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OHIO {RRIGATION GUIDE

This guide is based on best informatlon available at this time on soils,
crops and water factors necessary for the planning, design and manage-
ment of sprinkier irrigation systems., With the development of more
research and better instrumentation, changes may be made in future
publiications,

Conservation irrigation means applying irrigation water according to

the needs of the crops, the water~-holding capacity and the intake rate
of the soil.

The guide provides information regarding the normal depth of irriga-
tion, the gross water application, the rate of application, the maxi-
mum time allowed to complete an irrigation |nferva| and monthly and
seasonal crop water requirement. -

THE NEED FOR IRRIGATION

A, Climatic Factors

Ohio has a marked diversity of climatic conditions. There is an
8-degree range in mean annuai temperatures over the state - from 49° in
several places in the northeast up to 57° in the extreme south. Normal
annual precipitation ranges from iess than 30 inches at Put-in-Bay fo
more than 44 inches in parts of Clinton and Highland counties. Climatic
differences can be explained mainly on the basis of topographic varia-
tions and the range of latitude.

Both temperature and rainfall contribute to the demand for moisture by
growing crops and the need for irrigation. Favorable temperatures are
an obvious requirement for plant development, as is the availability

of an adequate supply of soil moisture. |t is generally conceded that
growth conditions are most favorable when the level of soil moisture
ties somewhere between field capacity and 50 percent of avaiiable
moisture., This optimum condition is seldom malntained in Ohio through-
cut fhe growing season because summer rainfall normally is insufficient
to make up for evapotranspiration, Soil moisture deficiency can be
corrected by irrigation, provided ifs installation and operation is
economically justifiable, and an adequate supply of water is available.
Climatic and hydrologic factors shoutd be considered when deciding
whether or not fo invest in an irrigation system,

Basic information needed includes a reasonable estimate of successive
week ly amounts of water needed to maintain optimum moisture conditions
in the root zone. Knowing the probable consumptive demand it is pos-
sible to determine the probability that natural rainfall witl provide
the required amount of water, and how much water would have to be added
by frrigation in a normal season,

The normal distribution of rainfall over the state at any partlcular
period can be found in Research Bulletins 1005 and 1017,



The typical moisture situation during spring and summer months is one
of increaging deficits within the root zone. Only in the very wettest
of summers is moisture maintalned above the 50 percent of avaitlable

maisture; and in a normal season soil moisture generally Is reduced to
about 20 percent of availebie moisture by the end of August, The need
for irrigatiorn in Ohio is dictated by this failure of natural rainfall

plus stored soi! moisture to supply the evapafransgiratton demand for
desired quallty yields,

B, Typical Water Reguirements of Crops Under Irrigation

Fields planted to corn in spring remain essentiaily bare unti!l late
June when plants have grown large encugh to transpire significant amounts
of water, During this period a significant amount of water is lost by
surface evaporatrion, and extraction takes place mainty from the top foot
of soii, Hence the greater part of the stored water supply remains in-
tact for tater use when the crop need for moisture is greatest. As the
period of repid growth starts aboutd the end of June the demand for mois-
ture due to transpiration increases until a maximum rate is attained by
the third week of July, This maximum is maintained by the corn c¢rop un-
tit the reproductive stage begins in late Juty or August, after which
there is a graded decline,

Filgure 1 gives an indication of the asmount of water required every week
in a normat season to maintain soil moisture above the 50 percent leve!
of avaiilabitity, These amounts are shown by the curve which pesks in
July and August. Values represent estimates derived initially from
tysimeter records at the ARS station near Coshocton, Chie, and adjusted
to fit the probable needs under near optimum moisture conditions, The
second curve shows by weeks and percentage probability that natural rain-
faii will provide the indicated emounts of water each week during the
season. Note that the chances are less than 50-50 throughout most of the
growing ssason, the {owest probablliify being in midsummer. Aithough
fittie quantitative information is available to prove it, there is reason
fo betieve that similar relationships between evapotranspiration and
effective rainfall exist for other spring-planted crops in Ohlo,.

C. Frost and Freezing Temperature

The length of the growing season {5 customarily defined as the nhumber
of days between the last kitling frost in spring and the first in aufumn,
Since weather observers do not always agree whether to rate a given frost
sitfuation as "kitling", the Weather Bureau has adopted the more objective
eriterion of 32° F, at the S5-foot height as the specification for a "kill=
ing frost." Figures 2 and 3 show respectively the average last dates of
32-degree temperatures in spring and the first in autumn., Note fhat the
distribution on both maps are similar and are related Yo the distribution
of mean growing season femperatures., Frosts occur later in spring and
eartier in fall over hilly sections than in areas having more level
terrain,
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Dates guoted on these maps are averages, representing the 50 percent
probability level for 32 degree temperatures, For some purposes
higher or lower temperature thresholds are more Important; also in-
formation mabout different levels of probability may be useful., Hence,
for those interested in corresponding dates for temperatures other
than 32°, or in dates associated with other degrees of risk, the
following conversion tables are provided,

Table |
To convert from average dates for 32°
freeze to those for indicated temperatures

Threshold temperature Spring Autumn

36 degrees F. add |35 days subtract 12 days

28 degrees F, subtract (4 days add 13 days

24 degrees F, subtract 29 days add 27 days

20 degrees F. subfract 42 days add 39 days

16 degrees F. subtract 54 days add 5| days
Table 2

To convert from 50 percent
probability to other degrees of risk

Degree of Risk Spring Au tumn

2 percent add 26 days subtract 24 days
25 percent add 8 days subtract 8 days
75 percent subtract 8 days add B days
98 percent subtract 26 days add 24 days

D. Economic Factors

The primary factors for a successful irrigation plan include:
{1) adequate water supply which can be developed at a reasonable cost,
{2} adequate labor to install and operate the irrigation system, (3}
sufficient capital to provide the necessary facilities and equipment,
and (4) a favorable refurn from irrigation. In addition to these factors
other considerations are the possibiiity for use of the irrigation
system for application of fertilizer and insecticides, for fire pro-
tection of the farmstead, and for frost protection of the crops,

(1} Water Supply
The quantity of water required for irrigation wiii depend
largely on the length of the drought period and the crop and
sofls characteristics, but will usually vary from 6 to |18 inches
of water per acre irrigated, :

{2) Labor
Hand moved sprinkler irrigation systems have a high labor re-
quirement, particularly with tall growing crops, such as corn,
At least one man-hour of labor per acre is required to move a

6



(3)

(4)

sprinkler irrigation system in corn. Assuming that three
irrigations are required, the total labor requirement for
irrigation would be about the same as for all other tiliage
and harvesting operations for a crop, such as corn. Mechani-
cal mave and soiid set sprinkler systems can greatly reduce
the labor requirement.

Capital ' :
The capital investment for sprinkler irrigation systems will

normally be from $i100 to $200 per acre, but for soiid set
systems this cost may range from $600 to 31,000 per acre, The
fixed costs, such as interest, depreciation, etc., occur each
year regardless of whether the irrigation system is used,

The cast of development of the water supply also must include
cost items such as wells, 'pumps and reservoir site construction.
The cast per acre will be greater on smail acreages.

Returns
Some additional cost in seed and fertilizer may be required for

crops under irrigation., Alternate possibilities for investment
should be considered in comparison with irrigation. These
could be for additional fertilizer, a surface or tile drainage
system, or erosion control works, such as levees along streams
in flcod plain areas, |f optimum use is not being made of
fertilizers and good drainage practices, these alternatives
may prove fto be more profitable.

One of the most difficult factors to evaluate is the expected
increase in income from irrigation. In general, truck crops,
such as strawberries, potatoes, beans and sweet corn have shown
rather high returns because of the high income per acre and the
increase and uniformity of crop quality. Crops such as field
corn and pasture for dairy cattle have generally not shown high
returns. Recent studies in Chio have shown that sweetf corn
generdily will give a high return, buft the returns are lower for
tobacdo, flieid corn, and orchards., Higher returns may be ex-
pected from sandy solls or those which have a low water-holding
capacity. These soils do not provide sufficient moisture to
carry ‘the crop through a prolonged drought period. These coarse
textured soils are fortunately best suited for vegetable crops,



BAS IC CONS!DERATIONS

Irrigetion should be undertaken only after evaluating all factors relating
to the costs and returns. In appraising petential irrigation returns,
growers should recognize that the practice may be used not only to in-
crease income, but also to facilitate better management and provide for
improved operating efficiency. For the farmer, the benefit from irriga-
tion must be sufficient fo Justify the cost of purchasing and operating
the irrigation system and leave a reasonable return on the investment.

For the greenskeeper, park or landscape superintendent, nurseryman, and
home owner, irrigation must be done fo maintain the desired growth or
appearance of grass, ornamenfal plants, flowers, and garden crops with
minimum cost and effort.

To obtain the maximum benefit from irrigation, the foliowing conditions
must be considered:

A. Wafer Sugé!g

Irrigation requires large volumes of water. |In evaluating the water
supply, the landowner should assure himself that it is (1} adequate fo
meet the requirements of the acreage of crops to be irrigated, {2) of
suitable quality, (3) dependable, {4} economically accessible, and (5)
legaily available,

In general there are three sources of water for irrigation purposes,
These are underground suppiies pumped from wells or pifts, flowing streams,
and surface reservoirs.

i, Wells

The Division of Water, Ohio Department of Natural Resocurces,
Columbus, Ohio can supply information on ground water possibili-
ties for most areas of the state. Sometimes ground water contain
salts in such high content as to make it unsuitable for irriga-
tion. Tests should be made of the proposed water supply if wafer
quality is quesfionable. it is a good practice 1o install a test
well to determine if an adequate water supply is available.

"2, Sireams

Only streams that have an adequate flow during drought periods
can be used as a direct source of water for irrigation. Some
streams carry sewage and industrial waste that contain chemicals
that may be harmfu! to plant growth.

3. Reservoirs
The reservoir storage capaclity must be sufficient fo meef crop
needs, ljosses due fo evaporation and seepage during the irriga-

tion season, and the sediment storage requirement for the ex-
pected |ife of the structure, The storage requirement will vary

8



in accordance with the needs of the different crops, the acreage
to be irrigated and the anticipated recharge of the reservoir
between irrigations.

