from natuesal  srmonda
gas

The combination of hydrogen and
eitrogen will only occur at very high
emperatures and pressures and thus
uses energy. Approximately 40,000
cubic feet of natural gas are required
o produce 1 ton of anhydrous am-
monia, As much natural gas is re-
quired to make 3 to 4 tons of anhy-
drous ammonia as to heat an average
insulated house for a vear, To con-
serve nigrogen (use only that quan-
tity necessary for maximum eco-
nomic yields) is as importans as to
conserve energy. The other sources
of commercial nitrogen fertilizers,
except sorpe industrial by-product
ammonturs sulfate, are made from
anhydrous ammaonia {(NH, ).

Urea (NH,CONH ). To manufac-
ture urea either for feed or fertilizer,
anthydrous ammonia is reacted with
the carbon dioxide obtained from
natural gas in the presence of a cawa-
kst to produce urea and water,

2NH, + 08, = NHCONH, + H.O
aabydrous carhon urea waer
ammonia  dinxide
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The urea s granulated and dried.
This also requires energy Thus, urea
NH,CONH,, costs more © produce
than anhydrous ammondia.
Ammontium nitrate (NH NG ).
Ammonium nitrare is made by oxi-
dizing (burning) anhydrous amme-
nia in the presence of a platinum
screen and other catalysts to form ni-
trous oxide. The nitrous oxide is re-
acted with waser to produce nitric
acid. The nitric acid is neusralized by
using more anhvdrous ammonia, and
ammonium nireate i formed.

ZNH, + 38, i ZEEND,
anthydeous OXVRER ntric
EMRTONI ackd

MNH, + H¥), (2 NH NG5,
antwidrous nitric AETHTIORIUMT
R monia acid nitrate

When either urea or ammonigm ni-
frave is first produced, it is 4 hot mol-
ten liquid. The granules commonly
used in dry fertilizer materials are
prepared by spraving this hot liquid
into a large revolving drum, coating
the prills with clay to help prevent
moisture absorption, and allowing
them to cool. The purpose of the clay
coating Is o prevent the pritls from
sticking together and to help prevent
moistare absorption by the fertilizer

Ammonium sulfate {(NH .80 1.
Ammonium sulfate is produced by
reacting ammonia with sulfuric acid,
itis generatly produced as aby-prod-
uct of the rernoval of ammonia or sul-
fur from manufacturing processes.
Very little ammonium suifate is made
specifically for fertilizer consump-
tion.

Nitrogert Solubions—urea + ant-
monium wpitraie (NH,NG, +
NI LCONFE). Nitrogen solutions are
made by dissolving ammonium ni-
trate and urea in water. The ammo-
nium nitrate and urea are trans-
ferred directly from the production
plant 1o the water, thus saving the
drying and the clav coating. The 2810
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32% nitrogen solutions usually con-
tain about 50% of the nitrogen as
urea and about 50% as ammonium
nitrate, Other than 28 to 32% solu-
tions can be and are produced, A gal-
fon of 2% nitrogen solution weighs
H.06 pounds and contains 3.54
pounds of nitrogen.

Agua ammonia and low-pressure
solutions, Agua ammonia {ammonia
in a water solution) and other low.
pressure nitrogen solutions are
made by adding anhydrous ammonia
to water under controlled conditions.
The concentration of nitrogen within
the water is determined by the
amouent of anhydrous ammonia
added. Pressure is developed over
the solution by the ammonia, Most
agua solutions are produced to con-
tain 20 10 30% nitrogen.

Anhwdrous ammonia can be added
to ammonium nitrate and (or) urea
solutions to produce more-concen-
rrated products varying inconcentra-
tion from abowt 30 10 42% nitrogen,
These are commeonly referred to as
low-pressure solutions, their advan-
1ages being that they produce less
pressure than anhydrous ammonia
and still contain a fairly concentrated
nitrogen solution for shipment and
application,

The disadvantages of low-pressure
solutions are that they must be han-
dled as a material under pressure
and must be soil injected the same as
anhydrous ammonia 1o prevent am-
monia joss. Both these disadvantages
mean a higher equipment and appii-
cation cost.

These products are not commonty
sold int New York, but there has been
some interest in them for certain lo-
cations.

Ammonium phospbates. The am-
monium phosphates are commonly
used 10 supply nitrogen and phos-
phorus. Generally, they contain
smalker amounts of nitrogen than
phosphate (£,0,). The more-common

ammonium phosphates are mon-
cammonium phosphate (NHH.PG,),
13-52-0 or 11-48-0; diammonium
phosphate [(NH,),HPO,}, 18-46-0;
and ammoniem polyphosphate, 12-
64-¢. These compounds are essen-
tially 100% water soluble and are con-
centrated sources of fertilizers, They
are made by reacting phosphoric acid
with ammonia. The quantity of am-
monia added and the hear determine
whether one makes monoammon-
inm, dizmmonium, or ammonium
polyphosphate. The ammonium
phosphates are commanly used for
direct application or in bulk-blended
fertilizers.

Ammoniated superphosphates.
Ammoniated superphosphates are
made by introducing anhydrous am-
monia into superphosphate or con-
centrated (triple) superphosphate.
The result is a fertilizer containing
both nitrogen and phosphorus simi-
lar t0 the ammonium phosphates.
The chemical difference between the
ammoniated and the ammonium
phosphates is the presence of extra
calcium in the material, Ammoniated
superphosphates have the chemical
formula of mono-calcium-ammo-
nium phosphate [Ca{NH,HPO,),].
'this compound is nearly 100% water
sotuble and plam available; but if oo
much nitrogen is added, some of the
phosphorus is converted to non-wa-
ter-soluble compounds. Further ad-
dition of ammonia converts some of
the phosphorus to forms that are not
plant available. Most producers today
maintain about 60% water solubility
and essentially 100% plant zvailabii-
ity in their ammoniated superphos-
phates.

Both ammoniated superphos-
phates and monoammonium phos-
phates make excellent sources of ni-
trogen and phosphorus for band
application. There appearsto be lite
difference in plant responase be-
tween these sources as long as at least

60% water solubility is maintained in
the ammoniated superphosphates.

Phosphorus. Superphosphates,
Ordinary superphosphate and con-
centrated {triple) superphosphate
fertilizers are made by reacting a
phosphorus-containing ore, usually
apatite, with sulfuric acid. Ordinary
superphosphate (6-26-0) contains
monocalcium phosphate and cal-
cium suifate (gypsum). If during
production the calcium sulfate is
separated from the moneocalcium
phosphate fertilizer, concentraed su-
perphosphate (0-46-0) is obtained.
Recently, because of lower-grade
phosphorus ores, the analysis of con-
centrated superphosphate has varied
from 44% 10 46% P,0,. Both these su-
perphosphates contain the same
chemical phosphorus compound,
monocalcium phosphase [Ca(H,P0,),),
but ordinary superphosphate con-
1ains another major componer, cal-
cium sulfate or gypsum. Thus, ordi-
nary superphosphate contains a
maior quantity of suifur. Concen-
trated superphosphate may contain
some sulfur—usually less than
about 3%.

Phasphiovic acid. Phosphoric acid
is used as the phosphorus source for
manmfacture of the ammonium phos-
phates, ammonium polyphosphates,
and tiquid or slurry fectilizers. Phos-
phoric acid for most fertilizers is pro-
duced by reacting rock phosphate
(apatite) with excess sulfuric acid
{made from sulfur), then purifying
and concentrating the resuiting
phosphoric acid. The amount and
method of concemtrating the acid de-
termine the P,0 content and, there-
fore, whether it is considered as the
more concentrated form, polyphos.
phate. The phosphoric acid is then
used in the mamafaciure of other fer-
tilizer materials,

Ammonium phosphates. The P,0,
content of the phosphoric acid deter-
mines whether, when reacted with




anhydrous ammonia, an ammonium
phosphate or ammonium polyphos-
phate is produced. The ammonium
polvphosphates are made from phos-
phoric acids containing about 76%
P40

When the phosphoric acid is re-
acted with ammonia, the resuliing
ammontium phosphate can be dried
and granulated for the producton of
dry fertilizer or can be maimained as
a Hquid. Essentially the same chemi-
cal forms can exist as a liquid oras a
dry material.

The common liguid ammoninm
phosphates are the 10-34-Gand 11-37-
0 grades. These materials are usually
stored at a blend plant and can be
mixed with muriate of potash o form
a liquid containing N-P-K. A disad-
vaniage of these Hquids is their low
analyses. They must contain some ni-
rogen,

Potassinm. Potassium fertilizers
are primarily mined from deposits of
possium chioride, potassium sul-
fate, and potassium and magnesium
sulfates. United S1ates’ production of
potassium fertilizer has deciined
within recent years. We imporr es-
sentially all our potassium fertilizers,
mostly from Canada, Over 90% of the
potassium fertifizers used in the
Northeass come from Canada. Thus,
we are dependent upon the supply
and pricing structure of the Canadian
potash for our potassium

Some Important Reactions of
Nitrogen

Nitrogen can be supplied 10 crops
fromseveral fertilizer sources. These
SOUFCES Can Contain nitrogen in sev-
eral different chemical forms, The
plant may not be able to use the nitro-
gen in the form supplied, and some
forms of nitrogen may even be toxic
to plants. Hnder soil conditions ade-
quate for normal growth of piants,
the various forms of aftrogen are ul-

timately {usually rapidly) converted
to ammonia and subsequently to ai-
trale, Nitrare is the form of altrogen
mostoften used by plants. fn this sec-
tion we will discuss several forms of
nitrogen and the changes they un-
dergo inthe soib

First, a general description of the
changes in nitrogen that occur in
soils follows.

Nitrogen transformations. Or-
ganic nitrogen {-CNH ). ‘The change
from organic nitrogen {nitrogen
contained in organic matter) to inor-
ganic ammonia occurs over a wide
range of soil conditions. Different
typés of microbes use the otganic
matter 4s a source of energy When
the comtent of nitrogen in the organic
matter is sufficient (i.e, C to N ratio
of 15 10 1}, inorganic nitrogen is re-
leased as ammonia or the ammo-
aium ion. Once the ammoniz is re-
leased, it undergoes the same
reaction as other ammoniurs fertil-
izer sources. This release of inor-
ganic nitrogen is called mineraliza-
tion. Nitrogen is generally released
when any green plang, sod ¢rop, or
manure i incorporated into the soil,
When sawdust, bark, or other mate-
rial very low in nitrogen as com-
pared with carbon is incorporated,
nitrogen may be removed from the
s0il by the growing microbes and in-
corporated into their bodies, This
process is called immobilization.
For some materials there is no major
change in the soil nitrogen status
with decompostiion. These crop res-
idues include small grain straws,
corn staiks, and the like.

Ammonia (NH ,, g gas). The am-
monia reacts instantly with any water
present in the soil w form ammo-
nium hydroxide, 2 high-pH base.

NH, + H,0 = NH,OH.
ammonia waker ammonium
hydroxide
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Ammonium hydroxide is the in-
gredient in smelling salts and, if ex-
posed to the air, wil revertio ammo-
nia {(gas) and water. Ammonium
hydroxide wiil also react with soil
acids wo form the ammonium jon and
waler.

NHOH  +  H* - NH,* + HO.
ammoniung B ammonium  waser
hydroxide acid

Thus, the initial reaction for am-
monium formation from organic ma-
terials, urea, or anhydrous ammonia
is avery high pH, especially i the ap-
phication is concentrated in a smald
area such as a fertilizer band. This
high pH is often: harmful to germinat-
ing seeds, seedling plants, and roots.

Ammornium (NH,* ). The ammo-
nium form of nitrogen {(NH,*Yhasa
positive charge and will be anracted
10, and held on, the negatively
charged clay particles in the soil.
This is why ammonium aitrogen is
often classified as a nonleachable ni-
rrogen source. The noaleachable
characteristic of the ammonium ion
has minimum significance in main-
taining the nitrogen in warm soils
hecause if s soon converted to the
leachable nitrate ion (NG,~). The ni-
trate ion is negatively charged and,
hence, is not attracted and held by the
clay particles in the sofl.

Nitrate (NG, ~ ). Once the organic
nitrogen becomes ammonium or
when commercial fertilizers coniain-
ing ammonia are added o the soil, a
TWO-SIED CONVETSION QCgurs.

NEENO, b hacterin s NO,- 4+ 2H®

ammorium  {NVEro- nizrie Aid

nirate Senones)

N 4 hacterda = NG~ 4 2H*

nitrite {Nitro- nHEAE acid
bacter)

The ammonium nitrogen is con-
verted to nitrite by the actions of bac-
teria of the genus Nitrosomonas. Ni-
trosomonas bacterta will convert
ammoOnium nHrogen to nitrite ina
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pH range from below 5.6 1 above
8.5, When the ammonium ion is con-
verted 10 nitrite, acid (H* jon) s also
produced, and thus the pH is fow-
ered.

Bacteris of the genus Nitrobacier
will convert nitrite to nitrate nitro-
gen. The conversion of ammonia or
ammonium 0 nitrite and nitrate can
and usually does occur rapidiy. The
cenversion of 50 pounds per acre of
ammonivm nitrogen from ammo-
rium suffate or ammonium nicrae
can accur in less than a2 week under
favorable conditions. Costversion of
ures and anbydrous ammonia re-
quires up 10 3 weeks because of the
high pH produced. Once the nitro-
gen is converied to nitrare, it s read-
ily feachable. Because these conver-
sions occur readily in soils, there is
no completely nonkeachable source
of nitrogen, although the aitrification
process can be slowed by adding a ni-
srification inhihisor.

Acid is also refeased upon the con-
version of ammonia w nirrae, fus-
ther reducing the soil pH. The re-
lease of these acids is the reason
most aitroges-containing fertilizers
are called acid-forming fertitizers. In
general, it requires about 4 pounds
of lime to courgeract the acidity pro-
duced from 1 pound of ammonium
nitrogen. Even on acid soils itismore
economical 1© counteract the acidity
produced by the fertlizer with lime
rather than try 1o purchase fertilizers
that are labeled as nonacid forming,

Nitrobacter hacteria convert nitrite
to nitrate in a more-restricted pH
range than that in which Nitroso-
monas bacteria convert agunonivm
to ritrite. The pH range for Nitrobac-
ter bacteriais from below 6.0to about
8.0. Under ceriain conditions when
there is a very high pH, nitrite will ac-
cumulate. In excessive guantities
{probably about 1 b/acre), nitrite is
very harmful to plants. An excess of
nitriee may occur when high concen-

trations of urea, anhydrous ammo-
nia, a2ad (or) diammonium phos-
phate are used in the fertilizer band
close to the seed or seedling plants.
Thus, care must be exercised in
using these materials for band ferti.
tzers,

Large concentrations of free am-
moniz may exist from the application
of anhydrous ammonia, ured, or
diammonium phosphate, AMMmoniz
in high concentrations s aiso harm-
ful to plangs. it is difficult to separate
the conditions of nitrite injury and
ammonia injury to piants because
neither produces visibie symptoms.
In a concentrated band these fertiliz-
ers may produce both conditions of
free ammonia and excess nirie. Re-
duced piant stands or lower yields
may resuit.

Dentitrification. The conversion of
AMMONIa Lo nitrate occurs only when
adequate oxygen is present in the
s0th. When the soils are wet and air
movement within the soii is re-
stricted, oxygen becomes fimiting
andl another type of nitrogen conver-
ston {denitrifcation) occurs.

N0, 4+ microbes = N, 4+ 3.
nitraie without nitsogen  Oxvgen
oxygen gas

The nitrate nitrogen is converted
to nitrogen gas {the same aitrogen
gas that makes up 78% of the air) and
is lost from the soil and plant use.
This process is called denitrification.

Dyata from New York indicase that
on the average 75 1o 90% of fall-ap-
plied nitrogen and about 35% of
spring preplant nitrogen for corn are
fost by July. Probably most of the ni-
trogen is lost by denitrification under
most New York soil conditions. Side-
dress aitrogesn recommendagions
help to prevent loss in two ways: (1)
The nitrogen is applied after the wet
spring period has passed, and deni-
trification or leaching is minimized.
(2} The nitrogen is applied just be-

fore maximum nitrogen uptake by
the corn, and there is less time for
088 tO OCCUT,

Characteristics of Nitrogen
Fertilizers

It is often quoted that a pound of ni-
trogen fertilizer is equivalent to any
other pound of nitrogen fertilizer re-
gardless of the source. This is true
only when the materials are applied
under conditions suitable for each
source, Several characteristics of the
fertilizer material influence the time
and method of application needed
for maximum efficiency.

Anhydrous ammonia (NH,}.
Anhydrous ammonia s a liquid un-
der pressure, contains 82% nitrogen,
and weighs about 5 pounds per gak-
lon. It becomes 2 gas upon applica-
tion when the pressure is released.
RBecause ammonia reacts rapidly
with wazer to form a strong base, it is
extremely caustic o the eves, skin,
and lungs, and, therefore, must be
handled with care. When handied
andd applied properly with good
equipment, it is an excellent source
of nitrogen for maay crops.

To prevent application osses, an-
hydrous ammonia must be placed
into the soil 6 10 8 inches deep, so
that the ammonia can react com-
pletely with the s0il before the gas
can escape. The most cormmon appli-
cation method is 10 knife the anhy-
drous ammonia intothe soil as a side-
dress application for corn.

Anhvdrous ammonia causes 2 high
soi pH around the point of release.
Because this is harmful to young ger-
minating seedlings, anhydrous am-
monia should not be applied near the
seed, but rather at midrow. When
seeds are placed in or near a preplant

anhydrous ammonia band, loss of |

stand and yiekd may resule. it is diffi-
cult to apply preplant bands without
this prablem, One possibie solution



is tor cilute the bands as much as pos-
sibie by using more, closer-spaced
knives so that the rate per knife is
lower or by using plow sole applica-
tions.

Arnthydrous ammonia is usually
one of the cheapest sources per
pound of nitrogen, especially when
it is purchased in large guantities;
but the equipment for transportation
and application is expensive. Abowt
200 acres of corn are required forthe
use of anhydrous ammonia with
farm-owned equipment w be eco-
nomically feasible. Likewise, a retail
supply of anhydrous ammonia must
be nearby Using anhydrous ammo-
rig as an additive to corn silage
would spread the investment and re-
duce the amount of corn requiredfor
its use as a fertilizer 10 be economi-
czl. The total N needed on dairy
farms may make such anhydrous am-
montia additions for corn unneces-
Sary.

Urea (NH,CONH,). Urea is a dry,
white prill containing 45 to 46% ni-
trogen. It is the most concentrated
dry source of N available and is gen-
eratly the least expensive of the more
commonly used dry sources, Urea
has several characteristics that influ-
ence the time 2nd method for effi.
cient applications. For urea to be
used by plants, it must change from
urea 1o ammonia. This change og-
curs by the action of the enzyme
called urease on the urea. Urease isa
naturally occurring enzyme that is
produced as 2 by-product of plant de-
composition and microbial growth,
The urea molecule breaks down into
ammonia, carbon dioxide, and water,
the same components used in #ts pro-
duction.

urease

NHONH, + 2HD = 2NH, + €0,

UreE water  ammonia  carbon
dioxide

This breakdown of the ures 10 am-
monia aecurs rapidly under moist
s0il condigions. It is usuatly complete
within a few hours after application,
if the urea is placed on the s0il sur-
face, some of the ammonia s lost to
the air, Under soil-drying conditions,

the nitrogen loss can approach 40%.

of the applied nitrogen. When ap-
phied just before a rain, the urea can
dissolve and enter the soil with the
water before breakdown 1o ammonia
occurs. The ammonia released from
the urea can then react with the soil,
and ammonia loss is prevened, Fex-
cess rain occurs, the urea can jeach
through the soil. An average loss for
summer-applied opdressed urea is
likely 10 be 15 10 20% of the applied
nitrogen. Thus, when ureais applied,
it should be mixed or covered with
the soil in some manner o prevent
this foss. This loss Hmits the useful-
ness of urea for topdressing pas-
tures, meadows, and small grains as
well as other crops when the material
is not incorporated into the soil,

When the urea is applied in 2 band
at pianting, the ammonia released
from the urea causes a high pHin the
fertilizer band. This can resuit in
seedhling damage as described in the
preceding secgion. Thus, urea shoulkd
not be banded at rates greater than
2010 30 pounds per acre at planting.

Urea can be banded as a sidedress-
ing for corn by using disk openers
and placing the urea about 2 inches
below the soil surface. Likewise, it
can be applied preplant incorpo-
rated without ammonia loss, but the
other losses commoen to preplant ap-
plications of nitrogen may occus

Ammonium nitrate (NH NO,).
Ammonium nitrate is a dry prifi con-
talning 33 10 34% nitrogen. It was
once the primary source of fertilizer
nitrogen, but urea production now
exceeds ammonium nitrate produc-
fion.
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On most soils the losses from top-
dressed ammonium nitrate are less
than for ures; therefore, it often is &
befter nitrogen source for topdress-
ings. On high pH soils, however,
some nitrogen may be lost by volatil-
ization from ammonium pitrate, be-
cause the ammoniwm reacts with the
carbonate from lime to form ammo-
nium carbonate. The ammonium
carbonate breaks down to ammonia,
water, and carbon dioxide. The am-
tnonia may then be fost by volatiliza-
tion from the soil surface. This loss
does not often exceed 0% of the ap-
plied nitrogen, even on high pH
$0ils,

Areas for storage of amynonium ni-
trate should be dry and free from ali
petroleurn products such as oils and
fuels. Ammonium nitrate mixed with
these products is extremely expio-
sive, It should also be keptaway from
heat and explosives.

Ammonium sulfate F(NH,),S50,].
Ammonium sulfate is a dry, usually
crystaliing source containing 20% ni-
trogen. It is 3 by-product of several
industries, especially sweel producs
tion. Most of the ammonium suifate is
used in bulk-blended or mixed fertid-
izers because it is compatible with
both urea and ammonium nitrate. It
undergoes the same reactions and
can be used in the same way as am-
monium nitrate,

Nitrogen solutions (NH NGO,
and NH,CONH, in water). Nitrogen
solutions will quickly dehvdrate any
portion of the plans they touch, i
used at high rates, the solutions may
almost completely defoliate the plant;
therefore, nitrogen solutions should
not be used as a postemergence
spray uniess directed below most of
the plant feaves.

Because nitrogen solutions con-
tain about 30% of the nitrogen as
urea, some nitrogesn volatilization
losses can be expected when nitro-
gen sclutions are used as a wopdress-
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Liguid fertifiver storage TeilHies consise of large tnks of med
or plastic. The basic materials are usually mixed w the desired
analvsis just before application.

ing. For sidedressing corn, the sohlu-
tions should be knifed about 2 inches
into the soif in a manner simifar 10
that for anhydrous ammonia.

Nitrogen solutions are readily
available, convenient, and a safe and
edasy nitrogen source 10 use, Solu-
tions require a moderate financial in-
vestment for equipment. Likewise,
more attention than that normally ex-
ercised in the past should be given o
proper placement.

Solutior versus Dry Fertilizers

As shown in the “"Manufacture of Fer-
tilizers" section, the same hasic
chemical compounds are present in
the Hauid fertilizers as inmany of the
dry fertitizers. There is no difference
in the plant response obtained from
liquid or dry fertilizers if they are ap-
plied 10 the soil in similar positions,
that is, banded or broadcast. The dif-
forences berween these materials,
therefore, is in the methods for rrans-
porting, storing, and handiing. Lig-
aids have some advantages because
they can be transferred fromtanks w
other equipment and applied using

= =
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liquid pumps. Pumping is usually
faster and s easier than handling
most dry materiais. Liquid materials
require a higher initial equipment
investment. Dry materials would be
much easier to handle if similar
quantities of money were invested in
dry-handling facilities.

The disadvantages of liquid fertil-
izers are more weight must be trans-
ported and lower fertilizer analyses
are oftens used. This may not be the
case with some of the newer
“slurry”-type liquids being devel-
oped. Slurries are solid particles of
fertilizer suspended in a clay-
water misture that prevents the solid
particles from settling to the bottom
of the tank. Slurries are notcom-
moniy used in New York, but their
use inother parts of the United States
is increasing. The disadvanage of
sturries isthey can only be used as a
broadcast application,

Calculations for lquid fertiliz-
ers. The analyses for liguids are ex-
pressed in exactly the same terms as
for dry materials—as percentages by
weight of the nutrients contained in

Liquid fertilizers are transported and often applicd with tank
trucks or teatders. The transfer of Higuids by pump makes them
easier and faszer 1o handle,

the total weight of the material, that
is, 9-18-9 refers 1o 9% of nitrogen,
18% of PO, and 9% of K,0. This
means 9, 18, and 9 pounds of N, P,0,
and K,0 per 100 pounds of total Hquid
material. We are accustomed to
thinking of liquids in gallons; o0
make the conversion from gatlons to
pounds, we must know the total
weight of the product per gallon and
its apalvses. Most liquids have a
weight of 11 1o 12 pounds per gatlon.

For exarmple: How much N, P,0,,
and K,0 are in 4 gailon of 9-18-97 As-
sume 3 weight of 12 pournds per gal
ion. Thus, when we multiply the
weight {in pounds per gallon) by the
analysis of each sutrient in the fertil-
izer {percentage must be converted
to decimal as 9% = 0.09), we obmin
1.08 pounds of N, 2,16 pounds of P,4,,
and 1.08 pounds of K,0.

Cost comparisons for Hguid
fertilizers. The cost of similar fertil-
izer materials ¢an and should be
compared on a cost per pound of
plant autrient basis. When fertilizers
are soid by the gallon, the cost per
pound of plant nutrient is obtained



With the proper equipment, application of bulk dry ferdbizess can be very efficien,

by dividing the sebling price per gal-
lon by the number of pourds of plant
nutrients supplied per gallon. For the
above example, if the selling price of
2 9-18-9 fersilizer is $3.00 per gallon,
the cost per pound of plant nutrient
would be $0.69 [$3.00 per gailon/
(1.08 + 2,16 + 1.08)or (4.32 ib plan:
nutrient}]. A comparable value for
most commercial liquid ferrilizers
normally sold by weight and analysis
would be about 86.25, whereas dry
matezrials saight be about $0.22 per
pound of plant food. These prices
vary with distribution, time of vear,
and conditions of sale; therefore,
they should only be used as an Hos-
teation and not for direc comparizon
of materials. For a direct ¢ost com-
parison, determine prices from your
tncal dealers. The calculation does ii-
lstrate that the price per pound of
plant rtrient should be a primary
factor in purchasing any fertilizer ma-
terial.

Fertilizer injury
Fertilizer injury to small seedlings
can oceur when oo much fertilizer is
applied in the fertilizer band. The
fersilizer salts dissolve inthe sofl wa-
wer and are taken up by the plant 100
rapidiy; as a result the plant dehy-
drates, This injury is commonly re-
fersed to as fertilizer saltinjury Ircan
be observed, especially on windy
days when the plansts are small, as
wilted feaves and scorched leaf tips
and edges. The injury can be re-
duced or preveated by limiting the
quaniisy of nirrogen phus potash used
in the fertilizer band. No more than
80 pounds per scre of N + K.0
shoukd be used in the fertilizer band.
The phasphorus is not included in
the calculation, thas is, 400 pounds
per acre of 10-10-10 would he 80
pounds peracre of N + K0

A second type of seediing injury
invalves the use of urea and diam-
monium phosphates within the fer-
tiizer band. A discussion of the in-
wiry is included under properties of
fertitizers. It is recommended that
{1} ne more than 20 pounds per acre
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of N as uresa be used in the fertilizer
band; {2} no more thanr 30 pounds of
PO from diammoniuzm phosphate
he used in the fertilizer band, (31 no
more than 2010 30 pounds of ureani-
trogen phas N from digmmonium
phosphate be used in the fertilizer
band; and {4} no more than 30 w0 40
pounds of ammaonium nitrogen from
all sources be used in the hand with
diammonium phosphate.

Determining the fertilizer ratio
and grade. The ferrifizer ratio is
given: by the smallest whole numbers
that describe the ratio of N to P06, 10
1,0 present in the fertilizer; that is, a
F-4-4 ratio means that there are 4
nounds of PO, and K,0 to 2 pound of
N. Recommendations are often made
to apply & fertilizer of a particutar ra-
tio that will give a certain rawe of one
or gore of the nutrients,; for example,
the recommendation 1o apply suffi-
cient quantities of a 1-2-2 ratio fertil.
izer to provide 20 pounds of nitrogen
would mean to apply a material such
as 10-20.20 to provide 20 pounds of
nitrogen. The 20 pounds of nitrogen
would then be provided by adding
(20 divided by 5.30) 200 pounds per
acre of #-20-20.

The fertitizer grade gives the per-
centages of N, P.0., and K,0 presens
in the fertilizer and s the basis for
the sale of most fertilizers. There can
be several different fertitizer grades
thas will fit a particular fertilizer ra-
tio, for example a 1-1-1 ratio can be
obtained with 10-1#8-10, 12.12-12, 15-
15-15, and so forth, An individual
dealer may stock only one fertilizer
grade for a pasticuiar ratio,

Band Rates

The rate and ratio of fertilizer to be
used in the band must be deter-
mined after the rates of individual
nurients are obtained. For exampie,
if more than 40 pousnds of nitrogen
are required, the rate of nitrogen o
be applied in the band rae shouid he
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When oo rauch fertilizes s placed close 1o the seed, seediing and roor damage can
occur Here, 68 pounds of nitrogen and phosphiorus were placed 2 inches below and
2 inches 1o the side (feft), 2 inches directly below (certer), and 3 inches 1 the side
{right} of the seed, Notice the root damage 10 the plants when the fertilizer was

placed directly below the seed.

reduced 10 10 to 20 pounds per acre
and the remaining nitrogen applied
as a sidedress application. When
more than 80 pounds each of nitro-
gen and potash are required, reduce
the band rate to contain less than 80
pounds and apply the remaining as a
prepiant or sidedress application. f
more than 40 1w 50 pounds per acre
of phosphorus are required, reduce
the rate of potash 1o equal the phos-
phorus and apply the remaining po-
tash prepiant. When relatively small
quantities of fertilizers are recom-
mended, a higher rate can usually be
applied in the first year and applica-
tions omitted the following vear or
years, When the rate of potash is

smatier than the phosphorus rate and
standard grades are to be used, the
potash rate is normally increased to
equal the phosphorus rate; for exam-
ple, if 4G pounds of N and P,0, and
only 30 pounds of K,0 are needed, a
1-1-1 ratio is used.

When these adiusumens are made,
standard grades can be used for most
band fertilizer applicazions. When
buik blends are used in the fertilizer
band, the blends can be custom
mixed 1o fit the ratio needed, but no
more than 80 pounds peracre of N +
K.0 shoukd be applied, Care should
be taken to avoid most of the ures
and diammonium phosphates in
mazking these bulk blends for band
applications. Likewise, make sure

LIMA

NHaV OA\NH‘}JVO_A: UREA
MAP QAP DAF

2 BELOW SEED

When bunded @ plarting, urea and (or)
diammenium phosphate (DAP) fertiliz-
ers often cause Injury 2o seedling plars,
Note smaller plars and absence of roors
(right and comter ywhere urea and (or}
ciammonium phosphate (18-46-0) were
used. The white spot in the soi issand
used to mark placement of fertilizern

that uniform particie sizes are used
to prevent separation of the individ-
uai fertilizer components, especially
for band applications. Transfer bulk
hlends in a manner to prevent the for-
mation of cones under the transfer
point to avoid nutrient separation,
When properly mixed from recom-
mended sources and properly han-
dled, bulk blends are adeguate
sources for band placement. If you
are not sure these precautions have
beesn raken, do not use the blesds for
band applications.



MANAGING ANIMAL MANURES

For centuries farmers have spread
animal manures on the land as a way
to increase soil productivity. Once
applied to the soil, manure is decom-
posed by microorganismes, forming
humus and releasing essential ele-
ments for piant growth, The eco-
nomic vaiue of manure is refated o
its fertitizer replacement vaiue, 1S or-
ganic matter content, and probably
some anknown factors that enhance
crop production.

Management is the key 1o efficient
use of nutrienis by a crop. Proper
management wilf increase economic
crop returns and reduce the poien-
tial for polluting surface and ground
waters, This chapter discusses the
basic principles regarding the use of
manure in a soit ferttlizy program
angt presents general guidelines for
managing manure for optimum crop
production.

Nutrient Content
Depending on the species, approxi-
mately 70-80% of the nitrogen, 60—
85% of the phosphorus, and 80-90%
of the potassium fed © animals are
excreted inthe manure. The high no-
{rient return in Manure DErmits 4 e
cycling of plant nutrients from crop
w0 anbmal and back 10 the crop again.

The amount of autrients contained
in manure and their eventual uptake
by plants will vary considerably from
farm 1o farm. The major factors deter-
mining nutrient content and availa-
bility are (1) composition of the feed
ration, (2} amount of bedding and
water added or lost, {3) method of
manure collection and storage, (4)
method and timing of land applica-
tion, {5} characteristics of the soil
and the crop to which manure s ap-
plied, and £6) the climaze.

Table 4 shows the wide range in nu-
trient composition of manures sam-
pled from numerous farms. Because
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Table 8. Range in nuttient analysis of manure for vasious handling systems

Nondiquid systems Liguic] systems
Type N .0 K0 N P.0. K0
ibiton b 1060 gat
Dairy 5.16  2.16 2-31 381 2w21  2.58
Beef 420 113 3-28 6.37 1-29 530
Swine 3.27 1-62 2-18 B 163 1-49
Poultry 4.111 196 2-55 35-75 13-81 1339

Source; Adapted Irom 7. Bates and E. Gagnon, 1981, Nutrient content of manure,
University of Guelph, Guelph, Ondario, Canada,

of the large amount of variation, it is
not advisable to uge the average nu-
trient contents often seen in publica-
ticns. Average values are very mis-
leading. The best way 1o determine
the nutrient content of manure is by
laboratory analysis, The minimum
analysis should include the percent-
age of dry matter, ammonium nitro-
gen {NH,), total nitrogen (ammo-
mum N + organic N}, phosphorus (P
or P8}, and potassium (K or K,0).

The kev to an accurate manure
analysis is proper sampling. Samples
shouldbe taken just before spreading
to account for losses during han-
dling. Storages should be sampied
each time they are emptied, and daily
spread operations should be sampled
several times throughout the year w0
obtain a good average nusrient value,
When the results become reasonably
consistent, sampling can be done less
frequentiy. Samples should be aken
from representative loads to give the
nutrient content at the time of appli-
cation. Be sure liquid storages are
agitated thoroughiy before unioad-
ing. Place a composite sample ina
plastic boule, seal tightly, and freeze
immediatcly. Freezing is 10 preserve
the sample, because a considerable
amourt of nitrogen can be lost by im-
proper handling.

Nutrient Availabiiity

The nutrients in manure cannot be
substituted for the nutrients in com-
mercial fertilizer on a pound-for-
pound basis, A portion of the nu-
trients are not as readily available,
nor can they be as accurately applied
as those in fertilizer, How efficiently
they are used by a crop depends on
management of the land application
program, as well asthe rate of biolog-
ical breakdown of the organic mate-
rial and release of plant-available ms-
trients. The following sections
describe how nutrient availability
can be estimated.

MTROGEN
There is no quick soil test procedure
to determine the N supply frons or-
ganic matter. Therefore, the N supply
from manure in the soil must be esti-
mated from research studies and ap-
plied 1o individua! farm condizions.
Becauge of its chemical nature,
ranure Nis more difficuls to manage
than other nutrients. There are two
forms of N in manure, namely the
unstable and stable organic N{fig. A).
In gither form, the organic N mustbe
decomposed by microorganisms to
an inorganic N form before it can be
used by plasts, The resulting inor-
ganic N is availabic for crop growth



MANAGING ANIMAL MANURES

For centuries farmers have spread
animai manures on the land as a way
t0 increase s0il productivisy. Once
applied to the soll, manere is decom-
posed by microorganisms, forming
humus and releasing essential ele-
ments for plant growth, The eco-
nomic value of manure is related to
its fertitizer replacement vakae, its or-
ganic matter content, and probably
some unknown factors that enhance
crop production.

Managemen: is the key 1o efficient
use of nutrients by a crop. Proper
management will increase economic
crop returns and reduce the poten-
tial for polluting surface and ground
waters. This chapier discusses the
basic principles regarding the use of
manure in a soil fertilizy program
and presents general guidelines for
managing manure for optimum crop
production.

Nutrient Content
Depending on the species, approxi-
mately 70~-80% of the nitrogen, 60
85% of the phosphorus, and 80-90%
of the potassium fed to animals are
excreted iathe manure. The high nu-
trient return in manure permitsare-
cycling of plant nutrients from crop
to animal and back to the crop again,

The amount of nutrients contained
in manure and their eventual upzake
by plants wili vary considerably from
farm 1o farm. The major factors deter-
mining nutrient content and availa-
bility are {}) composition of the feed
ration, (2) amount of bedding and
water added or lost, {3) method of
manure collection and storage, {4)
method and timing of land applica-
tion, {5) characteristics of the soil
and the crop 10 which manure is ap-
plied, and (8} the climate.

Table B shows the wide range in nu-
trient composition of manures sam-
pled from numercus farms. Because
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Table 8. Fange in nutrient analysis of manure for various handiing systems

Nonfiguid systems Liqueci systems
Type N POy K,O N P.O, K.,O
Iblton 1b/1000 gal
Dairy H-16 2-16 2-31 3-51 2-21 2-58
Beet 4-206 1-13 3-29 6-37 1-28 5-30
Swine 3-27 162 2-1B 165 1-63 1-49
Poultry 4111 198 2-55 3575 13-91 13-.389

Source: Adapted from T. Bates and E. Gagnon, 1981, Nutrient content of manure,
University of Guelph, Guelph, Ontario, Canada.

of the large amount of variation, it is
not advisable o use the average nu-
trient contents often seen in publica-
tions, Average values are very mis-
leading. The best way 10 determine
the nutrient content of manure is by
laboratory znalysis. The minimum
analvsis should include the percent-
age of dry matter, ammonium nitro-
gen (NH,), total nitrogen (ammao-
pium N -+ organic N}, phosphorus (P
or P,0;), and potassium (K or K,0).

The key to an accurate manure
analysis is proper sampling, Samples
should be taken just before spreading
to account for losses during han-
dling. Storages should he sampled
cach time they are emptied, and daily
spread operations should be sampled
several tites throughout the year to
obtain a good average nutrient value.
When the results become reasonably
consistent, sampiing can be done less
frequently Samples should be taken
from representative loads to give the
nutrient content at the time of appli-
cation. Be sure liquid storapes are
agitated thoroughly before unioad-
ing. Place a composite sample in a
plastic bottle, seal tightly, and freeze
immediately Freezing is to preserve
the sample, because a considerabie
amount of nitrogen can be lost by im-
proper handling.

Nutrient Availability

The nutrients in manure cannot be
substituted for the nutrients in com-
mercial fertilizer on a pound-for-
pound basis. A portion of the nu-
trients are not as readily available,
nor can they be as accurately applied
as those in fertilizer. How efficiently
they are used by a crop depends on
marmagement of the land application
program, as well as the raze of biolog-
ical breakdown of the organic mate-
riat and release of plani-available nu-
trients. The following sections
describe how nutrient availability
can be estimated.

NITROGEN
There is no quick soil test procedure
1o determine the N supply from or-
ganic mater. Therefore, the N supply
from manure in the sofl must be esti-
muated from research studies and ap-
nlied 1o individual farm conditions.
Because of its chemical nature,
manure N is more difficult to manage
than other nuirients. There are two
forms of N in manure, namely the
unsiable and stable organic N{fig. A}.
In either form, the organic N must be
decomposed by microorganisms o
an inorganic N form before it can be
used by plants. The resulting inor-
ganic N is available for crop growth
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Total Manure Nitrogen

Urine

Linstable
Orga-lmc N
Lren—
decornpossd
very rapicly
I3 plant-
avaitable lorm

Feces

/
Stable Organic N
1 1

Decomposed Residual-

slowly during decomposed
the year of very slowly in
application future years

The quantity available for crop
production ks the sum of the three
components, and i is dependent

on mEnagement

Figure A, Form and degree of nitrogen availability i manure,

as nitrate (NO,) and ammonium
(NH,3.

The unsiable organic N is present
in urine as urea or uric acid and may
account for more than 50% of the to-
tal N. Urea in manure is no different
from urea in commercial fertilizer. It
decomposes very rapidly to ammeo-
niuem (NH,) and, in tuen, converts
very quickly toammonia (NH; ) asthe
pH increases and the manure begins
todry

All the ammonium in manure is
immediately available for piant
growth. Ammonia is extremely vola-
tile, however, so exposure of manure
on the barn floor, in the feedlor, in
storage, or afier spreading increases
the N loss. Atevery step between pro-
duction and its use by the crop, am-
monia is the most valuabie and most
easily lost component. It is also the
mos: varkable component between
management systems, and therefore,
an analysis of the manure is useful 10
determine how much ammonia has
been conserved before spreading.
Table 9 shows a typical field loss of
ammonia after spreading,

The more stable organic N s pres-
ent in the feces and is 2 more siowly
released form of organic Nthan urea.
The decomposition of stable organic
N tor 2 plant-availzble form occurs at
two rates, The less-resistant organic

N decomposes during the year of ap-
plication, whereas the more-resistant
organic N decomposes very slowly in
future years. Repeated application
the same field results in an accumu-
lation of a slow-release manure N
source.

A decay, or decomposition, series
is commonly used 1o estimate the
rate of N availability from stabie or-
ganic N. A decay series of .35-.12- 65-
202 is used (o estimate the rate of de-
composition of organic N in fresh
manutre in New York. The sequence
of numbers means that 35% of the or-
ganic N is decomposed during the
year applied, 12% of the initial or-
ganic N application is decomposed
during the second year, 5% is decom-
posed the thied vear, and 2% the
fourth year. The last three numbers
in the decay series are the annual
rates of decomposition of the resid-
vzl organic N from past applications.

There is some evidence that ma-
nure coptaining large amounts of
bedding may decompose at a slower
rate than fresh manure, Therefore,
the estimated availahility of N during
the year applied is reduced from 35
to 25% when the dry matter content
exceeds 18%.

The amount of N available during
the growing season is equal to the
ammonium N+ decomposed or-

Table 9. Loss of ammonia by
volatiization after a surface appiication
of dairy manure

Ammoria N
088, %

Days after
appiication

20
40
50
60
75
90

MO b WK =

ganic N from the present application
+ decomposed organic N from past
applications. An estimate of N availa-
bility in New York is shown in figure
8. The quantity that is available can
vary from year to vear and from farm
10 farm because the rate of micro-
hiological breakdown depends upon
sotl characteristics and climatic con-
ditions. Other faciors affecting avail-
ability are animal species, moisture
content, bedding, and method of ma-
nure storage. However, the guide-
lines in Aigure B are reasonable esti-
RS,

At the present time, there is not
enough research data o determine N
availability from manure when left
on the surface throughout the grow-
ing season. The value of N in manure
spread for no-till crops or for top-
dressings on havfields or pastures
will have to be based on your pastex-
periences.

Awork sheet is provided to make &
easier for you 1o estimate N availabil-
ity from present and past applica-
tions. Transfer the vakies in figure B
o work sheet | o determine availa-
bility based on your management
practice. The example in work sheet
1 shows that the amount of available
N will be low when manure is spread
during the &l of the year. The niro-
gen value increases considerably by
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Figure B. Estimated availability of the different forns Of nitrogen b masnure.

applving and immediately incorpo-
rating manure in the spring.

Work sheet T s also avatlable in
computer program form at vour Co-
operative Extension office. If you do
not have a manure analysis, the work
sheet or computer program will not
he very helpful.

PHOSPHORUS ANEY POEASSIUM
Manure is an excelient source of P
and K. When manure is applied ata
rate 1o supply the N needed, Pand K
will most likely be applied in excess
of crop needs,

Not atl the P in manure is immedi-
ately available for plant use. Some of
the Pis in an organic form that has to
decompose before it is available. P is
not very mobile in the soil. There-
fore, broadcasted manure i not an
efficient method of applying P when
establishing a crop. Some P will be
recommended in 2 band-placed
staster fertilizer except when the soil
test level is extremely high. For top-
dressing havhelds, the P in broad-
casted manure is probably as effi-

ciently used as P in broadcasted
fertilizer

Essentially ali the K in manure is
avaitable for plant growth during the
vear applied. K can be used effi.
ciently by 4 crop as either 2 band or
broadcast application.

The fertilizer requirements for P
and K on manured fields can be de-
termined by 50t testing. The soll test
levets are a reflection of how much P
and K have been applied from past
manuring; and these values should
be used o determine the amount of
fertitizer needed.

if manure was appiied before the
soil rest was taken, follow Cornell's
F,0, and K0 fertilizer recommenda-
tions. The Pand K applied will be re.
flected in the soil test values. H ma-
nure wili be applied after the soil test
is aken, the following guidelines are
offered.

Phosphorus

For crop establisbment or topdress-
ing:

a. If the fertilizer recommendation is
less than 40 th/sacre, apply the entire
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amount as fertilizer

B If the fertitizer recommendation
exceeds 40 th/acre, apply 40 b and
use the P in manure o supply the
ress,

Potassiam

For crop establisbment,

a. If the fertitizer recommendation is
fess than 20 th/acre, apply the entire
amount as fertilizer.

b 1f the fertifizer recommendation
exceeds 20 ih/acre, apply 20 b and
use 1the potassium in manure o sup-
ply the rest.

For topdressing:
The potassium in manure can be
used o supply the entire amount,

MICRONUTRIENTS

Marnure contains small quantities of
micronutrients; hence, micronutrient
deficiencies on manured felds are
aot very common. Because of the
siow availability of micronutrients in
manure, a micronutrient deficiency
should be corrected with a2 commer-
cial fertilizer source.
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Economics

The effectiveness of manure as a fer-
tifizer is based on the nutrients it
contains thatare not supplied in ade-
quare amounts by the soil. Thus, the
fertifizer dollar value of manure is
equal o the cost of the fertilizer that
has o be purchased if manure is not
applied. In fields where the soil rest
leveis for P and K indicate these nu-
trients are in adequate supply, only
the fertilizer nitrogen value of the
manure should be considered.

When contemplating capital in-
vestments for manure handling,
make a careful economic analysis of
the change in your management, For
instance, an expenditure that pro-
duces nuirient surpluses is now eco-
nosnical uniess the surpius can be
sokd; on the other hand, an expendi-
ture that markedly improves autrient
recycling, environmental quality, or
your management ability is a good
imvestment,

The resulis of several field trials
{tables 10 and 11) illustrate the effec-
tiveness of manure as a fertilizer, The
corn vields shown in table ¥ are typ-
ical of those found on farms where
manure has been applicd uniformiy

Fable 10. Com yields on a manured field with various rates of fertilizer

Manure input, Ib/A

Cornell soff test

N = 149 PO, = 59 pH = 64 K = 375 {H)

K.C = 148 P =18(H) Mg = 320(H)
Fertilizer applied Corn

N-P,0,-K,0, IblA silage, T/A

0-0-0 19.3
20-40-20 19.0
40-40-20 20.7
80-40-20 19.3
120-40-20 19.3
120-40-80 20.1

NOTE! Manure was spring applied at 4500 gal/A and plowed down within 8 hr,

at 2 high rate for many vears. Under
these conditions, nutrients accum-
late in the soii, the soil test levels in-
cregse, and the need for commercial
fertilizer decreases. When cornis in
rotation with hay, some additional N
will be supplied by the previous sod
crop. On this farm there was no €co-
nomic advantage to applving feryil-
izer

The vields shown in table 11 were
on a Beld in continuous corn thar did
not receive much manure in the past;

therefore, N availability may be low
because of little or no supply feom
previous application. Although this
year's manure application supplied
plenty of P and K, it was economical
to add a starter fertilizer containing
upr © 40 pounds of N. Fven at high
rates of manure there s an advantage
w0 using a band-placed starter fertil-
izer with the planter, especially with
the cold, wet springs experienced in
New York.
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Work Sheet 1. Estimaling the amount of nitzogen available for ¢rop production

Example: A dairy manure sampfe was laken from a nonficuid storage facitity and analyzed. The
following calctiations show how [0 estimale the amount of nitrogen that will be available during the
growing season from the current manure apphication and from previous applications. Assume that 25
tonstacre, having an organic N content of § ihiten, were applied in each of the past 3 yaars,

Calculations

A. Inser the percentage of dry matter and the nitrogen value of the manure from the analysis in b perton for
& nonliguid system or i per 1000 gal for a tiguid system. Organic N = Tofaf N — Ammonium N,

Example Your Farm
Lry matter 5%
Total N* 0 %) ton
Ammonium N 4 sﬁb‘"
Organicn® & fbfton

B. Detarmine the gvailability of nitrogen during the first year. Avaifable N = ib of ammonium N or
organic N injtem A x the perceritace of availability from figure B.

Quantity avaifabie from:
Time of Ammonium N Organic N Avaitable N
application fib % 84) (b x %]}
Falf Yx O s bx.35 . 2L l/ton
Spring Lrcorp. delayed
Examples: _P’.Z.daqu",? " #x.3s . G6x.35 . Is5k[/tn
.sarinq Immed. incorp. “x oS 4 G x .55 _ ,‘ g /6/ “on
Your Farm: + =

C. Determine the availability of nitrogen from previous applications, Omil thage years when manure wasg
nol applied. Available N per acre = appiication rate lrom previous records in tons or 1000s of gal
X ih of rganic N per ton or per 1000 gal X percentage of availability from figure B.

Qusardity available from residual crganio N from:

1 yearago 2 years ago 3years agh Residual N

(rate X N x %) (rate x N x %) frate X N x %) availability

Example: 25X X42 . ASxbx.05 , Hrex.o2 . 285 /6/A
Your Farm: e—o. o+ o+ =

*Sorne laborgtorias may report their ritrogen resulis under the heading “nitrogen” angd “ammoniurm or
ammonia N." The larger of the two numbers is total N. Many laboratories do not report organic N simply
hacause is the difference between total N and ammonium N
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Land Application

The goat of a well-managed land ap-
plication program is to develop a soil
fertitity program that uses manure 10
supply as much of the needed plang
auirients as possible, with commer-
cial fertilizer providing only what is
additionaily needed.

A particular kind of manure-han-
dling svstem does not, in itself, in-
crease or decrease nutrientuse by a
crop; management does! The Grst
step in developing a land application
program is 1o determine the amount
of nutrierts collected in manure; the
secord is to soil test o determine nu-
trient requirements of the crop rota-
tion; the third is to estimate nutrient
availability in manure; and the fourth
is to calculate a compatible rate of ap-
plication.

The quantity of nutrients pro-
duced should be compared with the
total nutrient requirement of your
crop rotation. Tabke 12 shows a tvpi-
cal nutrient: balance for a 75-cow
dairy in New York, With similar infor-
mation for your farm, a management
program can be developed to ensure
that manure will supply & major por-
tion of the nutrient requirement.

if your crops require more nu-
trients than are available in manure,
you should consider changing your
management practices o conserve
more. On the other hand, if the avail-
abifity of nutrients in manure ex-
ceeds crop requirernents, there isno
advantage in changing management
to conserve more uniess (@) you can
seli the excess, {#) the convenience
or environmental concerns out-
weigh the cconomic returns, and (¢)
the change cnables vou 10 manage
other areas more effectivelv

RATE OF APPLICATION

Usually, the ratio of N 1o P o Kin ma-
nure does not match the ratio of the
amoury of these nutrients needed by

Tabte 11. Corn vields on a marnwred feld with various rates of fertilizer

Manure input, Ib/A Cornell soil test
N =342 BP0, = 1h8 pH = 6.3 K= 3200{H)
K.O = 294 P=11(H) Mg= 360 (H)
Fertilizer apphied Corn
N-P,0:-K,0, Ib/A silage, T/A
0-0-0 20.8
20-40-40 22.5
40-40-40 23.4
80-40-40 23.0
120-40-40 233
120-80-80 23.7

NOTE: Manure was spring applied at 30 T/A and piowed downwithin G hr.