B. Erosion Control

If the area under consideration is on sioping land appropriate con-
servation measures are needed for protection against erosion damages and
possible aggravation of this hazard by irrigation. These may include such
practices as contour planting, terraces, diversions, cover cropping, strip
cropping and mulching.

C. Drainage

Land to be irrigated must be well drained to achieve the satisfactory
results. If the land is not naturally well drained, adequate surface and
internal drainage must be provided., This might include such practices as
tile drains, open ditches, and land grading. Consult the Ohio Drainage
Guide 3/ for additional information.

D. Fertility Management

The soil fertility program should be based on soil tests and plant
anatyses. Consult the current Ohio Agronomy Guide 4/ for additional in-
formation.

E. FPlants and Plant Popuiation

In order to maximize irrigation benefits, high quality seed, adapted
plant varieties, and recommended plant population shoulid be used., Consult
the current Ohio Agronomy Guide for additional information,

F. Conservation Cropping System

The sequence of crops grown and the use of crop residue and cover
crops are important considerations in obtaining maximum returns from the
irrigation equipment. The wise use of these practices improves soil
structure, tilth and intake characteristics of the soil. Good cultural
practices are necessary for the contreol of weeds, insects and plant di-
seases. Consult the current Ohio Agronomy Guided/ for addifional infor-
mation. _

G. System Capgcity

Whatever the source of water, the system must be able to deliver an
irrigation stream farge enough to cover the irrigated area in the alloted
interval or, conversely, the size of the irrigated area should be limited
to what can be adequately irrigated by the available irrigation stream.

The rate of dependabie flow required depends on the size of the area irri-
gated, the water requirements of the crops during periods of peak use, the
efficiency of the irrigation system and the time alilotted for one
irrigation, .



The requlied rate for sprinkler systems can be determined by the formula,
| = 453 AD
FH

the required flow in gpm

the irrigated area in acres

the gross depth of application in inches

the number of days to complete one irrigation over the area A
the actua! operating hours per day

I Mo rLoOo
[ I B I { I

The flow, Q, must be increased to compensate for losses that occur in the
water-distribution system. The flow, Q, can be reduced by operating the
system at night as well as in the daylight.

Here is aniexample of the use of the above equation: 1f a farmer wants to
apply 2.4 inches of water by sprinklers on a 40-acre field in 6 days, irri-
gating 12 hours a day, the required rate of flow would be computed as
follows:

Q = 453 X 40 acres X 2.4 inches = 604 gpm
6 days X 12 hours

irrigating 18 hours per day, the required rate of flow would be about
400 gpm,

H. lrrigation Water Management

The practice of “Irrigation Water Management" requires that: () the
quantity of water applied is determined by the moisture holding capacity
of the soil and the needs of the crop and (2) water is applied at a rate
and in such a manner that the crops can use it efficiently and significant
runoff and erosion does not occur. To meet these objectives, the irrigator
must have enough water to meet crop needs, an adequate system, and it must
be cperated properly.

IRRIGATION METHODS

There are three general methods of lrrigation - sprinkler, surface
and subsurface irrigation.

Almost all irrigation in Ohio is the sprinkier type, where water is dis-
tributed under pressure fthrough a system of portable pipes and sprinkled
on the crop by rotating sprinklier heads or perforated pipe. Sprinkler
heads and nozzles, available in a wide variety of sizes, apply water at
rates of léss than 0.1 inch per hour to more than 2 inches per hour, Per-
forated pipe is usuaily limited to small areas where the soil has a high
intake rate.

Sprinkier main iines are sometimes buried where the same area is irrigated
year after year. Sprinkler laterals are usualiy moved at least once each
day during the irrigation cycle, This is done by hand or with seif-pro-
pelled equipment to reduce labor., Another |abor-saving approach is the use
of "solid set" systems where there is enough pipe to irrigate the entire
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area without moving any pipe, This system cen readily be adapted to frost
protection and crop cooling., However, due to the high initial cost its
use Is limited fo high vaiue crops,

surface irrigation involves the distribution of water over the soil sur-
face either in a sheet or in furrows. Land leveling is gensrally required
to obtain the proper soil slope for uniform water distribution. Surface
irrigation is common in the western states, but there Is very liftie in
Ohio, it may be practical here when combined with a surface drainage
system on deep soils where exposure of subsoil is not a probilem,

Sub-~irrigation systems distribute water below the ground surface through

3 system of ditches or tiie drains rather than on top of the ground, To
be successful, the topography amust be nearly level and smooth. The upper
soil layers must be permeable to pérmit free and rapid water movement
lateraily and vertically, The permeable soi) must be underlain by retati-
vely impervious soil on which an artificial water tabie can be built up,
Few areas such as this exist in Ohlo. Controlled drainage of certain muck
s0ils is one exampie.

DESiGN OF SPRINKLER IRRIGATION SYSTENS

Tables 3 and & provide the necessary information on crops, soils and water
factors necessary for the design of a sprinkler irrigation system.

Table 3 ~ Moisture extraction depth and design moisture use rates of
different crops for design of irrigation systems,

Heading ! - {rops

Heading 2 - Normal depth to irrigate for solls of different fex-
ture, Depths are given for sandy soils and for fine
and medium texture. |t is the recommended depth of
soil in which moisture must be kept readily avaiiabie
for the plant and should not be confused with the max-
tmum root zones,

Heading 3 - Design Use Rate. The design value represents the
amount of water in inches per xday used by the crop
during the perlod when the maximum amount of moisture
is being extracted from the soil.




TABLE 3
MOISTURE EXTRACTION DEPTH AND DESIGN MOISTURE USE RATES OF
DIFFERENT CROPS FOR DESIGN OF IRRIGATION SYSTEMS

() {2} (3)
Normal Depth to Irrigate
for Scils with Texture <

1/ Heavy to Design Use
Crop =~ Fine 3/ Sandy 3/ Rate 4/
In. In. tn./day
Truck Crops
Beans 18 24 : 0.20
Beets 18 24 G.20
Cabbage 18 24 .20
Celery 6 12 «25
Cucumber & Muskme lons I8 24 .20
Lettuce 6 12 .20
Watermelons 24 36 .20
Onions, bunch 6 12 » 20
Onions, dry i2 18 20
Peas i2 24 « 20
Radishes 6 12 « 20
Tomatoes 24 36 25
Corn, Sweet & Field 24 36 0.30
Grass Sods (for sale) 6 12 0.25
Potatoes 18 36 0.30
Soybeans 24 36 0.30
Sugar Beets 24 36 0.30
Tobacco {8 24 « 30
Pasture and Meadow
Shallow: Ladino clover,
Red clover, Timothy,etc. (8 30 .30
Deep: Aifalfa, Brome,eic, 24 36 .30
Fruit
Brambles 24 36 .20
Grapes 24 36 « 20
Strawberries 12 18 : 25
Trees 36 48 .25
Nursery 12 18 +25

1/ Values for other crops can be estimated from those given in this
table,
2/ Depth of irrigation represents the soil depth from which most of
the crop reeds for water are supplied. It is not the root depth,
3/ The following soi! groups are considered "sandy".
1B4 855 932 838 953
276 922 935 852 958 9381
The following soils have sandy loam or loamy sand surface horizons:
256 and 275.
All other soil groups are "fine and medium”,
4/ Average rate for several days during the period of most rapid
water demand by the crop and by direct evaporation,
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Table 4 - Ohio Soils, Crops and Water Factors Used in Design of

irrigaftion Systems,

Heading § -

Heading 2

Seil Group. The soil types indicated on soii survey maps
are listed in both alphabetical and numerical order in the
appendix. The soil fypes have been grouped into fhe Ohic

Soil Management Groups. The group numbers are indicated in
this column, '

Description of Soil Group, A few of the dominant s0ils in

Heading 3

each group are mentioned,

=
o
o
o,
-]
5]
-
|

Moisiure Extraction Depth, inches, The iisted depths of

6, t2, 18, 24, 30, 36 and 48 inches are used to correspond
with the normai crop moisture extraction depth groupings as
shown Trn Table 3, heading 2. These are the depths from which
essentialiy all of ihe moisture is obtained for vigorous
plant growth. )

Available Moisture Capacity, Inches. This heading lists the

Heading B -

fotatl avallable moisture bolding capacity in inches within the
s0il to the depth indicated in Heading 3. The available mois-
ture for plant use is that moisture in the soils between the
wilting point and field capacity. The listed values are est]-
mates based on laboratory fests of the physical properties of
major soil types and numerous field measurements of closely
related soils of simiiar structure, texture and other profile
characteristics,

irrigation intervatl in Days for Different Design Use Rates

Heading 6 -

The times shown are the maximum number of operatfing days for
the system to apply the gross appiication on the design area
at the tisted design use rates. The number of days shown for
each design use rate is based on 2 moisture use value which
is B0 percent of that shown in Heading 4.

Total Water Application, Inches. This is a design value of

Heading 7 -

gross appiication based upon the available moisture {heading
4) and a system of efficiency of 70 percent. Experience has
shown that a2 value of B0 percent of the total avaiiasbie mois-
ture capacity of the soil within the effective root zone is
adequate for design. A 70 percent system efficiency is used
in design to compensate for uneven sprinkler distribution
patterns, pipe~line leakage and evaporation losses under
normal conditions,

Application Rate, inches Per Hour, This is the maximum

sprinkler application rate recommended for cultivated or bare
soit conditions. With adequate ground cover on fiat siopes
this rate may be doubled, Consideration must be given for
conditions of scil structure, slope, erosion, crop rptation
and plant characteristics, The design application rate selec~
ted is atso influenced by operation schedules. The selected )
rate may be less, but should never exceed the suggested values.
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USING THE |RRIGATION GUIDE

Sprinkler System Design

Examp le
Field Field Field Field
No. | No. 2 No. 3 No. 4
3 Ac. 5 Ac. 0 Ac, 10 Ac,
Casco Genesee Miami Brookston
Sandy loam Silt loam Silt loam Silty clay loam
Crops: Tomatoes - |0 Ac., sweet corn - 10 Ac., potatoes - 5 Ac,,

Strawberries - 3 Ac.

Effective root zone depth (Table 3}

Operation conditions

System efficiency for design - 70 percent.

Daily hours of operation - [6

Planting dates cause all crops to be at design moisture use

rates during the same time.




A, Allowable Time to Compiete an_lrrigation

Table 3, Headings 2 and 3 list the irrigation depths and design
consumptive use rate respectively for the various crops. The maximum
allowable time (days) to complete one irrigation cycte on each irriga=
tion soil group is shown in Table 4, Heading 5, for the selected
irrigation depth and design consumptive use rate,

Where several soils and crops are represented in the design area, and
peak design-use rates for the crops occur at about the same time of year,
the time aitlotted for completing one irrigation (F) over the design

area is obtained through a weighting process. The combination of crop,
soit and interval which gives the shortest irrigation interval period

is the value to be used in determining the sprinkler system capacity.

1

B, Determining the Weighted Gross Water Application

I'f the design area includes several! soils and crops, the gross water
requirements (Acre Inches) for each crop are computed and weighted to
obtain the gross depth of apptication. The maximum weighted application
generally occurs when the deeper rooted crops are grown in the soils
having the higher total moisture holding capacity.

Root Gross Design

Zone Water Total inter-| Acre

Depth Appl. Appl. val
for Irrig. Inches | Ac.In. | Days Days

Fileld Ac, Crop 1/ 2/ 3/
§ 3 Sweet corn i8 .4 4,2 3 9
2 | S {Potatoes I8 2,6 13,0 6 30
3 | 10 ! Tomatoes 24 3,10 31.0 9 90
4 | 7 |Sweet corn 24 3.3 23.1 7| 49
I 3 | Strawberries (2 1.9 5.7 5 p 15
i 28 77.0 193

1 Table 3, Heading 2
2/ Table 4, Heading 6
3/ Table 4, Heading 5

Note: The root zone depth for sweet corn on Field | is I8 inches

and on Field 4 it is 24 inches, This is a soil condition in
Fieild |,

2|



Weighted application time (days) = 193 ;E-Ag?lﬁ = 6,9 days

Use a value of 6 days. This allows a safety factor for breakdown.

Weighted gross water application = IT.EBA;; In. = 2,75"

The required system capacity is:

= 453 X Area in Acres X Gross Application in inches
Irrigation Interval X Operating Hours Fer day

- 1453)  (28) {2.71) = 363 qpm
Q (6} (16) P

Qgpm

C. Maximum Application Rate

The maximum rate of application for irrigation systems serving a
complex of soiis is governed by the soil with the lowest application
rate. In the example, all crops are culfivated, and the maximum appli-
cation rate is limited by the Miami soils in Field No., 3. The maximum
rate from Tabie 4, Heading 7, for this soil is 0.4 inch per hour.
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IRRIGATION SYSTEM MANAGEMENT

Management is a prime factor in the success of an irrigation program,
The system may be the best possible design, the equipment may be the
most up to date and efficient, but stili success is not insured,

Labor requirements for a hand moved irrigation system is large. Often
the equipment has fo be operated at the same time other labor demands
are at their peak. Solid set and mechanical moved systems require very
{ittle tabor. The irrigator must carefully consider how operation of
his type of irrigation systemwill fit into the total farming enter-
prise. He must be sure that he has the manpower available for his
choice of system, Good planning and utilization of labor is essential.

Large quantities of water are required for irrigation. Therefore,
efficient use of water shou!d be the goal of an adequate program of
irrigation system management. The benefits from the investment in the
irrigation system, tabor and irrigation water are derived from the im-
proved quality, yieid and marketing advantages that can be achieved from
irrigated crops. To obtain these benefits, with efficient water use,
the irrigator must answer these very pertinent questions. When should

| irrigate, how much water should ! apply and is the irrigation system
functioning properly? '

Many irrigators tend to delay irrigation in hope that rain will come.
This temptation has to be overcome. A cardinal rule of the irrigator
must be that he keep his eyes on the soil and plants and not on the sky.
| f drainage is properly cared for, as pointed out in earlier sections,
no serious problems should develop,

The question '"When should | irrigate?" cannot aiways be answered pre-
ciseiy. There is no set rule that applies to all situations. Several
factors must be considered in each individual case, such as particular
crop, stage of growth, available water supply, irrigation system capacity
and other farm operations schedules.

Most crops should be irrigated before more tham half of the available
moisture in the crop root zone has been used. This is a good criterion
for one |imit of moisture depletion. Some crops, however, are thought
to do beter at higher moisture levels (less moisture deficiency at time
of irrigation), Therefore, one might consider that an irrigation may be
needed well before half of the available moisture has been used, Author-
ities are not in full agreement as to what specific crops benefit from
the maintenance of "high” moisture levels or what these moisfure levels
should be, Generally, however, one may consider the need for irrigation
is doubtful for any crop until the soil moisture deficit approaches one-
third of the available moisture holding capacity of the crop root zone.
Some special purpose irrigations, such as for seed germination, are, of
course, exceptions to this general rule,
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It is not always practical and probably not desirable t¢ maintain the
same soii-moisture level throughout the growing sesson. Aside from

the moisture needs for insuring a stand, most crops have critical periods
during the growlng season when good soil moisture levels must be main-
tained to obtain high quaiity yields. The crifical period for most crops
occurs during the part of the growing season of pod, frult, ftuber or ear
formation and deveiopment. Tabie % ltists the critical growth periods

for a number of important crops.

Table &

Critical Periods of Water Needs for Crops

Crop Critical Period
Ajtalfa Star? of flowering and after cutting
Apples Bud stage and fruit enlargement
Bean, {ima No particular period

Bean, snap
Corn, sweet
and fleld
Cabbage
Lettuce
Helons
Onions
Pasture
Peaches
Peas
Peppers
Potatoes
Radigh
Strawberries
Yobauco
Tomatoes

Fod enlargement
Tesseiing, sitking and early stage of ear development

Mead deveiopment

Head development

Blossom to harvest

Bulb enlargement

After grazing

Fina} fruit enlargement and pit hardening
Flowering and seed enlargement

Planting fo fruit set

Blossom to harvest

Root enlargement

Fruit enlargement

Knee high to blossom

Early flowering, fruit set and enlargement

1¥ sufficient growing season exists from time of seeding or transpiant
to harvest for the desired development of the crop, short periods of
silight moisture stress during the eariy part of the growing season may

not be harmful.

Except for ieaf or forage crops this is true for most

crops. On the other hand, overstimuiation of vegetative growth from a
combination of high soil fertiiity and available soil moisture can aiso

be objectionable,

This may delay time of harves! enough to miss the

period of highest fresh market demand, effect the grade for processing

or cause losses on late-maturing crops from frost damage.

1§ irrigation

water supplies are 1imited, the best use of the irrigation water supply
would be during the critical growth period of the crop,

Irrigation must begin in time so that the i{rrigated area can be covered
before the avalisble moisture jevel in the last portion of the field

to be irrigated reaches a point causing unfavorable moisture stress of

the crop., Normally, the system capacity and hours of operation per day
should permit irrigation to begin at moisture levels between 50 and &0

percent and be completed before the 25 percent level of availsble mois—

tyre is reached.
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Irrigation schedules often can be varied somewhat to fit other operation
schedules. Many times the irrigation system is utilized on a diversity
of crops which are at different stages of growth, When the available
soif moisture level for each crop area is known the timing of irriga-
tions can be varied. For example, irrigations of a particular crop may
be moved ahead a day or two to facilitate spraying insecticides or herbi-
cides,

In determining the need for irrigation one must not overlook the fact
that some portion of the field may be drier than other portions, Some-
times, because of poor water distribution during a previous irrigation,
the soil moisture deficlency in one portion of the field may be found
to be considerably greater than in other parts of the fieid. Also the
soil in one part of the field may have a smaller available moisture hold-
ing capacity than the solls in another part. -The moisture in this soil
might be depleted to the 50 percent level fong before the other soils
approached that tevel. |f these kinds of critical areas are of signi-
ficant size, the decision as to when to irrigate should be based on the
available moisture in the drier areas. '

The amount of irrigation water to apply depends on the amount that has
been used by the plant and the water holding capacity of the soil. In
most cases each irrigation should refilt the effective root zone bringing
the soil profile to field capacity. However, this is not necessary with
preplant irrigations. Also, where there is danger of water logging the
soil It may be desirable to refiil the effective root zone to only 80%

of fietd capacity.

From the preceding discussion It can be seen that to have efficient
irrigation water management the irrigator must have some means of deter-
mining the level of available moisture in the root zone,

A rough estimate of the probable magnitude of the soii moisfure defici-
ency can be made from a general knowledge of the pattern of consumptive
use by the particular crop, if the number of days since the last ireiga-
tion or equivaient rainfall is known. For example, in an area where the
irrigation guide indicates the peak period consumptive use rate of a
particular crop is about two-tenths inch per day; one might, during a

hot dry period, expect to find an average soil moisture deficiency of a-
bout 1% inches some 6 or 8 days after an irrigation had been applied.
During periods of more moderate weather conditions the moisture deficiency
would not be expected to be so great. These kinds of estimates cannot

be expected to be precise, but they are usefu! in determining the need of
moisture measurements or in checking the reasonableness of the estimates
or measurements made by other means of determining sof{ moisture defici-
encies,

There are several methods of measuring or estimating avajilable moisture

content and each has its advantages and limitations. The following are
the most commonly used:
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Tensiometers require a great deal of experience to use. There are
several possibitities for errors. They do not directly provide vaiues

cf the amount of water held in the soil, A special moisture character-
istlc curve for the particuiar soil is needed to convert moisture tension
measurements into available moisture percentages. Tensiometers do not
measure the entire range of avaliable moisture in alt solls, They are
best suited for use on sandy soiis since in these scils a large part

of the moisture avaiiablie fo plants is heid at g tension of iess than

one atmosphere,

Electrical resistance instruments use the principle that a change in
moisture content in the soil produces a change In the conductivity of a
material in contact with the soii, Problems exist in having a materiat
buried which responds equaily well fo all ranges of moisture, They are
also affected by salts in the soils, Proper installation is a must,

The soii must be replaced in the hole Yo the same densily and order as
the rest of the profile for the readings to be meaningful. Manufacturers'
instructions nmust be followed carefully, and the biocks need to be
calibrated in the field for each job.