Table 12. A nutrient balance on a typical dairy farm in New York

Nutrients produced inmantire

Mutriont requirerments from soil testing

75 cows + 53 heifers
Manure, T = 1 830
Analysis, 1o/7 = 10-5-9

= 18,300 Ib
9,100 1b
= 16,4001b

N
P.O,
K.O

Soil = siit lnam, 228 A

Rotation = 4 yrcomn

4 yr alfalfa
N =11,800lb
P.O. = 7,300Ib
K,O = 11,100 1b

the crop; therefore, complete utifiza-
tioa is rarely accomplished. When
manure is applied to meet the N re-
quirement of a crop, Pand K will usu-
ally be applied in excess. Further ac-
cumuiations will occur from
overapplying fertilizer

It takes some planning and peacii
pushing to arrive at an application
rate that fits a particular cropping
pattern, Work sheet 2 is provided o
help vou determine for each Geld (1)
the nutrient requirement, {2} the ma-
nure application rate needed to sup-
ply the nutrient that has the highest
priority, and (3) the quantity of com-
mescial fertitizer needed in addition
to the manure,

The example in work sheet 2
showed that a 126-pound-per-acre N
requirement for corn could be met
by & combination of residual N from
past applications, appiving 30 tons of
manure, and adding 30 pounds of N
in the starter fertilizer at planting,
Thirty tons per acre will also contain
150 pounds of P.0; and 270 pounds of
K:0. For the spreader being used, #
took 44 loads 1o apply 36 tons per
acre 1o a 13-acre field.

The amount of liguid manure ap-
plied by irrigation can be measured
by placing cans in the field to record
the depth of waler applicd. Thercare
27150 gallons in 1 acre-inch.
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Work Sheet 2. Estimating a Rate of Agplication

Example: A dairy operator will apply manure {0 a 8-acre comiield in the sary spring and incorporation
will be detayed for 1 week. From the manure analysis and available N calculations in work shest 3,
determine the rate of application to meet the N requirement, the amount of P,O; and K, 0 added, the
amount of commercial fertilizer needed, and the nomber of spreacler ioads needad to apply the desired

appiication mate.

Calculations Example Your Farm
A. Determine the nutrient needs of the crop.
1. Crop to be grown —Corn

2. Nutrient reguirernents from the Cornell soit les!

Soit TestP = Rmed)  « = /(high)

B. Determing the nuirient value of manure. Lxpress as pounds
p&r fon for a nonfiquid system or pounds per 1000 gafions

for a liquid system.
1. Avaiiable N from item B in work shest 1

2. PO, from recent analysis
3. KO fromrecent analysis
€. Determine the rate of application,
1. Nutrient having the highest priority.

a. Amount to be supplied by manure, Express a3
pounds needed in item A2 minus amount of

fertilizer applied. 22 1b -3p W at- planting

b. i nifrogen, subtract residual N availability from ftlem
Cinwork sheel 1. g4 4 - 29 /5/,, residual

. Hate of manure needed o supply highest priority
nutrient (item C.1 + ilem B}. Express intons per acre
for a nonfiquitt systernt or a8 10008 of gations per acre
for aliquid system. &2 76 fA = 2./ lé/éof,'

. Pounds of N, P.O., and .0 applied per acre with
rRanure.

a. Nvalue from tem B.1 times manure rate fromitem
.2 plus resicual N availability from tern Cinwork

sheet 1. (7. n&/m x 30 tons )+ 2976

b PO, value from item B.2 times manure rate from
temC.2. FxIp

¢. KO value from iter B.3 times manure rate fromitem
Cz. Tx 20

= /20 1b/4
PO, = _30/6/A
KO = __Z208/A

N=_2./ 14,/,4

PO, = 5 /b/A

KO =_9/tbja

KO = .270 lb/A_

{continued on next page)
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(continued)

D. Determine the amount of commercial fertilizer needed.

~-30t6 N based on Jolb from
manure

~ B 0¢ and X3 © based on soi/
Lest recommenoda-tion

E. Determing the number of manure spreader loads required
10 apply the application rate in C.2,

1. Spreader capacily {use eguations from labile 13),
a. Liquid system:
(Express in units of 1000s of gaf per load.)

b. Nonliguid system:
cultofspreader = 4.9 xbd'x3.2°

= 2%0 fEx 62 /6] = 2000

2. Number of loads needed.
a. Loads per acre = manure rale in C.2 + spreader

tons per load

P20s
K0

1l

capacity fromE. 4

36~ f0.5”

b. Loads perfield = loads peracre x acres, 2.9 x /457 =

30 18/A
30 18/4
2o [6/A

30 £

L0-5taig [ {oad

2.9 loads /A
4 Jpads

To save a lot of tedious caleula-
tions, contact yvour extension office. It
has a computer program that will cal-
culate annual manure production on
your farm, the amount of nutrients
(from a manure analysis) collecred,
the nutrient requirements of your
crop rotation, and estimates of N
availability for various management
practices. From the computer print-
cut 2 compatible rate of application
can be determined.

After determining the rate for each
field, add the totat amount of manure
needed and compare this to the
amount cotlected. 1f there is an ex-
cess, divide it among those fields hav-
ing the highest nutrient demand.

fixcessive rates of manure wiil
oversupply nutrierts that may affecr
plant growth and animal nuirition.
Excessive rates of application as weil

as accumulations of manure around
barn fots will eventuily cause water
pollution. Examples include aquatic
growih in lakes and high nitrawe Jev-
¢ls in groundwater. Preventing such
problems calls for a combination of
appropriate soil and water conserva-
tion practices and proper manage-
ment of the rate, timing, and method
of manure application. In extreme
cases additional land mustbe used o
lower the application rate.

MAXBVEZING THE VALUE GF MANURE
The tisning and method of manure
appiication determine the efficiency
of nutrient recyclting. Some impor-
tant points follow:

* Incorporating manure immedi-
ately minimizes odors and ammonia

foss. i manure supplies more N than
is needed, some ammonia [0ss is un-
important as far as the crop is con-
cerned. Ideally, ammonia should be
conserved so that N can be appliedto
a larger number of acres. incorposa-
rion of manure 0o far in advance of
crop needs will result in N losses,
Spring or early summer incorpora-
tions are best,

¢ Sarface runoff and erosion must be
controtied. Using tillage o incorpo-
rate manure on erosive soils in the
fall may result in unacceptable soil
losses. Applving manure as close 1o
planting as feasible reduces the po
tential for autrient loss.

s As is the case with commerciai fer-
tilizer, manure must be spread uni-
formily 10 get consistent resuits.
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wrong

¢ Amounts of commercial fertilizer
should be reduced according to the
ruatrient value of the manure and the
accumuiation of nutrients in the soil
from past manuring. Avoid overappli-
cations.

The recommendations from Co-
operative Extension should be fol-
lowed to ensure a proper balance of
plant nuirients. Keep a record of nu-
trient fevels in fields and use this in-
formation as the basis for adiusting
your manure management and sotl
fertility program.

Manure must be spread aniformly o obiain consistent resulis,

right

Table 13. Approximate manure spreader capaciies

Nonliquid system

Spreader volume {Measure all dimensions in feet and tenths of feet}

Box spreader:

cubic fost = length x width x average depth.

Barrel spreadern.  cubic feet = 0.393 = d{diameter squared) x length.
Irregular shapes: Use manufacturer's rated capacity. Estimale the perceniage

of a fuilioad.

Spreader capacity

Tons perload = cubicfeet x 62 hperfi?

{UseB51b per 7

2000 Ib per ton

Liquid svstem

for extremely dry manure.)

Tank spreader: Use manufacturer' s data to determine gallon capacity. Estimate
the percentage of a full load. There are approximataly 830016 in

1000 gal.

INTEGRATED PEST
MANANGEMENT

Economical ¢rop production is one
of the many challenges facing farmers
oday. The use of integrated pest
management techniques helps pro-
ducers to optimize the net profitabil-
ity of crop production by increasing
the quantity, quality, and timeliness of
field information availabie for mak-

ing management decisions. Many
farmers are using this systematic ap-
proach {0 improve crop management
decisions on their farms. Integrated
pest management, or [PM, is 4 svstemn
that uses ali suitable pest control
techniques 10 keep pest populations
below economically injurious levels,
The key to using this approach suc-
cessfully Hes in the collection of pest
and crop information from individ-

ual fields on a regular schedule.
Crops are monitored for insects, dis-
eases, weeds, nutritional deficien-
cles, and other factors known to ad-
versely affect crop health, vield, or
value. Once problems have been de-
tected and correctly identified, the
information is then evaluated with
sensitvity for economic and environ-
mental factors 1o select short- and
long-term crop-production steategies
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for minimizing losses caused by
pests, with as little cost to the pro-
ducer and disruption of the environ-
ment as possible. Applving this
zetion-as-needed management phi-
lssophy is the basis of inregrated pest
management.

IPM helps improve economic effi-
ciency of crop production as well as
optimize environmental quality Reg-
utar crop monitoring (crop scouting )
is heneficial in several ways. Crop
SCOULIng acts as an “early warning
system’ enabling growers to detect
and identify potential vield- and (or}
qguality-reducing problems and w0
correct or avoid these situations he-
fore economic losses occur, Timely
crop monioring also identifes sifua-
tions where pests are absent or at Jev.
els well below those necessary ©
cause economic loss, thus helping ©
minimize crop input expenses by
avoiding unnecessary pesticide
applications and expenditures. [n-
formation obtained through <rop
scouting can also help optimize man-
agement decisions that affecr envi-
ronmental quality, such as judicious
use of pesticides and fertiliver on an
as-needed basis, proper chemical-
application practices, use of selecrive
chemicals where possible, and pro-
tection of naturally occurring benefi-
cial control organisms.

An IPM approach makes use of the
concept of pest thresholds 1o identify
situations reguiring economically
justifiable control measures. A pest
popuiation must reach a particuiar
size before expected losses in crop
vield or quality will equal costs of
pest congrol. An action threshold is
the pest density (number of pest in-
sects, weed density, % of diseased
plants, e1¢.) ar which management
options should be employed to mini-
Mmize of prevent economic ioss. ide-
ally, the action threshold, also re-
ferred 10 a8 an economic threshold,

Monitoring Beld crops on g regular
schedule provides dmely information
optimize pest control decisions that are
cost-effective and environmennally
sound, Abfalfa can easidy be checked for
numbers of potato leafhoppers by using
An seCt sweep net.

takes into consideration many fac-
tors, including the life stage of the
particular pest, growth stage of the
crop, market vaiue of the crop, and
all relevant short- and long-term eco-
fogical, economic, and social ramifi-
cations of IPM actions. The action
threshold is used as a decision-mak-
ing guide in IPM and is the basis for
the action-as-needed philosophy

Atthe presenttime thresholds have
been determined for some, but not
all, field crop insect pests. Some
thresholds that are available today
may be modified, and additional
thresholds may be established for
other pesss and pest combinations as
new research information becomes
available.

Thresholds have not been estab-
lished for many weeds and diseases
found in field crops. Scouting infor-
mation on these pests is however,

very wseful for Ane tuning manage
ment decisions. The primary benefin
of weed scouting is the establishment
of improved wead inventory records
for individual felds. Early identifica-
tion of predominant weed species in
fields enables producers to select
herbicides intelligently for use in
combination with cultural and me-
chanical control methods., Weed
scouling can also provide important
information for decisions regarding
Crop rotation,

Scouting for diseases identifies im-
portant diseases that are prevalen
on the farm. This information is par-
ticularly useful for selecting crop va-
rieties and for dewrmining site selec-
tion, tillage practices, crop rotations,
and other cultural procedures o
mintmize disease incidence in sub-
sequent growing seasons. Following
detection, producers are able o ini-
tiate sanitation procedures to reduce
possible disease spread to orher lo-
CEions.

NOTE: Thresholds should be used
as grides to indicate that some pest
management action may be useful,
Thresholds may change with time,
and some pest management strate-
gies may be more appropriate under
same circumstances thas under oth-
ers, Consult the most recent Cornel!
Recommends for Field Crops or yvour
Cooperative Extension agent for the
latestthreshold information available
for a particular pest.

Pest management options that may
be emploved once derection and
identification of a pest have been ac-
complished and thresholds reached
include early harvest, sanitation pro-
cedures, use of biological control
agents, ard selection and use of pes-
ticides. Early pest derection ofien al-
fows producers o reduce the
acreage on which pesticides are nec-
essary, 10 employ pesticides that are
specific for controtling a given pest
or have a fower residual effece, and



(or} 1 use practices that help con-
serve paturally occurring beneficial
corgrol organisms. Factors that affect
the choice of these management op-
tions include general crop condition,
crop growih stage, pest growth
stage, number of days until ¢rop har-
vest, expected viekd or quality, antici-
pated use of crop, value of crop, and
equipment available.

Who Can Scout Crops?

Anvone can learn to monitor Ccrops
for pest problems. Scouting tech-
niques have been developed for
many pests, particuiarly insect pests,
Helpful fact sheets and other educa-
tionaf materials are available 1o assist
inidentification and diagnosis of pest
problems and selection of manage-
ment options, Combining pest scout-
ing with other activities, such as de-
termination of crop population
density, soil and forage quality sam-
pling, and determination of grain ma-
turity, can increase the efficiency of
scouting time and provides opportu-
nities for collecting additonal infor-
mtion o optimize management effi-
ciency.

Many producers using integrated
pest management scout their own
crops, whereas others hire field
scouss or professional agricultural
consultants or participate in grower
IPM programs 10 obtain scouting in
formation, Whatever method is em-
ploved to obtain timely crop and pest
reports, having this information is
extremely useful in the selection of
cost-effective crop management
slrategics.

IPM Summary

Integrated pest management {1PM)
helps reduce management risks anc
optimize the economic efficiency of
pest controd decisions through (D)
early detection of pests, {2) proper
identification of pests, (3) accurate

assessment of potential for economic
impact, and (4) imely employment of
approprize, economically efficient,
and environmentally sound manage-
ment strategies,

Basic Crop-Scouting Techniques
imtegrated pest management tech-
niques benefit growers through im-
proved management decisions based
on timely crop information. The
quality of management decisions,
however, is greatly influenced by the
quality of scouting information. The
most important principle of crop
scouting is to collect pertinent infor-
mation representative of conditions
found throughout the field. Fields
shouid be scouted using an M- or K-
shaped zig-zap pattern to increase
the probability of finding problems.
in general, samples shouid be tken
at least 130 feet or 50 rows from the
margin of the field. Different loca-
tions within the field should be sam-
pled with each visit. Borders, ditch
banks, fence rows, and other similar
field areas shouid not be sampled un-
less there are specific reasons for
doing so. Information collected on
the edges of fields may provide mis-
leading information about the field as
awhole. While walking through the
field horder areas, keep alert for
sions of any problems. Pests found in
these greas might necessitate spot
tredtgnent or might indicate potential
trouble for the whole field; for exam-
ple, common stalk borers or army-
worms often move from weedy fence
rows or ditch hbanks and mav he ex-
pected along border areas Grst.
Scouting experience has shown
that most specific sampling proce-
dures can provide accurate informa-
tion for an area up o 40 acres, If
fields are larger than 40 acres, divide
the field into smaller units for sam-
pling, and sample each unit sepa-
rately. At feast five (5) areas within
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the field should be sampled. Plan on
spending at least 20-30 minutes
scouting each feld,

Before entering the fleld. {1} Make
certain you are properly equipped
with the tools vou will need while in
the feld (2) Draw a simple map of
the hield, indicating prominent fea-
tures and landmarks. During the
scouting procedure, mark the map
with sample-site locations, areas of
pest infestation, and number of pests
found or amount of damage ob-
served in each area sampled. An ex-
ample of a usefus! field map is given.
{3} identify the field on the scouting
form containing the fickl map. (4) Re-
cord the date and time of day. (5) Re-
cord the stage of growth of the crop.
{6} Record general soil and crop con-
ditions. (7) Sample the field in the
paitern prescribed for the particular
pest{s). {8) Record the results of any
scouting procedure performed, (9)
If there is a doubt as to correct iden-
tification of a pest or problem, collect
sampies of the pest and (or) their
damage for fater identification.

Sampling Procedures

The following information is pre-
sented as an overview of sampling
patterns useful in detection of pests
in the field. Sampling for specific
pests will often require use of spe-
cial techniques. To obtain the fatest
information on sampling techaniques
for a specific field crop pest, consult
your local Cooperative Extension
agent or current Cornell Field Crop
Recommerds.

Correct sampling is the key for ob-
taining useful field information. It is
imporiant to randomly seleci plants
for sampiing. Do not examine only
the “best” and “worst” plarts. A run-
dom sample s taken by walking to
the general area 10 be sampled, and
iooking up to the sky, walk forward
five paces. Begin the inspection pro-
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Alfaifa plant samples taken for disease diagnosis
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Field map example. Field maps esed in crop scouting should be informative and descriptive. Included should be prominent
landmarks and feld notes such as focation of sampling areas, location of particular problems, number or severity of particular
pests, and other usefu] pest or crap information.
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Pattern | example. Sampling pattern for pests expected o have uniform distribution
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Aerial view of field
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Pattern 1f example. Sampling pattern for pests expected o be
concentraied in areas of the field with unique characteristics.

cedure with the plant nearest the toe
of your right foot,

Sefecting an appropriate subsam-
ple method will depend on the mo-
bility of the pest being scouted. Two
subsample methods are recom-
mended:

Consecutive plants are examined
when the pest will not be disturhed
by sampling procedures on adjacent
plants. This method is appropriate
for scouting pests such as cutworms,
statk-boring insects, weeds, and dis-
£a5€5.

Random plants are examined
when mobile insects are being sur-
veyed, In this case, the next plant ex-
amined should be some distance
away to remove any possibility of re-
counting insects that may have
moved from plants sampled earlier.
Random sampling is the preferred
sampling method for insects such as
corn rootworm aduits,

Sampling Patierns

Pests may be expected o be found in
one of three general distribution pat-
terns in a field. Scouting efforts for
particular pests should be selected
accordingly.

Pattern I, Pestsare expected o be
uniformiy spread over the field. in
scouting for a pest with this distribu-
tion pattern, sample sites are chosen
50 as 10 be evenly distribused over
the field, obvious influencing factors
such as field borders being excluded,
Pests fitting this pattern would in-
¢lude European corn borer, corn
rootworm aduits, potato leafhopper,
and foliar diseases,

Pattern II. Pests are expected to
be concentrated in particular areas
of the field. Pests fitting this pattern
woukd include black cutworm, white
grubs, Phytopthora root rot, of other
diseases that may be associated with
wet areas within the fiekd or with
areas with different soil texture,
drainage, pH, fertility, or cropping
history. If pests are detecied in one

Pattern HH example. Sampling pattern for pests expected o be
concentrated along feld margins or ditches.

area and not in another, efforts
should be made 1o suhsample that re-
gion to determine the exient and se-
verizy of the pest infestation more ac-
curatchy

Pattern HI, Pests are expected o
appear at field edges first. Pests fit-
ting this pattern would include com-
mon stalk borer in conventionaily
titled corn, armyworm, grasshop-
pers, and alfalfa snout beetle. Sample
for these pests by walking fence
rows, ditch banks, and ficld borders.

NOTE: More than one pest may be
present in: fields at the sarme time, For
this reason, combinations of the sam-
pling procedures described may be
necessary 10 accurately detect pres-
ence of all pests.

Additional information on inte-
grated pest management field-crop-
scouting techniques is avatiable
through your local county Coopera-
tive Extension agent and Cornel] bni-
versity personnel ist plant protection,
plant production, and dairy/keld
crops imtegrated pest management.
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Aerial view of field
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Pactern H example, Sampling pattern for pests expected o be
concentrated in areas of the field with unigue characteristics.

cedure with the plant nearest the tog
of your right foot.

Selecting an appropriate subsam-
ple method will depend on the mo-
bility of the pest being scouted. Two
subsample methods are recom.
mended:

Consecutive plants are examined
when the pest will not be disturbed
by sampling procedures on adjacent
plants. This method is appropriate
for scouting pests such as cutworms,
stalk-boring insects, weeds, and dis-
€A5€S,

Random planits are examined
when mobile insects are being sur-
veyed. In this case, the next plant ex-
amined shouid be some distance
away to remove any possibility of re-
counting insects that may have
moved from plants sampled eaclier,
Random sampling is the preferred
sampling method for insects such as
corn roctworm adults.

Sampling Patterns

Pests may be expected 1o be found in
one of three general distribution pat-
terns in a field. Scouting efforts for
particuiar pests should be selected
accordingly

Pattern L Pests are expeced o be
uniformiy spread over the field. In
scouting for a pest with this distribu-
tion pattern, sample sites are chosen
50 as (o be evenly distributed over
the field, obvious influencing factors
such as feld borders being excluded.
Pests fitting this pattern would in-
clude European corn borer, corn
rootworm aduits, potato leafhopper,
and foliar diseases.

Pattern 11. Pests are expected to
be concentrated in particular areas
of the field. Pests Htting this pattern
would include black curworm, white
grabs, Phytopthora root rot, or other
diseases that may be associated with
wet areas within the field or with
areas with different soil texture,
drainage, pH, fertility, or cropping
history. If pests are detected in one

Patrers FH example. Sampling partern for pests expecied o be
concentrzted along feld margings or ditches,

area and not in another, efforis
should be made to subsample that re-
gion 1 derermine the exent and se-
verity of the pest infestation more ac-
curately

Pattern XX, Pests are expected o
appear at field edges first. Pests -
ting this pattern would inchude com-
mon staik horer in conventionally
tilled corn, armyworm, grasshop-
pers, and alfaifa snout beetle. Sample
for these pests by walking fence
rewws, ditch banks, and field borders.

NOTE: More than one pest may be
present in fields at the same time. For
this reason, combinations of the sam-
pling procedures described may be
necessary 1o accurately detect pres-
ence of all pests.

Additional information on inte-
grated pest management field-crop-
seouting techniques is available
through your focal county Coopera-
tive Extension agent and Cornell Uni-
versity personnel in plant protection,
plant production, and dairy/field
crops integrated pest management.
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WEEDS aAND WEED CONTROL

Weed Identification

Weed identification is the kevto a
successful weed control program.
incorrect identification of a problem
weed can mean the difference be-
tween profit or foss. Knowing a
weed's life cycle, including the meth-
ods of reproduction, is the most im-
portant identifving characteristic. In
addition, # is sometimes peCessary to
know the exact species before select-
ing weed controf measures.

Life cycles. Plants, including
weeds, can be ciassified as annuals
{summer annuals or winter anmials),
bienpizls, or perennials, In some
cases a weed may exhibit two or
more different jife cycles. Annual
weeds complete their life cycle
within 2 year. Summer annuals such
as large crabgrass germinate from
seed in the spring or early summer
and produce seed before the end of
the growing season. Winter annuals
germinate from seed in jate summer
or autumn and overwisier in a vege-
tative stage. They fiower and set seed
early in the pext growing season.,
Shepherdspurse generally exhibits
this Hife cycle. Biennial weeds ake 2
vears 1o complete their life cycle.
They germinate from sced in the
spring or early summer of the first
year and then lower and set seed
during the second year. Examples are
buli thistle and wild carrot. Finally,
perennial weeds are those that live
for more than 2 vears like quack-
grass, Most problem weeds in tilled
Belds are either annuals or perenni-
als, Biennial weeds will not persist in
fields that are plowed and Atted, but
are commonly found in pastures,
hayhelds, and waste areas. Biennial
weeds may increase in other ¢rops as
no-tifl planting is adopted for these
crops. This would most likely occur
with continuous no-tif cropping sys-
tems.

Whereas annuzl and biennial weeds
reproduce and spread by seeds only,
many perennial weeds reproduce by
seeds and vegesative reproductive
structares such as rhizomes (under-
ground stems) or bulbs. As 2 result,
perennial weeds can be grouped in
the following manner:

PERENNIAL EXAMPLES
FORMS

Simple Dandelion

Buibous Wild garlic

Faberous Yeliow
nutsedge

Creeping

Shaillow-rooted Quackgrass

Deep-rooted Common
mitkweed

With the exception of the simple
perenniais, each of the other types
reproduces by seed and by some
other means. In the case of wild
garlic, underground bulbs serve asa
means of spread; for yellow nut-
sedge, the nutlike tubers are the ma-
jot means of reproduction; and for
some creeping perennials, the rhi-
zomes ot underground stems allow
these weeds to spread. Each of these
underground reproductive struc-
tures serves as a storehouse for food
saaterials, and it is this food reserve
that atlows these weeds tosurvive the
winter. During late summer and au-
tumnn, these perennials are pumping
a supply of carbohydrates from the
leaves (the manufacturing site} down
imo these storage organs as ilus-
trated. Perennial weed control re-
quires the destruction of the above-
ground and the underground piant
parts.

Diffcrentiating broadleaf
weeds, grasses, and sedges. Along
with knowing the life cycle of a weed
and how it reproduces, it is impos-
tant to recognize differences be-

. Frost
High 1 Spring growth starts

y -

Mg

Low L1 1 2 2 2 3 2
Jan,  Mar May  July Sepl

Food reserves of a perennial plaat.

tween browxdieafl weeds, grasses, and
grasslike weeds, Broadleaf weeds are
easily recognized, but there are oc-
casions when grasses may be con-
fused with grassiike plants, The
plants most easily confused with
grasses are sedges and rushes; how-
ever, close examination of the stems
will usuaily distinguish between
these groups. Grasses have round or
flatzened stems that are usually hot-
low. Sedges have three-sided or tri-
angular stems that are usually solid,
whereas rushes have round, solid
stems. Cross sections of these stems
are shown here, Few, if any, rushes
presert problems in fleld crops, and
only one sedge is a common fieid
crop weed in the Northeast. This
problem sedge is vellow nutsedge.
Recognizing this weed is important
because it is a perennial that re-
quires special control measures.

Cross sections of stems. Sedge stem s
sriangular



Weed competition Weeds com-
pete with crops for imiged sapplies
of soit water, sotl nutrients, sunlight,
and other natural resources. This
competition resuhs in reduced crop
vields and quality. Knowing which
weeds are most competitive or cause
the greatest losses will help in the se-
lection of cost-effective weed control
measures. General guidelines on the
relative competitiveness of different
weeds follow

* Perennial weeds are generally
more competitive than annual
weeds.

* Broadieaf weeds tend to be more
competitive than grasses.

* Weeds with life cycles similar to
that of the crop tend 10 be more com-
petitive than weeds with different
tife cycies.

& Losses due to weeds are greater
when resources such as soil mois-
ture are limited than when resources
are adequate for both the crop and
the weeds.

Along with knowing the types of
weeds present in g field, it is helpfal
10> know the relative numbers of each
50 that a priority Hsting of the prob-
lernt weeds can be made. Although
quackgrass is more competitive than
crabgrass, it should be obvious that a
few scattered patches of quackgrass
will cause less damage than an ex-
tremely heavy infestation of crabgrass.

Weed inventory. Ficld crop pro-
ducers can and should use 2 weed in-
veniory 1o assist in the selection of
weed control programs for their
fields. By tatloring weed contral pro-
grams to fit the problems in each
fiekd, growers can minimize weed
control costs while maximizing
yields and profits, An inventory can
be made by making careful observa-
tions of scouting each feld two or
three times during the year, A record
of these observations can be made hy
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Table 14, Summary of common field crop weeds in New York

Life cycle & growth form Probler weeds
Summer annuat
Broadleat weeds Common lambscuarters
Common ragweed
Radroot pigweed
Velvetieaf
Wikd mustard
Grasses Barnyardgrass
Fail panicum
Green foxiait
lL.arge crabgrass
Smooth crabgrass
Wilchgrass
Yelow foxtail
Wirder annusaf
Broadleaf weed Shepherdspurse
Bienriaf
Broadieal weeds Bull thistle
Wild carrot
Ferennial
Broadleal weeds Canada thistle
Common mitkweed
Field bindweed
Hadge bintdweed
Horsenetlle
Grasses Quackgrass
Sedge Yetlow nutsedge

numbering or naming each field and
then recording the iypes {broadieaf
annuals, annual grasses, e1¢.) of
weeds present in each field,

In scouting for weeds, care shoukd
be taken to observe representative
areas of the field. Observations
should be made randomly in at least
five locations in a 40-acre feld.
Larger fiekds should be divided inwo
40- to 50-acre units for scouting pur-
poses. These divisions can be based
on soil type, wpography, field history,
or other facrors that may affect weed
populations,

In 4 summer annual crop like
corn, the first observations should be
made by the time the cornis 3 or 4
inches tall. Early season observations
can tefl the grower how effective pre-

plant-incorporated or preemergence
herbicide applications have been and
can suggest the possible need for cul-
tivation or postemergence herbicide
applications. It is also a good time w
complete records on the kinds and
rates of herbicides used, as well as
the dates of application.

A second look at the felds in mid-
summer {before the corn is waist-
high) can provide information on the
overall effectiveness of the weed con-
trof practices and can provide clues
on how the program might be ad-
justed in future years, This woukd be
a good time to record the types and
numbers of weeds present and o
map the location of special problem
areas in the Seld. Mapping the foca-
tion of perennial broadleaf weeds
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Common lambsguariers

can be especially useful, for they of
ten grow in patches and can be con-
wroHied with spot treatments between
crops. The scout should make special
note of the weeds in unspraved areas
because these areas provide the most
accurate picture of the weed popula-
rion. Additional notes on weed types
arx] numbers can be taken by the
grower at harvest to compiete the
weed inventory,

Scouting new legume seedings for
weeds must be done shortly after the
seeding emerges, because weed
control measures for annual broad-
leaf weeds must be applied when the
legume is 1to 3 inches 1all and weeds
have 2 10 4 true leaves. In established
hayfields the inventory can be made
at the time of each harvest. This
should provide adequate information
for decisions on dormant or be-
tween-cultings herbicide applica-
ticns.

Finally, small grain fekds should be
checked for weeds before stem elon-
gation, for most herbicide applica-
tions should be made no later than
the fully tillered stage (usuallv4t0 8
i tall with 12 or more leaves).

Common ragweed

Redroon pigweed

Table 14 provides a summary of
common figld crop weeds in New
York and groups them according to
their life cycle and growth form. The
information obizined during a weed
inventory should be organized in a
similar manner so that it can be used
in selecting weed control measures
and in planning crop rotations.

Common [ambsquarters is a
broadieaf summer ansual, which re-
produces by seed. Stems are 3 t0 4
feettall, smooth, grooved, often have
red or light green streaks, and may
show considerable branching. Leaves
are alternate, smooth, and usuaily
have a white mealy coating on the
lower surface. Flowers are small,
green, without petals, and are borne
in trregular clusters at the ends of
branches and in the axils of ieaves.

Common ragweed is a broadleaf
summer annual, which has a shallow
root system. Stems are smooth or
hairy and may be 1 to 4 feet tall.
Leaves are nearly smooth and deeply
cutintoa number of lobes. Male flow-
ers are borne in small inverted clus-
ters at the tips of branches; female
flowers are borne at the base of
leaves in forks of the upper branches.

Yelvetleal

Redroot pigweed is a broadleaf
summer annual, which reproduces
by seed. Planis have a shallow red
taproot and rough stems, which
branch freely and grow up 1o 6 feet
talf. Leaves are egg shaped and rather
dull green. Flowers are green, small,
and in dense clusters at the ends of
branches and in the axils of leaves.

Velvetleaf is a broadleaf summer
annual, which often grows 610 8 feet
tall. Sterns and large, heart-shaped
leaves are covered with soft, velvery
hairs. Flowers are about %4 inch
across, have § yellow petals, and are
borne in the axils of the upper leaves.
Seed pods are cup shaped with a
ring of prickles around the upper
edge.

Wild mustard is a broadieaf annual
or winter anruai, which reproduces
by seed. Stems are erect, branched
near the top, and have a few bristly
hairs. Lower leaves are irregutarly
fobed, toothed, and have briscly
hairs, whereas upper leaves are
smaller, often not lobed, and often
borne directly on the stem, Conspic-
wous vellow flowers with 4 petals are
borne in clusters at the ends of
branches. Slender seed pods are



Wild mustard

formed on a spreading staik,

Barnyardgrass is a summer an-
nual with rather shallow roots and
reproduces by seed. Stems are thick,
coarse, mostly erect, branching at the
hase, and 1 10 4 feet tail. Leaf blades
and sheaths are smooth and light
green, Seed heads bear several
rather compagct side branches, which
are green or purplish.

Fall paridcunt is a summer annual,
which reproduces by seed. Stems are
210 4 feet fong, smooth, and spread-
ing so that they are partly flat on the
ground. Leaves are smooth or
sparsely hairy, rough to touch, and
have 4 prominent white midrib. Leaf
sheaths are smooth and often pur-
plish. Seed heads are branching and
open, byt are more compact and
shorter than those of witchgrass.

Green foxtail is a summer annual,
which reproduces by seed. Stemsare
branched from the hase, somewtat
spreading, and 1 10 3 feet tall. Leaves
are hairless; seed heads are erect or
somewhat nodding, rather dense,
green or purple, and oylindric but ta-
pering a litde at the surmmit,

Large crabgrass is a summer an-
nual, which reproduces by seed.

Barnyardgrass

Stems are stoul, smooth, up 1o 3 feet
long, and, when prostrate, root at the
nodes with flowering shoots ascend-
ing. Leaf blades are usually some-
what hairy, and the sheaths have
dense, fong hairs. Seed heads with 3
1o 1) fingerlike segments are formed
at the top of the stem.

Smooth crabgrass is a summer an-
nual, which reproduces by seed.
Sters are usually prostrate, spread-
ing, and hairless. Leaves are bluish or
purplish and hairfess. Seed heads are
similar to those of large crabgrass,
purple, with 2 to 6 segments.

Wiichgrass is a summer annual,
which reproduces by seed. Stems are
1 to 3 feet tall, often spreading, and
brasched. Leaves and leaf sheaths are
covered with dense, soft hairs. Seed
heads are branched and become
spreading at maturity, often breaking
from the stem and blown about by
the wind.

Yellow foxtail is a summer annual,
which reproduces by sced. Stems are
flazened, branch at the base, and 140
2 feet tall. Leaves have many long
hairs on the upper surface near the
base. Seed heads are erect, evenly cy-
lindric, and yellow at maturity

Fall panicum
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Green foxtail

Shepherdspuirse is a broadleaf sum-
mer or winter annuai, which repro-
duces by seed. Plants have branched
raproots and stems that are 110 144
feet tall and covered with gray hairs.
Lower leaves form a rosetie at the
base, zre coarsely lobed, and clasp
the stemn with pointed lobes. Upper
leaves are smaller and arrow shaped.
Flowers are small, white, and 4 pet-
aled. They are borne in elongated
cluseers at the ends of branches and
form flat, triangular seed pods,

Bueli thistle is a bienndal, which re-
produces by seed. In the first vear it
forms a rosette of coarsely toothed
leaves and a large, fleshy taproot.
During the second year, a hairy,
branched stem grows 3 1o 6 feer tali.
Leaves are deeply cut and run down
the stem. They are rough and spiny
on the upper surface and are lighter
colored and hairy beneath. Flower
heads are 1 1o 2 inches across, deep
purpie of rose, apd surrounded by
magy spiny bracts. Seeds are straw
colored with darker stripes and are
tipped with down.

Wild carrot is a biennial, which re-
produces by seed. In the first year it
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Larpe crabgrass

produces 2 rosette of finely divided
leaves and a fleshy taproot. During
the second growing season, it pro-
duces 2 stem, 1 to 3 feet tall, some-
what hairy and branched at the top.
Leaves are ahternate, finely divided,
hairy, and have a distinct carrothike
odor. Small white flowers are borne
in flar-topped clusters at the ends of
the branches.

Canada thistle ts a deep-rooted
perennial, which reproduoces by
seed and creeping rhizomes extend-
ing 10 a depth of several feet. Stems
are 2 to 5 feet tall, grooved, branch-
ing only at the top, and becoming
hairy as they magure. Leaves are
lobed with crinkied edges and spiny
margins. Numerous Aower heads
(about ¥ in. in diameter) are borne
in clusters at the wop and on side
branches. Flowers are white to {aven-
der, and seed is brown and is at-
tached to 1annish down.

Common milkweed is § deep-
rooted perennial, which reproduces
by seed and tong, spreading rhi-
zomes. Stems grow from 2 1o 5 feet
tall, are covered with short downy
hairs, and are filled with a milky
fuice. Leaves are opposite, oblong,

Smooth crabgrass

rounded, and 4 to 8 inches long.
Flowers are pink to white and are
borne in manv-flowered, ball-like
clusters. They form grayish seed
nods, which are hairy and covered
with soft, spiny projections. Seed are
flat, oval, with 2 tuft of silky white
hairs at the tp.

Field bindweed is 2 deep-rooted
perennial, reproducing by seed and
creeping rhizomes, which may go as
deep as 20 feet. Stems are smooth,
siender, 2 to 7 feet long and ewine or
spread over the soil surface. Leaves
are alternate, variable, and somewhat
arrow shaped. Flowers are funnel
shaped, about 1 inch across, and
white or pink.

Hedge bindweed is a perennial,
which reproduces by seed and ex-
tensive, fleshy, but relatively shatiow,
creeping rhizomes. Stems are
smooth, 310 10 feet long and twine or
spread over the soil surface, Leaves
are large, alternate, and usually sharp
poinied at the tip with large basal
iobes. Flowers are 142 to 2 inches
across and are white or pinkish, The
lower part of the flower and seed pod
are enclosed in rwo leafy braces.

Horsenettle is a deep-rooted per-

Yeliow foxsadl

Witchgrass

ennial, which reproduces by seed
and creeping rhizomes. Stems are 1
to 4 feet tall and covered with hairs
and short yellow spines. Leaves are
alternate and wavy edged with yeliow
spines on the midrib and veing.
White or bluish flowers are about an
inch across and are borne in clusters.
When mature, they bear a yellow,
juicy berry, containing many seeds.

Quackgrass is a shallow-rooted
creeping perennial, which repro-
duces by seed and extensive rhi-
zomes, varying in depth from 210 8
inches. Roots arise only at the nodes
of these underground stems. The
aboveground stems are from 12103
feet tall and bear a compact seed
head.

Yellow nutsedge is a perennial spe-
cies, which reproduces by sced and
tubers on the root tips. Stems are
erect and triangular, and the stems
and grasslike leaves are vellow
green. Yellowish brown sced heads
are borae at the top of the plant.

Weed Control

There are three ways of dealing with
weeds: prevention, eradication, and
control. Prevention can be a very use-



Shepherdspurse

ful way of avoiding problems, but is
an approach that witl work only on
those weeds not present in a given
situation. it is essimated that 60% of
the weeds in North America have
been introduced from other parts of
the worid. Johnsongrass was origi-
nally introduced as & forage species
in the South and is now a serious
weed problem in many parts of the
country. Another weed, wild carrot,
was brought to this country as an or-
namenial. Think how simple weed
control would be if our ancestors had
been more careful. Unfortunately,
weed introduction is stiif 1aking
place. Every year many exotic and
(or) ornamental plangs are brought
inte this country. Some will becorne
serious weed problems.

Although reference has been made
10 the country as a whole, the same
principles apply to individual farms.
Itis difficuitto prevent seeds that are
readily moved by wind or water from
landing on a particuiar farm, but
many weeds depend on people for
transporiation. These weeds can be
kept out of certain fickds. One of the
principal ways weeds are spread (s
through the movement and use of

Buli thistle

crop seed contaminated with weed
seed, Most weed seeds can be re-
moved from crop seed, and the in-
vesiment in certified seed or in
cleaning seed will certainly pay The
movemertt of farm equipment from
Beld to field is another means of
spreading certain weeds. Tubers and
shirzomes such as those of vellow nat-
sedge and quackgrass can be
dragged from one place o another
on titlage implements, and segds of
others can eastly be transported on
harvesting equipment. o either
case, a thorough cleaning of the ma-
chinery will prevent these weeds
from spreading. Manure movement
can also be responsible for spreading
weeds. Velvetleaf sced is known 1o
remain viable in a manure pile for up
to 1 month. K is estimated that stack-
ing manuee for 4 months will destroy
all weed seeds. Unless stacking can
he done, manure contaminated with
a weed like velvetleal should not be
spread on fields that do not have this
particular weed probiem.

The second means of attucking the
weed problem is to eradicate them.
Eradication involves the compiete
elimination of all live plants, plant

Wikd carrot
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paris, and seeds from a given area.
This is not an easy task and is seldom,
if ever, successful. it shouid only be
considered when dealing with new
infestations that are limited in area,
Eradication of a weed species re-
guires extreme diligence over a
number of years (o ensure that every
dormant seed and vegetative repro-
ductive organ, such as rhizomes and
tubers, has germinated and subsc-
quently been killed.

Because both prevention and
eradication have limited application,
field crop producers usuaily resort 1o
control measures for weeds that are
both persistent and widespread.
Weed control is the process of limit-
ing weed infestations so that ¢crops
can be grown profitably or other op-
erations can be conducted efficiently.
Inother words, comtrol measures are
geared 10 manage the infestation so
that it is not economically damaging
or that the weeds do pot interfere
with normal operations. Control
measures are usually classified ino
one of four types: {1) mechanical or
physical, (2} eultural or managerial,
{3) biotogical, or {4} chemical.
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Mechanical weed control, Some
of the oldest weed control measures
are of a physical nature. Hand puliing
and hoeing certainly fit into this cate-
gory. Other mechanical means in-
clude tillage, mowing, Boodiag,
burning, and mulching (smother-
ing). Of these, tillage and mowing
have more application to field crops
than the others. All primary and sec-
ondary tillage operations done on
New York farms help provide a weed-
free seedbed. Although not as popu-
lar now as in the past, cultivation of
row crops is an effective way of con-
trotling weeds. Annual and biennial
weeds are easily killed by tiliage, be-
cause they reproduce only by seed.
Annual weeds controfled by cultiva-
tion would include redroot pigweed
and faf panicum., Biennial weeds like
bull thistle and wild carrot do not
persist in felds that are tilled and so
are not a problem in conventionally
planted row crops. A single cultiva-
tion will not control perennial spe-
cies iike common milkweed or
quackgrass. These weeds regrow
from their underground reproduc-
tive organs following cultivadion, In
the process, they use part of their

Field bindweed

stored foods and are weakened, Per-
ennial weeds can be controfled by
tiflage if the operations are repeated
over 4 long period of time. This tech-
nique is known as “root starvation”
and usually takes two or three grow-
ing seasons. Each time the topgrowth
of a perennial weed is destroyed by
tillage, the plant will regrow by using
some of its underground food re-
serves. If successive tillage opera-
tions are timed so that each will fur-
ther deplete these reserves, a
perennial weed can eventually be
starved to death. With most peren-
nial species, these repeated tllage
operations should be done at the
time of bud formation.

Cottural weed control. Cultural
or managerial methods of weed con-
ol include ali practices that make
the crop maore competitive than the
weeds. The choice of crop is pechaps
the most important management de-
ciston that must be made. The crop
grown should be one that will com-
pete with the weeds found in a given
field. In addition, the variety or hy-
brid should be one that is well
adapted o local growing conditions.
I not, the crop will be at a disadvan-

Hedge bindweed

tage from the start. Other manage-
ment practices that favor the crop
over the weeds include the use of
<rop rotation, proper soil water man-
agement, proper use of fertilizer, ad-
justment of soil pH, correct date and
rate of planting, correct row spacing,
use of weed-free seed, and many
meore. Ingeneral, altefforts should be
made to make the growing condi-
tions for the crop as favorable as pos-
sihle. By doing so, the crop ¢an com-
pete most effectively with the weeds,
and the losses due o weeds wili be
kept toa minimum.

Biological weed controd, Biolog-
ical methods of weed congrol involve
the use of natural enemies suchas in-
sects, diseases, animals, and other
plants. Of these, insects have proved
1o be the most effective weed control
organisms. This type of control is hot
praciical on a small scale, and pro-
grams of this type are generally han-
dled by governmential agencies.

Chemical weed control. Chemi-
cal methods of weed control involve
the use of herbicides. Herbicides are
one of a group of chemicals referred
to as pesticides. Pesticides include all
substances used for controlling in-
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sects, rodents, disease organisms,
weeds, and other forms of plant or
animal {ife that are considered pesss,
Herhicides, then, are chemicals used
forkilling or inhibiting the growth of
plants. The widespread use of herbi-
cides has led growers (o think they
are a cure-all for their weed prob-
lems, but they are not! in reaiity, her-
bicides can be a stwo-edged sword
and should be used as a supplement
10, rather than a substitute for, other
weed control methods.
Combinations of control mea.
sures. A successful weed control
program for field crops will involve
two or more types of control, for re-
lying on one often results in failure.
The growers who drain and lime
their fields o favor crop growth and
then use good judgment in selecting
varieties, fertility levels, popuiations,
and planting dates and in seedbed
preparation are well on their way 1©
winning the battle with weeds. Her-
bicides do piay an important role in
modern crop production, but should
not be relied on 10 do the entire job
of weed control. I addition to using
herbicides, growers should employ
every cultural practice known to in-

Quackgrass

crease the competitiveness of the
crops and then suppiement the her-
bicides with caltivation or mechani-
cal conerols where possible.

Principles of Herbicide Use
Herbicides ¢can be a handy tool for
controliing weeds. Only by knowing
the properties of herbicides and their
proper usage, however, can maxi-
mumn benefit be gained from them. i
their properties are misunderstood
or they are improperly used, herbi-
cides may cause losses through crop
injury and (or) inadequate weed
control.,

Herbicide classification. Herbi-
cides can be classified as selective or
nonselective in their action, A selec-
tive herbicide such as atrazine kills
certain plants in a mixed population
without serious injury to other
plants. Nonselective herbicides like
paraguat (Gramoxone Super) affect
all plant species. Obviously, selective
herbicides are more widely used
than nonselective herbicides in field
crops production. However, some
nonselective compounds can be
used o advantage before crop emes-
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gence. Within each of these broad

categories, herbicides can he

grouped in the foliowing manner:

A. Foliar-applied compounds
1. Contact berbicides kill mainly
by touching the plant surface
rather than by being wken into the
plant, Only that portion of the
plant sprayed is affected.
2. Pranslocated herbicides move
within the plant from the point of
entry. They may produce a toxic ef-
fect a considerable distance from
the point of application.

B. Sotl-applied compounds

Some herbicides have both folizr and
so1l activity and so appedr twice in
this classification scheme, Table 15
provides exampies of these various
categories.

Time of application. [n addition
0 elassifving herbicides according o
the way they are applied, grouping
them according to when they are ap-
plied is also important. Some herbi-
cides must be applied before plant-
ing the crop and mechanicaily mixed
with the soil, because they will evap-
orate or be degraded by suniight if
lefeon the soil surface. Others are ap-
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Table 15. Herbicide classification scheme with examples

Selective Nonselective
Foliar applied
Contact atrazine paraguat
herbicides brormoxynil {Gramoxone Super)
{Buctnif)
Translocated 2.4-08 glyphosats
herbicides {Butoxone) (Roundup)
dicamba
{Banvel}
Soil applied atrazine bromacil
metalachlor (Hyvar-X)
(Dual)

plied this way to improve perform-
ance. These are preplant-ircorpo-
rated apphications and are generally
made st before planting. For many
of these compounds, applying them
ter a dry soH is also importang, be-
cause they evaporate faster from 4
wet surface than from a dry one. Al
though herbicide incorporation is
maost often done with 2 tandem digk,
other secondary tillage implements
such as field cultivators can be used
effectively. A second, shatlow-tillage
operation in the opposite direction
ensures proper herbicide disiriba-
HORN.

Preemergence applications are
made to the soil surface after planting
but hefore crop and weed emer-
gence. To be effective, preemergence
herbicides must be dissolved or sus.
pended in the soil solution so that
they can be absorbed by germinating
weeds, As a result, they depend on
rainfall for incorporation and activa-
tion. The amount of herbicide in the
soil water is also affected by the ad-
sorptive capacity of the soil for the
herhicide and the solubility of the
chemical. Water solubility of herbi-
cides varies greatly depending on the
chemical structure. Some preemerg-
ence herbicides like metolachlor

{Dual) are quite water soluble and
move into the soil with only a light
shower, Others, such as simazine
( Princep) are relatively insoluble and
require 2 good rain to be incorpo-
rated, Generaily, from Y: 1o 1 inch of
rainfall within a week to 10 days of
application will incorporate most
preemergence herbicides. Becagse
most annual weeds germinate in the
top inch of sotl, it is desirable ro have
a concentrated layer of herbicide in
this zone so thar annual weeds are
killed as they germinate. Excessive
tainfall may move soluble herbicides
below this germination zone and re-
sult i poor weed control and {or)
crop injury, If rainfail does not oceur
within 1 days, it may be helpfui 1o
give the fields a shallow cultivation.
This will kill emerging weeds and in-
corporate the herbicide for those yvet
o germinaie,

Soil properties thar affec the avail-
ability of soti-applied herbicides in-
clude soil texture, organic matter
leved, and pH. Soil texture is deter-
mined by the relative amoums of
sand, silt, and clay in 2 soil. Textural
names such as loamy sand and clay
joam are assigned 10 soils depending
on the amount of sand, stk and clay
in a soil. Clay particles are negatively

charged and have 4 large surface
area. As a result, soils high in clay
content { heavy soils} have the capac-
ity t0 adsorb, or tie-up, herbicides
and generally require higher appli-
cation rates than coarse-texiured
{light)soils.

Soil organic matter level also af-
fects the adsorptive capacity of the
soil. Although undecomposed plant
and animal residues can influence
herbicide performance, the well-de-
cayed, fine, organic matter particles
known as humus are of greatest im-
portance. Like clay particies, these
humus particies are negatively
charged and exhibican even greater
capacity than clay o adsorb herbi-
cides. Consequently, herbicide appli-
cation rates also have o be adjusied
for soil organic matter level,

Recommendations for soil-applied
herbicides in Cornell Recommends

Jor Field Crops are for medism-tex-

tured soils with organic magter levels
of 3 w0 4%. They should be used as
guidelines in determining herbicide
rates. Fine tuning of rates can be
done by consulting the herbicide ia-
bel.

Soil pH can also affect the availas
bility of soibapplied herbicides. This
is especially important for the tria-
zine herbicides (atrazine, Bladex,
and Princep). These herbicides are
most strongly adsorbed on clay and
organic matier particles at low pH's.
Although the amount of triazine ad-
sorption increases atall pH levels be-
low 70, i1 is most dramatic at pH's of
6.0 and below

Postemergence applications are
made after emergence of the crop
and {or) weeds. Whereas the other
treatments depend on herbicidal ac-
tivity through the soil, postemerg-
ence treatmenis have to be active
through the foliage of weeds and, at
the same time, must not injure the
crop. Postemergence apphlications
are greatly affectied by the age of the



weeds and the growing conditions.
In general, postemergence applica-
tions should be made when weeds
are yeung and (or) actively growing
because they are easiest to kili then.
Adverse environmenial conditions,
such as hot, dry weather before
spraving, make postemergence ap-
plications less effective; warm, moist
weather provides more favorable
corglitions. Crops are also sensitive
to injury by postemergence herbi-
cides during periods that favor rapid
growth. Rainfali after posternergence
applications can reduce their effec-
tiveness.