Feel and appearance is not the most accurate method of moisture defer-
mination, but with fraining, experience and good judgement the irrigator
should be abie to estimate the moisture ievei within 0 to % percent,
Charts are available which describe the appearance and feel of the vari-
ous textures for &ifferent moisture contents,.

The carbide moisture tester has proven useful in irrigation, It utilizes
the principle of chemical drying of the soi! sample., A reagent such as
calcium carbide is mixed with the moist soil sample within a sealed cham-
ber. The chemical reaction of the reagent and the soil moisture produces
acetylene gas. The pressure of the produced gas is recorded on a gage
which is calibrated to indicate the wet weight moisture percentages of
the soil. Convenient tables are available to convert these values to dry
weight moisture percentages. The reaction and reading normatly require
about three minutes,

The carbide moisture tester used in conjunction with a volumeter pro-
vides a convenient means for setting up the direct gas pressure and the
Moisture Accounting methods of available moisture determinations, Once

a soii{ characteristics sheet has been deveioped for a crop in a specific
field, the irrigator needs only to sampie the moisture in the fleld and
read from the soil characteristics sheet the net inches of water fo be
applied.

The Moisture Accounting method is gaining in acceptance as a means for
determining when an irrigation is needed and how much needs to be applled.
it is a relatively simple bookkeeping procedure, which can be applied by
the average irrigator to assist him in his moisture management and assoc—
iated operations. The method utilizes two important principles:

(1) When an adequate supply of available moisture is present in
the soil profile, the rate of consumptive use by a glven crop
depends primarily on the growth stage of the plant and the
weather conditions.
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{2} When the moisture content of the soil profile is know at
any given time, the moisture content at any later time can
be computed by crediting moisture gained from effective
rainfall or irrigation and subtracting the daily moisture
withdrawais during the elapsed time.

Getting accurate estimates of the day by day consumptive use rate for
the crop grown has been one of the major problems with this procedure.
However, use rates can be satisfactorily estimated from available

data sheets, Good estimates of the consumptive use for a given day are
shown in Table 6, which reflects the effect of the amount of sunshine
and fthe stage of growth of the crop.:

Table 6
EVAPOTRANSP IRAT ION¥*
Inches Per Day in Ohio

Weather (Hours of Sunshinel

Dates Cloudy (0-3} Normal (4-10} Bright (1i-15}
April 1 5-30 .05 07 .09
May =14 .07 .09 .12
May 15=31 .09 .12 i5
June 1-14 o1 ' . 14 .18
June 15-30 14 17 .21
July I-14 215 .20 24
July 15-31 .16 ' «20 «25
August -4 5 -9 « 24
August t5-31 03 o7 «2i
September I~14 o 4 .18

¥ Estimates in this table apply fo cabbage, sweef-corn, fieid corn,
popcorn, potatoes, snap beans, soybeans, sugar beets and tomatoes,

The moisture accounting method requires daily measurement of rainfail at
the site. A wedge-shaped plastic rain gage is satisfactory if read care-
fulty.

Moisture accounting computations are easiest if they are started when
the soil to be irrigated is at field capacity. This usually is the day
following a heavy rain or irrigation. |f accoun{ is begun at ofher than
field capacity level, the available moisture in the effective root zone
must be measured or estimated. Thereafter, each day's balance of avail-
able moisture in the soil is computed by subtracting the estimated con-
sumptive use for the day from the previous day's balance. irrigation
and rainfall, if any, are added to the previous day's balance.

When excessive rainfall causes the daily balance to exceed the field
capacity level, the excess is presumed fto have been runoff or lost to
deep percolation. The daily balance is then recorded as the field
capacity level and the new balance calculated from this value.
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When the daily balance reaches the point at which soil moisture is
depleted to a predetermined allowable limit, it is time to irrigate.

Moisture accounting has the advantage of requiring very little equip-
ment and a minimum of {abor, However, periodic checks with moisture
measuring devices are helpful to check the accuracy of the progress
with the bookkeeping procedures, especially during the critical stage
of growth periods.

With any of the foregoing procedures the amount of irrigation water to
be applied is the amount necessary to bring the effective root zone from
the present available soil moisture level to the field capacity moisture
level. Knowing the net amount of irrigation thus required, the appli-
cation efficiency of the irrigation system and the area covered, the
question of how much needs to be pumped or delivered Is readily answered.

EXAMPLE ~ MOISTURE BALANCE FOR SCHEDULING IRRIGATION

Farm Sam Doe Soil Type Brookston Silty Clay Loam
County Frankiin grop _ Corn Root depth _24 in.
Available Moisture Capacity __4.0 in,
Field _No, | (NW 40 Ac.} Irrigate when balance is 2.4 in.
[ 1 & Remarks:
%i % € {Appearance of plant,
> 0 o = @ height of plant,measured

° 2 o - Twe | T8 evaporation, etc.)

S [ Sfe|® | =21 "=

2 22 | |« | °3

o 2 4= O 4 r— Q@ Q.

L w >80 < Z <

o W ow = 4
Date Hours In/day in, In, in,

Balance Brought Forward —-
5-5-66 Corn planted
none 5-5-66 thru 5-13-66

5~12-66 2 .09 2.9 -~ 4.00 Available Moisture Cap.
S 13-66 12 .2 N 4.00 4.00 - ,12 + ,8 = 4,68%
5~14-66 S .09 - - 4.00C
5-15-66 vl .15 -— - 4.00
5-16-66 6 .12 - - 3.88
5-17-66 Thru 7-8-66 - Record not shown
7-9-66 14 .24 - 2.30
7-10-66 | .24 - .8 3.86 Pumped 2.5" @ 70% Effic.
7<11-66 6 .20 - 3.66
7-12~66 7 .20 1.6 =~ 4.00
7-13-66 12 .24 - 4.00
7-14-66 14 .24 - 4,00
T~15-66 13 .25 - 3.75

*When rainfali brings the daily balance more than 0.5 inches above the
available moisture capacity disregard evapotranspiration for two days.
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A. Sprinkler Irriqation System Evaluation

To evaluate the performance of sprinkler systems which are in
use, the following procedure may be used.

I. The following information should be noted:
a. The normal net irrigation to be applied.
b. Spacing of sprinklers and laterals,
€. Average wind velocities during sprinkling hours.

d. Size of sprinkler nozzles,

e. Size and type of main and lateral lines.
f. Pressure at the pump.
g. Pressure at first and last nozzle,

h. Pressure at and location of high point in lateral
line if of appreciable significance,

i. Maximum length of main and laterals,

J. Location of line in relation to field boundaries.
k. Wetted diameter of sprinkters,

l. s application rate exceeding soi{ intake rate?

2. Proper sprinkier system operation involves the following
criteria:

a. Pressure in latera! should not vary more than plus or minus
10% from average pressure. This will assure a minimum appli-
cation rate of at least 90% of maximum rate.

{1} For sprinklers operating at pressures up to 60 psi,
the spacing along lateral lines (S|} should not exceed
50% of wetted diameter, The spacing of laterals along
the main line (S} should not exceed 65% of wetted
diameter, however, the S_ spacing should not exceed
50% of wetted diameter iF average wind velocities are
5 mph, and 30% of wetted diameter if average wind
velocities are greater than i0 mph,



{2} For sprinklers operating at pressures above 60 psi and
the "blg gun" type, the maximum diagonal distance
between two sprinkiers on adjacent lateral settings
should not exceed two-thirds of the wetted diameter
under favorable operating conditions, Where wind is a
problem, the diagonal spacing should not exceed 50% of
the wetted diameter for average wind velocities of 5Smph,
and 30% for average wind velocities greater than 10 mph.

The water applied by a sprinkter should disappear from the
soil surface by the time the sprinkler makes a complete re~
volution., This observation should be made near the end of
the water application period.

To aid the evaluation process the foltowing relationships and
tablies may be used:

aa

b.

Loss in main line generally should not exceed 30% of pump
pressure. .

The average pressure of a lateral of a nearly uniform slope
can be taken as the pressure at the last sprinkler plus one-
fourth of pressure difference between the first and last
sprinkiers,

| f the tateral has high or low points between the first and
last sprinklers, a pressure reading should be taken at such
points and the average pressure determined for each reach.
The average pressure for the laterals is the average of the
pressure averages of the reaches,

Sprinkier discharges for various pressures may be taken from
manufacturer's performance tables., Table 7 may be used for
nozzie combinations not found in manufacturer's performance
tables, The average discharge for a lateral is the sprinkler
discharge at average pressure times the number of sprinklers
on the lateral.

Table 8 may be used to determine the application rate of
sprinklers at various discharges and spacings. The hours of
operation ftime to make the required net application for any
lateral setting is required net application amount divided
my minimum application rate (sprinkler having lowest pres—
sure), This value is then divided by the sprinkler
efficiency.

The Sprinkler System Evaluation Sheet, Form OH-ENG 157 pro-
vides an orderty means for recording evaluation data., Ex-
amination of the data will indicate if sprinkler system
meets operational requirements or if further assistance by
the dealer or irrigation engineer is needed to develop al-~
ternatives for correcting operational deficiencies.
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OH-ENG-137 U. S. Department of Agriculture
1/70 : Soil Conservation Service

SPRINKLER IRRIGATION SYSTEM EVALUATION SHEET

Owner Work Unit
Location
| Compi led by:"' | _ Checked by Date

EQUIPMENT DATA

SPRINKLERS: Mfg. by Meg. No.

Nozzle Sizes - Range inch Spreadér inch
Spacing - 5, = feet S, = feet

S, Spacing Along Laterals

Sym— Spacing of Lateral Along Main

Rectangular - Square -~ Triangular -
LATERAL: Llength — ___ Ft, Kind of Pipe - Size - inch
No, of Laterais - No. of Sprinklers Per Lateral -
MAIN: Length — ___ feet. Kind of Pipe - __*_,' Size _____inch.
PUNMP : Make - Nos.
POWER: Elec., Motor , internal Combustion Engin ____,
Fuel .

Layout Skefch of Sprinkler System
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OPERATION DATA

SPRINKLER PRESSURES: (Measured by Gage With Pitot Tube)

At Main End of Lateral Pm = P Psi
At Distal End of Lateral Po = Psi

AVERAGE PRESSURE: Pa = Po + % (Pm - Po) = + % -

Psi

AVERAGE SPRINKLER DISCHARGE: qa = gpm and

Wetted Diameter ft. (from Mfgrs. Charts & Observation}
APPLICATION RATE: | = inches per hour (From Tables)
SYSTEM CAPACITY: Q = qa x n = x = gpm

{n = No. of Sprinkiers)

PRESSURE AT PUMP: Pp = ___ Psi Length of Main to Lateral _____feet

% of Total Pressure Loss in Main to Pump Pressure = ____ %

Pp — Pm x 100 = x 100 = %

Pp

Observations:
Net irrigation desired inches.
Is water being absorbed by time sprinkler making a complete
revoiution?
Average wind velocity during operation hours mph.

Recommendat ions
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IRRIGATION FOR FROST PROTECTION

Sprinkter irrigation systems can be used for frost protection. However,
the ordinary system is |imited because of the area it is able to cover
with one setting of the lateral lines. For frost control, the irrigation
system must have enough capacity and laterals to cover the entire area

to be protected with a fine mist of water. Such systems are often called
solid set systems,

Sprinkiing utilizes the latent heat of fusion released when water changes
frem the liquid form to ice. The water is applied as a fine spray and the
latent heat of fusion is released when the water freezes on the plant
surface, The heat thus released maintains ice temperatures around 32° F,
and the ice acts as a buffer against cooling of plant surfaces by radia—
tion or contact with cold air. The principle .is valid and the process

is effective only so long as the water application and subsequent ice
formaticn continues. Not all of the heat is retained by the ice. Some is
lost to cold air in contact with the ice, and some-is lost to evaporation
and sublimation at the water-ice surface,

The rates of water application to provide freost protection are relatively
tow, ranging frcm 1/10 to 1/8 of an inch per hour. This relatively low
application rate requires special system design of mains and laterals
using lfow gallonage sprinklers, Clean water is alsc a must, since foreign
material in the water can easily clog the smail sprinkler orifices.

The frost control system should be turned on when air temperature at the
plant level reaches 34° F, An al'arm system consisting of a thermo-switch
set in the field at the plant level and wired to an alarm beil in the
house will warn the operator when to turn the system con,

Sprinkling should continue until the fce has melted loose from the plants.
1f the water supply is cut off prior to this time, the supply of heat

is also cut off, and sublimation will reduce the temperature of the ice
surface to the wet bulb temperature if there is sufficient wind. In dry
air the wet bulb femperature may be several degrees below the dry bulb

or air temperature and if the sublimation process continues over a period
of time, the temperature of the entire mass of ice and plant will approach
the wet bulb temperature, 1t is therefore necessary to continue constant
application of water unti! the wet bulb temperature is above the critical
femperature of the plant.

Frost protection with irrigation works best on low-growing crops such as
strawberries and plants which are not broken by the weight of ice, The
weight of the accumulated ice may often damage tall-growing vegetable
plants and fruit trees.
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IRRIGATICN WATER REQUIRENENTS

'n the evaluation, development and management of irrigation water supplies
it is essential fthat the irrigation water requirements for various crops

be known. Table 9 contains the monthly and seascnal nel irrigation water
requirements for the major irrigated crops in Ohio. This data was pre-
pared using TR-2! as a guide. In determining net irrigation water require~
ments the ten geographical divisions cf the state as shown in Figure 4 are
the divisions used by the U, 5. Weather Bureau,

Division averages for iatitude, temperature and rainfal! were used, Net
irrigation water requirements were determined for each crop based upocn
additionai assumptions as fol lows:

Normal net irrigation amount - equals 20% of totai availabie
moisture capacity within the roct zone depth of the crop when grown
in a soil having average moisture holding capacity.

Carryover seil moisture — The amount of water linches) within the
root zone depth of the soil profile that is available to the plant
from soil moisture storage of winter and spring precipitation,
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Table 9

Monthly and Seasonal Net Irrigation Water Requirements

OHI0
| ' 2 3
Monthiy Seascnal
Crop, Division, Growth Pericd May Jun Jul Aug Sep N
Alfaifa - CH, NEH - 4/20-10/16 1.6 3.9 4.9 3.9 .9 3.9
WC, C, SE, SW, SC, NE — 4/1-10/21 1.7 4.l 5.3 4.3 1.7 4.4
NW, NC ~ 4/10~10/31 t.5 4.3 5.5 4.5 2.3 5.4
Beans, Lima — SE - 6/15-9/1% 2.4 3.2 3.9
MW, NE, WC, C
CH, NEH, SW, SC 2.8 3.3 4.6 6.1
NC 3.1 3.5 5.1 6.6
Beans, Snap - Ist plant, - CH, NEH S 2.2 1.6 2.6 3.8
NW, NC, NE, WC, C ,
SE, SW, SC - 5/15-7/15 2.7 1.8 3.7 4,5
2nd plant. - CH, NEH ' 2.1 2.4 3.5 4.5
NE, SE, SW, 5C . 1.6 -] 3.3 A1 5.1
NW, NC, WC, C - T/1-B/31 2.0 3.5 4,7 5.5
Cabbage - CH, NEH, SW 0.6 3.3 2.3 4.8 6.2
NE, WC, C, SE, SC 0.6 3.5 2.9 5.7 7.0
NW, NC = 5/1=7/3) 0.6 3.7 3.1 6,0 7.4
Celery - NE, 3C, C, CH
NEH, SE, SW, SC 1.5 4.1 2.4 6.6 8.0
NW, NC = 6/1-8/3] L4 4.5 2.6 7.2 8.5
Corn, Grain - CH, NEH -~ §/20-9/30 0.4 4.3 4,5 .4 B, 10.6
WC, €, 5E, SW, SC 0.7 4.6 4.8 l.4 9.6 1.5
NC, NE 1.0 4.9 4,8 b7 10,8 12.4
NW - 5/1-9/15, 2.4 5.6 4.9 i, 12.9
Corn, Sweet - C, CH, NEH, SC, SE 3.0 4.4 0.3 6.0 7.7
NW, NE, WC, SW, NC - 6/15-9/13 3.5 4,7 0.3 6.9 B.5
Cucumbers — C, CH, NEH, SC, SE 0.9 3.4 2.0 4,7 6.3
NW, NC, NE, WC, SW — 5/1-8/31 1.0 3.7 2.1 5.5 6.8
Grapes — CH, NER, 5C - B/1-9/30 [.8 2.6 2.0 4.5 6.4
NW, NC, NE, WC, C, SW, SE .9 2.8 2.3 5.1 7.0
Lettuce - C, CH, NEH, SC, SE 3.6 2.6 5.3 6,2
NW, NC, NE, WC, SW - 6/20-8/3) 3.9 2.7 | 5.7 6.6
Melions - WC, ¢, SC, SE 1.0 3.4 3,0 0.5 5.7 7.9
NW, NC, NE (.1 3.8 3.2 0.5 6.4 8.6
CH, NEH, 5W ~ 5/20-9/20 (I 3.9 3.6 0.6 6.7 9.2
Onions = NE, WC, C, CH, NEH, S5C, SE 1.4 3.7 2.9 6.5 8,0
NW, NC, SW - 4/20-7/31 : .4 4.0 3.4 7.3 5.8
Orchards, w/cover -~ NE, C, 5C, SE 0.4 3.0 3.6 3.0 0.6 B.6 10.6
NW, NC, WC, CH, NEH 0.4 3.2 4.2 3.3 0.6 9.7 1.7
SW ~ 5/1-9/30 1.3 3. 3.9 3.4 0.7 8.6 12,4

See page 2 for Graphical Division Codes and explanations.
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Table 9 i(cont.)

Monthly and Seasonal Net Irrigation Water Requirements

—2-

OH1O
i 2 3
Nonthly Seasonal

Crop, Division, Growth Period May Jun Jul Aug Sep | N D
basrure — CH, NEH - 4/5/-1G/31 1.7 3.6 4.5 3.9 2,56 13,6 |16.2

N¥, NC, NE, WC, €, SC, SE —~ 4/1-10/31 1.9 3.8 4,7 4.3 2.8 14,8 [17.5

SW - 3/25-10/3i 3.1 3.8 4,7 4,2 2.8 |16.1 [18.6
Feas, Green — All dlvisions -~ 4/1~6/30 2.¢ 2.8 - 3.2 ] 4.8
Peppers - C, CH, NEH, SC, SE 0.7 4.0 2,0 5.0 | 8.7

NW, NC, NE, WC, SW - 6/1-8/%] 0.9 4.3 2.1 5.8 7.3
Potatoes, Early - CH, NEH 2.8 4,8 P9 7.6 9.5

NW, NE, C, SW, 5C, SE 0.3 3.0 5.1 2.1 B.S |1GC.5

NC, WC, — 4/20-8/20 3.2 5.6 2.2 9.1 |10
Fotatoes, Late - NW, NE, WC,

C, CH, NEH, 5W, SC, 5E G.9 4.3 4.8 1.0 8.9 |11.0

NC, - 5/15-9/15 .1 4.8 4.9 0.9 9.9 {11.7
Radishes - All areas

Fiot | 2.6 2.7 2.2 1.5 1.6 0.6

Plot 2 2.0 2.3 2.2 1.9 1.0 0.6 {10,0

Plat 3 1.5 2.8 2.4 t,0 .1 .1 ] 9.8
Strawberries, Early - NW, NC, NE

wC, C, CH, NEH, SC, SE 2.8 1.2 3.1 4.0

SW - 4/15-6/15 3.6 1.0 3.7 | 4.6
Strawberries, Evrbrng, NE, WC

C, CH, NEH, SC, SE 2.5 3.1 4.4 | 5.6

NW, NC, SW - 4/15-6/30 2.6 3.4 4.8 | 6.0
Tobacco — CH, NEH 1.l 4.8 2,9 7.4 | 68,8

C, Sw, SC, SE 1.5 5.1 3.1 7.9 | 9.7

NW, NC, NE, WC - 5/20.8/351 1.6 5.7 3.3 8.8 |i10.6
Tomatoas — NE, C, CH, NEM, 5C, SE 0.8 4.5 2.1 5.4 7.4

NW, NC, WC, SW -~ 5/20-8/3I 0.9 4.8 2.6 6.4 8.3

Graphical Division Codes

NW = Northwest
NC ~ North Central
NE - Northeast
WC - West Central

C = Central
CH ~ Central Hills
NEH = Northeast Hills

SW - Southwest

SC -~ Soutnh Central

SE - Southeast

Heading | -~ Lists the crop, graphical division and growing period considered for the crop.