For contred of summer or winter
annual weeds such as velvetleaf and
shepherdspurse, postemergence
herbicides shouid be applied during
the seedling stage. Postemergence
applications for bienniais such as
hull thistle and simple perennials
such as dandelion should he made in
the fall or early spring. Foliar treat-
menss for creeping perennial weeds
such as common milkweed should
be made during the bud stage in the
spring or summer or during vigor-
ous fall growth. With perennial
weeds, it is imporwam that they be ac-
tively growing and have a farge leaf
area G that the spray will be ab.
sorbed by the leaves and ranslocated
into the underground reproductive
angd food storage organs.

Plants have 2 waxy laver on the
feaves that can Cause posEemergence
sprays 10 bead up on the surface and
lirnis the amount of herbicide ab-
sorhed by the plants, As a result, sugp-
factants or Weiting agents are recom-
mended for use with many
postemergence herbicides. These
adjuvants are added 1o the spray so-
lution to reduce the surface ension
of water oy other carriers 50 thai the
spray droplets witl flatten out and in-
crease the leaf area covered with the
spray, Susfactants are especially im-
portary in the use of contact herbi-

cides like paraquat (Gramoxone Su-
per}, because only those parts
covered by the spray are affected.
With other postemergence applica-
tions, it is important that the herbi-
cide be taken into the plants where it
cane act on the weeds, A blend of crop
oil and surfactant is often added o
the spray solution 1o help move the
herbicide through the waxy laver on
the leaves. An example wouk] be the
use of a crop oil concentrate—
surfactant blend with atrazine for
postemnergence weed control.

Herbicides such as atrazine and
cyanazine (Bladex) affect annuaal
weeds through the soii and through
the foliage. As a resulg, they can be
applied either preemergence or
early postemergence; however, pre-
emergence applications are usually
the preferred choice, especially if
some of the target weeds are annual
grasses. Most herbicides enter more
easily through plant roots than
through the leaves and transiocate
upward more readily than dowa-
ward. Postemergence herbicides that
are not readily transiocated down-
ward may not control annual grasses,
for the growing poins of grasses is at
the base of the plant during early
stages of development, On the other
hand, preemergence herbicides in
the soil are readily ahsorbed and
transiocated up 1o the growing point.
In addition, germinating weeds are
easier to kill than are established
weeds. With broadleal annuals, the
growing point is at the top of the
plang; s¢ early postemergence appli-
cations can be very effective, espe-
cially on hard-to-kili species like vel-
vetleal,

Herbicide persistence. Persist-
ence, or the length of time that a her-
bicide remains active, is one of the
factors that determines the effective-
ness of soil-active herbicides. Kdeally,
sotl-active herbicides should persist
long encugh to control weeds that
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might interfere with crop produc-
tion, yet not carry over o injure sub.
sequent rotational crops. Although
this sounds simple, various climatic,
edaphic {soil-refated), biotic, and
cultural factors, along with the chem-
ical properties of the herbicide,
determine the degradagion rate of 4
herbicide. Understanding the inter-
actions among these factors is essens
tial to the proper and safe use of
these chemicals.

Herbicides can be degraded by
s0il microorganisms, by chemicai re-
actions in the soil solution, by sun-
light, and by chemical reactions
within plants. In addition, their avail-
ability for degradation &s affected by
the amount of adsorption on sol par-
tickes, evaporation from the soil sur-
face, plasy uptake, arxd leaching ino
the soif profile with excess soil mois-

ture.
When a herbicide is applied to, or

is moved into, the soil, microorga-
nisms attack it ag a new food supply
Organisms that can effectively use
this new energy source increase in
number This, in turn, speeds the
degradation of the herbicide, Other
factors that affect microbial activity
are Soil temperature, witers, OXygen,
the availability of mineral nutrients,
and soil pH. Soil temperatares in the
range of 79°-90° F favor microbial
activity, whereas at temperatures be-
fow 40° ¥ most activity ceases. Gen-
erally, environmental factors that fa-
vor microbial activity will also speed
herbicide degradation. Warm, moist,
well-drained (aerated) soils with
high fertility and optmium pH will
favor rapid herbicide degradation,
Other factors remaining constant,
warn:, moist soil conditions will de-
grade herbicides faster thancool, dry
conditions. Along with microbial
degradation, oxidation, reduction,
hydrolysis, and other reactions may
result in the chemical degradation of
herbicides. Chemical degradation is
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difficult to separate from microbial
degradation because these chemical
reactions are controlied by some of
the same factors.

Herbicides that remain on the scil
surface for an extended period of
time may be subiect o photodecom-
position or lighe degradation. When
herbicide molecules absorb Hght en-
ergy, the electrons become excited
and chemical bonds may be broken
or formed. The resulting compounds
are similar 1o those from microbial
or chemical degradation. Soll-active
herbicides may be absorbed by
plants and, if not metabolized, may
be removed when the crop is har-
vested. In other instances, herbicides
are metabolized or inactivated inside
the plant. The absorption and metab-
olism of triazine herbicides by corn
furnishes an excellent exampie of
herhicide inactivation, Because of
this rapid inactivagion, cors i not in-
fured by these herbicides, whereas
other species, not able to metabolize
trizzines, are killed.

Because so many factors.herbi-
cide chemistry, soil characeeristics,
weather, and plant interactions—in-
fluence herbicide degradation and
persistence, it is difficult to predict
the length of time a herbicide wili re-
main effective. There s hitle doubt
that herbicide persisteace is a rela-
tive term. Herbicides that are very
short-lived may fail hefore the end of
the growing season, remedial weexd
control being required or a loss in
crop yield or quality resulting. On
the other hand, certain field crop her-
bicides can carry over and cause in-
fury to subsequent crops. They in-
clude atrazine, simazine (Princep),
and trifluralin (Trefian). In genera,
problems with carryover can be min-
imized by
¢ reading and following label in-

structions,

+ using the minimum dosage re-
quired,

» calibrating equipment and making
careful application,

e using herbicide romation as well a8
crop rotation,

+ selecting herbicides that are not
persistent,

s Reeping accurate records of herbi.
cide use, and

s using herbicides i combination
with other weed controf practices.

Once a residue problem exists, tof-
erant crops must be grown unless
the herbicide can be diluted by plow-
ing and incorporating large quanti-
ties of organic matter such as ma-
TRIreE.

Herbicide formulation. Herbi-
cides are availabie in several differ-
ent forms including wettable powdes,
dry flowable, flowable liquid, gran-
ule, and either water-soluble or
emuisifiable-concentrate liquid for-
mulations. Some herbicides are for-
mulated in only one form, but cthers
may appear in two or three of these
forms. Each has its advantages and
disadvantages.

Wettable potoder and dry flowwable
formulations are dry prepararions
that are mixed with water or liquid
fertilizer to form a suspension at the
time of spraying. The dry flowable
formulations are composed of small
pourable aggregates of the dry mate-
rial. They are easier w handle and
mix than are the wettable powders.
Both require constans agitation to
keep the particles from settling out
in the spray tank. Agitation can be
provided by mechanical mixing orby
using a bypass line from the pump.
These formulations are abrasive and
can cause considerable wear of roller
pumps {centrifugal pumps are less
subiect 0 wear) and nozzle tips. All
screens in the sprayer should be 50+
mesh 10 avoid clogging when spray-
ing wettable powders or dry flowa.
bles.

Flowable liquids are very finely
ground preparations of herbicide
that are suspended in fiquid. Com-
pared with dry formulazions, they
are easier to get into a water or lig-
uid-fertilizer suspension, require
less agitation, and create less prob.
iems with clogged screens and noz-
zles.

Certain prepiant and preemer-
gence herbicides are available as
granules for dry application. They
are almaost always more costly than
other forms, but are easilyapplied. In
these formulations, the active ingre-
dient is adsorbed onio some inert
material of uniform size to facilitate
spreading in a band or using in
broadcast applications. The activa-
tion of herbicide granales may be
slower than it is for herbicide sprays,
particularly during periods of low
rainfall. The slow refease of active in-
gredient from granules may also cre-
ate more carryover problems than
occur with other formulations.

Liguid formulations are either wa-
ter-soluble or emulsifizble-concen-
trate formulations. The latter have
emulsifving agents that impast a
milky appearance to the spray mix-
ture and keep them in suspension
during spraying. Liquid formulations
are easily mixed with the carrier and
requeire ligtle agitation to keep them
mixed, Some herbicides, like 2,4-D,
have several different liquid formu-
lations, and these forms may perform
quite differently. There are salt,
amine, and ester formuiations of this
herbicide. They vary in their herbici-
dal activity and in volatility (their ten-
dency to evaporate). The salt formu-
lations are the least likelv to vaporize,
whereas the ester forms vaporize
easily. Some esters are formuiated
with fong ester side chains attached
to the 2,4-D molecule. They are
called low-vol esters and are less vol-
atile than other ester formuiations.
The ester forms are also more active



than the other forms. This means that
fower rates of the ester formulations
than of the amine and sal formula-
tions ¢an be used.

Application equipment. Herbi.
cide application reguires an imple-
ment that will distribute the material
evenly over a given area and is easily
catibrated to apply the desired
ameunt. Equipment for herbicide ap-
plication usually takes the form of a
spraver or some type of granule ap-
plicator. Sprayers are made up of a
1ank, pump, pressure regulator,
boom, nondrip nozzles, and strain-
ers between the tank and pump and
between the pump and nozzies,

Although there are many types of
nozzles or spray tips, the flat spray
{fan }tips are best for herhicide appli-
cation. Other types include hollow-
cone tips and flood-type nozzles. The
hoflow-cone tips are sometimes used
for herbicides that require soil incor-
poration. Flood-type nozzles de-
signed for liquid fertilizer can be
used for herhicides, but do not give
as uniform distribution as the flat
spray tips. For broadcast applica-
tions, the flat spray sips with tapered-
pattern edges are most desirable, for
they can be arranged along a hoom o
overlap enough to get even coverage.
Fiat spray tips with tapered-pauern
edges should be rotated abowt 12°©
157 50 that the individual spray pat-
terns are skightly offset. Other flat
spray tips have even-pattern edges
and are used for applying a band of §
to 7 inches over the planted crop row,
Banding herbicides over the row can
reduce herbicide costs and car-
eyover, but this method of appiication
must be used in coniunction with ag
least one cultivation to remove
weeds between the rows,

Nozzle tips are marked with a se-
ries of numbers or a combination of
numbers and letters that give the
specifications, The specifications for
a flat spray tip with rapered-patiern,
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Spray patterns of 73° and 80° nozzle tips.

edges could be 8002. Inthis case, the
first two numbers indicate that the
angle of the spray pattern is 80°. The
angle of the pattern influences the
height the nozzles should be sbove
the target. The 80°series should be 7
to 19 inches above the target,
whereas the 73° series should be 20
to 22 inches above the target as
shown. The ast swo numbers tell the
relative size of the orifice or opening.
An 8004 tip would deliver twice the
spray volume with similar sprayer
speed and pressure as an 8002 tip.
Spraying wettabie powder formuta-
tions requires that 8003 or 8004 tips
be used, because 8002 tips will clog.
If these numbers are preceded and
{or) followed by letters such as
HSSB003E, it would indicate that the
tip is made of bardened stainless steel
and that it has an even pagtern for
band spraying.

Nozzle tips may be made of brass,
plastic, stainkess steel, or hardened
stainless steel. Brass tips are the least
durable. Plastic tips are corrosion re-
sistant, but stainless steel and hard-
ened stainless steel tips are both cor-
rosion resistant and durable, As such,
they wiil last longer than the other
types and are well worth the added
cost. Tip wear is limited when spray-
ing liguid formulations and most
rapid when using weuable powders.
As a result, the sprayer should be re-
calibrated frequently if wettable
powders are used. ¥ recalibration
shows that tips are delivering 10%
more than they did when they were
new, they should be replaced. Worn

tips not only defiver more spray than
they should, but give uneven distri-
bution, which leaves sireaks across
the held, ¥f tips become clogged, a
wothpick or straw should be used 1o
unblock the tip, nor a piece of wire,
because this may enfarge the open-
ing or distort the spray pattecn.

Sprayer calibration. Sprayer cali-
bration is done to determing the ap-
plication rate in gallons per acre
{gpa). The desired volume depends
on the type of application being
made. Soil-applied herbicides must
be distributed evenly over the soil; as
long as this objective is achieved, the
spray volume is not important, Vol-
umes of 10 to 20 gpa are usually sat-
isfactory. Translocated foliar herbi-
cidesarc usually applied with similar
volumes, but contact herbicides like
paragquat {Gramoxone Super ) do not
work well unless the foliage is thor-
oughly wetted. This requires a mini-
murm of 20 gpa.

Calibration should be done at the
beginning of the season and when-
ever a different application rate is
used, Before calibrating a spraver,
clean it, and check to see that all noz-
zles and other parts are working, The
spray volume delivered depends on
ground speed, operating pressure,
nozzle spacing, and the size of the
nozzle openings. There are many
ways 10 calibraie a sprayer, but the
steps outlined here are the most
seraightforward.

1. Measure the distance between the
rwo end nozzies on the boom in feet.
This is the effective boom width.
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2. Divide the width of the boom o
43 560 to get the number of feet of
travel necessary W Cover an acre.

3. Measure and stake off the number
of feet needed o cover an acre.

4. Fill supply tank and boom full of
water at starting point.

5. Spray the area exactly as one would
spray the field, using the same speed
and pressure {usually 3 to 5 mph and
3{ to 40 psi).

6. Shut off the sprayer immediately
when vou get 10 the end.

7 Measure carefully the number of
gallons required to refill the spray
tank. This is the volume of water the
spraver will deliver per acre.

8. Use this calibration information o
determine the amount of herbickde to
add 1o a given volume of water in the
spray tank.

Calculating the amount of her-
bicide. Weed control recommenda-
ttons in Cornell Recommends for
Field Crops are given as the amoung
of commercial product per acre. This
eliminates the need to convert from
the amount of active ingredient to
commercial product. The only calcu-
lation left, then, isto multiply the rec.
ommended amount per acre by the
number of acres the sprayer will
cover as determined by calibration.

Mixing the spray solution. Fiil
the spray ank ¥ to ¥2 full with clean
water or fertilizer solution and start
agitation before adding herbicides or
spray additives. If liquid or dry flow-
able formulations are used, they can
be added direcily into the partly
filled spray tank. Wettable powdess,
however, should be mixed with a
smal! amount of water in a bucket o
form a slurry This will ensure com-
plete wetting, and the slurry then
readily mixes with the water in the
tank. {f a2 wettable powder is o be
used with other formulation types

and (orywith a crop ol concentrate—
surfactant blend, the wettable pow-
der should be treased as stated. Then
after 2 or 3 minutes of agitation in the
spray system, the other hetbicides
and {or} crop ol} concentrate-—sur-
factant blend can be added to the
tank. Finish filling the tank with wa.
ter or fertilizer.

Cleaning the sprayer. A sprayer
should be cleaned immediately after
spraying to prevent corrosion and
deterioration of the spray equip-
ment. Proper cleaning i also impor-
tant to prevent herbicide residues jeft
in the tank from Injuring sensitive
crops sprayed later in the season, For
exampie, it would not be wise to have
atrazine residue in the spray system
when postemergence applications
are made on legume seedings.

For wettable powder, dry flowable,
and flowable liquid formulations, the
key is to physicaily flush all the mate-
rizl from the tank and system with
plenty of water. Nozzles and screens
should be removed before flushing
the spray tank and cleaned thor-
oughly 1o disiodge any of the herbi-
cide particies. Most water-soluble and
emulsifiable-concentrate formula-
tions can be cleaned from a spraver
by circulating 2 detergent solution
through the system for several min-
utes and following with several clean
water rinses.

Cleaning hormone-type herbi-
cides like 2,4-D or dicamba {Banvel)
from spray equipment requires ex-
tra effort. Ester formulations of 2,4-D
are 0il soluble and are difficult o0
clean from a sprayer. To clean 2.4-D
ester from a spraver, the first rinse
shouid be made with kerosene or
diesel fuel, because g wilkcarry away
these herbicides. After the first rinse,
washing with warm, detergent water
will help remove the oil. Farther de-
contamination of the sprayer can be
accomplished by filling the cleaned
tank and lines with a mixture of wa-

ter anckammonia (use 1 gt household
ammonia per 25 gal water}. This
mixture should be circulated
through the sprayer and then atlowed
to stand in the closed system for 24
hours before rinsing thoroughly with
water. Salt formulations of 2.4-D or
dicambaare water soluble and canbe
cleaned from equipment by follow-
ing this procedure withowt the kero-
sene or diesel prerinse.

Safety precautions. Before using
any pestickde, herbicides included, a
few simnple rules shouid be reviewed
to protect vourself and others from
accidental poisoning and to avoid
harming the environment,

¢ Use herbicides only when neces-
Sary

& Readthe label before each use. Fol-
low all precautions on the iabel and
apply only as directed.

¢ Store herbicides in the original ia-
heled containess in a locked store-
room marked PESTICIDES—KEEP
OUT

& Trispose of empty containers safely
Burn paper bags and fiber drums
daily, Triple rinse empties that con-
tained liquids and crush them so that
they cannot be reused. Bury crushed
containers.

& 3o not eat or smoke when working
with herbicides.

* In case of accidental poisoning
with herbicides due to exposure by
swallowing, inhalation, or contact
with skin or eyes, contact a physician
or one of the New York State Poison
Conirol Centers for complete infor-
Mation as (o treatment.



DIAGNOSIS OF CROP
DISEASE PROBLEMS

Diagnosis of plant health problems is
an essential step in problem reme-
diation within a crop cycie or in
problem prevension in future crops.
Infectious diseases, caused by path-
openic microorganisms (fungi, bae-
terig, viruses, and nemaiodes), con-
tribute annually o losses of yield and
quality in New York field crops. Envi-
ronmental stresses, genetic and nu-
rritional disorders, and insect and
abiotic injuries can induce symptoms
that closely mimic those of infectious
diseases. Practical disease diagnosis
involves careful observation of the
pattern znd natare of symptoms in
the fiekd and the collection of exten-
sive background information. Coop-
erative Exrension agents and crop
protection consuitants can be of con-
siderable assistance in helping o de-
rect diagnostic Clues in the field. In
many instances, however, even the
best field detective needs to rely on
laboratory methods (e.g., pathogen
solation, miCrosCopic examination,
serological tests) to confirm a diag
Nsis.

Coraell tniversity provides feld
crop disease diagnostic services as
an educational funciion. Plant sam-
ples are submited o the Insect and
Piant Disease Diagnostic Laboraory,
Department of Plant Pathology, 317
Planr Science Building, Cornedl Uni-
versity, Bhaca, NY 14853, Each sample
must be accompanied by acompleted
diagnostic checkiist, which can be
purchased from any County Cooper-
ative Extension office in New York
State. The value of a laboratory diag-
nosis depends on the condition ofthe

Dizgnisis of crop diseases ofton involues
laboratory analvses,

specimen when it arrives at the lab,
the degree o which the sample is
representative of the problem in the
field, and the accuracy and complete-
aess of the accompanying informa-
tion. Your Cooperative Exiension
agent ¢an provide vou with guide-
lines for colfecting plant specimens
and for packaging and sending plam
material to the diagnostic laboratory.

H you suspect that nermatode dam-
age is the cause of a plant problem,
you may wark to have a root and soil
sample analyzed at the Cornell Ne.
matode Diagnostic Laboratory. Infor-
mation about proper sampling meth-
ods and how and where 10 send
samples may be obtained from the
Nematode Diagnostic Laboratory,
Departmens of Plant Pathology, Cor-
netl Eniversity, Ithaca, NY 14853,
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CERTIFIED SEED

The Hue tag of certified seed can be
a helpful guide when you are choos-
ing your grain and forage seeds. This
tag assures you that the seed in the
bag has passed rigorous inspections
for genetic identity and for freedom
from seedborne diseases and weed
seeds. Seed certification 8 a pro-
gram sponsored by state depare-
mients of agriculiure and agriculturat
cotleges 1o help farmers identify high
quality seed. It has been in operation
for over 50 years and is stiil going
strong.

The close checks on certified seed
start with its parent generation, the
foundation seed, which serves as
planting stocks for certified seed pro-
duction. In New York, foundation
seed is grown by the New York Sced
improvement Cooperative. This of-
ganization works with skilled seed
growers in the planting, production,
and harvest of each foundation seed
crop. Trained personnel from the co-
operative lheraily check seed fields
plant by plant 1o eliminate offtypes,
mixtures, or other contaminants,
Freshily cleaned combines serve o
avoid mixiures during harvest, and
the seed is carefullv cleaned by the
cooperative’s skilled seed plant op-
erators. The final cutput is checked
in the state seed laborawry at Geneva
to assure that high quality has been
maintained throughout.

Certified seed growers must plang
foundation seed to produce their
certified seed crop. Here the cycle
begins again. Certification inspec-
tors check seed Relds for offtypes,
potential seedborne disease, and ob-
jectionable and noxious weeds.
Cross-pollinated crops like corn
must be isolated from other fields of
the same crop. Fields that do not
meet standards are rejected. And
again, the final product, the seed, is
checked to be sure that no contami-
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nation has crept in and that the final
seed meets the high standards of cer-
tification.

in purchasing seed, you may find
certified seed coming from states
other than New York, even from Can-
ada, Certified seed from other states
normally meets the same guaiity
standards that we apply in New York,
Seed growers in other states take
pride in their seed, and we have seen
no certified seed coming inte New
York that was not first-rate in guality.
For practical purposes, you can ex-
pect all certified seed to be high in
quality

CROPS FOR LATE PLANTING

New York farmers often are faced
with wet, cold spring conditions that
delay planting. When planting is de-
fayed pastearly June, questions come
up as 1o what crops are the best
choices.

Grain corn. [n areas of the state
where the first kitling frostcanbeex-
nected around the first of October,
corn for grain should probably nothe
planted later than June 15. Afier this,
the risk that the grain will not be
physiologically mature before the
first frost hecomes great. In regions
where the average date of the first
killing frost is larer in October, the
planting date can be moved after une
15 about the same number of days
that the first frost occurs after the
first of Ociober.

However, in all areas of the state, it
is not advisable to plant grain corn af-
ter July 1. Whenever corn to be used
for grain is planted after approxi-
mately June 1, it is important that
shore-season hybrids be used. These
early hybrids have more chance of
maturing before frost and aiso dry
down more rapidly inthe field,

Silage corn. Silage corn can be
planted untii about fuly 15. Even if the
grain does not mature, the crop will
still produce more dry matter and
TDN per acre than most alternative
crops. Corn planted in early July can
be expected to yiekd 6 10 10 tons of si-
age per acre. Although early matur-
ing hybrids are preferabie because
they will add more grain, longer-
season ones can be used for late-
planted silage corn, because they
will produce large amounts of wtal
dry matter.

Summer annuals. Forage
sorghum is also a good choice as a
late-plamed silage crop because of

s high yield potential, Sudangrass,
sorghum-sudan hybrids, and millets
can be used as a late-planted crop for
green chop or hay When planted late,
they may produce more dry matter
per acre than similarly planted corn.
However, because they have a lower
grain conteny, their feeding value is
usuaily lower. Hence, corn is prefera-
ke for planting up 1o the first of fuly
Late planting in July and August
would then favor one of these sum.
mer anauals.

Grain sorgham. If 2 grain crop is
needed and it is so iate that corn is
risky, an alternative is grain sorghum.
Grain yields from 90-day-maturity
sorghums are usuaily less affecied by
late planting than are vields of equiv-
alent-maturity corn. A problem with
grain sorghum pianted tate is that it
will need artificial drying.

Buckwheat. Buckwheart is an-
other suitable grain crop for late
planting, because e will mature in75
t0 90 ddays, and is normaliy planted as
Iate as mid-July It is very sensitive 1o
frost, however, so planting shoukd not
be delayed o long, Otherwise, it
may not mature before frost.

$mall grains, Oat and bariey
grain yvields will be poor if planting is
delayed past the first of June. Later
plantings, however, wili make good
silage. Yields of 2 to 3 tons per acre
can be obiained from mid-August
plantings. A disadvaniage with such
late plantings is that harvesting s de-
layed o mid- 1o late Ocober when
the weather may create problems.



DouBLE CROPPING

Because of New York's relatively
shott growing season, double crop-
ping is not particularly suitable for
the state. Many areas fack sufficient
growing degree days or have a first
fal frost too early to allow a warm-
season crop planted as the second
crop to mature. Also, because the
growing season ofien begins lae, the
first crop matures refatively fate, and
this then limits the second crop.

Limited double cropping may be
feasible for some New York farms,
however, Table 16 gives some of the
possible double-cropping combina-
tions that ¢an be considered in differ-
ent regions of the stae,

In addition 1o these general geo-
graphical possibilities, however,
some other considerations should be
noted.

& Soils that are not well drained are
not well suited for double cropping,

s H the soil is dry when the second
crop should be planted, double crop-
ping s not recommended.

* Because of the short growing sea-
son, for best results the second crop
should be planted no-till. This is par-
ticularly true with warm-season row
crops.

s |tis important thatthe first crop be
harvested as early as possible. This
may require changes in harvest
methods such as swathing or artifi-
cially drying a winter grain crop in-
stead of directly combining and stor-
ing it

s Oniyearly maturing varietiesof the
second crop should be planted.

» Facilities to dry the second crop or
1o harvest it in an aliernative way
need o be available in case of an
early frost or poor drying conditions.

* Presently, no specific double-
cropping systems can be recom-
mended.

Gonerad Tnformenion

Tabte 16, Possible double-Cropping combinations in New York State

f;)

No. of growing
degree days Double-cropping possibififes
Less than 2000 Very little potential
2000--2200 ittt potential
Early hay crop—cormn silage, summer annual
220062400 Some potential
Same as above
Hye silage —cormn silage, summer annual, buckwheal
Hye or winter hartey-buckwheal, summer annuaj
24002600 Modarate potential

Same as above two
Winter wheat of bariey silage— soybeans, kidney beans,
sorghum, summer annual, vegetables
Rye or wintar bardey—soybeans, sorghum
Earty hay Crop-—grain ¢om
Cat silage-—summer anrual
Maore than 2600 Best potential
Same as above three
Wirder wheat-soybeans, vegetables

NOYE: Summer annuals include sudangrass, Japanese millet, Toxtall and proso

rillet, and sorghura-sudan hybrids.
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Corn Production

Corn is a major field crop in New York
State. Currentdy, 35% of the acreage is
harvested as grain corn {including
dry-shelled, high-moisture, and
ground-ear corny, whereas the re-
matning acreage is harvested as corn
stlage. Although corn can be a profit-
able crop on New York farms, it is
also the most expensive to produce.
The high costs of seed, fertilizers,
and chemicals require a high degree
of crop management 1o obtain top
yields and economic returns. Pro-
duction of grain corn also requires
careful managemensto ensure abiigh
quality product,

(GROWTH AND IDJEVELOPMENT

Growth and development of corn are
governed primarily by hybrid matu.
rity group and accumulated GDD.
Under moist soil conditions and a
planting depth of 144 inches, corn in
New York requires about T0GDD for
emergence. Consequently, an aver-

age temperature of 60° F after plant-
ing results ina 7- 10 O-day emergence
time, whereas a 55° F average tem-
perature results inabout a l-day pe-
riod. Understandably, dry soil condi-
tions or a deeper planting depth
delays emergence time. No-till corn
requires a few more GDD for emer
gence because of the cooler soif tem-
perature under the residue. Emer-
gence can thus be defaved a day or so
arder no-till conditions.

After the seed is plamed, the first
internode of the corn plant must
clongate 1© push the shoot through
the surface. The amount of elonga-
tion of the internode berween the
seed and crown area, or growing
point, depends on planting depth, A
shallow planting requires only lim-
ited elongation, whereas a deep
planting results in considerable elon-
gation by the first internode. Conse-
quently, the crown area, where the
permanent £oot system ard growing
point are located, s found 1 to 14
inches below the soll susface shortly



after emerpence regardless of the
planting depth. Deep plarting, thus,
does not provide any added protec-
tion to the growing point from a
freeze after corn emergence,

The growing point of corn remains
below the soil surface until the 5-leaf
stage or unti the corn plant is about
16-ircches tall. As 2 result, the grow-
ing point is somewhat protected
from a freeze by the 1- to 1¥-inch
soil layer until the corn is about 10
inches tall. Depending upon hybrid
maturity groagy, corn requires about
400 GID from planting to the 6-Jeaf
stage. With an early May planting
cdate, corn in New York will be in the
6-feaf stage sometime in June, de-
pending upon accumulated GDD at
the site. A frost {28-32° F) before
corn is in the 6-leaf stage willdamage
the leaves but probably not the grow-
ing point, Yields are only slightly re-
duced if a frost occurs when the corn
has less than 6 leaves, A hard freeze
(<<28° F) often kills the growing
point at this time, and subsequent
crop loss is considerable. Because of
microclimate effects, the loss of the
corn ¢rop stand can be patchy in a
field that has encountered a hard
freeze or even a frost,

The permanent root system that
develops from the crown area shortly
after emergence provides mostof the
water and nuirient uptake for the
corn crop from the late seedling
through physiological maturity pe-
riodl. Growth of the permanent root
system is initially both downaward
and curward, By the 8-feaf stage, the
permanent root system has extenced
to the center of the row. if cultivation
of ridge construction is performed,
both operations should be completed
before the corn is 12 1o 15 inches il
to avoid damage 3 this root system.

Corn in New York sitks sometime
hetween mid-July and early August,
depending upon hybrid maturity
group, planting date, and accumu-

IR0 LEAF

4TH LEAF

Corn Production 81

/ 2ND LEAF
/
157 LEAF
A
SOIE SUREACE
SHGUNG FOT
= NODAL ROOTS
N
S 2, ; 15T INTERNODE S
/%
e
= > MR
TR g
—— s (\ = RADICLE
= ) NG
SEMINAL ROOTS = 22 WL \3"‘““\

"

The growing point of corn remains helow the soil surface unei] the SJeaf stage or un-

til corn is about Ddinchestall

lated GDD during the growing sea-
son. A medium-early hybrid (8% 10
105-day hybrids) requires abous 1000
80 1200 GDD from planting o tassel-
ing under central New York growing
conditions, A long-seasen hybrid
(105- to 120-day hvbrids) requires
1200 10 14060 GDD, whereas an early
hybrid {70~ to 8%-day hybrids) re-
quires 846 10 1000 GDB. Hybrid ma-
turity group and accurnufated GDOD,
thus, determine the dae of tasseling
in a particular becation for & particu-
lar growing season. Because planting
date can strongly influence accumu-

lated GDD, the date of rasseling is
also infiuenced by planting date.
Hybrid maturity group and accu-
mtlated GDD also determing the
length of time from silking to physio-
logical maturity, Medium-season hy.
brids require about 1100 GDD or 60
days from silking to physiofogical
maturity under New York growing
conditions. Long-sedason of shorf-sea-
son hybrids also influence this time
period somewhat. Planting date has
ne influence on this time period.
Planting date, however, influences
the calendar date for physiological
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Corn should be inthe sitking stage in New York sometime berween mid- and tate July,

maturitv because of its effecr on days
to silking.

Black layer formation near the tip
of the kernel is a visul indicaror of
physiological maturity. Black kaver
formation, however, can be difficalt
to determine under field conditions.
Another method to determine physi-
ological maturity is the observation
of milk-Hne formarion on the face of
the kernel. When the milk line hag
moved three-fourths of the way
down the kernel (from {ip to the
cob), grain moisture is around 35%,
and physiclogical maturity has been
attained. Whole-plant moisture is
close 10 65% af this gime. Silage har-
vest should begin about a week be-
fore physiological maturity or when
the milk line is halfway down the ker-
nel. Grain moistare is about 40% and
whaole plant moisture 68% at this
rime,

FIELD SELECTION

Corn performs best on well-drained
and moderately well drained soils
(see iHlustration p. 139} Although
corn can be produced on soils that
are somewhat poorly drained, prob-
ferns with timely planting and harvest
often occur. Also, in wet years, com
vields are severely reduced hecause
of poor aegration in the water-fogged
soils. in contrast, corn produced on
excessively drained sites are favored
by wet years, and very high corn
yields can be achieved on these sites
in wet vears. Nevertheless, average
corn vields are somewhat lower on
excessivley drained sites compared
with moderately well drained sies
because of shoreterm dry spells a
critical periods of corn development
{i.e., tasseling, silking, carly kernel
development, eic. ).

Corn is intermediate in sensitivity
o acid soils when compared with
other fickd crops {see iHustration p.

When the milkline s halfway down the

kernel, grain moisture &5 sbout 40% and

sitagre harvest should commence.

139}, Corn does produce best, how-
ever, on soiis withapH of 6,210 70 A
good Hming program on acid soils
frecuently results in 4 higher cashre-
turs with corn than with other crops
in the rottion. Very acid soils wili re-
sultin crop failures,

Corn requires warm weather for
good growth and vield. In New York
State the highest corn vields are ob-
tained in areas with the longest
growing seasons and the highest
amount of GBD. The development of
high-yielding early maturing hybrids
now makes it possible o grow grain
corp inareas where the growing sea-
son is relatively short (e, 1600
GDD). Bven so, in these areas, corn
grain vields are often not high
enough o compete profiably with
cora silage. Also, spring barley may
be a berer-adapted grain crop in
very cool regions.
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For maximum cosn production aod sustained soil productivity, corn should be rotated owt of o field after
3 years.

CORN ROTATION

Cora shouid be rotated withalfalfa or
some type of grass and perennial-for.
age-legume mixture. First-vear corn
after sod has demonstrated a consis-
tent yield advantage over continuous
corn, Equally important is that
higher corn yields are obtained with
substantiaily less inputs, Soil insecti-
cides at planting are not recom-
mended for first-year corn under
conventional tiflage following a sod
crop. Also, sidedressing of nitrogen
is not recommended on firse-year
corn following a legume-sod crop.
Generally, for maximum corn pro-
duction and sustained soif productiv-
ity, corn should be rotated cutof a
field afier 3 years,

When a smali grainis the previous
crop tn the rotation, corn does aot
require a soil insecticide at planting.
Consequently, corn can be produced
more profitably when a weti-planned
crop rotation is used on each fiekl.

LAND PREPARATION

The purpose of fand preparation or
tillage is to prepare the soil tomake it
more suitable for corn growth. A
tieely tillage operation improves the
physical condition of the soii, pro-
vides & measure of pest controf, and
incorporates organic marter, pesti-
cides, and fertilizers into the soil, All
these factors can contribue 10 a high-
yielding corn crop. Nevertheless, til-
[age ina corn systemn can also be det-
rimhental, For example, on erodable
snils, conventionad tiliage ncreases
erosion, which subsequentiy re-
duces the sustainability of the soil
and furare cormn vields. Also, conven-
tional tillage under wet or exces-
sively dey soil conditions produces
clods that are difficult to break up
even with intensive secondary tiflage
operations, Compaction is often the
result of conventional rilizge under
these kess-than-desirable soil condi-
LS.

Corn in New York generally viekds
equaily well or beter in a conven-
tional dliage system if plowing is

done at the proper time and at the
right soil moisture level On heawy-
textured clavey soils (soil manage-
ment group 1) with low erosion po-
tential, fail plowing is recommended
because the freezing and thawing ac-
tion during winter breaks up clods
and produces better soit tth. In con-
trast, on sandy and many of the sit
loam soils, fal! plowing results in a
somewhat poorly structured soil in
the spring. Asa resuls, spring plowing
is strongly recommended on these
soils.

After plowing the soil, some type of
secondary tillage operation is re-
quired for fnal seedbed prepara-
tion. H plowing was performed at the
right soil moisture level, fitting the
field with a harrow or culdmulcher is
often the only secondary tillage op-
eration required. if plowing was
done under somewhat wet or dry soii
conditions, repeated secondary tl-
lage operations may be necessary for
suitable seedbed conditions. Be-
cause corn is a large-seeded crop,
perfect seedbed conditions are aot
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required for emergence. Only a min-
imum number of secondary tillage
operations is recommended for
seedbed preparation for corn. An ex-
cessive number of secondary tllage
operations induces more Compaction
of the saif and increases fuel costs.
No-tili systems can he successful
for corn preduoction in New York if
proper consideration is given wo field
selection and crop management. Ad-
vaniages of a no-till system include
soil erosion controd, timeliness of op-
erazions (Le., earlier planting date,
especiaily in wet springs), reduced
fuel costs, and hetter traction at har-
vest under wet soil conditions. Major
chaillenges 10 a no-till corn system in
New York include cooler and wetter
soif conditions, the attainmern of rec-
ommended and uniform plare popu-
lations, and increased pesticide costs

Corn viekis equatly well or better ina
conventional tillage system if plowing is
done at the proper time,

for adequate pest management. Most
cases of corn problems under no-ill
syssems can be attributed 1o one of
these factors.

Field selection or soif conditions
are an important consideration for a
no-tili system. In New York, espe-
cially in cooler regions, fack of GDD
and cool soil temperatures are al-

A no-tiil system can be successtul i proper consideration is given 1o fiekd selection
and Crop management.

ready major constraints 1o successful
corn production, another heing wet
soil conditions. Because of the resi-
due on the surface, a no-till svstem
results in cooler and wetter soils. In
areas or feids where cool or wert soil
conditions are aiready a constraing,
no-till systems should not be prac-
ticed. If erosion is a problem at these
sites, some other type of conserva-
tion practice (i.e., strip-cropping,
CONIOUT SECp-Cropping, conservation
titlage Y shouid be used.

Because a no-till system conserves
water in the soi, a no-£ili syszem may
have a vield advantage where
droughty s0ils are a major constraing
10 corn production. Also, excessively
drained soils warm up faszer than
most other sotls in the spring. Thus, a
no-till system is wel adapted to these
s0il conditions,

On moderately well drained 10
wekH-drained soils, carefu! manage-
ment is essential for successful no-ill
corn, Amajor challenge in crop man-
agement is {0 obtain recommended
and uniform plant popuiations. To
obtain the desired plant population,
good seed--soil contact at the proper
depth is essential. To achieve this ina
no-till system, sol conditions must
be favorable and a well-equipped
planter must be properly adiusted.
Wet soil conditions prevens the cov-
ering wheels from closing the seed
slot, whereas dry condbtions can pre-
vent the planter from penetrating to
the desired soil depth. Because non-
uniform populations can occur un-
der both soif conditions at planting,
planting should be delaved until soil
conditions improve,



Planters without the proper attach-
ments{i.e., tillage coulters)ordriven
at wo rapid a speed (> 3 mph) can
also result in ponuniform stands ina
no-till situation, The use of trash-
clearing devices mounted hefore the
planter shoe may improve planter
performance and result in more-
uniform emergence of corn. Also, if
the residue is cleared in the seed
zone drea, soil temperatres may be
raised in the no-til! system.

Another maior challenge to corn
production under no-tifl conditions
is pest management, Tillage is a fun-
damemal method for the control of
weeds, insects, and plant pathogens,
To offset the loss of titlage as a pest
management technique, increased
pesticide use may be necessary. For
exampie, if weeds are present before
or at planting, 2 knockdown herbi-
cide is necessary for contral of these
weeds. Heavy crop residue may also
increase the occurrence of cut-
worms, seedcorn maggots, adult
corn rootworm beetles, or slugs.
Soil-applied insecticides at planting
may have to be relied on more ofien
in a no-tiil siteation. After the crop
has been planted, fields shoukd be
carefully monitored for the next few
weeks for potential pest problems,
Stugs can be particularly trouble-
some in no-tii! fields during wet
years.

Because ao-till is the best tiillage
system for erosion control, its use is
recommended on erodable soils on
which no-till is adapted and corn is
well managed. A complete residue
cover, however, is not necessary for
eroston control. 1n fact, with most
crops growr: in New York, onlya 30%
residue is required o effectively re-
duce soif erosion, Various conserva-
tion tillage systems (essentially any-
thing that does not involve the
moldboard piow) can be used to
leave more than 30% residue on the
surface. A conservation tillage sys-

tem may, thus, effectively reduce soil
erosion without the degree of man-
agement problems encountered in
the no-till situation,

CHOOSING A CORN HYBRID

Each corn hvbrid has its own
strengths and weaknesses. One may
vieid well, but have weak staiks, An-
other may yield and stand weli, but
be too wet &t harvest. In choosing
corn hybrids for vour farm (or before
recommending them for someone
else), check each hvbrid carefully.
March its strengths with your on-
farm needs. Be sure that maturisy,
yield, and standability fit vour fields
and your management. You invest
well aver $20 per acre in seed costs.
Do not gamble this on unkpown or
risky hybrids.

Proper maturity selection is most
important. If you plant hybrids oo
Tate for your location, you wili have
“soupy” silage or wet grain. Shifting
to hybrids that are too early will
waste part of your growing season.

The growing degree day system
used in New York is explained on
pages §-9. This is based on 50 years
of weather records from stations ail
over New York; we have found it more
helpful than any other system. To de-
termine the growing degree days
(GDDs) on your farm, check your jo-
cation on the map on page 8. Add 100
GDDs i you are on a valley Hoor or
other area that warms up fast. Sub-
tract 100 if you areonahigh hilfor in
a frost pocket. If you cannot pinpoint
this close enough, check with your
county exzension agent, who can help
you determine your GDD level.

The corn hybrid ratings in the an-
aual Cornell Recommends for Field
Crops ave listed according to the av-
erage nsumbers of GDDs needed 0
reach 35% moisture (i.e., physiclogi-
cal maturity}. In choosing hybrids,
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select those that require fewer GDDs
or the same as your average. Note that
the GDT rating for your farm isan av-
erage, and therefore, you will have
less heat than that nearly half the
time,

Always plant several hybrids o
spread risks and mawurities. Many
farmers plant three to five varieties.
These include one early hybrid that is
300 GDDs or so earlier than needed;
for their major acreage, two to three
hybrids that are 100-200 GDDs ear-
{ier than their average; and finally,
one or two hybrids listed at about
their GDD quota. Anyone planting
fater hybrids is risking wet corn more
than 1 out of 2 years,

Growing degree days accumulate
through the vear. If you plant on June
1st, you will already have missed 150
10 300 GDD. To compensate, select
hybrics at least that much earlier.

Other systems for rating hybrid
maturities are in use, and the results
can be confusing. Some midwestern
seed companies describe hybrids ac-
cording 1o their refative "days to ma-
wirity”” These rarely fit New York,
where our cool growing season can
easily cause a “90-day” hybrid to re-
quire 129 days to reach 35% mois-
ture. In Ontario, 2 different system is
used. It is simifar 1o ours, but calcu-
fated differently, and gives most hy-
brids ratings of about 800 more
GDDs than they receive in the New
York system. Still another GDD sys-
e is used by several Corn Belt com-
panies that sell sced in New York.
This compares fairly closely with
New York ratings in medium- and
long-season hybrids, but rates early
hyhrids with soo many GDEs for New
York conditions. At Cornel we havea
study underway attempting to iden-
tify a workable and consistent system
for all regions to adopt. Early indica-
tions are that conditions differ
enough te make this difficult.
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Corn standability is an important consideration when selecting a hybrid

High yvield is everyone’s goal, arnd
most corn hybrids on the market can
vield reasonably well. S¢ill, hybrids
do differ in yield potential, and there
is no reason not to plant the best.
Cornell plant breeders test over 200
corn hybrids annually and rate them
in the annual Cornell Recommerds
Jor Field Crops. This isa good place to
start when selecting corn hybrids,
but it is not the final word. Even
though these tests include sites on
typical soils over the whole state,
your farm is unique and may differ
from test site condigions.,

For further information on hybrid
yield performance, check with seed
company representatives, neighbors,
and others who have experience with
specific hybrids. Choose ones that
ook good in unbiased trials like Cor-
nell's and akso get good ratings from
other sources. Many good corn grow-
ers Hke 1o ry one or two new hybrids
cach year on small acreages. These
should be planted next 1o hybrids
they have found o be dependable in
the past,

The ability of corn plants to stand
up until hasvest is another important
trait. Some stalk strength is needed
to keep the plant up for silape, and
most hybrids onthe market today can
be satisBactory. However, standability
for grain harvest is more critical and
harder to come by Check this care-
fully if you are planning to harvest
part or ali of your crop for grain. You
can grow a weak stander for grain if
its vield and maturity are right; but
plan to harvest it early assoonas it is
dry enough o pick. Do not plant
weak-stalked hybrids on more thana
small percentage of vour grain
acreage.

Disease and insect resistance is
the major target of most corn breed-
ers, There is promise ahead of im-
proved resistance 1o corn borers,
rootworms, stalk rot, and several
blights. Many hybrids already have
resistance © certain leaf-blighting
diseases. If vou have had insect or
disease problems, discuss these with
vour seed corn dealer or vour county
exension agent.

Single crosses, special crosses,
and three-way Crosses are now com-
mon on the market, replaciag the
once popular double-cross hybrids.
The type of cross is important o
breeders and seedspeople who must
develop it. However, it is less impor-
tant 1o the corn grower who s pro-
ducing silage or grain, Single and
specia crosses tend o be more uni-
form than three-way crosses, and
three-ways are more uniform than
doubie crosses. Single-cross seed
costs more per unit, although not
much more on a per acre basis. The
yield potential of the hyvbrid is of im-
portance to you, not how it was bred.
There are excellent single crosses
and poor ones. The same is true for
othertypes. Choose hybrids that have
performed well in tests and done
well For vou or your neighbors.

Seed size and shape have little or
nothing o do with crop viekd or any
other performance characteristic.
Several vears ago we compared a
wide range of seed sizes and shapes,
all graded out from the same lots of
seed, We found plants grown from
small rounds vielding kst as well as
those from mediuim flats, even large
flats, They all came up a1 the same
time, flowered together, and ripened
the same way. The key is getting
equal stands. This is no problem with
plateless planters or with proper
plate selection in plate plasters,



PLANTING CORN

Planting Date
Early planiing is necessary for best
cornvields, Research in New York has
shown that even in cold, wet springs,
planting before mid-May is necessary
for maximum corn vields. In central
and western New York, a delay in
planting after May 15 resuls in a
grain yield reduction of Y2 and %
hushel per acre per day for early and
fulb-season hybrids, respectively.

The recommended time to plant
corn is St 10 days before the average
date of the last killing frost. In most
of New York the optimum period to
plang corn occurs between April 25
and May 15, Corn requires a soif tem-
perature of 45° 0 50° F 1o begin the
germination process. Soll tempera-
tures in most agriculiural regions of
the state are in this range or above
during the last week of April. If soi
conditions are favorable, corn plant-
ing should begin in late April in most
areas, In areas where a killing freere
can occur in June, pianting should he
delaved untit the second or third
week of May

Full-season hybrids (Le., hybrids
that match the GDD in a region)

should be planted at the Jate Aprid or
early May planting dare. I full-season
hybrids are planted early, their yield
potential is usually 10 to 15 bushels
higher than that of their medium-
season counterparts, and maturity is
not a problem in most years. The use
of full-season hvbrids in combina-
tiors with an early planting date in-
creases vield without a susbstantial in-
crease in the variable costs. Because
of the cooler conditions at the early
planting date, however, the planting
rate should be 10 10 1% higher than
recommended for the particular soil
ype.

Early planred corn should be sown
1V4 10 1%z inches deep. A somewhat
shallow planting depth will acceler-
ate the germination process, because
the shallower depth warms up faster
and less elongation by the internode
is necessary. Also, the soit does not
drv out as rapidly in fate April, s0
moisture in the seed zone is usually
not a problem at this time,

If 501l conditions are wer in late
April or early May, the planting dase
should be delaved until the soil can
be worked without resulting in ex-
cessive compaction. Early planted
corn seeded under compacied soil
conditions will vield considerably

The planting of corn is one of the most important management practices.,
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tess than late-pianted corn seeded
into favorable soif conditions. As the
planting date is defayed, however, the
hybrid maturity group must be
chianged. Full-season hybrids shouid
never be used if corn planting occurs
after the second weel of May in most
areas. Medium-season hybrids (ie,,
106 ro 200 GDD shorter than the
G for the area) should be planted
during the second, third, or perhaps
fourth week of May in most areas. For
ate May or June plantings, early hy-
brids {t.e., 300 GDD or more shorter
than the GDD for the area should be
used.

Plant Popuiation
Corn populations depend greatly on
s0il type, planting date, crop use, hy-
brid selection, and tillage practices.
For many New York corn soils (e,
well-drained o moderately well
drained silt loams}, 20,000 10 23 600
plants per acre at harvest is the apti-
mum range for grain corn {table 173,
Soils with a higher vield potential
{i.e deep, well-drained loams with a
high-moisture capacity) reguire
23.000 10 28,000 plants per acre s
harvest for maximum grain corn
vields. As the yviekd potential of the
soil decreases because of poorly
drained or droughty conditions, har-
vest populations must be reduced ac-
cordingly

Various factors, such as planting
date, tillage practices, pest problems,
and planter performance, influence
populatons obtained in the field. For
exampie, emergence of corn at an
early planting date averages only
75% compared with 85% emergerce
at a larer planting date. For a late April
planting date on a2 moderately well
drained silt foam soil, the planter
should be adjusted 1o plant 25% more
than the mean population of the op-
timum harvest population range
(i.e., 21,500 plants peracre for a mod-
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S I

Nonuniform stands reduce cornyiekds,

erately well drained silt loam soil), or
about 27000 plants peracre {21,500 x
1.24). Ara mid-May planting dae, the
planter should be adjusted 1o plant
13% more than the desirec harvess
population, or abour 23,000 plants
per acre (21,500 x 1L15), on the same
soil type.

fris also generally recognized thar
corn emergence is reduced under

Table 17, Corn poputations and soll type

no-till conditions. Data gathered a
Cornell suggest that, at anearly plant-
ing date under no-til conditions, the
planter should be adjusted w plant
30% more than the mean of the opt-
mum harvest popualation range. Ara
recommended or late planting date
under no-till conditions, the planter
should be adjusted w plant 20% more
than the mean.