Heading 2 ~ Lists monthly net lrrigation amounts in Inches for dry seasons as defined below,

Heading 3 - Lists the normal (N} and dry (D) net irrigation requirements for the season.

The sesscnal values under column D are the 10% chance net Irrigation water
requlirements for truck crops and the 20% chance net Irrigation water require-

ment for the crops of aifalfa, corn for gralm, grapes, orchards and pasture,

20% chance~ indicates net water requirement will equal or be less than the amount B years

out of [0,

i0% chance- indlcates net water requirement will equal or be less than the amount S years

out of 10,
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APPEND| X

DEFINITIONS

Available Moisture, or available water holding capacity is the
amount of water the soi! will hold between field capacity and
the permanent wilting point.

Field Capacity is the amount of water a well drained sojl holds
after free water has drained off or the maximum amount it can hold
against gravity. '

Consumptive use, often called evapotranspiration, includes water
used by plants in transpiration and growth and that evaporated

from adjacent soil and from precipitation intercepted by plant
foliage.

Application Rate, is the rate that water can be applied to a soil
during time required for the soil to absorb the depth of applica-
tion without runcff for the conditions of soil, slope and cover,

Net Water Application, is the amount of moisture to be replaced
at each irrigation and Is the amount the soil can hold between
field capacity and the starting moisture level, The starting
moisfure level is taken as 50 percent available moisture.

Gross Water Application, is the amount that must be applied to

the surface to be sure enough water enters and is held In the soil
to meet the net requirement for each irrigation, For design
purposes, irrigation water application by sprinklers is considered
to be about 70 percent efficient.

Design Use Rate, is the average for several days during the period
of most rapid water demand by the crop and by direct evaporation,

Irrigation_Interval, refers tc the allowable number of days to
complete an irrigation on the design area. (t depends on the design
use rate of a crop and on the amount of available moisture in the
roof zone (moisture extraction depth) between field capacity and the
starting moisture tevel for irrigation,
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ALPHABETICAL LISTING OF OHIO

JANUARY 1970

Principal Soil
Sail Mapping Management
Series Number Group
(1) (2) (3}
Abington 279 608
Abscota iAd4 iB4
Alexandria 694 604
Alford 7K4 274
Alganseellike) [A2 102
Algiers s irg
Al legheny 394 274
Allis 7CH 701
Alvin Al{Ross Co) 275
Arkport X85E50
(Henry Co) 953
Arnheim 262 602
Ashton IF4 274
Atherton 3TH 331
Atkins 141,61 b4 1
Avonburg 752 292
Ayrshirellike}) 712 602
Bartie 222 602
Beasley 544 476
Be Imore G058 275
Bennington €692 682
Bentonville 532 392
Berks Br(Rich.Co) 406
Berrien(!ike) 9C3 855
Bethel 601 331
Bewleyvillellike} 575 404
Birkbeck T3 274
8lago 3B8 91s
Blianchester 757 608
Blount 682 6B2
Btount (like)
over clay 7 622
Boehne{like) IE5 184
Bogart 323 27%
Bono 919 19
Boyer BolWilliams
Co} 275
Braceville 363 713

SOILS

Principa)l Soil
Soil Mapping Management
Series Number Group
(i) {2) (3)
Bratton 574 783
Brattonllikel,.

Rocky $576 S51
Brooke 4546 ,456 486
Brooke-Upshur etc. 506 486
Brooke~Upshur,

rocky 5506 S5l
Brookside 4A4 783
Brookston 608,678 608
Brookstonl(likel

7 profile 607 608
Breoughton 633 623
Brunol|like) 1B5 B4
Burgin 578 919
Byington 593 713
Caesar 2435 274
Cambridge TA3 TA3
Cana 833,664,663 443
Canadice a7i 701
Caneadea 972 702
Caneadeallikel,

3 profile 973 703
Canfieid 713 713
Captina 383 FA3
Cardington 693 604
Cardington{l!ike)

dark surface P693 P&04
Carlisle muck 600 000
Carlisle muck

(1ikel, sttty 200 000
Casco 256 256
Castalia | 646
Catawballike) X4 604
Cavode CdiColumbiana

Co) 392
Celina 603,6A3 604
Ceresco iB2 102
Chagrin 124 _ 103
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Alphabetical Listing of Ohio So0ils - 2

(13 121 3 (11 {2} (3)

Channahon P646 646 Digby 202 602
Chenango 365 275 Ds?lon 939 2381
Chiio 368 608 Dubois 342, ine 362
Cincinnati 754 604 Dunbridge 6463 256
Clarksburg 4A3 783 Duncannon Ot Wash.Col 274
Claverack 963 953 Dunning 158 108
Clermont 751 751 - Eden 516 515
Clymer comptex 46 404 Edenton 156 783
Cohoctah B4 102 ' kdwards . 300 00!
Cotomalllke}, Bel . 105 105

2 profile 842 922 Eifort 434 703
Cotomaliikel, ' Elk 384 274
5 protile 845 855 Eikins 48 108
Colonie 9352(Ash.Co1855 Eikinsville 264 274
Colwaoad GAB 808 Ettiott PeB2 602
Colyer 536 540 ] Elisberry 513 783
Condi t 691 751 Elisworth 703 703 .
Conneaut 3315 331 Elnora 9332{Ash.Co) 855
Conotton 315 266 Ernest 41,42 443
Conover ,Fulton Fairmount S516 SBI

Co. 602 602 Fallsburg 8i4 604
Coolville 423 443 Falisburg{tikel},
Cope 677 808 2 proflile giz 702
Corwin P&Q3 P&04 Fallsburg(iike),

: 3 profile 813 703

Corydon 536 S5l
Coshocton ete. 446 783 Fawcett 582,422,442 3oz
Crane 302 602 Fincastie 672 602
Crider 524 404 Fitchville 332 602
Crosby . 602,6A2 602 Foresman ' POA% P60O4
Cruze CwiRoss Col 443 Fox ' 275,255,615 275
Damascus 321 331 Frankstown 564 404
Dana P673 P&04 Frankstown(like},
Danbury POt2 622 6 profiie 566 404
Darroch POAD 602 Frenchiown 71,731 ,.7A1 7B
Deflance 1D2 102 Fries 768 658
Dekalb 4063,4065 406 Futton 92 622
Dekalb,stony 4075 $40 Fultontiikel, :
De imar 671 3% 4 over sand 22 822
Del Rey 9B2 682 Galen 8552

(Erie Co} 953
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Alphabetical Lisfing of Ohio Soils « 3

(4

Gallia
GCasconade
Geeburg
Genesee
Geneseeliikel,
over sand

Gilford

Giipin

Gitpin stony

Gilpin=-Wharton-
Keene

Ginat
Gienford
Granby 1fs or
coarser
Granby fsl
Grayford

Grayford {likel,
2 profile
Grayford tlikel,
3 profile
Gresham

Guernsey
Hackers
Hagerstown
Haney
Hanover

Hartshorn

Haskins
Haubstadi
Heitt
Heitt rocky

Hennepin
Henshaw
Hickory
Holly
Homer

Hornelld
Horneti{tikel
Hosmer

Hoytville
Huntington

{2 {3)
A4 214
5166{High.Co) 646
TX3 623
104 103
ic4 iB4
9584 (Henry Col 958
& 406
S406 540
446 443
36 23]
333 7274
38 Q3B
9384 958
784 183
782 352
783 783
792 712
463 783
34 274
534 404
D3 >4
794 274
1545 { Monroe
Cot iB4
242 602
24%,353 Fi3
526 646
5526 S5
£056 /04
262 602
755 &B3
P2t T4t
282 602
IC2 701
7C3 702
7H4 7A3
6288,6286 628
154 103

(L)

ILion

lonia

fva
Jacksonville
Jasper

Jessup
Jimtown
Johnsburg
Jotiet
Kalamazow

Kane

Keene

Keene(deep silf
variant}

Kendaliviile

Kerston

Kibbie
Kiitbuck
Kitldeer
Kings
Kingsville

Kokomo
Laidig

{akin
Landes

Latham
Latty
tawrence
Lenawese
Lewisburyg
Library

| ickdale
Licking
Lindside
L irnwood
Lippincott

Litz, complex

Litz, stony complex 17

Lobdel
iorain
Lorenzo

(2 {51
7AB(Ash,Cal 701
283 275
K2 602
572 392
PYA4 604
764 783
322 602
402 392
6483 . A0B
KalWilliams Col274
302 602
443 443
444 783
605 604
100 Q00
QA2 602
137 fig
908 638
219 9i5
S9314lAsh.Col) 832
609 608
ta{Columbiana

Co) 404
305 855
B4 B4
426 476
8X8 9lg
42 392
988 608
653 683
482 602
408 408
383 703
153 103
8005 205
2786

{Champaign Col608
16 406
408

123 103
978 19
P 256 256



Alphabetical Listing of Qhio Soils - 4

(1 (2} {31} {tn

Lorenzo-Rodman i5 256 Aoshannon
Loudon 763 783 [HMuitins
Loudonville 746,806,804 404  Muren
Loudonville,3 profile 743 404  Muskingum
loudonville, 4 profiie 744 404  Nuskingum stony
Lucas o3 62% Nappanee
Luray 338 608 Neopolis
Maddox Bi4g 404 . Negley
RMahalasville Mai{Clark Cols8 HNekoosa
fahoning 702 702 - Neotoma
Hanlove T4 274  Newark
Harengo 698,718,758 608 Newton
Hark tand 213,214 703 Nichoison
Martinsville 264 274  Ninevah
Massie 242 602 MNolan
flaumee |fs or coarser 920 9%8  Cakvilie
Maumee fsl 9294 958  Ockley
McGary 212 622 Odell
Medway 203 103 Oimsted
Meivin 151 {41  Opeguon
Mentor 334 274  Opequon
flermi i} 2AB 608 Orrvilie
Hermili Al over 12%depth © 608  Oshiemo
fletamora o2 952 Ofisviile
Metea OM32{Erie Col933 Ottawallike)
Biamian 604,584 604  Oftokee
Miit Creek 244 274  Otfokeeliikel,
Mitlgrove 208 608 2 profile
#iilsdale 648 648  Qtway
#ittron ci4 485 Otwell
Mi ttonwFox over ims. Painesville
rubbie 3 275 FPainesvillel]ikel
Miner 707,708,748 919 2 profile
Mitiwanga 742 702 Painesviliellike}
Mitiwangaliikel, 5 profile
| profile 741 751  Papakating
fonongaheia 393 7A3  Parke
Monroeville 979 2i{% FParkellike},
Rontgomery 218 919 2 profile
toriey : 683 eB3 Parr
¥oroccee 832 932 Patton