Corn silage wilerates higher plant
populations than grain corn, For this
reason, harvest populations for sil-
age should be 2,000 plants higher
than those for grain corn for each re-
spective soil type. The planting rate
for early planted silage corn ona
moderately well drained sitt loam
s0il is thus over 29,000 plants per
acre {23,300 % 1.25),

Some hvbrids cannot tolerate the
increased plant competition at high
populations, whereas other hybrids
perform best at higher than normal
populations. Because of the number
of available hybrids on the market,
the response of individual bybrids to
plant populations can only be tested
by seed companies, The seed com-
panies make general recommenda-
ripns { e, high, medium, erc.) for
their particular hybrids,

Uniform plant populations in the
field are as important as the number
of plants per acre. Like most crops,
corn will compensate for skips in the
field by producing higher-vielding
plants that are contiguous to the skip.
Research data suggestihargrain corn
can wlerate a 2.0-foort skip every 29
feet without encountering a signif-
cant vield reduction. Once the skip
exceeds 3.0 feet, however, grain corn

Soit conditions

Very deep loams and silt ioarns with
high moisture-holding capacily

Well to moderately well drained foams to
clay loams

Sandy toams, clays, or somewhat poorly
drained loams to clay loams

Sandy loarns or very gravelly or shallow
ioamsioclay loams

Grain com Sitage comn
Planting rate . . Planting rate :
(85% emergence) Harvest popudation (85% emergence) Harvest popuation
Plants/ A
29,325 23,000--28.000 31,625 25,000--30,000
24,7258 20,000-23 000 27.025 22,000-25000
21,850 18.000-20,000 24,150 2000022000
18,550 16.000-18,000 21,850 18,000--20,600




vields are significantly reduced.
Corn silage, however, appears less
tolerant of skips. The data suggest
that a 2.0-foot skip every 20 feet can
substantially reduce silage vields. &
obtain uniform populations in the
fiekd, seed treated with a planter hox
fungicide and planted by a well-
adjusted planter driven at the recom-
mended speed into favorable
seedbed conditions is required,

Proper planter calibration is very
important in achieving recom-
mended plant populations. Calibra-
tion can be accomplished by measur-
ing a length that results in /1000 acre
for the row width of the planter {1able
18). Then pian: along a driveway or
other fairly hard surface ai normal
planting speed. Count the number of
kernels in each row within the mea-
sured distance. Determine the aver-
age number of kernels per row and
multiply this number by 1000 10 get
the seeding population per acre.
Keep adiusting the planting rate of
the planter until you achieve the de-
sired kernel drop.

o determine plant populations in
the field later in the season, measure
a 30-foot length of row in several
places in the field, Count the number
of plants in each of these lengihs and
determine the average number per
30-foot length. Compare this number
with the appropriate row spacing in

Table 18. Length of row required for
111060 acre at various row widihs

table 19 to estimate the pumber of
Hants per acre.

Row Spacing

Narfow-Tow spacing can increase
grain and silage viekds when other
conditions are optimum for corn
growth, A yield increase of abous 5%
can be expected when row spacing is
decreased from 36- to 30-inch rows.
A further reduction in row spacing
down 1o 20 inches usually increases
vields another 2-3%. If consistently
good vields are not being ohiained
with the present row spacing, it witl
usually be more profitabie to im-
prove other cultural practices before
shifting to narrower rows, Also, be
sure that both planting and harvest-
ing equipment can be used in the
NALrOWer-row spacing.

Poor Emergence
As soon as there is any indication of a
problem with emergence, digging in
the corn rows should be done imme-
diately Too long a delay makes it dif-
ficult or impossible to determine the
cause of the emergence problem. Too
long a delay can also resuliin a
missed opportunity for correcting
the problem. Factors 1o check when
inspecting a field with nosuniform
emergence include the following:
Seed not presery ine soil. If seed is
not found in the soil where the skips
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oceus, the problem is probably due to
the planter, planting operation, or
seedbed conditions. Be sure that the
planter is functioning properly and is
driven at the recommended speed.
With uneven seedbed conditions, the
planter should be driven slowly o
minimize skips.

Seed not sprouted, If the kernels
are not swotlen, nonsprouting indi-
cates that the soil has been 00 dry.
This situation can be found in no-till
conditions if the seed is not fully cov-
ered with soil. Swollen but not
sprouted kernels, on the other hand,
often indicate that the soif has been
either 100 wet or o colid. Swollen
bui unsprouted kernels also resuls
from salt injury caused by planting
the seed too close 10 N or K fertiliz-
ers. To prevent this type of injury,
side-place the fertilizer or use
smaller amounts. Germinating corn
is also very sensitive 1o boron near
the seed; 50 use special care if the
fertilizer contains any.

I preplant anhydrous or aqua am-
monia was used, long and short skips
in rows scattered throughout the
field indicate that the corn row hap-
pened o be directly above the N
band. Injury results because the am-
monia rate was too high, the place-
sent was 100 shallow, or the corp was
planted o0 soon after application.
Planting directly over a urea-diam-
monium phosphate band can have a

Table 18. Plants per acre, determined from piant count in 50 leat of row

Plant popufation (F000s/acre)

Lengthofrow for ~ Row width
Row widith (in.) 1/1000 acre (in.) W ® 18 20 2 24 26 28 30
20 26" 2" No. of plarits in 50 feet of row
30 175 20 26 30 3 38 42 4 850 85 60
32 674" 30 40 46 52 87 63 69 75 80 86
36 14' 6 32 43 59 85 61 67 74 8 86 W
38 139 36 48 855 62 69 76 8 9 96 103
40 131 38 51 58 65 73 BO 87 95 102 109
40 54 61 €9 77 84 92 100 107 115
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similar effect because these com.
pounds release ammonia,

Seeds or seedlings rotted. Rotting
of seeds or seedlings suggests an at-
tack by seed rots or seedling blighss,
Pythbinm s a fungus that often causes
such damage because it thrives in
cold, wet soil where corn germina-
tion and growth are retarded. Other
fungi that may be involved are Diplo-
dia and Gibberella. Seedlings in-
fected with these various diseases
have brown, water-scaked areas in
their roots and underground stems.
Rot and blight problems are almost
never a problem now because most
hybrids are of high-quality seed,
which prevents the problem. A
planter-box fungicide seed treatment
should be used to eliminate the pos-
sibility of this occurrence.

Sprout twisted or leaves expanded
underground. Crasting can often
create emergence problems, If the
crust is not broken within 2 or 3 days
after germination, the leaf will open
underground, and the plant is unable
1o penetrate facther, even if the crust
is later broken. In cases where a hard
rain causes crusting after planting, a
rotary hoe pulled backwards, a
spike-tooth harrow, or a cultipacker
should be used promptiy to break the
crust. Crusting, however, s usually
not a severe problem on corn be-
cause the coleoptile can penetrate
through very hard sotl conditions.

Poorly prepared, cloddy soils may
also result in the leaves opening un-
derground. Sunlight filiers between
the clods and reaches the seediing
100 soon. Proper scedbed prepara-
tion will keep this from occurring,

Twisted shoots and underground
leaf opening also resuit if the seed s
planted too deep. This can be a prob-
lem particularly in cold, wer soils
where growth Is delayed and the
plant does not emerge before the leaf
expands. avoid this by planting shal-

low when planting early or in a wet,
cool soil

Herbicide damage can also cause
wwisted or thickened shoots and fail-
ure 1o emerge. But usually the roots
are also deformed, whereas with
crusting and deep planting the roots
are normal. To avoid this injury, use
only recommended herbicides ap-
plied at the recommended time and
rate.

Seed eaten, dug up, or sprowut cud
off. Hollowed-out kernels are usually
the work of underground insects that
feed on the corn seed. Seedcorn
maggots and seedcorn beetkes often
eat ab but the seed coat. The magpots
are white and about ¥ inch long; the
beetle is black and about the same
size. Partially eaten kernels may ger-
minate, but usuaily die later. Damage
is often scattered over the feld and
becomes greater where conditions
delay germination. These insects can
be controtied by a planter box treat-
ment or a soil-applied insecticide.

Wireworms eat the germ ourt of
kernels, attack young seedlings, and
can continue feeding on the plants
until they are knee-high. The insect
is a slender, shiny, yellow brown
worm about IV inches long, It s most
commonly found in poorly drained
areas and where corn fotlows sod, es-
peciaily vnder no-till conditions.
Damage is more severe in ¢ool, wet
spring weather. Because several spe-
cies are involved, changing rotations
usually is not effective for control,
Seed treatment will help, and a soil-
applied insecticide will provide ex-
tended protection, When replanting
an infested field, plant between the
old rows, for the wireworms will not
move to the new ones.

Crows, blackbirds, pheasants, and
other birds may go dows the rowand
dig up the corn seeds. After emer-
gence and uneil the plants are 610 8
inches wall, birds will also pull up the

young piants, eat the kernel, and
leave the seedling on the ground.
Mice and ground squirrels also dig
up seeds and eat young seediings.
Mice, particularly, may cause serious
damage in no-till sitvations. The
plant residue provides cover for
thern, and sometimes they will tun-
nei along the furrows eating ail the
seeds.

When to RHeplant Corn

1f 4 field does notemerge evenly or s
damaged later, a decision must be
made concerning replanting the
field. The first step, of course, isto ex-
amine the field closely to identify the
problem. Next, a stand count should
be made in several areas of the field
to determine the plant population in
the field. Finally, the costs {ie., seed,
perhaps herbicide, insecticide, fertil-
izer} of replanting must be com-
pared with the potential vield gain. In
general, whenever the stand is 50%
or less, replanting is recommended.
If only 25-30% of the field is dam-
aged, the answer is more difficult,
One guideline is that if the popula-
tion is 16,000 plants or more per acre,
it is probably best to leave the origi-
ral stand. A harvest population of
16,500 plants per acre on & moder-
ately wetl drained silt loam soil re-
duces grain and silage yields 25%
and 33%, respectively, in comparison
with 24,900 plants per acre. An early
planted crop at 16,000 plants per
acre, however, will yield almost as
well as a population of 24,000 plants
per acre when the fatter is planted 1
month later. Consequently, in this sie-
aation, replanting is not recom-
mended. Spot planting may be help-
ful in areas where there are large
skips. An earlier-maturing hybrid
should he used in this shiaation, 50
both hybrids will be ready 1o harvest
arthe same time.



CORN FERTILIZATION

The ahjectives for corn Fertilization
are o produce MAXimUm eConomic
yiekls and 0 minimize the losses of
fertilizer nutrients. To sccomplish the
objectives, both the rate and timing
of the fertilizer applications are im-
portant. The fertilizer efficiency is
dependent upon the overall vield of
the corn; therefore, the soil pH, soil
characteristics, and other cultural
pracuices must also be considered.
Weare concerned with fersitizing the
crop for optimum viekds, not the seil.

SoilpH

Corn will grow normally overarange
of soil pH from 5.8 to 70 or higher If
the pH falis below 5.8, some vield re-
duction may occur, and the efficiency
of fertilizer is poor. Thus, for opti-
mum corn production the soil pH
should be maintained at p 6.0 or
above. For further information, see
Hme section.

Nitrogen
Nitrogen s the most difficult plant
nutrient to manage within the crop-
ping program because of its many
chemical forms and conversions
from one chemical form to another.
The conversions of nitrogen from or-
ganic to plant-available forms (nirrase
and ammonizm) deperd upon the
climatic conditions. Foriunately,
more plant-available nitropen is re-
leased from the organic matter in the
soif when growing conditions are
best, H the released nitrogen is not
used by the growing crop, it is lost
from the system, Thus, we must esti-
mate gecurately not only the guantity
of nitrogen needed by the crop, but
also the guantity released by the soil
svstem over the growing season,

No dependable nitrogen soil test is
avatlabie because of the many
changes in nitrogen forms that occur
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Determining nitrogen needs of corn i8 critical t© maxdmum economic produetion.
The short corn (right) received no nitrogen, and the saller corn (gff) received 135
porenels per acre.

during the growing season. The rec-
ommendations for nitrogen must be
made on the basis of soil type, 50il
characteristics, vield potentials, crop-
ping history {crop residues), and ma-
nure additions.

The recommendations for various
soil and cropping situations are
given in the current Cornell Recom-
mends for Field Crops. Only some
general guidelines wili be given
within this text,

Nitrogen in corn plants. The to-
tal quantity of nitrogen required in
the corn plant 1o produce maximum
economic yviekls has been estimated
w0 he L2 1o 1.3% of the woal dry mar-
ter at hard dent. Since 1 ron of corn
stlage, at TO% moisture, contains 600
pounds per acre of dry matter, 72 ©
78 pounds of aitrogen (600 ib dry
matter/ton x 012 b N/lb dry mater)
are required to be in the mature
corn plants for each 1 won of corn sil-
age, Thus, for a 26-ton cora-silage

vield, about 150 pounds of nitrogen
per acre {20 tons X 75 1h N/ton) are
required within the aboveground
portions of the mature corn.

from the average relationship of 17
tons of corn stlage per 100 bushels of
corn-grain yiekd, obrained from re-
search plots over the last several
vears, about 1.25 pounds of nitrogen
are required within the corn plants
per bushel of corn produced. With
this value, the total nitrogen require-
ment (within the crop) can be esti-
mated by multipiving the vield (in
hu/A) by 1.25% For exampie, a 100-
hushel corn crop would contain 125
pounds of nitrogen within the ol
aboveground portion of the plam at
maturity,

The 1ol nisrogen within the corn
plant &5 not the same as the wtal ni-
trogen required w grow the crop,
because of pitrogen losses, efficiency
of plant uptake, and so forth. Consid-
eration must be given 1o several
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other factors in calculating the fertil-
izer nitrogen thar must be added,
These factors are (1) the soil nitro-
gen supply, {2} the gquantity of nitro-
gen obtained from crop residues, (3)
the nitrogen added in manures, and
{4) the efficiency obtained from the
added fertilizer.

The fertilizer nitrogen can be cak
culated by the following equation:

Fertilizer nitrogen (Ib/A) = (towal N
required — soil N — crop residue N
- manure N)/efficiency of added fer-
tilizer

Using this equation, one can calcu-
late the fertifizer requirement, pro-
vided an estimate for the various
sources of nitrogen and the effi.
ciency of the added fertilizer can be
determined.

Soil N supply. The soils of New
York vary in their abitity to supply ni-
rrogen. The range in nitrogen used
by soil test is from 30 to 100 pounds
per dcre per vear. The variation in ni-
trogen supply depends upon the soil
texture, drainage, and organic-mat-
ter content. A general range of nitro-
gen availability from the soil to the
corn crop for the s0il management
groups are group 80 o 100,
group H-706 t0 83, group - 7010
75, group IV-—60 to 70, and group
Vo 30 10 60 pounds of nltrogen pey
acre per vear. More specific values
are used for each soil within each
group by the soil-test system.

Crop residues. Various types of
crop residues and rotarions release
piant-available nitrogen o crops
grown in following years. Alfalfa and
alfaifa—grass sods released 130 w
200 pounds peracre of nitrogen dug-
ing the first vear after plowing. The
actual quantty depends on the
amount of legume present at the time
the sod was plowed. The release of
nitrogen from the crop residue (s
slightly less than one-half the quan-

tity released in the previous vear for
each year following plowing. Thus,
for an alfaifa sod there would be
about 154, 60, 30, 15, and 8 pounds
per acre of nitrogen supplied by the
$0d to the corn crop during years 1
through 5 following plowing, respec.
tively.

Birdsfoot trefoil-grass sods will
supply nitrogen at approximately
three fourths the rate as alfaifa for a
similar percentage of legumes in the
sod, Clover—grass and mostly grass—
legume sods supply one-haif to two-
thirds as much nitrogen as the al-
faifa—grass sods, whereas grass sods
supply approximately one-third to
one-half as much nltrogen as alfalfa,

Manure nitrogen. The estimates
used within the soil-testing system
are 4 pounds of nitrogen por ton of
catthe manure. This calcutarion as-
sumes that the manare was applied
in the fali or winter and aimoscali the
inorganic nitrogen was iost. if the
manure was applied in the late
spring, 1 pound of nitrogen can be
subtracted from the recommended
rate of nitrogen for each wn of ma-
nure applied.

if the manure was applied in the
fate spring and plowed down imme-
diately or ropdressed preplant, 2
pounds of N per won of manure can
be sabtracted from the recom-
mended fertilizer nitrogen.

The nitrogen value used for poul-
tey manure is 20 pounds per ton; for
hog manure, 5 pounds per ton. The
afrogen value of Higuid and (or)y ma-
nure slurries is reduced according to
an estimated quantity of dilution wa-
ter. Refer to the section dealing with
manure management for additional
details.

Efficiency of applied fertilizers.
When fertilizer nitrogen is applied t©
the soil, several types of losses may
occur, The loenger the time span be-
tween nitrogen application and plant
uptake, the greater the nitrogen loss.

==

The losses for fail-applied nitro-
gen usually exceed 75% of the total
airogen apphied. Thus, fall applica-
tions are not recommended for ap-
plving aitrogen 1o corn, Spring plow-
down losses generally average abows
35% of the ot quantity of applied
nitrogen, but the loss varies from 010
about 95% of applied nirrogen. The
extreme variation in preplant losses
prevents accurate adjustments of the
application rate to account for the
prepiant losses; therefore, making
the N application when the corn 8 6
1o 12 inches in height is the best way
to prevent nitrogen Joss and optim-
ize fertitizer efficioncy and response.

Calculation of the Nitroger Reqitire-
mertt

By using the previous information
the nitrogen reguirement of the corn
crop can be estimated as follows:

Example 1. Continuous corn, grain,
or silage; no manure; on a Honeove
silt loam

N inpiiis

A Yield potential——130 bu/A
shetled corn or 22 tons/A silage.

B. Soil N supply—Honeove is a
group 1 soil with 70t0 80 ibv/AN,

C.  Rotational N for continuous corn
(5-+ years since sod plowed )
rotational N = 0.

D Manure-—no manure; therefore,
manure N = 0.

E. Fertilizer Nefficiency = .75 for
well-drained soils.

Calculations

A Total Nreguired = 130 bu/A x
125Ih/bu N = 162 VAN,

B. Fertilizer N required = (362 1h/
AN — 75 Ib/A 50l NY0.75 = 116
Ib/A.

C. Recommendation—apply ¥ to
20 Ih/A N in the fertilizer hand
and sidedress the remainder
{about 100 Ib/AY when the comn
is 6—12 inches high.



Example 2. Corn silage 2d vear fol-
owing alfaifa, with 10 tons/A of ma-
nure, on a Mardin silt loam.

N Inputs

A Vield potential-— 20 1ons/A cormn
sifage or 115 bu/A grain.

B, Soil Nsupply—751b/A.

. Rotational Ne—2d year following
alfalfa, sod supplies a residue of
68 b/A.

D. Manure N—10 tons/A at 4 b N/
ton = 40 /A manure N,

E. Pertilizer N efficiency = G670 for
moderately well drained soils,

Calculations

A Totzl N reguired = 20 1ons/A
corn sitage x 72 Ib/itlon N = 144
/AN,

B. Fertilizer N required = (144 By
A 75 [B/A 50 N — 60 1bh/A
crop residue N — 40 ib/A ma-
pure N) = - 3] |b/A N or no ni-
trogen required beyend starter,

€. Recommendations—-more N is
available to the corn crop than
will be required 1o produge the
specified vield, but 10-20
pousnds per acre N as a starter in
the fertilizer hand are recom-
mended. The starter N IS neces-
sary because much of the N will
not be available to the plant until
the soils warm up during the
early summer 2ad mineratiza-
ton of organic o inorganic N can
occur,

A method for the evaluation of the
nitrogen stagus of the corn plant is
given in Cornell Recommends for
Field Crops. This method consists of
determining, at hard dent, the num-
ber of feaves that show nitrogen defi-
ciency If leaves above the ear show
nitregen deficiency at hard dent, too
little nitrogen was used and should
be increased by 10 to 20 pounds for
the same situation the following vear.
If fewer than two to four leaves at the
hottom of the plant show nitrogen
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Band-gaced phasphoros (eff) promoted faster earby-season growth of corn than
occurred when no phosphorus was added (righe ).

deficiency at hard dent, oo much ni-
trogen was used, and the rate shoukl
be decreased by 10 to 20 pounds for
the same sitaation in the following
Ve

The efficiency of applied nitrogen
fertitizers differs by soil type and
drainage. Ingeneral, the efficiency of
sidedressed nitrogen varies between
0.55 for pooriv drained 10 £.75 for
well.drained soils.

Phosphorus

Phosphorus promotes rapid growth
and developrent of seedling plans,
Thus, the placement of phosphorus
is: a band near the seed is often more
critical than the rate of phosphorus
applied. The recommendations gen-
erally suggest that most, if not all, of
the phosphorus be applied in the
band ar planting. Research has dem-
onsirared that at least three 10 four
times as much phosphorus must be
applied in a plow-down or disk-in
treatment 10 produce the same viekl

as obtained by application in the
band at planting. Yields obtained on
most of New York soils show 10 w0
30% vieid increases from appiied
phosphorus. Areas that have been ad-
equately fertilized over a period of
vears normally provide only 1010 B%
vield increases from appited phos-
phorus, but the response is variable
from vear to vear. Cold, wet springs
usuaily produce the most response
from phosphorus,
Recommendations for phosphorus
are provided through the complete
soil-testing program. A complete soil
test and recommendations should be
obtained for corn about every 3
vears. Ifa soil test is not available, the
folfowing recommendations may be
used as general guidelines untif a
complete soif test can be ohtained.
s Aredas not fertilized for several
years. Apply 4060 pounds per acre
of Pk, most of which should be ap-
plied in the fertitizer band at plant-

ing.
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* Areas not adequalely fertilized for
several years, i.e.. crops fertilized
only every other year or less. Apply
4050 pounds per acre of P,0., most
of which should be applied in the fer-
tilizer band at planting.

o Areas adequately fertilized for sev-
eral vears, te,, rates of 30-40
pounds per acre of PO, applied each
vear. Apply 2040 pounds per acre of
P,0, in the ferdlizer band at planting.

* Areas more than adequately fertil-
ized for seperal years, i.e., rates inex-
cess of 60 pounds per acre of P,0; per
vear. Apply 1029 pounds per acre of
P,0, in the fertilizer band at planting.

Potassium

Corn has a fairly high potassium re-
quirement, but most New York soils
have a medium 10 high potassium-
supplying power. Moreover, corn is
efficient in potassium uptake from
the soil; hence, the potassium rec-
ommendations are usually not as
large as for some nearby states. The
potassium recommendations also
vary with soil type---the more sandy
the soil, the greater the potassium
recommendations.

A complete soil west provides the
best means for determining the po-
tassium reqguirement for corn, When
4 501l test is not available, the ollow-
ing recommendartions ¢an be used as
general guidelines untif a complete
soif test can be obtained.

Group I 11, avid I soils

4. Previous crops not adequately
fertilized: Apply 40-50 pounds
per acre potash, either preplant
or in fertilizer baad,

f.  Previous crops adequately fertil-
izek Apply 30--40 pounds per
acre potash, either preplant or in
the fertilizer band.

Growp IV soils

Increase recommendations for
group I, 1L, or 11 soils by 20 pounds
potash per acre for each siTuation,

Group V soils

{ncrease the recommendations for
group |, 11, or 11¥ soils by 40 pounds
potash per acre for each simmation,

Zinc Deficiency
Zinc deficiency in corn begins as an
isterveinal chlorosis {thin veliow
stripes yusually duringthe 4- 10 6-leaf
stage of the seedling, although it
might occur earlier. In more severe
cases the interveinal yellow or
bleached stripes wiil join together to
form broad bands on one or both
sides of the midrib on the lower two-
thirds of the leaf. The bleached tissue
may die. As the plants get older and
the root systen removes zing from a
larger volume of soil, the aewer
leaves may be normal. The older
leaves tend 1o retain the striping.
Silking and wasseling are delaved 2 10
6 days, and barren ears may resuln
When the zinc deficiency is mild
{only 1 or 2 leaves per plant are af-
fected and sew leaves are normal),
tittle or no vield reductions occur,
Under severe conditions (plants
stanted and 4 or more leaves show
symptoms), viekds may be reduced
by 10 to 30% as a result of zine defi-
clency

Zinc deficiency of corn can occur
on many of the soils of New York. The
deficiency is more common on the
originaily acid soils that have been
limed to pH values near 70, ltalso oc-
curs on high lime soils with low or-
ganic matter levels such as on eroded
areas or places where subsoils have
replaced surface soils as in ditching.

The potential for zine deficiency
can be predicted from soil test, but
the occurrence and severily are
somewhat dependent on the weather
conditions. Zinc deficiency is more

severe under cold soil conditions
during early season corn growth,
This is probably the result of limited
rout growth, because the root system
cannot remove zing from a large vol-
ume of soil.

There are three conditions recog:
sized for applyving fertilizer zinc: {1)
Low zinc soil test low and zinc defi-
ciency occurred in the previous
crops-——apply 8 1o 1 pounds per
acre of zine broadceast and mix with
the soil before planting. This should
provide adequate zing for the next 5
w0 10 vears. After about § years some
zine will be needed occassionally (1
to 2 /A zing, every 2 to 3y, either
broadeast or in band 1o maintain soil
zine levels, (2) Low zine soil west, but
zinc deficiency has not been ohb-
served-apply either 5 1 10 pounds
per acre of zinc hroadcast or 2 10 3
pounds per acre in the band each
year for next 2 or 3 vears. £3) High
ziac soil test, but plant deficiency
sympeoms have been observed. Fhis
probably means the soil pH and
phosphorus are very high, organic
matter is low; and the plant roots are
not developing, possibly because of
soil compaction, Apply 2 to S pounds
of zing, either in band or broadcast.

Research on the Mt Pleasant Re-
search Farm has shown very little
plant response 1o banding the zinc
near the seed in the year of applica-
tion, but several vearly band applica-
tions build up the soil zinc level ina
manner similar 1o broadcast appilica-
tions.

Foliage sprays have not been very
successful in increasing the plant re-
sponses or vield compared with
broazdeasting the zine. Thus, when
the plants are extremely zine defi-
cient, one might try 4 zinc spray, but
spray should not be used as a substi-
tute for the broadcast-zince recom-
mendation for the foliowing crop.



Weeds compete with crops for plant nutrients, Inadequae weed control {is fronf ) ve
subied in nitrogea-deficient corn, but with adequate control {in reary the corn was
nosemad.

CONTROLLING WEEDS IN
CORN

Weed control 18 essential for high
corn viekds. If weeds are not con-
trotied, yields are commonly re-
duced by 16 to 35%. Weed competi-
tion for soil moisture, nutrients, and
sunlight is responsible for much of
this loss. Although late emerging
weeds may be unsightly, weed com-
petition during the fisst 4 10 6 weeks
of the growing season i responsible
for most of the vield Joss. In addition
to causing direct losses, weeds serve
as hosts for insects and diseases. The
potate stem borer, which feeds on
young corn plants destroving the
growing point, is most commorny
found in guackgrass-infested felds,
whereas ruaize dwarf mosaic, a corn
disease, overwiniers in another per-

ennial grass, johnsongrass, Other
losses may result from barvest prob-
lems in weedy fields,

A variety of herhicides are avail-
able for preplant-incorporated, pree-
mergence, and postemergence weed
control in corn. The latest edition of
Cornell Recommmends for Figld Crops
should be consulied for recommen-
dasions on their use, These herbi-
cides vary in their effectiveness in
congrolling different weeds and in
the fengih of fime they remain active
in the soil. Some corn herbicides,
like atrazine and simazine (Princen),
can carry over to affect rizine-sen-
sitive rotational crops like small-
seeded forage kegumes, small grains,
and soybeans, Herbicide selection
should be based on a knowledge of
the weeds present, herbicide effec-
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tiveness, and rotational plans.

Although herbicides can he 2 safe
and effective method of controliing
weeds, corn growers should not de-
pend on them as their only method of
weed control, Growers should em-
ploy every cultural practice known o
make the corn most competitive and
he willing 1o supplement chemical
weed control programs with aultiva-
tion when difficuit-to-control weeds
escape herbicide applicasions or
when weather conditions reduce
herbicide efficacy

Cultural weed control beging with
the selection of a hybrid that is
adapted to local growing conditions,
Timely planting along with proper fir-
ting in tilled situations orf propey ad-
justmert of no-tili planters ensures
rapid germination and a competitive
edge for the corn. Another culbtural
praceice that favors rapid establish-
ment of corn is the proper band ap-
plication of fertilizer at planting,

Alehough culdvation plays an im-
portant role in other corn- producing
areas of the United States, it is not
used by many New York corn grow-
ers. Coltivation is an effective way of
controtling weeds in corn that is up
10 2% feet tali, Rowry hoes and fingey
weeders do an excellent job of de-
stroying weed seediings in small
corn. After corn is 5 or 6 inches @l a
row cultivator should be used. Row
culrivators should be adjusted o
minimize pruning of the corn roots.

MANAGING DISEASES IN
CORN

Diseases of corn in New York are sel-
dom dramatically obvious; yer they
constitute an imporiant production
constraint. They reduce vield and
quality of grain and stlage and pose
an increasing threat as ouracreage of
corn continues to expand and corn
production becomes more intensive,
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Eyespot of corn

The increasing use of reducedtiliage
and continuous corn production s
causing shifts in the occurrence and
severity of diseases. Fungal leaf
blights and staik rors are the major
diseases affecting New York corn.
Check with your focal Cooperative
Extension office for recent Fact sheets
and other information available 1o aid
in identification of corn diseases.

Chemicals play a relatively minor
rofe in the management of corn dis-
eases in the Northeast, With the ex-
ception of treatment of seed with
fungicides, disease managemest in-
volves the selection of hybrids with
genetic resistance io diseases and thé
adoption of sound crop management
practices.

Seed treatment for corn. During
the developmental stage between
seed germination and seedling es-
tablisheent, the corn plant often re-
quires chemical protection from
seed rots and scedling blights
caused by fungt on seed or in the
soil, Trearment of seed with fungi-
cides is always good insurance
against these problems, particularly
ifsoils are cold and wet or else exces-
sively dry Under these conditions the

Northern corn leaf blight

rate of germination and seediing
emergence is retarded, and the seed
and seediings are more susceptible
10 attack.

Mast seed dealers pretreat corn
with a fungicide hefore sale. How-
ever, there are exceptions. Growers
who purchase seed not already
reated are urged o thoroughly mix
fungicides with seed in the hopper at
planting time.

For effective planter-box freat-
ment, chemicals can be thoroughly
mixed with seed as follows:

+ Half il the planter box with seed.

* Add haif vhe amount of chemical
required for the entire planter box.

& Stir thoroughly with a stick—not
with bare hands.

# Fill the planter box with seed,

& Add the remaining haif of chemi-
cal.
& Stiragain thoroughiy

Many seed-treating chemicals have
graphite added 10 them to facilitate
good coverage of seed.

NOTE: It should be pointed out
that some seed corn is sreated with

Arghracnose stalk rot of corn

Rech e Gibberellny earrot of
corn

an insecticide before storage to
guard against stored grain insects,
This chemical trearment does not
protect against seed rots or seedling
bBlights, Consult Cornell Recom.-
mends for Field Crops for an updated
Hsting of fungicides registered for
application to corn seed,

Selection of disease-resistant
varieties. Resistance to severai dis-
cases common o New York State is
often incorporated in modern hy-
brids. Because no hybrid is resistamn
to all diseases and the importance
and prevalence of diseases vary over
time and location, it is important ©
keep up-to-date on what diseases are
currently causing problems in your
area. Bven a moderate level of resist-
ance is enough to prevent losses 1o
certain diseases, other diseases war-
rant the highest level of resistance
available. Tolerance, the ability to
produce acceptable yvields even
though symptom development oc-
curs, can aise be selected for in hy-
brids. Your seed dealer can help you
to select hybrids that have appropri-
ate levels of resistance or wlerance to
specific diseases.



All New York hybrids should pos-
sess good standability. Strong staik
rind characteristics may be as impor-
tant as, or more important than, re-
sistance to internal stalk-roming or-
ganisms, although hybrids do vary in
stalk rot resistance. Gibberelia stalk
rot ks endemic in New York, and hat-
vest losses occur annually, especially
in fiekds that are otherwise stressed.
Anthracnose stalk rot can be severe
in certain scasons, especially in
fields heavily infested with Eurcepean
corn borer,

Although heavy losses are rare,
leaf blight epidemics are polentially
devastating if they develop during or
before the Arst 4 weeks after poliing-
tion. In addition to directly reducing
grain yields, leaf blights can predis-
pose corn plants to stalk rots and
grain molds. Resistance 1o strongly
debris-associated diseases, such as
anthracnose leafblight, eyespor, gray
leaf spot, and vellow leaf blight, is
most important for hybrids being
sown into or pear to infested corn de-
bris as in no-till corn production.

Three leaf diseases (southern leaf
blight, northern leaf blight, and
northern{carboaumi leaf spot), each
caused by a Helminthosporium-type
fungus, can threaten corn vields even
a1 a considerable distance from in-
fested corn debris. This is because
the spores of the causal fungi can be
dispersed long distances by high air
currents. Traditionally, hybrid resist-
ance to these diseases has been
based on single genes that condition
strong resistance to the predominant
fungal races. The hybrids are suscep-
tible, however, 1o new races of these
highly variable fungi, which occa-
sionatly appear.

Plant breeders are putting increas-
ing effort sow into the development
of hybrids with partial resistance ef-
fective against all races of a patho-
gen. These hybrids can avoid serious
losses by slowing down the rate of

epidemic development within the
Crop.

Diseases such as common smut
and commaon rust are refatively mi-
nor problems today because most
modern field corn hybrids have been
selected for resistance to them. How-
ever, they coukd become severe again
if we don't continue to grow resistant
hybrids.

Sound crop management. Man-

agement decisions throughout the
season can affect the prevaience of
corn diseases. Attention 1o the foliow.-
ing s irmportant:
* {ropping sequence. Because many
diseases of corn are perpetvated by
comarminated crop debris, the prac-
tice of coniinuousky planting corn on
the same fand is discouraged. This
applies particularly 1o reduced-ii
lage culture. Debris-borne diseases
that can build up in systems of corn
monocuiture include southern,
nosrthern, and vellow leaf blighis,
eyespot, gray leaf spot, and anthrac-
nose.

s Selectionr of planting site. Avoid-
ance of poorly drained sotls can help
to reduce stand losses caused by
seed rots and seedling blights, Like-
wise, if a farmer has a choice, it is
good policy not 1o plant corn in low-
lying, shaded fields with poor air
drainage and constantly high relative
humidity. These conditions may al-
low serious development of leaf dis-
eases,

v Seedbed preparation. Among im-
portant considerations are thorough
incorpoeration of previous crop de-
bris, especially if corn foliows corn
and diseases have been serious. Cor-
rect soil pH €6.0 or above) and fertil-
izing according to soil test will help
piants to withstand several diseases
such as stalk rot, common smug, and
leaf blights. Balanced fertility is the
key; in particular, avoid t0o much N
andioco linie K.
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* Date of planting, From a disease
control standpoint, early planting is
recommended unless soils are ex-
cessively cold and wet. Grain that is
thoroughly mature at harvest is less
likely to become moldy.

* Plant popuiation. Dense stands
can increase stalk rol, particularly
nitrogen fertilization is excessive,
Where fields have a history of stalk
rot, it may be advisable to reduce
plant populations from those used in
Previous years.

s Varietal maturity. The tendency in
New York is to select early maturing
hybrids. Provided they are harvested
promptly after maturity and are not
allowed to stand until late fall, earky
hybrids alleviate ear rots associated
with immature grain and early frose,
But remember that stalk rot will be
more severe if mature corn is al-
lowed 10 stand in the field for too
long.

CORN INSECTS

Corn Rooiworm (CHW)

Northern CRW, Diabrotica longi-
coinis (Say) (NCR)

Western CRW, Diabrotica virgifera
(LeConte) { WCR)

How to recognize the insect and
injury, This inscct is found in alf the
corne-growing areas of New York. The
adults are beetles about ¥ inch long
and are uniformly paic green (NCR)
or yellow with dark stripes (WCR),
The larvae are small, white 1o grayish
white, with 2 brown head with well-
deveioped mandibles, They are
found in the soii at the root zone, as
well as runneling in the roots. The
adults emerge from pupation in the
soil about corn pollination time and
attack the tassels and corn silks.
Where pollination is prevented, the
ears are poorly filled with grain. The
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Adult northern and adul western corn
rootworm beeties. Northern cors root-
worm beetles are vetlowish green. West-
ern corn rootworm heetles are yellow
with black stripes. Adults of both species
are commonly seen in corn felds that
are sifking.

larvae attack the roots during the
early growth period; lodging,
stunted ears, and reduced yiekls re-
sult.

Control, Cora rootworm s pri-
marily a problem where corn is
grown vear afier year in the same
area. Rotation will reduce or even
eliminate the need for chemical con-
trof. If the field s in the second or
third continuous vear of corn and 5%
fodging due o rootworm farval feed-
ing is present, treat the next year if i
is tx he planted to corm or rotate with
another crop. Granular insecticides,
as listed in Cornell Recommerids,
should be applied according to label
tnstructions, Do not apply if they are
not needed. Treat adults when they
are aumerous (more than $ adults/
plang) and feeding on silks before
pollination of late varieties 10 reduce
grain loss due to poor ear il Rec-
ommended insecticides for aduie
conirol can also be found in Cornel!
Recommnierds.

Corn planis damaged by rootworm tar-
val feeding lodge in s characierisgic
“gooseneck’™ manner.

European Corn Borer
Pyratesta nubilalis (Hubner)

How to recognize the insectand
injury Signs often noted include leaf
feeding by caterpiliary, causing de-
struction of leaf surface and midrib
breakage; statk sunneling, often re-
sulting in sialk breakage; ear damage
from tunneling in the shank and

£up mass of the Buropeas com borer,
Egg masses are vsually laid along the
midrih on the underside of corn feaves.

-

Pinhole leal-feeding damage of hrst-gen-
eration Buropean corn borer larvae,

feeding on sitks, cob, and kernels;
wind breakage of damaged stalks;
and dark frass together with dark
stimy borings throughout the whole
statk.

The eggs are laid in clusters of S 10
40 or more, fastened on the uader-
sides of the leaves. Just before hatch-
ing, the dark heads of the caterpillars
can be seen through the shells. The
caterpiliars when tully grown are 34—
linch iong, pate flesk colored, incon-
spicucusiy marked with smali round
spots on each body segment. The
adulis are medium-stzed night-fiving
maoths. The fernale is pale vellow
brown with irregular lines in geo-
metric patterns across the wings. The
male is smailer and more heavily
marked with darker browa. The
moths have 2 wingspan of about ¥4

inch.
Control. Apply recommended in-

secticide when 75% or more of the
planis show fisst-generation farval
feeding in the whorl. Treat for second



Stulk runneling by second generation Bu-
ropean corn borer farvae. Stalk tannel-
tng can lead wo harvest fosses from re-
dhuced grain production and odging
problems,

generation, where found, when 00
egg masses are found per 10 plants
in the row,

Corn Leaf Aphid
Rhopealasiphune matdis (Freh)

How fo recognize the insect and
injury. The adult corn leaf aphid is
about ¥ inch in leogth and dark
greenish blue. The adulis may be
winged or wingless, They are found
most commonly in late summer at
the time of tassel emergence. Se-
verely injured tassels may turn white
and fail to produce pollen. Infested
teaves and corn shoots often become
a mottded yellow or reddish vellow.

Control, Apply recommended in-
secticide when the aphids are noted
in numbers doing damage.

Armyworms

Pseudaletia unipuncea {Haworth),
ArMVWOrin

Spodoptera frugiperda {]. £. Smith),
fail armyworm

How to recognize the insectand
injury. The armyworm is the cater-
pillar stage of a (- to 3Ve-inch wing-
spread) nighe-flying, grayish brown
moth with a small silver white dot on

the center of each forewing. The
moths fly at night and hide by day.
The moths are seldom recognized by
most peaple.

The fully grown armyworss caer-
pitlar i about 30 mm of more in
length, nearly completely free of any
hairs, dark gray, 1an to greenish
hizck, with five longitudinal yellow-
ish stripes, three on the back and one
on either side of these. When the far-
vae are numerous, they are dark
greenish black; when sparse, pale
griay 101,

The sixth instar caterpillae does 20
times as much feeding as do the Brst
four instars put together and 7 times
as much as the fifth instar. Damage
may be seen as a simple ragging of
the foliage 1o a complete stripping of
the plant, In some cases the grass or
corn may be totally destroved.

Fall armyworm. The caterpidlar of
the fail armyworm is light brown to
greenish brown, resembling the ar-
myworm, with three, more or less
obvious, vellowish white hairlike
stripes down the back and prominent
dark tubercies on the body from
which hairs grow The mandibles are
conspicucasly toothed, conclusively
differentiating it from the army-
worm. Fully grown larvae are about
30 mm long. Damage is generally
stenifar to that of the armyworm.

The night-fiving moths resembie
cutwor ms; the front wings (40 mm
wide when spread) are mottled dark
gray with a conspicucus Hght spot
aear the tip.

Control. Apply recommended in-
secticides when larvae are found in
numbers doing damage, Psuaily best
results are achieved in kate afternoon
and when larvae are 15 mm or
smaller. When larvae are in fifth or
sixth instar, 1530 mm, a heavier or
repeated dosage of insecticide may
be needed. If it 18 cool, organophos-
phates may give poor control.
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Biack cutworm lasvise are s cor seed-
ling pest and are most severe on fae-
planted corn and corn planted in wet
fields,

Bait can he used in protective fur-
rows surrounding sninfested corn
fields near infested arcas. Baits
should be applied in the evening and

davs.

Cutworms

Some common caterpillars found on
corn follow. Infestations are variable
and unprediciable.

Black cuiworm, Agrotis ypsilon
(Rott.)
Dingy cutworny, Feltia subgothica
(Haw)

How to recognize the insect and
injury. Injury in corn and other row
crops occurs as areas of killed-out
young plants early in the season. Dig-
ging in these areas will often reveal
subterranean-feeding  caterpitlars.
Other inkary shows as stripped areas
of foliage. Young plants that are
wilted in the early morning may be
damaged by cutworms,

Species of cutworms can best be
identified by an expert only when
they are in the farval stages. Cu-
tworms are farval stages of moths,
Contact your local county agricul-
turad agent, Identification is not im-
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portant in choeosing a pesticide, he-
cause all pesticides listed in Cornell
Recommends for Field Crops are ef-
fective on the species present in New
York.

Control. Apply recommended
chemicals to the crop in the evening.
Most of these caterpiliars feed at
nght. Baits attractive to these insects
can also be used. Such baits are avail-
able commercially or can be miged
locally,

Potato Stem Borer
Hydroecia micacea {Esper)

The potato stem borer was first re-
ported as a pest of field corn in New
Yorik in 1975, It is known to be pres-
ent in Clinton, Essex, Franklin, and
St Lawrence counties. The white, ac
tive larva is brick red on its upper
side. Upon hatching in May, & feeds
by boring irto the stems of quack-
grass and orchardgrass, as well as
other grasses and curlydock, around
and in the cornfield. it feeds on
young corn plants (2-12 in. in
height), destroying the growing
point of the plant and, hence, the en-
tire plant.

Improved grassy weed control in
and around cornfiekds will provide
the best control known at this time,

HAIL OR OTHER DEFOLIATION
DAMAGE

Hail or any other factor, that causes
loss of leaf area during active growth,
such as contact herbicides, leaf-eat-
ing insects, and leaf diseases, can de-
crease corn yields. Defoliation re-
duces the capability of the plant to
snanufacture sugars. The seriousness
of the effect on the plant depends on
the extent of damage and the stage of
plant development. Some guidelines
for assessing such damage follow

When hail damages small corn
plants, the effect on them is usually
minor as long as the growing point is
not damaged. I the growing point is
destroyed, the plant is lost.

Shredded leaves on young or oid
plants are not a total loss because the
shredding is between the veins that
rus lengthwise in the leaves. Al-
though this gives a tattered appear-
ance, as long as the leaf sections re-
main green and alive, the shredded
legves continue to make some Sugars.

Srudies have shown that simulated
hail-damaged corn yielded only
about 3% less grain than undamaged
corn when the damage occurred at
tassel emergence. Corn damaged a
week later, when in full tassel, had a
17% vield decrease. When damage
occurred in the early sitking siage,
essentially ali grain production was
lost. From that point on, reduction in
yield became progressively less as
the damage occurred later in plamt
development,

Another study showed that a yield
reduction of less than 6% followed
leaf removal at the six-leaf stage.
When all the leaves were shredded at
1asseling, the grain yield was re-
duced 63%. Earlier or fater shred-
ding had less effect. For instance, at
the blister stage the average yield re-
duction was 40%. Breaking all the
midribs at tasseling reduced vield
20%. Bruising the stalks decreased

vield 10% beyond that due o leaf
shredding alone.

In general, up to silking time vield
loss due 10 hail injury can be esti-
mated as the percentage of final leaf
area destroved or a two-thirds reduc-
tion if all the leaf area is shredded, Af-
ter sitking time the yield loss is less,
depending on the number of days
between grain formation and dam-
age. Losses due to other leaf-damag-
ing agents can be estimated in the
sarme way

HARVESTING CORN

Corn for Silage
for top-quality silage corn silage
must be harvested and stored prop-
erly Harvestingatthe correct stage of
maturity is critical to obtain maxi-
mum yvields of dry mauer and nu-
trients per acre, 1o minimize field
and storage losses, andte ensure pal-
atability and maximize intake by ani-
mals. T ateain these criteria, corn
should be harvested for sitage just
before physiological mawriry

Corn is physiclogically mature
about 60 days after the corn has
silked. At this point the kernels con-
tain about 35% moisture, and the
“plack layer™ has generally formed at
the tips of the kernels, The whole
plant contains about 65% moisture,
Under favorable moisture ahd fertil-
ity conditions, most leaves will still
be green, and the kernels will have
begun to glaze. To obtain high-qual-
ity silage from a single field, this is
the ideal time to harvest silage. Be-
cause a number of fields raust usually
be harvested and also because of un-
certain weather conditions, silage
harvest should begin a week eartier
than physiological maturity. At this
time, the grain moisture is aboat
40% and whole-plant moisture sbout
68%. An excellent indicator of this



stage of development is the milk Hine
on the face of the kernel. Silage har-
vest should begin when the milk fine
is halfway down the kernel (i.e, 40%
grain moisture},

if the crop is harvested o0 early,
dry matter vield is reduced because
the kernels are not completely filled,
Early harvesting can also resulr in
seepage loss because of the higher
moisture in the plants. Corn har-
vested with over V0% moisture will
seep, especially when stored in up-
right silos, The seepage carries with
it soluble sugars, proteins, and or-
ganic acids. Cattle also eat less dry
matter when fed high-moisture sil-
age; so feed efficiency is reduced.

When corn is harvested too lare,
drey matter yield is reduced because
of leaf ioss, dropped ears, and stalk
breakage. Because proper packing is
also difficult, heating can result. Silo
capacity is also reduced because of
difficulty in packing. To help offset
this, if silage contains less than 59%
meisture when harvested, water
shoukd be added to bring the mois-
ture to at least $0% . About 4 gailons
of water should be added per ton for
each desired l-percentage-unit in-
crease in moisiure, If the silage is
preserved well, feeding value is re-
duced Hirtke by iate cutting.

Frosted corn should be ensiled as
s00n as possible alfter freezing 1o
tessen the problem of dry plant ma-
terial and poor packing,

Regardless of stage of maturity or
dry matter content, all corn silage
should be chopped ar lengths be-
tween Y and 34 inch, If the silage
contains less than 60% moisture, a
reculter screen may he necessary 1o
get this length of cut Finely chopped
silage packs better, improves the type
of fermentation that occurs in the
silo, increases silo capacity, reduces
spoilage losses, and increases palat-
abitity. The keys to making high-qual-
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Sitage harvest should hegin when the whole plant s at 68% moisture.

ity sitage are to chop fine, fill fast, and
pack tight. The type of storage struc-
ture has fittle effect on silage quality
if these practices are folowed. Also,
preservasives are of litde value i the
corn crop is harvesied and stored in
the silo properly.

Corn for Grain

Grain corn can be harvested for ei-
ther dry grain or high-moisture
grain. Although corn is mature when
the grain cortaing about 35% mois-
ture, the best time o hasvest de-
pends on the method of harvest. Fot
dry grain harvested with a picker,
picker-sheller, or combine, the ideal
moisture content in the kernels is
23%, and a range of 21-28% is pre-
ferred. These moisture levels mini-
mize harvest losses. The corn must
then be artificiaily dried down o
15.9% moisture or less for safe grain
storage. The ideal kernel moisture
for harvesting high-moisture grain
that is 1o be stored in a silo is 28%,

and the preferred range is 25-30%.
For ground ear corn silage the ideal
harvest moisture is 32%, with a pre-
ferred range of 30-39%.

Timely harvesting of prain corn i
important because lodging and car
drop are reduced, less grain is
sheiled off in the snapping rofls, and
the chance of encountering water-
fogged &elds is less. To harvest the
entire crop with minimum held
losses, it is advisabie to start harvest-
ing just before the ideal stage. For
shelied grain, however, harvesting
should not begin untif the grain dries
down to below 30% moisture. Oth-
erwise, considerable kernel darage
occurs, and the cost of energy for
drying increases.

After corn is dented, it ¢dries at a
rate of about 0.67 percentage point a
day umei it reaches 30 10 35% mois-
ture content. Weather usually will not
affect this drying. Below 30% mois-
ture, if favorable weather conditons
exist, corn will then dry at a rate of
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(.5 percentage point 2 day to about
20% motsture. If the weather is too
humid, however, it will take much
tongier to dry down,

For safe long-term storage, shelled
corn should be down to 13% mois-
ture, Bven a few percentage points
higher can cause the center of the bin
to heat from the natural respiration
of the grain. This can then cause the
humidity in the grain mass to in-
crease enough for molding to begin,
Ear corn can be stored at a maximum
of 25% moisture in the grain. How-
ever, narrow cribs {444 ft wide) are
necessary because of New York's
high humidity High-moisture grain
requires storage in a silo or treat-
ment with an organic zcid preserva-
tive,

Because moisture is such an im-
portam consideration for harvesting
and storing grain corn, a moisture
wester s highly recommended.

Meids in Harvested Corn

Qur climate in New York alf oo often
brings early frosts and wet falls. Pre-
mature death of plants frequently
CAUSEs grain corn to have an exces-
sively high moisture content, which
favors mold development. Wet
weather at the time corn should be
“drying down” likewise aggravates
mold growth on standing corn and
frequently delays harvest. The longer
immature corn remains in the field
under such conditions, the greater
the potential for serious mold prob-
lems.

Conditions favoring moid
growth in stored grain. Molds or
fungi are the cause and not the result
of spoilage in stored grains. A com-
bination of high grain-moisture con-
tent and warmn storage temperature is
extremely favorable for their growth
and reproduction. In the case of

“dry’ corn stored in conventional
structures, 2 kernel moisture content
of 3% can be regarded as the critical
threshold for mold development. Be-
low this figure, molds will not grow;
above it, mold growth increases as
kernel moisture content increases
and as storage temperatures rise.
Temperatures of 40°-50° ¥ will slow
down growth of most storage molds,
whereas temperatures above 70° ¥
greatly accelerate their growth, Tem-
peratures at or below the freezing
point are insufficient to kill some
molds. This means that molds may
continueto live in a refatively inactive
state in moist grain stored atvery low
temperatures and may later V'blos.-
som out” 1o cause extensive spoilage
when temperatures rise. A case in
point is the storage of moldy corn in
cribs during cur extreme winters. Inn
the presence of high meisture and
warem temperatures, abundant oxy-
gen favors growth of storage moids.
This explains the need o exclude
oxygen from structures in which
high-moisture corn is 10 be stored.
The extent to which corn is molded
before storage can be expected to in-
fluence subsequent mold darmage in
storage. As mentioned previously, im-
mature grain exposed 0 wet condi-
gons in the field may develop exten-
stve rotting before harvest. This is
often aggravated by bird or insect
darnage, which facititates invasion of
poorly “closed’ ears by ear fungi.
Ears in contact with the soi as a re-
sult of lodging or those that mature
in an upright position are particu-
larly susceptible 1o mold invasion.
Physical injury to corn and improper
cleaning may also lead o moid prob-
lems. Cracked or broken seed coats,
resulting from improper combine
adjustmentsand an excessive amount
of “fines,” often create conditions fa-
vorable for mold invasion.

Significance of moldy corn,
Mokds can cause avariety of problems
in stored corn. If they develop in
grain held in binsg or in ear corn
stored in wide cribs, heat may be
produced. This favors additional
mold growth and often leads to “hot
spots” in which severe spoilage oc-
curs. Mustiness and off-flavor are fre-
quently associated with moldy grain,
These reduce palatability and subse-
quent acceptance by animals, The
nutritional value of grain may also be
Iowered by molds; less intake of less-
autritious feed obviously leads to re-
duced animal productivity. Of great-
est concern is the possibility that cer-
tain molds may produce mycotoxing
(mold poisons). A greenish yellow
mold, Aspergillus flavies, has a partic-
ularly serious potential. Some strains
of this fungus may liberate poisons
called aflatoxins, which can cause se-
rious atlmerts such as liver cancer,
convulsions, hemorrhage, and ner-
vousness, Poultry are more suscepti-
ble o0 aflatoxins than mammals, of
which sheep and mature cattle are
the least affected. Fortunately we
have not encountered aflatoxing in
recently analyzed samples of moldy
corn, ard symptoms of severe poi-
soning have not come to our atten-
tion. A pink mold, Fusarizm sp., has
been common on ears of late-har-
vested corn in the field and has devel-
oped in storage. This fungus can pro-
duce estrogeniike 1oxins, which
cause reproductive difficulties par-
ticularly in swine but also in pouliry
and cattle, Several other molds have
been isolated from moldy cornin the
state, and their potential for produc-
ing toxins s heing investigated. Ob-
viously, the hazard of feeding moldy
corn deperds on the species of mold
involved, the extent of mold growth,
the extent of mycotoxin production,
and the species and maturity of the



consuming animals. In general,
voung animals are more susceptible
to mycotoxing than mature ones. The
identity and relative abundance of
maodds can be established by plant pa-
thologists at Cornell, but unforiu-
nately identity alone does not indicate
whether mycotoxins are being pro-
duced and in what amour. The Faster
answers require highly sophisticated
chemical tests, which can he con-
ducted by several comnmercial analyt-
ical laboratories (see vour Coopera-
tive Extension agent for names and
addresses). i a lot of grain is severely
molded and a potentia} poisoning
hazard exists, it wouid be unwise 10
feed i

Mold prevention. Mold preven-
tion is a “package proposition” that
stars ot after harvest but at the be-
ginning of the growing season.
Everything should be done 16 pro-
mote the growth and timely harvest.
ing of a mature ¢rop as free of insect
injury , diseases, and bird damage as
possible. This involves considera-
tions such as the selection of a hybrid
of the correct maturity with the max-
imum "built-in” disease resistance,
fertilizing according to sof test, prac-
ticing effective weed control, and

keeping insects in check. Crop ma-
turity at the time of harvest obviously
affects moisture content of grain and
the possibility of subsequent mold
development. H possibie, corn
should not be harvested with 2 mois-
ture content above 30%. The least
field loss in combining or picking
and minimal graio damage are suf-
fered when kernel moistare is 20—
25%. Proper adjustement and opera-
tion of harvesting machinery will re-
duce darmnage to kernels and the ac-
cumulation of “fines” and foreign
matter. Shelled corn should prefera-
bly be mechanically cleaned and
dried to the recommended level
{normally 13% for long-term storage)
soon after harvest. Cribs for ear corn
should be sufficiently narrow 10 al-
low good thorough movement of air
and should be exposed to prevailing
winds. High-moisture corncanbeef-
fectively stored in airtight structures.
Ifthese are not available, the addition
of organic acids {propionic or a mix-
ture of propionic and acetic) at rec-
ommended rates will effectively pre-
vent mold development,
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On many New York farms, corn—alfalfa rotations fit both soil resource and feed

requirements.

PERENNIAL FORAGE LEGUMES

Alfalfa
Medicago sativa L.

Alfalfa is the highest-yielding peren-
nial forage crop grown in New York.
It can be harvested three times per
year, yielding 4 to 8 tons of hay. Alfalfa
can be grown alone or in combina-
tion with a grass. Grasses often re-
duce heaving and lodging of alfalfa,
slow weed encroachment, and give
insurance of forage production in
years when there is severe winterkill
of legumes.

Alfalfa should be grown on deep,
well-drained soils of pH 6.8 to 7.0 or
higher. Annual fertilization and in-
sect control are required for maxi-
mum forage production.

Modern alfalfa varieties have supe-
rior resistance and tolerance to dis-
eases. In addition to high vield poten-
tial and winterhardiness, disease
resistance should be an important

Alfalfa plants heaved by freezing of wet
soil. To avoid heaving damage, grow al-
falfa on well-drained, fertile soils.

factor in the choice of varieties for
specific sites, Alfalfa varieties that
feature resistance to bacterial wilt,
phytophthora root rot, Verticillium
wilt, anthracnose, and Fusarium wilt
are available. Farmers should choose
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Birdsfoot trefoil () will grow on soil 100 wet for al &l

{right},

arieties that have multiple resist-
ance to diseases found in their vicin-
iy,

Birdsfoot Trefoil
Lotus corniculatis

There are two general types of birds-
foor refoil. The early, erect, Viking-
rype varieties serve best for hay and
siiage. Empire types are usually later
maruring, have a somewhat prostrate
growth habit, and are suigable for uge
as pasture or hay Newer varieties,
like Norcen, are intermediate in
growth type and can serve for hay,
pasture, or silage.

Birdsfoot trefoil grows well on
neutral or stightly acid soil, 100 wet
for alfaifa. Used for pasture, wrefoil
wili not cause bloat in cattle. if af.
lowed 1o reseed, it will persist for
Ay years.

Red Clover
Trifolium pratense |..

Red clover is a short-lived perennial.
In most instances, very litle forage
production can be expected the sec-
ond year after establishment. Red clo-

Use certified seed of forages, hirdstoot rretoil (eft) and alfalfa

(right), for best performunce,

ver witl grow on soils 100 acid or wel
for alfalfa. Red clover should nof be
mchuded in alfalfa-grass mixtures,
The clover seedings compete se-
verely with the alfalfa, This leaves a

In pastures, seed pods of birdsfoot tre-
foil witl shatter seed onto ground. New
plants wilf develop to maintain stands
OVEr Many years.

thin alfalfa stand after the clover dies
out.

Several new red clover varieties
now on the market offer promise of
an extra year of production and

added yield by having resistance 10
anthracnose, a major disease of red
clover in New York.

There are two general types of red
clover: medium, which is early Bow-
ering and produces several crops per
year, and mammoth, which is lae
flowering and produces a single crop
and very hinle aftermath. Most red
clover varieties grown in the United
States are the medium type,

True mammoth red clover will of-
teny establish under more-diffcult
conditions, such as dry or acid soils,
than will medium clover. i develops
no stems the first year, only basal
leaves from the crown, Plangs in the
first year are leafy and short com-
pared with medium clover. Second-
year growth of mammoth s also dif-
ferent from medium clover. Mam-
moth clover biooms 10— 34 days later,
stems are thicker, and first-growth
forage vields usually are greater than
with medium clover. There isvery lit-
tle second, or aftermath, growth of
mammoth red clover. Mammoth is
most frequently used as a crop for
plow-down.
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Ladino White Clover
Trifolium repens .

Ladino is a large type of native white
ciover. It makes particularly high
quality pasture for lvestock. Lading
does well in vears with frequent
rains. But it has a shallow root system
and lacks sufficient drought rolerance
to survive profonged dry spells, Be-
cause of bloat hazard and the low
midsummer vield of ladino, birds-
foot trefoil is 2 preferred pasture spe-
cies.

Several varieties of fadino clover
are available. In New York no differ-
ence has been noted in drought sur-
vival or production between these
varieties,

White, wild white, and Duteh clo-
vers are interchangeable names for
low-growing strains of white clover,
Trifolium reperns. These volunteer
naturatly on weli-limed pasiures in
most of New York, They rank far be-
fow ladino in vield and drought sus-
ceptibility As volunteers these may
add minor value to pastures, but
vields are too low to make them
worthsowing, Ifa pasture-type white
clover is desired, sow ladino.

Alsike Clover
Trifoliem bybridern ).

Alsike clover will grow on wet, acid
sotls. It is not considered a desirable
pasture or hay plant because of sen-
siefvity 1o heatand dry soils.

Crownvetch
Coronillavarial.

Crownvelch is widely used 1o control
erosion on roadbanks and other
steep or erosive sites. One advaniage
is its ability to spread by uader-
ground roots and natural reseeding.
{tis used for hay or pasture, although
long stems make curing and harvest
as dry hay difficuls. Forage vields are
approximately the same as for birds-

Flowers of legumes grown in New York: Jeff 1o right, aifalfa, birdstoot trefoil, red

clover, crownverch, white clover

foor trefoil. Like birdsfoor trefoil,
crownverch does not cause hloat,
Crownvetch should be grown on
well-drained, slightly acid 0 neutral
s0ils.

PERENNIAL FORAGE (GRASSES

Timothy
Phiewm pratense 1.

TFimothy is commonly used as a com-
panion grass for aifalfa and birdsfoot
trefoil, It is widely adapted and can
be established in early spring or lae
sumsmner. Regrowth and midsummer
production after first harvest are not
as great as regrowth of smooth bro-
megrass of orchardgrass,

Tismothy is less competitive with
aifaifa and trefoil than are other
grasses; vet it can contribute substan-
tiaily to first harvest yielkds, Timathy
sometimes has difficulry surviving in
aifalfa fields rhat are cut three o four
times per year. Bven so, enough finy
othy plants normally persist 1o pro-
vide insurance agatnst stand loss.

Timothy makes an excellent companion
grass for alfalfz, birdsfoot trefoll, or
ciover,



Smooth Bromegrass
Bromus prermis Leyss

Smooth bromegrass is an excellent
companion grass for alfalfa. It makes
good regrowth after first harvest. Al-
though relatively slow to establish, it
spreads by short rhizomes o forma
dense sod. Bromegrass sometimes
has difficulty persisting in alfalfa
fields under three-cutting manage-
ment, partcularly when the first cut-
ting is taken early.

Orchardgrass
Dactylis plomerata L.

Orchardgrass is a vigorous grass
with more potential for midsummer
growth than timothy or bromegrass.
1t is excellery for pasture because of
eatly spring growth and good mid-
summer production. Orchardgrass is
not as winterhardy as timothy or bro-
megrass and will not persist on wet
sotls,

Improved varieties of early and
late maturity are available. Most of
these outyield the common strains.
Where improved forage quality is de-
sired, later maturing varieties maybe
preferable.

Tall Fescue
Festuca arundinacea Schreb

In New York fall fescue is nsed pri-
marily for conservation purposes. i
can be used in pastures, aithough
patatability in midsummer is rela-
tively low. it grows well on poorly
drained or well-drained s¢ils and
spreads slowily by underground
stems o form a tough sod, tolerant of
treading and overgrazing.

If1all fescue is 1o be used as a for-
age, the new fungus-free or endo-
phyte-free varieties should be used
for improved animal performance.

Reed Canarygrass
Phalaris arundinacea b

Reed canarygrass is noted for its abil-
ity 10 do well in wet areas and on
poorly drained soils. It aiso can pro-
duce high yvields on well-drained,
even droughty soils, Like orchard.
grass, it matares early and should be
used early in the season hefore pai-
atability deckines. Viability of seed
declines more rapidly than for other
species. Germination of carry-over
seed should be checked before plant-
ing.

For increased palatibility and ani-
mal performance, use varieties hav-
ing low alkaloid conent.

Kentucky Bluegrass
FPoa pratensis L.

Kentucky bluegrass is most produc-
tive in the spring or during periods
of cool, moist weather. Although slow
to establish, it spreads by under-
ground rhizomes and forms 2 dense
sod. It is very palatable and a favorite
of hosses.

Perennial Ryegrass
Lolium Pererine ..

Ryegrass is a vigorous, moderately
wirnterhardy bunch grass, which
grows best during cool, moist peri-
ods. Seedling growth i very rapid,
$0 ryegrass can be rather competi-
tive when grown in combination
with stower-growing legumes and
grasses. At similar stages of maturity,
ryegrasses are of higher guatity than
other cool-season grasses such as
timothy and bromegrass. Ryegrass
can be used for both pasture and hay
Grazing horses on ryegrass or rye-
Lrass straw can sometimes resuitina
condition called “ryegrass staggers.”
Faelimirate the potential for appear-
ance of this condition, do not include
ryegrass in the diet of horses,
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Warm-Season Grasses
Warm-season grasses that have been
grown and tested in New York
include switchgrass, Partican pirga-
tum; big bluestern, Andropogon ger-
ardit; and Indian-grass, Sorghas-
trum nutans. Of these, switchgrass
appears the most promising for trial
on New York farms,

Switchgrass starts growth at about
55° F and reaches optimum growth at
85°-90° F Switchgrass is more pro-
ductive than the coal-season grasses
like timothy or bromegrass during
hot, dry periods of midsummer.
Switchgrass will grow on moderately
well drained to excessively drained
s0ils. B will not persist on wet soils,
particularly during early establish-
ment when plants are smal! and sus-
centible 1o heaving, i grows best on
fertile, slightly acid to neutral soil
{pH 6.0~703, although it will tolerate
low pH (pH 5.0-5.5Yand low feritlity

Switchgrass is slow to establish
and so requires careful atteation to
seedbed preparation and control of
weed competition. The best use of
switchgrass in New York is for con-
servation plantings or for late mid-
SUMMNer pastures,

Brassica Species: Rape, Kale,
furnip, and Swede

Brassica ¢rops can be grown as for-
age crops for livestock, Leaves of
rape and kale, and roots and tops of
turnip and swedes can be pastured
by various classes of livestock and
provide highly digestible forage, par-
ticuiarly doring late summer 10 iate
fall. These crops are annuals or bian.
nuals, s0 the vearly cost of establish-
ment and growing the crop must be
compared with their value as pasture
to determine thetr economic value in
pasture management programs.
Check with crop specialists for spe-
cific information on latest variety and
management recommendations.
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MIXTURES OF PURE STANDS
OF LEGUMES AND (GRASSES

Adaptation of Legume and Grass
Mixtures

Soil conditions are important criteria
in selecting forage crops for your
farm. Because of the variable soil
conditions in New York, several mix-
wres are often used on the same
farm 10 optimize forage production
potential.

The forage mixiures recom-
mended for specific soH conditions
are Jisted in table 20.

Legumes are usually grown with a
companion grass. In New York, timo-
thy and bromegrass are the two most
IMPOFIANt COMPanion grasses grown
with alfalfa. On weil-drained soils
straight alfalfa will vield about the
same as an alfalfa—grass mixere. Al
falfa—grass mixtures are superior to
clear alfalfa on soils having marginai
drainage. Advantages of alfaifa~
grass mixtures on these soils include
(1} iess heaving and winterkill, {2}
slower weed encroachment, {3}
higher vield, (4) more-rapid curing,
and (5} less lodging.

Pure stands of legumes must be
grown when using Eptam, Balun, or
other grasskilling herbicides for es-
tablishment. If weed problems dic-
tate the use of such herbicides, there
is little alternative but to grow
straight legume, even though a mix-
ture would be more desirabie,

Overseeding legumes with
grasses is not a reliable practice.
However, if moisture conditions are
favorable and competition is not too
great, grasses overseeded in le-
gumes may establish if seeded in lne
summer after harvest of the legume
or in early spring before growth
starts. The risk s great for overseed-
ing in this manner; 5o investment in
this practice is a gambile.

Table 26, Forage mixtures

Soif conditions and Seeding rate
desired managements § Crop Variety* (Ib/A)
Weil-trained solls, early  atfalia Saranac, Saranac AR,
first cut, or lroquois 8-12¢
3104 cuttings and
timothy Chmax or Charmplain - 4-6
or
bromegrass Saragtoga 5-8
or
crehardgrass Pannmead or Pennigte  4-6
Moderately to well alfatta roguois 8-12%
drained soils, and
2103 cutlings timothy Chmax or Champlain 4-6
o
bromegrass Saratoga 5-8
Varizhie drainage with  alfalfa troguois 6
spots in field too ang
wet for alfaifa, birdsfoot trefoll  Viking 4
2103 cuttings and
timothy Climmax or Champlain 6
Poorly to well drained birdsfoot trefoil  Viking or Empire 6-8
spils, fong-termhay  and
oF pasture timothy Ciimax or Champlain 4
Poorly to welldrained  red clover Pennscolt 6-8
soils, shor-term hay  and
12 years timothy ChimaxorChamplain @ 6
Poorly drained solls reed canarygrass 8-10
often fiooded,
long-term pasture
Moderately fo well Hmothy Chirmax or Champlain 8
drained soils, or
grasses for hay or bromegrass Saratoga 10
pasture or
orchardgrass Pennmead of Penntate 10

*See pages 104107 for other recommended varieties.

§See page 16 for descriptions of soil drainage classes.

FWhen making spring seedings of alfalfa without a companion crop, increase
seeding rale 10 1618 b per atre and controf weeds with herbicides.



On masy soHs, alfalfa—grass mixtures (et ) are more productive than Clear athalfa

(right).

ANNUAL CROPS FOR FORAGE

Annual crops can be used for mid- 1o
kare-sumymer forage production. Sev-
crai of these are described here, and
species, seeding rates, and seeding
dates are given in table 2L

Sorghum and Sorghum.-
Sudangrass Hybrids

Sorghum and sorghum-—sudangrass
hybrids are used for summer green
chop, pasture, or stlage. Because of
coarse stems and heavy growth, they
are generaily not ssed for hay
Growth during high midsummer
temperaiures is very rapid, so that
first harvestcan be made 6 o 8 weeks
afier planting. Early first harvest al-
lows time for regrowth and addi-
ticnat harvests. Rapidly growing
starids can be harvested two to three
LENES per season,

Many sorghum-sudan varieties
and brands are available, with most
coming from seed company breed-
ing programs. Cornell tests have
noted only smail differences be-
pween varieties in yield, vigor, and re-
growth poential.
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Table 21. Annual forages
Seeding  Pounds  Approximate
rate per ner dry matter
Species Date of secding acre bushel yiekd
Tons/acre
Sorghum and
sorghum-
sudangrass
hybrids May 20—June 10 20-401b 50 3.0-6.0
Sudangrags May 25-June 15 30-501b 40 2.5-3.5
Oats Farly spring 2-3bu 32 2.0-3.0
August 2-3bu 32 1.0-2.0
Rye Aug. 15-0Oct. 18 2 bu 56 —
Wheat Sept 5-Cct. 1 2bu 60
Miltet duly 1—July 10 ¥2bu
Japanese 32
(German, Hungarian,
COMMon 48-50

Forage sorghums tested in Cornel
trials have been inferior to

thicker stemmed, and generally less
desirable for grees chop or pasture.
Black Amber once popuiar as an
annual forage in New York, is now ob-
solete. Farmers considering anmal

forages will gain mosre and better
feed from a sorghum-sedan hybrid,

Sudangrass

Sudangrass, a fast growing annual,
has Ainer stems than sorghum and is
somerimes used forhav Itis excellens
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for pasture, green chop, and silage.
Rapid regrowth allows two 10 three
harvests with dry matter vields of 2 1o
3ons per acre.

Sudangrass varieties and hybrids
tend to be lower in prussic acid con-
tent than do sorghum-—sudan hy-
brids. They also tend to be jower in
yield.

Piper has continued to be the most
popular variety of sudangrass for the
past ewo decades. Developed for low
28sic acid content, Piper yields well,
fitting into pasture and green-chop
Mmanagement programs.

Swckengrass bvbrids are also avail-
able. These generally outyield Piper
and are similar in having low prussic
acid content. Several varicties are
marketed by seed companies serving
New York. Though they tend to out-
vield Piper, overal] difference has not
been great.

Prussic acid poisoning. Sudan-
grass and sorghum contain z sub-
stance that can release a3 poison,
prussic {(hydrocyanic) acid, To avoid
animal poisoning, graze green for-
age when plants of sudangrass are 18
1o 20 inches or taller and sorghum or
sorghum-sudangrass hybrids are 24
to 30 inches or walier Do not grave
new regrowth that develops after a
frost or a period of dry weather. This
regrowth often contains high levels
of prussic acid. Plants that are frozen
should be completely dried out be-
fore feeding.

Do notgraze horses on sudangrass
or sorghum-sudangrass hybrids.
These crops cause a serious condi-
tion in horses called cystitis syn-
drome.

Spring Oats

Qats planted in early spring and
grazed or chopped early will regrow
sufficiently for an additional harvest,
Normally, they can be pastured St 7

weeks after planting. For silage, har-
vest at the early heading or milk
stage. Lawe summer planting can pro-
vide some grazing during September
and Qcrober. Qats grow well during
periods of cool temperature, which
would restrict growth of sorghum or
sudangrass.

Wheat, Barley, or Rye

The small grains wheat, barley, and
rye pravide grazing in the fall and
early spring if sites are dryenough 1o
support animals, If grown for grain,
these crops can be grazed lightly in
fall and early spring unti] shortly be-
fore plants begin 1o grow erect or
stemns begin o elongate. Grazing af-
ter stems elongate will severely re-
duce grain vieids,

Rye is best for fall and spring pas-
e, for itis not damaged by Hessian
flies when planted early; also it grows
at cooler temperatures and provides
later fali and earlier spring pasturage
than do ather winter grains.

Millets

Miilets are occasionally used as
emergency forage crops for late
planting where other crops have
failed or could not be planted. Japa-
nese miller once found common use
on poorly drained soils that stayed
wet fate into June, German milicts
are also used for this purpose. None
yield as much as the sudans and su-
dan-sorghum hybrids, but they are
easier to make imo hay.

For best-quality hay, cut the plants
ar the bloom stage. Curing being
sorewhat slow because of the thick
stems, conditioning is recom-
mended. For grazing, it is usually
best to begin about 6 1o 8 weeks aften
planting or when the plants are 6 to
12 inches tall. After this stage, the nu-
whive value for grazing decreases,

FORAGES FOR CONSERVATION

Table 22 lists grasses and legumes
useful for permanent cover and con-
servation plantings. Use those spe-
cies best adapted to existing soil con-
ditions. If possible, use species with
rhizomes, for they tend to spread and
fitl in bare spots. Seeding rates in
pounds per acre can be converted to
pounds per 1000 square feet by mul-
tiplving by the factor .023. For exam-
ple, 15 pounds of seed peracre x 023
= .34 pound of seed per 1000
square feet.

Cover Crops
Both grasses and fegumes can be
used as cover ¢rops to protect soils
from erosion, increase water infilira-
tion, and maintain soil organic matter
and structure.

Winter rve is one of the best cover
crops for fall planting,. it is easy o es-
tabtish and, planted early, provides
good soil cover during the winter.
Spring growth is rapid, but can be
controlied with titiage or herbicides.
OfF ail the small grains, winter rye is
the most tolerant of atrazine. See -
bie 21 for seeding rates and dates.

Winter wheat, barley, and ryegrass
are also used for winter cover. Rye-
grass can be seeded inio row Crops
in the summer without seriously
competing with the crop. Both an-
nual and perennial strains of rye-
grass are available.

Oats seeded in August will make
considerable growth during the fali.
Plants winter-kill, but provide z pro-
tective layer of vegetation during
winter and spring.



Table 22, Grasses andd legumes used for conservation plantings
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Agrostls alba L. Rodtop

Quite Iolerant of acid, poorly drained solls, Emerges quickly to
form protective cover, Is low growing and spreads by stolons or
creeping sterns. Athough vigorous in the seedling stage, red-
top does nat seripusly compete with slower growing species.
Seed 510 b per acre.

Alopacurus arundinaceus Poir.—Creeping Foxtall

A broadieaf, cool-season grass which grows well on wet, acid
soils. Plants are strongly rhizomatous and start growth early in
the spring. Light Huffy seeds and siow seediing development
sometimes make planting and establishment difficult. Seed 5
G peracre,

Andropogon gerardi Vitman-——Big Bivestem and
Andropogon scoparium Michx. - Little Bluestem
Warm-season grasses having dense roof systems and grow-
tng in large ciumps. Under favorable conditions big bluestem
grows up to 6 {1 tall and hitle bluestemup to 3 & tall. Little Diue-
stam is more drought resistant than big bluesiem. Seed 1015
It per acre.

Bromus inermis Leyss.—Smooth Bromegrass
A winterhargy forage grass, which spreads by rhizomes {un-
derground stemns) 1o form a coarse, dense sod. is very tolerant
of heat and drought. Grows on a diversity of soil types but is not
tolerant of poorly drained areas. Mas good seedling vigor, but
is skow {0 establish a sod, Sead 1020 i per acre.

Coronilla varia L.—Crownveteh

A wirterhardy perenniat legume which requires well or mod-
erately well drained soils. Spreads by creeping underground
roots. Will persist on moderalely acid soils, but seedling
growth and establishymant are improved by liming acid soils
before planting. Seed #)-15 b per acre.

Fragrostis curvula (Schrad.)-—Waaping Lovegrass

A warm-season bunchgrass having rapid eatly growth.
Spread by tikering so that individual plants may be 1210 15 in.
indiameterin 2 fo 3 yr. Wil grow on low-fertility soiis. Seed 1.
31b per acre.

Festucs aruntlinaces Schreb — Tall Fescue

Toterates poor drainage and can survive ficoding in the winter,
Will grow on alkaline or saling sois. Although considered a
bunch-lype grass, tall tescue spreads siowly by short rhi-
zomes. Produces a coarse, tough turf that resisis traffic. Not
as winterharty as smooth brormegrass or imoethy Seed 10-25
ib per acre.

Fostuca rubra L. —Craeping Red Fescue

A cool-season grass which spreads by underground slems,
Adapted to & wide range of soil types. Tolerant of dry sites and
valued for its shade tolerance. A shor grass used for mowed
areas or generat purpose turf, Seed 1540 b per acre,

Lathyrus sylvestris L.-Flatpoa

A perennial, rhizomatous legume with long, viney stems, Not
adapted to wet sites, although wilf persist on moderately well
drained solls. Seediings are slow to develop, but once esiab-
lished, plants are vigorous and form & thick vegetative ground
cover, Vanety Lathco developed by Soil Conservation Service,
Big Frats Plart Materials Center, Big Fiats, New York. Seed 25—
35 peracre.

Lolfum perenne L.—Perennial Ryegrass

A bunchgrass having very rapid seedling growth. Can wirter.
kifl i rorihern states. Tolerates wet soils and can stand short
periods of foading. Used to provide guick profective cover on
axposed soils. Unsuited for droughty sites. Seed 25-351b per
acte,

Lotus cornicuiatus L. —Birdsfoot Trefoll

A winterhardy perennial legume adapted 10 well or poorly
drained soits. Under favorable conditions trefoil will spread by
reseeding. Tolerant of medium acid soils. Seed 510 1b per
acre.

Panicum clandestinum L. —Deeriongue

Arhizomatous, warm-season, perennial grass with wide adap-
tation on sardy o silty clay loams and soils with pH as low ag
38-4.0. Useld for mine spoil areas, gravel pits, and sandy
reachanks. Variety Tioga developed by Soil Conservation Ser-
vice, Big Flats Plant Materials Center, Big Flats, New York, Seed
10-15 It per acra,

Panicum virgatum L.—Switchgrass

A perennial, warm-season grass with short rthizomes and
coarse stems. Has good seediing vigor and is best adapted 1©
moist, fertile soits. Wilf iolerate acid soils, pH as lowas 4.0 o
4.5 and droughty sites. Seed 10-15 b per acre.

Phalaris arundinacea L.—Reed Canarygrass

Will grow on pootly of well drained soiis. 1§ tlerant of both
fiooding and drought. Especially sulled o swampy areas.
Spreads by short rhizomes which can be used for vegetative
propagation. Seed germinales slowly and loses viability after 1
yrof storage. Use only fresh seed. Blerates apH range of 4 9
8.2. Sead 5—10 b per acre.

Poa pratensis L. —Kentucky Bluegrass

Grows best on weli-drained fertile soilg. Establishes stowly, but
spreads by thizomes 1o make excellent smooth turl, Becomes
darmant during hot, dry weather. Used as both lawn ard pas-
ture grass, Seed 1525 b per acre.
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STAND ESTABLISHMENT

Preparation of Seedbed
Small-seeded iegumes and grasses
require a fipe, Airm seedbed. A fine
surface promotes uniform depth of
planting, and a firm seedbed aids in
bringing soil moisture to the surface
for the seed. The use of large tilage
equipment often resulis in a very
loose seedbed, which may require
firming with 2 cubtipacker or roller
before planting. Fine-extured soils
should not be overworked or com-
pacted, for this increases the possi-
bility of crusting and poor emer-
gence.

Seeding Rates
Seeding rates vary for different for-
age crops. In general, the amount of
seed ptanted is between 40 and 160
seeds per sguare foot. For most le-
gumes and grasses only 6 to 8 plants
per square foot are needed in estab-
lished stands for maximum forage
production, Seeding rates for spe-
cific forage mixtures are listed in ta-
bie 20.

Table 23 gives the number of seeds
per square foot at a seeding rate of 1
pound of seed per acre,

Table 23, Forage sead numbers

Approx.
seed/sq it
Species Seeds/th af TIbiA
Alfaifa 200,000 4.6
Birdsfoot trafoil 375,000 8.6
Red clowver 275,000 6.3
Crownvelch 110,000 25
Timothy 1,230,000 28.2
Bromegrass 136,000 3.1
Orchardgrass 654,000 15.0
Reed canary- 533,000 12.2
grass
Bluegrass 2,177,000 50.0

A fine, firm seedbed (Jfeff) s necessary for good establishment of smali-seeded
legumes and grasses.

Coated Legume Seed

Coatings used on alfaifa seed contain
various combinations of rhizobium
bacteria, lime, nutrients, and bond-
ing substances, Coatings are in-
tended o improve emergence and
estabtishiment of alfaifa. B> date, tests
in New York have shown no differ-
ence in forage yields when coated or
uncoated seed is used. However,
with the use of coated seed over a
wide range of soil conditions, bene-
£1s may GCCar in 50ME Cases.

When planting coated seed, use
the same seeding rate normally used
foruncoated seed. For exampic, if the
nocmal seeding rate is 1 pounds of
alfalfa per acre, plant enough coated
seed 10 equal 10 pounds of actual
seed per acre (50 seeds per sq ft).
Using lower seeding rates than rec-
ommended will resuit in poor stands
and low forage yields.

inoculation of Legume

Legume seed should be mixed with
the proper rhizobium inocuium
shortly before planting. The inocu-
fum comntains bacteria that form nod-
ules on the legume roots and fix ni-
grogen from the air. Treated seed that
has been stored should be reinocu-
fated to ensure that vizble bacteria
are present on the seed at the time of
planting, Proper inoculation is par-
ticuiarly important for legumes
planted in fiekds where they previ-
ously have not been grown.

Seeding Method

Seed should be distributed uni-
formiy and covered with Vi to V2 inch
of soil. In late spring or summer
when soil is dry, slightly degper
placement inw moist soil will aid
emergence. After sowing seed, firm
the soil with roller, cultipacker, or
press wheels,

If a grain drill is used for seeding,
seed tbes showld be attached so that



INOCULANT INOCULANT
Alfalfa n&? r‘Einmars ¥ Birdsfoot Trefoil
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Inoculate kegume seed with proper rhi-
zobium inocuiusm shortly before
planting.

seed is placed on the soll surface di-
rectly above the band of fertifizer.
Band seeding is particularly desira-
ble on low-fertility soils.

Seeding with a Small Grain
Forage legumes and grasses are often
seeded with spring oats or winter
wheat. Seeding in wheat can be done
in the fall or early spring. Reducing
the seeding rate of the small prain
companion crop is desirable 1o re-
duce competition to the forage
plams.

Seeding with 2 companion crop
has several advantages. The smali
grain can (1} decrease soti erogion,
(23 be used for grain and straw, and
(5} siow the growth of weeds.

Small grain companion crops
compete with forage seedings for
light, nutrients, and water. Lodging of
the grain can alsc be detrimental. For
these reasons better stands of le-
gumes can often be obtained when
seeded without a companion crop.
The competitive effect of the com-
pation crop on the forage seeding is
greater when the companion crop is
harvested for grain than when it is
green chopped or cut for silage,
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Make summer seedings of alfalfz no later than mid-Auguss. Al
falta seeded on (from lgft) July 25, August 13, and Seprember 4.

Fhoto taken September 26.

Seeding without a Small Grain
Under favorable weather conditions,
legumes or legume—grass mixtures
seeded without 2 companion crop
will produce enough growth for har.
vest in the seeding year. Alfalfa
planted inearly May can be harvested
in July and agdin in 6--7 weeks. For-
age vields of 2—4 tons of alfalfa per
acre ¢an be harvested in the seading
year.

o obtain pood yields in the seed.
ing year, weeds must be comrolled
with herbicides or by timely mowing.
Herbicides arg available for control
of both weedy grasses and broadieaf
weeds.

Date of Seeding

During the seeding vear, forage
plants must develop sufficient size ©
resist low winter wemperatures and
spring heaving. Forages should be
seeded early enough 1o atlow ade-
quate growth. In most areas of up-

state New York, alfalfa should he
seeded before August 15, and bizds-
foot trefoil, before July 15

‘The advantages of seeding in early
spring are more-frequent raing,
longer growing season, and produc-
tion of 23 tons of hay per acre. Later
summer seedings also have several
advaniages: forages can follow an-
other crop; tillage, liming, and fertil-
ization can be accomplished on wes
fields; and germination and growih
of weeds are less in fall than in
spring. Ingenerat, forage production
the year afier seeding is greater for
early spring than for late summer
seedings.

Liming for Legume
Establishment

An adequate soil pH is one of the
most important factors in achieving
good legume stands. The lime rec
ommendations sheuld be obtained
from a complete soil test. See the sec-
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Proper Himing for correct soil pH is essential for good ¢rop

production, especislly with legumes.

tion on lime, page 30, for additional
information.

Alfalfa requires a soti pH of near 7
for maximum productivity and stand
longevity, Seeding alfalfa into soils
with pH values less than 6.5 is invit-
ing fallure or shortened stand life.
Apply lime after plowing and mix into
the seeding zone when the soil pH s
5.810 6.6. Ifthe pH is below 5.8, apply
the lime 6 months to ] vear in advance
of seeding. A split application of
about one-half of the lime before and
after plowing will usually give the
best results on very acid soils or
when large quantities of lime
(grearer than 4 tons) are required.

Birdsfoot trefoil requires a soif pH
near 6.5 for maximum production.
Birdsfoot trefoil will establish under
lower soil pH values than 6.5, but
production and longevity are signif-
cantly reduced. For soil pH values of
5.6 t0 6.0, apply the lime and mix into
the seeding zone. When the pH is be-
low 5.6, apply the lime 6 months 1o 1
vear before seeding. Abowt one-haif

"‘J'“-m?r

A soil pH near 70 is necessary for miaximum affalfa production

and stand longevity The shorter planis are mostly weeds, grow-
try on an acid 50l the first vear after alfalfa establishment. In
contrast, the area where the taller alfalfa plants are growing re-
ceived 6 ons per acre Hmestone the year before seeding.

of the Hime should be applied before
and after plowing.

Clovers should have 2 soil pH of
about 6.3 at establishment for maxi-
mum production. Usually 4 success-
ful clover stand can be obtained by
liming soils with very low pH values
{5.2 or above) immediately before
planting. When liming very low pH
soils, use a split application. Mix one-
half to two-thirds of the lime in the
seeding zone.

Fertilizers for Legume
Establishment

Well-inoculated legumes do not need
nitrogen fertilizers for establishment
or growth. The bacteria placed onthe
seed at planging live in nodules of the
roots in associatioa with the plant
and provide nitrogen. The bacteria—
plant association is established
quickly; therefore, there is no advan-
tage 1o applying even a small amount
of nitrogen at planting. Too much ni-
trogen reduces nodulation and al-
ways favors establishment of grasses

andd weeds 10 the detriment of the le-
gume,

Phosphorus is usually the most im-
portant fertilizer nutrient for legame
establishment. The smail seedling
needs relatively large quantities of
phosphorus for growth, The root sys-
tem of the seedling is small and,
therefore, cannot obtain the phos-
phorus from a large volume of soil.
Legumes produce a single taproot
that grows almost straight down
from the seed. To supply the seedling
with adequate phosphorus, the fertil-
izer should be placed directly below
the seed at planting. See the diagram
for band seeding on page 115. Apply-
ing the phosphorus broadcast mixes
the phosphorus with a large volume
of soil. The small legume cannot take
up &s much phosphorus as whes it is
banded. It requires at least 4 times as
much broadcast phosphorus to give
the same response as when the phos-
phorus is banded for legume estab-
lishment.

Potassium requirements for le-
gumes increase with plant growth,



Forage Crops Production 115

Adequate phosphorus (rightyat time of seeding of timothy pro- Proper band placement of fertilizer is about ¥ inch below the
HOLES SIreng vigorous op and root growth seed for most perenaial forapes, When seedand fertilizer are
placed in this manner, it is called band seeding.

The legume seedling does not re-
quire large quantities of potassism
for establishment. Potassium is usu-
ally neither fixed by the soil as read-
ily as phosphorus nor lost from the
soil as readily as nitrogen. Hence,
there is greater flexibility in the
methods and rates of potagsium fer-
tilization. Some potassium can be ap-
plied before, or at, planting and some
can be topdressed at a later date.
More than 60 to 80 pounds per
acre of potash (K,0) in the fertilizer
band at planting may result in some
seedling injury. Therefore, one
should use rates of potash lower than
60 £0 80 pounds per acre in the fertl-
izer band. The remaining potassium
can be applied preplant or, on higher x LN 9.7 RS
ferrility soils, after the firstcut, 1n NSNS LY LY e R T -
cases of higher available potassium,  The improved results from using band seeding technigues are shown on the leftvs.
it is possibie to wait until the next  broadcasting seed and fertilizer on the right,
year,
Boron is the only micronutrient
known o be deficient for legumes in
New York soils, Boron may be defi-
cient on coarser-textured ioams,
sandy leams, loamy sands, and sands,
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On soils known to be deficient in bo-
ron, topdress the first year with a fer-
tilizer comaining sufficient boron 1o
apply 2 to 3 pounds per acre of bo-
ron, This quantity is usually sufficient
for 2 or more years, H boron defi-
ciency is not severe or is unknown, 1
to 2 pounds per acre topdressed the
first year after establishment are usu-
aily sufficient. Soil testing provides
the best means for determining the
boron requirement.

Fertilizer Rates and Ratios for
Establishment of Legumes

The fertillzer rates and ratios should
be determined from a complete s0il
est. When a complete soil test is not
availabie, the following guidelines
can be used to determine the approx-
imate rates of fertilizersto be applied
for estzblishmens of legumes.

* On soils that have received an av-
erage of 350 pounds per acre or
more of fertilizer containing phos-
phorus and potassium or manure
plus 200 pounds per acre fertilizer
for the last 5 to W years, band 4 0-1-2
or similar ratio fertilizer, such as §-
15-30, 1o supply 20 to 30 pounds per
acre phosphorus,

¢ On soils that have received 200 to
350 pounds per acre fertilizer con-
wzining phosphorus and potassium
for the last 5to 10 years or manure
plus some fertilizer,band a 0-2-3 or -
1-1 or similar ratio fertilizer to sup-
ply at keast 40 pounds per acre of
phosphorus.

& On soils that have received little
commercia fertilizer or manureona
regular basis for the past several
years, band a 0-1-1 ratio fectilizer or
concentrated superphosphate at
seeding 10 supply 60 10 80 pounds
per acre of phosphorus. Do not ex-
ceed 60 to 80 pounds per acre of po-
tash {K,0).

For any of these situations, take a
soil sample and have a complete soil
test to determine the fertilizers re-
¢uired for topdressing,

Lime for Grass Establishment
Soils should be limed to 6.0 or higher
for pure grass stands. Although grass
will survive at much lower pH vaiues,
produaction and longevity are re-
duced. In addition, the efficiency of
applied fertilizers is also reduced.
Lower soil pH values also permit eas-
ier encroachment of less-desirable
species.

Lime for grass stands can be ap-
plied and mixed with the seeding
zone immediately before seeding.
When lime rates exceed 4 tons per
acre, a split application is desirable.

Fartilizers for Grass
Establishment
Grasses reguire nitrogen, phospho-
rus, and potassium fertilization as
best determined by a soil test, Al
though banding the fertilizer may not
be as ¢ritical for grasses as for le-
gumes, it will give the best results.
On soils with moderate to high fer-
tilizy, use a 1-1-1 or similar ratio fer-
titizer to provide 24 to 30 pounds of
nitroges, phosphorus, and potas-
sium. On previously unfertilized or
low.fertility soils, band a 1-%.1, 1.2.2,
or similar ratio fertilizer 1o provide
30 1o 40 pounds of phosphorus and
30 to 60 pounds of potassiam.

Minimum-Tillage Forage
Establishment

Special no-uill drills can be used o
plant forages on sites that cannot be
plowed because of slope, erosion
hazard, or stones, Planting directly
into sods or crop residues requires
careful artention to the same prac-
tices used in conventional seeding,
particularly the lime requirement of

legumes and the control of existing
vegetation and weeds.

Legumes shouid not be seeded by
the no-ull method if your soil test in-
dicates need for incorporation of a
large amount of lire. If fime is 10 be
broadcast without incorporation, soil
pH before application of firne should
be 6.3 or higher for aifalfa, or 6.0 or
higher for hirdsfoor trefoit or clover.
Lime should be broadcast the year
before seeding,

Herbicides are avaifabie for con-
trof of existing vegetation and weeds
before and after planting. Good con-
trol of competing vegetation i essen-
tial for the successful establishment
of no-till legumes and grasses. See
Cornell Recommends for Field Crops
for latest herbicide recommenda-
tions,

Harvest in Seeding Year

Under good growing conditions, le-
gumes, particularly alfalfa seeded
without a companion crop, can be
harvested in the seeding year. Early-
type varieties of alfaifa planted the
fArst part of May usually can be har-
vested 10 to 12 weeks after seeding,
Second harvest can follow n 6 to 7
weeks. Two or three harvests of al-
falfa in the seeding year wiil not ad-
versely affect forage production the
folowing vear if the interval between
cuts is no less than 6 10 7 weeks.

Grazing during Seeding Year

The amount of growth and prodac-
tion during the year of establishment
depends on many factors, particu-
farly the amount of rainfail. Even un-
der favorable conditions, newly
seeded pastures should be grazed
lightly and never lower than 4 10 6
inches. Heavy grazing and trampling
the first year can weaken and destroy
young seedling plants,



Good management can produce & high viekd of alfalfa in the seeding year. Photo
shows second ot growth of new aifalfa seeding.

FERTILIZING ESTABLISHED
PERENNIAL FORAGES

Established perennial forages must
receive adequate plans mutrients on a
sustained basis for maximoum eco-
nomic yields and stand longevity The
usual method for providing the
neceded plant nutrients is by yearly
topdressing.

The rates of fertilizers needed o
supply the plant nutrients for maxi-
mum economic production shouid
be determined by complete soil tests.
The rates given in this section are ©
he used as a guide when complete
soil tests are not availabie.

Legume and Legume-Grass
Mixtures

Nitrogen, phosphorus, and potas-
sium fertilizers for legume--grass
mixnures must be carefully balanced
o provide adeguate nutrients 1o both
the legume and the grass. Under New

York conditions, an adapied grass
species can usuzally survive the com-
petition from the legume. Most le-
gumes do not survive excessive com-
petition {from the grasses. Most
legumes do not require nitrogen fer-
titizers. As discussed earlier, the rhi-
zobia bacteria fix aitrogen for use by
the legume. Grasses must have a
source of inorganic nitrogen for
growth. Both species must have
phosphorus and potassium. Thus, by
controlling the quantity of fertilizer
nitroges added, one can influence
the amount of fegume in the stand.
Adding nitrogen © a good grass—le-
gume sod usuatly increases the grass
and weed competition without in-
creasing vieks,

Nitrogen. Legume-grass mix-
tures may or raay not need additional
nitrogen depending upon the quan-
tity of legume in the stand. If nitro-
gen is added, the grass wili become
more competitive. The resuits will
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be a higher grass yield and a lower fe-
gume vield, but total yield remains
about the same. The following year
there will be considerably less le-
gume in the stand, and more niro-
gen fertilizer will be required 10
maintain yields,

When there is 25% or less fegume
inn the stand, an economic response
to nitrogen topdressing will usually
occur. The increased vield is fromthe
grass component, The legume yield
and stand wiil be further reduced.
Usually some nitrogen is recom-
mended for the fess than 25% legume
stands, especiaily if theyv are to be
plowed the following year

The rates of nitrogen on legume-—
grass stands containing less than
25% legumes shouid be 30 10 60
pourds of nitrogen per acre, If a held
contains no legumes, but has 2 good
stand of the species of grassesthatre-
spond adequately to N fertilization,
such as timothy and bromegrass, re-
fer to the section dealing with grass
fertilization,

Mixtures containing 25 w 50% le-
gume will dceasionally give an eco-
nomic response to added altrogen,
The congiderations for adding nitro-
gen o a stand with 25 to 50% nitro-
gen are (1) one is likely o be short of
forage for the vear, {2) it is the last
year of the stand, (3) the grass spe-
cies present will respond adequarely
o nitrogen fertilization, and (or) (4)
one will continue to topdress the
stand with nitrogen in following
years. Once a stand with 2510 50% le-
gume is topdressed with substantial
quantities of nitrogen, the legume
component is usually reduced below
the 25% level Nitrogen is then re-
quired in the following years for
maximum economic production.

A stand containing 2% to 50% le-
gume will not respond 1o large guan-
tities of nitrogen. Rates that produce
pear maximum ecoiomic produc-
tion are 0 to 40 pouads per acre.
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Again, it is usually best not to apply
nitrogen 1o stands with near S0% le-
gumes. The low rate of nitrogen
should be used on the stands with the
higher percentage of legume. In-
crease the rate of N as the percentage
of legume is decreased,

Nirrogen topdressing to legume-—
grass mixtures should be applied in
the early spring. The nitrogen is ap-
plied for grass growth; it should be
applied as soon as the grass starts 1o
actively grow (late April or early
Mav). Applying nitrogen after the
Rrst cut may ssimulate some addi-
tional growth; but this is past the pe-
riod of maximum grass growth, anda
response will be fimited.

Phosphorus. Phosphorus must
be added in the ropdress fertilizer 1o
maintain both adequate growth and
healthy plants. When the phosphorus
is deficient, the plants appear some-
what stunted and do not have ade-
quaie vigor. Other visual sympioms
for phosphorus deficiency may he a
reddish color on the newest mature
leaves, especially in the early spring
or during early regrowth afier cut-
ting, These symptoms are sometimes
coenfusing because a sudden cold
spell can cause the symptoms when
phosphorus is not deficient. Like-
wise, phosphorus can be deficient
without these symptoms. Use them
only as a warning. $oil tests are a
much better guide.

The rates of phogphorus fertilizer
necessary for maximum economic
yields vary between 0 and 60 pounds
per acre, depending upon the spe-
cies, the yields obtained, and pre-
vious fersilization practices. Some
general guidelines for phosphorus
rates are as foliows:

1. On soils that have received yearly
fertilizer additions at recom-
mended rates
a. Alfalfa and birdsfoot trefoil-

20 1o 40 pounds P, per acre
per year.

The benefit of adequate potassium opdressing s #Hlustrated by the quantity of alfalfa
remaining on the feft, where 2490 pounds per acre of K0 were applied yearly, vs, the
lack of alfalfa and presence of many dandelions on the right where no KO was ap-
plied 10 this 3-year-old alfaifa stand in Saratoga County,

b. Clovers—201t0 30 pounds 7,0,
per acre per year

2. On soils that have not received
vearly fertilizer additions at rec-
ommended rates, but have re-
ceived some fertilizers
a. Alfalfa and birdsfoot rrefoif—

30 to 50 pounds per acre per

year
b. Clovers—30 to 40 pounds per
acte per year

3. On sotls that have received little
or no previous fertilizers

a. Alfalfa and birdsfoor refoil-

48 10 60 pounds per acre per

year
b Clovers—30 10 50 pousnds per
4CTE Per year

On soils with a high vield potential
and from which S tons per acre or
more of 21falfa have heen harvested,
increase the phosphorus rate by 16 10
20 pounds per acre. On soils with
yield potentials of 4 1ons or less, use
the lower rates given.

Potassium. Aifalfa must have
fairly large quantities of potassium
for maximurm economic yvields and

stand longevity, Potassium is of ur-
most importance in swinter survival
and maintaining the alfalfa in the
stand. The ilksstration on this page
shows the difference in the alfaifa
maintained in a S-year-old stand
where adequate vs. no potassium
was applied.

Potassium deficiency symptoms on
alfalfa first appear as small white
spots along the older leaf (photo on
left-hand side ar top of p, 118). The
white spows later change 1o dark
brown. If the spots appear randomly
throughout the leaf rather than pri-
marily concentrared along the edges,
it is usually not a potassium defi-
ciency.

Grasses
Economic fertilization rates for
grasses depend upon the species,
timing of application, and the man-
agement of the forage. Timothy,
brome, orchardgrass, and fescue re-
spond 1o grearer quantities of nitro-
gen than do the native bluegrasses
and other native species.

When the management of the
grasses is for maximum economic



hay production, two-thirds of the ni-
trogen should be applied in the early
spring, just after the grass begins to
grow; and the remainder, after first
cut. Just as for wheat, ammonium ni-
trate and ammonium sulfate usually

are the best sources to use,
When grasses are used for pasture

production, nitrogen applications
need to be rimed aceording to the
needs of the grass. For early grass
production, fersiiize in the early
spring. For midseason production,
apply some nitrogen in late May For
early fall production, fertilize in
early August, For the most-uniform
rotal-season production, and usuaily
the maximum production, apply
about two-thirds of the nitrogen in
the early spring and the remaining
one-third in une.

The rates of potassium needed for
maximum economic production
vary with the soil type or potassium-
supplying power, the species, past
fertilization practice, and the vield
porertial, it is difficuls o provide ac-
curate recommendations without a
soiliest. The potassium rates given in
table 24 will usually provide suffi-
cient potash until a 501 test can be
taken and analyzecd.
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Potassium deficiency is a white spotting and (or) vellowing of the alfiifa leaves gt the
tips and edges. Potassium deficiency (feff) is often confused with white spot disease
(right}y, which appears as white spots more or less at randomns on the leaf, although
they may be concentrated near the leaf tip and along she leaf edge.
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Ly S

|  BOFN

Bromegrass on the feft of the photograph received no pitrogen. The increased grass
hekzht on the right is the result of applying 58 pounds of actual nitrogen in the spring.

fable 24, Potassium (X,0) rates for topdressing established lagumes and legume-grass mixtures with

greater than 25% legume
Group Il

Grougp ! Siltyclay  Group il GroupV Group V
Fertilization practice Clays ipams  Sitipams  Loams Sands
Aifalfa and alfalfa-grass mixtures
Previously well fertilized
Moderately fertitized 2040 20 40 30—~ 80 40— 8D 60100
Little of no previous fedilization 30-~50 40— B0 60120 80160 100200
Birdsfoot trefoll and legume 5080 60-100 100-130 130-180 200-250
Praviously wel lerilized 2040 20 40 30~ 40 40~ 60 S50~ B0
Previously modesrately fertitized 2040 30 80 30—~ 80 40— 8O0 60100
Little or no previous ferlilization 2040 30~ &0 30— 80 40— BC 80120
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WEED CONTROL IN FORAGES

Though it is relatively easy to show
the value of herbicides during le-
gume establishment, it is more diffi-
cultto determine their valuein estab-
lished stands. To be economicai,
herbicide applications on legumes
must contrad the weeds, and the
stand must have the potential for in-
creased legume vield. if the legume
stand Is so thin that total forage yield
declines when the weeds and {or)
grasses are controlled, the econom-
ics are questionable, In a good stand,
the removal of weed competition
should increase the quantity and the
quality of the forage produced. Al-
though & is difficult 1o evaluate the
potertial of a legume stand, it is sug-
gested that clear stands should have a
minimam of five healthy crowns per
square foot to justify herbicide appli-
cation. Because grasses dre sensitive
to many of the herbicides available
for use in established legumes, the
recommendations given in Cornell
Recommends for Field Crops are for
clear stands; and in some cases, there
are lahe! restrictions that Bmit their
use o clear alfalfa.