4%

(2}

164
401
K3
206
S406,407

622
959
35b
933
ANG

152
o381
573
254,

1N4

Q25
274
P602
528,988
$536

536, {High Co)
122
3244(Erie Co)
526,726

oC4

923,853
852
b46
244
964
962

963
128

354,774
352

r604
2886

{3}

103
751
274
406
540

622
958
275
935
408

102
8381
A3
275
103

9355
274
602
608
351

G646
102
855
326
B55

855
922
476
604
G953
252

953
108

2ia
602

P&O4
608



Alphabetical Listing of Ohio Soils - 5

{1}

Pattonliike),8 profile

FPaulding
Pavonia
Pekin
Peoga

Pewamc
Philo
Pierpont
Pike
Pitchin

Plainfield
Platea
Plattville

Pope

Princeton
Prout
Purdy
Pyrmont
Ragsdale

Rahm
Rainsbhoro
Ramsey complex
Randolph
Rarden

Raub

Ravenna

Rawson

Remison,4 profiie
Rayne

Red Hook
Reesville
Remsen
Rifle
Reynotds

Rimer
Ritchey

Ritchey(like)2 profile

Rittman
Rodman

Romeo
Rose lms

(2] {3)
268 608
6388 638

Dk(Rich Co)406

Fk(Ross Col274
221,341 331
688 608
143 103
783 TA3
344 274
248 608
935 935
782 TFA2
F684
(Warren Col486
144 103
TL4 274
7C25(Erie C)702
39| 701
632 682
78 608
1G2 102
343 715
36 S40
642,682 622
424 443
P&T72 602
712 712
ZA3 274
2A4 274
4b4 404
362 602
T2 602
TK2 702
Rd{Huron Co1Q0%
068 958
952 952
646 646
16 648

733,734 7A3

276,616  S5|
64 551
632 632

(1}

Ross
Rossmoyne
Ruggles
Rush
Russell

Sadler
St.Clair
Saranac
Sardinia
Scictoville

Sebewa

Sebring

Sees

Senecaville

Senecavillellike}
2 profile

Seward

Seward,4 profile

Shandon

Shandon,2 profile

Shandon,3 profile

Sheffield
Shelocta
Shinrock
Shoals
Sidell

Sisson
Sleeth
Sloan
Spinks
Stafford

Stendall

Summitville

Sunfield

Swanton

Swanfon{iike)

silty subst.

Swanton{like) 2
profile

Taft

Taggart

Tawas

Tedrow
Thackery

45

(2] (%)
204 103
753 713
o84 274
2R4 274
674 274
403 TA3
623 623
[S1 141
263 274
363 : 713
258 608
331 33]
Ag8{lMonroe Co) 404
183 103
162 102
053 953
954 G563
2C4 Sh53
€2 o52
203 953
7B1 751
Sh(Wash Co) 443
9B3 6B3
102 02
FP&74 F&04
GA4 274
272 602
108,109 108
855 855
8cz 922
142 102
493 443
253(MilliamsCo) 275
061 932
9614 9358
262 952
382 392
342 T2
6001 00|
922 922
273 274



Alphabetical Listing of Ohio Soils — 6

i1} £2) {3} (1} €2}
Tilsit 403 404 Wauseoni{|ike) ifs
Tioga 174 103 and coarser 9282
Tippecance 303 PEOA Wauseon fgi over
Titusviile 793 TS siits H
Toledo 918,9188,9189 919 Wawaka X4
Trapplst 594 406 Wayland 121
Trumbuli 701 Wl Wea 304
Tuscarawas 40 443 Weikert stony complex 26
Tuscola OA3 274 Vieinbach 362
Tygart 382 702 Weiiston 404
Tygart{like}! protile 3Bt 751 Viestiand 278
Tyier 392 392 Westmore 484
Tyner 3152(LakeCo}035 Westmore land 486
Uniontown 283 274 Wesimoreland rocky 5486
Upshur 474,4769 476 Wetzel &27{Union Coil
Upshur-Giipin complex 496 476 Wetzel 687
Vandalia 49 443 Wharton Wol{lolumbiana
Varna FEB3 P604 Col
Vaughnsviile Q03 602 Wheeling 364
Vanango TAZ FAZ Witiette muck 6008
Vincent 373,374 703 Williamsburg 264
Wabasha 108,109 iD9 Wiliiamson 3331{Ash.Co)
Wadsworth 732 FA2 Wi lmer 082
Wal ington 3%2{Ash.Cel 712 Woodsfield 474
Walltkill 130 1{8 Woodmere 1G3
Warners 240,949 001 Wooiper 24 Honroe Co)
Warsaw 205 275 VWooster TH4
Wasepi 262 922 Wynn 6a4
Washtenaw X 1{8 Henia 673
Wauseon 928,9584 958 Zaleski 40z
Zanesville 414
Zipp {like) 217

- &7

{31

938

938
604

141
PGO4
540
712
404

608
783
486
$54
Sig

&08

443
274

274
7i3
602

103 .

404
274
486
274
404

404
9o



NUMERICAL LISTING OF OHIO SOILS

JANUARY 970

Principal Soil Principal Soil
Mapping Soil Management  Mapping Soil fAanagement
Numbet sSeries Group Number Series Group
() (2} (3} (1} (2) (3]
I Castalia 646 | 30 Wallkill 118
3 Milton-Fox over Ims (37 Kilibuck |18
rubble 275 14| Atkins l41
6 Gitpin 406 142 Stendall 102
7 Biount(likelover clay 622 43 Phile 103
8 Mermi [ | ,Al over [2"depth 608 |44 Pope 103
I Wauseon fsi over silts 953 |48 Elkins 108
15 Lorenzo--Rodman 256 I 5] Melvin i4]
6 Litz, complex 406 |52 Newark 102
7 Litz,stony complex 408 153 Lindside 103
18 Ritchey{likel2 proflile 648 [ 54 Huntington 103
24 {honroeCo) Woolper 404 [ 545 {Monree Co} Hartshorn 1B4
26 Waikert stony compliex 540 1 b8 Dunning 108
24 Hackers 274 L6k Atkins i4l
36 Ramsey complex 540 | 62 Senecavillellike},
40 Tuscarawas 443 2 profile 102
402 Zalesk] 404 [63 Senecaville 103
41 Ernest . 445 164 Moghannon 103
42 Ernest 443 IAZ Alganseel | ike] 102
46 Clymer compiex 404 [A4 Abscota 184
48 (MonroeCo) Sees 404 182 Ceresco 102
49 Vandalia 443 | B4 Cohoctah 102
64 Romeo 351 184 Landes B4
100 Kerston 000 85 Bruno (likel B4
102 Shoals 102 tC4 Geneseell ikelover sandiB4
03 Ee| 102 102 Defiance 1D2
104 Genesee 103 108 Wabasha 109
108 Sloan 108 109 Wabasha DS
109 Sloan 108 IE5 Boehne (iike) B4
118 Algiers 118 IFéa Ashion 274
121 Holly [4] 162 Rahm 102
124 Wayland 141 1G3 Woodmere 103
122 Orrville 102 N4 Nolan 103
123 Lobdel | 103 151 Saranac 4]
124 Chagrin 103 I T4 Ticga 103
128 Papakating 108 X4 Catawba (like) 604

48



Numerical Listing of Ohio Soils - 2

(1) {2)
200 Carlisie muck(likel
silty
203 fedway
204 Ross
212 lcGary
213 Markland
204 fdarkiand
217 Zipp tiike)
218 Montgomery
219 Kings
221 Peoga
222 Bartle
242 fassie
243 Caesar
243 Haubestadt
244 Mill Creek
248 Pitchin
252 Homer
253 lonia
255 Fox
256 Casco
288 Sebewa
262 Arnheim
263 Sardinia
264 Martinsville
264 Witliamsburg
268 PattonllikelB profile
272 Sleeth
273 Thackery
274 Ockley
275 Fox
276 Radman
278 Westland
27a6(Champaign Co} Lippincott
279 Abington
262 Henshaw
283 Unicontown
284 Elkinsville
2086 FPatton
204 Minevah
2A2 Haskins

{3}

oce
103
103
622
703

703
919
916
Q19
351

602
602
274
715
274

608
602
275
275
256

608
602
274
274
274

608
602
274
274
275

S51
608
608
608
602

274
274
608
275
602

(1 (2} (3}
2A3 Rawson 274
2A4 Rawson, 4 profile 274
2A8 Hermitl 604
2Cz Shandon, 2 prefile 952
2C3 Shandon, 3 profile 953
2C4 Shandon 953
202 Digby 602
203 Haney 274
208 fillgrove 60&
262 Vasepi 922
2R4 Rush 274
253(Williams Co) Sunfield 275
A2 Fultontiikelover sand 622
300 Edwards 001
302 Crane 602
302 Kane 602
303 Tippecanoe P604
304 Wea P&04
205 Warsaw 275
315 Conotfon 286
3152(Lake Co} Tyner 935
321 Damascus 331
322 Jimtown 602
325 Bogart 275
3244(Frie Col) Oshtemo 855
325 Chili 275
326 Otisville 320
328 Olmsted 608
331 Sebring 331
3318 Conneauf 331
332 Fitchville 602
3321Ash.Co) Wallington 712
333 Glenford 274
333(Ash.Co) Williamson 713
334 l‘entor 274
338 Luray 6086
541 Feoga 331
342 Dubois 3a2
342 Taggart 712
343 Rainsboro T3
344 Qtwell 604