MANAGING DISEASES OF
PERENNIAL FORAGE LEGUMES

Because of the dominance of aifalfa
as 2 forage legume in New York State,
disease management in alfalfa alone
will be discussed. The same disease
management strategies, however, can
he applied o birdsfoor trefoil, clo-
vers, and mixed fegume/grass forage
stands. Dvseases of alfalfa are com-
mon in ol area, but asarule they do
not consistently cause severe fosses
within a single crop growth {cutting)
period. Rather, they weaken plants
over time, and along with other stress
factors, they contribute o reduced
stand loagevity. Infectious diseases
congribute significantly to the killing
of alfaifa plants over the winter dor-
mant period. Management of alfalfa
diseases in New York does not in-
volve chemicals, except for limited
use of fungicidal seed treatment, but
relies instead on sound crop man-
agement and the use of varieties re-
sistant 1o 4 few serious diseases. Dis-
eases of importance include vascolar
wilts; root, crown, and stem rots; and
foliar diseases, Check with your local
Cooperative Extension office for re-
cent fact sheets and other informa.
tion available © 2id in identification
and control of forage legume dis-
£a5e8.

Vascular Wilts

Vascular wilt diseases arguably pose
the greatest threat w alfaifa yields.
These diseases resuit when the
plant’s vascular (water-conducting)
tissues are colonized by the patho-
gens and become plugged. This pre-
vents water and nutrients from mov-
ing into the shoots, and the plants wiit
and eventually die. Varietal resist-
ance is the single most imporaam
means of controlling vascular wilts.
The bhacterial wilt pathogen is en-
demic in New York soils, and ali
adapted varicties need 1o possessa

Verticillium wilt of alfalfa

high level of bacterial wilt resistance.
Verticitium wilt occurred widely
throughout New York State in the
1980s; it is advisable that any variery
grown in New York possess at leasta
moderate level of Verticil lium wilt re-
sistance. Recent evidence indicates
that Fusarium wilt may also bea
problem in the stare, but the need for
resistance has nol vet been estab-
tished.

Hoot, Crown, and Stem Rots

A wide range of pathogenic microor-
ganisms cause disease in alfalfa by
auacking the roots, crowns, ot lower
portions of the stem. These discases
interfere with water and autrient up-
take and/or transiocation and thus
result in stunting, yellowing, re-
duced dry mater accumaulation, and
premature plant death. Phytophthora
root rol causes significant losses dur-
ing seedling establishment in wet,
noorly drained soils. it can be con-
trotied by a combination of appropsi-
ate site selection, resistant varieties,
and sound management. The root



Plvtophthora root rot of atfalfa

and crown rot complex, which in-
cludes Fusarinm fungi, is a debilitat
ing and perhaps underestimated
problem in alfalfa stands oider than 1
vear. Currently, sound management
to minimize the effects of the disease
is the only feasible control strategy
Anthracnose is 4 fungal disease that
attacks the lower stern and can girdle
shoots; it also has a crown rot phase.
Anthracnose can be severe in the
warmer areas of eastern and south-
ern New York, where it is fargely con-
trotled through the use of resistant
varieties, Sclerotiniz crown and stem
rot is becoming more prevalent in
the state in recent vears, but losses
have been negligible, Disease inci-
dence can be reduced by avoidance
of fall seeding, especially under min-
imuam tiffage, Where the disease de-
velops, deep plowing of infected crop
residues and jong rotations berween
legume Crops are necessary.

Leaf and Stem Blights
Alfaifa foliage can be attacked by a
number of fungal pathogens, Most

Common leaf spot of aifaifa

foliar diseases are favored by wet
weather and moderate temperanures,
Severe leaf disease development can
reduce yield and nutritional quality
of the forage and depletes the re.
serves of carbohydrate in the roots
necessary for plant regrowth and
dormant period survival. The effect
of leaf diseases is minimized by
maintaining a rimely harvest sched-
ule. Harvest should be delayed untila
stage when root reserves have been
replenished, bt should occur before
full flower, when leaf spots tend to
become more severe, Foliar discases
of concern in New York include
downy mildew, spring black stem and
leaf spot, Leprosphiaeruiina leafl spot,
common leaf spot, bacterial ieaf spot,
and Sternphyliivm leal spot.

The following disease manage-
ment tactics help o reduce losses
from plant diseases when integratwed
into an overail forage management
program.

Seed Treatment

Fungicide application to aifalfa seed
is recommended as part of the inte-
grated control of two diseases, Verti-
cillium wilt and Phytophthora root
rot. Thiram seed reaiment helps re-
duce the chance of introdacing or
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reintroducing the Verticillium wilt
fungus into uninfested areas via in-
fested seed. Metalaxyl (Apron) seed
treavment, when used along with re-
sistant varieties, protects alfalfaseed-
lings from Phwtophthora root rotdur-
ing the vulnerable period of stand
establishment.

Selection of Disease-resistant
Varieties

Forage varieties are heterogeneous
populations of individual plants that
vary within defined limits for many
traits, including their reactions o
diseases. Forage crops can tolerate a
eertain amount of symptom develop-
ment and even loss of plarks o dis-
ease before a significant yield reduc-
tion occurs. The response of alfaifa
varieties 1o specific diseases varies
from susceptible {less than 6% of
plasts having resistance) 1 highly
resistant {greater than 50% of plants
having resistance). The level of dis-
ease resistance required in a variety
depends on the nature of the disease,
the wype of sie where the forage is
being grown, and the relative impor-
tance of various diseases in the local
area. Publications such as Cornell
Recommends jor Field Crops are
goad sources of updated information
on the yield performance and disease
resistances of aifalfa varieties
adapted 10 your area.

Sound Stand Management

Stand management practices that
timmit the development and impact of
diseases are basically the same as
those recommended in the absence
of serious disease problems. Any
practice that reduces siress {bioticor
abtotic) on the crop and promotes
vigor will help 10 extend the produc-
tive life of the stand. This becomes
even more critical in the presence of
serious disease organisms, The most
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critical management practices o con-
sider include the following:

s Site selection. Avoidance of poorly
drained soils can help to reduce
stand losses caused by Phytophthora
root rot and other sotthorne dis-
eases.

s Cropping sequenice. Avoid planting
forage legumes into fields recendy
cropped o legumes. Where diseases
such as Verticillium wils or Scleroti-
nia crown and stem rot have oc-
cured, rotations of 3 or more years
are advisable before replanting to
forages.

® Stand estabiishment. The use of ¢s-
tablishment procedures recom-
mended previously will resuft in a
vigorous stand, Good seedbed prep-
argtion, weed control, adjustment of
pH 16 6.5 or above, and balanced fer-
tilization are essential.

» Sanitation procedures. T reduce
the spread of pathogens herween
fields, harvestand perform other cul-
tural procedures in young stands be-
fore you do 5o in older stands. Where
infectious diseases such as anthrac-
nose or Verticillium wit are known
te occur, remove debris from equip-
ment before moving it 10 other fields.

s Harvest schedules. Aharvestsched-
ule that allows for replenishment of
root reserve carbohydrates is the
most critical factor in stand manage-
ment. Yigorous, nonstressed plants
are best able to resist disease devel-
opment. Harvest before full bloom
often reduces losses from leaf
blights.

INSECTS OF PERENNIAL
FORAGES

How to Check for Insects of
Forage Crops
Many forage pests are smali or rapid
in movement or both, They cannotbe
found readily by merely turning over
a few leaves. Check vour fieids regu-
lariy, preferably at least once a week,
by swinging an insect hbeating net
through a field of hay, just hinting the
tops of the plants. Swing the net ina
half circle in front of you 10 or 20
times, taking a stride or two between
sweeps; turn the bag out; and make a
quick estimate Of your insect pests as
10 species and numbers, Examine
stem samples for eggs by carefully
pulling apart the closed leaflets at
their terminals and splitting the stem.
Checkanumber of random areasina
field; if one or two pest insects are
present in Jarge numbers and crop
damage appears imminent, contact
your local Cooperative Extension
agent or college of agriculiure and
ask for advice on what 1o do.
Chewed, whitened, or maged foli-
age should be checked closely for in-
sects. Discolored foliage, espectally
where early streaking with red and
yellow occurs, should be viewed with
suspicion, because these are
“maybe” signs of the presence of the
notato leafhopper, nutrient defi-
ciency, or plant diseases. Dead plants
should be pulled and inspected. If
the roots are chewed or if large dead
areas suddenly appear on the Geld,
dig into dead, killed-out areas and
ook for grubs. i any are found, con-
tact your Cooperative Extension
agent or Cornell University and ask
for identification and advice,

Continuous close observation of each
alfalfa field and then prompt action can
prevent excessive feeding damage by
alfalfa weevii larvae,

insects of Alfalfa

Alfaifa weevil, Hypera postica
(GylL). How to recognize the insect
and injury, Both the adults and lar-
vae feed on the op leaves, buds, and
young shoots. The feaves are skele-
sonized, and voung shoots are often
completely destroyed. The injured
leaves dry up, giving the field a grey-
ish white cast much like that caused
by frost {most noticeable on fAirst cut-
ting). The farvae when young like to
feed in the tightdy folded leaf tips.

The aduit is a robust, brown snout
heetle or weevil about ¥ inch fong
with a dark brown, V-shaped stripe
extending along its head, thorax, and
back. At first the weevils are rather
tan: in color, but later change to dark
brown ot nearly black as scales are
lost from their bodies.

When fully grown, the larva is
nearly ¥z inch long and has a green
body with 2 wide white stripe and
rwo Ane white stripes down the mid-
dle of its back. i has a distinct head,
which is black or dark brown, The
very young larvae are pale, dirty yel-
iow. All Iarvae have black heads and
are legless.

Cortrol, With continuous close ob-
servation and with proper timing,
good, if not outstanding, alfalfa wee-
vil control can be achieved with the
presently labeled and recommended



insecticides as listed in the current
Cornell Recommends for Field Crops.
For best resulss, foliow these rules of
thumb,

s Do not treat any feld of aifalfa up.
less it is absolutely necessary to do
$0, based on feeding damage and
weevil (and larval) populations dur-
ing the current year, Weevil infesta-
tions in adjacery fields of aifaifa may
vary greatly. To determine whether
and when to trear, there is n¢ substi-
tute for close and frequent chserva-
tion of each alfalfa field. Some fields
may not need wreatmery even in the
most heavily infested areas. Treat
only if necessary and only at the
proper dosage and time. Check your
fields often in April-June. Occasion-
ally two treatments per season may
he desirable or necessary 1o protect
vour stand. Economics will decide
whether you wish (o treat or not.

* Where and whenever possible, har-
vest the figst crop early for hay or sil-
age without any chemical treatment.
Otherwise, time your treatments as
follows:

If 30--40% of the alfalfa tips show
any signs of feeding from alfalfa wee-
vil, treat the firsg crop or harvest and
treat stubble if regrowth is being de-
layed from larval feeding. Atrention,
however, must be paid to any date
limitations between chemical treat
ment and harvest. Al lirnitations for
necessary intervals beiween treat-
ment and harvest must be observed.
Where infestations are heavy on the
first cutting, an immediate stubble
treatment following harvest may be
necessary to protect the new growth
buds. Only excellent stands of aifaifa
justify such control measures.

» Poor stands of alfalfa mixed with
grasses do not ustify chemical treat-
ment. Do aot sprav such fields be-
cause they serve as imporfant
sources of weevil parasite buildup.

An aduls alfalfa weevil can be recog-
nized by the dark brown V-shaped stripe
along its back.

Heavy infestations of potato leathoppers
can cause seriowss damage 10 borh seed-
bing alfalfa and established stands.

Protect vour alfalfa weevil parasites!
Leave a strip of alfalfa untreated and
uncut as an area for alfalfa weevil
parasite survival,

Potato leathopper, Empoasca
SJabae {Harris). How to recognize
the insects and injury, The poiato
leafhopper is a pale pea-green,
wedge-shaped sucking insect about
4 inch long. The nymphs are vellow
to vellowish green. Both the adults
and nymphs run sidewards or back-
wards rapidly and usually try to keep
on the underside of a teaf if it is
turned over,

Injury is characterized by a gen-
eral stunting and yetlowing of the
plants. Injury in older plants appears
as a yeHowing of the leaves or as var-
ious shades of red, pink, and purple,
Usually leafhopper yellows is charac-
terized by streaking of the color, be-
ginning at the midrib and extending
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to the margins of the leaf in a V-
shape.

Control. Heavy infestations of po-
1ato leafhoppers may sericusly re-
duce stands of new legume seed-
Engs. Protect young seediings with
recommended insecticides, gspe-
cially invery dry vears,

Never apply insecticides 1o the frse
cutring of alfaifa. If injury begins o
appear on the first cutting, harvest
and apply insecticide to the stubble
immediately or soon thereafter be-
fore the crop is 4 to 6 inches tail.

Leafhopper populations are osti-
mated with an insect sweep net. 'To
estimate populations, take a mini-
mum of 25 sweeps in 4 different field
locations {(1otat 100 sweeps) and
count the leathoppers, If the field av-
erage exceeds the threshold for the
alfalfa growth stage, then control
measures are recommended, if the
alfalfa is within 10 days of harvest,
early harvest is recommended, Oth-
erwise, freat with one of the regis-
ered insecticides according to label
directions,

Sterr boight ireinches Avg. no. of
keafboppers frev ne
stweeh
under 3 0.2 adult
6 0.5 adult
g1010 1.0 adult or nymph
120 1 2.0 adulis or nymphs

Potato leathopper infestions must be
congrolled when they exceed these
thresholds 1o prevent damaging yield
loss. Yield loss occurs before visible
damage is evident.

Alfalfa bloich leafminer, Agro-
myza frontelfa (Rondant). How o
recognize the insect and frjury. This
insect is new to the Northeast in re-
cent years and is, in general, spread
in alfalfa fields throughout New York
State,

The insect has at least three pener-
ations per vear, which ceincide
closely with the three normal aifaifa
harvest dates. Adult forms are small,
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Alfatfa blotch leafminers produce irregu-
far biotch patterns on leaflers of aifaifa,

hump-backed, shiny black flies, simi-
lar in appearance to the common bit-
ing black fly. The female makes many
feedings and some egg-laying punc-
tures on the lower surface of alfalfa
leaflets, giving 2 pinhole effect.

Control. In heavy infestations con-
trof may be necessary Use one of the
materizals fsted in Cornell Recom-
merids when first pin- holes appear.

Spitticbugs: Philaenus spu-
marius (1.), meadow spittiebug;
Philaenus Hneatus (L.), lined
spittlebug. How to recognize the in-
sects and tnfury. The injury of the
spittlebug varies from a stunting of
the plant, with a pronounced roset-
tng, as may be seen in aifaifa, 1o 2
simple crinkiing and cupping of the
leaves, as is readily seen on red clo-
VET,

The adulr spistiebug is abour 4
inch long, broadly wedge shaped,
and varies in color from straw veliow
to dark brown or nearly black, The
wing covers may bear longitudinal
stripes, cross bands, or spots of dark
brown, black, or red,

White: Foamy masses ona crop such as al-
falfz indicate the presence of spittebugs.

The aymph is pale vellow to pea
green, It is found beneath a “spittle-
mass,” 4 mass of white froth on the
plant,

Control. Apply recommended in-
secticides as early as possible in April
or early May just as soon as spittie-
masses begin 10 appear. Make fre-
quent and close observations of
weeds (curly dock) and trefoii for in-
dications of egg hatch. Treatment is
recommended whesn populations ex-
ceed 7580 spittiemasses/ 100 stems.

Alfalfa snout beetle, Otioryn-
chus ligustict (L., How fo recog-
nize the insects and infury. Both
adults and larvae cause injury,
though that of the larva js the more
important.

The beetle is a wingless, rather ro-
bust, large snout beetle, about ¥
inch long. The wing covers are
coarsely granulate, black, covered
with fine reddish hairs and pearly
grey scales to form irregular spots.
There are no underwings, and the
wing covers are fused. Because all
beetles are females, any one may

The alfalfa snout beetle larvais a legless
grub. The adult is wingless.

cause a new infestation. All have nat-
urally fertile eggs. The aduhs feed on
the leaves, cutting notches in them or
stripping them completely. When the
plants are young, they may be com-
pletely eaten,

The grub is vellowish white, with a
brownish head, legiess, and robuse It
is abour V2 inch long when fully
grown. The grubs bore into the tap-
roots of alfalfa or cut wide, deep
grooves into the sides of the taproot
afier eating all the side roots. Often
the taproot is chewed off completely
atthe crown,

Cultural control and other good
practices. Rotate legumes with row
crops as often as practical. Infested
legume sod should be fali plowed
and maintained in row crops for at
least 2 consecutive veass, Rotate out
of alfalfa or other forage legumes
every 3 years, if possible.,

Grow more birdsfoot trefoil,
which is more tolerant of alfalfa snowt
beetle attack than are most other le-
gumes, Plant especially in areas that
are seldom plowed.



Destroy ali volurteer legumes, es-
pecially aifalfa, in row crops or abasn-
doned ficlds and headlands, because
such plants serve as a reservoir of
beetle infestation,

Protect new seedlings from adja-
cent infested fields with two or three
deep furrows about them. These fur-
rows should have a deep hole dug
every few feet to trap the beetles in
April and May during beetle migra-
gon.

Observe ditch banks and road-
sides during periods of beetle migra-
tion to determine level of population.

Chemical control. When bectles
are present, treat with one of the ma-
terials listed in the current issue of
Cornell Recommaends for Field Crops.

Green cloverworm, Plathypera
scabra (B). How to recognize the
insect and injury. The damage is
caused by a slender, pale-green cat-
erpillar with faintish, thin white
stripes. Larvae can attain a length of 1
inch or more. The adults are dark
brown, almost black, moths with
lighter markings. They have a wing-
spread of 1V4 inches.

CO?’I;‘?‘OI COﬂ{I‘Ol MEeasures are sel-
dom necessary, but occasionally, as in
1964, damage can be extensive and
serious. Apply recommended insec-
ticides 1o foliage when larvae are
small and numerous and when dam-
age is fikely to be serious. This insect
may be a serious pest of soybeans.

Peca aphid, Acyrthosipbon
piswm {Harris), How o recognize
the insect and infury. The adultaphid
is nearly e inch fong and Vi inch
wide, It is light to deep green and has
red eyes; the legs and cornicles are
tipped with yellow. The young are
smalier, but match this description.
The aphids are usually found on the
stems and new leaves at the growing
tips of the plants. Injury to forages is
expressed in stunting, wilting, and
often yeliowing of the foliage. When
the aphid is present in injurious

numbers, sticky honeydew is se-
creted on the leaves; white-cast skins
and the aphid itself are readily no-
ticeable.

Control. Apply recommended in-
secticide in early spring, usually be-
fore any bloom, when visible injury,
such as stunting and deformation of
leaves and stems, 15 seen, At this ime,
plants may be shiny with honeydew
and covered with white-cast skins,

Grasshoppers, most common
species: Melanoplus femur-rub-
rum (DeGeer), redlegged grass-
hopper; M. differentialis
(Thomas), differential grasshop-
per; M. bivittatus (Walker), twos-
triped grasshopper; and other fo-
cal species. How to recogrize the
tnsects and fnjury. Grasshopper in-
jury may vary from a ragged appear-
ance of the margins of the foliage o a
complete destruction of the plant.

The redlegged grasshopper is red-
dish browsn above and sulphur yeliow
below and is about ¥ inch long. The
hopper has colorless wings, and its
hind legs are tinged with bright red,

The twostriped grasshopper is
greenish veliow with contrasting
black or brown markings. There are
two prominent light-colored stripes
from the head o the wing tips. The
wings are coloriess, and the adult is
W4 inches fong, overail,

The differential grasshopper is yel-
Iow with contrasting black markings
and clear, glossy outer wings. The
hind thighs have black chevronlike
markings. The hopper is 1%z inches
long.

Control. Apply one of the pesti-
cides currently lissed in Cornell Rec-
ommends when needed. If possible,
harvest and apply the pesticide ©
stubble and new voung regrowth.
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Cutworms and l.oopers

Some common caterpillars found on
forages follow. Infestations are varia-
ble and unpredictable,

Clover looper Caenurging
crassinescila { Haw.}

Forage looper Caenurping
erechtea (Cram.)

Black cutworm Agrodis ypstlon
(Rott.)

Dirgy Cutwosm Feltia subgothica
(Haw.)

Spotted cutworm Amathes c-rigrunt
(L)

Variegawd cutworm Peridroma soucia
(Haw.)

How to recognize the insect and
injury. Injury shows as siripped
areas of foliage. Young planis that are
wilted in the early morning may be
damaged by curworms, Digging in
the top 1 inch of soil in these areas
wiil often reveal subterranean feed-
ing caterpiliars.

Species of cutworms can best be
identified by an expert only when
they are in the larval siages. Cu-
tworms are larval stages of moths.
Contact your local county agricul-
tural agent. Idertification is not im-
portant in choosing a pesticide, be-
cause all pesticides listed in Correll
Recommends for Field Crops work on
the species present in New York.

Control. Apply recommended
chemicals to the crop in the evening.
Most of these caterpillars feed at
night. Baits that attract these insects
can also be used. Such baits are avail-
able comgmercially or can be mixed
locally

Insects of Birdsfoot Trefoil

Iygus bugs, potato leafthopper,
spittle bug; Iygus lineolaris (P
de B.), tarnished plant bug; Adel-
bhocoris lineolaris (Goeze), al-
falfa plant bug: Adeipbocoris rap-
idus (Say), rapid plant bug;
Empoasca fabae (Harris), potato
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feathopper; Philaenus spumar.
fus (1..), meadow spittiebug; Phi.
laenus lineatus (1..), lined spit-
tlebug. How to recognize the insects
and infury. Injury to the plants is
caused by the probing and sucking of
the plant bugs. It is most pronounced
on birdsfoot trefoil where the shoots
are killed back about V4 inch and
feeding on the blossoms causes these
to drop. Injury on the petioles of the
ieaves appears as a pitting and discol-
oration. Iniury to buds resulis in
“bud blasting.” The buds appear
white or gray. Damage 10 flowers re-
sults in “stripping.” The flowers fall
from the racemes and leave 2 “na-
ked” spike.

The general body color of lygus
nymphs is bluish green or vellowish
green. In later stages of growth the
insects are marked by four dark
spots on the thorax. During the early
stages of growth, young lygus bugs
may be mistaken for aphids. They
may be distinguished from aphids,
however, by their sturdier legs and
bodies and their ability 10 run about
rapidly. Aphids possess extremely
soft bodies, with long slender legs,
and their movements are slow and
awkward.

The tarnished plant bug is a flat.
tened, brownish bug, mottled with ir-
regular spots of dark brown, white,
veilow, black, and red. The alfalfa
plant bug is grossly similar in ap-
pearance to the tarnished plane bug,
but is uniformly pale green and
about ¥ inch long, I is quite slender,
about ¥ inch wide. The rapid plant
bug is about 7s inch long and about
%46 inch wide. It is dark brown (o
black with yeliowish margins on is
wings.

Descriptions of the potato leafhop-
per and spittiebugs are found on
pages 123 and 124, respectively.

Control. Chemicals listed in Cor
nell Recommends for Field Crops are
registered for birdsfoot wrefoil. For-

age registrations generally do not in-
clade birdsfoot erefoil. Treat lygus
brigs when 20 to 30 nymphs are taken
per 100 net sweeps or when damage
is apparemns. Trear potato leathopper
when 10 1© 26 nymphs are taken in
100 net sweeps. Treat spittlebugs
when first spittiemass is seen.

Insects of Clover

Clover bud weevil, Hypera nigri-
rostris (E). Fow to recognize the
insects and infury. The injury ap-
pears as slits in the stem, miisshapen
flower heads, stunted heads, dead
buds, dead keaves, and general stunt-
ing of the plars.

The adults are a begutiful deep
green, slthough some may be blue
green or brownish green with black
heads and slender black beaks. The
weevils are about Vs inch long.

The full-grown larvza is legless,
milky white, with a black head and a
dark line just behind the head. The
Iarvae can be found in the heads, de-
veloping buds, and even in the stems.

Control. Apply recommended in-
secticides only to first cuttings of hay
when weevils are taken in numbess
of 1025 per 100 netsweeps.

Clover leaf weevil, Hypera
punciata (Fab.). How to recognize
the insects and fnjury. Injuryappears
as notches eaten into the leaflets, but
in some cases the entire leaflet is ea-
ten.

The aduit is a dark brown weevil,
about %s inch long, with a stout beak.
The weevil is robust in appearance
and the largest of the weevils com-
monly found on clover, The weevil is
chocolate brown, but is Becked with
black and pale brown spots. On the
thorax are visible three light-brown
longitudinal stripes, and the sides
and undersides of the weevil are a
light tan to rich brows.

The larva is about ¥z inch long
when fully grown, fat, green, and leg-

less. The larva is always curved, {t has
a pale yellowish white stripe, edged
with red, dows the middie of the
hack.

Control. A fungus disease, Em.
pusa sphaerosperma, will usually
controf the Jarva wherever it is pres-
ert, but litdle fungus wili be found in
fields that have grown only pure
stands of grass. Ty ensure apood fun-
gus supply, grow a little legume with
YOUTr Zrasses every year.

Apply recommended insecticides
in spring when larvae become de-
structive (about late April or early
May). Ten o 20 larvae per square
foot will cause serious injury to a
crop,

Fzll treatment the year hefore
spring harvest will give good control
of the larvae the following spring
without presenting a residue prob-
lem. i done near September 2, it witl
reduce spittlebug populations and
control clover ieaf weevii iarvae with
the one application. 3e¢ meadow
spittlebug, page 124,

Green cloverworm, Plathpera
scabra (K.}, How 1o recognize the
insects and infury. The damage is
caused by a slender, pale-green cai-
erpiflar with faintish, thin white
stripes. Larvae can attain a length of ]
inch or more. The adults are dark
brown (almost black} moths with
fighter markings, They have a wing-
spread of 210 2 Viinches,

Control. Control measures are sel-
<dom necessary, but oecasionally, as in
1964, damage can be extensive and
serious. Apply recommended insec-
ticides to foliage when larvae are
simatl and sumerous and when dam-
age is likely 10 be serious.



HARVEST SCHEDULES FOR
PERENNIAL FORAGES

Harvest schedules of perennial le-
gumes and grasses are designed 10
maximize forage yield and quality
and assure stand survival over a pe-
riod of vears. As a general recom-
mendation, all forage crops should
be harvested at early stages of maru-
rity Early harvest has several advan-
tages. First, palatability and nutrient
coatent are highest at early stages of
growth, Second, early harvest allows
time for regrowth and additionat har-
vest.

Hefationship between Plant

Maturity and Forage Quality

Bath the conceniration of feed nu-
trients ard the rate of consumption
by animals (intake) decrease as for-
age crops mature. The increase of i
brous constituents with advancing
maturity resuits in a decrease of di-
gestible drv matter {DDM ) at the rate
of about 0.5% per dav At Bhaca, New
York, the percentage of DDM () can
be calculated by using the days from
Aprii 30 to date of cot {X) in the
equation ¥ = 8350 ~ 0.48 X. The
starting date of April 36 will be differ-
eni for other geographic areas,

The digestible dry martter (DDM)
in aftermath forage of alfalfa is gen-
erally less than in first growth, and
the rate of decline in DDM is slower
in aftiermath hay In general, later cut-
tings of alfalfa are not as high in feed-
ing value at the early stages of growth
and not as low at the late stages as is
the first cutting. However, from the
standpoint of practical on-farm dif-
ference in quality between Arst- and
second- or third-cut hay, second and
third cuts are often of better quality
because of refatively carlier harvest
and less weather damage.

Alfalfa. In most areas of New York,
alfaifa can be cut two o three times
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Forage quality declines as plants mature. Proper time of harvest magimizes both
yiekd and quality From fefl to ripht, alfaifa on May 4 to August 6,
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Higher stubble of fall-harvested alfalfa (leff} holds snow, which rediuces winter
damage.

per vear. The date of first cut and in-
terval between cuts have a direct ef-
fect on aifalfa yield, quality, and per-
sistence.

In the earlier-growing-season
areas of New York, first harvest can
bre taken from May 25 1o June 10, At
high elevations and in northern New
York, where spring growth is later
and slower, first harvest is usually Ho
2 weeks later, Flowering is not a reli-
able indicator when to harvest spring
growth of alfalfa. Date of flowering is
variable from year to year, and fre-
quentiy spring growth is not in Bower
when alfalfa should be cut.

A 6- 1o 7-week interval between
harvests is required for long-term
persistence of stands, A shorter inter-
val, particularly between second and
third harvests, can decrease plant
vigor aad resuit in reduction of
stand,

Fall harvest. Under certain con-
ditions, fall harvest of alfalfa and
other legumes will damage stands. A
¢combination of rapid regrowth after

fall harvest, followed by a sudden
kitting frost or termination of
growth, may deplete food reserves of
fegumes and increase winterkill,

Fail harvest that removes all wop
growth and leaves only a short stub-
ble during the winter may also be
detrimental. On soils where plant
heaving is 2 problem, accumuiated
piant growsh or high stubble acts a5 a
rulch, collects insulating spow, and
thus reduces the incidence of alter-
nate freezing and thawing, which
cause heaving,

Fall harvest is recommended only
if
» there has been 6-7 weeks be-.
tween second and third cuts;

& the variety s wilt resistant and win-
terhardy;

» the stand has been adequately fer-
tilized;

¢ the soil is well drained; and

» the first cut the following spring is
not taken unusually early

Birdsfoot trefoil. Spring growth
of birdstoot trefoil is fater than that of
alfalfa. Therefore, the recommencded
date of first harvest is usually 1to 2
weeks later, Also, because of slower
regrowth, a 7-8-week interval is re-
quired between harvests,

Grasses. The time of heading of
timothy, bromegrass, and orchard-
grass isa refiable ircicator of when to
harvest spring growth, Harvesting at
earky heading gives forage of high
quality and allows time for regrowth,
{ngeneral, second and third harvests
can be made after 6 1o 8 weeks of re-
growth. During dry periods, grasses
are not as productive as deep-rooted
legumes, Thus, midsummer dry pe-
riods often reduce forage yields of
second and third harvests.

Hay Crop Silage

The nutrient contert and animal in-
take of forages are highest at early
stages of maturity Thus, early harvest
is one of the most important factors
in producing high-quality hay or sil-
age. As an example, in table 25, pro-
tein contens of alfalfa hay can drop
from 21% onfune 2 w0 13% onjuly 1,
an average reduction of about 6.25%
per day.

Weather damage and harvest
losses also affect forage quality. Esti.
mates of dry matter losses range
from 5% to 15% for leaching by rain
and 5% to 35% for leaf shattering
during normal raking and baling op-
erations.

Dry matter and guality losses
caused by weather damage can be
reduced by harvesting forages as sil-
age, Exposure time in the field is
shorter, and thus, chance of weather
damage is reduced.

immarure forages contain 75~
80% water, To make good-quality sil-
age, high-moisture forages should be
cut and wilted vntil moisture content
is lowered o approximately 65%.



Table 25. Effect of stage of maturity on
TDN and protein in legumes

Approximate
Date of stage of
harvest growth

TONY  Protein

%

June 1 Vegelative £3 2
Jung 16 Flower buds 57 17
July 1 Bloom 50 13
July 15 Seed 44 10

*TDN: total digestible nutrients.

Forages ensiled in the range of 55 10
65% molsture are usually superior o
higher-moisture sifages.

Ensiling forage below 50% mois-
ture is not recommended. Heating
can occur in fow-moisture silage and
may result in fire or the formation of
indigestible compounds, which
lower feeding value,

Forage Analysis

Forage analysis is an essential part of
modern day feed programming.
Qualigy analyses are used to balance
rations for oprimum production and
as a tool for diagnosing health- and
nutrigion-related problems, Many
types and combinations of forage
analyses are available with most re-
porting values for moisture, protein,
fber, energy, and mineral contents.
New technology, especiaily the use of
near infrared {NIR) spectroscopy,
has provided a rapid means for as-
sessing forage quality, thus enabling
the producer to make tmely adjust-
ments 1o their rations. More informa-
ticn can be obtained from Forage
Laboratory, NYDHIC, 730 Warren
Road, ithaca, NY 14850-1293.
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Organic acids appied © moist hay at time of baling can aid in preventing heating and
raolding,

Organic Acids for Hay
Preservation

Hay baled ar 20% moisture or above
will heat and mold; a loss of dry mat-
ter and feeding value will resuit. If
the temperature is high, hay mayalso
ignite and burn,

Chemical hay preservatives can be
used 10 treat moist hay and prevent
heating and molding. The most
widely tested and effective preserva-
tives are organic acids, the two most
common being propionic and acetic
acid. These organic acids are liquids
and ¢an be obtained in several differ-
ent formulations. In general, tests
have shown that 25-30% moisiure
hay should be treated with an or-
ganic acid or mixture of acids at the
rate of 1% of the weight of the hay (20
b of actual acid per 1 ton of hay).

When using organic acids o pre-
serve hay, give careful attentionto {1}
safety in handling acid, (2) calibra-
tion of sprayer and baler, (3} deter-
mination of moisture content of hay,

(4Y uniform distribution of preserva-
tive on hay, and (5) maintenance of
applicator. Proper rate of application
and distribution of organic acids on
hay are necessary for uniform and
complete preservation.

Drying Agents for Hay

Certain chemical desiccants, such as
potassium and sodium carbonate,
can be applied to hay at mowing to
reduce the time required for drying
of hay. These desiccants are effective
on second, third, and subsequent
cuts of lepumes such as atfaifa and
birdsfoot teefoil. They have only
slight effect on grasses or on Arst-cut
legumes Or grasses,

If under favorable conditions hay
can be cut, dried, and baled the third
day, the use and application of a des-
iccant under such conditions wiil
speed drying time s that hay can be
baled the second day.

Savings in more timely harvest and
avoiding weather damage during
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drying should be balanced against
the cost of material and application to
determine the cost effectiveness of
using chemical desiccams on hay

CTOPS.

Siiage Inoculants

Claims for the advantages of using
silage inoculants include increase in
dry matter recovery from silos and
improved animal intake and digesti-
bility of the silage. Research on the
various silage inoculants has indi-
cated that some products are effec-
tive and some are not. Before usinga
specific product, one should under-
stand how it is supposed 1o work and
be sure there is reliable evidence to
support claims of what the product is
supposed to accomplish. Ask your
Cooperative Extension office for the
Iatest information on sikage inocu-
Fants.

PASTURE MANAGEMENT

Use of Pastures

The effective use of pastures re-
quires good management of both an-
imals and forage crops. Good man-
agement involves careful planning,
close observation of pastures during
the growing season, and continued
adjustment of animal grazing pres-
sure during the summer Poor pas-
ture management adversely affects
both pasture productivity and animal
performance. The goal of good pas-
fure management is © minimize the
cost of animal production and to
maximize the profit derived from the
animal enterprise.

Seasonal Distribution of Forage
Dry Matter

Uneven seasonal growth is 2 problem
with all pereanial grasses and le-
gumes. Within-season differences in
growth patterns of various species

can be used 1o “even out” pasture
production during the summer Early
and late maruring varieties or spe-
cles, summer annuals, warm-season
grasses, winter annuzls, and Brassica
spp. are alternatives for continued
production of forage throughout the
growing season.

In planning a pasture program,
one should consider the uneven sea-
sonal growth of perennial forages. If
sufficient acreage is planned o fur-
niish pasturage in mid and late sum-
mer, then this acreage will supply a
surplus of forage in early summer
and will have to bhe harvested or
grazed with extra apimals,

Variarion in forage production be-
tween years is also a problem in pas-
ture management. Climatic factors,
particuiarly temperature and mois-
ture, cause wide variation in produc-
tion. Use of heat- and drought-roler-
ant species heips reduce variation
between years,

Hillside pastures can produce high-guality forage for livestock.



Deferred Grazing, or Stockpiling
Pasture production ofien declines in
September and Cetober because of
cool weather, heavy grazing during
the summer, low fertility, or a combi-
nation of these factors. With proper
planning, pastures can be managed
50 that pasturage is available during
September and October, thus in-
creasing the length of the pasturing
season by 50 percent (4 months 106
months). Both grasses and legumes
can be harvested in June, fertilized,
and then stockpiled during July and
August. Grasses may be beuer where
heavy frosts and weather conditions
cause lodging and leaf loss.

In stockpiling systems, maximum
forage availabiiity is usually agtained
by allowing plants to grow to near
maturity Thus, the quality of forage is
usualy lower than thar available in
well-managed rotationally grazed
Dastures.

Perennial Forages for Pasture
Both grasses and legumes can be
used for pasture. Legume-—grass
combinations will usually resuit in
better forage production and animal
performance than a single species
grown alone.

The choice of what species 1o grow
on a particular site shouaid be based
on {1) species adaptation to the site,
(2} species response to the grazing
system, (3) potential forage yield and
seasonal distribution, (4} palatability
and nutritional value, and {5 ) persist-
ence. Also, consider the fact that ail
grasses, birdsfoot trefoil, and crown-
vetch do not cause bloat. With other
legumes, bloat can be a problem.
Short-growing species, like Kentucky
bluegrass or white clover, should be
used if pastures are 10 be grazed
heavily and continuously,

For maximum production the tali-
growing species like birdsfoot tre-
foii, aifaifa, red clover, timothy,

Forage Crops Production 131

Good legume~grass pasture is a nutritious, low-cost feed for horses.

bromegrass, and orchardgrass
should be romtionally grazed, with
short periods of grazing (13 days)
and long periods of rest (20-4¢
days). Length of the rest period will
depend on the species grown and
seasonal climatic conditions,

To spread maturkty and forage pro-
duction more evenly throughout the
growing season, several forage mix-
tures should be grown. Orchardgrass
is very early in maturity followed
by tall fescue, reed canarygrass,
bromegrass, and, the fatest in matu-
rity, timothy. Within the species timo-
thy, orchardgrass, and bromegrass,
varieties that differ about 10 days in
maturity are avaiiable. Alfaifa ma-
tures early followed by red clover, Vi-
king birdsfoot wrefoil, crownvetch,
and late maturing Empire birdsfoot
trefoil, When growing forage mix-
tures, blend species and varieties that
are simifar in maturiey

Using Grasses or Legumes for
Pastures

The grasses most commonly seeded
in pastures are timothy, bromegrass,

Kentucky bluegrass, and orchard-
grass. Grasses that are receiving
more recognition as pasture species
in New York are the winterhardy
tvpes of ryegrass, fungus- or endo-
phyte-free tall fescues, and the warm-
season grasses. Compared with le-
gumes, the grasses mentioned are
generally more tolerant of wet,
slightly acki soils, have fewer insect
and discase problems, and ¢an be
used more effectively for deferred or
il grazing hecause of better leaf re-
tention.

Legumes used for pasture include
common or fadino white clover and
hirdsfoot trefoil. Also used for pas-
ture, but more commonly for hay, are
red clover and alfaifa. All these le-
gumes, compared with grasses, are
generally more drought tolerant and
higher yvielding in midsummer, and
higher in protein ar comparable
stages of maturity,

Two requirements, one for the
growth of legumes and one for
grasses, are distinct “trade-offs” in
cost of pasture production and
should be considered along with
other factors when selecting pasture
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species. These reguirements are {1)
the yearly application of nitrogen
needed to optimize forage vield of
grasses and {2) the maintenance of
pH levels of 6,010 70 for best produc-
tion and persistence of most le-
gumes. On soils that are slightly acid
one has the choice of using grasses
phis nitropen or legumes plus lime.

Grass-Legume Mixtures

The different characteristics of
grasses and legumes give rise to sev-
eral advantages in growing grass—Je-
gume mixtures for pasture, Legumes
fix nitrogen, which can be used by
the grass. This offsets the need for
yearly topdressing of grass with ni-
trogen. Mixtures are also more pro-
ductive during midsummer and have
a higher nuiritional value than grass
alone. A grass—legume mixture is
also better for pastures than a pure
legume. The grass adds protection
against hloat, fills in spots where the
tegume will not grow, and increases
longevity and production of the pas-
ure.

Palatability and Intake

The palatability of a species depends
on s chemical and physical compo-
sition, A grazing animal’s reaction to
individual plants through taste,
smell, touch, or sight produces a se-
lecsive response or preference. Be-
cause palatability is direciiv related
to quality or nuzritional valae, selec-
tivity by grazing animals results in
the use of the most nutritional forage
in the sward. i grazing pressure is
adjusted (lowered ) to allow selectiv-
ity, often animal performance is sat-
isfactory on mixed swards having, on
the average, mediocre quaiity, Within
such swards, however, certain plants
must be of good ro excellent quality.
Selectivity is influenced by both
stocking rate and grazing pressure.
As either or both are increased, se-

Table 26, Pasture midures

For cattie
Birdstoot trefoll
and timothy

or orchardgrass
of bromegrass

Smooth bromegrass
ang archardgrass

Orchardgrass
Reed canarygrass for poorly drained solls

For horgses

Birdsfoot trefoit

and Kentucky bluegrass
and timothy

or orehardgrass

{_adino white clover

and Kentucky bluegrass
and timothy

or erchardgrass

b per acre
8
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lectivity is reduced and animal per
formance declines.

Mechanics of Grazing

On improved pastures milk cows
graze zhout 7 to 8 hours per day @ak-
ing 50 to 70 bites per minute, Dis-
tance traveled may be 1.5 10 2.5 miles,
resulting in the requirement of 15 to
25% more energy than for barn-fed
cows. As the amount of forage de-
Creases, COwS Increase grazing time,
ko some extent, 10 keep intake rela-
tively constant, However, reduction
of the herbage from 1000 pounds of
dry matter per acre {bluegrass-whitwe
clover, 4 in. in height) 1o 300 pounds
per acre has been shown to reduce
average intake by almost 40%. For
optimum grazing {intake} rhere
should be 1600 1o 1500 pounds of pas-
turage dry mater per acre,

Grazing Management
Terminology

Stocking rate is the number of ani-
mals per unit area.

Grazing pressure is the number of
animals per unit of avaiiable forage.

Grazing intensity is the closeness of
defoliation of the forage.

Carrying capacity is the stocking rate
at the optimum grazing pressuse,

Grazing Managemant

Grazing management is one of the
most important phases of efficient
pasture use, for it can influence the
vield and quality of the pasturage, the
botanical composition of the sward,
the animal performance, and the
amount of animal product produced
per unit of pasture area. One of the
most common probiems in grazing
management is the reduction of for-
age vields by excessive and untimely
grazing. Qvergrazing reduces rate of
regrowth and, if excessive, can kiil
many forage species.

Batanical composition of a sward
is largely determined hy the grazing
managemens applied. For this reason
one should determine what grazing
management is 1 be used before
recommending what species should
be used for pasture repovation. In a
mixed sward of 1all- and low-growing
plants (e.g., bromegrass and biue-
grass), tali-growing planis usually



become dominant under light graz-
ing and are eliminated under contin-
uous heavy grazing. For low-growing
species the reverse is true; they are
dominant under heavy grazing and
eliminated under light grazing.

Types of Grazing Systems
In continuons grazing animals have
access to the entire pasture area over
a contingous period of rime. Set
stocking is continucus grazing with
the same number of animals.

in rotationa! grazing animals
graze one area for a given time and
then are moved o adifferent pasture.
Rotational grazing may involve two
groups or species of animals. In the
Hoherhetm system of grazing, com-
monly catled “'top and bottom” or
“Rrstand fast,” animals with high nu-
trigional requivement are placed ona
pasture, then removed, and followed
by animals with lower nutritional re-
quirement. In rotational systems the
length of the grazing period may vary
from several hours to several weeks.
The use of very short periods of graz-
ing Chours or 1 day) is often referred
w as sivip grazing. in creep grazing,
yvoung fambs or calves are grazed
with ewes or cows and given exciu-
sive access 1o an additional pasture
area that is of higher quality than that
of the pasture grazed by both young
and old animals.

Response of Plants to Grazing
Systems

The response of all forage species 10
grazing depends on photosynthetic
capacity, stored reserve carbohydrate
materisl, and titlers and growing
points. When planis are grazed, the
ability 10 manufacture plant food is
reduced and the growth rate is de-
creased. At the same time the size
and activity of the root system are re-
duced. As a result water and nutrient
uptake is decreased, and growth is
slowed.

Carbohwirate reserves are stored
in bases of stems and in roots, rhi-
zomes, or stolons. When plamgrowzh
is stopped by defoliation, these re-
serves are used 1o initiate regrow.,
Thus, regrowth of forage plants after
grazing depends on the amoun: of
photosynthetic area yemaining and
the amount of stored reserves. Re-
growth aisc depends on the bud and
shoot development. if grazing re-
moves the meristematic area of many
buds and shoots, new sites must be
regenerated before top growth is re-
sumed.

In a pasture of mixed forage spe-
cies, grasses, and broadieaf plants,
continued overgrazing or close defol-
iation of the most palatable species
decreases photosynthetic. capacity,
lowers reserves, and destroys tillers
and growing points. In time plants
die and are replaced by species
grazed less frequently

In general, the low-growing, less-
productive species persist and domi-
nate in 4 sward under continuous
heavy grazing. Rotationa! or light
continuous grazing favors the tall-
growing, more-productive species.
Species such as white clover and
bluegrass withstand close grazing
beter than do birdsfoot trefoil and
timothy.

Continuous versus Rotational
Grazing
Many studies comparing rotational
and continuous grazing have shown
no difference in animal perform-
ance, indicating that intake and qual-
ity of forage in both systems were ad-
equate to meet the nutritional
requirement of the animais. Contin-
uous grazing sysiems with light
stocking rates can result in excellent
production per animal because of se-
lective grazing.

o maimain forage at an optimum
growth stage s easier with some sys-
tem of rotatjonal grazing than with

Furage Crops Production 133

continuous grazing. However, within
a rotationally grazed pasture, the un-
grazed portion of the sward progres-
sively declines in nuiritional value as
animals select the more-leafy palata-
ble herbage. Grazing pressure aiso
increases. A point is then reached
where the combination of low intake
and low putrition depresses animal
production. Rotating animals before
this point is reached is necessary not
only for maintainiag optimum ani-
mal praduction but also for maintain-
ing adequate regrowth of the sward.
Regrowth depends on stwored food
reserves and/or photosyathetic ca-
pacity (leaf area). For plants that de-
pend on both reserves and leaf area
for rapid regrowth (e.g., Empire
birdsfoot refoil), rotational grazing
can be used to conserve adequate
leaf area for regrowth and replenish-
ment of reserves.

The length of time animals are off
pasture is very important. Both le-
gumes and grass sequire adequate
time 10 restore food reseeves, de-
velop tillers and buds, and regener-
ate the root system. The optimum
rest period would approach the
known interval used in 4 regular hay-
cutsystem, In pastures, however, this
is usuatly reduced 10 maintain a refa-
tively short sward and reduce losses
from fouling and trampling. {n rota-
tional grazing the rest period in mid
and late summer is usually longer
than that in spring and early summer
when climatic conditions are more
favorabie for rapid plant growth,

Mowing Pastures

Mowing pastures helps control
weeds and brush and improves pro-
duction and quality of the forage.
Mow pastures after plants have be-
come mature and unpatatable, This
stimuiates regrowth, which is readily
grazed. If pastures are rotationally
grazed, clipping after grazing will
maintain uniformity and improve
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quality of pasture for subsequent
grazing.

Animal Product per Acre

Animal production per acre is di-
rectly related 10 the quantity and
quality of pasturage produced under
a grazing system. I 1all-growing,
highly productive forage crops like
aifaifa and birdsfoot trefoil can be
maintzined, grazing such species
will give more animal product per
acre. If we consider some of the
More-COmMmon grazing systems in
use, forage production and, there-
fore, animal production per acre in-

crease by system in the following or-

der

1. Contirmgus grazing with constant
stocking rate

. Continuous grazing with ¢on-

trolled stocking rate

Rotational grazing with equal pe-

riods of grazing and rest

. Ronational grazing with shorter
periods for grazing thae for rest

. Strip grazing, or very short peri-
ods of grazing and long periods of
rest

Green chop or zero grazing

Fable 27, Estimates of forage available o1 grazing

In general, forage production per
animal and production of animal
product per acre are indicators of
grazing efficiency. Maximum animal
production per acre, however, may
not return the most profit compared
with other grazing systems using
lower stocking rates and producing
less animal product per acre. The
cost of caring for and owning the an-
imai may offset the additional gain in
product per acre obtained by adding
one or more animals per acre o the
grazing system. The ultimate west of
any grazing system is the profit or re-
wrn on investmen: generaied by the
system.

Totat* Monthiv via)
Yield seasonal onthly yieid
Type of pasture rating yield May  June  July Aug.  Sept.  Cect. Nov.
Tons of dry matter per acre
Bluegrass and common white clover Med. 1.0 40 .30 18 0 05 — —
Lading white clover and timothy MHigh 2.0 65 65 25 15 30 — —
Med. 1.5 85 .55 A5 19 .15 — —
Low 1.0 40 40 G 05 05 — —
Tait grasses plus 100 b N High 25 .85 90 35 10 30 — —
Med. 2.0 70 75 25 G .20 — —
Low 1.0 40 40 A0 05 05 — —
Empire trefoil and timothy High 2.6 35 .80 70 50 25 —- —
Med. 21 30 70 85 30 g5 — —
Low 1a 20 .50 20 15 .05 — -
Viking teefoil and fimothy —rotational High 3.1 .70 .85 70 55 30 — -
grazing Med, 24 .62 74 A8 34 r — —
Low 1.2 .35 40 20 20 .08 - —
Adalta— rotational grazing High 39 95 1.00 86 B85 AD — —
Med. 2.6 .70 75 50 40 25 —_ —
Low 1.4 45 50 20 .15 (1 - -
Orchard or bromegrass plus 50 Nin High 2.4 .80 .85 — - .40 24 1
spring and 50 ib N on June 30. No Med. 2.0 71 .70 — —_ .29 20 10
grazing during July & Aug. Low 1.0 35 33 — — A7 10 .05
Empire trefoit and timothy. No grazing  High 25 .35 .95 — — .70 .30 .20
during Jedy & Aug. Med. 1.7 .30 .70 — — 40 .20 10
Low 1.1 .20 .50 — — .30 A0 -
Sudangrass or sorghum-sudangrass
hybrids 19 — — .50 1.00 40 —_ —
Rye 12 1.00 - — — — .20 —_
Oats 1.0 — 50 .50 — — — —

*“Total seasonal vield indicates forage dry malter actually consumed by animals. Hay yields for these forages would be

somewhat higher.



Forage Production and Carrying
Capacity

Estimates of hay yields of different
forage mixtures can be used w esti-
mate carrying capacity. Legumes and
grasses managed as pasture yield 15
to 25% less than they yield when cut
for hay Inaddition, grazing results in
10 1w 25% waste, depending on stock-
ing rate, type of grazing, and plant
height at start of grazing. Thus, the
amount of forage actually used by
grazing cattle may be 25 to 45% less
than the potential hay vield of pas-
tures.

As a guide to the forage yiekd of
pastures during the growing season,
May through October, estimates of
dry marter forage yields and grazing
days are shown intables 27 and 28. A
grazing day is 1 day of grazing by an
animal with a body weight of 1060
pounds. A grazing day in termsof for-
age vield would equal approximaiely
25 pounds of dry matter {1060-tb an-
imal x 2.5 b dry matter eaten for
each 100 Ib of body weight) or 12 ©©
15 pounds of total digestible nutrients
(TDN). Use these estimates ondy as a
guide 0 how much forage can be
produced during the growing sea-
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son. The actual amounts of forage
produced will be greatly affected by
growing conditions and the type of
grazing system used during the sum-
mer

Pastureland is one of the greatest
unused natural resources in New
York. For livestock it offers a poten-
tially low cost source of feed. To real-
ize a profit on investments made in
pasture yse and management, con-
siderable time and thought must be
put into planning and manipulating
both pasture (plants ) and animals.

Table 28. £stimates of pasture days per acre available for grazing dairy or beef cattle

Pasture days per acre
Yield
Type of pasture rating May Jung  July Aug.  Sept OQOct Nov, Total
Bluegrass and common white clover  Meg, 32 24 12 4 - - 80
Ladine white ciover and timothy High 52 52 20 24 — — 160
Med. 44 44 12 12 - — 120
Low 32 32 8 4 — — 80
Tali grasses plus 100N Migh 68 72 28 24 -— — 200
Med, 56 60 20 16 — — 160
l.ow 32 32 8 4 — — 80
Empire trefoil and imothy High 28 64 56 40 20 — —_ 208
Med. 24 56 52 24 12 - — 168
Low 16 40 16 4 — — 88
Viking trefoit and timothy-—rotational High 56 68 56 44 24 —_ — 248
grazing Med. 50 59 37 27 18 — —_ 191
Low 28 32 16 4 — — 96
Aifalfa—rotationat grazing High 76 80 72 52 32 — — 312
Mad. 56 60 40 32 20 — — 208
Low 36 40 16 8 — — 112
Orchard- or bromegrass plus 5Gib Nin  High 64 68 - 32 19 9 192
spring and 56 Ib Noon June 30, No Med. 57 56 — 23 16 8 160
grazing during July & Aug. i ow 28 26 — 14 8 4 80
Empire trefoil and tmothy No grazing High 28 76 — 56 24 16 200
during July & Aug. Med. 24 56 — 32 16 8 136
Low 16 40 — 24 8 — 88
Sudangrass or sorghum-sudangrass 40 80 32 — — 152
hybrids
Rye 80 — — - 16 — 96
Oats — —_ 40 40 — — — 80

NOTE: Ore pasture day is the forage needed to maintain ene 1000-1b animal for 1 day One pasture day equals 25 ib of forage
cry matter or 1210 15 Ib of total digestible nutrients (TDN),
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Small Grains Production

Small grains can produce profitable yields of grain and straw and can also be used as
a nurse crop.

Approximately 200,000 acres of win-
ter grains and over 300,000 acres of
spring grains are produced annually
in New York State. Although this
acreage is relatively low compared
with corn and alfalfa acreage, small
grains continue to play an important
role on New York farms. Properly
managed small grains produce prof-
itable yields of grain and straw. The
straw is an important by-product of
small grains in New York because of
the strong demand by the dairy in-
dustry. Consequently, small grains,
regardless of grain prices, are often
grown on dairy farms for use of the
straw as well as for a nurse crop.
Small grains also fit well into a crop-
ping rotation. Finally, because of the

timing of field operations in small
grain production, small grains help
to distribute a farm'’s labor require-
ments more uniformly.

Small grains are not difficult to
grow. For maximum economic yields,
however, a complete production pro-
gram must be followed. Management
inputs include proper species and va-
riety selection; timely planting and
fertilization; thorough weed, dis-
ease, and insect control; and timely
harvest. All these cultural practices
must be executed in a timely manner
to produce high yields of small
grains.
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Growth and development of winer wheat according to the Feeke's scale.

GROWTH AND DEVELOPMENT

The morphological development of
smmall grains can be divided into dis-
tinct growth stages {GS} Growth
stages can be expressed in general
terms such as seedling, tillering,
stem extension, heading, flowering,
and grain-hlling stages. Some man-
agement inputs such as appiication of
a growth regulator require more-
precise timing within these general
stages of development, The general
classiication of the growth and de-
velopment of wheat and the corre-
sponding growth stages according 1o
the Feeke's scale are illustrated.

Winter Grains

Winter grains, when planted some-
time in September, are in the seed-
ling stage during the first half of Oc
tober. The seedling stage (G5 1) is
characterized by a single shoot of
stemn bearing 1-4 leaves. The seed-
ling stage usually lasts 2—3 weeks

and is the stage of development when
fields should be scouted for fall-ger-
minating weeds. if weeds such as
corn chamomile are a problem, her-
bicides can be used at this time for
control,

In warm gutumns timely planted
winter grains will initiate and 2c¢-
tually form tillers {GS 2..3) in late
October and November. An early ar-
rival of winter or z late planting date,
however, restricts fall development of
the cropto seedling or early tillering
stages {GS 1-2). In most vears
growth and development of winter
grains cease in late November, and
the crop enters dormancy sometime
in December

Spring green-up of winter graing
occurs sometime in late March or
carly Apri! depending on weather
conditions and crop species. If air
wemperatures average above 40°F in
the last 2 weeks of March, all three
species will green up sometime in
late March. In the case of cold

—HEADING —7RIPENING
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weather conditions in the latter half
of March, green-up is delayed until
temperatures rise above 40° F in
Aprik. Rye, in general, will green up
first in the spring, foliowed by wirger
wheat and then winter barley.

Active tiller formation ¢GS 3} be-
gins shortly after green-up for timely
planted winter grains. At G8 3 the
crop is about 4—6 inches high, Dur-
ing the next 3- 1o 4-week period, crop
growth of winter grains is very active
as evidenced by the number of tillers
and leaves produced on each tiller At
the end of the tillering period (G8 5),
the crop is about 1214 inches high
and bears 310 4 tillers with 4105
leaves on each tiller

The titlering period in the spring
usually lasts 3 to 4 weeks, depending
on temperatures. Warm empera-
tures accelerate crop development,
and tillering can be completed by late
April. In colder Aprils, the tillering
period may not cease until mid-May.
Again, the development of rye will be
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a few days earbier than that of winger
wheat and winter basiey,

The tillering period is a very crig-
cal period inthe management of win-
ter grains. Application of phenoxy
herbicides and topdressing of N
should occur sometime during GS
3-5 in winter grains, Usually this pe-
riod coincides with the month of
April under typical New York envi-
ronmental conditions.

Sternt elongation (GS 6-10) is the
next phase of development in the
growth cycle of small grains. Under
typical New York environmental con-
ditions, the stem elongation period
occurs mostly in May The beginning
of this phase ¢an be wentified by the
appearance of a joint or Brst node ar
the base of the plant. Crop growth is
very rapid during stern elongation as
evidenced by the rapid extension of
the stem and the increase in plant
height to 3010 30 inches. During this
period, the head completes its devel-
opment within the stem. The stem
extension period for winter grains in
New York usuaily lasts about 30 4
weeks. Depending on crop species
and temperatures, the stem exten-
sion period terminates sometime be-
tween mid-May and early June. The
stem elongation period is the time
when winter grain felds, especially
winter wheat fields, should be closely
monitored for foliar diseases.

The next phase of development is
the heading out and flowering pericd
{G8 1.1 10 10.5). With warm spring
remperaiures, heading out can begin
in winter grains as carly as May 15. In
cold springs and cooler climatic re-
gions, heading out of winter grains
can be delayed until the &rst or sec-
ond week of June. Winter barley and
rve usually head out about 7o M
days earlier than winter wheas, de-
pending on variety selection within
species. Heading out vsually takes a
few days 10 complete, and flowering
oceurs a few days later,

Small grains are 12 g0 ¥ inches high dur-
ing the ate titiering period,

Seed ser and subsequent kernel
number per ear are very dependent
upon environmenial conditions dur-
ing the heading and flowering pe-
riod. Any type of siress such as heat,
moisture, or disease stress during
thig period can reduce seed set.
Fields should be closely monitored
frorm the boot {GS 1) through flow-
ering period for disease occurrence.
if severe foliar disease pressure is
present at this time, foliar fungicides
are necessary for maximum yields.

The grain-filling period is the final
stage of development. The grain-fiil-
ing period of winfer graing in New
York usually lasts about 30 davs,
Warm temperatures during grain Gil-
ing will shorten the period, whereas
cool remperatures will Jengthen it
The grain-filling period of winter
graing occurs during June and early
July in most of New York's cimatic re-
gions.

The grain-filling period can be fur-
ther divided into the milk stage (GS
11.1}, soft-dotgh stage (GS 11.2), and
hard-dough stage {GS 11.3). The milk
stage is gasily recognized by the
mitklike fuid found in the grain at
this time. During the milk stage, the
crop still appears green, but some of
the lower leaves have begun their

normal yelowing, Monitoring for fol-
iar and head diseases should con-
tinue through the milk stage.

The soft-dough stage is recog-
nized by the doughlike marterial that
is released from the grain upon
squeezing it. During the soft-dough
stage, only the upper leaves and head
remain green, A few days later the
hard-dough stage occurs. During the
hard-dough stage, the grain becomes
very difficult 1o press with the
thumbnail. Sometime in the hard-
dough stage the ¢rop turns com-
pletely yellow in the field, this coin-
cides with physiological maturity of
the grain or the end of the grain-fiil-
ing period. Grain moistire approxi-
mates 30 to 35% moisture at this
time, and a dry-down period is nec-
assary before harvesting.

The Field Crops Fact Sheet 403,10,
Growdh aned Development of Winter
Wheat in News York, containg more
detailed information on the subject.

Spring Grains
Spring grains proceed through the
same general morphological stages
of developmens as winter grains, As
with winter grains, temperaiure,
planting date, and crop species influ-
ence the time of accurrence of the
developmental stages. Tor example,
spring barley planted in early April in
a very warm spring will head out in
earlyJune. In contrast, oats plansed in
May during a cool spring head out in
mic-July

When spring grains are planted in
mid-Apri, the seedling stage occurs
in late April and early May i emper-
atures are cool during Apri! and May,
spring grains will be in the tillering
phase throughout the month of May,
if temperatures are warm during
May, tillering will be completed 110 2
weeks earlier As in winter grains, the
tillering period is the time 10 apply
phencxy herbicides or 10 topdress N
On Spring grains.



The stem extension period of
spring grains usually occurs overa 3-
week period. Air temperatures, of
course, car lengthen or shorten this
period. Intypical vears the first node
or joint appears at the base of the
plant in late May, and the crop heads
out in mid o ate June, As with winter
grains, the grain-filling period is
about 30 days in length, but can be
tfengthened or shorened according
10 temperature at this time. Conse-
quently, spring grains usuaily attain
physiological maturity in late July and
are ready for harvest sometime in Au-
gust. In cooler regions of the state,
however, cooliemperatures delaythe
development of spring grains, and
the sequence of events described
here is usually delayed a couple of
weeks, Likewise, in warm seasons,
the sequence of events can be accel-
erated a couple of weeks. In general,
spring barley is the earliest spring
grain followed by oats and spring
wheat. Variety selection within crop
species, however, can shift this order.

SITE SELECTION

Smaill grains vary somewhat in their
adaption 10 environmental condi-
tions. Because of this, several facrors
should be considered when choos-
ing asmall grain for a particular farm
or field.

The climate of New York is gener-
ally well suited for producing winter
grains as indicated by the 50-bushel-
per-acre average yield of New York
winter wheat, which is well above the
national average. Because rye is the
maost cold-tolerant winter cereal, it
can be grown in most climatic re-
gions of the stare. Winter wheat also
has good winterhardiness and can be
grown in many areas of the state pro-
vided there is adequate snow cover.
Winter barley has less winterhardi-
ness than rye and wheat; thas, it is
more likely to produce a profitable
crop only in the western plains and
Hudson Valley. Winter oats, which
have the feast winterhardiness, are
not successfully grown in New York,

Spring oats and barley are also
well adapted to the state’s climate. In
fact, the average vieldof both crops in
New York is considerably above the
national average. The growth of both
crops is favored by the cool, moist
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conditions in the spring and early
summer. In most cases, however, if
winter barley can be grown, it will
outyield spring barley Spring wheat,
including durum wheat, can also be
successfully produced in New York.
The yield 6f spring wheat, however, is
meuch lower than that of winter wheat
in most regions of the state. Ancther
problem with spring wheat is the lack
of consistency in grain quality under
New.York environmenial conditions,
The development or introduction of
new varieties of spring wheat with
excellens bread-making qualites is
expected to help solve this problem.
Small grains grow best on well-
drained, medivm-textured to mod-
erately Bine wexzured soils. As can be
expecied, small grains vary in their
solerance to various soil conditions.
Oats and rye are more wlerant of wet,
somewhat poorly drained, and acid
soils. Wheat and particularly barley
are not well adapted to these condi-
tions, but artificial drainage and lim-
ing can alleviare these problems. In
general, winter grains are affected
more adversely by imperfectly
drained soils than are spring grains,
Because such soils are especially wet
in the lawe fall and eardy spring, con-

SoIL DRAINAGE CLASS
CROP - -
R SCIL pH Occasionally| Usuolly [Occasionally | Commonly | Usually
CROP oo | [ I i [ [ [eee Dry Moist Wet Wet Wet
5.5 155+ 58+ 160+ 162+ 165+ 168+ 1.0
Borley BARLEY g
Buckwheat BUCKWHEAT g N
Corn {Groin) comn (orain | ...
1 12109 CORN (Silage)
Octs oaTs A
Rye
y RYE N
orghum
Sorghu SORGHUM
Wheat WHEAT

Adaptation of grain crops 1o soi pH

Adaptation of grain crops 1o sol drainage
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siderable plant heaving of winter
grains often occurs ag this time, Like-
wise, ice sheeting can be found in
late fall and early spring in poorly
drained soils with refatively fiat to-
pography. In this situation winter
grains usually suffer permanem
damage, which greatly reduces the
stand and subsequent grain vield.

Rye is the only small grain that can
be expected to produce well on dry,
sandy soils. In areas where summer
droughts are likely to occur, winter
grains, if adapted to the climatic re-
gion, shoulkl be grown, Winter grains
complete their growth cycle by early
summer and can thus avoid severe
droughty conditions,

A soil with well-balanced fertility
produces the best syatl-grain fields.
Excessive nitrogen results in exces-
sive vegetative growth and subse-
quent fodging. Winter wheat and cats
are particular susceptible 1o lodging
problems. Plant growth regulators
can prevent lodging of winter wheat
under excessive nitrogen. At this
time, however, plant growth reguia-
tors are not registered for use on
oats. A low level of soil phosphorus is
also very detrimental, especially
with winter grains. Low phosphorus
levels result in reduced winter sur-
vival and grain vields of both winter
wheat and winter barley

Winter grains should not be
planted on wind-swept hills or other
exposed locations, if possible. Snow
cover provides protection from cold
temnperatures, and plants on such ex-
posed sites are likely to be uncov-
ered. As a result, winterkilling may
be quite serious.

Sprirg grains do well following corn in the rotation,

CROP ROTATION

Winter Grains

Success of a small grain crop is inffu-
enced by the preceding crop in the
rotation. Winter wheat or barley does
best when following an early har-
vested crop such as oats, snapbeans,
or possibly corn silage. This permits
early planting in a well-prepared
seedbed. Plowing under asodd, which
has a limited amount of legumes, in
faze July for winter grain production
may aiso produce satisfactory re-
sults.

Crops not recommended as the
previous crop in small grain produc-
tion include legume sods, grain corn,
or the same small grain, A potential
problem with following a legume sod
crop is that excessive nitrogen could
be released the following spring, re-
sulting in c¢rop lodging. Also, the
corn crop would probably benefit
more {ollowing sod than would a
winger grain, Grain corn is not rec-

ommended as the previgus crop for
winter grains because the corn is
harvested fate and leaves much resi-
due. Planting successive wheat or
barley crops should always be
avoided. Several diseases are carsied
over in the soil and ofd stubble, lead-
ing 10 serious production problems.
When used as a cover crop, rye can
be planted after any crop; however,
for grain production, it should be ro-
tated in the same manner as winger
wheat.

Spring Grains
Spring grains easily fit into a number
of rotations and can foliow such
crops as cofn, soybeans, and pots-
woes. In addition, spring grains can
be used successfully as a nurse crop
for the establishment of a seeding.
Because oats are less competitive
than bariey, oats are preferred as a
nurse crop over barley.

At small grains are susceptible o
atrazine carrvover In planning a



small-grain—corn rogation, the rate
and timing of atrazine use on com
must be considered, Small grains
should not be planted in fields that re-
cetved more than T pound of atrazine
the previous year.

CHOOSING A VARIETY

Choosing a suitable variety is an im-
portant step in small grain produc-
tion, The proper choice can make the
difference in whether or not the crop
will be profitable in rerms of both
yiekd and grain quality In selecting a
small grain variety, important char-
acteristics to consider are grain and
straw vield per acre, lodging resist-
ance, resistance to serious diseases
and insects, and grain test weight.
Other considerations are grain gual-
iy and maturity, Winter grains should
aiso be evaluated for winterhardi-
ness. Because varieties differ in all
their characteristics, the good and
poor attributes need to be weighed
against each other. Then, select the
varieties that give the best combina-
tion of desirable characteristics.

Each variety performs somewhat
differently under each set of soif,
moisture, and temperature condi-
tions. Each farm has its owrn set of en-
vironmental conditions; so only by
trying a variety ¢an its performance
under those specific conditions be
determined. New and better varieties
become avaiiable as plant breeders
continue to develop superior strains.
For suggestions on the best varieties
available, check the most recent is-
sue of Cornell Recommends for Field
Crops.

Soft White Winter Wheat

Most wheat grown in New York is
classed as soft white winter wheat.
This fAnds wide use in crackers, cook-
fes, shredded wheat, and other prod-

ucts that require a high qualiey, soft
white flour

In selecting white wheats, fook for
varieties capable of high yields,
stroag straw sirengih, high ies:
weight, and disease resistance. Chaff
color and the presence or absence of
awns can differentiate between vari-
eties, but neither affects vields,
Check variety performance in Cor-
hiell vield trials.

Soft Red Winter Wheats

Soft red winter wheats are not com-
moniy grown in New York, though
some interest exists in producing
this tvpe for local specialty markess
or for export to red wheat markets in
Pennsylvania and Maryiand. In some
years market prices favor red wheats,
but other vears white wheats bring
the better price. Current soft red va-
rieties tend 10 vield less than white
varicties bred specifically for New
York conditions. Growers should
avoid mixing the two classes inany
way, because white and red wheat
sedts ar substantial discounss. Cheek
the most recent issue of Cornel! Rec-
ammernds for variety suggestions for
soft red winter wheat.

Hard Red Spring Wheat

Hard red spring wheats can supply
special markets or fiil cut wheat
acreages not planted in the fall, Yields
have historically been 30% or more
below those of winter wheats, but
prices are usually substantially
higher Check Cornell Recommends
for varieties that vield high, stand
well, resist rust and mildew, and pro-
duge grain with high milling and
baking quality. For high-quality
spring wheat, ptant early, the earlier
the hetter.
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Winter Barley

Winter barley produces a high-qual-
ity feed grain. Growers who prefer
barley note its early maturity, provid-
ing a grain they can harvest before
wheat is ready. Winter bariey is less
hardy than winter wheat lf can do
weli in the Finger Lakes region and in
wastern New York, but is not adapted
in northern New York or higher ele-
vations across the southern ter
Check Cornell Recommends for vari-
eties with high-yvield potential, stiff
straw, and strong winterhardiness,

Spring Barley

Spring barley is often grown as a feed
grain, and if plareed early, it can out-
vield cats in tons of feed produced
per acre. Spring barley must be
planted early on well-drained soils to
do well. Most spring bariey varieties
can produce malting-quality barley,
if weather permits the harvest of
bright, plump, high-quality seed. Po-
tential markets exist at malthouses in
western New York, but retuens have
aot historically been sufficient to en-
courage malting barley production
in New York. Most New York barlevis
grown and used for livestock feed.
Check Correll Recommends for vark
eties that viekd and stand well under
New York conditions.

Rye

Rye in New York is grown primarily
as a winter cover ¢crop, and most
plantings are piowed down in early
spring. Rye serves well in this role,
because it produces more fail
growth and is more winterhardy than
any other small grain, Plowing in the
spring shotdd be early, well before
heading. Rye grows tall, and the straw
can be difficult 1o plow down or disk
in late spring. Rve also serves as a
straw crop, with horse owners and
race tracks providing markets for
bright, clean straw. Some farmers
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harvest rve for grain or seed. Markets
exist, but returns for rye grain have
not been hiph, Most rve grown is
classed as “common” type, though
limited seed supplics of several vari-
eties are available. Check the most
recent issue of Gornell Recommends
for suggestions.

Spring Oats
Spring oats are the major smali-grain
crop grown in New York, Oats are
grown for grain and straw in cenral
and western New York, and for hay,
havlage, or pasture in the eastern
counties of the state, Oats should he
planted carly for best vields. Growers
should check varietics with high
yield potential; stiff, erect straw; and
high tes: weight. Varieties should also
have resistance 1o common races of
rust. Check the most recent issue of
Cornell Recommerids for varieties
that have done best in Coraell trials.
As with any other crop, small
grains respond o various cufsural
techniques. The success of a whear,
bariey, 0at, or rye crop depends on
timely land preparation, planting, fer-
tilization, weed control, dizease con-
trof, and harvest.

LAND PREPARATION

Winter Grains

A well-prepared seedbed is neces-
sary for proper seed germination
and seedling development. With win-
ter grains it is preferable 1o plow,
disk, or chisel the field at least 30 4
weeks before planting so that weeds
and gash can be destroyed. Plowing
is the beter choice if the field has
been in sod or another trashy crop. If
there is little residue, disking or chis-
cling is sufficient. Just before plant-
ing, the field should be cultimulched
or harrowed to produce a final
seedbed, which is firm with 1 to 2
inches of loose s¢il on the surface.
Because small grains are a large-
seeded crop, perfect seedbed condi-
gons and, thus, nunerous secondary
titiage operations are not necessary

Spring Grains
Spring grains also requireawell-pre-
pared, firm seedbed for rapid ger-
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mination and growsh. If oars or bar-
ley follows graia corg, plowing is
recommended. After crops with littie
residue or if corn stalks have been
thoroughly chopped, disking or chis-
eling is sufficient. Harrowing the
feld once or twice s usually suffi-
cient 1o produce adequate seedbed
conditons for spring grains.

No-til} studies with spring grains
have shown consistent yield reduc-
tions when spring grains have been
planted early Perennial weed prob-
lems have been particularly frouble-
some in early planted spring graing
under no-til conditions. As the plans-
ing date has been delayed, a no-tili
system has performed significansly
bener provided a wransiocated herbi-
cide such as glyphosphate has been
applied to the exisiting vegetation
before planting. If the planting of
spring grains must be delayved until
May, a no-till system in congunction
with a translocated herbicide is a via-
ble riliage system for spring grains.

S ‘-"’.4"‘& b G4

-’.e-f»“v-—-“‘ N e
I Ll el

¥ ! il

Land preparation for winter grains, which often follow speing graing in the rotation,

should occur 3 10 4 weeks belore planting,



PLANTING SMALL (GRAINS

Winter Grains

Winter grains should be planted with
agrain drill rather thanthe broadcast
method. Broadcasting may be faster;
but drilling saves seed, ensures ber-
fer germination and uniform stands,
ard reduces winter injury, More im-
portast, experiments have shown
that drilling increases vield by 510 10
bushels per acre compared with
broadcasting. A seeding rate of 2
bushels per acre is generslly recom-
mended for winter grains under con-
ventional management. In an inten-
sive management system in which
high rates of N as well as fungicides
and plant growth regulators are to be
used, the seeding rate should be in-
creased to 2V2 bushels per acre. I
broadcasting is the only method of
phanting, the seeding rate should be
about 3 hushels per acre,

Winter grains should he sown 1 10
Zinches deep. Shallower seeding can
result in poor germination, whereas
deeper planting may result in poor

emergence, Before planting, the seed
should be treated with a fungicide w0
prevent seed decay and seecdling dis-
eases. Recommended rates of fertil
irer, as discussed later, should also
be applied in a band when planting.
If the drifl does not have press
wheels, it s recommended that the
field be rolled or cultipacked after
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planting. This helps to firm the
seedbed and improve contact be-
tween the seed and soil.

The best time to plant winter wheat
in most production regions of the
state is between mid-September and
early October. In cooler or warmer
regions of the state, the planting date
¢an be somewhat earlier or later ac-

Late-planted wheat, oo the right, produces fewer titlers and heads, resulting inre-

duced grain yiekt.

(Statute miles)

ALTITUDE IN FEET
e (Above Sea Level)
e = 200 400 600 1200 | 1600 | 2000 | 2400
[ 5 Sept. Sept | Sept. Sept | Aug Sept
S 7-17 3-13 30-9
8-18 4-14 31-10
Aug S
919 | 515 [sept1-11] 287"
10-20 6-16 2-12 29-8
11-21 7-17 3-13 30-9
12-22 8-18 4-14 31-10 A st
13-23 9-19 5-15 [sept1-11| 28-7
14-24 10-20 6-16 2-12 29-8
15-25 11-21 7-17 3-13 30-9 A i
16-28 12-22 8-18 4-14 31-10 27-8
17-27 13-23 9-19 5-15 |sept.1-11| 28-7
18-28 14-24 | 10-20 6-16 2-12 29-8
19-29 15-25 11-21 T-17 3-13 30-9
20-30 16-26 12-22 §-18 4-14 31-10
Sept. Oct
25-5 |0t 21-1| 17-27 | 13-23 9-19 5-15 |Sept1-11
26-6 22-2 18-28 14-24 10-20 6-18 2-12
27-7 23-3 19-29 | 15-25 11-21 7-17 3-13
28-8

Hessian fly-free dates in New York
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cording to conditions. Because the
Hessian fly is a serious potential
problem, winter wheat should not be
planted until after the fiy-free date,
Too early 2 planting date also in-
creases the risk of infestation by
aphids, which transmitthe barley yel-
fow dwarf virus, In some years an
early planting date does not resuit in
either Hessian fly or barley yeliow
dwarf problems. In other years, how
ever, damage can be quite extensive.
Because early planting does not in-
crease grain vields when these pests
are ahsent, but markedly reduces
vield when they are present, planting
should always be delayed untii after
the fly-free date.

Planting after October 15 should
also be avoided. in most years such
late planting often does not give win-
ter wheat enough time o make ade-
quate full growth, As a result the
chances for winterkilling are signifi-
cantly increased. Because tillering is
markedly reduced with late plamting,
at feast 2% bushels of seed per acre
should be sown with an Ocrober
planting date.

Winter bariey is kess winterhardy
than wheat and less susceptible to
Hessian fiy damage. it is, however,
more susceptible 1o infestation by
aphids and the subsequent barley
yetlow dwarf virus, Because of this, it
should be planted only a few days
earlier than winter wheat. A planting
date sometime between September
10 and 20 is the recommended time
in regions where winter bharley is
adapted. Rye, on the other hand, is
more hardy than wheat. Successful
standds can usuzlly be expected from
planting up through Cctober 15, es-
pecially in warmer agricultural re-
gions in the state. With all three spe-
cies, for planting in bigh elevations or
in more northern areas of the state,
the planting date should be some-
whiat earlier than the general recom.
mendations.

Spring Grains

Early planting is the most important
requirement for top spring-grain
yvields. As soon as the sofl can be
worked inthe spring, the field should
be fitted and planted, Spring grains
germinate at temperarures as low as
40° E In the warmer regions of the
state, soil temperatures are often
above 40° in late March, and spring
grains can be safely planted at that
time. In cooler regions, spring grains
can be safely planted inearly April.
Experiments have shown that de-
laying planting from early Aprii o
mid-May decreases oat and barley
grain yields by as much as 50%. Late-
planted grain produces fewer tillers,
resulting in fewer heads at harvest-
time. Late-planted spring grains also
go through the flowering and grain-
filling period under warmer and of-
ten drier conditions. Hot, dry
weather at flowering, especially in
oats, results in significant yield losses
due to blasting of the heads. Hot, dry
weather during grain filling reduces
both grain yield and test weight of
spring grains. To avoid these prob-
lems, an early planting date of spring
grains is strongly recommended.
Oats should be seeded at a rate of
2¥210 3 bushels per acre, and barley,
at 2 bushels, with a grain drill for
maximum grain and straw yields, Ifa
forage seeding is made with either
crop, the planting rates of oats and
bariey should be reduced by 50%. As
with winter grains, the seed shoukd
be treated with a fungicide and then
drilted approximately 1 to 2 inches
deep. Again, cultipacking after plant-
ing is recommended if the drill does
not have press wheels. Also, if broad-
casting the seed is the only method
for planting spring grains, the seed-
ing rate should be increased by 25%.

LiME AND FERTHIZERS FOR
WINTER GRAINS

The lime and fertilizer recommen-
dations should be determined froma
compiete soil test (see p. 27). The
rates provided in the following sec-
tion are to be used as guides when
soil test recommendations are nos
available.

Lime

The lime requirements for wheatand
barley are sisnifar. The soil pH should
be in the range of 6.4 10 75 for ade-
quate growth and yields. Lime is rec-
ommended from complete soil tests
when the pH is 6.3 or below to in-
crease the soil to pH 6.5, Rye is more
tolerant 1o low pH than barley but the
soil pH should be maintained at or
above 6.0. For more information on
lime and lime rates, see “Lime Rec-
ommendations” on page 40.

Fertilizers

The growth habit of winter grains is
during two different periods of the
year: (1) fall growth for establish-
ment and winter survival and (2)
spring growth for tillering, growth,
and yield. Nutrient requirements dif-
fer for these two growth periods.
Small amounts of nitrogen and ail the
phosphorus and potassium should
be applied during the fall at planting,
Placing the nitrogen and the phos-
phorus in a band 1 inch below the
seed produces the best resuits. AH
the nitrogen cannot be applied at
planting because of nitrogen losses
over winter, An early spring topdress-
ing isrequired.

Nitrogen. The range in nitrogen
rates for maximum economic yield is
rather narrow: If too ittle nitrogen is
used, vield will be lost because of ni-
trogen deficiency. If too much nitro-
gen is used, yield and often quality
are fost by lodging.
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Band-placed phosphorus increases winterhardiness and yiekls of fall-seeded smali grains. The barley inthe
early spring photo recetved (from left o right} 20, 0, 40, and B0 pounds per acre of P,0; or 4 soil that was
medium in soif test phosphorus.

Some nitrogen {usually 1010 20 1h
per acre) should be placed in the fer-
tilizer band along with all the phos-
phorus at planting. The remaining ni-
trogen should be 1opdressed in the
spring. The spring nitrogen should
be applied after the plants begin to
grow vigorously This is usually in
mid-Aprif. Do not apply nitrogen 10
excessively wet or frozen ground.
Most of the nitrogen wiil be lost by
leaching or with the runoff water.

Sources of nitrogen for spring top-
dressing are ammeonivm nitrate, am-
monium sulfate, selution nitrogen,
and urea. Ammoniuam nitraie and
amrmonium suifaie are usually the
best sources because less nitrogen is
lost by volatization, although they
may be more expensive per pound of
pitrogen, Whenureais appliedtothe
bare soil surface, up 10 40% of the ni-
trogen (probably averages 20% ) may
be lost by volatilization as ammonia

gas 1o the air. Thus, ured is not gen-
erally the best source for topdressing
small grains. It may be used as a ni-
trogen source when the cost per
pound of nitrogen for urea is more
than 20% lower than for ammonium
nitrate or ammonium sulfate.

When urea is used, one is faced
with the problem of how much nitro-
gen will be lost. The loss is weather
dependent, and warm, dry weather
normally favors the loss, IF losses of
urea nitrogen are likely 1o occur at a
high rate, some additional urea ni-
trogen should be used; but if no
losses occu, the additional nitrogen
may cause excessive lodging and re-
duce yields, Therefore, listie or no
more pitrogen as urea should be ap-
plied to small grains than wouid be
recommended from other sources,
uniess a growth reguiator is also
used.

Splution nitrogen (urea 4+ ammo-

nium nitrate in water ) is pot the most
desirable source o use for spring
topdressing because of foliar burn-
ing as well as some volatilization
losses from the urez, If it is applied
early when there is litde foliage, the
injury is usvally not serious. Anhy-
drous ammonia has not been found
to be a good source of nitrogen for
spring applications. Anhydrous am-
monia must be injected into the soil,
and the application knives kili or
cause injury to some of the plants,
The loss of plants results in lower
vielkds than occur when other nitro-
gen sources are used,
Phosphorus, The plant needs a
concentrated source of phosphorus
at planting for initial and rapid
growth 10 create winterhardiness.
Phosphorus at planting also pro-
motes early spring growih and titler-
ing. The concentrated source of
phosphorus should be provided by
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banding ail the recommended phos-
phorus at planting. The effects of in-
creasing the rate of banded phospho-
rus on spring recovery of barley are
Hllustrated. Notice the effect of the
phosphorus on the appearance of the
plants. The higher phosphorus rates
improved winterhardiness and the
rate of early spring growth. This
greater winterhardiness and growth
increased yvields by 8 bushels per
acre in 1975 and 25 bushels per acre
in 1977

Potassium. Potassium promotes
stronger and stiffer straw and plants
that are more resistant o diseases,
thusa better grain fil. Small seedling
plants have a low potassium require-
ment. The potassium requirement of
the plant increases with the stage of
growth. Because potassium isheid in
the cation exchange complex, it is not
subject to much leaching. Thus, the
placement and timing of potassium
applications are not as critical as
those for phosphorus and nitrogen.
The potassium does not necessarily
need 1o be banded, but can he broag-
cast before planting.

Band Fertilizer Requirements
Winter grains should receive some
nitrogen and most, if ot ali, of the
phosphorus in the fertilizer band at
planting. The potassium can be
placed inthe fertilizer band provided
the total nitrogen plus potassium
rates do not exceed 60 to 80 pounds
peracre of N + K;0. Do not use urea
and/or diammonium phosphate (18-
46-0) materials in the fertilizer band
for small grains,

The rate of fertilizers to be used in
the fertilizer band depends upon the
relative soil fertility and previous fer-
tilizer practices. The following
guides should be used only when a
sofl test is not available:

+ {f the area has been cultivated to
adequately fertilized row crops for
several years, use a 1-2.2 or similar
ratio fertilizer 1o provide approxi-
mately 1510 20 pounds of N, 20 10 40
pounds of phosphorus (#,0.), and 20
to 40 pounds of potash (K,0).

s If the area has been primarily in
hay crops or marginally fertilized
row crops for several years, usea 1-3-
2 or similar ratio fertilizer 1o provide
15 10 25 pounds of N, 30 to 50 pounds
of phosphorus, and 30 to 50 pounds
of potash.

¢ Ifthe area has been drastically un-
decfertitized or out of production for
severalyears, useal-3-2oral-4-20r
similar ratio fertilizer oprovide 15 o
25 pounds of N, 60 to 80 pounds of
phosphorus, and 40 (0 60 pounds of
potash.

Topdressing Rales

Only nitrogen needs 1o be supplied
as a spring topdressing. The rate of
nitrogen to be used depends upon
the soif type and the estimated de-
gree of lodging that is likely to occur.
Excessive nitrogen increases jodg-
ing. Usually lodging decreases har-
vested yield and possibly qualityto a
greater degree than slightly under-
fertilizing with nitrogen. iflodging is
not likely, topdress with 30 to 50
pounds of nitrogen on the medium-
t0 Ane-textured soils such 4s joams,
silt loams, and silty clay loams. The
rate can be increased 10 56 to 75
pounds per acre on the sandy soils, If
severe lodging is likely every year, do
not topdress with nitrogen. for inter-
mediate lodging problems {(some
lodging may occur), use 20 to 40
pounds per acre of aitrogen.

LIME AND FERTILIZERS FOR
SPRING (GRAINS

The lime and fertilizer rates for
spring-seeded small grains should
be determined by a compiete soil test
(seep. 27). Therates provided in this
section are to be used only as guides
when complete soil test results are
not available.

Lime

The lime recommendations for
spring seeded small grains vary with
the species and with forage seeding.
When barley is seeded with alfalfa,
the soil should be limed to 2 pH near
70 for the alfalfa If barley is seeded
with or without other legumes, the
soil pH should be 6.4 or higher.

Crats are fairly tolerant to acid soils,
but require a soil pH of 6.0 or above
for maximum yiekd and {or) fertilizer
efficiency. If oats are forage seeded,
the soil must be limed 10 meet the le-
gume requirements, For example,
when cats are seeded with alfalfa, the
soil pH should be near 70; and with
birdsfoot trefoil, the pH should be
6.4 or above. See “"Lime Recommen-
dations” on page 40.

Fertilizers

After spring grains are planted, their
growth to aturity takes a relatively
shogt period of time. This permits all
the fertilizer 1o be applied at or just
before planting, although some in-
crease in fertilizer efficiency and oc-
casionally vield will occur with split
nitrogen applications. For spiit appli-
cations the N requirement should be
greater than 50 pounds per acre.
About half the pitrogen should be ap-
phied in the fertilizer band at plant-
ing. The remaining should be ap-
plied at rillering. There is some
increase in the fertilizer require-
ments when the spring grains are for-
agre seeded. The differences are pri-



marily in the phosphorus and
potassium rates, These wili be ex-
piained later in this section.

Nitrogen. As with winter grains,
the range in nitrogen rates for maxi-
mum economic production is very
narrow. Too little nitrogen causes
vield o be fost because of nitrogen
deficiency Too much nitrogen causes
excessive fodging and, thereby, de-
creases vield by increasing harvest
losses and often reduces the quality
of the harvesied grain,

If the grain is seeded with a le-
gume, the fodged grain and (or) vol-
unteer Crop that occurs from grain
tost at harvest will likelv prevent a
successful legume establishmen,

The nitrogen fertilizer rate is not
affected by seeding with alegume, It
ts determined primarily by the
amount of lodging that is likely to oc-
cur. I lodging has not been a prob-
lem inthe past, 4010 S0 pounds of ni-
trogen are recommended on fine.
wextured loams, stit loams, and silty
clay ioams, On sandy soils the nitro-
get: rase can be increased 10 6010 75
pourds per acre, If lodging has oc-
curred in most vears and is quite se-
vere in some years, the nitrogen rawee
should not exceed 20 to 25 pounds
per acre for ail soils. I lodgiag has
occurred some years, but is not usu-
ally severe, 3010 40 pounds of nitro-
gencan be used,

The shorter varieties with stiffer
straw can usually be fertilized at the
higher rate within each range. The
ialler varieties should recejve the
fower N rates.

The sources of nitrogen depend
somewhat upon the method of appli-
cation. For broadcast, disk-in, or
plow-down applications ures, am-
monium sitrae, amsponium sulfate,
solution nitrogen, complete fertiliz-
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The excess of nitrogen causes lodging and loss of vield in small grains. The severely
lodged area on the right resulted from plowing down a smal! plot of a legirne sod jast
before planting the outs, The area where the oats are standing had ne legume sod.

ers, and, in some cases, anhydrous
ammonia {properly applied) are
suitable sources. I the fersilizer ma-
terials are broadcast and allowed to
rermain on the soil surface, ammo.
niwmn nitrate and ammonium sulfate
are probably the best sources, Some
nitrogen may be lost by volatilization
even from these sources on high
lime soils. B is usually best 10 incor-
porate the nitrogen inte the soil in
some manner regardless of the
source.

If anhydrous ammonis is to be
used it should be applied with plows
at the bottom of the plow sole rather
than with knives. Applying with
knives jeaves a concentrated bard of
ammonia anct may reduce the stand.

Phosphorus. Phosphorus re-
quirements for spring grains depend
upon the residual phosphorus in the
soil, whether or not they are forage
seeded, and the species of small
grain. Spring barley should receive a

higher phosphorus rate than oats,
Likewise, if either are forage seeded,
there is a much higher phosphorus
reqguirement. When the spring grain
is forage seeded, the phosphorus
rates are the same as for the legume
(see “Fertilizers for Legurme Estab-
lishment”, p. 114), The lower the re-
siduad soii fertility, the more impor-
tant it becomes o apply the fertilizer
in bandsabout 1 inch below the seed.

Potassium. As with winter grains,
potassium improves stalk strength
and the healthand vigor ofthe plants.
Thus, potassiom helps o prevent
lodging and increase grain fli. The
potassium regquirement increases
with the age of the plant. The roots
have time to grow and contact a
larger s0il volume hefore the K re-
quirement becomes large: therefore,
band placement of the potassium is
not critical.



148 small Grain Production

Fertilizer Rates

The fartilizer rates to be used when a
compiete soil test is not available fol-
lowr

1. Folowing several vears of well-
fertilized crops
a. Not forage seeded: Applya2-1-1
or similar ratio in the hand o
obain 40 10 %0 pounds of nitro-
gen, 20 pounds of phosphorus,
and 20 pounds of potassium. If
lodging occurs in some years,
reduce nitrogen to 20 pounds.
b. Forage seeded. Apply 1-1-1 or
similar ratio in the band to ob-
tain about 40 pounds of nitro-
gen, phosphorus, and potas-
sium, If lodging is Hkely to
occur, band a 1-2-2 ratio to sup-
ply only 20 pounds of nitrogen.,

2. Following several years of crops
that have not been fertilized ade-
quately and on low fertility soiis
a. Not forage seeded: i lodging is

not tikely, band a 1-1-1 or simi-
Iar ratio to supply 40 pounds of
nitrogen, phosphorus, and po-
tassium, If lodging is likely, use
2 1-2.2 or simiiar ratio to supply
20 pounds or less of aitrogen
and 40 pounds of phosphorus
and potassium,

b. Forage seeded: If lodging is not
likely, band 2 1.2-1 or similar ra-
tio 10 provide 40 pounds of ni-
trogen, 80 pounds of phospho-
rus, and 40 pounds of
potassium. If lodging is likely,
band a 1-2-1 or similar ratio to

provide 20 pounds or less of ni-
trogen, 40 pounds of phospho-
Fus, and 29 pounds of potas-
sium; and broadcast an
additional 20 pounds of nitro-
gen, 40 pounds of phosphorus,
and 60 pounds of potassium.

The fertilizers made for band ap-
plications should not contain urea or
digmmonium phosphate. These ma-
terials will cause germination prob-
lems and seediing injury. Greater
than 60 to 80 pounds per acre of N
and K0 should not be used inthe fer-
tilizer hand because seedling injury
may resuit,

Smali Grains following Manure
and Sods
Tor follow a sod with a small grain is
not 2 good practice. The nitrogen re-
leased from the plowed sod will usu-
ally exceed the nitrogen needs of the
smail grain, and severe lodging may
result. The lodged area in the illus-
tration on page 147 is oats following
arn alfalfa sod on the Aurora Research
Farm. The areas where the oats are
not lodged were the alleyways be-
tween the original alfalfa plots and,
thus, were not planted to 2 crop.
Manure can have the same effect as
the sod, unless the manure is spread
evenly and at fairly low rates (less
than 10 tons/acre). It is usually more
efficient 1o use residual nitrogen
from a sod or manure for a high ni-
trogen-requiring crop such as corn
rather than for small grains.

WEED CONTROL IN SMALL
(GRAINS

Although weeds are usually less of a
probiern in small grains than in row
crops, heavy infestations of annual
weeds, guackgrass, or wild garlic re-
duce grain yields and (or) quality.
Weeds do most of their damage dur-
ing the early growth stages of smali
grain development by competing for
soil moisture, nutrients, and sun-
light. Because this early competition
results in reduced small grain plant
popuiations and in a reduction in the
number of tillers per plant, early
weed control is essential. Herbicide
apptication during grain ripening
can aict harvest operations, bug wiil
not increase grain yields.

Good cultural practices will result
in a thick, heaithy stand of smakli
grains, which will compete effec-
tively with weeds during the carly
stages of crop development. Crop ro-
tation, sound soil management prac-
tices, use of certified seed of recom-
mended varieties, proper seedbed
preparation, and timely planting all
contribute to weed control in small
grains, Herbicides can be used o
supplement these cultural practices
as needed. The fatest edition of Cor-
nell Recommends for Field Crops
should be consulted for small grain
herbicide recommendations.

Growth-regulator-type herbicides
bike 2,4-D and dicamba (Banvel ) will
cause crop injury i they are not ap-
plied at the proper stage of crop de-
velopment. Small grains are most
seasitive to these herbicides during
seedting development, stem elonga-
tion, and head formation. These her-
bicides should be applied in the
spring when the smali grain plants
are fully tillered. Ar this stage they
are approximately 4 to 8 inches tail
and have 12 or more leaves, Applying
growth-regulator-type herbicides



before this stage may cause abnor-
mal root development resuiting in
stunted top growth and reduced
vields. Hence, winter wheat and bar-
ley are normally not sprayed with
these herbicides in the fail,

Once stem elongation begins, ap-
niication of these herhicides shouid
cease. This is especially eritical with
oats. Yields of all smail grains are se-
riously reduced If herbicides are ap-
ntied during the boot stage. Afier the
grain has passed the milk stage, it is
again safe to spray with some chemi-
cals. Although vield losses due to
weeds have occurred by this stage,
these late applications may prevent
weed seed production, aid harvest
operations, and keep green weed
pieces out of the harvesied grain.

Because the development of smaii
grains is crivica for the timing of her-
bicide applications, it is important 1
be familiar with the growth stages of
the crop. The period of rapkd stem
elongation includes the jointing and
boot stages. During jointing, the
head bhegins to develop, but remains
enciosed in the sheath of the 1op
(flag}leaf. During the last few days of
stem elongation, the head increases
greatly in size, but is stiff wrapped in
the sheath, This phase is the boot
stage.

N¢g herbicide is available for con-
trofling quackgrass insmali grains
once the crop is established, Quack-
grass must be controiled at some
other time during the crop rotation,
Planting in 2 field heavily infested
with quackgrass shouid be avoided,
for this perennial weed can cause
significant yield reductions. Wiid
garlic is also of special concern be-
cause the presence of arerial bulblets
in wheat Hmits the grain’s use. Rec-
ommendations for controlling these
rroublesome weeds can be found in
Cornell Recommends for Field Crops.

The time to apply herbicide is when
small grains are in the fully tillered
stage.

MANAGING DISEASES OF
SMaLL GRAIN CEREALS

Diseases are often a major vield con-
straint in the production of wheat,
oats, and barley in New York State.
Many disease-induced losses have
just been accepted by growers be-
cause of either a lack of acceptable
control pracrices or g kack of disease
detection. B the extent that diseases
have been managed, this has been
accomplished through the use of
sound cultural practices, seed weat-
ment fungicides, and varietics resist-
ant {or at least less susceptible) to
ceriain diseases. With the recent ad-

W
\

Leaf spot complex of wheat
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vent of intensive management, the se-
verity and importance of diseases
have increased, and greater empha-
sts has been placed on the use of fol-
iar fungicides.

Overall, the most important dis-
eases are fungal foliar diseases,
These include diseases such as Sep-
toria nodorum spot, tan spot, pow-
dery mildew and leaf rust on wheat,
crown rust, Septoria blight, and leaf
blotch on eats; and powdery mildew,
net blotch, scald, and leaf rust on bar-
ley. Foliar diseases, if severe during
the first few weeks after flowering,
can drastically reduce grain vields,

Powdery mildew of wheat
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Yetlow dwarf {red leal) of oats

Soilborne fungal diseases affect-
ing the roots, crowns, and lower
stems occur on cereals in New York,
but are seldom severe, This is proba-
bly due 1o the fact that small grains
seidom foliow each other in rota-
tional sequence in New York, and the
same cereal species is almost never
continuously cropped, Diseases such
as takeali, Fusarium root and crown
rot, and various foot rot diseases can
reduce cereal vields under certain
conditions in New York,

Yellow dwarf, caused by aphid-
transmitted viruses collectively
catled barley yellow dwarf virus, af-
fects all cereals in New York and can
be a serious problem. Wheat spindle
streak mosaic, caused by a virus that
is transmitted by a soilborne fungus,
oceurs widely on wheat, but its rels-
tionship to vield reduction is unclear,

Smut and bunt diseases attack cer-
eals by replacing the tissues of the
developing kernels with masses of
fungal spores. Although stiil poten-
tially devastating, smut diseases have
largely been controlled shrough the
use of gystemic seed treatments.

Scab or head blight can seriously
reduce vields and result in myco-
toxin-contaminated grain and low-
vigor seed inall cereal crops, if moist
conditions exist at the time of flower-
ing.

Contacryour local Cooperative £3-
tension office for recent fact sheets
and other information available to aid
in the identification and controf of
smali grain diseases.

Smali grain diseases are most ef-
fectively managed by an integrated
approach, which makes use of ge-
netic, cultural, and chemical tactics
of disease control. The following tac-
tics are most ofien incorporated into
cereal disease management.



Loose smut of barley

Selection of Disease-resistantor
-tolerant Varieties

Cereal varieties with resistance or
tolerance o diseases important in
your area can be selected with the
help of publications such as Cornel!
Recornmends for Fleld Crops. Keep in
mind rhat even a moderate level of
resistance may be adequate to avoid
sigmificant losses (o certain diseases.
Resistance o diseases such as rusts
and smauts is specific against certain
pathogen races, so make sure that
the variety vou select is resistant to al}
fungus races known to occur in your
area.

Seed Treatment

Seed treatment of cereal grains with
fungicides is good insurance against
various diseases that reduce stands,
lower vields, and decrease grain
quality. Application of these chemi-
cals (o seeds serves a four-fold pur-
pose:

1. To kil harmful microorganisms
that may be present on the surface of
kerpels. Examples of these are the

Scab of wheat

fungi that cause several smut dis-
eases including bunt (covered or
stinking smut) of wheat, covered and
loose smuts of oats, and covered and
black (Jooseysmurs of barley Alsoin-
cluded in this category dre several

fungi that cavuse seed decay and’

seedling blights,

2. To provide a chemical barrier that
will protect seed and young seed-
lings from invasion by disease-pro-
ducing microorganisms in the soil.
Among these are fungi that cause rot-
ting of seed and roots and blighting
of seediings.

3. B kill harmful microorganisms
that may be present inside the em-
bryos of kernels. The fungi that cause
loose smuts of wheat and barley are
in this cazegory Because they are
deeply established in seeds, they can
be killed only by systemic com-
pounds, which are absorbed and
move within plant tissues.

4. Fo kill, via systemic action, air-
borne fungi that attack leaves of
young seedlings. A few of the new,
seed-applied systemic fungicides
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A planter.box fungicide ireatment will
protect young plants from seedling
diseases.

such as triadimenol have the capacity
10 be rransiocated into developing
leaves and provide short-term protec-
tion against certain foliar diseases
such as powdery mildew.

Fungicides can be applied to seeds
in several ways:

Dust reatment. Dry fungicide
dusts are mixed with the seed by
means of a rreating machine or by
hand shoveling,.

Slurry treatment. Fungicides in
dry or liquid form are mixed with
water and then applied 1o the seed in
atreating machine,

Planter-box or drill-box applica-
tion. Dry fungicide dusts are man-
uatly mixed with the seed in the drill
box immediately before sowing. This
method reduces the chances of un-
used treated seed grain being used
for animal feed or human consump-
tion and can be readily emploved
when emergency pfanting of un-
treated seed is necessary, Care
should be taken 10 ensure thorough
mixing. Apply half the reguired
amount of fungicide to the half-filled
drill box, stir grain well, then add re-
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maining seed and fungicide, and stir
again.