A9



Numerical Listing of Ohio Soils - 3

{i

344
352
352
353
354

355
361
362
362
363

363
364
365
365
368

373
374
382
383
384

391
392
393
394
3A4

3B
3B2
3B3
B8
3D5

3T
401
402
403
405

404
406
4063
4065
407

(2}

Pike

"Dubois

Parkellikel)2 profile
Haubstadt
Parke

Negley
Ginat
Red Hook
We inbach
Braceville

Sciotoville
Wheeling
Chenango
Chili

Chile

Vincent
Vincent
Taft
Captina
Elk

Purdy

Tyler
Monongahela
Allegheny
Gallia

Tygart{iikel| profiie
Tygart

Licking

Blago

Lakin

Atherton
Mullins
Johnsburg
Sadler
Tilsit

Welliston
Musk i ngum
Dekalb

Dekalb
Muskingum stony

(3)

274
392
602
713
274

275
331
602
712
715

713
274
275
275
608

703
703
392
FA3
274

701
382
TA3
274
274

751
702
703
919
855

331
751
392
TA3
404

404
406
406
406
sS40

t1) {2} (3}
4075 Dekalb steny 540
408 Lickdale 408
414 Zanesville 404
422 Fawcett 392
423% Cooliville A43
424 Rarden 443
426 Latham 476
434 Eifort 703
442 Fawcett 392
443 Keene 44%
444 Keenel{deep silt varianf)

783
446 Coshocton, efc 783
446 Gilpin<Wharton-Keene 443
4546 Brooke 486
456 Brooke 486
463 Guernsey 783
474 Upshur 476
474 Woodsfield 443
4769 Upshur 476
482 Library 602
484 Westmore 783
486 Westmoretand 486
493 Summitville 443
496 Upshur-Gi lpin complex 476
4A3 Clarksburg 783
4A4 Brookside 783
4D4 Rayne 404
4N6 Neotoma 405
506 Brooke-Upshur etc. 486
513 Elisberry 783
514 Maddox 404
516 Eden 515
5166(High.Co)Gasconade 646
524 Crider 404
526 Heitt 646
532 Bentonville 392
534 Hagerstown 404
536 Corydon S5l

536(High.Co) Opequon 646



Numerical Listing of Ohio Soils - 4

(1)

542
544
546
564
566

572
573
574
575
576

582
593
594
596
600

6001
6005
6009
601

- 602

602
603
604
605
606

607
608
609
615
616

622
623
627
62686
62688

632
633
6388
642
644

{2}

Lawrence

Beasley

Otway

Frankstown

Frankstown(like),
6 profile

Jacksonville
Nichelison
Bratton
Bewleyvillellike)
Burgin

Fancett
Byington
Trappist
Colyer
Carlisle muck

Tawas

l.inwood

Willette muck
Bethel
Conover{Fulion Ca}

Crosby
Celina
Mlamian
Kendaliville
Hennepin

Brookston(1ike)7 profile 608 6B8&

Brookston
Kokomo

- Fox

Rodman

Nappanee
st. Clair
Wetzel
Hoytvitle
Hoytville

Roselms
Broughton
Paulding
Randoiph
Milton

{3) (i)
392 646
476 6463
476 648
404 6485
663
404
392 664
JA3 671
783 €72
404 673
919 674
392 677
713 678
406 682
B40 684
000 651
Q01 5§92
¢10;] 693
00% 624
331 698
602 6A2
602 6A3
604 6A4
604 682
604 683
604 687 (Union Col
608 652
608 653
275 701
551 702
622 703
623 707
ale 708
628 T
628 712
.532 713
523 T4
638 718
622 726
486 731

51

(2)

Ritchey
Dunbridge
Millsdale
Jofiet
Cana

Cana
Delmar

Fincastle

Xenia
Russe] |

Cope
Brookston
Randolph
Wynn
Condit

Bennington
Cardington
Alexandria
Marengo
Crosby

Celina
Miamian
Btount
Horiey
Wetzel

Pewamo
Pyrmont
Lewisburg
Trumbul i
Mshoning

Eltsworth
Miner
HMiner
rrenchiown
Ravenna

Canfield
Wooster
farengo
Otisvitlle
Frenchtown

{3)
646

648
408
443

445
331

€02
274
274

608
608
622
486
751

682
604

608
602

604
604
682
683
608

608
682
683
701

702

703
919
919
751
712

713
274
60e
326
751



Numerical Listing of Ohio Soils ~ &

1)

752
753
154
738
741

742
743
744
746
751
752

83
754

{2)

Wadswor th

Rifiman

Rittman

Forengo

Ritiwanga {1ikel,
| proflie

Mitiwanga
toudonviite, 3
profiie
Loudonvilie, 4
profiie
Loudonvitie

Clermont
Avonburg
Hossmoyne
Cincinnati

755{Clermont Col Hickory

756
157
7635
764
T4

782
785

784
792
7835

794
7AL
TA2
A%
7A8{Ash Col

784
B2
783
7CH
7C2

Ldenton
Bianchester
Loudon
Jessup
Farke

Grayford {iike},
2 profile
Grayford (likel,
3 profile
Grayford
Gresham
Titusvilie

Hanover
Frepchtown
Venango
Cambr i dge
ition

~ Sheffieid
Platea

Pierpont
Allis
Hornelti

{3}

TA2
VAL
T3
£08

781
702
404

404
404

751
392
743
604
683

783

608
783
783
274

392

783
783
712
713

274
751
TA2
FLS
701

751
A2
FA3
701
70t

{1}

FCoBiErie Col
TCR
IC8
TH4
Fi¥

3
TH4
L2
L4
T2

TX3
X8
BO4
8Q8
8z

g8i3

B4
833
842

845

852

853
BE32 {Erie Co}
855
gez

803
S05
912
Qi3
9i8

9188
9183
215
522
9235

52

{(2)

Prout
Hornel)
Fries
Hosmer
tva

{tikel

Huren

Alford
Ayrshire {]ikel
Princeton
Remsen

Geeburyg

Miner

Loudonvilie

Loudonyiite

Falisburg {like},
2 profiile

Falisburg tlikel,
3 profiie
Fatishurg
Cana
Coloma {(like},
2 profile
Coloma {like},
5 profiie

Ohokee {likel,
2 profile

Chokee

Galen

‘Spinks

Stafford

Vaughnsviiie
Be lmore
Fulton

Lucas

Totedo

Toledo
Toiedo
Bono

Tedrow
Uhokee

{3

702
7G2
638
TAS
602

274
274
602
214
702

&25
Gl
AQ4
404

702

Eits
604
443

922

855

822
855
@55
825
92z

602
275
622
623
S1G

Gie
9i9
919
922
855



Numerical Listing of Ohio Soils - 6

{1}

925
928
9282

929

9254
93t4(Ash Co}

932
933
9332tAsh Co)
935
9352(Ash Col

938

9381
9384
939
940

949
952
953
954

(2)

Oakville

Wauseon

Wauseon llikel,
|fs & coarser

Maumee |fs or

coarser
Maumee fs|
Kingsville

Morecco
Nekoosa
Elnora
Plainfield
Colonie

Granby ifs or

coarser
Newton
Granby, fsi
Dillon
Warners

Warners
Rimer
Seward

Seward,4 profile

9584 (Henry Col Gilford

9584
959
961
9614

562

962

963
963

964
968
971

972
973

978

Wauseon
Neapolis
Swanton

Swanton (like),
silty subst,
Painesvilte (like)

2 profile

Swanton (1ike},

2 profile
Clarerack

Painesvillel{likel

3 profile
Painesvilile
Reynolds
Canadice

Caneadea

Caneadea {likel},

3 profile
Lorain

(3)

935
958

938
938
958
932

632
935
855
935
855

938
9381
958
9381
Q01

001
952
953
953
958

958
958
932

938
952
852
953
953
953
958
701
702

703
919

(il

979
982
984
988
998

9A2
9A3
9h4
9A8
 9B2

9B3
9B8

QC3

oC4

M2
oM32{Erie Co)
'9X8

X

Al'{Ross Col
Bo {Wiliiams Co)
Br {Rich. Co)

(2)

Monroeviile
Wilmer
Ruggles
Olmsted
Killdeer

Kibbie
Tuscola
Sisson
Colwood
Del Rey

Shinrock
Lenawee

Berrien (like)

Ohawa (| ike)
Me tamora
Metea

Latty
Washtenaw

Alvin
Boyer
Berks

Cdi{Columbiana ColCarode

Cw (Ross Col

Dk {Rich,Co}
Do {Logan Co)
Dt (Wash.Co)
Ka (Williams Cot

Cruze

Favonia
Door
Duncannon
Kalamazco

LalColumbiana Collaidig

-Ma (Clark Co)
Fk (Ross (o)
Rd {Huron Col
Sh (Wash, Co}

Mahalasville
Pekin

Rifle
Sheijocta

Wol{Columbiana ColWharton

T2
T3
T4
T8
x4

F256

F602
FEQ3

53

Reesville
Birkbeck
Manlove
Ragsdale
Wawaka

Lorenzo
Odel |
Corwin’

{3)

919
602
274
608
638

602
274
274
608
6B2

685
608

855
855
952
953
ol9
118

275
275
406
392
443

406
P604
274
274
404

608
274
009
443
443

602
274
274
608
604

256
602
F604



Numerical Lisfing of Ohio Soils - 7

()

rFe04
PGAL
F672
F673
rée74

(2)

Parr
Channahon
Raub

Lana
Sidell

PEB4{Warren ColFlattville

P693

Pei2
FeB2
P6B3

POAZ
PGAR
PGA4
5406
5406

5486
5506

SEl8
S$526
S836
5576

Xg550

Cardington (1like)
dark surface

Canbury

Elliott

Varna

Darroch
Forasman

Jasper

Gilpin stony
fuskingum stony

(3]

Feo4
646
602
PGEO4
FEO4

486

F604
622
602
FP&04

602
P54
F604
540
540

Westmoreland rocky S51

Brooke~Upshur
rocky
Fairmount
Heiti rocky
{High.Co} Opequon

Bratton {like},
rocky

(Henry Co} Arkport

551
S5
S51
S5l

551

953

54

USDA-SCS-HYATTSYILLE, MD. 1870 ¢