In all cases, fungicides should be
appited as close 1o time of planting as
possibie. See the current issue of
Corrniell Recommends jor Field Crops
for recommended fungicides for
seed treatment.

Follar-appiied Fungicides

The number of New York growers ap-
plving fungicides for disease control,
especially in winter and spring
wheat, has increased recently, Exper-
iments with fungicides in nonmaxi-
mum-vield situations have some-
times shown reduction in disease
with little resulting vield beneft,
Fungicides, therefore, should be
used as one part of a total high-yiekd
management system; that is factors
such as variety selection, planting
date, weed and insect control, and
fertility should be optimized before
fungicide use isconsidered, Powdery
mildew, leaf rust, stem rust, and fun-
gal leaf and ghime spots are among
the diseases most frequently encoun-
tered. Because disease occurrence
varies berween fields and between
seasons, fupgicides are most effec-
tively used in conjunction with a
scouting program. One of the major
aims of a foliar fungicide program is
10 keep the flag leaves free from dis-
ease, because flag leaf function is im-
portant for flling the grain, Early sea-
son diseases can aiso adversely affect
yield, however. Registered fungicides
are listed annually in Cornel! Rec-
ornmends for Field Crops on the basis
of their efficacy in disease control.
Growers are also urged 1o consult
extension agents for updated re-
search results on the agronomic
{yield)and economic returns on pes-
ticide inputs.

Sound Agronomic Practices
Management practices that optimize
cereal yvields in the absence of dis-
ease are basically the same ones used
wo limit the impact of diseases. The
foliowing are most critical:

« Optimal planting date. Fall grains
should be planted soon after the Hes-
sian fiy-free date. This strategy helps
o avoid peak populations of aphids
carrving barley yellow dwarf virus
and also minimize fall infections of
seedlings by soilborne diseases. The
strategy for spring grains isto plant as
carly as soil temperatures and mois-
ture will allow. By so doing, plants
will often be past the mostvulnerable
stages when they are exposed o vi-
ruliferous aphids and pathogenic
fungi.

* Rorarional sequence. Planting a
smail grain, especiaily the same spe-
cies, twice in succession shouid be
avoided. Rotation helps to reduce the
buildup of disease inocalum in the
soil and in crop debris, Planting
small grains following corn that is
badly affected with statk rot isalso in-
advisable, for the Fusarium-infecred
debris can provide incculum for scab
epidemics on small grains.

* Balanced fertility. Although it is
true that increased fertility, espe-
ciably nitrogen, often increases the
severity of discases, the well-fertil-
ized, vigorous stand hasan increased
yield potential even in the presence
of disease.

» Woed and fnsect control. Weed and
insect management is a part of dis-
ease management because these
pests may serve as reservoirs and
vectors, respectively, of plant patho-
gens. Also, weeds reduce airflow in
the crop canopy and produce higher
humidities conducive for disease de-
velopment,

SMALL GRAIN INSECTS

Hessian Fly
Fhytophaga destructor (Say)

How to recognize the insects and
injury. The young injured plant is
usually stouter, broader, and dark
green, resembling oats, The plants
stand more erectand are the plants
that perish during the winter. Plants
that survive are shorter, thinner, and
have fewer seeds in the head at ma-
turity.

The adult is a minute fly resem-
bling a mosquito. The eggs are bright
red and are found on the grooves of
the upper surfaces of the leaves. The
larvac are white, pointed at both
ends, and about ¥ inch long. The lar-
vae are found near the roots of the
plant and later under the leaf sheaths
at the joints of the piant near the
ground. Later she larva turns dark
brown and forms the "flaxseed”
stage, of puparium.

Control. No insecticide treat-
ments have proved practical 1o date,
Culsural control s successful H done
on a communitywide basis,

» Plant only after the fly-free date for
your ares. Seeding of grain shouldbe
done upon arrival of the fly-free date
and finished as soon as possible, for
late seeding usually depresses yiekls
because of poor germination, toot-
ing, and growth, Late-seeded grain is
more susceptible to freezing, winter-
killing, and drought.

» Plow under stubble of infested
wheat, if possible, at least 6 inches as
soon as the grain is harvested.

+ Destroy all volunteer grain, disking
when plants are smail,



Cereal Leaf Beetle
Oulemu melaropus (1)

The cereal leaf beetle has been found
in New York since 1969 and has now
been identified in 56 counties. This
iasect can be highly destructive 10
oats and will probably build up ©
damaging levels and spread eastward
through the state in future vears,
Chemicals are avallable for control,
Plant breeders have identified resist
ant steains of wheat, but not of oats.
Fegg and larval parasites of the cereal
leaf beetle were released by the
USDA and Cornell in Onwario and
Monroe counties in western New
York and have been spreading rap-
idly; 50 biological control will con-
tinue to reduce populations of this
pest.

o

Aduls anc Iarval cerenl leaf beetles are
found in smatl grain felds in much of
New York. Larvae feed by stripping off
the upper surface of the keat,

How to recognize the insect
and injury. The adults ezt longitudi-
nal slits between the veins and com-
pletely through the feaves. The larvae
eat only the outer surface of the
leaves; a frosted appearance results.

The adulis are beetles, measuring
about e inch with metallic, shiny
biuish black wing covers and reddish
orange legs and thorax, The farvae

resembie shugs, black from a glob of
moist dung rmaterial on their backs,
The eggs are vellow, laid singly in
rows of up to three or four, never in
clusters. They are usually found ¢lose
to the midrib of jeaves on the upper
surface. On corn they are often laid
on the underside of leaves,

Control. Plant winter grains im-
mediately after first Hessian fly-free
date for your area to give grain a bet-
ter chance to grow in size. Beetles
prefer younger, tender cereal, less
than é inches rall. Mature older
grains can tolerate more karval and
adufs feeding.

The cereal leaf beetle is present in
New York in all western counties,
Recommendations for its control are
based on work done in Michigan,
Ohio, and Indiana. Beetles are pres-
ent in Pennsylvania and Ontario, also.
Spray recommended insecticides as
listed in Cornell Recommends when
farvae number one or more per
stem,

Armyworms

Pseudaletia unipuncia {Haworth),
AFYWOLM

Spodoptera frugiperda (L), fall army-
worm

How to recognize the insect and
injury, Armyworms attack oats and
wheat,

The armyworm is the caterpiliar
stage of a smali (1-1V2-in. wing
spread), night-fliving, grayish brown
moth with a small silver white doton
the center of each forewing. The
moths fly at night and bide by day.
The moths are seidom recognized by
most people. The fally grown acmy-
worm caterpillar is about 1 inch or
more in length; nearly complewly
free of any hairs; dark gray, tan to
greenish black, with five longitudinal
yelowish stripes, three on the back
and one on either side of these, When
the larvae are numerous, they are
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dark greenish black; when sparse,
pale gray 10 tan,

The sixth instar caterpillar does 20
times as much feeding as do the Aryt
four instars put together and 7 times
as much as the fth instar. Damage
may be seen as a simple ragging of
the foliage to a complete stripping of
the plant. Usually the heads of grain
are not eaten, but these may be cut
off and dropped on the ground. In
some cases the grass of corn may be
totally destroved.

The caterpiilar of the fall army-
worm is [ight brown to greenish
brown, resembling the armyworm
with three, more or less cbvious, vel-
lowish white hairiike stripes down
the back and prominent dark tuber-
cles on the body, from which hairs
grow. The mandibles are conspicu-
ously woothed, conclusively differen-
tiating it from the armyworm. Fully
grown larvae are about 1 inch long,
and damage is generally simifar 10
that of the armyworm.

The night-flying moths resemble
cutworms, the front wings {1%z in.
wide when spread) are mottled dark
grey with a conspicuous light spot
near the fip.

Control. These insects aitack
corn, vats, and wheat, as well as most
grasses. Apply recommended insec-
ticikles when the insects are found in
numbers doing damage. Best results
are usually achieved in late afterncon
and when larvae are % inch or
smaller, When larvae are in &fth or
sixth insear, %—1 inch, a heavier or
repeated dosage of insecticide may
be needed. In cool emperatures, or-
ganophosphates may give poor kills.

Bait ¢an be used in small areas of
infestation in grown or tall grain or
in protective furrows surtounding
uninfeswed geain or corn fields near
infested areas. Baits should be ap-
plied in the evening and renewed
every 2-3 days,
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internal Wheat Stem Feeders
Harmolita tritici (Fuch), wheat joint-
WOrms

Cephues tabidus (F) and Cepbus pyg-
meeus (E), wheat sawflies Calerdra
spp., wheat stemn billbug

How 1o recognize the insects and
the infury. The wheat jointworm lar.
vae are always found in a hardened
gatl, 8~ 10 inches above the ground.
The stem is usually twisted, fattened,
and thickened at this point and is
very hard. if the gall is sliced
through, usuallv two or more paie
yetlowish larvae are found within.

Wheat sawfilies bore throughout
the stem, leaving a loose, pure-white
frass. The larva may be nearly Y2 inch
long, is slender, and has legs and a
nearly colorless head, When ready to
pupate, the larva cuts a V.shaped
groove near the base of the plant and
forms a plug over its head. Later the
plant will break at this weakened
place in the stemn,

The wheat bilibug larva is small,
legless, and has a dark brown head.
The full-grown larva is about ¥ inch
long. It nearly always feeds in wheat
culms, below the Arst joint from the
ground. It fills its gaflery with a fine,
tightly packed, dark brown frass.

Control. No insecticide control
measures are knowsn. Cultural con-
troi measures should be practiced, if
possible, on a communitywide basis.
» Plow under stubble at least 6
inches.

* Destroy volunteer grain.
¢ Badly infested straw, particularly
that from wheat-jointworm-infested

felds should be destroyed by buen-
ing where permitted.

s Rotate with cora, oats, and le-
gumes,

USE OF SMALL GRAINS

New York wheat is usually grown as 1
food grain for the cash muarket. The
cool, humid growing season in New
York favors the production of high-
quality soft white wheat, which has
traditionally been used in breakfast
foods and pastry. The present New
York wheat market is built around
this wheat. Soft red wheat, also used
in pastries and crackers, can produce
well in New York. Before it is planted,
however, an adapted variety must be
idemtified and a market should be lo-
cated. Another option for its use is for
feeding on the farm. Both soft wheat
types are relatively low in protein,
approximately 8-11%; but in gen.
eral, the soft red wheats are 1-2%
higher than the white wheats. Hard
red wheat, the type grown in the
Great Plains and used for bread fiour,
is not currently adapted 1o New York
conditions, The high humidity in this
area induces a number of foliar dis-
ease problems and prevents forma-
tion of hard, high-quality kernels thag
mili properiy. The development or in-
troduction of new varieties may solve
these problems.

As feed grains, small grains are
good sources of energy, Wheat, bar-
ley, and rye contain about 97-98% of
the total digestible nuirients (TDN)
of corn. Qats are somewhat lower be-
cause of their higher fiber content,
Oats and barley contain up 1o 13%
protein, compared with about 9% in
corn. All the smal grains except rve
are also very palatable.

Smalt grains have other uses he.
sides grain production, and their
value differs with species, Siraw isan
important by-product of all the
crops. Oat straw is especiatly desira-
ble for a bedding material for dairy
operations, whereas rye straw is pre-
ferred by the horse industry. As a
winter COVEr ¢rop or green manure
crop, rye is best. Rye and wheat are
most suitable for livestock grazing,
whereas oats are preferable for hay
or silage. If the smali grainistobea
companion crop for a forage seeding,
oais are usually best because they
are less competitive, Spring barley is
the next best choice, foliowed by win-
ter wheat, winter barley, and rye. Cur-
reatly, there is nio established market
for making barkey in New York, Malt-
ing varieties can be grown in this
area, but vield and quality vary from
year to year, Again, the development
or intraduction of new varieties may
improve the performance and quality
of barley for malting purposes,



HARVESTING SMALL GRAINS

Grain

Timely harvest of small grains is im-
portant to prevent lodging, sprout-
ing, and shattering. Soft white winter
wheat is especially susceptible to
preharvest sprouting under sus-
tained moist or humid conditions
during the late dry-down period.
Less sprouting, shattering, and lodg-
ing usually occur at early harvesting.
Small grains can be combined di-
rectly when they contain up to about
22% moisture. Moisture levels
higher than this cause a high per-
centage of kernel damage. Also, the
heads often do not completely thresh
at relatively high grain moisture con-
tents. For grain in the 16-22% range,
artificial drying is necessary. With
soft white winter wheat, an early har-
vest at 16—22% moisture substan-
tially reduces the risk of preharvest
sprouting.

If the grain cannot be artificially
dried, combining should be delayed
until the moisture level has dropped
to about 14%. At this point, when a
grain head is rubbed between the
hands, the kernels should shell out,
and most of the central stems of the
head should break.

An alternative to direct combining
is to windrow the crop when the
grain contains 20-25% moisture,
Then, after several days of drying, it
can be threshed by using a combine
with a pick-up head. Windrowing
will decrease shattering losses. It is
also useful when a field is not ripen-
ing uniformly or if many green
weeds are present.

During harvesting the combine
must be adjusted properly to prevent
grain loss, to thresh cleanly, and to
prevent excessive cracking of the ker-
nels. The ground speed should be
slow enough to prevent overloading
the machine. Combining should not

be done when the grain is wet and
the straw is tough. Such conditions
frequently occur in early morning, in
the evening, and after showers.

Wheat, barley, or rye thatis in good
physical condition and relatively free
of trash can be stored at 13% mois-
ture. For oats 12% is the safe maxi-
mum. With all small grains a 10-11%
moisture content is desired for long-
term storage. For safe storage a mois-
ture meter should be used to deter-
mine the true moisture content.
Grain should not be dried at temper-
atures above 110° F if it is to be used
for seed or above 140° F if it is to be
milled. High-moisture grain can also
be treated with an acid preservative.
Such grain can only be used for feed,
however,

While grain is in storage on the
farm, bins should be checked regu-
larly for heating, moisture accumula-
tion, and insect damage. In warm
weather, insect infestation will begin
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near the surface; in cold weather, it
will be near the center.

Hay or Silage
Small grains produce respectable
vields of high-quality silage or hay.
When other forages are in short sup-
ply, small grains can be used quite ef-
fectively. A good way to use a grain
crop that becomes badly lodged is as
hay or silage. Also, if the small grain
is being used as a companion crop
with a forage, this early removal of
the plants will decrease their com-
petitive effects on the forage seed-
lings. Yields of 5 to 8 tons of silage
per acre can be expected from a
small grain, butamounts as high as 15
tons are possible. In general, oats
make the best hay or silage. Cultural
practices are similar to those for
grain production,

Nutritive value of small grain sil-
age or hay varies with maturity of the

Grain harvest should begin atabout 14% grain moisture if the grain is not to be
artificially dried.
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crop. Dry matter digestibility de-
creases and crude fiber content in-
creases from the boot w the hard
dough sitage. Percentage of crude
protein also decreases with maturity,
whereas total dry matter production
increases rapidly up through the
milk stage, Although younger plants
have the highest feed value, harvest
before the milk stage is not generally
recommended because of the farge
vield Josses that can result,

Small grains to be used for hay
should be cut when in the milk 1o soft
dough stage. After thistime, leafiness
and protein content decrease rapidly,
To facilitaic drying, the crop should
be run through a hay conditioner be-
fore windrowing, Baling should be
delayed until the forage moisture
conkent is 22% or less. Drying time is
shorter with a pure oat stand com-
pared with a oat and legume mix-
ture,

Good silage can be made at any
stape provided the crop is ensiled at
the right moisture content, is well
packed, and 15 supplied with ade-
quate carbohydrate. Although the
flowering stage is most nutritious, to-
tal dry marter and protein produc-
fion per acre are usually greater at
the soft dough stage. Also, this stage
provides more available carbohy-
drares for better fermentation. 8¢ for
mos: farmers, harvesting at the soft
dough stage is probably besi. Be-
cause small grains mature rapidly;
harvest should begin slightly ahead
of the stage desired. Smali grains in
the soft dough stage usaally contain
about 65% moisture, which is ideal
for putting them directly into the silo.
farlier stages may need to he wilted
in the field until they reach 60% o
0% moisture 1o prevent seepage.

Intensive managemesy of wheat requires timely and cost-effective inputs for maxi
M economic vields.

INTENSIVE MANAGEMENT OF
SMALL GRAINS

An intensive management svstem for
smali graias allows a grower to ac-
tively manage the crop through addi-
tional inputs to obtain maximum
grain and straw yields. Additional in-
Outs in an iNensive management sys-
tem include increased seeding rates
{precision applied ia narrow rows}),
increased N rates {split applied at
critical growth stages), fimely appli-
cations of foliar-apphied fungicides,
and the use of growth regulators, Ea-
ropean growers adopied this type of
management system in the mid-
1970s, and average wheat vields in
those counties have increased dra-
matically

The aim of intensive management
is to maximize each vieki component
by additional inputs of fertilizers and
other chemicals, Yield components,
characteristics of small grains that
determine grain yield, include the
number of heads per unit area (head

density), the number of kernels in
each head, and the weighs of each
kernel Because yield components
are interrefared, however, an in-
crease in head density is often ac-
companied by a decrease in kernel
number, kernel weight, or both. Like-
wise, jow head density often results
in an increase in kernel number, ker-
nel weight, or both. The intent of in.
tensive management is not o maxi
mize easch yield componen:, but
rather 1o optimize each vield compo-
nent with respect 1o each other,
thereby obtaining maximum vields.
Each yield component responds
readily 10 eavironmenial and/or
management factors. Head density s
the vield componers most influenced
by management factors, Variety selec-
tion, planting date, seeding rate, and
N fertitizy status greatly influence the
number of heads in the field at har-
vesitime. Kernel number per head,
especially in spring grains, isveryre-
sponsive to environmentzl condi-
tions, Heat, moisture, or disease



stress around the flowering period
can greatly reduce kernel set insmall
grains. Because the flowering period
of spring grains often ocours in early
summer, kernel set can often be ad-
versely affected by excessively hot or
dry conditions. In contrast, winter
grains flower in late May or early June
and often avoid heat or moisture
stress at this time. As a result, variety
and head density play a dominant
rofe in determining kernel number
cf winter grains in most years,

Kernel weight is also strongly in-
fluenced by environmental! faciors
such as heat, moisture, and discase
stress duringthe grain-filling period.
The grain-filling period of spring
grains usually takes place in July
when it can be hot and dry. Conse-
quently, in some years, spring graing
are likely to encounter some stress
during grain filling and to incura
subsequent reduction in kernel
weight. Winter grains, on the other
haad, go through the grain-filling pe-
riod during the month of June when
it is cooler and more moist. Winter
grains, thus, also often avoid heat and
motsture stress during the grain-ali-
ing period. Winter and spring grains,
however, are both susceptible to
odging and diseases during grain
filling, which can also significantly
reduce kernel weight.

Because spring grains are more
tikely 10 encourter heat or moisture
stress, intensive management is not
as successful or currently recom-
mended for them. Spring grains have
also not responded consistently to
some of the intensive inputs such as
high N rates, fungicides, or growth
regulators. Wiater grains, however,
have shown a consistent 1510 20% in-
crease in grain and straw vields from
intensive management inputs. Never-
theless, a full intensive management
program modeled after the Euro-
pean systert is not always cost effec-
tive on winter grains in New York, be-

cause the increased cost of
additional inputs cannot be justified
inyears of depressed wheat prices. A
somewhat modified intensive man-
agement approach, however, is both
agronomically and economically fea-
sible,

The first step in an intensive man-
agement program is o execute ail
the basic agronormic practices in a
timely manner. These include selec-
tion of well-drained © moderately
well drained soils, appropriate til-
lage methods for the soil, high-yield-
ing varieties, timely planting and fer-
tilization, thorough weed controi,
and timely harvest. Winter grains will
only respond (0 intensive manage-
ment inputs if the recommended
basic agronomic practices have been
followed. Intensive management in-
puts will not compensate for poor or
untimely basic management prac-
tices,

Additional inputs in an intensive
management sysiem include in-
creased seeding and N rates and fol-
iar applicazions of fungicides and
growth regulazors. Research at Cor-
nell indicates that the optimum seed-
ing rate under intensive management
conditions is approximately 2.5 bush-
els per acre. This represents a seed-
ing rate, depending on kernel
weight, of 1,650,000 to 1,950,000 ker-
nels per acre {22 1o 26 kernels per ft
of row in 7-in. row spacing ), Crop
emergence usually averages about
90%:thus, 1,475,000 10 1,750,000 ker-
nels per acre {19 o 23 kernels per ft
of row in 7-in. row spacing) will be
established in the fall. Row spacing
studies (i.e., 4.9 vs. 7in.) at Corneli
have been inconclusive; thus, narrow
row spacing cannoct be recom.
mended at this time.

Spring managernent inputs such as
N, fungicide, and growth regulator
applications have received most of
the attention in intensive manage-
ment programs. European growers
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make muktiple applications of N in
the spring to limit excessive tillering,
reduce lodging, and provide readily
available N during stem elongation,
the period of maximum N uptake.
Research at Cornell on silt loam soils
with split applications of N has given
inconsistent results. In years of very
favorable growing condtions, an eco-
nomical response to 60 + 66 ib of N
at GS 3 and GS 6 has been obhserved.
In most years, a single 70- to 80-ib N
application a1 GS 3 has been the most
cost-effective for grain yields. For
steaw yvields, however, a single 90-ih N
appiication at GS 3 has been the most
economical rate. Consequesntly, on
silt loam soils in New York, a single
75-1b N application at GS 3 is recom-
mended for intensive management of
winter wheat. If the straw is aiso mar-
keted, a single 90-lb N application at
GS 3 is recommended. The previous
crop in the rotation or soi type, how-
ever, will alter these recommenda-
tions. For example, if the field has re.
cently been manured or planted 10 a
legume, the N rates should be de-
creased accordingly f winter grains
are being produced on somewhat ex-
cessively drained soils, with low or-
ganic matter contents, the N rates
probably should be split applied 1©
reduce the early-season leaching po-
tential on these soils. For grain pro-
duction, 50 + 40 |b of Nat G5 3 and
GS 6 are recommended, For grain
and straw yields, 50 + S0 b of N at
GS 3 and GS 6 will probably be most
cost-effective on excessivley drained
soils with fow organic matter.
Because increased N and seeding
rates also increase disease inci-
dence, disease control is essentiai in
a high-yield wheat program. Major
foliar diseases prevalent on winter
grains in New York include powdery
mildew, leaf spots, and leaf rust. Sys-
ternic and protectant fungicides that
can effectively control these specific
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High nitrogen rates increase the lodging potentdal is winter wheat, and a growth reg
alator should be used i nitrogen rates exceed 75 pounds/A,

diseases are registered on wheat. Re-
search at Cornell indicates that a
timely fungicide application can be
economical when disease incidence
is moderate 1o severe and the yield
potertialof the field is high, Although
the Europeans have effectively em-
ployed spiit applications of fungi-
cides in their intensive management
program, spiit applications of fungi-
cides are not recommmended on New
York winter grains because of eco-
nomic and time constraints,

High seeding and N rates also cre-
ate an environment conducive to
lodging. Lodging reduces the vield
and quality of the crop, while in-
creasing the harvest costs. Plast
growth regulators applied at the cor-
rect time can prevent or reduce the
occarrence of kedging, thereby pro-
tecting the yield potential and quality
of the crop. In 4n intensive manage-
ment program in which high N rates
are used, plant growth reguiators are
recommended,

In conclusion, intensive manage-
ment of winter grains is agronomi-

cally feasible. Through the use of in-
tensive management inputs, grain
and straw vields can be increased by
15 10 20%. Before adopting an inten-
sive management program, however,
economic factors must also be care-
fully considered. In years of low
prices, the yvield increase may not off-
set the costs of added inputs. Another
factorto consider is the time commis-
ment required for scouting and ap-
plying the inputs. The scouting of
fieids for diseases and the actual ap-
plication of fungicides and growth
regulators occur during May and
early lune, Thistime period may con-
flict with corn planting or hay har-
vest. in an intensive management
program, however, ¢iose atiention
must alse be given (o the winter grain
crop during this busy time of season.
The Field Crop Fact Sheet 403.11,
Intenisive Management of Winter
Wheat in New York, comnains more
detailed information on the subiect.
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Sovheans are adapted 1o areas where corn suceeeds.

SOYBEANS

Soybeans have occupied from 10,060
tex 30,000 acres in New York State for
several decades. Af one time their
acreage was confined io the warmer
parts of upstate, but now there are
many early maturing varieties, so the
distribution of the crop is deter-
mined by other considerations. Aver-
age vields in New York are about the
same as in areas where sovbeans are
a major crop. The marketing system,
however, has never developed to the
poing where sale ks as convenient as it
is for corn, wheat, or oats, and on-
farm uses have grown slowly

Where to Grow Soybeans

Sovbeans are sensitive to frost and
drought, 5o the sefection of a site re-
guires a knowledge of field condi-
tions, Most of the acreage in the smaie
has been on medium to medium-
heavy soils in the Central and West-
ern plains. These soils are mainly
high in fime, and the region also has
a long growing season. Some good
results have aiso been obrained in
the 5t Lawrence asd Champlain val-
leys, which are much cooler, and at
some locations in the Southern Tier;
however, in these places more atten-
tion must be paid to correcting acid-
ity and o “on-time” operations. In
general, results have not been satis-
factory on sandy or gravelly soils, be-

caase the droughty intervals of late
summer often coincide with the sen-
sitive pod-filling stage; and if the
crop does not have a genercus supply
of soil moisture near the surface,
yield will suffer. Sandy and gravelly
soils are aiso subject to erosion while
soybeans are being grown. In stony
fields the combine cutter bar may
have to be raised, leaving part of the
crop on the stump.

Selocting a Variety

Varieties of sovheans are classified
by “maturity groups” to indicate how
long a growing period they need. Tn
New York the range of suitable matn-
rity is from Group 00 10 Group 1.

OTHER CROPS
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Soyhean varieties marure at different res, oven when plamed side by side onthe
same day

Generatly speaking, fate varieties are
potentially higher vielding, hut are
also more likely 1o be frosted before
they are fully ripe.

Sovbean breeders in the northern
part of the Corn Belt and in eastern
Canada have produced many varie-
ties suited 10 New York, Because
older varieties are being replaced, a
grower should consult Cornell Rec-
ommends for Field Crops or another
current listing before making a
choice.

Sovbean seed, like many seeds
high in oif content, has a short life in
storage. 3o not use old seed for
planting. Choice of certified seed en-
sures genetic potential; if a decision
is made 1o use fiekd-run seed, its ger-
mination should be guaranteed by a
test at the Seed Laboratory, New York
State Agricultural Experiment Sta-
tion, Geneva, New York 14456,

Planting Soybeans

Cerwain problems associated with
planting sovbeans are of long stand-
ing. Recently some others dre being
noted.

In states that have fonger, warmer
seasons, the soybean plants grow
tailer, and many are grown in 30-inch
rows like corn. They are planted with
a corn planter, which ensures con-
trofled placement and alows fertil-
izer 1o be banded o the side. In New
York, vields of sovbeans are substan-
tially reduced by such wide rows, so
the seeds are customarily dritied at
7- or M-inch spacing.

Many New York sovbeans get off 1o
& poor start because the grower uses
an unsuitable drill. The sovbean
seed, though large and sturdy ap-
pearing, is actually quite fragile. In-
jury usually takes the form of break-
ing the cotyledons {the large fleshy
food-storage leaves) away from the
sterm and root, so that 2 weak, "hald-
headed™ seedling struggles 1o sur-

Table 29. Soybean planting rate at
various row widths

Seed drop
per foot Planting
Row widith of row* ratef
in. no. Ib/acre
7-9 2-3 75-100
1416 45 6080
2024 6-8 5010
28-30 8-1¢ 4560
34-36 10-12 4058
*Based on 85% germination.

1The larger the seed, the higher the
planting rate required. Seed size varies
greatly for different varieties,

vive. The device inflicting this injury
is usually the fluted feed at the bor-
torm of the seed hopper. To limit the
seeding rate, the machine operator
sets a narrow gate opening in which
the sharp-edged feed mechanism
may be forced against the seed,
breaking it,

Older drills may also penalize the
soybean crop by having no depth
bands or presswheels. It takes a large
amount of moisture to wet a soyhean
seed so that it will sprout, and this
moisture must be transferred from
the soil near the seed. A firm and
complete contact between seed and
soil is essential at planting,

Time of planting is traditionally
just after corn planting. The sovbean
seediing grows slowly at tempera-
tures below 30° F and is more sensi-
tive 10 frost after emergence than
corn is, But further delay in planting
soybeans limits the development of
stems and leaves and, therefore, the
vield potential. Deep planting, over
14 inches, also retards growth,

Sovbeans and the nitrogen-fixing
Bacteria they harbor are favored by a
soil reaction near pH 7 The crop is



Table 36, Ferliizers for soybeans

Fenilizer Soit maragernent
nutrients groups*
to be added L Y
Ib/acre
Nitrogen (N}
Marure added {T/A)
0 5-20 10-20
10+ 5-10 5-10
Phosphorus (P.0,)
Soil test resulis
Voow 50 50
Low 40 40
Med. 20 20
High 20 20
V high 20 20
Potassium (K3}
Soil test results
V low 40 60
Low 40 60
Med. 20 40
High 20 20
W high 0 0]

*See explanation of groups in "Soils
and Soil Management Groups of New
York," p. 10,

also favored by high levels of avail-
able phosphorus and potassium. Ap-
plications of lime and fertilizer just
ahead of planting may nort produce
resulis as good as those from fields
where high pH and fertility have
heen maintained. Fertilizer recom-
mendations based on soil test data
are summarized in table 30.

An effective nodudation of the soy-
bean roots is one of the obijectives of
good management. In fields where
sovbeans have often been grown,
bacteria of the desired kind may al-
ready be present. But because the
cost of inoculating the seed with the
special soybean inocuiant is small,
routine use of inoculant is recom-
mended.

Soybean Pests

Sovbeans start growing late and
coramonly do not grow more than 3
feet tall, so they must be protecrted
from weeds. Caltivation can be car-
ried out with a rotary hoe near emer-
gence, but this implement is uncom-
mon in the siate, and most growers
rely on preplant or pregmergence
herbicides.

There are several effective herbi-
cides or combinations of herbicides
for use during the season when the
soybean crop is on the field. Some
perennial weeds, however, must be
heid in check by a planned sequence
of crops and herbicides. Consult
Cornetl Recommends for Field Crops
to obain specific information on
choice of herbicide, rates, and tim.
ing.

Diseases are common in New York
soybean fields. The most conspicu-
ous diseases are bacterial blight,
which causes dark speckling of the
lower leaves; phytophthora root rot,
which causes sudden wilting of
young plants; downy and powder'y
mildews, which produce yeliow leaf
spots and a silvery surface coating,
respectively; and pod and stem
blight, which appears as black dots
and blotches on the maturing sems.
The exten: of josses caused by these
diseases has not been measured, but
the severity of symptoms varies from
year 10 year, Al present, fungicidal
sprays are not recommended. Using
vigorous seed of well-adapred varle-
ties and avoiding repeated crops of
sovheans on a field are currently the
best prolective measures.,

Leaf-feeding insects of several
kinds are usuaily present, but none
are known to do sericus damage with
regularity. Nematodes have not been
studied.
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Four soyheans per square foot on the
ground is a kess of 1 bushel per acre.

Harvesting and Handling
Soybeans

As the beans ripen, they shrink; the
pods turn brown and brittle, and the
feaves fall. Stems may remain green
or yeliow and moist enough to infer-
fere with combining. Lodging can be
a problem, but the stems commonly
bend above, rather than at, the soil
surface. Harvest begins when the
beans reach the safe storage mois-
ture level of 13% or somewhat before
that if drying and blending facilities
are available, Usual recommenda-
tions are for a combine ground
speed of 2.5 o 3 miles per hour, with
a reel circumference speed 25%
greater than ground speed.

It is easy to split, crack, or smash
the soybeans in a misadjusted cylin-
der. The operator’s manuai will give
proper settings and speeds for soy-
beans, which are regarded as easy to
clean.
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Timely harvest of buckwheat & essential 1o minimize shatering losses,

BUCKWHEAT

Buckwhear was one of the earliest
crops grown in the United States,
being first planted by Dutch colonists
along the Hudson River. To this date,
mote than 50% of the U.S, buckwheat
production occurs in New York State,
Average vields in the United States
and New York have been relatively
constant since the turn of the century
Once & major crop in the United
States, buckwheat now ranks twelfth
in grain harvest. The lack of improve-
ment in grain yield as well as the re-
duced demand for buckwheat by the
American consumer is responsible
for the relegation of buckwheat o a
MNOT Crop.

Buckwheat ¢can have a valuable
place on many New York farms, Be-
cause of its minimal soil require-
ments and need for coof climatic con-
ditions, buckwheat is welt adapted 10
many New York farming regions. Re-
cently, there has been an increase in
demand for buckwheat by Japan.
Also, the expanding popularity of
natural food products has created

more demand for buckwheat. Both
factors could result in increased
buckwheat production in New York
State.

Where to Grow Buckwheat
Buckwheat grows best in a cool,
moist climate, which is found in
many growing regions in New York
Staee. Buckwheart, however, isvery
sensitive 1o freezing tfemperatures,
High temperatures and dry weather
can also seriously limis buckwheat
production. Hot, dry weather at
blooming time is especiaily detri-
mental because it often resuis in
flower blasting. Because of the sensi-
tivity of buckwheas to extreme tem-
peratures, planting date is a very im-
portart consideration for avoiding
RMPEraiuge exirermes.

Buckwheat is not particular in its
soil requirements and grows welf on
low-fertility, acid, and other poor
soils, Because high fertility levels of-
ten cause lodging, buckwheat should
not be grown on land best suited for
other grain crops. Generally, buck-

wheat produces best on a light, well-
drained soil and does not do particu-
tarly well on heavy, wet soils.

How to Grow Buckwheat

Several varieties of buckwheat have
been grown in New York in years
past. Many of these varieties have in-
termixed through the vearsuntil they
make up what is now termed com-
mon buckwheat. This is the type that
had heen grown in the stae exten-
sively untif the last few vears. Re-
cently, varieties that are well adapted
to New York growing conditions have
beean developed in Canada. The Ca-
nacian varieties have much better
milling guallty and are preferred by
the milis thar handie buckwheat.

Buckwheat should be planted after
the danger of spring frost is past,
Buckwheat blooms 4 10 & weeks after
planting and is mature afier W0 10 12
weeks. Because hot weather at
blooming causes blasting, the crop
shiould be planted so that flowering
occurs in kate August 1o early Sep-
tember after the moest severe hot dry
weather has already occurred. In
warmer regions of New York, the
crop should be planted berween ate
June and mid-july for best results, In
cooler regions, the planting date
should be moved up a couple of
weeks.

Buckwheat should be sown with a
grain drill at a2 planting depth of 1 1o
2 inches. Although broadcasting is
not as satisfactory as drifling, it asu-
ally resules in adequate stands. i the
seed is hroadcast, it should be cov-
ered by harrowing. The seed shouid
be sown at a rate of 36 10 72 pounds
(%410 3¥2 bu) per acre. If the seed is
broadcast, the higher rate is advisa-
ble. Regardless of planting method,
seed with high germination shoukl
be used, and a good seedbed pre-
pared. Early plowing Is suggested,
particularly on rough land, Disking



or harrowing before planting should
be used o destroy any weeds and
provide a good seedbed.

Nitrogen fertitization is not neces-
sary on fertite soils and, in fact, can
reduce yiekds by increasing lodging.
Phosphorus and sometimes potas-
sivrn can be apphied 10 fertile soils o
increase vields. Rates of 20 10 40
pounds of phosphorus per acre
should be sufficient. On poor soils a
complete fertilizer such as 10-20-20
should be applied az a rate of 150 w0
200 pounds per acre. Moderate lime
applications o highly acid soils are
usually beneficial.

Harvesting Buckwheat

In New York, buckwheat is generally
combined directly Harvesting
should be done when the maximum
number of seeds are ripe and the
plants have lostmost of their leaves, If
buckwheat is harvested too early, the
large aumber of green seeds cause
storage problems.

On the other hand, delaved har-
vesting can lead to excessive shatter-
ing. Because the crop does not ripen
uniformiy, it is advisable to dry the
grain after combining. As an alzerna-
tive o direct combining, buckwheat
can be windrowed and left in the
field. After drving for a few davs, the
windrows are then combined. This
method helps reduce shatiering.

MILLETS

Fourtvpes of mitlets are produced in
the United States. Proso millet is
used for grain and is produced pri-
marily in the northern Great Plains.
Pear] and Japanese millets are grown
for forage. Pearl millet is common in
the southeastern United States, and a
limited Japanese acreage s grown in
New York and Pennsylvania. Foxtail
millet is also grown mainly in the
Great Plains and the South for use as

Pear} milles can be used for hay or as
greenchop.

forage and birdseed. Commonly
grown types of foxtail millet include
German, Hungarian, and Siberian
millet.

Prosc Millet

Proso miilet is adapted to regions
where spring-sown grains are suc-
cessful, so it offers potential for New
York. It is a short-season piant, re-
quiring only 60 10 80 days 1o mature,
depending on the variety However, it
does need warm weather for best
growth and is very sensitive o frost,
Proso can grow on about any s0il
type, except conrse sands. It also has
the lowest water requirement of any
grain crop.

Proso millet shouid be planted af-
ter all danger of frost is past. For most
of New York thig means early jJune or
about 2 to 4 weeks after corn is
planted. Because it does mature
quickly, it can be planted later in the
summer as 2 catch crop on a late field
or after another crop has failed or has
been harvested. Proso should be
sown with a grain drill ata seeding
rate of 30—-3% pounds per acre, A
firm, weed-free seedbed is neces-
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sary, and planting should not be
deeper than 1 inch. On low-fertility
soils 30 pounds of P,0; and 40
pounds of N are recommended,

The heads do not ripen uniformly,
so the crop should be harvested
when the seeds in the upper half of
the heads are ripe. At this stage the
plant is stilf green, The piants should
be windrowed and allowed o cure in
the field. After the required time for
curing, Proso millet can be threshed
with a combine with a pick-uparach-
ment, Direct combining is not suidt-
able for harvesting proso because of
shattering, lodging, and green mate-
riat problems.

Foxtail, Japanese, and Pear|
Millet

The millets are annual grasses, use-
ful for hay and grazing. Japanese mil-
let is very early and can matare in 45
days. The grain from foxtail millet
makes excelient birdseed when har-
vested like proso. Of the foxtail mil-
lets, the German type will produce
the highest grain yield under New
York condigions, wish Hungarian and
Siberian types far behind. Even at
best, foxtail millet vields peracre are
low compared with those of corn,
wheat, barley, or oats. These millets
should be planted for grain only
when the grower is assured in ad-
vance of a market for the crop, as
hirdseed or for some other special
purpose,

Culurral methods for these species
are similar 1o those for proso, and
like proso they At in well on {ate
fields or after another crop.

For best-quality hay, cut the plants
at the bloom stage. Curing is some-
what slow because of the thick stems,
s0 conditioning is recommended.
For grazing, itis usually best to begin
about 68 weeks after planting or
when the plants are 6~ 12 inches tall.
After this stage the nutritive value
from grazing decreases.



164 Other Crops

SORGHUM

Sorghum is now a minor crop in New
York; but in certain situations and
with proper management, it offers an
excellent alternative 1o corn. Because
sorghum is more resistant than corn
to droughty soils, and some sorghum
hybrids tolerate bird damage better
than corn, it may outyieid corn under
such conditions. In general, sorghum
has the same temperature and soil
requirements as corn for maximum
production.

Culural pracrices for sorghum are
generally similar 1o those for corn,
Early- to medium-narurity hybrids
or varieties should be planted, In
areas where birds are a problem,
bird-resistant hybrids are recom-
mended.

Because the seed is small with lim-
ited food reserves, a fine, firm
seedbed with a oose surface is re-
quired for adequate germination and
emergence. Sorghum requires 4
minimum temperature of 60° 10 65°F
0 germinate; thus, itisususlly bestio
plant sorghum about 1 week later
than corn. The moss-accurate seed-
ing can be done with a corn planter,
but grain drills can be used where
the rate of flow can be restricted
enough to give the proper seeding
rate. For maximum yields grain
sorghum should be planted in rows
of 30 inches or less. For sorghum o
be used as silage, a 30- or 36-inch
row spacing is easier to handie, be-
cause it is beter adapred 1o chopping
equipment. Sorghum seedlings can-
not emerge from deep planting as
corn casn, so the seed should be
planted about T inch deep and never
deeper than 2 inches.

The seeding rate should be about 8
to 12 pounds per acre, with the

Grain sorghunt is redy 1o combine afier
the seeds are hard and the plants hawe
been kilied by frose

higher rate being used for large-
seeded hybrids. Under good field
conditions about 75% field emer-
gence can be expected. For top vields
a minimum plan: population of
70,000 to 85,000 plants per acre is de-
sirable ander most New York condi-
tions. in fields where soil moisture
and fertility will not be limiting, as
many as 100,000 plants are prefera-
ble.

Nitrogen, phosphorus, and potas-
sium fertilization rates similar 1
those used for corn are recom-
mended. Adequare fertilization gives
the crop a good start, increases wa-
ter-use efficiency, improves guality,
and increases vields.

Sorghum seedlings are small and
stari stowly; therefore, good weed
controf is necessary, Herbicides are
registered for both preemergence
and postemergence use on sorghum,
Because some corn herbicides are
uniabeled and also detrimentat for
sorghum production, check with
your iocal Cooperative Extension
agent before selecting a herbicide.

Harvesting Sorghum

Sorghum for silage should be har-
vested when the grain is in the soft o
hard dough stage, Ar this time the sil
age contains about 50% grain, the
SICINS CONEAIN A MAXIMUIT SURAF CON-
tent, and excessive leaf oss has not
occurred, The forage shouid be
chopped and ensiled in the same way
ascorn.

Grain sorghum is mature when
the seeds are fully colored and have
started o harden; this corresponds
t0 a grain moisture of 35 10 40%.
Combining should not begia until
the grain moisture is 25% or less.
Harvesting is complicazed by the fact
that sorghum does not die when it
matures. As a result the leaves re-
main green uniil a frostoccurs, Har-
vesting should begin after a frost and
when the grain is dry enough to com-
bine. Harvesting should not be de-
layed after these conditions because
ledging, shattering, and sprouting
are potential problems. In harvest-
ing, the combine cylinder shoukl be
operated a g slower speed than tha
used for small grains, because the
kernels crack easily

For safe storage the moisture con-
tent in the grain must be reduced to
12~13%. Because the grain will sel-
dom field dry 1o these levels under
New York conditions, drving is usu-
ally necessary Alternative storage
methods are to store high-moisture
grain in an airtight silo or else w
freat the grain with organic acid and
store it in a poncorrosive bin,



Cazltural practices for suntlowers are
sirpikar fo those forcom.

SUNFLOWERS

Although sunflowers are the major
otlseed crop in some parts of the
world and have been used 10 a small
exent as a silage crop in New York in
years past, our present production is
targely in the hands of specialists
who produce the oilseed tvpe of sun-
flower for sale as feed for wild birds,
They often mix it with miller or other
grains and package it before sale.
Several seed companies maintain
large breeding programs and offer
many hvbrid varieties of sunfiower.
Growing sunflowers involves
equipment and practices that are
similar in many respects to those
used for growing corn. The crop is
planted in rows as the soil hecomes
warm. Because sandy soils may not
support the crop in midsummer and
clays may be harmfully wer, me-
dium-textured sotis are preferable.
Only 6 or 7 pounds of seed are re-
quired to provide a plant every 6
inches, Fertilizer and liming recom-
mendations are guided by a soil west,

with target values close to those for
corn; and side-dressing with nitro-
gen at the knee-high siage is rou-
tinely pracriced. There are herbicides
that are labeled for sunflowers, Dis-
case resistance has been improved
by breeding, but some diseases con-
tinue to be a threat, especially if the
harvest season is wet, Smail, isolated
fields are Hkely to suffer heavy losses
10 birds,

As harvest approaches, the seeds
dry much faster than the fleshy disk
that supports them, and it is neces-
sary to allow the entire head to be-
come dry so that it wili shatter and
thresh satisfactorily. Combines can
be equipped with special devices
and adjusted in speed and clearance
to suit sunflowers. Often the com-
bine-run material is above the safe
0% moisture level and must be arti-
ficially dried. The seed weighs only
22 1o 28 pounds per bushel. That
makes it easy o dry, but buiky 1o
store and costly o fransport.

Other Crops
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Useful Tables

Weights and Measures

LIQUID MEASURE
i gallon = 4 quarts = 128 fluid ounces
1 gallon of water weighs 8,34 pounds
1 quart = 2 pints = 32 fluid cunces
Ipint = 2 cups = 16 fluid ounces
Teup = 16 tablespoonfuls = 8 fluid ounces
Ateaspoonfuls = 1 rablespoonful = V2 Auid cunce

DRY MEASURE
1 bushel = 4 pecks
1 peck = 8 quarts dry
1quartdry = 2 pies dry

LINEAR MEASURE
1 mile = 5,280 fees = 1,760 vards = 320 rods
Irod = 16.5 feet = 5.5 yards
Yyard = 3 feet = 36inches
1 foot = 12 inches
1inch = G833 foot
1 mile an hour = 88 feet a minue

SQUARE MEASURE
1 acre = 43,560 sguare feer = 4,840 square yards = 160 sguare rods
1 square yard = 9 square feet
1 square foot = ¥4 square inches
CUBIC MEASURE
1 cubic vard = 27 cubic feer :
1 cubic foos = 1,728 cubic inches = 74805 gallons
1 gallon = 231 cubic inches
1 bushel = 2,150.4 cubic inches = 1.244 cubic feet

Metric System

The bastc units of the metric system are meters (length), grams (weight), and
fiters (volume). All the cther metric wunits are decimal subdivisions or muiti-
Ples of these units,

PREFIX MEANING §INITS
milli- = onethousandth 171000, 0,061

centi- = one hundredth  1/100,0.01 meter,
deci- = onetenth 1/10,0.1 gram,
unit = one ) or
deka- = ten 10 kiter
hecto- = one hundred 100

kilo- = onethousand 1006



EXAMPLES:

Length
10 millimeters{mm) = 1 centimeter{cm)
10 centimeters = 1 decimeter {dm)
10 meters (m) = 1 dekameter (dkm)

1000 meters t kilometer (km)

Mass or weight
10 milligrams (mg)

i

#

1 centigram (¢g)
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Capacity or volhume
10 milliditers (ml)
1060 milliliters
160 liters
10 hectoliters

= 1 cersiliter (¢l
w1 [iter (1)

= I hectoliter {hl)
= 1 kiloliter (ki)

Al the metric units are related so that the volume of
I gram of waier & equal 10 1 cubic centimeter, or

100 centigrams = lgram (g) 1 kilogram = 1 liter = ] cubic decimeter of water
1000 grams = 1 kilogram (kg) The ordinary unit of land area is the bectare. It is equial
100 kiiogmms =1 qtziniﬁf o IO(}SC{M?'Q meters.
1000 kilograms = 1tonne (t)

Metric—U.S. System Conversions Temperature conversions
LENGTH oC oF
linch = 2.54cm 1 centimeter = 0.3937 in
1foot = 03048 m = 30.48 em 1 decimeter = 3.937 in 100 212
lyard = 0.914 m 1 meter = 39.37in = 3.28ft 90 194
1 mile = 1.609 km 1 kilometer = 0.621 mi 80 176
70 158
WEIGHT 60 140
lounce = 28.34%g 1 gram = 0.035 oz 50 122
1pound = 453,592 g = 04536 kg 1 kilogram = 2,205 b 40 104
1 huriredweight = 45.4 kg I quintal = 221 Ib gg gg
1ton = 0.997 metricton or tonne T tonne = 2 205ib o5 77
VOLUME (liguid) 20 68
1 fluid ounce = 29.57 ml 1liter = 1.05qt = 33.6floz }g gg
1 quart = 0.9461 1 hectoliter = 26.25 gal 5 a1
1gallon = 3.7851 0 32
VOLUME (dry) b <
1 cubic inch = 16387 cm?® 1 cobicom = 0.061 in? _15 5
1 cubic foor = 0.028 m? 1 cubicm = 31338 ft° = 1.308yd’ -20 —4
1 cubic yard = 0.765 m? 1 hectoliter = 2.8 bu ~25 =13
1bushel = 36.3681 =30 -22
—40 —40

AREA

1square inch = 6.452 cm?
i square foot = 0093 m’?
1 square yard = 0.836 m?
1 square mile = 2.69 km?
1acre = 0.405ha

PROPORTIONS

1 gal/acre = 935 /ha
11b/acre = 1.12kg/ha
1ib/in? = 0.0702 kg/cm?

1 square cm = 0.155 in?
Isquarem = 1,306 yd?

1 square km = 0.386 mi
T hectare = 2.471 acres

1 liter/ha = .42 qt/acre
1kg/ha = 14.5 oz/acre
1kg/cm?* = 14.227 Ib/in?
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Characteristics of grain, protein, and oif crops

Seeds per Seeds  Bushel  Germination

Crop Scientific name pound  pergramr weight time
1000s no. Iblbu days
Barley Hordeun vulgare L 13 30 48 7
Bean, tield Phaseolus vulganis L, 1-2 4 60 8
Buckwhesat Fagopyrum esculerdum Gaerin. 20 45 48 &
Corm, fiekd Zeamays L. 1.2 3 56 7
[8]e9] Zea mays . 3 7 56 7
sweet Zeamays L. 2 4 50 7
Fiald pea Pigum arvense L. 4 8 80 8
Flax Linum usitatissimum L. 82 180 56 7
Mitlet-foxtait Setaria itafica (L.} Beauv. 220 470 50 10
PrOso Panicurm miliaceum 1., 80 180 56 7
Qats, common Avena sativa L. 14 30 32 10
Rape, vilseed Brassica napus Koch. 160 345 50 7
Rye Secale cereale L. 18 40 58 7
Sorghum, graln Sorghum vuigare Pers. 15 33 56 10
Soybean Giycine max Meril] 2-3 613 80 8
Sunfiower Hefianthus annuus L. 3-9 13 24 7
Wheat, common  Trificum aestivum L. 12-20 35 60 7

Quick Conversions of rates or yields

Number of foel of row per aore af

varlous row spacings
bulacre bulacre
Distance between Feat of row
kgtha Ihlacre 561k 80 lonnetha tonfacre  5B1D 601b rows ininches Der acre
1 ] 1 0.48 H 15 7 74,674
1.1 1 2 g9 32 30 12 43,560
5 45 2.3 1 38 33 15 34,848
57 5 4.6 Z 71 67 18 29,040
0 9 & 2.25 80 75 20 26,136
114 10 6.4 3 107 100 21 24,891
50 45 a1 4 143 133 24 21,780
57 50 09 10 4.5 160 150 28 18,669
00 a0 18 1h 114 &5 179 167 30 17,424
114 166 1.8 1.6 13.7 6 214 200 32 16,335
500 A50 7 7.5 15.9 7 250 233 36 14,520
870 506 8.9 8.3 18.2 8 286 267 40 13,068
1000 806 16 15 205 9 321 300
1128 1600 18 i8 228 16 357 333
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